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This paper presents a comparative analysis of percussion-hydraulic systems aimed at optimizing
the multilateral drilling process. The research focuses on evaluating the effectiveness of hydraulic
pulse interaction systems in horizontal and directional well drilling, addressing the inherent limitations
of traditional drilling techniques where the absence of sufficient static load reduces penetration rates.
The study investigates the potential of hydraulic percussion tools to improve drilling speed, enhance
borehole stability, and mitigate operational issues typically encountered in low-permeability and
vertically fractured reservoirs.

Key design parameters of hydraulic pulse systems, including curvature radius, axial loads, and
wellbore trajectory profiles, are examined to ensure precise directional control and efficient rock
destruction. Advanced mathematical models are employed to optimize parameters such as pulse
frequency, impact energy, and crown rotation speed. The integration of rotary-impact techniques
alongside traditional methods is explored to address challenges in drilling complex geologic formations.

Furthermore, the paper proposes novel improvements to existing hydraulic systems, including
enhanced spring configurations that ensure tool operation even in cases of partial spring failure.
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Comparative analyses with technologies such as Baker Hughes' AutoTrak and Sperry-Sun's Geo-
Pilot illustrate the advantages and limitations of percussion-hydraulic systems in practical applications.

The research concludes that the adoption of these systems significantly improves drilling efficiency,
reduces costs, and enables effective multilateral well construction under challenging conditions. This
study's outcomes are expected to contribute to the further development of drilling technologies in
Kazakhstan and other oil-producing regions, offering promising prospects for commercialization and
practical implementation.

KEYWORDS: hydraulic percussion systems, multilateral drilling, deflector, rock strength,
directional drilling, drilling speed, reservoir development efficiency.
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B 0aHHol pabome npedcmasrieH cpagHUMerbHbIU aHanu3 yoapHo-2udpaeiudeckux cucmem,
HarpasreHHbIlU Ha ornmumMu3ayuro rpoyecca MHO20CcmeosibHo20 bypeHus. MiccriedogaHue nocesiuieHo
OUeHKe aghchekmusHOCMU 2UOpasIUHECKUX cuCmeM UMIy/IbCHO20 83aumodelicmeausi npu bypeHuu
20pU30HMarlbHbIX U HaKIOHHO-Haripael/leHHbIX CK8aXKUH, YIMOo 10380/1dem ycmpaHumb o2paHU4YeHUs,
npucyuue mpaduyuoHHsIM Memodam bypeHusi, koeda omcymemeue 0ocmamoYHOU cmamuyeckol
Haegpy3KU CHUXaem cKopocmb Mpoxo0Ku. B uccrnedosaHuu usydaemcsi nomexyuas audpasnuye-
CKUX yOapHbIX UHCMPYMEHMOo8 Ors1 yeenuyeHusi ckopocmu OypeHus, nosbIleHUs1 ycmoudyusocmu
cmeoria U CMsi2HeHUs1 3KCrlyamayuoHHbIX pobriem, 06bI4HO 803HUKaKOWUX 8 HU3KOMPOHUUAEeMbIX
U 8epmukaribHO mpeuwjuHo8ambIX KOJliekmopax.

Paccmampuesatomcsi Kio4eabie napamMmempbi KOHCMPYKUUU 2UOPOUMITY IbCHbIX CUCMEM, 8KIToYast
paduyc KpuBU3HbI, 0CE8bIE Hagpy3KU U MPpoghusiu mpaekmopuu cmeosia CK8aXuHbl, 05151 obecrieqeHust
MOYHORZ0 yrpasreHus HarnpaesneHueM u 3¢bghekKmueHo20 paspyweHusi nopodsl. [ns onmumusayuu
makux napamempos, Kak Yyacmoma UMITy/1bCOo8, 3Hepausi y0apa U CKOPOCMb 8pawieHUs1 KOPOHKU,
UCronb3yHMCcs COBPEMEHHbIE Mamemamu4veckue Mooesu. VIHmeapayusi pomopHo-ydapHbIX mex-
Horoauli ¢ mpaduyuUoOHHbLIMU MemodaMu paccMmampusaemcs 05 peweHusi npobrem npu bypeHuu
CIIOXHbIX 2e01102U4eCcKuUX chopmayudl.

Kpome moeo, 8 cmambe npednazaromcsi HO8ble yCO8EPUWEHCMBOBAHUS CyULeCMBYIOUUX 2U-
Opaernu4yeckux cucmem, 8KkJoyasl yryd4ueHHbIe KoHguaypauyuu rpyXuH, komopbie obecriequsa-
tom pabomy uHcmpymMeHma 0axe 8 Crly4Yae 4acmu4yHOo20 paspyuweHusi npyxuH. CpagHumerbHbIl
aHarnu3 ¢ makumu mexHornoausimu, kak AutoTrak komnaHuu Baker Hughes u Geo-Pilot komnaHuu
Sperry-Sun, unnocmpupyem npeumyuiecmasa U oepaHU4eHUs1 yoapHo-2udpasnuyeckux cucmem
rnpakmu4ecKom rpumeHeHuu.

B uccnedosaHuu denaemcsi 861800, MO 8HEOPEHUE 3MUX CUCMEM 3Ha4YUMesIbHO o8biluaem
aghgbekmusHocmb bypeHusi, CHUXaem 3ampambl U 10380s19em 3gbQheKmueHO Cmpoumb MHO20-
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CMBOJsIbHbIE CKB8aXUHbI 8 CIIOXHbIX ycnosusix. Oxudaemcs, Ymo pesynbmamsi aHHO20 uccriedo-
eaHusi 6ydym criocobcmeosams danbHelweMy pazgumuto mexHonoaul bypeHusi 8 Kasaxcmate u
Opyaux HeghmeOdobblgarouUx pealoHax, OmKpbieasi MHO2006euwaroujue nepcrnekmusbl Orisi KOMMep-
yuanusayuu U rnpakmu4yecKozo NMpUMEHEHUS.

KITIOYEBBIE CJIOBA: cudpasnu4eckue ydapHbie cucmeMbl, MHo203abolHoe bypeHue, om-
KITOHUMerib, Kpernocms ropo0, HakimoHHO-HarnpaeneHHoe bypeHue, ckopocms bypeHusi, aghgpbekmue-
Hocmb pa3pabomku.
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Byn xymbicma ken KeHxaprbl 6ypsbinay npoyeciH oHmaunaHobipyra 6arbimmarnfaH
COKKblbl-euOpasrnukarnbik xylenepOiH canbicmbipmaribl mandaybl YCbiHbiiFaH. 3epmmey 2opu-
30HMarnobl xeHe Kenbey-barbimmarnraH YHFbiManapobl 6yprbinay Ke3iHoe audpoumMybCmiK e3a-
pa eapekemmecy xytenepiHiH muimoinieiH 6aranayra apHanraH. byn decmypni edicmepae moH
cmamukarbiK XyYKmeMeHIH XemkirnikcisdiciHeH Oyprbinay xbindamObiFbIHbIH MOMEHOey MaceneciH
weuwyae MyMKiHOIK 6epeOi.

3epmmey 6apbicbiHOa a2udpasrukarbiK COKKbINbI KypandapObiH bypFbinay xblndamOblfbIH apm-
mbipyOarbl, YHFbIMa OKMaHbIHbIH MypakmblibiFbiH Kyweldmyodeai xeHe ad0emme memeH emimoinikmi
api sepmukarnobl xapbiKwakmapbl 6ap konnekmopniapda mybiHOalmsiH eHAipicmik macenenepodi
JKymcapmyOQarbi aneyemi 3epmmerioi.

Tudpoumnynscmik xytenepdiH KypblibiMObIK He2i32i napamempriepi, COHbIH iWiHOe KUChIKMbIK
paduychl, OCbMIK XYKMeMenep XoHe YHFbIMa mpaeKmopusiCbiHbIH Mpogundepi Kapacmbipbinobl.
Byn napamempriep 6arsimmel 0a51 6akbliay MeH may XbiHbICbIH muimMOi 6y3yObl KamMmamachi3 emy
yWiH MaHbI30bl. VIMIyribC Xuiniei, COKKbl 9HEP2USIChbI XKOHE KOPOHKaHbIH aliHasy XblrndamOobifbl CuU-
aKkmbl napamempriepdi oHmalinaHObIpy yWiH 3aMaHayu MameMamukasbiK MoOenb0ep Koi0aHbIobI.
KypOdeni eeonoeusnbik chopmayusnapOarbi byprbiniay MacenenepiH wewy makcamsiHOa pomop-
T1bI-COKKbIbI MexHono2usinapobl dacmypri edicmepmeH 6ipikmipy MyMKiHOIKmMepi Kapacmbipbiiobl.

CoHbIMeH Kamap, Makanada KondaHbicmarbl 2udpaerukarbik Xytenepae xaHa xemindipynep
ycbiHbinadsl. OnapdbiH iwiHde cepinnenepdiH xemindipinzeH KoHgpuaypayusinaps! 6ap, 6yn cepirn-
nenepdiH xapmbinal icmeH wWheiFybl XardalbiH0a KypanbiH XYMbIChIH XarfacmbipyObl Kammama-
cbI3 emedi. Baker Hughes komnaHusicbiHbiH Auto Trak xxeHe Sperry-Sun komnaHusicbiHbiH Geo-Pilot
MmexHO02usNapbIMeH canbICmbipMarbi manday 2u0pouMMybLCMIK XyltenepOiH npakmukarblK Kos-
OaHyOarbl apmbIKWbIIbIKMapbl MeH wekmeynepiH kepcemeoi.

3epmmey HomuxeciHOe by xylienepdi eHaidy byprbinay muimdiniaiH edayip apmmabipbir,
whlirbiHOapOb! asalimeir, Kypoeni xardalnapda Kercalsibl YHfbiManapObl muiMOi KypyFa MyMKiHOIK
b6epemiHi aHbIkmandbl. byn 3epmmeydiH Homuxenepi Kazakcman xoHe backa 0a MyHal eHOIpywi
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eHipriepdeai byprbinay mexHosnoeusiiapbiH 00aH api Oambimyra bikrnana emedi 0ern Kyminyde, co-
HbIMEH Kamap KOMMePUUsiaHObIpy MeH rpakmukasbikK KondaHyra KeH nepcriekmusanap awaobl.

TYWIH CO3[EP: 2udpasnukarbik COKKbIbI Xyllenep, Ken KeHxapiis Gypruinay, aybimKsimKbi,
may XbIHbICbIHbIH 6epikmiei, kenbey barbimmarraH byprbinay, Oyprbinay xblndamobirbl, pe3epsy-
apOobl uzepy muimaoiniei.

reservoirs located at relative distances from each other. To achieve the maximum

level of optimization of the production process, it is necessary to implement an
optimal development system. The methods of drilling oil and gas fields by inclined as well
as horizontal methods used nowadays can be rightly classified as an effective approach
to solving the issue of well distribution. The result of using the above methods when
opening the productive strata is the exclusion of water inflow in the process of utilization,
increase in filtration parameters.

Horizontal drilling has a lot of positive characteristics, but the rate of drilling using
the traditional method is much inferior to vertical drilling. The reason for this is the lack
of pressure on the bit by weighted drill pipes. In the absence of static load, the optimal
solution to this problem can be the introduction of hydraulic pulse interaction systems,
which in turn will increase the drilling speed by replacing static load with dynamic load.

The introduction of percussion-hydraulic generators in the technology of oil and
gas-bearing horizons development contributes to enhanced oil recovery and significantly
increases the drilling speed relative to the traditional method.

In connection with the above, a number of promising tasks at the moment include
further research in the field of development and creation of improved rotary-impact drilling
systems, which in turn will be a significant factor affecting the productivity of drilling, and
as a result of increasing oil recovery in the oil and gas sector of the economy of our country.

The purpose of this paper is to determine the effectiveness of water hammer systems
in horizontal and directional drilling by comparing current systems and innovative industry
approaches. Determination of the optimal method will increase oil recovery, especially
effective for penetrating low-permeability reservoirs and reservoirs with vertical fracturing.
Research in the field of drilling multilateral deviated and horizontal wells has significant
prospects in many fields of Kazakhstan and can form a sustainable basis for the future
development of the energy sector of the country.

Materials and methods. In order to identify the optimal approach to drilling horizontal
and directional wells, a comparative analysis was made between the innovative drilling
technology using a hydraulic pulse generator and analogs that are currently available
for use by field operators in the global technology market. A number of measurements
of design parameters were made on the basis of technological data on the considered
technology, parameters of deviation profile calculation, calculation of deviation radius,
determination of axial loads during operation, as well as analysis of bit penetration rate
during drilling were analyzed.

To make a successful start for the drilling process of horizontal and directional wells,
it is necessary to make a highly accurate preliminary calculation of the trajectory elements
of directional wells. To determine the well profile, the required value of the maximum
zenith angle is determined by the formula:

. ntroduction. The development of many fields involves an abundance of oil
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[R(R— A) + H » \[Hy + A; — 24R|

®R-—A) 2+ M : 1)
where R is the radius of curvature of the second section of the wellbore, m; A is the
deviation value of the bottom hole from the vertical, m; H is the vertical depth interval
of the second and third sections of the wellbore, m.

When calculating the profile of the second type, the length of the fifth vertical section
is first established. If an oil or gas well is designed for a multilayer deposit, the length
of this section of the wellbore should be not less than the total thickness of the deposit
plus 5%-10% of'it. [ 1] The required zenith angle of the third barrel section is determined
from the following formula:

sin o = Rof * (Ro = A) * {(H2)2 — AR, — A)}] @
[H; — (R2)2] — AQ2R, — A) '
where: R, = R; +R,, H=Hy,— H, — H,.

When calculating the third type of profile (Figure 1), when the well depth, the length
of the first vertical section and the bottomhole deviation from the vertical are known, the
radius of curvature of the second section is determined. In addition, the angle with the pay
zone (the angle between the wellbore axis and the bedding plane) can be specified. [2]
Then the zenith angle at the point of entry into the formation is determined by the formula:

a=90—-y—-p 3)

where: V - angle of encounter between the well and the formation; 8 — is the dip
angle of the formation.

Cos a =

h
Y

Wl

T

Figure 1— J-type directional well (third type), vertical projection
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In some production conditions it may be necessary to change the length of the vertical
part of the wellbore, this can be achieved by changing the entry angle of the well into
the formation. [3]

One of the most important factors affecting the success of directional drilling is
the correct determination of a number of deviation parameters, including radius, when
dialing in the borehole curvature. The need to operate deviation tools and navigation aids
while dialing in the curvature of the well creates production challenges that complicate
the directional drilling process. The radius of curvature of the directional well should be
minimized as much as possible to reduce to the limit the interval in which the interaction
with the aforementioned tools will be reduced. [4]

However, during the attempts to reduce the interval, it is necessary to use some rules,
in order to increase the life of the equipment, as well as all holistic industrial safety:

1) The intensity of curvature in normal case should not exceed 1.5°/10 m of
penetration;

2) Sufficient axial load on the bit should be provided in any drilling interval;

3) The formation of troughs in curved intervals of the wellbore should be excluded.
This condition can be quantitatively evaluated by the lock pressure on the borehole walls:

R>12% P 4
0’ 4)

where P - axial force acting on the drill pipes; Q - permissible normal force from the side
of the drill lock on the borehole wall; 12 - average length of half of the drill candle. For
sections composed of soft rocks, Q value can be taken as 10 kN, for sections composed
of medium-hard rocks - 20-30 kN, for hard and strong rocks - 40-50 kN.

Pneumatic rotary percussion drilling of wells with pneumatic percussion drills MP-
3, M-48 and P-105P (up to 71% of wells) is carried out in rocks with a coefficient of
hardness from 6 to 20 on the scale of Professor M.M. Protodyakonov with a depth of up
to 50 meters. [14]

In recent years, the use of underbalanced drilling technology in the well-bore-plate
system has become more and more widespread in foreign well construction practices. [6]

4) Drill string during any work in the borehole shall not experience stresses exceeding
the yield strength of the drill pipe material o:

d+E
2xq’

(5)

where d - outer diameter of drill pipe; E is Young's modulus.

5) When running the downhole motor through curved sections of the wellbore, the
stresses generated in the downhole motor housing must not exceed the yield strength of
its material:

R > 0,25 L3[0,74(D — d;) — K], (6)

where L, d; - length and outer diameter of downhole motor respectively; D - bit diameter;
K - clearance selected on the basis of geological conditions (K = 0 for hard rocks, K =
0.003 + 0.006 m for soft and medium rocks). [10]
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The practice of recent years has confirmed high efficiency of percussive rotary drilling
of wells and expediency of its application in combination with other known modern
methods. [7]

6) Downhole instruments, submersible equipment and devices for workover and
well operation must be freely lowered into the production casing and positioned without
deformations.

To ensure this requirement, the following condition must be observed:

L2
R> B @—a, -0 ™

where L is the length of the downhole submersible; d; is the inner diameter of the
production casing; dy; is the diameter of the downhole submersible; & is the gap between
the inner wall of the casing and the casing of the downhole submersible (in most cases
k=0.0015 +0.003 m).

The wellbore curvature radius selected based on the above constraints is increased by
5% to 10% to account for anticipated deviations in project implementation. The curvature
radius value is adjusted by comparing the axial load generated during the tripping of the
drill string from the curved wellbore with the permissible load for the given drill string
and drilling rig. To solve this problem, it is necessary to replace static loading (application
of UBT) with dynamic loading through the use of hydro-pulse generators. [8]

At the moment in the world practice of application of hydro pulse signal generators,
there are systems used in drilling directional systems, but many of them are considered
ineffective in a number of aspects. The main objective of the invention is to increase the
lifetime of the water hammer in the well to increase the technical speed of rotary-impact
drilling. After careful analysis and study of the systems presented in the industrial market,
it was decided to research in this industry, and attempts were made to improve existing
technologies, or to develop a unique tool.

Non-oriented BHAs for SBO and GS drilling. With increasing volume of directional
drilling, non-oriented bottomhole assemblies are more and more widely used in practice,
with the help of which the intervals of set, stabilization and decrease of zenith angle of
the design profile of directional wells are realized. [13]

According to the results of the work, an innovative patent RK Ne 29033 dated
15.10.2014, bulletin Ne 10 was obtained for the created samples of high-pulse hydraulic
percussion system.

The invention is explained in Figure 2, which shows a longitudinal section of the
proposed percussion device.

The percussion device consists of a tubular body 1, inside which the valve-piston 2
with return springs 3 and the percussion device 4 with return springs 5, resting with their
lower ends in the anvil 6, installed with the possibility of longitudinal movement together
with the bit adapter 7 relative to the body 1 are sequentially located. At the upper end
of the body 1 there is an adapter 8 to the drill string (not shown in the figure) having a
replaceable cylinder 9. The valve-piston 2 at the lower end has a stroke limiter 10, and
at the upper end - piston part 11, under which there is a ring 12 to compress the springs
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Figure 2 — Longitudinal section of the proposed percussion device

3 relative to the support sleeve 13, resting in the annular protrusion 14 of the body 1. To
center the striker 4 in the body 1 there are slotted projections 16 in the anvil 6. Bushing
adapter 7 is installed with the possibility of longitudinal movement relative to the keys
17, mounted stationary in the sockets of the body 1. When the water hammer operates, a
cavity 18 of high pressure (see the right side of the figure) and a cavity 19 of low pressure
of the fluid medium are formed.

In the figure, on the left side, the striker 4 is shown in the lower position, and on the
right side - in the upper position. The left side of the figure shows the axial position of
return springs 3 and 5, and the right side of the figure shows the concentric position of
the return springs.

The Latin letters in the figure indicate:

X - valve-piston stroke;

U - free stroke of the striker;

Z is the amount of compression of the firing pin return springs.

To construct a horizontal projection, first draw a point marking the wellhead, then,
using a protractor, draw a ray from this point in the direction of the design azimuth
and lay off on it a segment equal to the length of deviation of the bottom hole from the
vertical through the wellhead. From the end of this segment, marking the design bottom
of the well, on the same scale draw a circle limiting the tolerance of deviation of the
bottom hole from the design target. From the wellhead point draw two tangents to the
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constructed circle (limits of possible deviation of the actual borehole trajectory from the
design trajectory). [12]

When interacting with weak to medium hard rock (from V-VII category) using rotary
percussion drilling techniques, we will not see a meaningful difference if we were to use
rotary drilling. [11] In order to get a tangible progress in efficiency, we can use more depth
of cutters by applying percussion pulses. This condition will help to seal the contact of
the cutters with the drilled rock surface, when interacting with hard species. Controlling
the optimal operation of the hydraulic pulse generator is one of the most important goals,
as excessive load will result in increased wear of the cutters, which in turn incurs third-
party repair and replacement costs. This results in optimum conditions for shock pulse
transmission and tool stability.

The crown speed determines the distance that each cutter travels between two adjacent
impacts, as well as the total friction path of the impact pulses on the rock and the degree
of wear. The optimum value of this parameter (in rpm) is calculated using the following

formula:
_omy, * 0

®)

m* Dg,,’

where m, - frequency of impact pulses per minute (taken from the technical characteristics
of the water hammer), J - the optimal length of the cutter run between adjacent impacts,
mm; D, - average diameter of the crown, mm.

The value of 0 depends on the hardness and abrasiveness of rocks, as well as on the
diameter of the drill bit. For low abrasive rocks of VI-VII categories d is 16-30 mm, for
hard and highly abrasive rocks of IX-X categories ¢ is equal to 4-5 mm. The axial load
on the bottom hole depends on rock properties and borehole diameter, varying within
4-10 kN, with increasing hardness and abrasiveness of rocks and decreasing borehole
diameter the load approaches the lower limit of the specified range.

Each subsequent layer of rock is fractured using the effect of partial unloading, i.e.
weakening of the rock during the fracture of the previous layer. Approximately drilling
speed, m/s, at rotary-impact method can be calculated by the formula:

1,274, *n xtg (%)
19[; = a )

aac|tg (3) + £
where 4, - energy of a single blow, J; n - frequency of blows; a - angle of crown blade
sharpening, deg; d - diameter of crown, m; o, - compressive strength of rock, Pa; f; -
coefficient of friction of steel on rock.

At rotary-impact drilling, as well as at rotary-impact drilling, the rock-destroying
tool deepens into the rock only under dynamic impact, i.e. at the moment of impact.
Drilling tool rotation is carried out continuously from an independent motor operating
independently of the impact mechanism. At the same time, the tool remains pressed
against the bottom hole by static force of 0.5-1.0 kN per 1 cm of the tool blade length.

The theory of the working process can be presented in the form of optimization of the
ratio between energy and frequency of blows, at which the drilling speed will be maximum.

(€))
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It is known that the impact power during drilling is equal to the product of the unit
impact energy Ap by the impact frequency Z1, and for a given impact power the ratio
between them can be different.

Drilling speed is related to the drill rotational speed and the drilling mud rate by the
equation:

9 = (9,+9,)n (10)

where 4, is the feed rate per one bit rotation during rotary drilling without impacts, mm/
rev; U, is the feed rate per one bit rotation due to impacts, mm/rev; n is the drill rotation
speed, rpm.

For strong rocks >0 even with a large axial force, taking into account the fact that
there is a shock load, the value of , is different from 0. When drilling strong rocks, the
feed rate for one turn is practically provided by the impact destruction, so:

U= 1U,*n (11)
If the full depth of penetration of the drill blade into the rock h_p be used, then:
d,=h,*Z, (12)

When developing well construction strategies in old fields, oil producers are primarily
driven by the need for drilling efficiency combined with geologic uncertainty. [9]

In figure 3 you can see some dependencies of drilling speed obtained as a result of
calculations by the above formulas and studies. Two graphs are presented below. The

Diagram (a)

@
o
o

a
=]
[S]

VQ\'Q

300,53
203,23

9 1 13 15 17 19

IN
o
[S]

w
=3
S

N
=]
o

125

Rate of penetration, mm/min
s
o
o

o

Rock's category
Diagram (b)
800
£ 200 700,12 ——Cross crown
E 600 590,12
£ 599,92 Fs
g. 500 ~ 488,09 ~———Regular bit
= 500,32 \ 390,12
g 400 = 424,47 441,12
2 g | B e 2012 ___X-shaped bit
2 320,4 5
2T,

no. 200 265,42 225,42
° 214,2
T 100 170 ———Triple-peel
< bit

1 2 3 4 5 6 7 8 9
Well depht, m.

Figure 3 — Graphs of drilling speed dependencies
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first graph (a) shows the dependence of drilling speed (y-axis) on rock strength (x-axis).
The obvious assumption is that as the hardness category of the rock increases, the rate
of penetration of the drill bit will decrease, from the graph we see that when the rock
class 10-12, the average drilling speed is about 435-450 mm/min, but when we encounter
rocks of category 16-18 (rock hard to break), the average rate of penetration decreases
to 75-90 mm/min.

The second graph (b) shows the dependence of drilling speed on borehole depth, for
different types of drill bit bits. On the right are subcategories A, which includes rocks of
strength 10-12. The lines on the graph are marked with numerical designation, each digit
is linked to the type of drill bit crown: 1-bit, 2-triple-peel, 3-X-shaped, 4-cross crown.

The use of a hydraulic percussion system for drilling through casing cutouts is a
promising solution for multilateral drilling. The use of the shock-hydraulic system makes
it possible to create cutouts in casing strings, providing drilling of additional wellbores at
considerable depth without the need for multiple tripping operations. This is especially
relevant for wells located in difficult geologic conditions, where traditional drilling methods
often prove to be insufficiently effective. As part of the project, various shock-hydraulic
system and deflector designs will be investigated and tested to select the most effective
for use in Kazakhstan's oil industry.

Results and discussion. This combination of innovative solutions, including new
shock-hydraulic system and deflector designs, will improve drilling efficiency and increase
recoverable oil reserves in low-permeability reservoirs. The project is expected to make
a significant contribution to the development of drilling technology in Kazakhstan and
internationally.

There are many advanced technologies being utilized in the directional drilling process
today, some successful examples of innovation in this area are Baker Hughes and their
AutoTrack rotary directional drilling system, Sperry-Sun who developed the Geo-Pilot
rotary directional drilling system. Each company offers a different way to solve today's
field challenges, with its own unique advantages.

Directional drilling is the process of drilling a well along a predetermined trajectory
where maintaining precise directional control is critical. This process relies on various
technologies designed to develop and monitor wellbore trajectories based on the complexity
of the well. Specialized tools and instruments are employed to ensure maximum alignment
between the actual and planned well paths.

In 1997, when the revolutionary Auto Track system was introduced to the world market,
Baker Hughes introduced an innovative approach to drill string assembly design. A system
of sensors, downhole computer and deflector allows the assembly to control itself while
drilling. Accurately reaching a specific reservoir zone is accomplished through formation
analysis and evaluation, as well as continuous monitoring of geologic conditions. This system
has already shown its effectiveness worldwide, with this technology helping companies in
more than 15 countries around the world to optimize their field development plan.

Principle scheme of the Auto Track system shown ant the figure 4. The layout sensor
system allows vibration measurements to be taken, and once azimuth is determined, the
data is transmitted via the downhole computer to the deflector. The downhole computer
plays the role of the main manipulator of processes in this scheme. When receiving data
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Sensor system

Downhole computer

Deflector

Figure 4 — AutoTrack system scheme

on the change, the comparison and subsequent control of the drilling direction, this model
is able to maintain contact with the operator from the production in real time, as well as
perform all necessary commands.

Sperry-Sun is actively developing efficient drilling and production methods to meet the
challenges of the rig. The Geo-Pilot guided rotary drilling system now makes it possible to
develop targets that were previously considered logistically and economically infeasible.
Sperry-Sun has developed a controlled bit deflection technology for rotary drilling that
allows the steering of the well course to be controlled at the same time as the drill string
is rotated. This system is fully integrated with logging sensors during drilling. The Geo-
Pilot system makes it possible to drill more complex directional wells and extended-reach
wells, targets that were considered impossible to drill with conventional steerable layouts
a few years ago. The shaft is hollow for unobstructed mud passage and there are no hinge
joints to fail. [15] Geo-Pilot continuously delivers valuable real-time directional data to
the surface for engineers, geologists, directional drillers and logging operators during the
drilling process. This automated drilling system provides all the levers of control, resulting
in significant time and cost savings.

To adjust the inclination and azimuth during drilling, both steerable and non-steerable
BHA (Bottom Hole Assemblies) are used. Steerable BHAs can include bent subs with
fixed or adjustable angles or eccentric components, as well as self-orienting deflection
devices. Non-steerable configurations may feature components mounted on downhole
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Table 1 — Comparative analysis of technologies

percussion device

technologies (cutting + rotation)

allows high drilling speed results.

3. Extended range of technology
applications using deflectors.

Technology Advantages Disatvantages
1. Highest economic benefit due
to inexpensive equipment, and
high uptime. 1.The technology is at
Hydraulic - 2.The use of a combination of the research stage, the

experience of practical
application is not so high

1. Improved borehole quality

over traditional methods, i.e.,

smoothness and straightness
because the AutoTrak tool has no

1. A typical Auto Track
hydraulic system includes
a paired series of springs

on the pistons, and a return

time monitoring of geologic
parameter data

Auto Track bend. valve, which leads to the
2. AutoTrak allows you to drill pulse generator going out of
with less torque and bit force, but | service if one of them breaks.
at a slower bit rate.
1. This technology is based
on rotary drilling, which
causes certain difficulties
1. This system is integrated with when encountering high-
Geo-Pilot logging sensors, enabling real- strength rocks

2. Drillstring slip steer is
accompanied by significant
tightening, which can limit

the ability to transfer loads to
the bit.

motors or drill collars, such as stabilizers of varying diameters, articulated joints, and
combinations of joints with stabilizing elements.

With the introduction of hydraulic percussion systems already well-established
in technology, a persistent issue remained: the valve piston and percussion valve are
single cylindrical springs, so if one of the springs fails, the hydraulic percussion valve is
disconnected and must be removed from the well. Additionally, when single springs are
used, their length needs to be increased, which necessitates a corresponding extension
of the hydraulic striker.

In the hydraulic impact device, which includes a valve-piston and an impactor, both
spring-loaded and arranged sequentially in a tubular housing, the springs are designed
as axially or concentrically arranged springs made from wires of smaller diameter.
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The impactor is installed to allow longitudinal movement by a specified amount to
precompression the spring. With this design, even if one or two of the impactor springs
fail, the hydraulic impact device will generate impact pulses with a slightly reduced
frequency but with higher energy per pulse. In the event of failure of some of the valve-
piston springs, the frequency of impacts will increase, though the energy per individual
impact will decrease due to a reduction in the valve-piston stroke, caused by the more
vigorous upward movement of the impactor.

The use of a hydraulic percussion system for drilling through casing cutouts is a promising
solution for multilateral drilling. The use of the shock-hydraulic system makes it possible to
create cutouts in casing strings, providing drilling of additional wellbores at considerable depth
without the need for multiple tripping operations. This is especially relevant for wells located in
difficult geologic conditions, where traditional drilling methods often prove to be insufficiently
effective. As part of the project, various shock-hydraulic system and deviator designs will be
investigated and tested to select the most effective for use in Kazakhstan's oil industry.

Directional deviation of wells based on the use of artificial deviators: curved adapters,
eccentric nipples, deviation wedges and special devices. The listed deviating devices are
used depending on specific field conditions and technical and technological conditions.

This system has potential to grow into well performing production tool, as the project.
So, this project at the present moment of time includes several key phases. First, the
existing technologies for drilling additional shafts will be analyzed and different types
of shock-hydraulic system and deflectors will be studied. This stage involves collecting
data on the application of similar technologies in the world practice, as well as identifying
the shortcomings of existing methods. Secondly, a new method of drilling with the use of
the shock-hydraulic system will be developed, focused on reducing operating costs and
improving the penetration of productive formations. An important part of the project will
be to conduct laboratory tests of the new methods to verify their effectiveness under real
conditions. It is expected that the laboratory tests will confirm the possibility of applying
the developed solution in practice. Thirdly, based on the data obtained, recommendations
will be prepared for implementation of the new technology at oil and gas enterprises.

The expected results of the project include the creation of a new drilling technology
using a shock-hydraulic system, which will significantly improve the drilling process in
difficult geological formations. This will increase well productivity and reduce equipment
operation costs. Implementation of the developed solutions in the practice of oil and gas
companies of the Republic of Kazakhstan will lead to an increase in their competitiveness
in the international arena, as well as improve the economic performance of the industry.
In addition, the project will contribute to the development of scientific and technical
potential of Kazakhstan in the field of drilling and creation of new tools to improve well
productivity. The project results have a high degree of readiness for commercialization.

Conclusion. Thus, in this paper we have obtained new scientific and practical
results to substantiate the technology of enhanced oil recovery based on the use of hydro-
pulse generators, the use of which provides a solution to a major applied problem that
significantly increases the efficiency of production and drilling of horizontal wells.

The analysis of domestic and foreign scientists' researches shows that life extension
and recovery of depleted fields is a priority task, covering many different technologies, the
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main of which is considered to be horizontal drilling, which allows to recover unrecovered
reserves by improving the coverage of the formation drainage zone. It is in horizontal
wells it is necessary to carry out works related to methods of oil recovery enhancement -
application of physical-chemical, gas-hydrodynamic and other methods of influence on
the bottomhole zone.

This project definitely has prospects for further development of hydro-pulse
impact generators associated with large-scale use of rotary-impact drilling (including
underbalanced drilling) of horizontal wells in low-permeability formations with subsequent
application of hydraulic fracturing to increase the depth of already formed fractures.

The project also outperforms existing similar designs by emphasizing the combination
of a percussive-hydraulic system with new types of deviators, which significantly expands
the technology's applications. The expected results of the project will reduce drilling
costs, increase well productivity, and improve multilateral drilling through casing cutouts.

This combination of innovative solutions, including highest economic benefits due to
inexpensive equipment, and high uptime, the use of a combination of technologies (cutting +
rotation) allows high drilling speed results, extended range of technology applications through
the use of deflectors, all of which will improve drilling efficiency and increase recoverable
oil reserves in low-permeability reservoirs. The project is expected to make a significant
contribution to the development of drilling technology in Kazakhstan and internationally. €
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