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This article is devoted to the study of the process of crack formation, which are actively
manifested during rotational impact drilling. The studies conducted during the writing of the article
show that simultaneously with the destruction of the bottom of the well, another process occurs —
the formation of many cracks in the angular (peripheral) zones of the bottom and on the walls of the
well, going to a depth of 5-10 mm. These cracks remain in the form of a dense network in the walls
of wells and in the core (during its selection), and the depth of the cracks increases with increasing
impact energy. An attempt was made to explain the mechanism of cracking in the core during
impact-rotational drilling from the standpoint of the theory of off-center impact. However, the study
of cracking occurred when drilling wells on blocks of rocks. With the rotary-impact method of drilling
deep horizontal wells, the types and distribution of loads in the near-well array will be different. This
article presents technologies that increase the volume of production in depleted fields. During the
calculations, the dependences of the impact force of the transmitted seal (rock) depending on its
compliance are given. In addition, a graph of the dependence of changes in the impact force of
the striker on the anvil on the impact time with different malleability of the anvil is constructed. The
process of forming a horizontal well, which is drilled with a continuous face in a shock-rotational
way using hydraulic impact machines, is considered. To study the process model, the results of
solving the problem of stress distribution around the trunk array of a vertical well were considered.

KEY WORDS: cracks, impact-rotational drilling, stretching, deformation, rocks, compression.
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Byn makana atiHanmarns! coknarnbi byprbinay ke3iHOoe b6erceHOi mypdoe KepiHemiH xapbiK-
wakmapObIH natida 6ony npouyeciH 3epmmeyze apHarnfaH. MakanaHbl xa3y ke3iHOe XypaisineeH
3epmmeynep KkepcemkeHoel, yHrbiMa mybiHiH 6y3binybiveH 6ip me3zinde marbi bip npoyecc
XKypedi —mabaHHbIH OypbilumbIK (nepuchepusinbik) aliMakmapbiHOa xoHe YHFbIMa KabblpranapbiH-
Oa KernimezeH xapbikmap natida 6onadsi, 5-10 Mm mepeHdikke deliiH co3blnadsl. by xapbikmap
YHfbiManapOblH KabbipranapbiHOa xoHe kepHoepde (OHbI maHday Ke3iHOe) mbifbl3 mop mypiHoe
Kanalbl, an COKKbl 3HEP2USIChbIHbIH XOfapbliaybIMeH Xapbikmap mepeHdiei apmadsl. OpmarnbsikmaH
mbIC 8cep emy meopusiCbl MypPFbICbIHaH COKKbIbI-alHanmarsl Oyprbinay kesiHoe kepHoeai Kpe-
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KUHe MexaHU3MiH myciHOipyae apekem xacarnobl. [JeceHMeH, xapbiKuwakmapOobiH natida 605ybiH
3epmmey may XbiHbicmapbl 6510kmapbiHOa yHFbiManapObi 6yprbinay KkesiHoe opbiH andbl. TepeH
KendeHeH yHFbiManapOobl OyprbinaydbiH aliHanmarbl-CoOKKbl 90iCiIMEH YHFbIMa MaHbIHOafbl Mac-
cusmeei xykmemenepdiH myprepi MeH maparsnybi spmypri 6onadel. byn makana capkbiiiFaH KeH
opbiHOapbiHOaFbl 6HOipicMi apmmbipambiH MexHonoausinapobl ycbiHadbl. Ecenmeynep 6apbicbiHOa
OHbIH calikecmieiHe balinaHbicmbl emkisinemiH ninombara (macka) acep emy KywiHiH mayenoinik-
mepi 6epinedi. CoHbIMEH Kamap, COKKbIHbIH dpmypsii colikecmiei yWiH COKKbIHbIH COKKbI KYUWIiHIH
e32epicmepiHiH COKKbI yakbimbiHa mayendinieiHiH epagpuai canbiHObI. [UdpaesnukarbiK COKnasbl
cmaHoKmapObIH KeMeaiMeH CoKnarnbi-aliHanmarnb adicrieH y30iKci3 mynmik yHFbiMameH byprbina-
HambIH KeriOeHeH YHfbiMaHbIH Karbinmacy rnpoueci kapacmelpbliadbl. TexHonoausnblK Mooesb-
0i 3epmmey ywiH miK YHFbIMaHbIH YHFbIMa MaHbiHOarbl MaccusiHiH aliHanacsiHOa kepHeydi beny
MaceneciH weuwy Hemuxxernepi eckepinoi.

TYWIH CO3LEP: xapsikmap, aliHanmarbl 6yprbinay, co3siny, dechopmayus, may XbiHbi-
cmapeabl, KbiCy.
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[JaHHas cmambs nocesiueHa usy4eHuro rnpoyecca obpasosaHusi mpeuwjuH, Komopbie akmueHO
nposiensomcs npu epawameribHo-ydapHoMm bypeHuu. ViccriedogaHusi rnokasbigarom, 4mo 0OHO-
8PEMEHHO C pa3pyuweHuUeM 3abosi CK8aXUuHbI, npoucxodum Opyeoli npouecc — (hopMuUpoBaHUe 8
yanosbix (nepughepuliHbix) 30Hax 3ab0s U Ha CMeHKax CK8aXUHbl MHOXecmea mpeuwjuH, yxo0s-
wux Ha anybuHy 5 - 10 Mm. Omu mpeuwuHbl ocmaromcsi 8 aude 2ycmoul cemu CmMeHKax CK8aXUH
u 8 KepHe (rpu eeo ombope), npu4em arybuHa mpewjuH gospacmaem C Mo8bILEeHUEM 3HepauU
ydapa. bbina npednpuHama norbimka 0O6bSACHUMb MEXaHU3M mpewjuHoobpa3oeaHusi 8 KEpHe npu
ydapHo-epauw,amesibHoM bypeHuU ¢ Mo3uyuu meopuu eHeyeHmMpeHHo20 ydapa. OdHaKo usyyeHue
mpeuwjuHoobpa3osaHusi Mpoucxodusno fpu bypeHuu ckeaxuH Ha briokax nopod. [Npu epawamernb-
Ho-ydapHom criocobe bypeHusi aryboKuUX 20pU30HMaribHbIX CK8aXXUH 8UObI U pacrpedesieHuUs Ha-
2py30K 8 OKOITOCK8aXXKUHHOM Maccuge 6ydym UHbIMU.

lNpusedeHbl mexHonoauu, yeenuyusarowjue obbem 000biHU Ha UCMOUEHHbBIX MECMOPOXOEHU-
sx. B xo0e nposedeHusi pacyemos ompaxeHbl 3a8UcuMocmu curbl ydapa nepedasaemoli 3ader-
Ke (2opHol rnopode) 8 3agucumocmu om ee nodamsueocmu. [ToMuMo 3mo2o, MOCMpPOeH epaghuk
3asucumocmu usmMeHeHul cusel ydapa 6olika 0 HakosasibHIO om 8peMeHuU ydapa npu pasnuyHol
nodamnueocmu HaKoearslibHU.

HE®Tb 1 TA3 &5 2024 2 (140) 95



JOBbIYA

PaccmompeH npouyecc ¢hopmMuposaHusi 20pu3oHmMarsHOU CK8aXXUHbI, Komopas bypumcs
CriiIoWwHbIM 3aboem ydapHo-8pawjameribHbIM CriocoboM C NpUMeHeHUeM 2udpoydapHbIX MallUH.
[ns uccnedosaHusa modernu npouecca bbiniu y4meHbl pe3yrbmamabl peueHus 3adadu o pacripe-
OerneHuU HanpsiXeHUl 80Kpya NpucmeoibHO20 Maccusa 8epmuKaribHOU CK8aXXUHbI.

KITFOYEBBIE CJIOBA: mpeuwjuHbl, ydapHo-spawjamersnbHoe bypeHue, pacmsixeHue, 0eghop-
Mauusi, 20pHble nopoodkl, cxamue.

oil companies are mainly guided by the need for drilling efficiency in combination

with geological uncertainty. Many drilling contractors are adding new mobile
drilling rigs to the equipment fleet and improving production processes in order to reduce
unproductive time. Drilling contractors update existing drilling equipment fleets, including
mobile drilling rigs, modernize existing rigs through the introduction of pumping equipment,
solid phase content monitoring equipment, upper power drives, allowing to increase the
return on technology in accordance with the requirements of oil producing companies [1,2].

The improvement of drilling technologies and cost reduction have radically changed
the situation on the market. Now the reserves of those deposits that were previously
considered unprofitable from the point of view of production are also taken into account.
The main task is to balance the cost of the equipment used and its supposed advantages.

Various new drilling technologies are gaining popularity due to the need to increase
production in fields with declining production. Often, it still turns out to be more expensive
to start developing a new field than to increase its level in old fields. The following
technologies have the potential for growth in mature fields:

1) rotary controlled systems;

2) advanced logging systems in the drilling process (pressure, sampling, logging of
undiscovered rocks ahead of the bit);

3) real-time management of petrophysical data;

4) drilling on the depression;

5) coiled tubing drilling;

6) drilling process optimization programs, integrated bit/mortar/trajectory control services;

7) sector models and petrophysics;

8) development of improved models of PDC chisels;

9) gentle drilling fluids and improved control of the cleaning of the solution.

Optimal application of current or new technologies is the key to low-cost drilling of
field wells in old fields. When planning new wells, operators should carefully consider
the possibility of drilling horizontal wells in the oil reservoir zone [3].

Research methods and materials. The analysis of the research of domestic and foreign
scientists shows that currently there are two main directions in the technology of opening
productive formations: the technology of opening for repression, when the drilling mud exerts
excessive pressure on the productive formation; the technology of opening at a negative
pressure drop, when the penetration of drilling mud and its components into the bottom-
hole zone of the formation is excluded.

Results and discussion. As the research review shows, when using even the most
advanced types of drilling fluids, it is not possible to exclude a negative impact on the
productive reservoir. In addition, drilling for repression has other disadvantages:

ntroduction.When developing a strategy for the construction of wells in old fields,
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— the formation of a clay crust on the walls of the well, which often causes tool tacks,
oil seal formation and reciprocating;

— a decrease in the quality of separation of layers;

— the possibility of absorption of drilling fluid;

— tightening, tacks under the influence of pressure drop;

— increased consumption of reagents for the preparation and stabilization of drilling
fluids, etc.

In recent years, the use of drilling technology in depression conditions in the borehole-
formation system has become increasingly widespread in the foreign practice of well
construction.

The opening of a productive reservoir at a depression or at a negative differential
pressure in the borehole-reservoir system is a process in which the components of the
drilling fluid do not enter the productive reservoir, but on the contrary, oil flows into the
wellbore.

Unlike vertical drilling, horizontal drilling, due to the absence of static loads,
significantly decreases the drilling speed (weighted drill pipes do not provide a load
on the bit), and the penetration is carried out due to the hydrostatic load of the washing
solution, the value of which depends on the power of the drilling pumps. Further, when
drilling horizontal intervals, there is always a danger of the occurrence of a drilling tool
being seized.

A characteristic feature of the impact-rotational drilling method using hydraulic
shock systems is the use of less resistance of strong and very strong abrasive rocks to
dynamic loads than static ones. As a result, the energy intensity of rock destruction with
this method is significantly less than with other known methods. The practice of recent
years has confirmed the high efficiency of impact-rotational drilling of wells and the
feasibility of its use in combination with other known modern methods.

With the impact-rotational drilling method, the process of destruction of the bedrock
of the magmatic formation occurs due to the chipping and crushing of the rock mass.

In the mode of rotary-impact drilling, which differs from rotary-impact drilling in that
the drilling tool is embedded in the rock not only now of impact, but also in the intervals
between impacts under the action of a significant static axial force reaching 1.5-2.0 kN
per 1 cm of the blade length of the drilling tool, thereby forming a double effect of rock
destruction — creating cracks and cutting the loosened mass.

Therefore, the use of rotary impact drilling in soft and medium-strength rocks, mainly
sedimentary formations (oil and gas sector), requires comprehensive scientific research [5-7].

When exposed to a rock by high pressure, irreversible deformation is manifested.
To do this, it is necessary to create a pressure at the bottom of the well that significantly
exceeds the rock pressure and extend the area of action on high-pressure rocks far enough
into the formation.

This can be done with the help of rotary impact drilling. The main external load
during impact rotary drilling is shock pulses transmitted by the bottom of the well from
the piston-striker by hydro-pulse generators — high-pulse hydraulic impact machines. The
axial static force in this method plays a subordinate role and serves only to create a tight
contact of the incisors with the rock (Figure I).
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Figure 1 — Diagram of the formation of an irreversible crack
w - the crack width, | - the crack length

Under the influence of the force of indentation, a compression area is formed in the
rock, directed in all directions from the tooth. Tangential stresses ¢ arise in the rock on
the contact contour, which, with an increase in the force G, reach the limit value, and a
contour crack forms in the rock, which spreads deep into the rock along a cone tangent to
the surface of the deformation sphere of the rock around the contact zone with the chisel
tooth. With a further increase in the force on the limit stress region, it expands in the
direction of the crack and at G , the crack increases along the conical surface (Figure 2).

Thus, there is a spasmodic effect on the rock. With a further increase in the strength
of shock pulses and the time of their impact, several jumps of rock destruction (crack
formation) can occur sequentially, but in practice, the operating values of axial loads
provide up to two jumps of brittle fracture. The dependence of the axial load on the
deformation of the rock up to two jumps of destruction has the form of a stepped curve [8].

Based on Griffiths' theory of crack propagation in rocks, it can be concluded that
with an increase in the crack size, the difference between the surface energy of the crack
U and the elastic energy of the body W spent on crack formation does not change. Thus,
an increase in the surface energy of the medium during the formation of a crack occurs

I e

Figure 2 — Abrupt formation of rock cracks under the action of axial load
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because of a decrease in the elastic energy of this medium. The crack parameters according
to Griffiths' theory are found from the condition @ =0 (/ — the crack length).
Griffiths' approach to crack formation is called, in connection with the above, energy.
To determine the maximum crack width, i.e., its width near the well, we have the
expression:

0
—v2)(E2 tg(E+8—2)

0 = Sl i VZ)(El)PIZ cos9%n ———2 (D
2 TE, 2 w99
B\a 2

where E — Young's modulus; P — the initial load; / — the crack length; v — the Poisson's ratio.

As a result of the solution (taking into account the wave theory of impact), forces were
obtained at the embedded end of the rod (at the chisel-rock contact), taking into account the
malleability of the embedding £ (i.e., the malleability of the rock to the insertion of chisel
cutters into it). This is a distinctive feature of the solution from the well-known problem
of Biderman V., in which the end of the rod is considered free or rigidly fixed [9,10].

The forces at the end of the K rod are known to depend on the timing of the impact
stages. Here are the formulas for the first two stages.

The first stage of impact (0 <t 52:1)

Py
PklP:PK31 - 3121 (2)
exp (m

_2v .

Pigi=—exp (-mt) sin(nt) 3)
. 21 41
The second stage of impact (; <t< ;)

_ Py32

Pyop=Pysz - 21 (4)
exp (m

Pk32=% {exp (—mt)sin(nt) + 2Tmexp(—me) [(nG - %) sin(n®) + +m6 cos(ne)]}(S)

In formulas (2) and (3):
where / — the length of the rod; a — the velocity of the deformation waves in the side
uponimpact; V- the speed of the load M when hitting the side:

1 a2
pr— — — ————————————————— 6
n \/ 8M 4 0%(EF)? (©)

where M — weight of the cargo; J— malleability of the impacted end of the rod; £ — the
elastic modulus of the rod material; F~ the cross-sectional area of the rod:

M=—2 (7

" 28EF

O=t-— ®)

a
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With a small length I of the removed rod, it is necessary to calculate the third stage
of impact, etc. But at the same time, calculations quickly become more complicated.

Figure 3 shows the dependences of the impact force of the transmitted seal (rock)
depending on its compliance. As expected, with an increase in the pliability of the rock,
the impact force P decreases.

10°P,
gaH
I

2z B, =623+ 10‘7%

20 //

i B= 2.46*10'7%

16 4 -

| —_—
it / T B, =1869+ 10'7%
] i
1 é ] [ o
10 / P i O BEE ﬁ,:zmz-w"i
L
8 A/ : o
/ ” 4+ By=31150107
]
6 7 /,
4 A S
y
2

o004 008 012 016 02 024 028 032 036 04 04 048 107%t,c

Figure 3 - Change in the force of the striker's impact on the anvil P, from the impact time ¢
with different anvil compliance g8

Let's consider the process of forming a horizontal well, which is drilled with a
continuous face in a shock-rotational way using hydraulic impact machines.

The analysis of the solution of the mentioned problem shows that the vertical stresses
deprived of the weight of the overlying rocks (6,=y,z, where v, is the specific gravity of
the overlying rock layers; z is the depth of the selected rock elements) increase with depth.

The stresses o,, g,, on the contrary, decrease rapidly, since they are inversely
proportional to the square of the current radius 7:

2 2
or =i (5): 00 = £ () )
r is the radius of the well 2.

In this regard, they were not considered when forming the process model. The second
assumption was that the well is drilled with a solid face, which, under high-frequency
impact, is affected by numerous points of damage to the face from the working elements
of the bit. The third assumption in the development of the model is that the mentioned
set of points for the defeat of the face are replaced by an equivalent pressure P, by the
latter and equal to:

p — Pmax (10)

y F3

where P,,,. — the maximum force of the shock pulse acting on the face from the generator;
F; — the area of the well face.
Considering the accepted assumptions, the process model represents a cylindrical
shell with a flat bottom, simulating the faces and walls of wells (Figure 4) [11].
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The outer surface of the shell (its side surface and bottom) is under pressure of
high-lying rocks P,=y, z, the inner cylindrical surface and bottom are under pressure of
drilling mud P,=y, z.

In addition, the bottom from the inside experiences an equivalent internal pressure
due to shock loads from the side of the water hammer and determined by formula 10.
It is required to determine the increase in voltage at the junction of the bottom with the
cylindrical surface of the shell.

FTITTTTT I

=== =T=1= == T=51= 1
7 VAVAVAavav

R=1mz )

Figure 4 — A model of a bottomhole section of a well formed by a shock-rotational method
using a hydraulic hammer
The problem is solved according to the moment theory in the following sequence.
The cylindrical rigidity of the shell is determined:
E§®
- (1-p2) (11)
where £ — the modulus of elasticity of the rock shell material, for rocks of medium hardness;
E~(4-6)x10' Pa; o — the thickness of the cylindrical shell, m; u — the Poisson's ratio.
The coefficient a of attenuation of the «surge» of stress at the junction of the bottom
and the cylindrical part of the shell is determined.
o= —@ (11)
ré
where 7 — the radius of the (inner) cylindrical shell.
The zone (boundary) of the influence of the edge effect is calculated:
n_ mré

b= s 12

The abscissa X is counted from the junction of the cylindrical shell with the bottom.

The condition of compatibility of linear (A) and angular (¢) displacements of the

bottom (index «d») and the cylindrical shell (index «C») at x=0 (junction) is written in
general form:

{Ag + A§ + Af, =AY + A + Afy, 0s)
05 + 05 + 65, = 05 + 69 + 6,

The right-hand sides of the equation for a flat bottom have the form:
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Ag: O; Ad= —_QO(I_ud)r; AI(\i/l(]: 0;

8,E
pd = — . pd =0.0d = 12(1-pg)Mo (16)
P P1 8(1+pq)Dg "7 Qo ’ "M Eqbq

The left parts of the equation for the junction of the bottom with the cylindrical shell
(at x = 0) are equal to: 7
- rt W/ Yopce — Qo o pc M
8= =P2 55 (1=7/2) 4= =55 B4= ~ 20ap (17)
—0-0¢ =-_Q . M
BS—O,Ba—Za;)D, IE’IO_D;

In equations 16,17.

Pp=P,+PF —P =vy,z+ P"l;‘”‘ — YnZ is the total pressure acting on the bottom;

P, = P, — P, = v,.Z — y,Zis the total pressure on the cylindrical shell.
Substitute (15) and (16) in (17):

2 —_—
—P, (1= 0,50) — B Mo Qliw)ry

203D 202D Eq84
3 _ (18)
0+ Qo + Mo _ —P - M
2a2D = Da 1 8(1+pq)Dg Eq83

Solving the system with respect to M, u Q, we get:

_ 19
M, = CPZBRPl (19)
_p _ (cPa—DPy (20)
QO_A[ P2 58 (1-05) B2a2D ]
Formulas (19) and (20) denote:
_—t (- (21)
2a3D 84Eq
_ -1 1 12(-pa) (22)

A4a*D oD 84Eq

_r?(1-o5w) . rd (23)
2Aa2DSE 8(1+u)D

To analyze formulas (19), (20) and their practical application for the calculation of
cracking, we consider the following:

— the average value of the elastic modulus for a cylindrical shell and bottom,
represented by a rock, we take E=6x10'° Pq;

— Poisson's ratio up= 1,;=0,3;

— average well radius r,=0,095 m;

— the thickness of the bottom and the thickness of the cylindrical shell are assumed
to be the same and equal to 6, = ;= 0,01 m.

Considering the mentioned assumptions, the cylindrical rigidity of the bottom and
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shell formula (6) will be D. = D, = 5495 H/m, and the attenuation coefficient a, = 33,8 .

It should be noted that with other real parameters of horizontal wells, the values are
insignificant. Substituting these values into formulas (21, 22, 23) to determine A, B, C, R,
and then their obtained values into formulas (19, 20), we obtain the following equations
for calculating Q, and M;

{MO = 0,092 x 10~3P,- 3,481 x 1073P,
Q, = —0,27 * 1073P,- 122 * 1073P,

Normal stresses a,,, 0, and tangential stresses T arise in the boundary zones (the place
of interface of the shell with the bottom), determined by the formulas:

(24)

_P126+662’ _Pl + +6 } (25)
T= Qx/8
The Values P, Sand P1 correspond to the momentary theory, and the added terms
My AT
63,5 +6 X Q./6 are assocrated with the edge effect associated with the moment theory.

The «+» 51gn refers to the inner surface of the shell, and the «-» sign refers to the outer.
The additional members are determined by the following formulas:

M, = % (e"**sin ax) + My(e™** cos ax + e~ ¥ sin ax) (26)

At x=0 (coupling of the bottom with the shell).
M,_,=M, =0,092x1073P, - 3,481 x 1073P, (27)

Then the Voltage O considering (27), will take the form:
=P, + 6 % (0,092x1073P,- 3,481 x 1073P,) (28)

Similarly, the tense o,,t are determined according to the methodology described in
the paper. At the same time, the analysis and comparison of the voltages o,,, 7,1 shows
that the voltage o, significantly (4-5 times) exceeds other voltages [12,13].

Therefore, in the future we will analyze the effect of the stress o,, on the strength of
the joint of the shell with the bottom, depending on its internal radius (the diameter of
the well) and the magnitude of the acting loads.

The following initial data were taken for analysis:

— the depth of the well z = 1000 m, the specific gravity of sedimentary rocks y,=
25000 7,3, the specific gravity of the drilling mud y; = 12000 '/, the thickness of the
bottom (face)-0.01m.

The pressures P, and P, are respectively equal:

P, = py + (Yg - Yn)Z = P;l:x +(Yg - YI’))27

P, = (Yg - Yn)Z

(29)

For the analysis, the value of the maximum force of the shock pulse was set, which
was then divided by the area of the bottom £ (bottom hole) to obtain the maximum pulse
pressure P, = Py Fs
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Then, given several values of the radius of the well, we calculate, considering the
mentioned initial data, the voltage o,.

Similar calculations made it possible to develop a nomogram to determine the required
value of the impulse force P, for the implementation of cracking in the angular zone of
the bottom of the well, depending on the diameter of the latter and the strength parameters
of the drilled rock.

Along the abscissa, the radius of the well is deposited, and along the ordinate axis —
stresses in the near-well array, and tensile stresses are fixed on the lower part of the
ordinate, and compressive stresses are fixed on the upper part. Graphical dependences of
P,..=f (r) are shown for three values of P, (30x10*H, 35x10*H H, 40x10*H).

The dotted line shows the tensile and compressive strength limits of the drilled rock

The nomogram (Figure 5) allows you to determine the required impulse force from the
generator for the implementation of cracking, depending on the diameter of the borehole
being drilled. For example, with a well radius of » = 0.095 m, shock pulses of at least P,,,.=
(37-38)x10° H are needed (considering that the tensile strength of rocks is significantly
less than that of compression) [14].

The next step should be the process of opening the cracks that have formed, which are
in a closed state. To do this, it is necessary to use the technology of hydraulic fracturing
by injection under pressure of a two-phase flow.

In addition, by a given value, it is possible to determine the maximum diameter of
the well at which cracking will occur in the angular zone of the face.

For example, the intersection of the inclined line P,,,= 40x10* H with the horizontal
dotted line 1-1 allows us to conclude that the maximum diameter of the well will be
r=0.098 m.

And finally, according to a given value, it is possible to recommend a type of hydraulic
impact machine capable of implementing fracturing in the radial direction in a near-well

array.
~erom
Frwe = 40 10
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Figure 5 — Nomogram for determining the maximum force of shock pulses of a hydraulic impact
machine depending on the diameter of the well at which cracking occurs
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Conclusion. This article discusses the peculiarity of the impact-rotational drilling
method using hydraulic shock systems. Based on reasonable assumptions, a model of
the shock pulse transmission process was adopted, representing a cylindrical shell with a
flat bottom, which simulates a bottom hole and an array adjacent to the walls of the well.

For the accepted process model, the problem of stress distribution in a horizontal
near-well array is solved, considering the effect of pressure of overlying rock layers and
drilling mud on its walls and bottom, as well as pressure at the bottom from pulsed loads
transmitted by a shock pulse generator.

It is shown that the determining stresses causing cracking in the walls of the well are
radial tensile stresses acting at the junction of the face with the walls of the well.

The obtained dependences on the stress distribution allowed us to construct a
nomogram that allows us to determine the diameter of the well at which cracking occurs
in the angular zones of the well, if the values of the maximum force of the shock pulses
transmitted by the generator (hydraulic shock machine) are known, and, consequently,
to determine the necessary parameters of the latter [15,16]. @

Gratitude. BR21881822 related «Development of technical solutions to optimize geological
and technical operations during drilling and oil production at a late stage of field operation»
according to Agreement No. 394-TFP-23-25 dated 11/15/2023 with the Committee of Science
of the Ministry of Science and Higher Education of the Republic of Kazakhstan.
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