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Purpose. Development the theoretical foundations of isolation of absorptive horizons using melts of fusible
thermoplastic materials for the construction of algorithms and the creation of a complex of programs that allow
calculating heat and mass transfer processes with the use of computers in a wide range of conditions.

Methodology. The problem is solved by a comprehensive study including analysis and synthesis of the litera-
ture and scientific and technological achievements in various fields of economic activity, mathematical, physical

modeling, numerical methods of solution.

Findings. A general concept of computing experiment in theoretical modeling of processes of heat and mass
transfer in elimination of absorption of washing liquid in the well is developed. The theoretical foundations of the
isolation of absorptive horizons using melts with the construction of an algorithm for creating a complex process
of calculating the heat and mass transfer program with the use of computers in a wide range of conditions.

Originality. The theoretical basis of the isolation of absorptive horizons using bulk melting of fusible thermo-
plastic materials was further developed. For the first time, an algorithm of creating complex programs that allow
for calculation of heat and mass transfer processes in elimination of washing liquid absorption by the bulk melting

of granular fusible thermoplastic material is offered.

Practical value. The practical significance lies in developing the method of isolating absorptive and unstable
horizons for the implementation of which it is necessary to perform the following operations: delivery of granular
thermoplastic material on the bottom of the well, local heating of the washing liquid, melting and squeezing ther-

moplastic material melt in the absorption channels.

Keywords: drilling, well, absorptive horizon, washing liquid, absorption, isolation, plugging materials,
downhole heat source, thermoplastic materials, melt, heat and mass transfer

Problem statement. Ukraine has got significant
mineral reserves. To engage these stocks in the opera-
tion, there must be a significant increase in exploration
and production wells. Drilling of wells in areas where
intensive mining operation is underway is inevitably
fraught with complications the process of drilling.

Unsolved problem. Technical and economic pa-
rameters of drilling to a large extent are determined by
the time and cost spent to eliminate complications.
One of the most common complications is the absorp-
tion of washing liquid. According to statistics, their
elimination consumes up to 20 % of time and money
of the overall cost of well construction. Absorption
leads to disruption of the process of drilling regime,
provoking accidents and breakdowns.
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Analysis of recent research. Bulatov A. 1., Vozd-
vizhenski V. 1., Volokitenkov A. A., Gaivoronsky A. A.,
Ivachev L. M., Kipko E. Ya., Krylov V.1., Lipatov N. K.,
Myslyuk M.A., Polozov Yu.A., Rafieko I.1., Spi-
chak Yu.N., Titkov N.I., Tian P. M., Yakovlev A. M.,
Yasov V.G. and others devoted their research in the
development of formulations of plugging materials and
technologies to deal with absorption of washing liquid.

Analysis of the research shows that today there is a
great diversity of methods and materials to eliminate
the absorption of washing liquid. In most cases, the
elimination of absorptions is provided by plugging the
channels of washing liquid escape, or by hardening or
non-hardening plugging mixtures by creating a water-
proof screen in the rock around the well.

Currently, the majority of ways to eliminate the
washing liquid absorption is based on the use of insuf-
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ficiently effective cementing materials, which are wa-
ter-based with the addition of mineral-cohesive or
synthetic substances. The main disadvantage of these
materials is that they have a high sensitivity to dilution
by water: the solution is easily mixed with the washing
liquid and the reservoir water, especially in the pres-
ence of cross-flows. There is a dilution, sedimentation
of plugging mixtures leading to an increase in the set-
ting time, spreading to considerable distances from the
well, and as a result leads to significant cost overruns of
plugging materials, to the need for frequent repetition
of plugging operations, a significant overrun in time to
eliminate the complications in the well.

Determination of unsolved aspects of the prob-
lem. To solve this problem, it is necessary to search for
new technologies based on other physical processes,
and other plugging materials that are not susceptible to
dilution with water. These processes may include
methods of making adhesive coating, based on the
change in the aggregate state of plugging material, al-
lowing to create succinct but quite durable and imper-
meable insulation shell around the well. Therefore, the
actual problem is the development of non-conven-
tional insulation technology for absorbing horizons
based on filling the channels of absorption with melts
of low-melting materials.

As an alternative to the currently applied technolo-
gies, at the National Mining University there has been
developed a new alternative technology, in which the
absorption channels are not filled with plugging mate-
rial, but with melt of thermoplastic plugging material
with a low melting point [1].

The thermoplastic material is chemically inert, it is
not subject to the effect the aggressive water. It is eas-
ily drilled and does not stick to the technological tool.
Its physical properties are independent of the storage
time. Its cost is comparable to the cost of cement, and
much less than the cost of synthetic resins. Due to the
low melt viscosity of the thermoplastic material, it eas-
ily penetrates into rock with a slight opening of cracks.
The strength of grouting stone obtained by cooling of
the melt is comparable to the strength of the cement
stone. Moreover, in the early stages of the hardening of
thermoplastic material, strength is much higher than
compressive uniaxial strength of the cement stone [2].

To implement the proposed technology, it is neces-
sary to perform the following operations: deliver gran-
ular thermoplastic material to the bottom of the well,
provide local heating of the washing liquid, melt ther-
moplastic material, squeeze thermoplastic material
melt in the absorption channels.

One scheme of this method involves the use washing
liquid as a heat carrier in a borehole in the zone of the
absorbent horizon. Heating of the washing liquid in the
well is carried out by downhole electric heater in such a
way as is done in the electrothermal treatment of wells.

Statement of the aim of the research. In order
to solve practical problems of calculating the required
time of heating the washing liquid and the low-melting
material, the temperature field, the radius around the
well formed insulation shell, etc., it is necessary to
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study the processes of heat and mass transfer in ab-
sorbing horizon area.

The aim is to develop the theoretical foundations of
the isolation of absorptive horizons using melts of fus-
ible thermoplastic materials for the construction of al-
gorithms and the creation of a complex of programs
that allow for calculation of heat and mass transfer
processes with the use of computers in a wide range of
conditions.

Main material. Theoretical study of these pro-
cesses is now possible to carry out through numerical
simulation method using a computer. This approach
assumes a significant role in view of the fact that their
experimental study in the laboratory or in a downhole
environment is very difficult and expensive, and be-
comes even impossible in some cases.

The general concept of a computational experi-
ment. Computer experiment in its most advanced
form consists of the following steps [3]:

- selecting a physical model of the investigated phe-
nomena;

- selecting a mathematical model that is in more or
less adequate to physical one;

- selecting and developing numerical method for
displaying a continuous mathematical model in its fi-
nal full-scale analogue;

- creating an appropriate computer program.

To the listed items can be added further compari-
son with the results of numerical simulation of physi-
cal modeling data (laboratory or well) and, therefore,
if it is necessary to improve the mathematical model.

Physical and mathematical formulation of the
problem. In general, for the implementation of the
proposed technology, the following operations must
be performed: local heating of the washing liquid in
the well bottom zone, delivery, and squeeze of low-
melting material, followed by the change in phase con-
ditions in the pores and cracks of absorptive horizon.

Step one. In the step of washing liquid heating, the
mathematical model looks as follows. Physical heating
of'the liquid in the well is made by heat conduction and
free convection processes in the field of gravitational
forces, and in the rock mass only by thermal conduc-
tivity [3—6]. Consequently, in the rock mass the tem-
perature field is described by the heat equation [4]

oT
—=aAT
o oh 1

and in liquid, by Navier-Stokes equations in the
Boussinesq approximation, in alternating current-vor-
tex function [3]

ot ox dy
oT . T )
=VAw-gB, | =——sin@———coso |;
oy ox
A¢ = o, (3)

and energy equations [5]
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oT’ 9T’ oT” ,

pCp( o +u o~ +v % j AMAT, )
where A — is Laplassa operator.

Dissipative coefficients are o, — thermal diffusivity,
A — coefficient of thermal conductivity, C,, — specific
heat at constant pressure, p — density of the material.
The boundary conditions for this system include the
homogeneous boundary conditions for the velocity
field and the boundary conditions for the temperature.
By y coordinate we have

oT”’
ay ‘.VZO»VI_

=0. 5)

From the symmetry conditions with respect to x on
the axis of symmetry, it follows that

oT”’
ax ‘x:R

=0. (6)

At the boundary of ‘liquid — rock’ boundary con-
ditions of the 4th kind are set

\)::m =T, s
T’ oT (7
A =A— .
ox [x=2R ox |x=0

The boundary conditions (5—7) are at the € [0,
yL], where yL defines the area of the heated liquid.
According to the x-coordinate (for equations 1—4),
the local coordinate systems are introduced. The fol-
lowing notations are accepted: x = R, where R — is ra-
dius of the well, for the rock mass x € [0, oo].

Step rwo. Low-melting material is delivered into a
heating zone in granules. Melting of fusible material is
delivered in two stages. At the first stage the material is
warmed. As soon as the surface temperature of the
granules of fusible material reaches the temperature of
phase transition the melting begins. In this formulation,
the task corresponds to the Stefan problem [4—7]. From
physical considerations it follows that this task can be
considered as one-dimensional for each granule. The
mathematical statement of the Stefan problem is for-
mulated as follows [4, 5]. Temperature field of granules
in warm mode is described by the heat equation,

oT o’T
i , 8
o “ox ®)
with initial conditions
T.,=T, ©)
and boundary conditions
oT
— =0 10
ox (10)
oT
Ao =o(T,(n-T,), (11)

[

where o — is heat-exchange coefficient; 77, — is liquid
temperature.
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In addition to conditions (9—11) it is necessary to in-
troduce the conditions at the boundary of the phase
transition. On the surface of the phase transition x = ()
there remains a constant value of the phase transition
temperature

Yszgm =T (12)

(P 9
and the conditions of thermal balance are observed

o, _, L _, %

e P ox e P (13)

where Lo — is specific heat of fusion; §(t) — is un-
known law of displacement of the boundary; A, A, —
are thermal conductivity factors of solid and liquid
phases, accordingly.

Assume that the temperature of the material (gran-
ule) in a molten state takes a known value of borehole
liquid temperature 77. Then, at the introduction of
conditions

T, 2T, (14)
the solution of the Stefan problem is reduced to solving
warming problem for equation (8) with the conditions
(9—11) [7]. Thus, from the expression (14) is deter-
mined the time t = t¢ corresponding to the beginning
of melting granules. Thus, from the moment of time t
> 1¢ the temperature field of granules will be described
by equation (8) with boundary conditions (10) and

7\1)‘:&1) =To, (15)
where £(t) — is defined from the equation
9 _a/x,
—==——(7,-0,), 16
aT KOY-LP ( L QL) ( )

with initial condition
s, =X (17

In equation (16) the following notations were ac-
cepted

ox
T, =T

’ (18)

?

K=cr>
2l

Q, =

where K|, — is the Kossovich criterion.

Step three. The problem of changing the aggregate
state of ‘liquid — solid’ corresponds to the Stefan prob-
lem by the mathematical formulation [5]. In this case,
the temperature field of liquid phase is described by en-
ergy equation (4), where the components of velocity
vector u and v are assumed to be known. The liquid
phase moves in a flat channel giving heat to the rock
mass. As soon as the temperature reaches the melt
phase transition temperature, a layer of fusible material
of the solid phase is formed on the walls. This process
continues until all of the melt turns into a solid state.

Conclusions and prospects for development. In
this paper, the theoretical basis of the isolation absorp-
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tive horizons are developed using melts in order to
build algorithms and create a set of programs that allow
for calculation of heat and mass transfer processes with
the use of computers in a wide range of conditions.

Transition from mathematical models (1—18) to a
numerical algorithm, implemented by computer, is
currently done using a grid method. In addition, for
the construction of economical difference schemes it
is advisable to use a splitting scheme. For the solution
of the Stefan problems, algorithm for constructing a
design scheme on the solutions of the Cauchy problem
proves to be effective. It is advisable to create the pro-
grams aimed at solving the problems stated above in
the form of a software package.
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Meta. Po3poOka TeOpeTMYHUX OCHOB i30Jslil
NONIMHAIYMUX TOPU3OHTIB i3 3aCTOCYBAaHHSIM PO3-
MJ1aBiB JIETKOIUIABKUX TEPMOIUJIACTUYHUX MaTepialiB
JUIST TIOOYIOBU AJITOPUTMIB i CTBOPEHHSI KOMILIEKCY
Mporpam, 1o 103BOJISIIOTh BECTU PO3PAaXYHOK ITPOIIe-
ciB TemjiomacoriepeHocy i3 3actocyBaHHsiM EOM vy
LLIMPOKOMY Jliala3oHi yMOB.

Metoauka. [locraBneHi 3amaui BupillyBaaucs
KOMIIJIEKCHUM METONOM AOCTIIXKEHHS, 10 BKJIIOYAE
aHaJli3 i y3arajbHeHHs JiTepaTypHUX XKepes i Hay-
KOBO-TE€XHIUHUX JOCSTHEHb B Pi3HUX 00JACTSIX roC-
NOoAAapPChKOI AiSJILHOCTI, MaTeMaTU4He, (pi3uuHe MO-
JIeTIOBAHS, YUCICHHI METOIU PIllICHHS.

PesynbraTn. Po3po06iieHa 3arajbHa KOHLEMLis1 00-
YUCTIOBATBHOTO EKCIIEPUMEHTY UISI TEOPETUIHOTO
MOJIETI0OBaHHSI IIPOLIECiB TETUIOMACOIIEPEHOCY MPH JTiK-
Bizailii mormMHaHHS TPOMUBAILHOI PiIMHU Y CBEPIJIO-
BUHi. Po3po0JieHi TeopeTHUHi OCHOBU 13071511l MOIIK-
HalOUMX TOPU3OHTIB i3 3aCTOCYBAHHSIM PO3ILJIABIB 3 IO-
OyIOBOIO AJITOPUTMY 151 CTBOPEHHSI KOMILJIEKCY TTPO-
rpaM po3paxyHKy MPOLECY TEIJIOMACcOIepeHocy i3 3a-
crocyBaHHsIM EOM y mimpokomy Aiana3oHi yMOB.

Haykosa HoBu3Ha. OTpuMaau Noaaiablliui po3-
BUTOK TEOPETUYHI OCHOBU i30JISILII MOIJIMHAIOUUX
TOPU3OHTIB i3 3aCTOCYBaHHSIM 00’ €MHOTO TLIaBJICHHS
JICTKOIUJIAaBKUX TePMOIUIAaCTUYHUX MaTepiaiiB. Yiep-
1II€ 3aIIPOTIOHOBAHO AJITOPUTM CTBOPEHHST KOMILJICK-
Cy IIporpam, 1o 103BOJISIIOTh BECTU PO3PAXYHOK IIPO-
1IeCiB TermjaoMacoliepeHocy TIpu JiKBigamii Morim-
HaHHS MPOMUBAJbHOI PiIIMHU METOAOM 00 €MHOIO
IUIaBJAEHHSI TPaHyJIbOBAHOIO JIETKOIIJIABKOTO TEPMO-
MJIaCTUYHOrO MaTepiany.

IIpakTtuuna 3Hayumicth. [lonsirae B po3poOili
TEXHOJIOT11 i30JIs11ii MONIMHAIYUX TOPU3OHTIB, JJIsI
peani3alii 1Kol HeOOXimMHO BUKOHATU HACTYMHI TeX-
HOJIOTiYHi orepallii: J0CTaBKy rpaHyJibOBaHOIO Tep-
MOIJIACTUYHOIO MaTepiajy Ha 3a0iil CBEpIOJIOBUHU,
JIOKaJIbHUI HATpiB IIPOMUBAJILHOI PiIMHU, TIJIABJICH-
HS ¥ 3amaBiIIOBaHHS PO3IUIABY TEPMOILIACTUYHOIO
MaTepiaay B KaHaJu MOIJIMHAHHSI.

KirouoBi ciioBa: 6ypinnsa ceeponrosun, ceepono-
8UHA, NO2AUHANUUI 20PU3OHM, NPOMUBANbHA Pi-
OUHAa, NOCAUHAHHA, [3045Ui51, MAMNOHANICHI Mame-
piaau, 3abitine menaose 0xcepeno, MmMepmMonaac-
MmuuHi Mmamepianu, po3niag, MenioMaconepeHoc

Ilenb. Pa3zpaboTka TeopeTUYECKUX OCHOB U30JIsI-
UM TIOITIOLIAIOIIMX TOPU3O0HTOB C TNPUMEHEHUEM
pacmaBoOB JIETKOIIJIABKUX TEPMOIJIACTUYHBIX MaTe-
pUaJioOB IS TIOCTPOECHUS AJITOPUTMOB M CO3TAHUS
KOMILIEKCA MPOrpaMM, MO3BOJISIIONINX BECTU pacueT
MPOLIECCOB TEIJIOMAcCoINepeHoca ¢ MpUMEHEHUEM
DBM B IMPOKOM AMana3oHe YCIOBUIA.

Metoauka. [locTaBieHHBIe 3aJauyu pellaJuCh
KOMIIJIEKCHBIM METOJIOM MCCJIEIOBAHUS, BKJIHOYAIO-
UM aHaJIN3 U 0000IIeHNe TUTepaTyPHBIX UCTOUYHU -
KOB M HAayYHO-TEXHUYCCKUX TOCTVIKCHUI B Pa3ind-
HBIX 00JIaCTIX XO3MCTBEHHOM AeITeTbHOCTH, MaTe-
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Maruyeckoe, pu3ndeckoe MoJeIMpoBaHue, YUCTIEeH-
HBIC METOIBI PCIICHUS.

Pe3yabraTbl. PazpaboraHa o6miasi KOHLEMLMS
BBIYMCIIMTEIBHOTO B3KCIIEpUMEHTa IJII TeOopeTHdIe-
CKOTO MOIEINPOBAHMUS IIPOIIECCOB TEINIOMACCOIEpe-
HOca TpU JUKBUAALUY MOIJIOLIEHNSI TPOMbBIBOYHOM
XKUIKOCTU B CKBaxuHe. PaspabGoraHbl TeopeTuye-
CKME OCHOBBI U3OJISILIMY MOIJIOIIAOIINX TOPU30HTOB
C NMPUMEHEHUEM pacljaBOB C MOCTPOCHUEM ajro-
puTMa ISl CO3[aHUsT KOMIUIEKCa IporpaMMm pacuera
mpoliecca TerioMaccoliepeHoca C TPUMEHEHUeM
OBM B lIMPOKOM JUara30He YCIOBUIA.

Hayynas wnoBu3Ha. [lonyyunu nanbHelilnee
pa3BUTHE TEOPETUICCKHE OCHOBBI M3OJSILUMN IT0-
[JIOIIAIOIINX TOPU3OHTOB C TIPUMEHEHUEM 00BbeM-
HOTO TUIABJICHUS JIETKOIUIABKUX TEPMOIUIACTUIHBIX
MatepuagoB. BriepBbie mpemioxkeH aJrOpUTM CO3-
MaHWSI KOMIUIEKCA TPOTPaMM, ITO3BOJISTIONINX Be-
CTU pacyeT MPOILIECCOB TeIIoMaccollepeHoca Ipu
JIMKBUIAIMU MMOMJIOIIEHUST MPOMBIBOYHOM XKUIKO-
CTU METOIOM OOBEMHOTO IJIaBJACHUSI TPaHYIUPO-
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Purpose. Substantiation of the intensity values of elastic waves in the bottom-hole zone required to form a
network of cracks in the formation as well as pilot verification of the results.

Methodology. Analytical and experimental research studies have been carried out on the clays sandstone with
a tensile strength of 2.4 MPa, which has been treated by pressure pulses with duration of the leading front of up to
5 ms and amplitude of up to 6 MPa. The parameters of the research studies have been measured by standard
equipment ATM-38.

Findings. The calculations confirm the possibility of creating variable pressure with amplitude of more than
1.2 MPa in the reservoir at a distance of 1 m from the downhole hydraulic generator. Industrial studies indicate the
possibility of creating stresses in a near-wellbore zone which exceed the limit of the fatigue strength of the rock. This
results in formation of additional cracks in the bottom-hole zone and, thus, more effective completion of the wells.

Originality. It is a new approach to the selection of the downhole generator parameters for creating a network
of cracks in the formation on the basis of fatigue fracture rock.

Practical value. The results of the research can be used for testing the influence of cyclic stresses on the increasing
quantity cracks in coal layers for degassing them and for creating new technologies of the oil and gas wells completion.
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