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ABSTRACT

This article presents possible reasons for the low productivity of wells for coal methane
extraction and ways to resolve them using hydrochloric acid treatment of wells. A common
reason for the low productivity of wells is a decrease in the permeability of the bottom-hole
formation zone. Starch, calcium carbonate, and drilling rocks, which are part of the drilling mud,
change the filtration properties of the layer during the formation of a filtration crust and lead to
a decrease in the initial permeability. Hydrochloric acid treatment, during which clay rocks are
dissolved, is an effective method of increasing the productivity of wells. It is used to increase
pick-up and prevent contamination of the bottom-hole zone of the carbonate formation. The
parameters affecting the effectiveness of hydrochloric acid treatments were considered. The
results of the experience of the interaction of hydrochloric acid with a clay crust are presented
and analyzed using approaches to the mechanics of multiphase media. Dependences of the rate
of dissolution of clay rock on the concentration of acid solution are obtained. It is established
that the treatment of the productive intermediate layer of the well with hydrochloric acid in a
certain concentration, its use increases the technological and economic efficiency of wells. As a
result of experimental work, it was found that hydrochloric acid with an HCL concentration
above 18% has a negative effect on the internal equipment of the well when processing clay
shells.
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Introduction

emissions from coal seams is an urgent scientific
and practical task [[1], [2]]. Despite the existence of

The issue of creating safe ways of mining in coal scientific developments, the results of previous

mines has always been an important task in the
mining industry. Creating a way to intensify the gas
supply of coal seams on the basis of a complex set
of works may be the answer to the question of how
to reduce the number of human casualties and
increase the efficiency of drilling and cleaning
operations. Therefore, the intensification of gas

studies still do not solve the problem of increasing
the gas release of coal seams under the influence of
external forces.

Since 2015, JSC "KazTransGas" has conducted
geological exploration for gas production from coal
seams in the Karaganda region. For this purpose,
the planned work on drilling three core and four
experimental-industrial wells were carried out.
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The efficiency of well construction is directly
related to their productivity, and the latter is to
maintain the maximum permeability of reservoirs
and the duration of high-performance wells.

In recent years, the urgency of the problem of
maintaining the potential productivity of wells has
increased significantly, including due to the
involvement in the development of complex
deposits and fields with low permeability, with high
requirements for the quality of their opening [[2],
(311

The main negative factor in the completion of
wells, which significantly impairs the performance
of methane coal wells, is the contact of the drilling
fluid with the productive formation during drilling
[3]. In this case, the proximal part of the formation
is clogged with the solid phase of the drilling mud,
the conductive area is covered with the filtrate of
the drilling mud; physicochemical interaction of the
filtrate with both formations of fluids and rocks.
The adverse effects of the drilling mud filter
entering the formation may vary:

e causes swelling of clay particles in the
reservoir layer, resulting in a sharp
decrease in the permeability of the lower
well area;

e water-oil emulsions are formed, which in
some cases significantly reduce the
permeability of the lower well area;

e Capillary forces in the porous medium and
its partial displacement from the porous
channels can only be accompanied by a
significant change in pressure, which makes
it difficult for methane to move to the
bottom of the well, especially with low
conductivity reservoirs;

e As a result of the interaction of the drilling
mud filter with highly mineralized water,

insoluble residues may form in the
reservoir pores [4].
The penetration of polymers, starch, and

calcium carbonate, which is part of the drilling mud
into the productive layer of the drilled rock,
changes the filtration properties of the formation
during the formation of the filtration crust and
leads to a decrease in the initial permeability [5]. To
restore it, it can be treated with chemical
compounds such as acids and oxidizers.

Experimental part

Hydrochloric acid in different concentrations is
used in the productive intervals of the wellbore, to

solve this problem. Acid treatment of wells is
designed to clean the edges of clay deposits to
increase the permeability of coal seams. Under the
influence of hydrochloric acid, cavities, cracks, and
drainage channels are formed in rocks and coal
seams, as a result of which the permeability of the
productive layer increases, and, consequently, the
productivity of methane-coal wells increases.

Tests for the removal of clay with hydrochloric
acid were conducted in the laboratory of drilling
mud at Nazarbayev University. The easiest way to
remove the filter shell with acid-soluble
components is to install acid baths. Limestone,
siderite, celestine, etc. react with the acid,
effectively destroying the structure of the clay
crust, and facilitating its removal from the surface
of the collector [6].

Tests were carried out on the drilling mud used
during the drilling of wells in the Sherubainura area.
Drilling mud is prepared in accordance with the
design documentation and consists of the following
components such as Bentonite,
Carboxymethylcellulose (CMC), NaCOs;, polisol,
technical salt, POLIPAC UL, POLIPAC R, foam step,
Dyovis, DESCO / Burplast. The acid solutions to be
tested were prepared from 5 acid compositions
with a concentration of 12, 14, 16, 18, and 20%,
respectively, as shown in Figure 1.

Figure 1. Results of clay samples

Residues of clay suspension were washed with
water from the surface of the filtration crust before
acid treatment.

Filtration of the acid solution through the clay
crust was carried out by the vacuum method (6.9
bar) at a pressure difference.

The first stage is the "latent" phase of the
reaction, in which the rate of filtration of the acid
through the crust (the volume of the filtrate
detected in real-time) is directly proportional.

The second stage is the phase of active
interaction of the acid with the filtration crust,
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which is characterized by a deviation from the
vertical dependence of stage 1.

As the acid concentration increases, the
duration of the "latent" phase of the reaction
decreases. Thus, in the case of this experiment, the
latent reaction time for 20% hydrochloric acid is
about 5 minutes. For 12% acid, this period was 31
minutes [7]. According to the 5 tests performed,
the diagram of the dependence of the filtration
time on the concentration of the acid solution is
given (Figure 2) [8].

Duration of clay removal, t, minute

Figure 2. Diagrams of the dependence of the filtration
time on the concentration of the acid solution

y - concentration of hydrochloric acid, HCL, %; x
time of clay crust removal, t, min - a total of 25
samples were conducted.

The dependence of the start time of the
methane production process on the percentage of
hydrochloric acid treatment is in the form of cubic
regression (Figure 3).
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Figure 3. Approximation of a function of a single variable

Thus, an increase in the volumetric
concentration of acid increases the permeability of
the folds in the filter press, which is a direct
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indicator of the effectiveness of the destruction of
the clay crust [9].

It can be seen that the optimal acid
concentration in the processing of clay and
effective acid degradation is 18% HCL. Acid
concentrations are operatively justified, as low
concentrations increase the processing time (more
than 17 minutes), while high concentrations have a
strong corrosive effect on the equipment inside the
well used in drilling and production, especially with
a small difference in crust time (2.5 minutes) [10].

One of the main principles of choosing the
concentration of acid components in the acid
solution is to ensure the maximum amount of
soluble clay crust with a minimum amount of acid.
Numerous studies and applications show that the
optimum concentration of hydrochloric acid is 18%
in the main technologies transferred from different
regions of the country to the Sherubainura fields
[11]. This is convenient because industrial
hydrochloric acid contains 37% by weight of the
main substance, which allows you to easily prepare
the commercially diluted acid solution in half with
ordinary water and without any calculations [12].

According to experiments conducted in the
laboratory of Nazarbayev University, the melting
reaction of the clay crust is intensive at complex
concentrations of 12-18%, and when its
concentration is less than 12%, the crust does not
dissolve in time or does not react at all [13].

The low permeability of coal seams causes low
gas release. Therefore, in order to increase the
permeability of coal seams during hydraulic
fracturing, samples of K3 and K10 coal seams were
studied for the effect of 18% hydrochloric acid on
the desorption of methane in the laboratory
"Methane Energy" in the Mining and Metallurgical
Complex of Karaganda Technical University (Figure
2

Figure 4. Geokrak desorption unit
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The degassed gas from the sampling bottles
was degassed.

e The volume of gas released is 140 ml under

normal conditions;

e The detector recorded more than 80 levels
of methane %;

e 50 g of charcoal was removed and poured
50 ml of water at room temperature;

e After waiting for 10 minutes, the gas
medium was surrounded and no traces of
methane were found;

e Due to the small volume of coal, the coal
was refilled into test vacuum bottles and it
was decided to pour 200 ml of 18%
hydrochloric acid;

e After waiting for 5 minutes, they turned the
valve of the desorption unit and began to
correct the gas leak. The volume of gas
released at 11 minutes under normal
conditions was> 250 ml [14].

The exact concentration of methane in the
exhaust gas mixture was determined on an Agilent
7890V gas chromatograph.

According to the chromatograms, the
concentration of methane after exposure to 18% of
coal was 62%, and the remaining fraction was the
concentration of carbon dioxide formed as a result
of the decomposition of carbonates in the structure
of coal (Figure 5) [[15], [16]].
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Figure 5. Prediction of methane release by coal mass

Cite this article as: Rabatuly M, Musin RA, Demin VF, Usupaev ShE, Kenetaeva AA.

Research results and discussion

Thus, the 18% solution increases gas
consumption by an average of 17-19% due to the
increase in permeability and, consequently, the
diffusion of methane in the coal seams [[17], [18]].

Research has been conducted to achieve
maximum results in solving the problem of gas
emissions from coal seams.

The difference in the proposed work is the
intensification of gas release from coal seams on
the basis of a fundamental study of the viscosity,
strength, and density of the coal mass to identify
structural bonds and increase the permeability of
coal and methane [[19], [20]].

The result of the fundamental research work
was the intensification of gas separation of coal
seams by conducting a set of studies, including
testing of coal seam samples for viscosity, and
permeability of coal seams to identify structural
bonds and increase the permeability of coal and
methane.

The novelty of the research work:

e increase in gas emissions from coal seams
due to the optimal location of methane coal wells
in the establishment of regularity;

e intensification of gas release from coal
seams under the influence of external forces.

Conclusions

The results of the work will ensure the safety of
underground mining in coal mines and reduce the
greenhouse effect of methane emissions from coal
seams into the atmosphere.

Industrial regions of Kazakhstan, which do not
receive enough gas, can be fully self-sufficient
through the production of their own methane from
coal seams. First of all, we are talking about
Karaganda, Akmola, and Pavlodar regions [[21],
[22]].
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Kemip KabatTapblHaH MeTaH anyablH, TUIMAINIriH apTTbipy

YPabatynbl M, *MycuH P.A., *Aemun B.®., 2 Yeynaes LL.J., lKeHeTaesa A.A.

! «A. CafbiHOB aTbiHAaFbl KapafaHabl TeXHUKanbIK yHUBepcuTeTi», KaparaHapl, KasakcraH

2 OpTanblk A3ua skepai kongaH6anbl 3epTrey HCTUTYTbI (OAMK3U), Bilukek, Kbipfbl3 Pecnybamnkachl

Makana kengi: 11 Haypei3 2022
CapantamagaH eTTi: 04 cayip 2022
Kabbinganabl: 04 winde 2022

TYWIHAEME

Byn makanaga Kemip KabaTtapblHHaH ra3 6eniHyiH apTTbipy apKblibl KEMIp LWaxTanapblHAa Tay-
KEeH KYMbICTapblH Kayinci3 »Kypridyai KamTamacbi3 eTy macenenepi Kapangpl. Kemip
KabaTtTapblHaH ra3 6eniHyiH KapKblHAATy MakcaTbiHga 6ip KaTap 3epTTeynep XKyprisingi.
YHfbIManapablH, TOMEH OHIMANIriHiH  bIKTUMan cebentepi »aHe yHfFbIManapabl Ty3
KbIWKbIIbIMEH ©HAEYAI KONAAHY apKblbl 0NapAbl WeLly XON4apbl KenTipinreH. ¥HFbimanapabiH,
TOMEH OHIMAINITIHIH, Wi KesgeceTiH cebebi — TOMeHri YHFbIMA alMafblHblH, OTKI3FiWTIriHiH,
TemeHzeyi. Kpaxman, Kanbumii KapboHaTbl, bypFbliay epiTiHAICIHIH, KypambiHa KipeTiH bypfbliay
MKbIHBICTAPbI CY3Y KbIPTbICTAPbIH Ty3reHae KabaTTbiH, Cy3y KacueTTepiH e3repTesi aHe 6acTtankpl
OTKI3FiWTIKTIH TemeHpgeyiHe oKenegi. Ca3fbl KbIHbICTapAbl E€PUTIH Ty3-KbIWKbIIMEH ©Haey
YHFbIMANapaplH, eHiMAiNIriH apTTbipyablH, TMiMAi agici 6onbin Tabblnagbl. Ty3 KbIWKbLIbIMEH
eHAEYAIH TuimginiriHe acep eTeTiH napameTpniep Kapactbipbingpl. Ken ¢asanbl opTaHbiH,
MeXaHWKacbl TacinaepiH KonAaHa oTbIpbIN TanfdaHfaH Ty3 KbIWKbIbIHbIH, ca3 KabblfbiMeH e3apa
SpeKeTTecy TaXIpUBECIHIH, HaTUKenepi KenTipinreH. Casapl XKbIHbICTbIH, epy XKbl1AaMAbIFbIHbIH,
KbILWKbIA epiTiHAICIHIH, KOHLEHTPaUUACbIHA TayenAiniri aHbIKTanabl. ¥HFbIMaHbIH OHIMAI apanblK
kabaTbiH 6enrini 6ip KOHUEHTPALMAAA TY3 KbILKbINbIMEH OHAEY YHFbIMANAPAbIH, TEXHONOTUANBIK,
TUIMAINITIH - apTTbIPaTbiHbl aHbIKTaNAbl. JKCMEPUMEHTTIK KYMbICTapAblH, HaTuxKeciHae 18%
JKOFapbl KOHUeHTpaumacbl 6ap HCL Ty3 KbiWwKbAbl ca3gbl KabblKTapabl eHAaey KesiHae
YHFbIMaHbIH iWwiHAeri »kabablKTapfa Tepic acep eTeTiHi aHbIKTanApl. 3epTXaHanblK Kafganaa
JKYPFi3iirfeH  SKCNEPUMEHTTEPAIH, HITUXKECIHAE  KblWKbIIAbIH,  ©HAeYAer  €H  OHTaWAbl
KOHLEHTPALMACHI KaHe ca3 KabblfblHbIH TUIMAI KbIWKbINABIK biabipaybl 18% HCL ekeHairi
aHbIKTaNgpl. DKCNEepUMEHT HaTuKenepi 6GoWbiHWaA 18% epiTiHAI OTKI3riWTiKTIH  apTyblHa
6alinaHbIcTbl ras 6benyai opta ecenneH 17%-fa aHe 19%-fa apTTbipaabl.

TyiiH ce3pep: Kayinci3gik, Kemip wWwaxTanap, KoJbmaTauus, YHFbiManap, ca3 Kabbifbl, Ty3
KbILWKbIbI.
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MosbiweHne 3¢ PeKTUBHOCTU U3BNIEYEHMUA METAHA U3 YroNbHbIX N1ACcTOB

pabarynbl M., *Mycun P.A., 0emuH B.®., 2Ycynaes LL.3., IKeHeTaeBa A.A.

1 KaparaHguMHCKWIA TeXHUYECKMI yHuBepcuTteT umenmn A. CarmHoBa, KaparaHaa, KasaxctaH

2 LleHTpanbHO-A3MaTCKMIM UHCTUTYT NpuKknagHbix Mccnegosanuii 3emam (LLAWMK3), Buwkek, Kbiproiackas Pecny6avka

AHHOTAUMUA

B faHHOM cTaTbe paccMOTpeHbl BOMPOChl obecneyeHns 6e30nacHoro BeAeHWs ropHbIx paboT Ha
YrO/IbHbIX LWAXTax nyTem NOBblLUeHMUs ra300TAaum YrosbHbIX naactos. C Lenblo MHTeHCUdUKaL MK
rasoBblAENEHNA YrO/IbHbIX MJIACTOB MPOBEAEH PAf WUCCNeAoBaHWM. lMpuBeneHbl BO3MOMHbIE
MPUYMHBI HWU3KOW MPOU3BOAUTENIBHOCTM CKBAKMH M MYyTU WX PELIeHMA C MCMOJ/b30BaHUEM
06paboTKM CKBaXKMH CONAHOW KMCNOTOW. Hanbonee YyacToi NpUYMHON HU3KOM NPOAYKTUBHOCTU
CKBAXXUH ABNAETCA CHUMKEHWE MPOXOAMMOCTM HUMKHEN 30Hbl CKBaXKMHbl. Kpaxmasn, KapboHart
Kanbuusa, OypoBble NOPOApl, BXOAAWME B COCTaB OypoBOro pacTBopa, W3MEHSIOT
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dWUNBTPALMOHHbIE CBOWCTBA NIacTa Npu 06pa3oBaHMK GUNBTPALIMOHHOW KOPKM U MPUBOAAT K
CHUXEHMIO HayanbHOM mpoHuuaemocT. O6paboTKka FAMHUCTBIX NOPOA, PAacTBOPUMONA CONAHOM
Kucnoton ssnsetca  3GGEeKTUBHbBIM - METOAOM  MOBbILEHUA MNPOAYKTUBHOCTM  CKBAMKMH.
PaccmoTpeHbl napameTpbl, BaAusOWMe Ha 3GPEeKTUBHOCTL NepepaboTKU CONAHOM KWUCNOTbI.
MpuBeaeHbl pesynbTaTbl OMbiTa B3aUMOLEUCTBUA CONAHOW KUCAOTbI C TAMHUCTOM 060/104YKON,

Noctynuna: 11 mapma 2022 aHa/ZM3MpyemMoro C NOMOLLbIO METOA,0B MeXaHWUKM MHOrodasHbIX cpes,. MonyyeHa 3aBUCMMOCTb
PeueHsuposaHue: 04 anpesns 2022 CKOPOCTM PacTBOPEHUA FIMHWUCTON MOPO/bl OT KOHLUEHTPaUWKM pacTBopa KMCAOTbl. YCTaHOBNEHO,
MpuHATa B Nevatob: 04 utona 2022 yTo 06paboTKa MPOAYKTMBHOTO MNPOMEXYTOYHOTO C/I0A CKBaXKMHbI CONAHOW KMCNOTOW B

onpeaeneHHOW KOHLLEHTPaLMK, ee UCNONb30BaHME NOBbILIAET TEXHOIOTMYECKYHO 3PHEKTUBHOCTL
CKBaXKWH. B pe3ynbTaTe sKcnepuMMeHTasIbHbIX PaboT ycTaHOBAEHO, Y4TO conAHaa Kucnota HCL ¢
BbICOKOW KOHLeHTpauwel 18% okasbiBaeT HeraTMBHOe BAMAHME Ha BHYTpeHHee obopyaoBaHue
CKBaXKWHbI NPM 06pabOTKe IMUHUCTBIX 060N04EK. B pe3ynbTaTe SKCNepUMEHTOB, NPOBEAEHHbIX B
NabopaTopHbIX YCNoBUAX, ObIIO YCTAaHOBNEHO, YTO Haubonee ONTUMaNbHAA KOHLEHTPALMA
KMcnoTbl B 06paboTke v apPeKTMBHOE KMCNOTHOE Pa3/IoKeHMe TIMHUCTON NAEHKN cocTaBnseTt
18% HCL.Mo pesynbTaTam akcnepumeHTa 18% pactBop yBennunBaeT ra3oBblaeneHne B cpegHem
Ha 17% 1 19% 3a c4eT yBeAMYEHNA NPOHNLLAEMOCTHU.

KntoueBble cnosa: 6e3omacHocTb, Yro/ibHble WaxTbl, KOJibMmaTaunA, CKBaXKUHbl, MUHUCTAA KOPKa,
CON1IAHAA KMCNOTa.
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