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Purpose. Improvement of hydraulic efficiency of the pipelines of the gas and gas-condensate wells by means of
their internal cavity cleaning from fluid accumulations.

Methodology. The set tasks were solved by means of carrying out the experimental studies and determining the
time, required for dissolution of the viscoelastic pig in water and condensate water with different content of the surface
active agent. In order to determine the efficiency of using the viscoelastic pig, the appropriate pilot tests were per-
formed on the pipelines of the Khidnovytske gas field wells.

Findings. The theoretical and actual values of the hydraulic resistance coefficient of the well flow lines were calcu-
lated for the conditions of the Khidnovytske gas field. The pipelines of the wells, where additional pressure losses
occur due to the fluid accumulation in their lowered sections, were determined. In order to prevent formation of the
water slugs in the pipelines of the wells, the technology of using the viscoelastic pig, which is water-soluble and con-
sists of the domestic chemical agents, was proposed. The total gas flow rate increased by 1.1 thousand m?/day after the
usage of the suggested technology.

Originality. A technology for cleaning the flow lines of the wells from the fluid accumulations with the help of the
viscoelastic pig was developed on the basis of the water solution of the carboxymethyl cellulose and surface active
agent with the possibility to regulate the destruction time of the polymer system.

Practical value. The proposed technology can be used for cleaning the internal cavity of the pipelines of the low-
pressure gas and gas-condensate wells, as well as of the field gas pipelines, from the fluid accumulations. As a result,

stable fault-free operation of the well with the increased flow rates of the gas and gas condensate is ensured.
Keywords: fechnology, cleaning device, viscoelastic pig, surface active agent, gas pipeline

Introduction. The problem of the fluid accumulation
in the pipelines of the wells is quite topical for the condi-
tions of the Khidnovytske gas field (GF). The Khid-
novytske GF is at the final stage of development and it
entered the gas lift operation period, which is character-
ized by low working pressures, high water-gas factors,
and insignificant reserve concerning the working pres-
sure decrease at the wellheads.
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The solid and fluid particles precipitate due to the
complex route profiles and low gas velocities in the low-
ered sections of the gas pipeline and in other places,
where there are appropriate conditions, which results in
the decrease in the “wetted” cross-section of the gas
pipeline, reduction in its transmission capacity, and in-
crease in the pressure losses during the gas flow move-
ment. Therefore, the working pressure at the wellheads
increases and the gas flow rates of the wells decrease.

In order to evaluate the operation efficiency of the
system for gathering of the well production of the Khid-
novytske GF, the calculations of the actual and theo-
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retical values of the hydraulic resistance coefficients were
carried out. Only the wells which have an individual pipe-
line were selected for these calculations. Table 1 shows the
results of the calculations of the actual and theoretical
values of the hydraulic resistance coefficients of the flow
lines of the wells.

The results of the calculations are indicative of the
excess of the actual pressure losses over the calculated
ones in most wells. The actual hydraulic resistance coef-
ficient is tenfolds-hundredfolds higher than the theo-
retical value of the coefficient. Therefore, it is necessary
to introduce the measures in these wells that will improve
the hydraulic efficiency of their flow lines.

Analysis of the recent reseach and publications. At pres-
ent, cleaning of the internal cavity of the gas pipelines
can be carried out with the help of the following means
depending on some technological conditions:

- usage of the devices for fluid removal,

- introduction of the foaming surface active agents
(SAA) into the gas pipeline;

- creation of high velocities of the gas flow movement;

- usage of different cleaning pigs.

Fig. 1 shows principle diagrams of the stationary de-
vices for fluid removal [1] from the cavity of the active
gas pipelines.

A condensate gathering tank (Fig. 1, @), depending on
its type and design, usually consists of the tank for fluid
collection 2, which is located under the gas pipeline 1,
and blow-down line 3, which is connected with it with the
help of the nipples 3. One end of the blow-down pipe is
connected with the tank for fluid collection and the other
one is connected with the shut-off valves on the surface.

The degree of entrapping of the associated formation
water in the expansion chamber (Fig. 1, b) reaches 90 %
due to the sharp decrease in the velocity of the gas flow
due to the tie-in of the large-diameter pipe into the ac-
tive gas pipeline while it does not exceed 80 % in the con-
densate gathering tanks. At such design of the expansion
chamber, the fluid precipitates in the lower section of the

Table 1

Results of the calculations of the theoretical and actual values of the hydraulic resistance coefficients
of the pipelines of the Khidnovytske GF wells

Pipe hydraulic resistance coefficient

Ne Well number theoretical, A, actual, A, Note

1 2 3 4 5

1 22 0.019 0.019

2 143 0.018 0.019

3 112 0.020 0.840 additional pressure losses
4 114 0.018 0.018

5 144 0.020 0.020

6 116 0.026 2.010 additional pressure losses
7 117 0.026 0.540 additional pressure losses
8 115 0.020 0.045 additional pressure losses
9 146 0.020 0.020

10 125 0.040 57.190 additional pressure losses
11 101 0.032 8.360 additional pressure losses
12 36 0.026 1.740 additional pressure losses
13 120 0.019 0.025 additional pressure losses
14 124 0.034 7.240 additional pressure losses
15 119 0.030 4.20 additional pressure losses
16 110 0.033 1.880 additional pressure losses
17 122 0.033 2.710 additional pressure losses
18 103 0.028 1.960 additional pressure losses
19 102 0.037 16.030 additional pressure losses
20 121 0.037 10.850 additional pressure losses
21 133 0.020 0.150 additional pressure losses
22 118 0.020 0.10 additional pressure losses
23 138 0.030 4.230 additional pressure losses
24 129 0.027 2.160 additional pressure losses
25 135 0.034 4.860 additional pressure losses
26 109 0.018 0.018

27 134 0.02 0.021

28 126 0.018 0.019

29 201 0.024 0.340 additional pressure losses
30 131 0.033 6.710 additional pressure losses
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large-diameter pipeline and it is periodically removed into
the tank for fluid collection with the help of the nipples.

A drip (Fig. 1, ¢) is a pipe, which is tied into the gas
pipeline. The tie-in place of the drip is the lowest point
of the lowered section of the gas pipeline.

The stationary devices for fluid removal from the gas
pipeline have their advantages and disadvantages. The sim-
ple design and relatively small investments can be con-
sidered to be among the advantages. These devices are
installed on the gas pipelines in the places, where con-
densate and associated formation water can precipitate
and accumulate with the highest probability. The fact that
the fluid separation from the gas-liquid flow does not take
place along the whole length of the gas pipeline [2] can
be considered as one of their disadvantages.

Another way for solving this problem is the injection
of the foaming solutions of the surface active agents (SAA).
The foaming agents decrease the gas-liquid interfacial
tension and thus promote foam generation. The gener-
ated foam is removed by the gas flow better because the
foam density is much lower than the fluid density. There-
fore, the SAA application creates conditions for fluid foam-
ing and its removal using the natural gas energy. Work [3]
shows the possibility for using the technology of foam
cleaning and inhibition against corrosion of the internal
surfaces of the gas field equipment. In order to realize
the technology, the authors also propose a developed
design of the foam generator. One of the disadvantages
of this method is the fact that the generated foam gets
into the inlet of the field gas treatment unit, does not fully
separate on the first separation stage, and then it can go
into the compressors and trunk gas pipeline, which later

results in destruction of the compressor blades and dete-
rioration of the treated gas quality.

One of the ways for cleaning the internal cavity of the
gas pipelines from the fluid accumulations is the cre-
ation of the pulse mode of the working gas flow move-
ment by means of shutting off the linear valve of the ac-
tive gas pipeline [4]. When the valve is shut off, the pres-
sure on the gas pipeline section before the valve increases.
After the needed pressure differential before and after the
valve has been achieved, the valve is quickly released. The
fluid is removed from the gas pipeline section before the
valve due to the sharp increase in the gas flow velocity. An-
other way for realization of the pulse mode of the working
gas flow in the gas pipeline is the temporary shutdown of all
or some gas production wells with their further simultane-
ous putting into operation. Work [5] shows the results of
the studies on the classification of the reasons of the gas
pipeline cavity contamination, as well as the developed
method for cleaning the cavity of the gas pipelines with the
help of the high-velocity gas flow. The method provides for
the calculation of the critical gas movement velocity, which
should be achieved on the gas pipeline section by means of
shutting off the shutting-off device on the block valve sta-
tion and creation of the pressure differential. However, re-
alization of this method on the in-field gas pipelines can
lead to the violation of the established technological opera-
tion mode of wells and field gas treatment units, which lim-
its the possibilities of its efficient application.

It is practically impossible to ensure high gas move-
ment velocities (8—10 m/s), at which the fluid accumu-
lation does not occur in the lowered sections of the pipe-
lines of the wells [6], for the conditions of the flooded
low-pressure gas and gas-condensate wells.
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Fig. 1. Principle diagrams of devices for fluid removal from pipelines:
a — condensate gathering tank; b — expansion chamber; ¢ — drip; 1 — gas pipeline; 2 — tank for fluid collection; 3 — nipples; 4 —

blow-down line; 5, 6 — valves; 7 — expansion chamber
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Still another way for cleaning the internal cavity of the
gas pipelines is the usage of different cleaning devices. The
cleaning devices are used periodically without or with the
gas transportation interruption. Works [7, 8] provide the
detailed analysis of different designs of the mechanical
cleaning devices and their characteristic features. Work [8]
presents the information about the new developed content
of the self-destructive viscoelastic cleaning pig and ap-
propriate laboratory studies for determining the time,
required for its dissolution in water and condensate wa-
ter, at different content of the surface active agent.

The devices (pigs) for cleaning the internal cavity of
the gas pipelines can be classified in accordance with the
manufacturing method and the diagram, shown in Fig. 2,
on the basis of the studied domestic and foreign publica-
tions [3-5, 7, 8].

The application of the mechanical devices becomes
more complicated due to the necessity of installation of
the stations for their launching and receiving, as well as
because of the necessity of maintenance of the appro-
priate pressure differential on the cleaning device in or-
der to ensure the specific velocity of its movement in the
gas pipeline cavity and control of the cleaning device pas-
sage along the gas pipeline.

The substantial weakness of the mechanical and rub-
ber pigs is their wear and high probability of their stick-
ing in the gas pipeline cavity.

Unsolved aspects of the problem. At present, the prob-
lems of application of the gels, which are used for clean-
ing the internal cavity of the pipelines, and possible ways
of their introduction into the pipelines, remain not suf-
ficiently covered in the literature.

Objectives of the article. Taking into account the re-
sults of the conducted analysis of the latest studies on
the problem at issue, the application of a group of chem-

ical pigs requires more detailed examination in terms of
the conditions of destruction of the gel system (hence,
the necessity in equipment of the pipelines with the pig
receiving chambers is redundant), reduction in adhesion
of the gel to metal, and studying of the possible ways for
introduction of the gel pigs into the pipeline.

Presentation of the main research. The scientists in
Ivano-Frankivsk National Technical University of Oil and
Gas (IFNTUOG) proposed the composition of the vis-
coelastic pig for cleaning the internal cavity of the field
gas pipelines from the fluid that consists of the domestic
chemical agents with the regulated period of dissolution
of the pig material in water and condensate water.

The viscoelastic pig is prepared directly in the field
by mixing the water, SAA, and carboxymethyl cellulose
(CMC) until a uniform mixture is formed. The pig is then
treated with methanol in order to reduce adhesion of the
gel to metal. The methanol treatment of the pig can be
carried out in static state by submerging the pig under
the methanol level in a separate tank and in dynamic state
by means of injection of some volume of methanol, then
some volume of gel, and then again some volume of meth-
anol into the pipeline.

The main properties of the viscoelastic cleaning pig
are the following:

- does not collapse when being passed through the
pipelines with different cross sections;

- does not collapse when the pipeline stops operating;

- has low adhesion to metal;

- dissolves in water during the set period of time after
the process of the pipeline cleaning finished.

The appropriate laboratory studies were carried out in
order to chose the pig composition and determine the du-
ration of its dissolution in water, condensate, and system
“water-condensate”. Based on the results of the laboratory
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Fig. 2. Classification of pigs in accordance with the manufacturing method
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experiments, it was found that it is possible to regulate the
lifetime of the viscoelastic cleaning pig from approximately
40 minutes to more than one hour in water and from two
hours and up to almost three hours in condensate water
when the content of some of its components is modified.

There are two variants of cleaning the pipelines of
the wells from the fluid accumulations: by means of launch-
ing the viscoelastic pig from the wellhead to the gas treat-
ment unit (GTU) and in the backward direction.

The technology for cleaning the internal cavity of the
field gas pipelines from the fluid and solid phase accu-
mulations with the help of the viscoelastic pig includes
the following stages:

a) preparation of the gel of a certain composition de-
pending on the conditions of use (gas pipeline length, pig
movement velocity, and fluid composition to be removed);

b) well shutdown, closure of the flowline valve of the
well-control equipment, master valve closure, and gas
bleed from the space between them;

¢) introduction of the gel pig into the gas pipeline.

There are two possible variants of the gel pig intro-
duction into the gas pipeline:

1) via special launching chambers or flanged con-
nections of the well-control equipment, which are de-
mounted beforehand. The methanol treatment of the
pig in this case is conducted in the separate tank by its
submerging under the methanol level during 20—30 min;

2) via the buffer flange of the well-control equipment
with the help of the pumping unit. According to this dia-
gram of the methanol treatment of the pig, the metha-
nol is divided into two equal portions; the first portion is
injected before the gel introduction and the second por-
tion is pumped in after the gel injection. In order to treat
the pig with the methanol, the injected components are
kept in this state for 20—30 min;

d) forcing through of the gel pig by the gas flow. There
are also two variants of forcing through of the gel pig by
the gas flow:

1) cleaning of the field gas pipeline is carried out onto
the open pipe end (onto the flare line);

2) cleaning of the field gas pipeline is carried out di-
rectly onto the TU without any gas bleed into the atmo-
sphere.

The pilot tests of the gel viscoelastic pig were performed
on the pipelines of the wells of the Khidnovytske GF.

Taking into account the availability of the well-defined
lowered sections (natural fluid traps) and considerable
volume of the accumulated fluid contamination, the test
fields of two pipelines of wells 118 and 116 were selected for
the pilot tests. The pipeline of well 116 is characterized by
the least length of 605 m and its flow rate is only 1.5 thou-
sand m3/day. Therefore, the decision to clean the pipeline
with the gas bleed into the atmosphere was taken in order
to realize the technology for the first time.

The average gas flow velocity in the pipeline of well
116 is 1.4 m/s and the average gas flow velocity in the
pipeline of well 118 is 5/5 m/s. Taking into account the
fact that there are 5—6 for 90° bends and water slugs on
the way of the pig movement, the maximum time of the
pig passage to the pipeline end will not exceed 10—12 min.

The gel pig was prepared in accordance with the pat-
ent No. 78315 in the following way:

a) 1.5 kg of CMC, 10.74 kg of water, and 0.25 kg of
SAA (Stinol) were put into the tank with the volume of 20 /
and then they were mixed until a homogeneous gel formed;

b) the obtained mixture was submerged into the pre-
liminarily prepared tank with methanol and kept there
for 30 min;

¢) then the cylindrical pig, whose diameter was a lit-
tle bit bigger than the pipeline internal diameter, was for-
med from the obtained mixture.

Organization and sequence of the operations on clean-
ing the pipeline of well 116 from the fluid accumulations
with the help of the viscoelastic pig were carried out in
the following way:

a) the well was shut down, the flowline valve of the
well-control equipment and the master valve were closed,
and the gas was bled from the space between them;

b) the well buffer was equipped with the blow-down
elbow;

c¢) the flowline end valves were closed before and af-
ter the measuring diaphragm and the gas was bled from
the space between them;

d) the measuring diaphragm was removed and the
prepared pig was inserted into the space, wherefrom the
gas had been bled,;

e) the measuring diaphragm was mounted and valves
7, 8,5, and 1 were opened one-by-one (Fig. 3);

f) the gas was supplied from the preliminary gas treat-
ment unit (PGTU) in the backward direction in order to

i
71////7777//2 JII7777777
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Fig. 3. Diagram of the well-control equipment and distribution manifold of well 116 of the Khidnovytske GF:

1,4,5,7, 8 9—valves; 2, 6 — pressure gauge valves; 3 — flange diaphragm connections; 10 — blow-down elbow
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force the pig through to the wellhead onto the blowdown
elbow.

The forcing through of the pig resulted in the passage of
the apparent gas-liquid flow. Then some water “packs”, in
which small pig parts were noticeable, were removed. The
process of purging the pipeline lasted for about 15 min.

Organization and sequence of the operations on clean-
ing the pipeline of well 118 from the fluid accumulations
with the help of the viscoelastic pig were carried out in
the following way:

a) the well was shut down, the flowline valve of the
well-control equipment and the master valve were closed,
and the gas was bled from the space between them;

b) the buffer flange was removed and the prepared
pig was inserted into the space, wherefrom the gas had been
bled;

¢) the flowline end valves were closed before and af-
ter the measuring diaphragm and the gas was bled from
the space between them;

d) the measuring diaphragm was removed and the
flanges without the diaphragm were mounted;

e) when opening the valves 9, 7, 5, and 1 one-by-one
(Fig. 4), the well was brought into operation onto the GTU;

f) the measuring diaphragm was mounted onto the
gas treatment unit after one hour of the well operation.

Explanation of scientific results. The results of the in-
put parameters measuring, required for evaluation of the

efficiency of the conducted pilot tests of the viscoelastic
pig application, are shown in Table 2.

According to the results of the pilot tests, after the
application of the technology for cleaning the pipelines
of wells 118 and 116 from the fluid accumulations with the
help of the viscoelastic pig, the gas flow rate of well 118
increased by 0.8 thousand m?®/day (8 %) and the flow rate
of well 116 increased by 0.3 thousand m?/day (20 %).

Conclusion. The operation of the gathering system in
the Khidnovytske GF becomes more complicated due
to the fluid accumulations in the lowered sections of the
flow lines. The conducted calculations of the hydraulic-
pressure losses in the gathering system are indicative of
the significant excess of the actual hydraulic resistance
coefficients over the theoretical one in the pipelines of
most wells. This results in increase in the pressure at the
wellhead and decrease in the production capacities of
the wells and up to the cessation of their natural flowing.

In order to clean the pipelines of the wells from the
fluid accumulations, it was proposed to use the water-
soluble viscoelastic pig. Therefore, the necessity to equip
the pipelines of the wells with the chambers for receiving
the cleaning devices is redundant. Besides, the introduc-
tion of the gel pig into the gas pipeline is possible both
via the special launching chambers or flange connections
of the well-control equipment (if they are demounted
beforehand) and via the buffer flange of the well-control
equipment with the help of the pumping unit.

/5 3 - 2 ) 1
W\‘Lmr—»
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Fig. 4. Diagram of the well-control equipment and distribution manifold of well 118 of the Khidnovytske GF:
1,4, 5 7, 8 9—valves; 2, 6 — pressure gauge valves; 3 — flange diaphragm connections

Table 2

Input parameters and results of the pilot tests of the viscoelastic pig application for cleaning the pipelines of wells
116 and 118 of the Khidnovytske GF from the fluid

Ne Well Before the operations After the operations Flow rate
number gas pressure, MPa gas pressure, MPa 1nerease
gas flow rate, gas flow rate,| thousand
at the at the thousand at the at the thousand m’/day
pipeline pipeline m3/day pipeline pipeline m3/day
beginning end beginning end
1 2 3 4 5 6 7 8 9
118 0.23 0.2 9.5 0.212 0.2 10.3 0.8
2 116 0.23 0.2 1.5 0.205 0.2 1.8 0.3
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2018, N2 1 17
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According to the results of the pilot tests, the gas flow
rates increased by 0.8 thousand m?®/day (8 %) and 0.3
thousand m3/day (20 %) respectively as a result of clean-
ing the pipelines of wells 116 and 118 of the Khidnovytske
GF from the fluid. The results of the conducted studies
are indicative of the efficiency of the viscoelastic pig ap-
plication for cleaning the pipelines of the wells from the
fluid accumulations.
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Mera. IlinBuilleHHd TiApaBIiyHOI €(QEKTUBHOCTI
11J1e(piB ra30BUX i rA30KOHAEHCATHUX CBEPAJIOBYH I1LISI-
XOM OYUILIEHHS 1X BHYTPIlIHbOT MOPOKHUHMU Bijl CKYyTI-
YeHb PiAUHU.

Metomuka. IlocTaBieHi 3aBIaHHSI BUpPilllyBaJucs
ILIJISIXOM TTPOBEICHHS €KCIIePUMEHTATbHUX JOCTiIKEHb
13 BU3HAYEHHST 9aCy PO3YMHEHHS B'SI3KOIPYKHOTO ITOPIII-
Hs 'y BOJIi Ta BOJIi 3 KOHAEHCATOM 3a Pi3HOI0 BMICTY MO-
BEpPXHEBO-aKTUBHOI peuoBUHU. 711 BU3HAUEHHS eek-
TUBHOCTI 3aCTOCYBAaHHS B’I3KOTIPYKHOTO TTOPIITHS IIPO-
BOJMJIUCH BiMTOBiIHI TOCIiAHO-ITPOMUCIIOBI BUTIPOOY-
BaHHS Ha 1uieiidax cBepaT0BUH XiTHOBUIIBKOTO ra30-
BOT'O POIOBUIIIA.
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PesyabTaTu. 1151 yMoB XiTHOBUIIBKOTO ra30BOTO PO-
JIOBUIIA PO3paXOBaHi TCOPETUYHI I (haKTUYHI 3HAYEH-
Hs KoedillieHTa TiaIpaBaiYHOro ONOpy BUKUIHUX JiHIH
CBepUIOBMH. BeTaHOBEHI uteliu cBepUIOBUH, B SIKUX
BUHMKAIOTh TOMATKOBI BTPATU TUCKY 32 PaXyHOK HaKO-
MUYEHHS PIAMHU B TIOHMKEHUX AiIsTHKax. 1151 60poTh-
Ou 3 BOASHUMU KOpPKaMM Y Iiuieiicdax CBepI/IOBUH 3a-
MPOTIOHOBAHA TEXHOJIOTiSI 3aCTOCYBaHHSI BSI3KOMPYKHO-
TO TIOPIITHS, IO € PO3YNMHHMUM Y BOi Ta CKJIATAETHCS 3
BITYM3HSIHUX XiMiYHUX peareHTiB. [liciist BUKOpucTaH-
HS 3alPOIOHOBAHOI TEXHOJIOTiI CYMapHUIi Ne0iT rasy
36inpmmBed Ha 1,1 Tc. M°/106.

HaykoBa HoBu3Ha. Po3po0iieHa TeXHOJIOTIsI OUMILICH-
H$I BAKMIHUX JIiHil CBEPAJIOBUH Bill CKYITUYE€Hb PilUHU
3a JJOTIOMOT 010 B'SI3KOTMPYKHOTO IMOPIITHS, Ha OCHOBI BOMI-
HOTO PO3UYMHY KapOOKCHUMETUJIIICITIONO3H i1 TTIOBEPXHE-
BO-aKTHBHOI PEYOBMHU 3 MOXKJIIMBICTIO PETY/IIOBAHHS Ya-
Cy IeCTPYKIIil MOJiIMEPHOI CUCTEMHU.

IIpakTUyHa 3HAYMMICTb. 3aMTPONIOHOBAHA TEXHOJIO-
rist Moxke OyTH BUKOPUCTAHA JUISl OUUILIEHHST BHYTPilll-
HbO1 MOPOXXHUHMU 11IeH(hiB HU3bKOHAMIPHUX Ta30BUX i
ra30KOHICHCATHUX CBEPIJIOBUH i MPOMUCIOBUX Ta30-
IMPOBOIB Bil CKYITUeHb PiIMHU. Y pe3ybTari 3a0e31e-
YyeThbCsl cTabiibHA poOOTa CBEPMJIOBUHU 3 IIiIBUILIC-
HUMMU J1e0iTaMu ra3y i KOHIEHcAaTy.

KimouoBi cioBa: ouucnuii npucmpiil, 8’ 13K0npyscrHuil
nopuieHb, NOBEPXHEBO-aAKMUBHA PEUOBUHA, 2A30NPOGIO,
c6epON0BUHA

ens. [ToBbieHue ruapaBInueckoin apheKTuBHO-
CTH 1IUTe#(POB Ta30BbIX ¥ TA30KOHICHCATHBIX CKBAXKIH
IyTeM OYMCTKHM UX BHYTPEHHEH ITOJOCTH OT CKOILIC-
HUU KUIKOCTHU.

Metomuka. [ToctaBieHHBIC 3a1a9N PEIIAIACH ITyTeM
MPOBEACHUS IKCHEPUMEHTANTbHBIX MCCIECIOBAHUIA MO
ofnpele/leHUI0 BpEMEHU PacTBOPEHUST BSI3KOYIIPYTOro
TOPIITHS B BOJIE U BOJIE C KOHAEHCATOM C pa3HbIM CONEP-
JKaHUEM TTOBEPXHOCTHO-aKTUBHOTO BelecTna. Jjis or-
peneneHus 3¢ GEeKTUBHOCTA TPUMEHEHMS BSI3KOYIIPY-
TOTO TTOPIITHS ITPOBOIUINCH COOTBETCTBYIOIINE OITBIT-
HO-TIPOMBIIIIJICHHBIC UCTIBITAHMS Ha ITeH(axX CKBaXKIH
XUITHOBUIIKOTO Ta30BOTO MECTOPOKICHUS.

PesynbTatel. g ycioBuii XvAHOBULIKOTO ra30BO-
IO MECTOPOXIEHMST pacCUMTaHbl TEOPETUUYECKIE U (haK-
TUYECKHUe 3HaUeHUsT Ko DULIMeHTa rTuIpaBInIecKoro
COITPOTUBJICHUST BBIKUIHBIX IMHUI CKBAXKMH. Y CTaHOB-
JIEHBI IJIeM (Bl CKBAXKWH, B KOTOPBIX BOZHUKAIOT JOITOJ-
HUTEIBHBIC TIOTEPU TABJICHUS 3a CUCT HAKOTIICHUST XKII-
KOCTH B TIOHMKEHHBIX YJacTKax. J11st 00pbObI ¢ BOASIHBI-
MM TIPOOKaMU B IIjIeiihax CKBaXKMH IIPEUIOKEHA TeX-
HOJIOTUSI MPUMEHEHMUST BSIBKOYITPYTOro MOPIIHS, KOTO-
PBIii SIBJISIETCSI pACTBOPUMBIM B BOJIE U COCTOUT U3 OTe-
YECTBEHHbBIX XUMUUYECKUX peareHToB. [locie rncnosib3o-
BaHUS TIPEIIOXKEHHOM TEXHOJIOTMU CYMMAapHbIil 1eOUT
rasa yseauuuics Ha 1,1 Tic. M3/cyT.

Hayunas HoBu3Ha. Pa3zpaboTaHa TeXHOJIOTMSI OUUCT-
KU IIUTe(pOB CKBAXKMH OT CKOTUICHUI KUIKOCTH C TI0-
MOIIBIO BSI3KOYIPYTOTo TMOPILHS, HA OCHOBE BOJIHOTO
pacTBopa KapOOKCUMETUILIETIONO03bl U MTOBEPXHOCT-
HO-aKTHMBHOI'O BEIIECTBA C BO3MOXHOCTBIO PEryaupo-
BaHUsI BPEMEHU AECTPYKIIMU MTOJTMMEPHOMN CUCTEMBI.

ISSN 2071-2227, HaykoBun BicHuKk HI'Y, 2018, N2 1



PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

IIpakTuyeckasi 3HaUMMOCTb. [IpenoxxeHHas TeXHO-
JIOTHSI MOXET ObITh MCMOJIb30BaHA ISl OYUCTKU BHY-
TpEeHHEN MOJI0CTU HIJIe(OB HU3KOHATIOPHBIX T'A30BhIX
M Ta30KOHJIEHCATHBIX CKBA>KWH U MPOMBIIILJIEHHBIX Ta-
30ITPOBOMIOB OT CKOIUIEHMIT XXUIKocTu. B pesynbrare
obecneynBaeTcsl cTabMIbHasl padoTa CKBaXKMHHEI € T0-
BBIILIEHHBIMU I€0MTaMU ra3a U KOHJIeHcaTa.
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Purpose. To analyse a state of border rock mass of permanent slope mine working in the process of roof-bolting
mounting. To determine rational roof-bolting density as well as length of anchors in the deepening process in the
context of m} seam of Pioner mine (“DTEK Dobropolliavuhillia” Ltd).

Methodology. Roof-bolting parameters for the permanent slope mine workings were substantiated while analysing
regularities of changes in behaviour and stress-strain state of rock mass and identifying displacements of rock contour
of a mine working. Thereupon, rational values of anchor lengths and roof-bolting density based upon them were de-
termined. To analyse changes in the behaviour and stress-strain state of border rock mass of permanent inclined mine
working with roof-bolting, a finite-element method was applied.

Findings. A method to analyse both behaviour and stress-strain state of border rock mass of permanent inclined
mine workings in the context of roof-bolting mounting has been substantiated. The procedure of the problem solution
while using developed software has been described. Calculation model to solve a problem concerning the determina-
tion of rational roof-bolting density and anchor lengths to support permanent inclined mine workings in the context
of their depth changes has been developed. Rational parameters of roof-bolting while supporting permanent inclined
mine workings under specific mining and geological conditions have been determined.

Originality. Graphs of dependences of roof rock border displacements and floor of permanent inclined mine work-
ing on its depth in terms of anchor length and roof-bolting density have been obtained.

Practical value. Results of the studies may be used at the design stage to forecast displacements of a roof, a floor
and walls of permanent inclined mine workings under the conditions of m? seam at Pioner mine to optimize roof-
bolting parameters.

Keywords: inclined mine working, mathematical modelling, roof bolting, mine

Introduction. Over recent years mining depth of coal
deposits has experienced significant deepening; more-
over, mining and geological conditions have deteriorat-
ed. Maintenance of permanent mine workings in such a
situation being the essential condition of safe underground
operations as well as sustainability of high technical-and-
economic indices of coal-mining enterprises involves con-
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siderable expenses connected with repair-and-renewal op-
erations.

As a rule, Ukrainian mines use metallic arched flex-
ible supports made of special shape to reinforce both per-
manent and development underground mine workings.
Arched three-link support is the most popular among all
support types. However, the available metallic arched flex-
ible supports prevent permanent inclined mine workings
from keeping them in operating conditions during the
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