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ASSESSMENT OF THE CONTAMINATION DEGREE OF GAS PIPELINE
BRANCHES DURING MINED-OUT SPACE DEGASIFICATION

Purpose. To determine the patterns of changes in the gas mixture parameters in the final gas-drainage pipeline section during
draining-out of gases from the mined-out space through the gas pipeline branches with impaired throughput capacity.

Methodology. Theoretical studies of gas mixture flows in mine gas-drainage pipelines, as well as the laws of gas dynamics and
hydromechanics are used to solve the task set.

Findings. It has been revealed that the methane concentration remains constant in the section of the gas-drainage pipeline,
which is located in an uncontrolled ventilation working area. In this case, methane concentration decreases in the gas-drainage
pipeline behind the insulating jumper in the zone influenced by the outlet ventilation jet. It has been found that the reduced hy-
draulic diameter of the gas pipeline contaminated branch leads to an increase in the absolute gas mixture pressure, a decrease in its
flow rate and methane yield in the final gas-drainage pipeline section. By solving quadratic regression equations, the ratios linking
the hydraulic diameter of the gas pipeline contaminated branch with the gas mixture parameters in the final gas-drainage pipeline
section have been obtained.

Originality. A relationship between the hydraulic diameter of the gas pipeline contaminated branch, draining-out the gas mix-
ture from the mined-out space, and the gas mixture parameters in the final gas-drainage pipeline section has been revealed.

Practical value. The obtained ratios for the hydraulic diameter of the gas pipeline contaminated branch make it possible to
estimate its throughput capacity and, by the time new branches are set, if necessary, increase the discharge in the gas-drainage

pipeline to maintain the necessary degasification efficiency.

Keywords: coal mine, gas-drainage pipeline, gas mixture, gas pipeline branches, contamination

Introduction. Currently, the number of coal mines on the
territory of Ukraine is decreasing. At the same time, at aban-
doned mines there is a problem of extracting methane from
the coal-rock mass. Part of the methane migrates to the
earth’s surface, resulting in environmental pollution. In this
regard, to improve the ecology of coal-mining regions, an ur-
gent issue is to determine the mining-geological conditions
for methane redistribution within the coal-rock mass [1], as
well to develop and implement new effective gas-drainage
methods [2].

A decrease in the throughput capacity of the suction de-
gasification network and the efficiency of the mine gas-drain-
age system is associated with contamination of site and main
gas-drainage pipelines, as well as with a leak tightness failure.
Over time, accumulations of rock particles and water form on
the inner surface of gas-drainage pipelines. They penetrate
into the gas pipeline from gas-drainage wells and are localized
in places with abrupt changes in the direction and velocity of
the gas mixture. Corrosion products are also formed along the
length of the degasification network sections. Their formation
is caused by oxidative processes when the gas pipeline walls
interact with a wet gas mixture and water that can penetrate
from gas-drainage wells. This results in an increase in the
roughness of the inner surface of the gas-drainage pipeline and
an increase in pressure losses due to friction.

Gas-drainage pipeline leak tightness failure is character-
ized by formation of through cracks and holes, as well as gaps
between the flanges of the gas pipeline links. These damages
are caused by the following factors: technological influences
and rock displacements; corrosion processes; loosening the
tightening of the flange joint bolts.
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In the latter case, air inflows into the degasification net-
work occur. As a result, the methane concentration in the gas
mixture is reduced.

To restore the required methane concentration, various
vacuum control devices are used at the mouths of gas-drainage
wells [3]. In this case, the gas mixture is purified from solid and
liquid components. The discharge value in the gas-drainage
pipeline is also increased by connecting additional vacuum
pumps or by switching the existing vacuum pumps to a new
mode [4]. However, the tightness failure of flange joints results
in an additional increase in air inflows and energy consump-
tion at the vacuum-pump station. Therefore, to restore the
throughput capacity of degasification network sections, vacu-
um pumps are stopped, and measures are taken to replace and
clean gas-drainage pipelines.

Literature review. Analysis of the state of mine degasifica-
tion networks [5] shows that some of the gas pipelines of de-
gasification networks are in an unsatisfactory technical condi-
tion. This leads to increased aerodynamic resistance and air
inflows. It is noted in [5] that replacing damaged gas pipelines
can reduce vacuum losses and air inflows during gas mixture
transportation. As a result, the yield of produced methane in-
creases. In addition, gas hydrate crystals can be formed on the
inner surface of gas pipelines under certain conditions [5, 6].
These formations significantly reduce the throughput capacity
of gas-drainage pipelines.

Failure to drain gases from the mined-out space increases
the risk of accidents associated with gas mixture ignition |7, §].

The work [9] develops a mathematical model of transition
from the calculated gas-drainage pipeline diameters to stan-
dard values, which allows optimisation of gas pipeline diame-
ters. Conditions for replacing the gas-drainage pipeline with a
parallel connection consisting of several branches are deter-
mined.
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Calculation of gas transportation system parameters is the
subject of the paper [10]. It has been revealed that with inten-
sive water inflow from gas-drainage wells, flooding of gas pipe-
lines can occur.

Itisstated in [11] that in order to reduce air inflows into the
gas-drainage pipeline and reduce the probability of formation
of water accumulations, it is necessary to ensure high-quality
tightness of the flange joints of the gas pipeline links and re-
duce the number of the route slopes.

When calculating mine gas-drainage systems, a problem-
atic issue is to determine rational modes for gas mixture flow
[12]. This problem can be associated with the degasification
network topological peculiarities and the presence of local hy-
draulic resistance (places for setting control-measuring and
regulating equipment, turns, branching, and gas pipeline de-
flections).

In [13], a mathematical model for the isothermal natural
gas flow in a pipeline with a variable section is proposed to
identify solid component clusters. The position of clusters is
determined by the intensity of the reflected pressure waves.

The technical principles and characteristics of methods for
detecting contamination in gas pipelines are described in [14].
Commonly used methods for removing contamination are
presented. To obtain information regarding the localization of
gas pipeline contamination, the internal surface of the pipeline
is visualized. In this case, radiation sources of gamma rays, x-
rays, ultrasound and electromagnetic waves are used.

In [15], a method for determining the location of contam-
inants in a gas pipeline based on implicit nonlinear finite-dif-
ference modeling is proposed. It is noted that this method
provides excellent results even when working with additive
measurement noise.

Research results in [11, 16] show that the impact of rock
displacements can lead to deflections and deformations of the
gas-drainage pipeline with a corresponding reduction in its
throughput capacity. In particular, deflections of gas-drainage
pipelines under the influence of rock mass deformations main-
ly occur in the places of flange joints of gas pipeline links. This
also contributes to the formation of water accumulations, the
deposition of coal and rock dust, and the tightness failure of
flange joints. It is therefore necessary to develop new technical
solutions for modernizing gas pipelines [17].

Analysis of the rock pressure influence on underground
gas pipelines shows [18] that in most cases, the occurrence of
cracks in the gas pipeline walls is caused by tensile stresses, as
well as horizontal compression of rocks. Crack formation also
occurs as a result of corrosion processes [19, 20]. In this case,
the natural gas concentration decreases in places where air
penetrates through cracks.

In [21], a mathematical model of displacement impact on
an underground pipeline is presented. It has been found that
under the action of compressive horizontal stresses the pipeline
links are pressed against each other. This causes damage to
flange joints. It is therefore recommended to use pipelines made
of thermoplastic materials in the area of mining operations.

In [22], a multi-sensor network is proposed for assessing
and monitoring the performance of underground metal pipe-
lines. Using discrete sensors, the pressure and flow rate of gas
or liquid, as well as the distribution of equivalent stresses, are
determined.

Damage to gas pipelines is mainly caused by impact forces,
pipe material defects, corrosion and internal erosion processes,
ground movements and improper technical maintenance [23].

Unsolved aspects of the problem. The influence of contam-
inants on gas mixture parameters and its movement modes
[12] in site and main gas-drainage pipelines is an insufficiently
studied issue. For example, in places where water accumu-
lates, there are marked fluctuations in the flow rate and abso-
lute pressure of the gas mixture [24]. In addition, it is neces-
sary to take into account the complex degasification network
structure, where the gas mixture parameters depend on the

route configuration, gas pipeline leak tightness, output of gas-
drainage wells, local hydraulic resistances and other factors.

During draining-out of gases from the mined-out space
through gas pipeline branches, there is a problem of their con-
tamination with rock. Contamination of the branches causes
the amount of gas mixture to change below the required val-
ues. As a result, the degasification efficiency decreases.

Research purpose is to determine the patterns of changes in
the gas mixture parameters in the final gas-drainage pipeline
section during draining-out of gases from the mined-out space
through the gas pipeline branches with impaired throughput
capacity.

Problem statement. It is necessary to determine the influ-
ence of the gas pipeline branch hydraulic diameter in the place
of its contamination with solid components on the concentra-
tion and yield of methane, absolute pressure and gas mixture
flow rate in the final section of the site gas-drainage pipeline.

Methods. According to [25], draining-out of gases from
the mined-out space through gas pipeline branches is used in
the pillar system of mining the extraction site and a backflow
ventilation scheme, when the ventilation working behind the
stoping face is maintained, but is not controlled. In this case,
gas pipeline branches are set as the stoping face advances.

Fig. 1 shows a case of rock debris contamination of a site
gas-drainage pipeline branch in uncontrolled ventilation
working area.

Fig. 1 shows that rock debris fell into the gas pipeline sec-
ond branch due to local roof rock sloughing. Representing the
dimensions of the gas-dynamic parameters in the SI system,
the ratio is presented for determining the required vacuum
pump supply, the absolute gas mixture pressure in the vacuum
pump suction nozzle and the nominal bore diameter of the
gas-drainage pipeline [25, 26]
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where AQ is normative total air inflows into the gas-drainage
pipeline, m’/s; L, = [ - n — gas-drainage pipeline length, m; / —
length of gas pipeline links, m; » — the number of links; D —
nominal bore diameter of the gas-drainage pipeline, m; AP, =
= (P, - P,)/1.1L, — specific pressure loss, Pa/m; p, — absolute
gas mixture pressure in the vacuum pump suction nozzle, Pa;
ki, k, — vacuum pump characteristic coefficients; n, = (k; +
+ 60k,0,)/350 — vacuum pump quantity; Q, — required gas
mixture flow rate drained by degasification equipment, m3/s.
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Fig. 1. Rock contamination of a gas pipeline branch:

1, 2— gas pipeline branches; 3 — a protection grid; 4 — rock debris
accumulation; 5 — mined-out space; 6 — an insulating jumper; 7 —
uncontrolled ventilation working area; Q,,,, — the amount of air
supplied to the extraction site; D — the nominal bore diameter of
the site gas pipeline, m; d,, d, — the nominal bore diameter of the
gas pipeline branches, m; L, — the length of the site gas pipeline, m;
L., — the distance between branches, m
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In formula (1), the value of total inflows does not take into
account the lack of flange joint tightness. In particular, for a
4 m long link, the normative value of inflows is small and
amounts to 6.68 - 107 m?¥/s.

In real conditions, air inflows depend on the size of the gap
between the flanges and the discharge in the gas-drainage
pipeline. The value of inflows through flange joints can be de-
termined using the empirical formula given in [4].

The absolute gas mixture pressure at the place of setting
the first branch (Fig. 1) is determined by the formula [25, 26]

B =133.3/(133.37'P,)? +4.8-105 L, D55(600,>.  (2)

Formula (2) does not take into account the change in the
gas mixture density in places where air flows through the flange
joints and, accordingly, the change in pressure loss along the
length of the gas-drainage pipeline links.

Determine the flow rate of the gas mixture entering
through the first branch of the gas pipeline. According to [27],
the ratio for the pressure difference at the beginning and end of
the branch has the form

P, =P, =0.8106-gf -di* A -py- L, T, - Tg ', 3

where P, is barometric pressure in the ventilation working, Pa;
q, — a flow rate of gas mixture entering through the first branch,
m?/s; d, — the first branch nominal bore diameter, m; L, — the
branch length, m; p, — gas mixture density under normal con-
ditions, kg/m?; T, = T,, — an average gas mixture temperature
in the first branch, K; 7, — gas temperature under normal con-
ditions, K; 7, — gas mixture temperature in the ventilation
working, K; A, — Darcy coefficient for the first branch.

Taking into account local hydraulic resistances, from ex-
pression (3) determine the flow rate of gas mixture entering to
the gas-drainage pipeline through the first branch

-1
4 :\/(Pb —R)[0.8106py-L,d (2 +C) | . (4)
where L, is the branch length, m; £, = 0.5—0.6 — the local hy-

draulic resistance coeflicient at the point of branch rotation.
Darcy coeflicient value is determined by the formula [28]

L=0.11(d"'A + 64Re™)*%, 4)

where A is the absolute equivalent roughness of the inner
branch surface, m; Re — the Reynolds number; d — the nomi-
nal pipe bore diameter, m.

In gas-drainage pipelines with inflows (except for weld-
ed pipe joints), a change in gas dynamic parameters occurs
at the places of pipe flange joints. In this case, it is possible
to consider a gas-drainage pipeline with gas supply sources
uniformly distributed along its length. In particular, for-
mula (2) does not take into account the change in the gas
mixture density and methane concentration in places of air
inflows.

The gas mixture flow in the gas-drainage pipeline obeys
the quadratic law. The correlation between the absolute pres-
sures of the gas mixture at the beginning and at the end of the
gas pipeline link is as follows [4]

Pia=D; =D P QST 1D, (6)

where p; is the absolute gas mixture pressure at the end of the
link, Pa; p; | — the absolute gas mixture pressure at the be-
ginning of the link, Pa; p;_; — the gas mixture density at the
beginning of the link, kg/m?; 0;_, — gas mixture flow rate at
the beginning of the link, m3/s; S — the flow passage section
area of the gas pipeline link, m?; ; — the Darcy coeflicient
for the link.

For high gas mixture velocities, the second term in formu-
la (5) can be neglected. Then expression (6) is as follows

pia—p;=0.11-p, \-p, -0} -S7-A"P.[.D' 5 (7)

The methane concentration in the gas mixture and its den-
sity at the end of the gas pipeline link are determined by formu-
las [4, 28]

1.
C, =100-L;
9,
Ty b Ty b, T p;
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p; (pm)oTjR) ; (pa)oTjP0 (pm)oT/_P0 j

where Q; is gas mixture flow rate, m3/s; I; — methane yield,
m?/s; (p,,)o — methane density under normal conditions, kg/
m?; (p,), — air density under normal conditions, kg/m?; P, —
gas pressure under normal conditions, Pa; T, — gas mixture
temperature, K.

By performing a sequential calculation of flange joints in
the direction of gas mixture flow using formula (7), determine
the absolute pressure value P, at the places of setting the sec-
ond gas pipeline branch (Fig. 1).

By analogy with (4), the gas mixture flow rate entering
through the second branch is determined by the formula

) B>,
081069, L, dy5(0,+C.4C,)

where (, is the local hydraulic resistance coefficient in the
place of rock debris accumulation; A, — the Darcy coefficient.
The coefficient C, value is determined by the formula

U @Y (2 Y
~72 [l’ & J+(<dz>z‘1j ’

where (d,) is gas pipeline branch hydraulic diameter in the
place where rock debris accumulates.

For the total gas mixture flow rate drained through the gas
pipeline branches, the following condition should be met

gG=q+¢, 20, (8)

Research results and their analysis. When calculating the
gas mixture parameters in the site gas-drainage pipeline with
branches, the following initial data are used:

- the total gas mixture and air inflows into the gas-drainage
pipeline correspond to their normative values (no gas pipeline
leak tightness failures are observed);

- the uncontrolled ventilation working depth — 800 m;

- the gas-drainage pipeline length — 1,100 m;

- the gas pipeline link length — 4 m;

- the gas mixture temperature in uncontrolled ventilation
working area — 298 K;

- the average gas mixture temperature in the gas-drainage
pipeline — 293 K;

- the average methane concentration in uncontrolled ven-
tilation working area — 3 %;

- the methane concentration in the outlet jet of the extrac-
tion site — 0.48 %;

- the quantity of gas pipeline branches — 2;

- the distance between gas pipeline branches — 30 m;

- the amount of gas mixture that must be drained from the
mined-out space — 0.5 m?/s;

- hydraulic diameter of the second branch in the place of
its contamination with rock debris varies from 0.5d, to d,.

As a result of the calculations, it is accepted: D =0.183 m;
d =d,=0.183 m.

Gas mixture amount drained through the gas pipeline un-
contaminated branches is ¢, = 0.2044 and ¢, = 0.2956 m?/s.

The calculated values of the gas mixture flow rate drained
through the gas pipeline branches, taking into account the
contamination of the second branch, are given in the Table.

The analysis of the obtained calculated values of the gas
mixture flow rates shows that if the hydraulic diameter in the
second branch of the gas pipeline in the place of its contami-
nation is (d,)¢ < 0.9d,, then the total gas mixture flow rate
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Table
Flow rate of the gas mixture drained through the gas pipeline

branches

(d)gm | g, m/s (dy)g, m g m/s | g, m’/s
d,=0.183 | 0.23772 d,=0.1830 0.26754 0.50526
0.9d,=0.1647 | 0.25463 0.49235

0.84,=0.1464 | 0.21542 0.45314

0.7d,=0.1248 | 0.16202 0.39974

0.6d,=0.1098 | 0.11120 0.34892

0.5d,=0.0915 | 0.07098 0.30870

drained through the branches becomes lower than necessary.
Therefore, the inequality (8) is not satisfied.

Fig. 2 shows the nature of the change in methane concen-
tration along the length of the site gas-drainage pipeline when
its second branch is contaminated.

Fig. 2 analysis shows that the methane concentration re-
mains constant in the 40-m-long gas-drainage pipeline sec-
tion, which is located in the uncontrolled ventilation working
area. In this case, the reduction in methane concentration in
the gas-drainage pipeline begins behind the insulating jumper.

This nature of methane concentration change is explained
by the fact that in the uncontrolled ventilation working area
before the insulating jumper (Fig. 1), the average methane
concentration in the gas mixture entering from the mined-out
space remains constant. As a result, the gas mixture inflows
entering to the gas-drainage pipeline do not result in a notice-
able change in methane concentration. Behind the insulating
jumper in the zone influenced by the outlet ventilation jet, the
gas mixture entering from the mined-out space is diluted.
Therefore, air inflows entering the gas-drainage pipeline al-
ready lead to a decrease in methane concentration.

Fig. 2 shows that as the throughput capacity of the gas pipe-
line second branch decreases, a more noticeable decrease in
methane concentration occurs behind the insulating jumper.

Examine the functional dependences linking the absolute
gas mixture pressure, gas mixture flow rate and methane yield
in the final section of the site gas-drainage pipeline with the
hydraulic diameter of the contaminated branch

Pf=f[(d2)cl;
Or=1l(d)el;
I=f1(dy)¢l-

Fig. 3 shows the dependence of the absolute gas mixture
pressure in the final section of the site gas-drainage pipeline on

CCIM’ %“
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Fig. 2. Change in methane concentration along the length of the
site gas-drainage pipeline when the hydraulic diameter of
its second branch changes in the place of rock debris accu-
mulation:

I —(dy))g=dy; 2— (dy)g=0.8d; 3 — (dy)¢=0.7dy; 4 — (dy) g =
0.6dy; 5 — (dy)¢=0.5d,
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Fig. 3. Dependence of the absolute gas mixture pressure in the
final section of the site gas-drainage pipeline on the hydrau-
lic diameter of its branch in the place of rock debris accu-
mulation

the hydraulic diameter of its branch in the place of rock debris
accumulation.

Fig. 3 shows that the absolute gas mixture pressure in the
final section of the site gas-drainage pipeline decreases with
the increasing hydraulic diameter of the contaminated part of
the branch. An increase in the flow passage section of the
branch in the place of its contamination leads to an increase in
the amount of gas mixture entering through the branch. As a
result, pressure loss increases along the length of the gas-
drainage pipeline. When the hydraulic diameter decreases, the
reverse process is observed. That is, there is a decrease in the
flow rate of the entering gas mixture, and consequently, in the
absolute pressure loss along the length of the gas-drainage
pipeline. Fig. 3 analysis shows that with a twofold decrease in
the hydraulic diameter of the contaminated part of the branch,
the absolute gas mixture pressure in the final section of the site
gas-drainage pipeline increases by 1.2 times.

The regression equation for the functional dependence in
Fig. 3 is as follows

Py =729,399(d,)} ~373,097(d,); +124,032. ©9)

The coefficient of determination for the resulting regres-
sion equation is R* = 0.991.
Solution to the equation (9) is

(dy)g = 0.25576J1.370991”0f60.10464.

Fig. 4 shows the dependence of the actual gas mixture flow
rate in the final section of the site gas-drainage pipeline on the
hydraulic diameter of its branch in the place of rock debris ac-
cumulation.

Fig. 4 shows that when the hydraulic diameter of the con-
taminated part of the branch increases, the gas mixture flow

Q,, m's A

0.52
0.47 4
0.42

0.37

0.32 . . . . >
0.09 012 0.14 0.17 0.19 (d),m

Fig. 4. Dependence of the actual gas mixture flow rate in the
final section of the site gas-drainage pipeline on the hydrau-
lic diameter of its branch in the place of rock debris accu-
mulation
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rate in the final section of the site gas-drainage pipeline in-
creases. This is explained by a corresponding increase in the
gas mixture flow rate entering through the branch. With a de-
crease in hydraulic diameter, the opposite pattern is observed.

Fig. 4 analysis shows that with a twofold decrease in the
hydraulic diameter of the contaminated part of the branch, the
gas mixture flow rate in the final section of the site gas-drain-
age pipeline decreases by 1.6 times.

The regression equation for the functional dependence in
Fig. 4 is as follows

0= -9.666(d,)% +5.0086(d,); —0.0574. (10)

The coefficient of determination for the resulting regres-
sion equation is R?> = 0.991.
Solution to the equation (10) is

(dy)g =0.2591-0.0517,[22.8668 - 38.664 0,

Fig. 5 shows the dependence of methane yield in the final
section of the site gas-drainage pipeline on the hydraulic di-
ameter of its branch in the place of rock debris accumulation.

Fig. 5 shows that with an increase in the hydraulic diam-
eter of the contaminated part of the branch, the methane
yield in the final section of the site gas-drainage pipeline in-
creases. This nature of the yield change is associated with an
increase in the gas mixture flow rate entering through the
branch. By analogy with Fig. 4, a decrease in the hydraulic
diameter leads to a decrease in the flow rate of the entering
gas mixture, as well as the methane yield. In turn, the gas
mixture in the gas-drainage pipeline behind the insulating
jumper will be diluted by air inflows, and the methane con-
centration will decrease.

Fig. 5 analysis shows that with a twofold decrease in the
hydraulic diameter of the contaminated part of the branch, the
methane yield in the final section of the site gas-drainage pipe-
line decreases by 1.63 times.

The regression equation for the functional dependence in
Fig. 5 is as follows

1, =-0.2896(d,)} +0.1501(d,); —0.0022. (1)

The coefficient of determination for the resulting regres-
sion equation is R> = 0.991.
Solution to the equation (11)

(d,) =0.2591-1.7265,/0.02-1.15841 .

In case of contamination of the gas pipeline branches, in
order to increase the flow rate of the gas mixture drained from
the mined-out space, it is necessary to increase the discharge
in the gas-drainage pipeline. This is achieved by switching the
vacuum pump(s) to a new mode, or by connecting additional
vacuum pumps. Adjustment valves are also used to increase
discharge. It is advisable, if necessary, to implement these

3
I, m’/s4
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0.013

0.011

0.009 T T T T >
0.09 0.12 0.14 0.17 0.19 (d), m

Fig. 5. Dependence of methane yield in the final section of the
site gas-drainage pipeline on the hydraulic diameter of its
branch in the place of rock debris accumulation

measures when degasification efficiency decreases during the
time interval between the installations of new branches.

The authors plan to study the influence of leak tightness of
gas-drainage pipeline section, which is located in the uncon-
trolled ventilation working area, on the gas mixture parameters
in the gas pipeline.

Conclusions.

1. In the section of the gas-drainage pipeline with branch-
es, which is located in the uncontrolled ventilation working
area, the methane concentration remains practically un-
changed. At the same time, behind the insulating jumper in
the area affected by ventilation, the methane concentration in
the gas pipeline decreases. This is due to dilution of the gas
mixture entering from the mined-out space by the outlet ven-
tilation jet with a corresponding decrease in methane concen-
tration in the inflows entering to the gas pipeline.

2. The absolute gas mixture pressure in the final section of
the site gas-drainage pipeline increases with a decrease in the
hydraulic diameter of the gas pipeline contaminated branch.
This is due to a decrease in the amount of gas mixture entering
through the branch, and a corresponding decrease in pressure
loss along the gas-drainage pipeline length.

3. When the hydraulic diameter of the gas pipeline con-
taminated branch decreases, the gas mixture flow rate and
the methane yield in the final section of the site gas-drain-
age pipeline increase. This is due to a decrease in the amount
of gas mixture and methane yield entering through the
branch.

4. With a twofold decrease in the hydraulic diameter of the
gas pipeline contaminated branch, the absolute gas mixture
pressure in the final section of the site gas-drainage pipeline
increases by 1.2 times, the gas mixture flow rate decreases by
1.6 times, and the methane yield decreases by 1.63 times.

5. A relationship between the hydraulic diameter of the gas
pipeline contaminated branch with the absolute gas mixture
pressure, its flow rate and the methane yield in the final gas-
drainage pipeline section has been determined.
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Mera. BcTaHOBUTH 3aKOHOMIPHOCTI 3MiHM MapaMeTpiB
ra3oBoi CyMillli B KiHLIEBOMY TepeTHHi Jiera3aliiiHoro razo-
MpOBOAY MpHU Aeraszauii BUPOOJEHOro MpPOCTOPY BYTiJIbHOL
[IaXTU BiPOCTKAMM Ta30MpPOBOAY 3 IMOPYIIEHOIO IPOITyC-
KHOIO CITPOMOXHICTIO.

MeTtoauka. [11s1 BUpillieHHs MOCTaBJAEHOTO 3aBAaHHS BU-
KOPHMCTOBYBAJIUCSI TEOPETUYHI TOCIIIXKEHHSI Tediil ra3oBoi
CYMIIIIi y IIIAXTHUX IeTa3alliifHuX Ta30IPOBOIaX, a TAKOX 3a-
KOHM Ta30BOi IMHAMIKU I TiApoMeXaHiKu.

Pe3ynbraTn. BcTaHoBiaeHO, 110 HA AUISHUI fera3auiii-
HOTO ra30MpoOBOAY, sIKa PO3TAallOBaHA B HEKOHTPOJbOBAHII
YaCTHUHI BEHTWISLIHHOI BUPOOKM, KOHLIEHTpAllisi METaHy
3aIMIIa€eThes nocTiliHow. [1pu oMy 3a izomorodoio nepe-
MMYKOIO B 30Hi BIUTUBY BUXiTHOTO BEHTUJISIIIITHOTO CTPY-
MEHS BiIOYBA€EThCS 3HMXKEHHSI KOHLIEHTpallii MeTaHy B Je-
razamiifHomy rasomnpoBoi. BcraHoBieHO, 110 3MEHIIIeHHS
rinpaBjiiyHOTrO AiamMeTpa 3a0pyIHEHOIO BiIpOCTKA ra3omnpo-
BOMY MPU3BOAUTH A0 30iTbIIEHHS a0COTIOTHOTO TUCKY Ta-
30BOI CYyMillli, 3HUXKEHHSI 1i BUTpATH i1 1e0iTy MeTaHy B KiH-
LIeBOMY TIEPEeTUHI Jera3aiiiHOro ra3onpoBoLy. Y pe3yib-
TaTi po3B’3aHHS KBaJApaTUUHUX PiBHSIHb perpecii orpuma-
Hi CIiBBiZHOIIIEHHS, IO 3B’SI3yIOTh TiApaBIiYHUI diaMeTp
3a0pyJHEHOTO BiAPOCTKA ra3oNpoBOIy 3 MapaMeTpaMu ra-
30BOI CyMillli B KiHLIEBOMY MEpPETUHI JerazauiiiHoro raszo-
MPOBO.Y.

HayxkoBa noBu3na. BctaHOBIEHO 3B’S130K MiX TimpaBiid-
HMM JAiaMeTpoM 3a0pyIHEHOTO BilpOCTKa ra3olpoBoAay, L0
BiIBOAUTH Ira30BY CyMilll i3 BUPOOJIEHOTO MPOCTOPY BYTUIHLHOI
LLIaXTH, Ta TapaMeTpaMu ra3oBoOi CyMillli B KiHLIEBOMY Iepe-
TUHI JeTa3aliifHoOro ra3onpoBoiy.

IIpakTiyna 3HauuMicTh. OTpUMaHi CIiBBiIHOLLIEHHS IJIs1
ripaBjiivHOTO AiaMeTpa 3a0pyIHEHOTO BiIpOCTKa ra3orpo-
BOJly 103BOJISIIOTh OLIHUTU HOTO MPOMYCKHY 3IATHICTb i 10
MOMEHTY BCTAaHOBJIEHHSI HOBUX BiIPOCTKIB 32 HEOOXiAHICTIO
MiABUILUTY PO3PSIIKEHHS B Iera3aliilHoOMYy ra30MpoBO/i ISt
30epeXXeHHsI HeoOXiTHOT e(peKTUBHOCTI AeTa3allii.

KinrouoBi cioBa: syeinvra waxma, deeazayitinuil ea3onpo-
610, eazoea cymiu, 8IOpoCcmMKU 2a30NP080ay, 3a0pYOHEeHHS
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