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EFFECTIVENESS STUDY ON THE
SYSTEM FOR GAS GATHERING,
TREATMENT AND TRANSPORTATIONS
FROM GAS PRODUCTION COMPANY
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1. Introduction

The deposits of the extracting region of Ukraine have
been exploited for quite a long time. The vast majority of
them entered the stage of final development in the gas regime
for attrition. Consequently, the level of gas production, first
of all, will depend on the level of working pressure at the
wellhead, the volume of its consumption and the efficiency
of the equipment of the facilities of the ground part of the
fields where the gas is collected, prepared and transported.

To date, JSC «UkrGasVydobuvannya», Kyiv, Ukraine
(further — the Company) has a powerful system for col-
lecting, preparing and transporting gas among gas produc-
ing companies in Ukraine. It includes 9272 kilometers of
field pipelines (inter-field gas pipelines, trains, gas pipelines
for connection, collectors, etc.), More than 2,700 wells,
140 fields, 39 booster compressor stations, 184 complex
gas treatment units. The structure of the gas producing
company includes three gas industrial departments (GID)
ShebelynkaGasVydobuvannya (Donetsk, Kharkiv region),
PoltavaGasVydobuvannya and LvivGasVydobuvannya, which
carry out the main functions of gas production, prepara-
tion and transportation to points of transfer to main gas
pipelines. The volume of gas produced by the company in
2017 is 15.25 billion m3 [1].

Considering the strategy of increasing production «20,/20»,
in recent years, Ukraine has been increasing gas production:
— by exploring new promising gas producing regions;

— increase in the scope of drilling and the commis-

sioning of new wells;

— capital repair of wells;

— reduction of well head pressure to minimum allow-

able values, taking into account the natural drop in

reservoir pressures of fields (operating mode of deposits
for «depletion»);

— by establishing wellhead low-pressure booster com-

pressor stations (LPBCS), zero degrees of existing booster

compressor stations (BCS), etc.

But on the basis of these methods, with increasing
gas production, the problem arises of ensuring as low as
possible pressure differences along the gas pipeline route:

— gas pipeline transports gas from the producers to

consumers;

— or a gas pipeline (trail) transports gas from the well-

head to the complex gas processing plant (CGPP) or

from CGPP to BCS.

The motion of gas-liquid flows in the pipeline cavity
can have three structures from annular to cork and strati-
fied, which in any case are characterized by the presence
of localized liquid in the lowered and upward sections of
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the gas pipeline. The result is
the formation of hydraulic plugs,
partially or completely overlap-
ping the cross section of the pipe,
which are characterized by the
growth of hydraulic resistance
and hydrostatic pressure drop.

The primary causes of in-

. L=202km
creased pressure losses during $25%8
gas transportation are: \

— decrease in operating pres-

sure at a constant volume of

pumping, which affects the loss
of pressure on friction;

— formation of a certain

amount of contamination in

the cavity of the pipe, for-
ming additional local hydrau-
lic supports.

In addition, it should be noted
that thfe presence of local resis- w05
tances in the pipeline entails a T <
change in the temperature regime,
prompting the precipitation of
heavy fractions from the two-
phase flow. The role of such local
resistances can play themselves
liquid accumulations in the lowe-
red places of the pipeline.

In turn, complete gas separation is a complex tech-
nological operation and is associated with large capital
investments, which will significantly increase the cost of gas.
So, the gas enters the gas pipeline will contain a certain
amount of liquid will be suspended in the gas stream in
the form of minute drops.

Considering the fact that the history of the extraction
of fuel resources of Ukraine begins at the beginning of
the last century, as a result of which the vast majority of
the explored deposits are at the final stage of operation
and have an increased liquid factor. And also taking into
account the program for increasing our own production
and the value of each extracted cubic meter of gas, now
the coordinated work of the system «reservoir-well-train-
CGPP-trunk gas pipeline» remains an urgent issue. And
also ensuring its functioning with minimal expenses for
transportation and providing capacity on the present modes.
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2. The ohject of research
and its technological audit

The object of research is the system between the in-
dustrial gas pipelines of the Kotelva group of deposits,
it collects gas from the Berezivka, Kotelva and Opishnia
gas treatment plants of the gas industry department and
transports gas to the complex training for Solokha’s main
facilities by:

— low-pressure gas pipelines for supplying gas from

low-pressure wells without compressing the gas of the

Opisnia gas processing plant and the Berezivka CGPP

(operating pressure within 8—12 atm);

— high-pressure gas pipelines for gas supply from high-

pressure wells of Berezivka, Kotelva and Opishnia gas

condensate fields (GCF) and compressed gas at the

BCS of the Opishnia and Kotelva CGPPs (Fig. 1) [2].
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Fig. 1. The layout of the system between the industrial gas pipelines connecting Berezivka CGPP,
Kotelva CGPP, Opishnia CGPP of GPU «PoltavaGasVydobuvannia» and transport gas to the complex preparation

in the Solokha GS

The gas industry department of PoltavaGasVydobu-
vannya in its structure has five oil, gas and condensate
production units (OGCPU): Mashev, Solokha, Gadyach,
Yablunivsk and Krasnokutsk. The extraction, collection
and preparation of gas for transportation are carried out
at the above-mentioned OGCPUs with subsequent transfer
to the main gas pipelines. The length of industrial and
inter-industrial gas pipelines of the «PoltavaGasVydobu-
vannia» is 3,939,572 km. The volume of gas produced
by this gas industry department is more than 5.8 billion
cubic meters of natural gas, as of 2017, which was 40 %
of the Company’s total natural gas production [1].

The existing system for collecting, preparing and trans-
porting gas was commissioned in the 1960s and 1970s and,
accordingly, is designed for significantly different operating
modes. At the moment, taking into account the natural drop in
well head pressure, as well as the increased moisture content
of the gas, the quality of natural gas preparation is clearly
decreasing due to the inefficient operation of the collection
and preparation system in the existing operating modes.

The presence of liquid in the cavity of the gas pipeline
is one of the factors that significantly reduce the efficiency
of the gas production system. In the conditions of operation
of industrial gas pipelines, it is very important to determine
the volume of liquid in their cavities, since its presence
negatively affects the operation of all components of the
gas production system.

3. The aim and ohjectives of research

The aim of research is assessing the possibility of self-
cleaning the system between industrial gas pipelines by intro-
ducing a set of measures to increase the linear gas velocities
sufficient to provide fluid contamination between differently
oriented areas in space based on monitoring the hydraulic state.

4
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To achieve this aim, it is necessary to perform the
following tasks:

1. To investigate the operation modes and hydraulic
state of the system of industrial gas pipelines of the Ko-
telva group of deposits («PoltavaGasVydobuvannia») and
process, systematize and analyze the data.

2. To assess the hydraulic efficiency of operation of
the system of industrial gas pipelines and thermobaric
and high-speed operation in winter and summer.

3. To determine the natural liquid traps and the vo-
lume of contaminants.

4. To make an assessment of the reliability of the gas
pipeline system in terms of the occurrence of massive emis-
sions and the formation of hydrates.

5. To simulate the decrease in the wellhead pressure
of the Kotelva group of deposits.

4. Research of existing solutions
of the prohlem

The efficiency of gas collection and transportation systems
from the fields of a gas producing company depends on the
hydraulic state of the aggregate sections of the linear part of
the gas pipelines (industrial, between industry and others).
Therefore, it is necessary to carry out periodic monito-
ring of the hydraulic state in order to evaluate the actual
hydraulic characteristics (determination of pressure drops,
actual coefficients of hydraulic resistance of the site and
hydraulic efficiency, approximate amount of contamination).
Since deviations from the nominal operating mode indicate
the formation of two-phase currents, which significantly
reduces the efficiency and reliability of the system operation.

As of the 80-90’s, in the last century, much attention
is paid to the research of a two-phase flow. The models of
gas and liquid flow in the pipes have been developed, new
methods have been developed for determining the amount
of liquid in the cavity of the gas pipeline and methods
for extracting liquid from the gas pipeline, and devices
for removing liquid have been modernized. One of these
methods is the method of creating a pulsed regime of the
working gas flow (the method of high-velocity gas flow) [3].
Outside of Ukraine, much attention has now been paid to
cleaning the internal cavity of the gas pipeline by passing
purification devices of various designs. Methods have been
developed for cleaning the cavity of loops and gas lines
with gel pistons [4] and surface-active substances [5], as
well as methods for refined calculations of the hydraulic
state of gas-condensate gas pipelines [6, 7]. In addition,
due to the creation of modernized separation equipment,
the gas cleaning in the fields is significantly improved. As
for Ukraine, today the only normative document regula-
ting the procedure for performing hydraulic calculations is
VSN 51.1-85 [8], which provisions and own development of
specialists of the Ukrainian Scientific Research Institute of
Natural Gases (UkrNDIGas) (Kharkiv) are laid in creation
of a software-calculation complex «Control of massive emis-
sions of liquid from the cavity of the gas pipeline». This
complex consists of three interrelated programs: hydraulic
efficiency, the volume of contamination and hydrate forma-
tion, on the basis of which the calculations presented in [9]
are performed. All hydraulic calculations of gas pipelines
are made in accordance with the requirements [8, 10].

Therefore, solving the problem of analyzing the operating
modes of the gas gathering and gas transmission system,

identifying problem areas in terms of deteriorating hydraulic
efficiency, and justifying the feasibility of implementing
measures for cleaning gas pipelines is a promising issue.

When solving the problem of cleaning the gas pipeline,
it is necessary to find out the causes of liquid ingress
and quantity. This will make it possible to monitor any
changes in the operation process and make a timely de-
cision about the time of the cleaning. It should also be
noted that the amount of contamination in gas pipelines,
calculated theoretically, differs from the experimental one.
Therefore, this problem requires detailed study.

In addition, attention should be paid to the diffe-
rences in the approach to cleaning the internal cavity of
field pipelines. In accordance with the requirements of
regulatory documents, the decision to clean this type of
pipeline is taken solely on the basis of an internal pipe
inspection [11], in fact it is impossible to carry out in
Ukrainian specific conditions detailed in [12].

Nevertheless, it should be noted that in all conditions,
a multiphase medium will form in the cavity of the pipe-
lines. This medium is considered relatively immobile in
the conditions of exploitation of mature deposits, or it
constantly changes its shape when localized in lowered
areas, subject to changes in the thermobaric operating
regime [13]. Although, on the other hand, the problem
of the behavior of multi-phase media under conditions
of changing the thermobaric operating conditions of the
pipeline is mainly considered for oil pipelines and collector
threads collecting oil, taking into account the possibility of
formation of both paraffin deposits [14] and resins [15, 16].

The processes of proliferation and formation of liquid
clusters in gas gathering networks are more specific. Such
contamination is more mobile when the main pollutant is
gas condensate, and more resistant to localization at the final
stage of field development, when it will be formed exclusively
from water fractions with only traces of condensate. In any
case, experts recommend conducting a comprehensive survey
of pipeline sections where liquid accumulation is possible [17].

It is shown in [18] that in order to prevent the ac-
cumulation of liquid contaminants in the pipeline cavity
in the ascending sections of the pipelines, measures were
taken to replace large-diameter plumes with smaller ones.
Accordingly, these measures were carried out with the
goal of providing the minimum necessary gas velocities
to ensure the delivery of liquid to the CGPP.

In the absence of clear regulatory guidance on how
to carry out such diagnostics, the analysis of hydraulic
efficiency should be considered a fairly simple and eco-
nomical method, despite its significant error and the need
to carry out quite often.

5. Methods of research

To study the dynamics of the hydraulic efficiency coef-
ficient between industrial gas pipelines in the framework
of this work, the actual technological parameters are mea-
sured in separate sections. In order to assess the effect
of changing the ambient temperature on the hydraulic
efficiency coefficient, the measurements are carried out
during the winter and summer periods of operation.

Table 1, 2 presents the output data of the system
between industrial gas pipelines, collects gas from the
CGPP and transports gas to the integrated preparation
of the Solokha GS.
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Tahle 1
The data of hydraulic efficiency of the system between industrial gas pipelines connecting Berezivka CGPE, Kotelva CGPP,
Opishnia CGPP of «PoltavaGasVydobuvannia» and transport gas for the integrated preparation of Solokha GS in winter operation
- Initial Final . . Gas density | Dew- Technical specifications | yaap of
Pipeline Initial Final Gas consump- )

. pressure, | pressure, R at standard point Wall com- e
section 2 5 | tempera- | tempera- | tion, thousand - Length, | I a . Commissioning
number kgf/cm kgf/cm tre. °C | ture °C md/day conditions, | tempera- 2 * | thickness, | mis-

(at) (at) ’ ’ kg/m?® ture, °C | km | mm mm | sioning
1 27.94 26.47 16.37 3.3 623.33 0.783 0 10.25 | 530 7.5 1992 -
Associated
gas sampling
2 2647 | 26.16 3.3 3.2 1748.0 0.783 0 |1092|530| 75 | 1992 | & Derevky
automatic gas
distribution sta-
tion (AGDS)
3 26.61 26.47 11.0 3.3 1124.68 0.783 0 10.6 | 530 7 1992 -
4 26.16 25.54 3.2 3.1 2232.24 0.783 -2.3 7.3 | 530 7.5 1972 -
Supply of low-pressure well gas
5 9.68 8.44 3.47 3.3 148.6 0.783 0 20.2 228 egq. 1979 -
6 9.6 8.75 -2.07 3.3 90.00 0.783 0 9.782 | 273 7 2012 -
Tahle 2
The data of hydraulic efficiency of the system between industrial gas pipelines connecting Berezivka CGPF, Kotelva CGPP
Opishnia CGPP of «PoltavaGasVydobuvannia» and transport gas for the integrated preparation of Solokha GS in summer operation
- Initial Final " ) Gas con- | Gas density | Dew- Technical specifications
Pipeline Initial Final . X Year of
section | Prooourss | PreSSUrs, |0 mnera- | tempera- sumption, | at standard point Wall commis- Commissionin
number kgf/cm? | kgf/cm? tur'nlaj of tur: of thousand | conditions, | tempera- | Length, | [, thickness, | sioin g
(at) (at) ! ! m®/day kg/m’? ture, °C km mm mm ' g
1 31.15 31.06 19.26 13.8 726.453 0.771 13.8 10.25 | 530 7.5 1992 -
Associated gas
sampling at Derevky
2 31.06 30.29 13.8 12.9 1814.973 0.771 12.9 10.92 | 530 7.5 1992 automatic gas
distribution station
(AGDS)
3 31.72 31.06 33.01 13.8 1088.520 0.779 13.8 10.6 | 530 7 1992 -
4 30.54 29.01 12.9 12.7 2255.234 0.757 12.7 7.3 530 7.5 1972 -
Supply of low-pressure well gas
5 | 1138 | e84 [ 2735 | 138 | 161577 | 0771 138 | 202 228 eq. 1979 -
B At the time of the research, the gas pipeline did not work 9.782 | 273 7 2012 -

The study is based on the measurement of process
parameters at the control points of the following sections
between industrial gas pipelines:

— High-pressure:

1 — «Berezivka CGPP — crane (cr.) No. 6 connection

point (c. p.) Kotelva CGPP»;

2 — «cr. No. 6 c. p. of Kotelva CGPP — c. p. of Opish-

nia CGPP»;

3 — «Kotelva CGPP - crane No. 6 c. p. to the gas

pipeline Berezivka CGPP — c. p. of Opishnia CGPP»;

4 — «Opishnia CGPP - Solokha GS».

— Low-pressure:

5 — «Opishnia CGPP - Kotelva CGPP»;

6 — «Berezivka — Kotelva CGPP».

6. Research results

The results of calculating the hydraulic efficiency of
the system between industrial gas pipelines are carried
out on the basis of technological measurements during
the winter and summer period of operation. The results

include the determination of excessive pressure losses,
the estimation of the operating speed regime, the cal-
culation of the indicative volume of contaminants, and
the verification of the conditions for the passage of
the volley process of liquid discharges and the condi-
tions for the formation of hydrates, which present in
Tables 3, 4 [2].

From the results of calculating the hydraulic efficiency
of the system between industrial gas pipelines during the
winter operation period (Table 3), it can be seen that
the section of the Berezivka CGPP — c. p. of Kotelva
CGPP (cr. No. 6) is contaminated (excess pressure loss
is 1.39 kgf/em? (94.5 %), Viow=29.9 m3, E=23.5 %) and
requires constant monitoring of the accumulation of liquids
and the introduction of clean-up measures.

The site of the low-pressure gas pipeline Berezivka
CGPP - Kotelva CGPP is also contaminated. Excess pres-
sure loss is 0.78 kgf/cm? (92 %), Vigne=5.21 m?; E=30.47 %)
with a high probability of redistribution of pollutants (due
to volley ejection) through a gas pipeline. This requires
constant monitoring of the hydraulic state.

4
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Tahle 3

Calculation results of hydraulic efficiency of the system between industrial gas pipelines connecting Berezivka CGPF, Kotelva CGPP,
Opishnia CGPP of «PoltavaGasVydobuvannia» and transport gas for the integrated preparation of Solokha GS in winter operation

& Checking the baric operating pressure Velocity mode Hydraulic operation mode o
a g 2
E o - = = = Probability of | & &
5 @ . =5 E E robability o @
S o g 3 ENE Gias velocity, gd E =| & 3 | massive emission | B & B )
E| %8| 58| 2= |4ES8 m/s 849 |S6| 2§ of liquid £ .5 5| Conclusion on the
B 8 4o | B | BT B ) £8|5%| ES d ° & @| operation of the
& EE| &E| = E w2 Conclusion Yaw | B El 5 E g§ g & system
e l=Es| vl En |88 8 58| 85| 83 5g£8
S| ER|ER| 22|58 2 Conclusi EolEE| £€ | Conclus ek
s | E 2 & 8 o8 onclusion 52| 58| 58 onclusion 8 E
=9 a8 LS T 5 =
Virtually all 1.14 99 % The section is con-
pressure tamninated, requires
losses are | g gas velocity Essential probabhil- ':IE.EHH}Q' constant
1 | 2794|2647 | 147 1.39 caused by the |  facilitates the 235 | 299 | 303 |ity of redistribution Per- rnumtnnpg of ﬂ?e ac-
presence of precipitation of of water masses | formed | cumulation of ll'I:[Lllﬂ,
hqu.n:l in the liquid from the with decreasing hydrates formation at
cavity of the gas stream working pressure temperatures below
pipeline 7.6 °C
3.22 Absent
The gas pipeline
There are | The increase in ;E':ﬁ”“ :5 clee.m,
no excessive | as velocities Per- ues not Tequire
2 | 26.47 | 26.16 | 0.31 0.0 pressure makes it pos- 96.75 0 0 Gas pipeline i | formed cleaning, I.:lf hydrates
losses sible to prevent clean formation at a
gravitational temperature below
0
sedimentation 7.27 °C
2.04 142 % The hydraulic state
] of the section is
Excessive | 1he gas velacity - Per- satisfactory, it does
3 |26.61|26.47 | 0.14 | 002 | pressure loss | fecilitates the | gp5 | 526 | 37.07 | Low probability of | ' " " | not require cleaning,
is negligible | Precipitation of massive emission | 'OTMEL | poanatee formation
liquid from the of liquid at a temperature
gas stream below 7.35 °C
4.20 Absent
— The gas pipeline
Excessive Gas VE]'J.':{hES ) ) Per- section is clean,
4 |26.16|2554| 062 | 0.01 |pressureloss | are sufficient | gg33 | g | 1285 | Massive fluid formed | Idrates formation
is negligible | for the redistri- emissions are not | [OTMe at a temperature
bution of liquid predicted below 7.09 °C
masses
3.97 22 % The hydraulic condi-
Excessive . | tion of the section
as velocities s i i i
5 | 968 | 844 | 124 | 022 | pressure loss o 9084 | 184 | 834 |Low probability of | ppgent | 1S Satisfactory i
are sufficient to . s requires constant
is negligible | transfer liquid massive emission [UITE
transier liqul of liquid monitoring of the of
in a drip state liquid accumulation
Virtually all 1.82 73 %
111::::?:; ) The section is con-
caused by the The gas velocity ' N Per- taminated, requires
6 | 96 | 875 | 085 | 0.78 i facilitates the | 30.47 | 5.21 | 7.11 | High probability formed | Cleaning, constant
FFE?;I}EEE precipitation of of massive emis- | T80 | ponioring of fluid
1qui 11'; 1hE liquid from the sion of liguid accumulation
cavity of the gas stream
pipeline

On all sections of high-pressure and low-pressure gas
pipelines, except for the gas pipeline Opishnia CGPP —
Kotelva CGPP, hydrate formation conditions are met.

Low-pressure gas pipeline Opishnia CGPP — Kotelva
CGPP works with optimal pressure losses, caused mainly
by local resistance (diameter transitions) and minor liquid

contamination.

The research results, in the summer period of operation
(Table 4), indicate that the section of the high-pressure
gas pipeline of c. p. of Kotelva CGPP (No. 6) — Opishnia
CGPP has a small degree of contamination (excess pres-
sure loss is 0.24 atm, V,,,,=8.54 m3, £=82.58 %). It has

been experimentally confirmed that the site requires con-
stant monitoring of the accumulation of liquid [2].
The most contaminated are such sections of the gas
pipeline system:
— a section of the high-pressure gas pipeline Kotelva
CGPP - c. p. to the Berezivka CGPP — Opishnia CGPP,
the excess pressure loss is 0.49 atm, V,,,,=22.33 m?
E=51.27 %), requires cleaning and constant monitoring
of the hydraulic state;
— a section of the high-pressure gas pipeline Opish-
nia CGPP — Solokha GS, the excess pressure loss is
0.99 atm, V,,,=11.14 m3 E=64.33 %) with a high
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probability of redistribution of pollutants (due to massive

emission) through the gas pipeline, requires cleaning

and constant monitoring of the hydraulic state.

Low-pressure gas pipeline Opishnia UKPG — Kotelvaya
USP works with optimal pressure losses, caused mainly
by local resistance (diameter transitions) and minor liquid
contamination.

The site of the low-pressure gas pipeline Opishnia CGPP —
Kotelva CGPP at the time of the research did not work.

On all sections of high-pressure and low-pressure gas
pipelines, the conditions for hydrate formation are absent.

In addition, it should be noted that, compared with the
winter period, pressure losses from 0.44 atm to 0.09 atm
have decreased in the section of the CGPP — c. p. of
CGPP (crane No. 6). This is due to the self-cleaning of
the section and the redistribution of liquid to neighboring
areas due to increased loading.

On the basis of the analysis of the research results car-
ried out during the different periods of operation, it should
be noted that in the winter (at low ambient temperatures)
the gas separation process at the gas pre-treatment facilities
is more qualitative. So, the gas that enters the pipeline

during winter operation is less voluminous and the total
amount of condensed liquid phase is less compared to the
summer period of operation. This condition is experimen-
tally confirmed by the studies carried out in this paper,
since the hydraulic efficiency coefficient in the sections
of this gas gathering unit and the estimated amounts of
contamination in the cavity pipelines are significantly less
than in the summer period of operation.

The corresponding increase in the temperature of gas
separation affects the drop in the coefficients of hydraulic
efficiency and a significant increase in the amount of con-
tamination in the summer. Subsequently, the gas enters the
gas pipelines, where its temperature decreases, resulting in
favorable thermodynamic conditions for phase transforma-
tions, the result of which is the accumulation of liquid
contaminants in the cavity pipelines. These contaminations
accumulate in the lowered sections of the pipeline in the
form of slugs, can be redistributed while moving along the
ascending sections of the pipeline route profile. This leads
to the creation of excessive fluctuations, and eventually
the complete overlapping of the section of the pipeline in
the natural gas trap following the movement of the gas.

Tahle 4

Calculation results of hydraulic efficiency of the system between industrial gas pipelines connecting Berezivka CGPF, Kotelva CGPP,
Opishnia CGPP of «PoltavaGasVydobuvannia» and transport gas for the integrated preparation of Solokha GS in summer operation
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When accumulation of contaminants accumulates, the
working pressure in the gas pipeline begins to pulsate
with a sudden drop below the condensation pressure or
an increase above the evaporation pressure of the liquid
phase, which, in such cases, changes into a gaseous phase
and vice versa. Taking into account the continuous inflow
of the liquid phase into the cavity of the pipelines, the
accumulation of the critical volume leads to a redistribu-
tion of the liquid phase, which results in volley emissions
to the process equipment at the outlet of the pipeline.

Such cumulative effect of the mechanical supply of liquid
to the cavity of pipelines and phase transformations forms
various structures of motion of the gas-liquid mixture along
the length of the pipeline, depending on the speed mode of
operation. It is clearly noted that in sections 1, 6 in the
winter operation period, the gas flow rate contributes to the
accumulation of liquid droplets in the lower part of the gas
pipeline, <ascending areas>. Whereas at the sections 2, 3,
4, 5, during the winter operation period, the gas flow rate
contributes to the fact that most of the liquid is collected

in a reduced section of the gas pipeline with a wave-like
distribution of phases and subsequent displacement into the
«ascending areas» in the form of a plug during <massive
emission». The efficiency of the system during the summer
period of operation is characterized by slightly different
values, since in all parts of the system the gas flow rate
facilitates the passage of the above process. It should be
noted that the efficiency of gas pipelines, in the winter
and summer period of operation, varies within the limits
of 49 %. The gas flow velocity is inherent in the stratified
structures of the gas-liquid flow (below 3.5 m/s) or the
floor (up to 8.2 m/s) for this case, but is not able to create
an annular flow structure in one of the differently oriented
areas in space. In the course of this work, the places of the
most probable localization and accumulation of liquid that
correspond to natural fluid traps are formed in the cavity
of the pipeline as the trail passes through valleys, tracts,
ravines, floodplains of rivers and the like. Plans-profiles
of the traces of the constituent gas pipelines for tracking
the localization of the liquid are shown in Fig. 2-6 [2].
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86 m

2.5 km 5 km 7.5 km

crane No. 6
c.p. Kotelva CGPP

10 km 12.5 km 15 Im 17.5km 18,8 km

0 km
Fig. 2. Plan-profile of the route of the high-pressure gas pipeline Berezivka CGPP — c. p. of Opishnia CGPP (section No. 1, 2)
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Fig. 3. Plan-profile of the route of the high-pressure gas pipeline Kotelva CGPP — crane No. 6 of c. p. to the gas
pipeline Berezivka CGPP — c. p. of Opishnia CGPP (section No. 3)
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Fig. 4. Plan-profile of the route of the high-pressure gas pipeline Opishnia CGPP — Saolokha GS (section No. 4)
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Fig. 5. Plan-profile of the route of the high-pressure gas pipeline Opishnia CGPP — Solokha GS (section No. 5)
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Fig. 6. Plan-profile of the route of the low-pressure gas pipeline Berezivka CGPP- Kotelva CGPP (section No. B)

Such approach to assessing the impact of the high-speed
mode of operation on the formation of structural forms
of motion in the sections of the system makes it possible
to develop a set of measures to increase the loading of
the system and increase the linear velocities of the gas.

The package of measures for re-planning the flow in-
cluded the reconstruction of the collection system and
inter-field transportation of gas with an increase in its
loading:

1) additionally produced gas with a decrease in working
pressure from 26 to 12 atm;

2) the construction of a new gas pipeline for gas supply
to consumers, and also as a fuel gas from the Solokha
GS to Solokha BCS, cr No. 2 of the Kotelva CGPP,
the Opishnia CGPP, which envisages an increase in the
volumes of gas transportation that was previously used
for industrial and technological needs;

3) construction of a new gas pipeline Opishnia CGPP —
Solokha CS, which provides for separation of high-pressure
and low-pressure gas flows and increase of gas loading
from the Kotelva gas condensate field;

4) construction of a new gas pipeline Zakhidna-Be-
rezivka CGPP — Zakhidna-Berezivka CGPP with the aim
of dosing out BCS and gas system in the amount of up
to 20 % of current productivity.

Simulation of the process of fluid movement and its
redistribution between the sections of the system indicates
the possibility of reducing the volume of contaminants
when the load and working pressure change by a factor
of 3.5. This almost doubles the pressure drop across the
sections, leading to an increase in gas production volumes
by an additional 5-20 %, depending on the current working
pressure of the wells (Tables 5, 6).

From the results of the presented studies (Tables 5, 6),
it is noted that when the input pressure on the Solokha
BCS is reduced to 2 atm, the gas velocity of the low-
pressure sections of the pipelines will reach extremely low
values. This will negatively affect the operation mode of
low pressure wells. As a result, the energy of the formation
will not be sufficient to remove the gas-liquid mixture
from the bottom of the well. This will lead to a complete
shutdown of the well and loss of gas production.

Tahle 5

The results of simulating the distribution of working pressure on production volumes with a decrease in working pressure from 25 to 12.5, 5, 2 atm
the entrance to the Solokha BCS, respectively (current systems are contaminated)

Name of deposit

Production (under the
established operating condi-
tions of the Solokha BCS),

Production (with a decrease
in the input pressure on the
Solokha BCS to 12 atm),

Production (with a decrease
in the input pressure on the
Solokha BCS to 5 atm),

Production (with a decrease
in the input pressure on
the Solokha BCS to 2 atm),

min. m3 million m%/day million m%/day million m%/day
Kotelva GCF 0.92554646 1.0808466 1.1053702 1.0813344
Zakhidna-Berezivka GCF 0.55133620 0.64357610 0.64781770 0.64744850
Opishnia GCF 0.62547870 0.72330250 0.73208310 0.71348870
Total 2.10236136 2.44772520 2.48527100 2.44227160
Additional production, %/day - 16.43 18.21 16.17

Tahle 6

The results of simulating the distribution of working pressure on production volumes with a decrease in working pressure from 25 to 12.5, 5, 2 atm
the entrance to the Solokha BCS, respectively (current systems are purified)

Name of deposit

Production (under the
established operating condi-
tions of the Solokha BCS),

Production (with a decrease
in the input pressure on the
Solokha BCS to 12 atm),

Production (with a decrease
in the input pressure on
the Solokha BCS to 5 atm),

Production (with a decrease
in the input pressure on
the Solokha BCS to 2 atm),

min. m? million m%/day million m%/day million m%/day
HKotelva GCF 0.92554646 1.1284586 1.1551746 1.1556903
Zakhidna-Berezivka GCF 0.55133620 0.64939280 0.65432150 0.65545250
Opishnia GCF 0.62547870 0.73227000 0.74185810 0.72030760
Tatal 2.10236136 2.51012150 2.55135420 2.53145040
Additional production, %/day - 19.40 21.36 20.41
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The most optimal mode of operation is reducing the
input pressures up to 5 atm, at which the increase in gas
production is clearly noted. As well as ensuring the opti-
mal gas velocity for delivering a gas-liquid mixture from
low-pressure wells and in areas of low-pressure pipelines.

7. SWOT analysis of research results

Strengths. Carrying out cyclical studies of the effective-
ness of the gas production system primarily leads to the
prevention of abnormal situations, which in turn results
in sustainable gas production and avoidance/prevention
of additional costs of the company.

As a research result, the dependence of the influence
of the ambient temperature on the quality of gas prepa-
ration, as well as the influence of the gas flow rate on
the formation of liquid contaminants in the cavity gas
pipeline, is experimentally confirmed.

The main manifestation of economic efficiency for the
gas pipelines of the system for collecting and inter-field
transportation of gas from the fields that are at the final
stage of operation is the reduction of the excess (or exces-
sive) pressure losses that arise in this process. Leveling or
virtually complete elimination of their influence is achieved
through the implementation of the above activities.

Weaknesses. The results of the research differ some-
what from the actual data, and require detailed study
in the future.

Opportunities. Considering the fact that the majority
of the world’s explored deposits are currently at the fi-
nal stage of operation, research into the effectiveness of
the gas production system is promising not only for gas
producers in Ukraine, but for the whole world.

Threats. When implementing this research, additional
human resources are needed.

1. At the first stage of the research, field measurements
of the operating modes of the system in summer and win-
ter have been carried out. It has been experimentally es-
tablished that during the winter operation the process of
gas separation on separating equipment is performed more
qualitatively than in summer operation, which is associated
with the effect of low temperatures on the process of liquid
phase precipitation from natural gas.

2. Tt is established that the hydraulic efficiency of
gas pipelines in winter and summer periods of operation
fluctuates within 49 %, that is, the speed of the gas flow
contributes to the accumulation of liquid contaminants.
I would like to note that in all sections of the gas pipelines
there are no conditions ensuring the transfer of liquid with
the gas flow in the form of films on the walls of pipelines
in a dispersed state. It has been experimentally confirmed
that during the winter operation, the ambient temperature
creates favorable thermodynamic conditions for the «drop-
ping out» of the liquid phase from the gas on separation
equipment, that is, the separation equipment works more
efficiently. It follows that the gas that enters the pipeline
during the winter operation has a lower moisture content
of the liquid phase compared to the summer period of
operation. Accordingly, it is also clearly noted that the
improvement in the coefficient of hydraulic efficiency in
the sections of this gas gathering unit is confirmed by

a much smaller volume of contamination in the cavity
pipelines.

3. In the course of the research, the estimated and
critical levels of contamination were experimentally cal-
culated. Also, the places of the most probable localiza-
tion and accumulation of liquid corresponding to natural
traps that are formed in the cavity of the pipeline are
lowered, as the trail is lowered through valleys, tracts,
ravines, floodplains of rivers. It is established that the
actual amount of contamination is slightly different from
the calculated one.

4. Tt is confirmed that the probability of a «volley»
discharge of liquid in the winter period of operation is
somewhat lower than in summer. It is established that
the inclination of hydrate formation is present only in
the winter period of operation.

5. Taking into account the hydraulic state of the gas
production system, which is considered in the work, the
self-cleaning process of the sections of the gas pipelines is
modeled. The operating modes of these sections significantly
influence the distribution of pressure on the CGPP and the
operation of low-pressure and medium-pressure wells due
to re-planning of gas flows in the system with justifica-
tion of their feasibility in technical and economic calcula-
tions. In fact, a change in the loading of the system and
a decrease in the operating pressure in it will lead to an
increase in the linear velocities sufficient for the transition
of the structural form of the flow from the stratified (wave)
to the cork and ring flow. Consequently, the provision of
traffic contamination and self-cleaning of the system.
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OF THE UNDERFLOOR HEATING

SYSTEM, ASSEMBLED DRY

O6’exmom docnioxcenms € meniomexHiuni napamempu pooomu Qpazmenma cucmemu nioi0208020 ONALCHHS.
CYX020 MOHMANCY 6 YMOBAX PEANLHOL eKCNAYAMAauii, KU 6CMAHOBLEHO 6 IAO0PATOPHOMY NPUMILLCHHI.

O0num 3 HatibinLUL NPOOLEMHUX MICUD NPU NPOBCOCHHT EKCNEePUMEHMAILHUX O0CHLONCCHD GUSABULACH MANA NIOUWA
Q0CHONCYBaAHOT cUceMU Onaienmst, 6i0HOCHO 00 emy npumimgenist. IIpu snaunux 00606Ux KOIUSAHHIX MEMNEPATNYPU
308HIUHH0O20 NOBIMPSL GUABTSIUCH CKAAOHOU 3 BUXO00M POOOMU CUCTNEMU ONALCHHS HA K8ASICMAYTOHAPHULL PEHCUM.

B x00i docridocenns 6cmanosieno 6niue mosuyuHy menioi30iauitinozo wapy nio onamosaivHuM KOHMYpom Ha
SMINY 2yCuUHU MEenJI06020 NOMOKY 610 NOGEPXHI N0z 00 NOGIMPS 6 ONANIOBAILHOMY NPUMIULEeHHI. 3A3HAUAEMDBCS,
w0 cucmema nidioz08020 ONALEHHS CYX020 MOHIMANCY MAE MATY MENI0BY THEPULIIHICMb 3a80SKU 6I0CYMHOCMI 6I0HOCHO
MO6CMo20 wapy MoHoAImHoi bemonnoi naumu (i3 6UCOKOH NUMOMON MENIOEMHICIO), 6 Kl 3a3euuail 00iaumo-
BYEMBCS KOHMYP CUCMEMU ONALEHHSL.

30Kpema 6cmano6ieHo, w0 BUKOPUCTAHHS KePAMIYHOT NAUMKU, SIK QIHIUHO20 NOKPUMMSL, 8 NOPIGHIHHI 13 1AMi-
HAMOM, CYMMEBO IMEHULYE 3A2ATNDHULL MEPMIUHULL ONIP Menionepedaui 6i0 menionocis 00 nogimpsi 6 NPUMilyeHi, wo
onamoemuvcs. [pu ybomy nassricms aroMinic60i menioposnooiibHoi RAACUNIL, 3 AK010 6e3n0cePeinbo KOHMaKmye
306HIWUNsL NOBEPXHsL MPYOU ONATI0BATLHOZ0 KOHMYPY, NOUMUBHO BNIUBAE HA PIBHOMIPHICTb PO3NOJLLY MeENI08020
105 6 nAowUHi nionozu. Le 6 c6010 uepey npu3600Umb 00 SMEHUEHH MEPMIUHUX HANPYIHCEHD Y PIHILUHOMY NOKDUMMA.

Pospaxynku noxasyomo, wo KiIbKicHe pezyiio8anis menioozo HAGAHMANCeHHs MAKOT CUCMeMU, 3A80SKU 3MIHI
UMpPAmMU MEeNLOHOCIS, BUSBILEMbCS MEHUL ePEKMUSHUM AHINC AKICHE, 3a 00NOMO2010 3MIHU 11020 MEMNEPAMYPU.

Excnepumenmanvni 00cnioncenns 0eMOHCMPYIOMb, W0 2YCmMuUHa meniosozo Nomoxy Ha NOo8epxHi nioiozu
30LILUYEMBCS MALidce 808iUT NPU BUKOPUCTAHHT KEPAMIUHOT NAUMKU Y NOPIGHAMHT 13 LIAMIHATMOM NPU 6CIX, MATIICE
i0enmuunux, IHWUX MenJOMeXHIUHUX NAPaAMempax cucmemu.

IIposedeni docridncennss daromov 3mozy Po3POOUMU MAMEMAMUYHY MOOeLb POOOMU CUCTEMU NI0L0208020
ONANEHHSL CYX020 MOHMANKCY, 3a JONOMOZ0I0 SIKOI, CIAHE MONCIUSUM NPOGECTNU ONMUMIAUILHI POIPAXYHKU Ma
B00CKOHAIUMU KOHCIMPYKUII0 0aH020 ONATI0BALLHOZ0 NPULADY.

Kmouosi crosa: godsine nidiozose onanenns, onamno8aIvHUL KOHMYP, MEeNi06e HAGAHMANCCHHS, MEePMIYHUUL
onip menionepedavi, MenioGUil PeHCUM NPUMILYCHHSL.

of natural renewable energy sources, damped secondary
energy resources, decentralization of heat supply, as well
as a transition to low-temperature heating systems. When
applying heat pump installations as part of heat supply

1. Introduction

Global trends in increasing the energy efficiency of heat-
ing supply systems in general are aimed at the utilization
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