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IMPROVEMENT OF OPERATION OF GAS PIPELINES PASSING THROUGH THE
TERRITORY OF UKRAINE

Currently downloading western section of gas transportation system of Ukraine decreased by 2,5 times
compared to the project. This caused changes in the modes of pipelines, pressure fluctuations and gas consumption
and, consequently, the number of changes in the system of gas pipelines. Therefore there is a need to study the mode
of gas transportation system during underemployment. As a research facility selected western area of the gas
transport system of Ukraine, the capacity of which reaches 111 billion. m3 / year of gas intended for export. CCS
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Introduction

The methodological basis of the work is the joint
use of the physical and mathematical modeling of the
research object. Studies are based on the application of
methods and criteria of fracture mechanics; the first law
of thermodynamics for the estimation of the energy
balance of the fatigue cracks propagation in terms of
load time variables; methods of physico-chemical
fracture mechanics cousiderimg the joint action of
operational loads, corrosion-aggressive and hydrogen-
containing media; calculation and experimental
determination of residual stresses;

system analysis of operational parameters of linear
sections; methods of making  performance
characteristics; correlation - regression and factor
analysis; methods of mathematical programming and
identification of organizational and technical factors
influence on the efficiency of operation; non-destructive
determination of characteristics of a stressed state.

High stress values in gas pipelines walls are
caused by the internal pressure (up to 7.5 MPa) of the
pumped over gas and for the welded annular couplings
and, in addition, by a high level of residual welding
stress which may amount to (0.4..0.6) [IT which puts
forward special requirements to be met both as to the
determination of their values and to the prognostication
of gas pipelines operating conditions [4-7].

On the basis of the system approach and analysis
of the conditions of transit main gas pipelines operation,
analytical studies of the stresses occurring on the
internal surface of the gas pipeline under the conditions
of the obverse and reverse operation modes have been
carried out. Proposed was the method of determination
(prognostication) of prolonged working pipelines

durability being under complex mining and geological
conditions. The technique for determining the
permissible level of arbitrarily oriented stresses acting
on the investigated section of the gas pipeline with a
complex technological structure and laid in the area
with a disturbed equilibrium of the earth has been
developed. It has been proved that the cyclic operation
of pipelines and their structural elements in complex
geological conditions leads to an abnormally high
background tension, which results in a decrease in their
predicted lifetime. It is proposed to carry out an
operational control of the stressed-strain state of
pipeline sections passing through the areas under
complicated mining and geological conditions and
having complex technological features.

Material and experiments

Most of the gas mains have been exploited for a
long time, and quite a lot of them have used their
depreciation period. To reliably estimate the pipelines
capacity for work a comprehensive approach is
necessary, one of whose most important constituents
will be the determination of the influence of inundation
environment and stress concentrators upon gas pipelines
destruction failures, particularly in the areas containing
various flaws and in welded joints (WJ), which account
for 50-60% of all the failures of the pipelines which
have been operated during 30 years. It particularly
concerns the annular weld joints which after welding, as
a rule, are not subjected to additional treatment with the
view of lessening the residual stress.

The necessity has been proved and the expediency
of assessing the efficiency of the existing GTS of
Ukraine is shown in a completely new functional
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purpose, particular ly in the provision of safe trouble-
free supply of natural gas to the EU countries and
Ukraine by existing pipelines in obverse and reverse
operating modes. It has been established that in order to
ensure the security of natural gas supply by diversifying
its streams and the functionality of the gas
infrastructure, it is necessary to evaluate and develop
advanced methods for predicting the durability and
residual service life of the long - term operated pipelines
under complicated mining and geological conditions
and their obverse and reverse modes of operation [2-7].

The gas pipelines operating conditions through the
effect of cathode protection envisage the possibility of
inundation and accordingly the danger of breakdown
failure caused by the hydrogen frangibility
phenomenon.

From the above mentioned viewpoints, a valuable
information concerning the corrosive endurance
capability of gas mains welded joints can be obtained by
way of plotting fatigue diagrams in the coordinates a -
InN, taking into account the operating parameters and
the effect exercised by the hostile, corrosive
environment, as the data available relating to the
corrosive fatigues of gas mains welded joints are rather
limited.

The data obtained concerning the corrosive fatigue
in hostile water-flooded environment, the surface stress
concentrators in various areas of the welded joint
including, will make it possible during the design of gas
pipelines to make use of the error-free initial data which
are indispensable for the prognostication of gas main
life time.

The mechanism of the crack nucleation in the
conditions of simultaneous action of internal and
external loads was established, the clear assessment of
the long - term operated pipeline in the presence of the
structural elements local defects was given. In the
process of repeated static loads in structural elements of
durable oparated pipes the areas with microplastic
deformations are formed. Such obtained results indicate
the appearance of areas with a step-wice character, the
nucleation and sometimes propagation of microcracks,
and subsequent equalization in the process of further
operation, and there occurs stress relief. It was
established that in the period of pipelines operation
from 18 to 30 years there is certain strengthening of the
metal structure of the pipe in welded zones as a result of
strain hardening (the phenomenon of cold working), as
well as the equilibrium of microstructure of the metal.

Result

It has been confirmed that the service residual life
of the actual technical state of the long - term operated
pipeline under the studied loads will enable the pipeline
operational use beyond the planned (established)
depreciation period (see Figure 1).

On the basis of the comparative estimation, one
can conclude that the change in the operation modes of
Bohorodchansky UGS causes a change in the intensity
of the NPEMFE in the areas of rock masses where
complex design elements of the pipelines are located.
This is due to the fact that the deformation of the
pipeline is transferred to rock masses. Violation of the
integrity of the rock masses intensifies this impact as a
stress concentrator. The classification of certain
anomalies of the sections of the UGS gas pipeline in
terms of size and form is developed, the presence of a
background  model field with  corresponding

characteristics is shown, as well as the availability of
abnormal, excessive background values of intensity on
individual supports and bends.

Fig. 1. The plot of the gas pipeline_from the transition of
underground laying in the ground. (gas pipeline
Urengoy - Pomary - Uzhgorod)

The given research data allow to assert that there
are separate sections of gas pipelines, for which it is
necessary to develop separate classification schemes,
new methods of diagnostic control and prediction of
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their durability. Thus, the use of the NPEMFE method
(see Figure. 2) is a reliable sensitive tool for detecting
local deep-seated stresses occurring in areas with
disturbed equilibrium, regardless of the nature of their
occurrence.

The principle of gas transportation optimization by
pipelines, passing in one technological corridor based
on the criterion of minimum negative impact on the
environment is improved. The method of determination
of the potential impact radius, which simultaneously
takes into account the mode of the gas pipeline
operation, its actual technical state, as well as the
parameters of abnormal areas with disturbed
equilibrium of the earth, is proposed.

Fig. 2. Results of stress intensity of NPEMFE gas
pipeline Union and UPU.

Discussion

Natural soils refer to materials with low viscosity
and are characterized by considerably greater
compressive strength than tensile strength, which is
explained by the manifestation of internal coulomb
friction, which is described by the Mora - Coulomb
hypothesis. The internal coulomb friction contributes to
the formation of tangential stresses, which deformation

surface (Coulomb surface) in the preliminary stage
deviates from the axis of normal stresses. For a natural
soil, the deformation surface in shape resembles a
conoid. In the phase of destruction, the deformation
surface becomes the shear surface.

The influence of real operating conditions shall be
taken into account by the coefficient Kr and by the
formula adapted to the system of measuring units Sl:

r=99-D-K,-\/p 1)

where r - the radius of potential impact, m;

p - maximum working (operating) pressure, MPa;

D - external diameter of the gas pipeline, m;

Kp - coefficient which takes into account real
operating conditions of gas pipelines.

The coefficient of real operating conditions (Kr) is
determined by the formula:

szKl'Kz'Ks (2)

where K1 is a coefficient that takes into account
the stressed state of the surface layer of the land plot;

K2 - coefficient which takes into account the
operation mode of the pipeline;

K3 is a coefficient that takes into account the
technical condition of the pipeline.

The stress ratio (Ki) takes into account the
properties of the surface layer of the soil mass in the
place of laying the gas pipeline. The RPV determined
by the formula (1) is measured in the slip plane and its
real value acts on the surface of the Earth.

This difference takes into account the coefficient
Ki and is determined by the formula:

K; = cose. ?3)

For new gas pipelines operating at frequencies
below >0.3 Hz, the coefficient K, = 1, at frequencies 0.3
Hz, the given coefficient K, = 1.05. Laidexploited
pipelines at a frequency > 0.3 Hz, K; = 1.1, at a
frequency < 0.3 Hz, K, = 1.05. If, after conducting the
in-pipe diagnostics of the pipeline, there are no defects
accumulated from fatigue and corrosion, then the
coefficient taking into account the technical condition of
the pipeline is equal to one (Ks = 1). If defects are
detected, then they can develop in fatigue modes, then
Ks <1 and depends on their number and size. (Ksmax =
1.2).

In order to ensure the safety of operation and
reduce losses during accidents, it is necessary to clearly
identify and impart a site of potentially hazardous
impact. We will analyze and calculate the potential
impact zone for parallel pipelines, in particular Urengoy
- Pomari - Uzhgorod and Union (see Figure.3).
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Fig. 3. The radius of potential impact, in meters,
resulting from the change in the mode of transportation
of gas (by the formula 1 Kp = 1,1).

Conventional combustion can turn into an
explosion due to the speed of propagation of the flame
when it is propagated along the relief and in the forest
massifs.

In addition, with the guillotine rupture of the high
pressure gas pipeline, there is a diffusion of metal pieces
and pipe fragments, as during the destruction of the
pipeline, the energy of expansion of gas is spent on the
deformation of the pipe, its destruction, the formation of
primary and secondary fragments.

Conclusions

As a result of system filling and emptying of UGS
as well as mode processes of gas pipelines operation, it
has been established that in the areas with turns and
branch pipes, technical inspections should be carried out
by 32% more often. The given research data allow to
assert that there are separate sections of gas pipelines,
for which it is necessary to develop separate
classification schemes, new methods of diagnostic
control and prediction of their durability. Thus, the use
of the NPEMFE method is a reliable sensitive tool for
detecting local deep-seated stresses occurring in areas

with disturbed equilibrium, regardless of the nature of
their occurrence [2-5].

In order to increase the reliability of operation of
overhead trunk gas pipelines in common technical
corridors, it is necessary to increase their resistance to
explosions, as well as to reduce the likelihood of the
impact of neighboring gas pipelines in an explosion on
one of them. It is known that it effectively counteracts
the spontaneous growth of a crack in the wall of the gas
pipeline - this is the strengthening of its outer surface by
composite polymer materials (CPM). In case of local
damage to the wall and depressurization of the gas
pipeline of the strengthened CPM, there is an outlet of
gas, which, when externally heated, is not accompanied
by an intrinsic explosion. If such a powerful fire jet is
directed toward the adjacent gas pipeline, then the
likelihood of its damage is high. In this case, for the
effective protection of neighboring gas pipelines, it is
necessary to install, in the interval between them,
shielding engineering structures. This role can be
performed by specially constructed intermediate backup
bypasses.The methodological basis of the work is the
joint use of the physical and mathematical modeling of
the research object.
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VHIBEpCHTET MiCBKOTO TOCIOIapCTBa iMeHi
O.M. bekeroBa, XapkiB, YkpaiHa
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IBaHO-®paHKiBCHKUI HalllOHAIFHUN TEXHIYHUH yHiBepcHTEeT HaTH i razy, YKpaina

Ynpooosoic ocmannix pokie cmeoproiomvcsi HOGI nepcheKmugu ma 0COOAUBOCH MPAHCNOPIMYBAHHS 2A3Y
oiroyor eazompancnopmuoio cucmemoio (I'TC) Yrpainu. Ooniero 3 ochosnux 3a0au 6yoe 3abe3neueHHss Ha0iliHO20
nocmauanisi eazy sk 0o kpain €C, max i 00 Yxpainu, ukopucmosyouu agepCHO-pesepCHi PeXcuMu eKCnryamayii
mpybonposooie. [louunarouu 3 2013 poky, Vkpaina oonouacno nepexcuna npakmuuno 50% 3uudicenHs imnopmy
2azy, GHACHIOOK 4020 GI0OYIUCS IPYHMOSHI 3MIHU 1020 cmpykmypu. 3eadcaiouu Ha 36iNbHEeHi NOMYNCHOCHII,
3’seuscs imnopm i3 3axody, wo eupic 3 nyast 00 10 mapo. ky6. m. y 2015 poyi ma nocmynoso 3pocmae. 3saxcaiouu
Ha cymmesi 3MIiHU K 308HIWUHIX, MAK | GHYMPIWHIX HABAHMANCEHb HA JIHIUHY YACMUHYy mMpybonpoeoodis 3HAUHY
yeazy HeoOXiOHO MaKodC NPUOLIAMYU CIPHUYO-2CON02IUHUM YMOBAM, V SKUX eKCHAYAMmYIOmbCs Mpan3umHi
2a30npo6oo0U, 3HAYHA YACMUHA AKUX Npoxodumsb depes lsano-Dpankiscoky, Jlvsiecvky ma 3axapnamcoky ooi., sSKi
BIO3HAUAIOMbCST CKAAOHUMU SIPHUYO-2CONOSTYHUMYU YMOBAMU, GEIUKOI0 YACMUHOIO 3CY80HeOe3NeyHux OLISIHOK, d
makooic 6azamoma PUPOOHIMU MA WY YHUMU NEPeUKOOaMU.

B pobomi npedcmagieno npunyun 3abe3neuenHs HAOIUHOCMI MPUBATOEKCHIYAMOBAHUX 2A30NPO80Ji8 3d
CKIAOHUX ~ 2IPHUYO-2C0N0SIUHUX YMO8 HA 0a3i KOMNWIEKCHUX MeOpemudyHux 1 NpaKmudHux OOCHiONHCEHb.
Boockonaneno nayxosi ocnosu euznavents npayezoamuocmi I'TC Yipainu 3 ypaxysannsam mpuganozo mepminy
excnayamayii ma CKAAOHUX 2IipHUYO-2e0N02IUHUX YMO8. Bemanosneno mexawism 3apoodcents mpiyun 6 ymosax
00HOUACHOT Oii 6HYMPIUWIHBO20 MA 306HIUHBO2O NASUHHOZ0 HABAHMANCEHHSA HA 2A30MPO6OOU 8 30HI GHIUBY
KOHYenmpamopie Hanpysicens. [loCniodnceHo 6naue asepcHO-peBepCHUX pPeXCUmMié Ha NOKAHUKU HAOIUHOCMI
MAZICMpanbHux 2a30nposooie, SKi eKCHIYamylomsyCs 6 2ipCbKiil Micyegocmi. 3anponoHoeano ma YOOCKOHANEHO
MEMOOUKY BUSHAUEHHA OONYCMUMOZ0 PIi8HA O008IIbHO OPIEHMOBAHO20 HABAHMANCEHHA HA HAUOIIbW Hebe3neuHi
KOHCIPYKMUGHI eleMeHmu 2a30npogooy 6 3Cy80HeDe3NeyHux yYMoseax, wo 00360J4€ nonepedumu ix aeapitine
pyunysanus. Taxooic Memoouka oyinKu eKcniyamayiunol HadiiuHocmi OLIIHOK Ma2iCmpaibHux mpybonpogoois, ujo
nPoOxXooamy uepes NpUpOOHi ma wmyyti nepeukoou Oaia MOXCIUSICIG 3aNPONOHY8AMU OeMATbHULl MOHIMOPUHE
mexHiuHo2o cmauy. 3anpononosana memoouxa 3abesneueHHs HAOIHOI excnayamayii mpyoonpoeoodis, o
NpOXooamyb Yy CRHINbHOMY MEXHON02IYHOMY KOpuoopi, ma 68edeHull Kpumepil, wo 8paxo8ye OOHOYACHUU 6NIUE
mepMiny excnayamayii, pexcumie pobomu ma micye NPOKIAOAHHSA MPyOOnpo8ooy.

Knrouosi cnosa: mazicmpanoHuil 2a30nposio, Kiibyesutl 36apHUll Ui08, 30HA MePMIYHO020 Nausy, 600He8d
KPUXKICIb, HU3bKOYACMOMHA 6MOMA.




