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Abstract

This paper describes a typical case of diagnosidgdatermining the causes of the formating of lamtgnal cracks on tt
outer surface of the pipe, analyzes the currem¢ sthdagnosis of main gas pipelines. There is shownrtipoitance of timel
and correct response to diagnostic results. Themmmsidered the experience in carrying out measiar®ptimize the rep:
processes of main gas pipelines by clearly estahtjsthe timing of both evaluating the results of interpgde diagnostics ai
the formating ofepair plans, substantiating the criteria for climgslefects for repair and establishing a unifipdraach to th
process, including technical documentation.

Keywords: analysis of recommendations for the repair, in-lidegnostics,management system of gas pipeline inte
optimization of defects repairs, replacement amémgithening of hazardous areas, technical diageestf gas pipeline
technical monitoring and non-destructive testing.

Most of Ukraine’s main gas pipelines operate ovegliminated and a significant humber of emergencies
a calculated period, and the rationale for theimticmed were prevented on the linear part of the main pipsl
safe operation is of strategic and economic impada of the gas transmission system (GTS) of PJSC
[1]. To ensure reliable operation of the main ga%Jkrtransgaz” [6]. The application of in-pipe ingtien
pipelines (MGP) and according to annual diagnostiallowed to identify defects made during the proaurct
programs, PJSC "Ukrtransgaz" periodically monitorsf pipes in factories that manufactured them, the s
the technical condition of gas pipelines usingalled "manufacturing faults" (slag inclusions,
instruments and technical means, and since 1996 — delamination of the pipe metal, etc.), defects faim
line diagnostics of main gas pipelines. The magktaf during the construction of pipelines by constructio
diagnostics is to assess the actual technical tonddf organizations (lack of penetration, pores, dencls,
the gas pipeline and equipment installed in it viib displacements of pipe edges, etc.) due to improper
subsequent repair of the identified defects in gas organization of work and not too high qualification
pipeline body to ensure an operating life and bddia performers, operational defects caused by impéofect
operation of the facility for at least 5 years . of the insulation coating and errors in the maiatere
Untimely performance of diagnostic and repair worksrganization of electrochemical means, high covitysi
leads to an increase in the occurrence of failamd of the medium, etc. [7].
emergencies with unpredictable consequences [4, 5]. An interesting and, by its nature, a unique case

For the period 1996—-2019 there were carried owtccurred in 2008 on the Urengoy—Pomary—Uzhgorod
more than 16 thousand km of corrosion inspectich abu 1400 Ru gas pipeline of 7.400 MPa. According to
7.2 thousand km of inspection to identify longitali the results of a piston pass in August 2007 totiflen
defects of gas mains in a single-thread measurertentlongitudinal defects in the section of the llintsiBar
should be noted that to date, an in-pipe inspeaifosl compressor station at 3871.81 km of the Urengoy —
main gas pipelines equipped with pistonrPomary — Uzhgorod (UPU) gas pipeline (20,259.8 m
receiving/launching chambers has been carried oditom the launch chamber, according to ROSEN), there
Over the above time period, more than 31 thousamdhs detected a defect identified as metal lossctofga
accidentally dangerous defects were identified arghomaly on a longitudinal weld with a depth of 11o%6
the pipe wall thickness, 454 mm long, 14 mm wide.
Figure 1 shows a fragment of the defect passport
* Corresponding author: according to the technical report of the Rosen cogp

tzng@nung.eduv.ua [8], which performed an in-pipe inspection of thasg

pipelines of PJSC "Ukrtransgaz" in 2007.

During the inspection of this defect by the
diagnostic laboratory of the UMG "Cherkassytransgaz
PJSC "Ukrtransgaz", using an Einstein-2 ultrasfiaiw
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Figure 1 — The fragment of the defect passport acoting to the technical report provided by ROSEN

detector, there was found cracking of the main hedta The following examinations were performed:
the pipe body with a length of 3000 mm and a defth visual and optical inspection of the site in the
1.5 mm, shown in Figures 2 and 3. vicinity of the seam zone of the longitudinal weldthe

DN 1400 pipe with surface cracks;

non-destructive ultrasonic testing of the areahin t
vicinity of the seam zone of the longitudinal welde
joint of the DN 1400 pipe in order to detect tlepth of
penetration of the crack into the pipeline metal;

non-destructive capillary inspection of a section i
the vicinity of the seam zone of a longitudinal eexd
joint of DN 1400 pipe with the aim of more detdile
identification of sections with cracks appearing tbe
surface of the pipeline metal;

electrometric measurements of the electrochemical
protection system (ECP) of the gas pipeline in ptde
determine the protective and polarization potential

Figure 2 — Longitudinal crack (frontally) quality control of the insulation coating;
assessment of the stress state of the metal of the
I / bl gas pipe in this section;

the causes of cracking on the outer surface of the
pipeline.

During the visual and optical inspection of the
outer surface of the site in the vicinity of thesezone
of the longitudinal weld there were revealed:

a white coating on the metal surface in the section
of the lower line of the gas pipeline, under a tagé
insulation and primer;

after removing the white coating, stepped layering
of the metal pipe surface (made by a metal device)
one side of the longitudinal welded joint, which is
SR - located along the entire length of the pipe atstadice
of the pipeseam  of 7 mm from the welded joint and has a metal heigh

difference of up to 0.6 mm, and longitudinal marks

For an expert examination of a dangerous sectidhS m long on the other side of the welded joint;
of the UPU main gas pipeline in order to deternitme a crack with a total length of up to 3000 mm (in
cause of the formation of longitudinal cracks oe ththe area of stepped surface layering), which istiet
outer surface of the pipe, there were involved isfists  along the welded joint and has an intermittent reatu
from the Center for Certification and Quality Caitof ~ and the seepage on the pipe metal;

Figure 3 — Other cracks in t éivic‘inity

the Construction of Oil and Gas Complex Facilities, lack of corrosion pits or other manifestationstad t
E. O. Paton Electric Welding Institute and SPorrosion process.
"Tekhdiagaz". When conducting ultrasonic testing of a section in

An expert survey has found that the route of ththe vicinity of the seam zone of a longitudinal ehel
Urengoy—Pomary—Uzhgorod underground gas pipelireeam of a DN 1400 pipe, it was established thatksra
section crosses the area with swamps with ia some places have a depth of up to 5 mm. Thekcrac
groundwater watershed at the level of the lowegpropagates in the direction of the longitudinal dvelhe
generating line of the gas pipeline. To preventabeent nature of the crack is intermittent, directed atasgle
of the gas pipeline to the surface of the eartbxehvere of 90° into the depth of the pipe metal, with aatot
used concrete UBOP-type weighters, mounted on boléngth of up to 3000 mm.
sides of the pipeline.
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When conducting capillary inspection of a section Based on the results of the surveys, the following
in the vicinity of the seam zone of a longitudimadlded conclusions were made.
joint of a DN 1400 pipe (Fig. 4), it was found treat White corrosion (carbon film) on the surface of the
number of surface cracks with branched ends with gas pipeline metal under the insulation layer iat#s
total length of up to 3000 mm are located on théase the presence of a carbonate medium in the vicioity
of the gas pipeline metal at a distance of 7-15fromm  the gas pipeline, which is formed as a result efltmg-
the longitudinal weld which tend to unite amongerm effect of concrete weights on the soil envinemt.
themselves in the direction along the generatrithef This is evidenced by the results of electrometric
gas pipeline. measurements and determination of the pH areasdrou
the pipe soil medium.

The carbon film has protective properties against
soil corrosion on the metal, as evidenced by the- no
cored metal surface. But during operation, the hafta
the gas pipeline is subject to cyclic loads, which
contributes to the cracking of the carbonate filnthe
longitudinal direction and the emergence of craké&-|
local anode zones, which in their turn are the ereaf
corrosion cracking.

The occurrence of a stepwise layering of the pipe
metal surface and longitudinal lines in the vigirof the
seam zone of the longitudinal weld is due to the
improper location of the pipe billet in the mands&nd
during the expansion at the manufacturer. Durirg th
operation of the gas pipeline, the local stepwaseiing
of the pipe surface is the center of the increased
echanical stresses of the metal at the annular
tersection of the gas pipeline, the designatiofis
hich can go beyond the elastic zone of the metal,
which is confirmed by stress state studies. Théofac
identified determine the possible causes of crarkin

e outer surface of the pipeline.

A more detailed classification of crack formation
can be performed having conducted destructivenigsti
methods.

The potentially hazardous section of the UPU gas
ipeline, which is located at 3871.81 km, was negghi
y replacing the defective section with another one
using materials that meet the requirements [10].

The following measures have been developed for
further safe operation of gas mains:
constant monitor of the state of the gas pipe aibe
ions of concrete weights in gas pipeline sestiof

soil and groundwater with chemicals leads to DN 1400 pipes (beam crossings, marshiand, water

neutral reaction of pH 7 accumulation, etc);
: pr 7, - diagnostics in order to detect surface cracks
soil, selected between the gas pipeline and t;iﬁ

Figure 4 — General view of the surface
after diagnosis by capillary control

When conducting electrometric measurements ({)E
the ECP parameters, it is found that the protectiv\ﬁ
polarization potential of the gas pipeline is -1\2%he
value of which is overestimated by 0.15 V, violates
requirements of regulatory documents [9], and c¢
contribute to delamination of the insulating protex
coating. When measuring the potential of a statipna
electrode (a metal plate made of steel similartéelof
the pipeline) in the soil at a distance of 2.5 onfrthe
gas pipeline and 0.05-0.10 m from the gas waltetie
found a difference of stationary potentials betweeE
them, the value of which is 0.1V, which in turn
indicates the presence of differences in electimlyt
solutions in the soil, namely, the presence oflkaliae
medium at the wall of the gas pipeline.

When determining the pH of the medium (soll an(liocat
groundwater in the pit), it is found that the itetion of

concrete weight, with chemical reagents leads to eplace defective pipes with standard ones in
gnt, 9 cordance with the requirements of [10]) in placith

alkallt?]e reacgpn pH 8'0_8,[}? : ¢ f th tthe simultaneous action of several unfavorableofact
e medium (near the surface of the concrete re-insulation of sections of the gas pipeline with

weight) with chemical reagents leads to an aII(a“nﬁlentified surface cracks in accordance with the

reaction pH 8.5. rFquirements of [9];
replacement of the concrete weight with similar
nes made of another material, or anchor;
taking into account cases of mismatch of defects
with gas turbine engines located at longitudinanse
of gas pipelines sections (within 30 km from the
compressor station), special attention should be {oa
the actual dimensions of their priority examinataomd
identification.
It should be noted that after the incident in PJSC
Figure 5 — Radiographic image of the defective pl& “Ukrtransgaz”, significant work was carried out in
several areas aimed at preventing similar casdbdn

The X-ray inspection of the state of the pipe meta

confirms the results of previous studies and cdntro

. o o}
which are clearly visible in Fig. 5.
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No | Description of the deffect | Parameters
Defects of primary repair
5 External, internal metal losg, 1. Depth equal to or more than 50%
or their combination 2. Longitudinally located defects with a deptteaf0 % and placed

(corrosion, manufacturing | along a longitudinal seam (£ 200 mm) with a ratidemgth to width
defect, construction defect)| L/W>30 with a defect width o£2h (h is the gas main wall thickness
3. Transversely oriented defects with a depth1df% are placed along
an annular seam (x 200 mm) with a ratio of widthetagth (W/L)>30
with a defect length of2h ( where h is the gas main wall thickness)

Figure 6 — Criteria for assessing defects typed amsetal loss

future. This work is aimed at improving the overallwith their parameters. Usually this approach is
quality of in-pipe inspection (more stringentsomewhat conservative, but it solves the probleon.a~
requirements, the formation of a working group mafle more detailed analysis, specialized calculatioresukh
representatives of the Company and the compaitwe carried out according to current regulatory
executing the in-pipe inspection of the gas pimsin documents. All present defect parameters for regar
etc.), expanding the scope of examinations usihgrot determined based on:

diagnostic methods. And also, the work on the the analysis of existing regulatory documents;

application of diagnostic examination results hasrb existing operating experience (repair, additional
raised to a higher level. Specialists of the PJSflaw detection control, accidents).
"Ukrtransgaz" (including the branch of the Scidatif So, to assess the quality and volume of work

and Technical Center "Tekhdiagaz") have developed tperformed, we give an example by the number of
Regulation [11]. This document is aimed at optimigi normative documents analyzed to choose criteria for
the repair process of gas mains by clearly settirgvaluating dents (Table 2).
deadlines for evaluating the results of technical A number of defect selection parameters for
documentation as well as creating repair plansniohef inspection/repair are determined on the basis stiag
criteria for selecting defects for repair, estdblig a operating experience and are sometimes quite
unified approach to the process, includingonservative, but in the face of too high a pricer in
documentation planning and reporting, executivparticular at export gas pipelines of Ukraine, is a
documentation, etc. The document was developégdstifiable measure. Everyone knows the problems of
taking into account the existing experience ofhe limited capabilities of in-pipe inspection tsol
organizing work of the Company branches and is @egarding the detection of stress-corrosion cragkin
component of a “live” and effective system for emsy  There is a sad experience of accidents, additifiaal
reliable operation of the gas transport systened@s detection control, where defects discovered in fact
in-pipe inspection — from planning and implememtati differed from the characteristics indicated in theipe
of in-pipe inspection to analysis of the resultsd aninspection report. As an example, we recall, again,
adequate response to them [12, 13]. defect in the Urengoy—Pomary—Uzhgorod gas trunkline
Omitting other topics of the Regulation [11], we3871.81 km (see Fig. 2, 3) when, contrary to the
can focus on the part that defines the criteria fanformation of the IPI report, stress-corrosigaaking
choosing defects for repair, distributing them idey of was actually revealed. In order to prevent the iptess
execution of the additional examination and/or nepa ignoring of such defects, we introduced such &ddh
which are given in Table 1. as: "external metal losses are longitudinally deen
The purpose of this part of the Regulation [11] isvith a depth of> 10 % and are placed along a
to provide engineers with instruments to perform alongitudinal weld (x 200 mm) with a length to width
analysis of the results of the in-pipe diagnostitsvas ratio of> 30 with a defect width of 2h (h — pipeline
formed on the basis of the conditions for providamg wall thickness)." Figure 6 shows the establishinghsa
operational primary analysis of the results; actwylg, criterion for assessing defects on DN1400 pipes.
there were defined clear criteria for choosing disfe
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Table 1 — Criteria for choosing defects fo

r repairafter obtaining the results of the in-pipe repair

Description

| Parameters

Primary Repair Defects

according to [14] is as follows

Anomalies, which are categorized according| to «Critical» or «considerable»
[13]

Anomalies for which the repair coefficient |is >0.95

ERF

Anomalies for which the conditional coefficient <1.05

a dent)

Geometry defect (anomaly of internal diamete

r— Depth equal to or more than 3.5 % Dpf

External, internal metal loss, or their combinat
(corrosion, factory anomaly, construction defe

obepth equal to or more than 50 %
ct) ongitudinally oriented with a depth &f 10 % and placed
along a longitudinal seam (x 200 mm) with a lengthvidth
ratio (L/W) > 30 with a defect width of 2h (h is the gas
main wall thickness)

Transversely oriented with a depth »f10 % and placed
along an annular seam (x 200 mm) with a width togik
ratio (W/L) > 30 with a defect length of2h (h is the gas
main wall thickness)

D

Annular seam anomaly

Depth> 50 % or circle length equal to or more thanrillg,

Anomaly of a longitudinal seam

The length along #eam axis is equal to or more th
D h

n

2

Corrugations

Wave height more than wall thickness

Crack in the pipe body or in the weld

All defects

Stratification at an angle in the near-seam area,

hazardous areas of the gas mains

stratification with access to the surfage, All defects
stratification with protuberance
Defects to be repaired and located in potentially All defects

Defectsto be repaired (previous inspection)

Anomalies, according to [13] are categorized 4

1S cdate»

Geometry defect (anomaly of the inner diame

er) All defects

construction defect)

adjacent to the weld (100 mm) or located on the
weld
External, internal metal loss, or theiDepth equal to or more than 30 %

combination (corrosion, manufacturing defe

cf he number of defects with a depth>020 % in one sectio
is more than 10
The number of defects with a depth>df0 % placed along
longitudinal seam (+ 200 mm) in one section is ntben 5
Longitudinally located defects with a depth>010 % with a
ratio of length to width L/MW& 10 with a defect width of 2h
(h is the gas main wall thickness)
Transversely oriented defects with a depth>0f0 % are
placed along an annular seam (x 100 mm) with @ retfi
width to length (W/L)> 10 with a defect length af 2h (h is
the gas main wall thickness)
Defects >10 % deep in the longitudinal weld zo
(£ 200 mm) in areas within 30 km of the comprestation

n

5%

ne

Stratification in the near-seam section (100 mr

n) | défects

Annular seam anomaly

The total length of a circle equal to or more tHdérD;,,
metal loss with a depth of more than or equal t6@0

Anomaly of the longitudinal (spiral) seam

One déefdong the seam axis of more than 10 mm

1

potentially hazardous sections of the GM shondduide sections according to clause V.1.11 [15hevaground sections of

GMs, intersections with roads and railways, intetises with gas mains

26
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Continue Table 1

Description

Parameters

Corrugations

Wave height

over 0.5 of the wall thickness

Line Scratch, Scuff

Depth> 10 %

Inadmissible structural

elements,
parts that do not meet the requirements of SD

connect|

ng

All defects

Anomaly of an annular seam — discontinuity o

planar type

Defect>30 % deep

Anomaly of the longitudinal (spiral) seam

Defe0 % deep

Table 2 — Requirements of regulatory documents fathe assessment of the danger of dents
by their geometric parameters

Country (Organization) /
Normative document

Position
(half perimeter)

Dent on the pipe body

Seam dent

(standard)

Canada Upper section to 6 %W, to 2 % Dy, for D > 300 mm or to
Canadian Standards 6 mm
Association Lower section —/— —/—
CSA Z662-03 [16]
Great Britain Upper section to 6 9, is not allowed
AEA OTR 2001/038 [17] Lower section —/— —/—
The USA Upper section to 6 %, or to 2 %D;, or deformation
ASME B31.8[18] deformation < 6 % <4 % for a viscous seam

Lower section —/— —/—
The USA Upper section to 2 %y, for is not allowed
APl 1160[19] D > 300 mm

Lower section 106 % B calculation/inspection to 6 month
The EU/USA Upper section 1) to 7 W, is not provided for
PDAM? [20] 2) to 10 %D, in case

of pinching
Lower section to 10 %, in case of is not allowed
pinching

The USA Upper section 1) to 6 B, 1) to 2 %D;, (1 year to respond)

DOT GasRule (Part 192)
[21]

(1 year to respond)

2) more than 6 9%;,
and allowable level of
deformation
(monitoring)

2) more than 2 9%, and allowable
level of deformation (monitoring)

Lower section

1) more than 6 Bg,
(monitoring)

1) to 2 %D;, (1 year to respond )
2) more than 2 9%, and allowable
level of deformation (monitoring)

Great Britain Upper section to 12 My, is not allowed
BGC/PS/P11[22] Lower section —/— —/—
Norway Upper section to 12 My, is not allowed
DNV-RP-F101[23] Lower section —/— —/—
The USA Upper section 1) to 6 B, to 2 %D;,

PHMSA DOT Liquidrule
(Part 195)[24]

(immediate respond)
2) to 3 %Dy, (60 days
to respond)

3) to 2 %D, (180
days to respond)

(180 days to respond)

Lower section

to 6 9,

to 2 %Dy,

(>180 days to respond)

2
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Continue Table 2

Ukraine/Ministry of Fuel Upper section to 3.5 B, to 1 %Dy,
and Energy of Ukraine Lower section —/— —/—
[25]

The Russian Federation /| Upper section to 6 9, to 3 %Dy,
VNIIGAZ [26] Lower section —/— —I—
The Russian Federation /| Upper section to 3 9, to 2 %Dy,
Gazprom [27] Lower section —/— —/—

The described evaluation criteria (sequence dfmplements a system for managing the integrity of
inspection/repair) of defects are an integral pHrta pipelines, based on the existing geographical
comprehensive assessment of the technical condifioninformation system for certification and technical
the pipeline with the definition of recommendatiaors monitoring of gas pipelines and an analytical safev
the volume of selective repair or overhaul accagdim and hardware complex, which is being developed.

the results of the assessment: Given the significant importance, the volume and
the data of diagnostic examinations of pipelingrogressiveness of this issue, we believe thatsit i
metal; advisable to separately disclose the above topics i
results of a study of the actual physical andeneral and regarding software and analytical cermpl
mechanical characteristics of steels [28, 29]; in particular.
results of comprehensive surveys of anticorrosion
protection and corrosion state of gas mains faaslt References
actual situation in the terrain, etc. [30]. [1] Kryzhanivskyi, Yel & Nykyforchyn, GM 2011,

In general, the described procedure can b@olume damage of long-running gas mains: the rofe
characterized as a component of the pipeline iit§egr corrosive-flood medium’ Scientific notesiss. 31, pp. 177—
management system [31]. 181.

The activities of any enterprise in the end should  [2] Rozgonyuk, VV 2001Handbook of the employee of
ensure profit, for which it is necessary to useueses Itlhe gas transportation companyKyiv, Rostock, NJSC
as efficiently as possible. One of the ways torojzie Naftogaz of Ukraine”, "Ukrtransgaz”. ,
costs is to introduce an effective and flexibleteys [3] Rozgonyuk, VV 2008 Pipeline transportation of
where the expenses on diagnostic, repair emergenr(‘:""ytural gas: a monograptkyiv, Kyl. :

) ! ! [4] Grudz, VYa, Grudz, YaV & Kostiv, VV 2012,
and recovery measures are interconnected and agneedrechnical diagnostics of pipeline systems: a moapir
the basis of a detailed analysis (including rigRg). Ivano-Frankivsk, Lileya-NV.

Today, it is conditionally possible to distinguish [5] Raiter, PM, Karpash, OM and all 201Matural gas:
two methodologies in Ukraine for ensuring reliablénnovative solutions for sustainable development: a
operation of pipelines: monograph Ivano-Frankivsk, IFNTUOG.

1) regulatory, in which the periodicity, volumes [6] Banakhevych, YuV & Banakhevych, RYu 2013,

and means of diagnostic control and repair metiaods ‘Experience of identification of the defects rewshlby the
clearly defined by the standards. Moreover, theve intra—tube diagnostics in JSC "UKRTRANSGAZTgchnical

. . " diagnostics and non-destructive testing. 2, pp. 40-46.
often a link not to the real technical conditiont ko the [7] Standard of Organization SOU 49.5-30019801-

operation life of the main gas pipelines. This @aEh 135.7016, Gas mains. In-tube diagnostics of thealinpart,
contradicts common engineering sense, when furthgyiy, pJSc “Ukrtransgas”, 2016, 130 p. [in Ukrainja
actions (repair, diagnostics) should depend oratteal [8] Final pipeline survey report. Examination for metal
condition of the pipe, monitoring the condition,loss, examination for longitudinal anomalies and
statistics of damage, etc., and not on the requisti determination of the spatial position of XYZ. Gg=fine 48

2) a universal or so-called pipeline integrityGM “Urengoy-Pomary-Uzhgorod” CS “llintsy” — CS “Bar,
management system — where the solutions afddenzaal, ROSEN, 2008, 423 p.

interconnected and agreed on the basis of a detaile  [0] State Standard of Ukraine 4219-20Ggeel main
analysis (including risks). pipelines. General requirements for corrosion pobien,

; . Kyiv, State Consumer Standard of Ukraine, 2003, 72 p
The actual numbering of methodologies generally, ygrainian]

indicates the sequence of development of the iityegr [10] SNiP 2.05.06-88\ain pipelines/Gosstroy of USSR
system for the main gas pipelines of the PJSRoscow, State system of the USSR, 1985, 52 p.
"Ukrtransgaz" — up to now, it can be said, to a@ater [in Russian]

extent, that there is a system, clearly regulatgdhle [11] Regulation on the analysis of the results &f ith-
requirements of existing regulatory documents arel t Pipe inspection of GMs of "Ukrtransgaz" and thgasrization
requirements of supervisory authorities, whiclPf repalr"works to ellnj'lnate them. It was put ieffect by th(.e
determines the volume, periodicity of diagnosticsl a 2'de" Of "Ukitransgaz” No. 534 dated December DB32K..

. o . "Ukrtransgaz", 2009, 28 p.
repair methods. However, it is more logical to emtv [12] Kychma, AO 2001, ‘Assessment of pipe metal

emergencies by means of a deliberate systemafigrects based on the results of in-pipe defectgscop
approach to ensure the reliability of the gas tm@ssion pipelines’, Bulletin of the National University of Lviv
system with a certain level of risk. Adopting thepolytechni¢c no. 434, Dynamics, Strength and Design of
progressive world experience, the PJSC "Ukrtrarisgakiachines and Devices, pp. 58—-61.
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[13] The State Standard of Ukraine DSTU-N B V.2.3- [25] B.3.1-00013741-07:2007,Trunk oil pipelines.
21:2008, Main pipelines. Installation. Determination of the Method of repair of defective argakKyiv, Ministry of Fuel
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laeHTUikauia aedekTiB Ha MaricTpanbHUX rasonpoBogax

10.B. Banaxeeultl, P.IO. Banaxesuy’
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eyn. I.Pybuaka, 3,JIvsis, 79000, Vkpaina

OrnucaHo XapaKTepHU BUIMAJ0K [IarHOCTYBaHHS Ta BU3HAYCHHS [IPUYMH YTBOPEHHS MO3/I0BKHIX TPILIMH HA
30BHIITHIA MOBEPXHi TPyOH, MpOaHAII30BaHO CydaCHUH CTaH JiarHOCTUKH MaricTpalibHAX Ta30MpoBoIiB. [TokazaHo
Ba)KJIMBICTh BYACHOTO Ta MPABUIILHOTO PearyBaHHs Ha pe3yJbTaTH IIarHOCTUKU. PO3IIISHYTO JOCBIA y MPOBEACHHI
3aXO0JiB 3 ONTHMI3allii MPOIECiB PEMOHTY MariCTpaJlbHAX Ta30MPOBOJIB NMUISXOM YiTKOTO BCTAHOBJICHHS CTPOKIB
OI[IHKK pEe3yJbTaTiB BHYTPIITHBOTPYOHOI ITiarHOCTUKKM Ta (GOpPMYBAaHHs IUIAHIB 3 PEMOHTY, OOTPYHTYBaHHS
KpuTepiiB BUOOpPY nedeKTiB Ui PEMOHTY 1 BCTAaHOBJIEHHS €IUHOTO MiAXOAY IO TMPOIECy, B TOMY YHCHI 1 JIO
TEXHIYHOT JIOKyMEHTAIIIi.

KirodoBi cnoBa: awaniz pexkomenoayiti 3 peMOHmMY, 3aMIHU mMA 3MIYHEHHs Hebe3neuHux OLISIHOK,
GHYMPIWHbOMPYOHA OIAZHOCMUKA, ONMUMI3AYIsL NPOYeCi6 peMoHmy Oe@exkmis, cucmema YAPAGLIHHA YLTICHICMIO
2a30npo60o0ie, MEXHIUHA OiA2HOCMUKA MAZICMPATbHUX 2a30NPO600i8, MEXHIUHUL MOHIMOPUHE MA HEPYUHIGHUL
KOHmMpOTb.
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