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Abstract

Introduction. Failure of equipment, specifically pipes in the oilfield complex, due to the development of corrosion
processes leads to numerous losses, destruction of expensive components, disruption of technological processes and, as
a result, environmental damage. The use of anticorrosive coatings as an internal protection of oilfield pipes offers many
advantages and can significantly reduce the rate of corrosion, but does not provide a complete solution to this problem.
Destruction of internal anticorrosive polymer coatings (IACPC) occurs for numerous reasons. The causes and
mechanisms of destruction are insufficiently investigated. Therefore, the aim of this work was to analyze the destruction
of internal anticorrosive polymer coatings using practical examples, which made it possible to form and identify the
main causes of damage and degradation of coatings during operation.

Materials and Methods. A complex of laboratory studies was carried out to study the damage to internal polymer
anticorrosive coatings during operation and to establish the main causes of destruction. The initial phase of the
investigation involved a detailed examination of the materials related to the accident circumstances, including the
operating conditions of the coated pipeline (composition of the operating medium, temperature, pressure, and presence
of mechanical impurities), operation time, and type of polymeric material used. The second phase involved laboratory
testing of the coating, which included the determination of layer thickness, dielectric continuity, adhesive strength
(by the normal separation method), investigation of thermokinetic properties by means of differential scanning
callometry (DSC), study of the coating structure using scanning electron microscopy.

Results. Practical examples of the destruction of internal anticorrosive coatings of oilfield pipes were analyzed. For
each case, characteristic signs of degradation of the anti-corrosive coating were identified. Changes in the
microstructure of the coatings, as well as the formation of corrosion products, were observed depending on the type of
destruction. The focus was on studying the degree of polymerization of the coating, both using the traditional method of
determining the ATg parameter using DSC, and based on indirect signs detected during microscopic studies.

Discussion and Conclusion. The practical cases of damage to the internal anticorrosion coating of pipes of the oil and
gas complex considered in the article allowed us to divide the causes of destruction into three groups: operational,
technological and defects during transportation, storage and construction and installation works. Based on these
findings, we have formulated recommendations for manufacturers to ensure maximum performance from their coatings.
It is noted that the compliance with the presented recommendations makes it possible to obtain internal anticorrosive
polymer coatings with a minimum guaranteed lifespan of 15 years, as demonstrated by the successful operations of
pipelines in Western Siberia, such as those operated by Surgutneftegaz PJSC and LUKOIL — Western Siberia LLC.

Keywords: internal anticorrosive polymer coating, destruction of the coating, adhesive strength, operational defects,
peeling of the coating, corrosion products, cracking, blistering
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AHHOTALMSA

Beedenue. Otka3 060opynoBanusi — TpyO HE(PTENPOMBICIOBOTO KOMIUIEKCa — I10 MPUYMHE Pa3BUTHS KOPPO3HOHHBIX
MIPOIIECCOB MPHBOANUT K MHOTOYHCIEHHBIM yOBITKaM, pa3pyIICHHIO IOPOTOCTOSIIUX KOMIUIEKTYIOIINX, HAPYIICHHIO
paboThI TEXHOJIOTMYECKUX IPOLECCOB M, KaK CIEACTBHUE, SKOJIOrHYeCKoMy ymiepOy. [IpiMeHeHrne aHTUKOPPO3UOHHBIX
MOKPBITHH B KaueCTBE BHYTPEHHEW 3alUThl HE(TENPOMBICIOBBIX TPYO HMMEET MHOTO IPEUMYILECTB M IO3BOJIIET
3HAYUTEIbHO CHHU3UTh CKOPOCTH KOpPpPO3MH, HO He oOOecleudBaeT IOJHOTO pelleHus AaHHoi npoGnemsl. Ilo
MHOTOYHCJIEHHBIM IIPUYHMHAM IIPOUCXOIAT pa3pyLICHUs] BHYTPEHHUX AHTUKOPPO3HOHHBIX IIOJUMEPHBIX IOKPBITHH
(BAKTIIT). HegocraTouHo Mccae0BaHHBIMHE SIBJISTFOTCS] IPUYMHBI U MEXaHU3MBI paspytieHus. [1o3ToMy 1enbio TaHHOM
pa0oTBl CTalO MPOBEIEHHWE AaHAIN3a Pa3pyLlICHWH BHYTPEHHWX AHTHKOPPO3HOHHBIX ITOJMMEPHBIX IOKPBHITHH Ha
MIPAaKTHYECKUX TPHUMEpax, 4YTO TO3BOJIHMIO C(OPMHPOBATH W BBIIECIUTh OCHOBHBIC MPUYMHBI IMOBPEXKICHUS H
JeTpaialliy TIOKPBITHH MPU SKCILTyaTaluH.

Mamepuanst u memoost. J{nst N3ydeHNUs MOBPEKACHUH BHYTPEHHUX IOJIMMEPHBIX aHTHKOPPO3HOHHBIX MOKPHITHH B
TIporiecce 3KCITyaTallid M yCTAHOBJICHUS OCHOBHBIX NPHYUH Pa3pyIICHHS MPOBOIMICS KOMIUIEKC J1IAOOPaTOPHBIX
uccienoBaHnii. [lepBoHayalbHBIM  3TAallOM  MCCIIEOBAaHUS  SBISIOCH  MOJAPOOHOE HM3y4YEeHHE MaTepHaloB
0OCTOSITENILCTBA ABApHHU: YCJIOBHUS OKCIUTyaTallik TpPYyObl C IIOKPBITHEM (COCTaB OJKCILIyaTHPYEMOW Cpenpbl,
TEeMIlepaTrypa, [aBleHHE, Haludne MEXaHWYEeCKHX IpHuMeceid), HapaOdOTKa, THUI MPHMEHSIEMOTO IOJUMEPHOTO
Mmarepuaia. Bropoil ostanm — nabopaTropHble UCCIENOBaHMS TOKPBITHS: OIpEAEJICHUE TOJLIMHBI  CIIOS,
JU3JIEKTPUYECKOH CIUIOIIHOCTH, aJre3MOHHOW IpOYHOCTH (METOJOM HOPMAalbHOTO OTpbIBAa), HCCIEJI0BaHNE
TEPMOKHHETUYECKHUX CBOMCTB TOCpeACTBOM nuddepeHnnaibHo-ckanupytomeil kamwiomerpun (JCK), usyuenue
CTPYKTYPBI TOKPBITHS IIPU IIOMOIIN CKaHUPYIOLIEH 3JIEKTPOHHONH MUKPOCKOIIHH.

Pesynomamut uccnedosanus. VI3yueHbl TNPAaKTUUECKHE INPHUMEPBI pa3pyLIEHUs] BHYTPEHHHX AHTUKOPPO3HOHHBIX
TIOKPBITHHA HE(PTETIPOMBICIOBEIX TPyO. IS KaXIOro HCCIEAyeMOro Cirydasl BBISIBICHBI XapaKTEpPHbIE NPHU3HAKA
JETpafiallid aHTUKOPPO3MOHHOTO TOKPHITHA. IloKa3aHbI H3MEHEHHS MHUKPOCTPYKTYpBl TOKPBITHH, a Takxke
o0pa3oBaHNe NMPOAYKTOB KOPPO3UH B 3aBUCHMOCTH OT XapakTepa paspylieHus. Jlemaercst akIeHT Ha HCCIe0BaHUU
CTENCHN ITOJIMMEPU3AIMN TOKPBITHA Kak ¢ IOMOLIBIO TPaJUIMOHHOTO MeToja ompezaeneHus napamerpa ATg c
nomonipio JICK, Tak 1 Ha OCHOBE KOCBEHHBIX ITPU3HAKOB, OOHAPY>KEHHBIX B X016 MUKPOCTPYKTYPHBIX HCCIICTOBAHUM.

Obcyscoenue u 3axnoueHue. PacCMOTpeHHbIE B CTaThe IPAKTHYECKHE CIydad MOBPEXKACHUS BHYTPEHHETO
AQHTHKOPPO3MUIHOTO TOKPHITUS TPYO HE(TEra3oBOro KOMIUIEKCA IMO3BOJIMIM Pa3[eiuTh NMPUYMHBI Pa3pylIeHUs] Ha TpU
TPYIIIBI: OKCITyaTallMOHHBIC, TCXHOJIOTMYCCKUE U I[C(I)CKTLI B XOA€ TPaHCHOPTHUPOBKH, XPaHCHUA N CTPOUTCIIHLHO-
MOHTaXHBIX padoT. ChopMynupoBaHbl pPEKOMEHAAIMKM IIPOU3BOMUTENSAM, TO3BOJIIIONIME TIOJydYaTh TIOKPBITHI C
MaKCHUMaJIbHBIMH  XapaKTePUCTHUKAaMH, TPHUCYIMMH HCIOJIb3yEMOMY JIAKOKpacOYHOMY Matepuany. OTMEdYeHO, 4TO
COOJIOJICHHE TIPEACTABICHHBIX PEKOMEHIAIMA IIO3BOJIIET IMONMydYaTh B YCIOBHAX 3amanHoii CuOWpH BHYTpEHHHE
AHTUKOPPO3HMOHHBIE TIOJIMMEPHBIC TIOKPBITHS C TAPAaHTHPOBAHHBIM PECYPCOM HE MeHee 15 J1eT (4To NOATBEp)KAAETCs ONBITOM
YCIIEITHOI SKCITyaTalMH Takux Tpy6orpoBoaoB B [TAO «Cyprytaedrerasy 1 000 «JTYKOWMII — 3amamnas CuGups»).

KiroueBble cji0Ba: BHYTpEHHEE aHTHKOPPO3HMOHHOE MOIMMEPHOE MOKPBITHE, pa3pylIeHHE MOKPBITHSA, aIre3UOHHas
MIPOYHOCTD, SKCILTyaTallMOHHbIE AE()EKTHI, OTCIIOCHUE MOKPHITHS, IPOLYKTHI KOPPO3HH, PACTPECKUBAHUS, B3AYTHSA

BaaronapuocTu. ABTOpHI BEIpaXkaroT OsarogapHocTsb Beaymemy umkenepy OOO «HIILL «Camapa»» [I.M. JlaBbinoBy
3a MOMOILb B IPOBEJCHUU HCCIEI0BAHUN MMOKPBITHI Ha PACTPOBOM AIEKTPOHHOM MHUKPOCKOIIE.
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Introduction. Failures of oilfield pipelines due to internal corrosion cause significant losses [1]. The main damage
is caused by the destruction of essential components, leading to disruption of operational processes and high levels of
economic and environmental harm [2]. To address this issue, various methods for protecting the inner surfaces of pipes
have been developed. These include the use of corrosion inhibitors, corrosion-resistant steels, non-metallic materials,
and internal anticorrosive coatings [3]. All these methods aim to reduce the rate of corrosion under specific operating
conditions [4]. The most promising method to protect metal from corrosion is the use of anticorrosive polymer coatings,
which prevent the impact of aggressive components of the transported medium on the inner surface of the pipe [5]. As a
result, the destruction of metal caused by corrosion is significantly reduced, ensuring long-term, trouble-free operation
of equipment [6]. Liquid and powder-based polymer coatings are two of the most reliable and versatile methods of
protecting the inner surfaces of oilfield pipes [7]. Powder coatings based on epoxy resins are preferred due to their
excellent performance and durability [8].

One of the main advantages of using anticorrosive polymer coatings is the possibility to use materials that are
relatively inexpensive instead of more expensive options. For example, carbon steel pipes with a corrosion-resistant
coating can be used instead of high-alloy steel pipes. In addition, due to the low roughness of the polymer coating, the
flow rate of pipes increases[9], the formation of salt[10], asphalt-resinous and paraffin deposits decreases
significantly [11]. Compared to the chemical method of protecting pipes (through the use of corrosion inhibitors),
internal polymer-based coatings have several advantages. These include:

1. Internal anticorrosive polymer coatings are more effective, as they form a physical barrier between the aggressive
environment and the metal. Inhibitors affect the corrosion process only in direct contact with the metal surface.

2. Polymer coatings have a longer service life, while the action of the inhibitor may cease when its concentration in
solution is depleted.

3. In compliance with the technical regulations, anticorrosive coatings are easily applied to the inner surface of the
metal. When using corrosion inhibitors, it is necessary to carefully calculate the concentration and method of
introducing them into the working environment.

Given that corrosion inhibitors are acidic chemical solutions, their use can adversely affect the properties of
tubing materials. When an inhibitor comes in contact with a metal surface of a pipe, as well as when it penetrates
a threaded connection of a “tubing nipple — coupling”, metal destruction through the mechanism of hydrogen
cracking may occur [12].

Nevertheless, polymer anticorrosive coatings also have a number of disadvantages, which include: aging of the
polymer base, diffusion of the transported medium through the coating, and relatively low impact strength [5].

The effectiveness and durability of an anticorrosive coating depend on a variety of factors that influence its
protective ability. One of the most significant indicators of a coating's quality is the adhesion strength between the
polymer and the metal substrate, which depends on the application technology. The quality of the materials used,
compliance with correct preparation techniques for the metal surface, and the coloring process play a crucial role in
determining the adhesive strength. Additionally, temperature drying conditions are essential [13]. Along with the above
requirements, the stability of the protective properties of the polymer coating does not always depend on the coating
itself, but is also determined by the operating conditions and parameters [9]. The main technological factors
contributing to the IACPC degradation and premature destruction can include: disruption of well operation due to a
sharp drop in the temperature of the pumped product or pumping of the product at a temperature higher than the design
temperature; excess pressure; the presence of high corrosion activity of the extracted products; incorrectly selected type
of coating for specific operating conditions.

There are frequent cases of damage to the polymer coating during scraping (cleaning) of the borehole from the
formed asphalt-resin-paraffin deposits. The use of an improperly designed scraper contributes to the violation of the
integrity of the surface layer of the coating. Scratches and protruding burrs are formed, which reduce the barrier
properties of the polymer coating during further operation.

The existing literature [14] on the issues of internal protection of oilfield equipment using polymer coatings
only considers a small part of the problem and does not reflect the full picture of the IACPC destruction. It is
important to note that depending on changing factors such as operating conditions, the type of polymer material
used, technological operations of preparation and coating, the destruction of the anticorrosive coating may have a
different character. Thus, due to the complexity of the kinetics of the coating destruction process and the lack of a
practical basis, it is not always reliably possible to determine the true cause of coating damage. Numerous studies
conducted by the authors on oilfield pipes allowed us to consider some new specific examples of TACPC
destruction during operation and identify the main causes leading to degradation and failure of internal
anticorrosive coatings, taking into account new factors.
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Materials and Methods. The following samples with damage to the internal anticorrosive coating were selected as
samples for the study:

1. A fragment of tubing ¥73x5.5 mm with damage to the coating in the form of blisters along the entire length of
the sample. The tubing failed after 934 days of operation (Fig. 1 a, b).

2. A fragment of tubing @73%5.5 mm with the destruction of the coating in the form of extensive areas with
detachments and blisters localized mainly in the nipple part of the tubing. The time to failure was 146 days (Fig. 2 a, b).

3. A fragment of tubing J73x5.5 mm with a different color of the inner coating (Fig. 3 a, b).

4. A fragment of the pipeline @325%8 mm, with the coating destroyed, exposing the metal substrate, and a through
defect in the pipe (Fig. 4 a, D).

5. A fragment of the pipeline ¥159x8 mm with the formation of numerous blisters of the coating and its
destruction (Fig. 5).

Fig. 1. Damage to the internal anticorrosive coating:
a, b — coating blistering

a) b)

Fig. 2. Destruction of the internal anticorrosive polymer coating:
a — blistering of the coating; b — cracking of the coating

Fig. 3. Different shades of the internal anticorrosive coating of the tubing:
a — light brown shade of the coating; b — dark brown shade of the coating
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b)

Fig. 4. Damage to the internal anticorrosive coating of the pipeline @325%8 mm:
a — general view of the destruction of the coating; & — burns of the coating

Fig. 5. Destruction of the internal anticorrosive coating of the pipeline @159%8 mm

In order to identify the reasons for IACPC failure, a comprehensive analysis of the study was conducted in two
stages. The first stage was a detailed study of the operating conditions of the coated pipe (composition of the operated
medium, temperature, pressure, presence of mechanical impurities), operating time and type of polymer material used.
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The second stage included laboratory studies of the coating: visual inspection, determination of the thickness of the
inner coating according to GOST 31 993-2013, control of dielectric continuity according to ASTM G62, determination
of adhesive strength by the pull-off adhesion strength method according to GOST 32 299-2013, investigation of
thermokinetic properties by means of differential scanning callometry (DSC). Microstructural studies were carried out
using a scanning electron microscope “TESCAN VEGA3 SBH” equipped with a detachable device for energy
dispersion analysis.

Results. Microstructural studies of the anticorrosive coating of the tubing (sample No. 1) revealed complete
detachment of the coating from the metal with the development of corrosion processes. This indicated that the
formation of a corrosion layer with a thickness of approximately 122 microns was due to the prolonged penetration of
aggressive components of the transported medium into the metal substrate (Fig. 6). Studies have not revealed any
significant deviations or imperfections in the coating, such as local areas with reduced thickness or the presence of shot
particles underneath the coating layer. These findings were consistent with the common occurrence of such phenomena
during the shot blasting process of the metal surface prior to applying an anti-corrosion system. Based on these results,
it could be concluded that the destruction of the coating through this mechanism was not the cause of the observed
corrosion processes in this particular case [16]. These signs indicate damage to the anticorrosive coating caused by the
operational impact due to the downhole work carried out to remove impurities and plugs in the tubing trunk using
chemical reagents — hydrochloric acid treatments. It was also impossible to exclude an overpressure in the system, as a
result of which gas penetrated into the coating volume as a result of diffusion permeability and its sharp expansion,
which contributed to the destruction of the coating by decompression mechanism with the formation of blisters [1].

Coating

Corrosion
products

SEM HV: 20.0 kV WD: 16.62 mm VEGA3 TESCAN

SEM MAG: 100 x Det: BSE 500 pm
Bl: 16.00 Date(midiy): 04/24/23 Performance in nanospace

Fig. 6. Microstructural studies of the anticorrosive coating in the area of its damage

According to the results of the study of the tubing fragment (sample No. 2), no deviations were found in areas where
the coating remained intact. However, there was a two-fold decrease in the adhesive strength of the coating in the nipple
area compared to the central part of the tube. The thermokinetic characteristics were determined by differential scanning
spectroscopy (DSC) with determination of the glass transition temperature (Tg) of the coating along the entire length of
the tubing. The results of the analysis did not reveal a significant variation in Tg values of the studied areas, which may
indicate uniform heating during the polymerization of the coating.

Microstructural analysis of the anticorrosive system has established that the peeling of the coating occurred along the
primer layer and was characterized by a cohesive nature of destruction. In addition, oxide particles were present on the surface
of the metal of the pipe and the detached part of the coating (Fig. 7, Table 1). In this case, inclusions of iron oxides on the
inner surface of the pipe may have formed due to inadequate cleaning and surface preparation prior to coating.

The considered example was a frequent case of destruction of the polymer coating associated with a violation of the
technological processes of preparing the inner surface of the pipe before painting.
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SEM HV: 20.0 kV WD: 14.30 mm
SEM MAG: 500 x Det: BSE
BI: 13.00 Date(m/dly): 11/02/22 Performance in nanospace

Oxides

SEM HV: 20.0 kV WD: 14.31 mm
SEM MAG: 100 x Det: BSE 500 um
BI: 15.00 Date(m/dly): 11/02/22 Performance in nanospace

SEM HV: 20.0 kV WD: 14.29 mm VEGA3 TESCAN|

SEM MAG: 500 x Det: BSE 100 ym
BI: 14.00 Date(m/dly): 11/02/22 Performance in nanospace

Fig. 7. Microstructural studies of the coating in the area of its destruction:
a — peeling of the coating from the metal;
b — presence of a layer of oxides; ¢ — chemical composition of oxides

Table 1
Chemical composition of the oxide layer, weight %
Element/Area C (0] Si Mn Fe
1 19.10 27.31 0.83 0.24 50.78
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Upon visual inspection of the inner surface of the tubing (sample No. 3), it was found that the anticorrosive coating
had a different shade. No visible coating defects, such as blisters, separations, or cracks, were found. However, when
determining the dielectric continuity in the area with the dark brown coating (Fig. 3b), numerous breakdowns were
detected, indicating a possible violation of the polymer's integrity due to the presence of microcracks. Taking into
account the results of the conducted research, it could be concluded that the heterogeneity in the shade of the
anticorrosive coating was likely due to under-polymerization during the drying process. Polymerization is achieved
through exposure to high temperatures in specialized ovens, where chemical reactions between polymer chains take
place. To ensure uniform heating of the coating during the curing process, it is essential to maintain a constant
temperature. Any violation of the temperature-time polymerization regime directly affects the rate of chemical
reactions, and as a result, can lead to the destruction of the polymer.

Quite often, there are cases of damage to the anticorrosive coating caused by human error. The formation of coating
damage occurs accidentally and it is impossible to predict their occurrence in advance. These defects can occur at
different stages, from the production of pipes to their transportation to the consumer. Specifically, the following factors
can contribute to the occurrence of these defects: improper selection of coating material for operating conditions,
mechanical damage due to lifting and lowering operations or scraping, violations of regulations during transportation
and storage of coated pipe products, and the influence of human error.

As an example, we can consider damage to the powder-based inner coating caused by repair work on ¥J325x8 mm
pipeline (sample No. 4). The damage to the coating was severe, leading to the exposure of the metal substrate and the
formation of a through defect in the pipe. External signs, such as the presence of blisters and a change in the color of the
coating to black, indicated an additional temperature effect on the pipe at temperatures above 250°C (Fig. 4 a). In this
case, welding work carried out during repair of the pipeline resulted in the formation of burns and burnouts in the
coating (Fig. 4 b), due to violation of integrity and continuity of the coating. As a result, the transported medium could
easily penetrate through the polymer layer to the metal of the pipe, activating corrosion processes. The intensity of
corrosion in a pipeline could be increased by the presence of corrosive substances in the transported fluid, such as
dissolved gases like CO, and H,S. It could also be influenced by factors such as the velocity of the fluid flow,
temperature, and pressure within the pipeline.

There are often cases where the destruction of an anticorrosive coating can have a complex mechanism and be
accompanied by a combination of several factors. Microstructural studies of the @325%8 pipeline showed that the
destruction of the coating occurred through the mechanism of decompressive peeling, which happened under the
influence of a sudden pressure drop [1]. The penetration of gases through the coating reduced the barrier properties of
the anticorrosive coating, leading to the development of corrosion on the pipe metal and the formation of corrosion
products (Fig. 8). In addition, given the scale and nature of the destruction of the anticorrosive coating layer, it could be
established that the main cause of damage to the pipeline was a local thermal effect applied from the inner surface of the
pipe. In this case, high-temperature heating led to overheating of the internal anticorrosive coating and its destruction.

SEM HV: 20.0 kV WD: 15.00 mm SEM HV: 20.0 kV WD: 15.35 mm VEGA3 TESCAN
SEM MAG: 70 x Det: BSE 1 mm SEM MAG: 200 x Det: BSE 200 pm
Bl: 14.00 Date{m/d/y): 05/19/21 Performance in nanospace Bl: 14.00 Date(m/d/y): 06/16/21 Performance in nanospace

a) b)

Fig. 8 Microstructural studies of anticorrosive coating in the field of destruction: a — peeling of the coating;
b — destruction of the polymer coating
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Discussion and Conclusion. Having studied practical examples of damage to internal anticorrosive coatings, it is
possible to divide the causes of their destruction into three groups: operational, technological and defects formed during
transportation, storage and construction and installation works.

Operational defects can be associated with various external influences, such as the use of hydrochloric acid
treatments and the presence of mechanical impurities. The most common is exceeding the maximum permissible
temperature for this type of coating (usually 20-30°C below the glass transition temperature) or high partial pressures
of hydrogen sulfide (H»S) and carbon dioxide (CO).

A comprehensive assessment of the coating's ability to withstand operational impacts in the conditions of oil
production and transportation can be conducted in accordance with GOST 58 346-2019' and regulatory documents
developed on its basis> > *. Despite discrepancies in the methods of autoclave testing, all the presented documents can
adequately assess the IACPC quality. However, predicting the resource of trouble-free operation based on them is
impossible. The development of a model for accident-free resource forecasting is the most urgent task. It, in turn, is
based on the accumulation, description and systematization of the causes of the IACPC destruction.

Technological defects include all defects and imperfections formed during the preparation of the pipe surface before
painting and applying (polymerization) of internal coatings. Obtaining the necessary properties for a specific coating
system is possible if the preparation requirements specified in Table 2 are met. For powder thermohardening coatings,
criterion ATg<3°C must be met. It is possible to control the degree of hardening of liquid coatings only by indirect
methods, for example, by comparing the Buchholz hardness of the controlled coating with the reference one.

Table 2
Requirements for the inner surface
Parameter Indicator Standard Test method
Degree of degreasing No more than 1 GOST 9.402
Presence of oxides Degree of purification, Sa2.5 GOST RISO 8 501-1

not less than

Amount of dust,

2 points
no more than
Dustiness ISO 8 502-3

Size of the dust particles,

2 class
no more than
Average height
Roughness of microroughness Rz, 40-100 ISO 8 5032
microns, within
Salt content mg/m?, ISO 8 502-6
Presence of water-soluble salts 10 more than 20 ISO 8 5029

Defects that may occur during transportation, storage, construction, and installation can be minimized only with an
increased focus on production quality and/or the implementation of inspection and construction control.

The compliance with the presented recommendations makes it possible to obtain IACPC with a guaranteed lifespan
of at least 15 years under the conditions of Western Siberia, as confirmed by the successful operation of similar
pipelines at Surgutneftegaz PJSC and LUKOIL — Western Siberia LLC.
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