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ABSTRACT

Background: In the global transition to low-carbon energy, hydrogen is becoming an important energy
carrier. Adapting existing pipelines for hydrogen transportation can reduce costs and accelerate
the development of hydrogen infrastructure. However, the use of pipelines in a hydrogen environment
is associated with risks such as hydrogen embrittlement and metal cracking. Kazakhstan still lacks
practical experience in the operation of hydrogen pipelines, which makes the task of assessing
the technical condition of existing pipelines and their adaptation for operation with hydrogen urgen.
Aim: To conduct a comprehensive analysis of the integrity of the pipeline operated in an aggressive
hydrogen sulfide environment and to assess the possibility of its repurposing for hydrogen transportation
taking into account international standards and methods of strength calculation.

Materials and methods: The data of in-line inspection (ILI) including ultrasonic testing of wall thickness
were used in the work. APl 579 standards were used for defects assessment. Calculations were
performed using NIMA software, which allows analyzing data on laminations and cracks in metal.
Results: The analysis identified six sections with laminations, of which five were found to be acceptable
for service at the current operating pressure of 75 bar. One defect (#6) was classified as unacceptable,
requiring either immediate repair or a reduction in operating pressure to 52 bar.

Conclusion: The study confirmed that conversion of existing gas pipelines for hydrogen transportation
is feasible provided thorough diagnostics and compliance with international standards for strength
assessment. Implementation of regular pipeline condition monitoring and development of a phased
repair strategy to improve infrastructure reliability in hydrogen environment is recommended.
Keywords: hydrogen transportation; pipeline conversion; hydrogen embrittlement; strength assessment;
pipeline defects; laminations; cracks; integrity.
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Opu rmHanbHoe uccriegoBaHue

KoHBepcus cywecTByOLWMUX TpyOOonpoBoaAoB Ans Bogopoaa:
pewweHnsa No o6ecnevyeHuo LermioCTHOCTH
N. AxmeTtoB', A. Munp3oes?

'KasaxcmaHcko-bpumaHckuli mexHu4eckul yHusepcumem, 2. Anmamai, KasaxcmaH
2ROSEN Europe B.V., 2. Anmamei, KasaxcmaH

AHHOTALUMUA
O6ocHoBaHue. B ycnoeusix rnobanbHOro nepexoga K HWU3KOYINEepOOHOW 3JHepreTMke BOAOPOA
CTaHOBUTCS BaXXHbIM 3HEeproHocuTenem. ApanTtauus cywiecTByowmMx  TpyGonposonos

Ons  TPaHCNOPTUPOBKM BOAOPOAA MOXET CHWM3UTb 3aTpaTtbl W YCKOPWUTb pa3BUTME BOLOPOAHON
nHdpacTpykTypbl. OgHaKko ncnonb3oBaHe TPyOoONpOBOAOB B BOAOPOAHON Cpeae CBA3aHO C puckamu,
TakMMK KaK BOOOPOAHOE OXpynyMBaHME U pacTpeckuBaHue meTanna. B KasaxctaHe noka otcytcTByeT
NpakTUYeCKMn OMbIT 3JKChnyaTauuv BOAOPOLONPOBOAOB, YTO Aenaer akTyanbHOW 3agady OLEHKM
TEXHNYECKOro COCTOSHMSA CyLLeCTBYOLMX TPyOONpoBOAOB 1 MX aganTtauum ans pabotbl ¢ BOAOPOAOM.
Llenb. MNpoBecTn KOMMMEKCHbIM aHanu3 LenocTHoCT Tpybonposoaa, 3KCMyaTMpyemMoro B arpeccuBHOM
CepoBOAOPOAHOW cpefe, U OLEeHWUTb BO3MOXHOCTb ero nepenpodunupoBaHus Ans TPaHCMNOPTUPOBKU
BOAOPOAA C y4ETOM MeXAyHapoAHbIX CTaHAapTOB M METOAOB pacyeTa NPOYHOCTY.

Matepmanbl u metoabl. B paboTe mcnonb3oBaHbl AaHHble BHYTPUTPYOHON AMarHOCTMKKM, BKIoYas
YNbETPa3BYKOBOW KOHTPOSb TOMLWMHbI CTEHOK. [INs OLueHKM AedeKkToB NpuMeHsanuch ctangaptsl APl 579.
Pac4yeTbl npoBogunuce ¢ Mcnonb3oBaHueM nporpammHoro obecneveHnss NIMA, koTopoe nossonsiet
aHanu3npoBaTb AaHHbIe O PACCNOEHUSAX U TPeLUMHAxX B MeTansne.

Pe3synbraTbl. B xoge aHanu3a BbISIBNEHO LWECTb Y4acTKOB C PacCMOEHUsIMW, U3 KOTOPbIX NSATb
Npu3HaHbl AOMYCTUMBIMU AN 3KCNyataumMu npu Tekywem pabovem paenedumn 75 6Gap. OgwH
nedekt (Ne6) knaccudpuumpoBaH Kak HegonyCTUMbINA, 4TO TpebyeT nNMbo HemMeaneHHOro PeMOHTa,
nmbo cHmkeHnsa paboyero gaenenusa o 52 6ap.

3akntoyeHue. ViccnegosaHve NogTBEPAMIIO, YTO NepenpodmnnpoBaHne CyLLECTBYIOLLMX ra30npoOBOAOB
ONns TpaHCMOPTUPOBKM BOAOPOAa BO3MOXHO MPWU YCMOBUW TLLATENbHON AMArHOCTUKM M cobnogeHns
MeXOyHapoAHbIX CTaHOapTOB  OLEHKA MPOYHOCTU. PekomeHOoBaHO BHeApeHWe  perynsipHoro
MOHWUTOPUHIa COCTOSAHMA Tpybonposoaa 1 paspaboTka cTpaTerym NosTanHoro PeMoHTa Ans NoBbILEeHNs
HaaeXHOCTVN UHAPACTPYKTYPbl B YCIOBUSIX BOAOPOAHOM cpeabl.

Krnroyeewle crnoea: 8000pO0OHbIU mpaHcriopm, nepeobopydosaHue mpybornposodos, 8000podHoe
oxpyrnqueaHue, OueHKa rnpo4YHocmu, Oeghekmbl  mpyborposoda, pPaccroeHusi,  MpewuHsbl,
UenocmHocmeo.

Kak umtupoBarth:
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no obecnevyeHuto uUenocTHocTn // BecTHuk HedpTerasoBon otpacnu KasaxctaHa. 2025. Tom 7, Ne3.
C. 93-104. DOI: 10.54859/kjogi108838.
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TynHycka 3epTTey

CyrTeri yWiH KonaaHbIcTarbl KyOblpnapabl KOHBepcUusnay:
TYTacTbIKTbl KAMTaMachbI3 eTy weLimaepi

U. AxmeToB’, A. Mup3oeB?
'KasakcmaH-bpumaH mexHukarbiK yHueepcumemi, Anvamel Kanacel, KazakcmaH
2ROSEN Europe B.V., Anmambi Kanacbl, KazakcmaH

AHHOTALMUA

Herizpgey. TemeH kemipTekTi aHepruaFa ahaHablk Kelly >XaffawblHAa@ CyTeri MaHbl3fbl JHeprusi
TacbiMangaylwbicbiHa avHanagbl. KonpaHbicTafbl KyOblpnapabl CyTekTi Tacbimangayra Oewnimgey
WhIFbIHAAPAL!I  @3alTbin, CyTeri MHPaKypbinbIMbIHBIH, AaMyblH Te3geTyi MyMKiH. Ananga cyTeri
opTacbiHAa KyOblpnapabl navpanaHy OapbiCblHOA@ CYTEKTIH CblHYbl X8He MeTangblH, Kapbinybl
CcuaKTbl Toyekengepi Ae 6ap. KasakctanHga cytek kyObipnapblH naviganaHyra Toxipube asiplue ok,
Oyn KonaaHbICTafbl KyOblprapablH TexHuKanblK Xan-kyniH Gafanay >XeHe onapfbl CyTeriMeH >XYMbIC
icTeyre Gerimaey MiHOETIH ©3€KTi eTe Tyceni.

MakcaTtbl. ArpeccuBTi KYKIpTCYTEKTi opTaga nanganaHbinatbiH KyOblpAblH TyTacTbifblHA KelleHai
Tangay Xypridy xeHe xanblkapanblk cTaHOapTTap MeH OepiKTikTi ecenTey aaicTepiH eckepe OTbIpbIn,
OHbl CYTEKTi TacbiMangay YLiH kanTa 6eviHgey mymkiHairiH 6aranay.

Martepuanpap MeH agictep. XXymbicTa KabbipFa KamnblHAbIFbIH YNbTPaablObICTbIK Gakbinayapl koca
anfaHga, KyObIpiwinik guarHocTMka pfepektepi navWpanadbingbl. Akaynapabl Oaranay ywiH API
579 craHpgaptTapsl kongaHbingel. Ecenteyne NIMA 6argapnamanslk XacaktamachliH KongaHa oTbIpbin
Xyprisingi, 6yn metangarbl kabatTap MeH XapblKTap Typanbl AepekTepai Tangayra MyMKiHAik 6epegi.
HaTtuxenepi. Tangay 6apeicbiHAa kaTnapnaHybl 6ap anTbl y4acke aHblKTanabl, onapablH 6eceyi kasipri
XYMbIC KbICbIMbl 75 Bap kesiHae navpganaHyfFa pykcat eTinreH gen TaHbingbl. bip akay (Ne6) konavcbi3
Oen xikteneni, on xxegen xeHaeyai HemMece XXyMbIC KbICbIMbIH 52 GapFa AeniH ToMeHAETYAi kaxeT eTeqi.
KopbITbiHAbI. 3epTTey CcyTekTi TacbiMangay YWiH KonmAaHblCTafbl ra3 KyOblpnapblHblH MakcaTbiH
e3repTy MYKUAT AMarHocTukanay >oHe Xanblkapanblk OepikTikTi GaFanay cTaHgapTTapbiH cakray
apKbinbl MYMKIH eKkeHiH pacTagbl. CyTeri oprtacbl >xardambiH4a WHEPaAKypbINbIMHBIH CEHIMAINIriH
apTTbipy YLWiH KyObIpAbIH Xan-KyniHe TypakTbl MOHUTOPWHITI XXYPri3aipy, eHridy XoHe Ke3eH-ke3eHMeH
XeHJey cTpaTermsicblH a3iprey yCbiHbiNnaabl.

Hezizzi cesdep: cymekmi macbimanday, KybbipnapObl kalima xab0biKmay, cymeKmiH CbIHFbILUMbIFbI,
bepikmieiH baranay, Kybbip akaynapbl, KamnapnaHy, XapbiKmap, mymacmaik.

Moawekces KenTipy YLWiH:
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Introduction

In the context of the global transition toward low-
carbon energy systems, hydrogen has emerged
as a key energy carrier with the potential
to significantly reduce greenhouse gas emissions.
Its application spans across various sectors, including
transportation, industry, and power generation,
offering a sustainable alternative to fossil fuels. One
of the critical challenges in scaling up hydrogen
infrastructure lies in the development of efficient
and safe transportation methods. Among these,
the repurposing of existing natural gas pipelines
for hydrogen transport presents a cost-effective
and timely solution.

However, the adaptation of pipelines for hydrogen
service introduces complex technical challenges,
particularly related to material degradation phenomena
such as hydrogen embrittlement and cracking.
These issues are exacerbated in environments
containing aggressive agents like hydrogen sulfide
(H,S), which can further compromise pipeline
integrity. In Kazakhstan, where practical experience
with hydrogen pipelines is still limited, the need
for rigorous assessment methodologies
and international standard compliance becomes
especially urgent.

This diploma project aims to evaluate the feasibility
of repurposing an existing gas pipeline in Kazakhstan
for hydrogen transportation. The study focuses
on assessing the structural integrity of the pipeline
under hydrogen service conditions, using data
from in-line inspections and applying recognized
standards such as APl 579 and ASME FFS-1.
By leveraging advanced diagnostic tools
and simulation software, the project provides

a comprehensive analysis of lamination defects
and their impact on pipeline safety and performance.

Materials and methods

This study was based on data obtained
from the in-line inspection (ILI) of a 20-inch, 12 km
long seamless X60 steel gas pipeline in Kazakhstan,
originally constructed in 2003 and currently operated
at 75 bar in sour gas service. The inspection was
carried out using a magnetic flux leakage (MFL) tool,
which identified multiple lamination-type anomalies.
To verify the findings, excavation of selected sites
was performed, and conventional ultrasonic testing
(UT) was conducted in-field to accurately measure
defect dimensions, wall thickness, and depth
characteristics.

Six lamination anomalies were confirmed through
UT, classified by location (internal or external
surface breaking) and geometric properties such
as length, width, and remaining wall thickness
(T1 and T2). The anomalies were further analyzed
using NIMA - integrity management software
developed by ROSEN, which supports evaluation
of in-line inspection data and assessment
of remaining strength and serviceability.

The structural integrity of each anomaly
was assessed using the APl 579 Level 2
methodology, modeling laminations conservatively
as planar defects (crack-like). The assessment
accounted for parameters including original
wall thickness (11.1 mm), material properties
(Charpy impact toughness of 38 J), and local defect
geometry. As hydrogen pipeline operation could
not be tested directly, a sour service environment
(with high H,S content) was used as a proxy
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Figure 1. Expected consumption of various energy types based on company

statements from industrial sectors [1]
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to simulate degradation mechanisms similar

to hydrogen embrittlement.

Relevance of hydrogen as an energy carriery

Hydrogen energy is increasingly recognized
as a vital component in achieving global
decarbonization and net-zero emissions

by 2050. Its versatility allows for applications across
various sectors, including transportation, industry,
and power generation, offering a clean alternative
to traditional fossil fuels. Moreover, hydrogen serves
as an energy carrier and storage medium, facilitating
the integration of renewable energy sources
int the grid [2, 3].

The use of hydrogen H, is considered harmless
and green for the earth’s atmosphereand essential
under the Paris Agreement, which define the path
to reduce greenhouse gas emissions. This is suppor-
ted by Fig. 3, which shows the expected future share
of energy sources based on industrial company
statements (TWh On Y-Axes, Years on X-Axes).
To remind, the use of hydrogen as an energy carrier
has many drivers, including zero emissions from
the combustion process (1):

Transporting energy
can be...

using new or repurposed
hydrogen pipelines instead of
overhead power connections

Alternatively, burning the same methane produces
CO, (2):

In addition to above, China Hydrogen Alliance
suggested that by 2030, hydrogen energy will reach
production of 35 million tons, which is 5% of China’s
energy supply, and by 2050, it will reach production
of 60 million tons, which will be equal to 10%
of China’s energy supply. At present, China is one
of the leaders in the production of Fuel cell electric
vehicles (FCEV), vehicles powered by hydrogen,
which is one of the facts that this type of energy
storage & usage has a future [4].

Overview of regional H, projects and focus

on pipeline repurposing

In Central Asia, the development of the hydrogen
energy sector is growing. In Mangistau Oblast
of Kazakhstan it is planned to create a project
on green hydrogen production with capacity
of 2 milion m, by 2032 [5]. In the Republic
of Uzbekistan based on the existing ammonia
production plant, the company ACWA Power,

An underground hydrogen
pipeline can transport...

e

of a large overhead
power connection

Figure 2. European Backbone efficiency estimate [7]

Table 1. Comparison of Hydrogen Transportation

Methods
Trar::z::‘r;ztlon Advantages Disadvantages
Cost-effective for large- High initial capital
Gaseous scale, continuous supply expenditure
hydrogen Compatible with g qires advanced R&D
(pipeline)  |—underaround storage | o hineline materials
Environmentally safe and system design
Zero hydrogen losses |Economically viable only
Containers during transport for small-scale supply
(trucking) No need for on-site High per-unit

storage infrastructure transportation costs
High energy and storage| Liquefaction is energy-

density intensive and expensive
Requires complex
cryogenic infrastructure

Liquid hydrogen

(cryo-tanks) |Economical for medium-

range distribution Complex technique

Potentially low-cost over
long distances

Complex hydrogen
release process

Bonded Utilizes existing Risk of contamination
hydrogen infrastructure from impurities
(carriers) Operates under

Often requires return of
moderate temperature

spent carrier material
and pressure

to build a facility for the production of green ammonia,
it is planned in the first phase of work to produce
3000 tons of green ammonia, and in the second
phase of already produce 500,000 tons per year [6].
Given the expected amount of hydrogen production
it is important to define the most effective means
of transportation. Pipelines as one of the most
efficient and safe option will play an important role
in delivering hydrogen to consumers. As shown
on Fig. 2 transportation of energy by pipelines
according to [7] will be 2-4 times cheaper
than by overhead power connections.

Hydrogen can be transported in different ways
and in different aggregate states. The paper [8]
provides a comparison of these methods.

Gaseous hydrogen: is transported through pipelines,
both special and existing pipelines for natural gas.
The method is efficient for large volumes
and continuous deliveries but requires significant
capital investment and complex R&D on pipe
materials.
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Liquefied hydrogen: is transported in cryogenic
tanks. This is convenient for medium distances
and volumes, provides high storage density,
but requires energy-intensive liquefaction
and is accompanied by evaporation losses.
Containerized transportation of gaseous hydrogen
is convenient for small volumes and lack
of infrastructure but has high cost and limited
capacity.

Transportation in bound form: such as ammonia
or metal hydrides, is promising due to the use
of existing infrastructure and high storage
density but requires additional transformation

and development of safe

A comparison is presented in Tab.1.
However, as shown on Fig. 3, in accordance
with [7], the construction of new pipelines will take
about 7 years based on the following industry
standards:

— ASME B31.12 — Hydrogen Piping and Pipelines;
— ASME Boiler and Pressure Vessel Code — Section
VIII Division 3;

— API 579/ASME FFS-1;

— ANSI/CSA CHMC 1 — Test Methods for Evaluating
Material Compatibility in Compressed Hydrogen
Applications — Metals.

technologies.

Implementing a hydrogen transmission project takes 7 years

So urgent
action is
needed

FID

Commissioning

Yo

Pre-
feasibility

Y1 y2 Y3
Feasibility

Y4 Y5 —— Y6 —» 7

Contracting
workforce
Contracting of
long lead items

Time reguired for internal validotion of
results, defining scope of the next phase
and contracting takes 36 months

Figure 3. European Backbone Implementing a hydrogen transmission project [7]

Therefore, to achieve climate goals, the industry
requires immediate solutions like existing pipeline
repurposing. In  accordance with European
Backbone [9] by 2040 more than 60% of the future
H, pipeline network will be repurposed from
existing natural gas pipelines. The Fig. 4 below
shows the vision of the European Backbone taking
intoaccounthydrogen pipelinesmapof2040.Although
pipeline repurposing is not yet being considered
in Kazakhstan, this study will focus on the integrity
assessment of the pipeline in an H, environment
to demonstrate the proposed approach.

Pipeline operation in a hydrogen environment
The pipeline fitness-for-service assessments
are based on degradation mechanisms, steel grade
of the pipe, pipe wall thickness, and the condition
of the pipe material. Hydrogen environment
creates a specific mechanism of degradation due
to the absorption and diffusion of atomic hydrogen
(H,) within the microstructure of pipeline steel, which
canlead to hydrogen embrittiement (HE) and potential
cracking [10]. Hydrogen embrittlement occurs due
to the penetration and diffusion of atomic hydrogen
into the metal, reducing the strength and ductility
of the metal, thereby exposing the metal to the risk
of cracking. This phenomenon has been described

in [9] and illustrated on Fig. 5. The mechanisms
of HE in repurposed natural gas (NG) pipelines
remain a topic of debate, with two prevailing theories:
hydrogen-enhanced localized plasticity (HELP)
and hydrogen-enhanced decohesion (HEDE).
However, there is growing consensus that hydrogen-
induced cracking typically occurs only in the presence
of pre-existing flaws or cracks. This phenomenon
is often explained by Hydrogen-Environment
Assisted Cracking (HEAC), where hydrogen
dissociates and absorbs at crack tips, embrittling
the crack front and facilitating its propagation under
stress.

While some studies suggest that gaseous hydrogen
could also induce cracking away from the bulk
material, this is generally considered possible only
under exceptional conditions over time, particularly
in susceptible microstructures such as hard spots
or at stress risers like deformations. A common
problem will be hydrogen cracking and embrittlement
of the metal.

The presence of hydrogen in the mixture of the trans-
ported product resulted in a 20-80% reduction
in the ductility of the metal, in some studies areduction
of 85% was observed at a hydrogen concentration
of 1%. Consequently, even insignificant hydrogen
content contributes to the acceleration of fatigue
crack growth [10].
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Figure 6. Pipeline H, Repurposing Framework [10]

Pipeline H2 Repurposing — Case study
in Kazakhstan

General Approach and Assumptions

In [10] a phased approach to H, repurposing
was proposed. It is summarized in the figure below.
Within the scope of this study, the authors will focus
on Phase 2 of the framework related to calculation
of laminations under H, conditions using API
and ASME standards.

Lamination is the separation of metal into layers
characterized by a concentration of non-metallic
elements such as oxides and other impurities.
The sources of these defects are usually inclusions
and porosity. Laminations can be classified
as follows:

— Internal;

— Surface breaking (external or internal).

Following assumptions are applied for the API
579 (Level 2) assessment:

1.Lamination will be modeled as a crack in the pipe.
2.Calculations will consider a gas medium with high
H,S content, as hydrogen modeling is technically
unfeasible within this project because have some
software restrictions but as mentioned in the works
[10, 11] we can apply this assumption and this
assumption is justified.

3.Blistering does not affect the load bearing capacity
of the pipe wall.

4.Geometric irregularities and additional bending
stress were not considered.

As part of this study, the NIMA software, developed
by ROSEN, was utilized. NIMA is a cloud-based
Software-as-a-Service (SaaS) solution designed
for the comprehensive analysis of inspection
data, including in-line inspection (ILI) and non-
destructive testing (NDT) results. This platform
enables a detailed defect assessment, remaining
life evaluation, and the development of data-driven
maintenance strategies.

By leveraging NIMA SaaS, operators can enhance
pipeline integrity management, streamline decision-
making processes, and reduce the risk of failures and
unplanned downtime. Its cloud-based architecture
ensures scalability, real-time data accessibility, and
seamless integration with existing pipeline integrity
workflows, ultimately improving the efficiency and
reliability of pipeline operations [12].

Input Data Review

As demonstrated earlier, there is currently
no operational experience with pipelines trans-
porting pure hydrogen in Kazakhstan. Therefore,
the authors suggest considering a pipeline operating
in a sour environment (containing hydrogen
sulfide, ~5% wt.) as the most comparable in terms
of degradation mechanisms. Tab. 1 presents
the technical characteristics of Pipeline X.

For an accurate strength calculation in NIMA,
it is essential to define the parameters utilized
provide a detailed explanation of the key lamination
parameters considered in the assessment.
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Pipeline was inspected with UT-WM ILI technology.
The anomalies have been verified further by
conventional UT. The findings of the inspections are
summarized in Tab. 4.

Results of Lamination Assessment

The above data sets have been integrated and
assessed against industry standards in the NIMA
Integrity Management platform.

As shown in Fig. 8 and 10, the acceptability
of an anomaly depends on its position relative
to the criticality curves, which determine its severity
and required action.

In Fig. 9, four # (1, 2, 3, and 4) are identified
with values below the permissible limits, confirming
their suitability for continued operation. #5 remains
operational at pressures up to 75 bar but is unsuitable
at 97 bar, while #6 is classified as unacceptable.
The results of the API 579 (Level 2) [13] assessment
summarized in the Tab. 5. The analysis of lamination
calculations in axial cracks revealed that #6 does
not meet permissible standards. Based on the two
evaluation charts, either immediate reconstruction
or a reduction of operating pressure to 52 bar
is required. #5, classified as unacceptable based
on axial dimensions, is deemed acceptable
according to circumferential dimensions. However,
the assessment at 65 bar confirms that #6 remains
unacceptable for further operation for both options.
As a result, two possible approaches for maintaining
pipeline integrity to be considered:

— Immediate repair without waiting for the scheduled
shutdown;

Figure 7. Layout of para

Minimum thickness

— Reduce operating pressure to an acceptable level
and defer repairs until the scheduled shutdown.

Table 2. Pipeline characteristics

Parameter Value
Pipe diameter 20 inches
Length 12 km
Product Sour Gas
Steel Grade X60 (SMYS 420 MPa, SUTS 520 MPa)
Pipe Type Seamless
Construction Date 2003
'Wall Thickness 11,1 mm
Original MAOP 97 bar
Current MOP 75 bar

Charpy Toughness 38 Joules full size (minimum specified)

Table 3. Anomaly parameters

Anomaly Parameter Definition

Classification of lamination (e.g.,

Lamination class parallel, inclined — with exit to inner

surface)
Length Length of delamination in longitudinal

9 direction

T Minimum thickness between lamination
1 and the inner pipe wall surface

T Maximum thickness between lamination
2 and inner pipe wall surface

TC Pipe wall thickness in the delamination

area (unbroken section)

Depth used for
the assessment lamination

Depth used for the assessment
evaluation

External Surface

Maximum thickness

Wall Thickness
[Te]

1
1
1
]
]
]
2|
¥

Length Internal Surface

meters on the pipe wall

Table 4. The findings of the ILI and in-field verification

Infield UT Reported Dimensions,
mm
Wall . Lamination Assessment Assessment
Ne Thickness n T2 Length Ll Classification Depth, mm Length, mm
1 11.1 6.72 | 2.30 310 50 | External Surface 6.52 325
Breaking
2 1.1 6.25 | 1.50 365 100 | External Surface 6.05 365
Breaking
3 1.1 655 | 167 400 105 | Bxternal Surface 6.35 400
Breaking
4 1.1 6.10 | 2.50 575 g5 | EXternal Surface 5.9 575
Breaking
5 1.1 7.05 | 2.00 670 gs | External Surface 6.85 670
Breaking
6 1.1 9.70 | 255 850 240 | Imtemal Surface 95 850
Breaking

Assessment Depth is calculated according to below formula: Assessment Depth = Wall Thickness — (Wall Thickness — T1)
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Figure 8. Acceptable axial crack zones
on the pipe body
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Figure 10. Acceptable circumferential
crack zones on the pipe body

11

6
9 A
8
- A 5
£ 3
£6 2287 Ay
=
25
a
4
3
2
1
0
0 200 400 600 800 1000 1200 1400
Seamless Pipe Bcdy_ﬂTlﬁngm (mm) Seamless Pipe Body. 75 bar

Figure 9. Axial cracks on the pipe body
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Figure 11. Circumferential cracks on the pipe body

Table 5. Final results of lamination assessment (assessment pressure 65 Bar) in sour service against
API 579 (Level 2)

A A

Wall

t ent

API 579 (Level 2)

[ Thickness, ﬁ Depth, mmI Length, mm CEEE LeraiEiEn CEesieaien Assessment Result

1 1.1 6.52 325 50 External Surface Breaking Acceptable

2 11.1 6.05 365 100 External Surface Breaking Acceptable

3 111 6.35 400 105 External Surface Breaking Acceptable

4 1.1 5.9 575 65 External Surface Breaking Acceptable

5 11.1 6.85 670 85 External Surface Breaking Acceptable

6 11.1 9.5 850 240 Internal Surface Breaking Unacceptable

Conclusion or operational pressure reduction. Furthermore,

This study provides a comprehensive evaluation
of the feasibility of repurposing an existing natural
gas pipeline in Kazakhstan for hydrogen
transportation, addressing critical challenges such
as hydrogen embrittlement and material degradation.
Given the nascent state of hydrogen infrastructure
in Kazakhstan, this research represents a pivotal
step in understanding the structural implications
of pipeline conversion for hydrogen service.

The integrity of the pipeline was rigorously assessed
through the analysis of lamination defects under
sour service conditions. Ultilizing ultrasonic wall
thickness measurements and in-line inspection data,
six pipeline sections were examined for structural
vulnerabilities. The evaluation, conducted using
NIMA software and guided by APl 579 Level 2
and ASME standards, identified one critical defect
(#6) that surpassed safety limits, necessitating
immediate remedial actions such as repair
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the study investigated hydrogen embrittlement
mechanisms, including hydrogen-enhanced locali-
zed plasticity (HELP) and hydrogen-enhanced
decohesion (HEDE), to assess the long-term risks
associated with hydrogen exposure.

A significant contribution of this research liesin
its methodological approach to evaluating pipeline
integrity under hydrogen conditions. By drawing
parallels with pipelines exposed to sour service
environments, which exhibit analogous degradation
patterns, the study offers valuable insights
into hydrogen-induced material risks. The applicatio
of industry-standard fitness-for-service methodo-
logies establishes a replicable frame work
for assessing hydrogen conversion feasibility
in other regions.

The findings highlight the necessity of proactive
integrity management strategies when adapting
existing infrastructure for hydrogen transportation.
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Future research should prioritize real-world hydrogen
testing, the effects of varying hydrogen concentrations
on pipeline integrityy, and the advancement
of enhanced monitoring techniques to ensure long-
term pipeline safety. As Kazakhstan progresses
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toward a hydrogen economy, the methodologiesand
outcomes of this study will serve as a critical
foundationfor the safe and efficient transformation
of pipeline networks to support hydrogen energy
initiatives.

OOMNONMHUTENbHO

UcTouyHuK uHaAHCMpoBaHusA. ABTOp 3asBMs-
er o6 OTCyTCTBUM BHELUHEro UHaHCMPOBaHWSA
npu NpoBeAeHNN NCCNEeRoBaHNS.

KoHdonukT uHTepecoB. ABTOp AeknapupyeT OT-
CYTCTBME SIBHBIX W MOTEHUMAsnbHbIX KOHIUKTOB
WHTEepecoB, CBA3aHHbIX C Nybnukauuen HacTosLen
crartbu.

Bknan aBTopoB. Bce aBTopbl nmoaTBepxAaaloT co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbLIM
kputepusam ICMJE (Bce aBTOpbI BHECHUN CYLLECTBEH-
HbI BKNag B pa3paboTky KoHuenuuu, npoBeaeHue
nccnegoBaHnsa U NOAroTOBKY CTaTby, MPOYNN U Of0-
6punun duHanbHy0 Bepcuo nepen nybnuvkauuen).
Haubonbwnii Bknag pacnpegenéH crnegylowmm
obpasom: AxmeToB U. — cbop, obpaboTtka n aHanuns
9KCMepUMeEHTanbHbIX AaHHbIX, NPOBeAeHVe uccrne-

[oBaHuA, AeTanbHbIl aHanuM3 U uHTepnpeTauus
pesynsratoB, HanucaHue pykonucu; Mupsoes A. —
pefakTMpoBaHWe PYKOMUCK, BblYUTKA W NpoBepka
BbIMOMHEHHOrO aHanuaa.
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