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Introduction

As gas networks across the UK and
Europe look to alternative energy
production and pollution reduction,
welding engineers must ensure joint
integrity under a new set of service
conditions. The transportation

and storage of Hydrogen (H2),

of course, raises concerns with
Hydrogen Embrittlement (HE), while
dense-phase Carbon Dioxide (COs)
for Carbon Capture and Storage
(CCS) introduces impurity-driven
corrosion, uncontrolled
decompression fracture control,

and unique operational hazards.

An efficient solution for the design
and welding of the related pipelines
and infrastructure is not to start from
scratch but to evolve the lessons
learned and best practices from
proven solutions in severe sour

(H2S) service; diffusible hydrogen
management, microstructure
control, and implementation of
stringent welding parameters during
Welding Procedure Qualification
(WPQ). This, coupled with validation
of these procedures against modern
future fuel standards (e.g. IGEM,
DNV, ISO/CEN, and ASME B31.12),
provides a logical, engineering-
focused solution.

Why sour-service discipline
still matters

The threat from wet H>S in sour
service applications is the generation
of atomic hydrogen at the steel
surface through corrosion reactions.
H. pipelines likewise present ready
access to atomic hydrogen to
susceptible microstructures, albeit
via different charging mechanisms.
In both cases, however, the essential
variables we do control in welding:
resultant diffusible hydrogen, cooling
rates through management of
preheat/interpass temperatures,
heat input ranges, bead placement,
deposition sequences, and HAZ
hardness are decisive in the success
of not only the WPQ but the integrity
of the plant over its intended lifetime.

Applying sour-service welding
discipline ensures safe hydrogen
and CO, pipelines, controlling
embrittlement, corrosion, and

fracture risks.
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CRC Evans proven
methodologies

A recent heavy-wall X65 project (14"
OD, 55 mm WT) required zero lack
of fusion at the root, demonstrable
SSC resistance, in-situ sour CTODs,
full-scale fatigue and PWHT. The
welding solution methodology
centred on low-H, practice, rigorous
preheat / interpass control and bead
seguencing to engineer well-refined
weld metal and HAZ microstructures,
resulting in a highly successful
campaign. Another recent scope of
work was successfully completed

by implementing a similar
methodology, where a large-scale
Sulfide Stress Corrosion (SSC)
programme spanning six groups of
WPQs was required. This amounted
to 56 sets of 4-point bend SSC tests
to NACE TMO177 Solution A on API 5L
X65 pipe (>2300 ppm H-S, pH 2.7, 486
MPa (80% AYS), 720h test duration).
All 168 specimens passed with zero
VT/MPl/cross-section indications. In
parallel to the development of this
scope, weldability trials on X65 up

to a CE = 0.43% (which would not
typically be proposed for severe sour
service) showed that CRC Evans'
proven techniques can be successful
in even the most susceptible
Ho-embrittlement sensitive steels.
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H, Service

The transition to H» transportation
and storage is driving a review

of welding and fabrication
specifications. While field trials and
pilot projects have demonstrated
operational feasibility, the primary
technical focus has moved toward
base material performance and weld
metal integrity under hydrogen
exposure to mitigate hydrogen-
assisted cracking (HAC), Hydrogen
Embrittlement (HE), and fatigue
crack growth acceleration.

Modern H: pipeline specifications,
and adapted/updated traditional

oil and gas pipeline specifications,
now impose tighter controls on
Carbon Equivalent (CE), hardness
limits (often < 250 HV5 root to cap
for many applications, depending

on application and service class),

and strict welding parameter

ranges to manage microstructural
susceptibility and provide reliable
and consistent solutions for large-
scale production. An increase in

the requirements for Hx-specific
testing, including fracture toughness
assessment, slow strain rate testing
(SSRT), and fracture toughness
testing such as Crack Tip Opening
Displacement (CTOD) testing to be
performed within situ Hx-enriched
environments, is now evident and
brings with it a new set of challenges
for welding engineers. These tests
supplement traditional NACE TMO177
or ISO 15156 approaches derived from
sour service practice.

UK transmission networks remain
aligned with IGEM/TD/1 and BS
EN/PD 8010-1 (IGEM, 2023: BSI,
2015), while H»-specific fracture

and fatigue guidance is emerging
through DNV recommended
practices and joint industry projects
to complement DNV-ST-F101
(DNV,2021). At the international
level, ISO and CEN committees

are developing harmonised H-
pipeline requirements, and ASME
B31.12 provides explicit constraints
on material strength, hardness, and
qualification testing for H, pipelines
and piping systems.

CO2 Service

COs brings distinct metallurgical
hazards, impurity-driven corrosion
(with H2O, O5, H,S), risk of rapid
decompression with the potential for
unstable longitudinal fracture, and
hydrate formation/localised cooling
leading to potential brittle fracture.
Unlike dry natural gas systems,
dense-phase CO, can change phase
during depressurisation, imposing
severe thermal gradients and cyclic
loading on the pipe wall that directly
challenge the fracture toughness
and crack-arrest capability of the
plant material. Even relatively low
levels of water or contaminants

can significantly increase corrosion
rates or promote pitting, creating
local stress raisers that compromise
fatigue performance. Within the

UK, the public safety case for CO»
pipelines rests on credible fracture
control and dispersion modelling as
well as materials integrity.
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Conservative welding
controls, low-hydrogen
consumables, and strict
parameter management
ensure integrity, toughness,
and corrosion resistance in
H, and CO, pipelines.

For welding, this translates to
conservative defect acceptance
criteria at girth welds, rigorous
control of heat input, hardness
mapping during WPQ, and proven
toughness in both weld metal and
HAZ, all of which are necessary.
Coating integrity (where applicable)
and strict cleanliness standards
during fabrication are essential

to prevent inclusions or surface
conditions that could act as corrosion
initiation sites over the lifetime of the
plant in question.

The way forward for current
and upcoming projects

A pragmatic approach to qualifying
welding procedures for emerging
H, and CO; pipelines is to build on
the discipline established in modern
severe sour service applications.
Developing H> and CO»-ready
WPSs begins with the selection of
low-H> consumables and robust

H- control practices to minimise
diffusible H> and improve impurity
controls. Parameter control is critical:
defined heat input ranges, interpass
temperature limits, and controlled
cooling rates should be selected to
produce refined, high-toughness
microstructures while avoiding
excessive hardness in the weld
metal and heat-affected zone (HAZ).
Strategic weld bead sequencing and
pass placement can further enhance
HAZ refinement, tempering prior
passes and supporting compliance
with project hardness thresholds.
Procedure qualification should verify
these outcomes through hardness
mapping and appropriate toughness
testing aligned with recognised

H. pipeline frameworks such as
ASME B3112 and IGEM guidance.

By utilising proven sour service
methodologies and validating

them under newly developed H-
application testing conditions and
criteria, engineers can develop
welding procedures that meet the
most stringent requirements in a
rapidly evolving industry.
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Conclusion

The transition to H; and CO»
transportation and storage does
not equate to the redundancy of
established welding engineering
principles, but instead an
opportunity for evolution of
traditional specifications, validation
of current best practices, and
sharing of technical expertise with
the next generation of engineers.
Severe sour service experience

has already demonstrated that
diffusible H, control, microstructural
refinement, and carefully managed
welding parameters are decisive

in achieving long-term integrity
under corrosion-aggressive
environments. The challenge now

is to apply that knowledge within
H, and CO,-specific qualification
frameworks, incorporating fracture
mechanics, hardness control, and
environmental testing aligned with
evolving standards. By integrating
proven methodology with modern
equipment and technology, welding
engineers can provide solutions
that are not only compliant but also
scalable and robust for the field
welding environment of large-scale
projects. In doing so, the industry
avoids unnecessary reinvention while
ensuring that joint integrity keeps
pace with the safety, environmental,
and performance expectations
placed on next-generation energy
infrastructure.
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If you have any questions or
would like to find out more,
please contact:

enquiries@crce.com

Pioneering Today.
Powering Tomorrow.
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