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Foreword

The Local Transmission System (LTS) is a critical part
of the UK's energy infrastructure, underpinning the
safe, effident and resilient supply of notural gas to
millions of customers. As we look ahead to Net Zero, this
very system has a vital role to play in transitioning from
its traditional role to become a foundational platform
for delivering low-carbon energy to the customers
and sectors that need it most.

At SON, we pride ourselves on being ot the leading
edge of evidence-bosed innovation ond research,

We recognise that the most sustainable and

cost effective pathwoy to decarbonisation is to maximise
the value of existing assets. By rigorously testing aond
validating the copability of our existing infrastructure
to carry different gases such as hydrogen, we are
demonstrating o solution thot could defiver additional
value for money for gas consurmners, that avoids the
prohibitive costs of full network replacement, while
maintaining system reslience. Our ambition ks clear:
the LTS will enable @ future-ready network capabile

of delivering low-carbon energy to key demand
sectors, particularly to high-capocity industriol and
commercial hubs that are critical to our economy.

The LTS Futures project has been instrumental in providing
the conficence required to support this transition. Through
u combination of detailed reseurch, full-scole Ltesting and
real-world demonstration, the project hos demonstrated
that ges networks con successfully pivot from notuwral

gos to low-carbon alternatives such as hydrogen while
maintaining safety ond security of supply. Thisis o
significant step In reinforcing the long-term value of the
gos infrastructure within a decarbonised energy system,

Central to this success hos been o comprehensive
programma of laboratory and full scale testing to
understand the fundamental behaviour of hydrogen within
our existing csset base and future operating parameters,
clongside the completion of o UK-first demonstrotion on

a 30 km representotive pipeline running from Grangemouth
to Granton. Critical operations were carried out thot
focused on live hot works involving weiding and drilling

Into an in-service hydrogen pipeline to prove that the some
techniques wsed today can safely maintoin the hydrogen
networks of tomorrow. Collaboration with portners such as

Antony Green
Chief strategy and regulation officer

INEOS, who provided a supply of hydrogen for the vetrial,
has further strengthened our understanding of how gas
transporters will interface with future hydrogen production,
particulary in industrial clusters.

All evidence gathered through this programme has
culminoted in the project’s overurching objective o Bloeprind
methodology for repurposing LTS pipelines and installotions
from natural gas to hydrogen. This is not only a milestone for
SGN but a critical roadmop for all gas network operators
ond the wider sector It provides the technical foundation
forany future tronsitioning of SGN's 3,300 km of LTS

ocross Scotiond and Southerm England, os well os o wider,
scaolable solution for the 11000 km of Greot Britoin's Locol
Transmission System (GB LTS) Infrastructure. it strengthens
the cose for gos networks as an enabier of Net Zero and

o key component of o whole system energy opproach.

Finally, | would ke to thonk ouwr key portners ond
coleagues across SGN, whose expertise, commitment
and collaborction have mode this possible. This project
reprasents o critical step in transforming our asset
base forthe future, ensuring our network continues

to dediver value for customers and supports the UK's
decarbonisation ambitions for decodes to come.

SGN Closure Report 2026 3
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1. Executive Summary

The LTS Futures project Is o flogship programme within the
UK's nationol hydregen research effort, designed to encble
a practical, scalable tronsition to low corbon energy.

It provides the first comprehensive, real world evidence
that the UK's LTS, o criticol notional aiset base spanning
approximatety 1.000 km of pipelines across Great Britain,
could be safely and economicolly repurposed to tronsport
hydrogen at scole.

Strategic Importance
of the LTS Network

The LTS Futures Project has
successfully evidenced the

viability of transitioning our

Local Transmission System (LTS) to
100% hydrogen. A critical deliverable
has been the development of

a blueprint methodology that
supports conversion of the wider
11,000 km LTS asset base. The LTS

is a vital network that connects
the national gas supply to local
communities and industrial clusters.

The LTS network is uniquely positioned to act asthe
backbone of a future hydrogen aconomy, as it already
connects major industriol users, urban centres and
regioncl clusters. Repurposing this extensive infrostructure
could remove the need to duplicate networks and
enables a foster, more efficient tronsition to low carbon

reduction skid Odorization  and metering
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Grangemouth
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energy. In doing 50, it supports any future UK and Scottish
hydrogen and net zero ambitions while maintaining
system resilience and affordability. Crucially, it provides
a viable decarbonisotion pathway for hard to electrify
sectors, such as industrial and lorge commercial users,
which depend on high capacity gos network supply.

Key Outcomes - Proving
Hydrogen Repurposing

LTS Futures has successfully delivered a first of o kind live
hydrogen trial through the repurposing of a 30 km high
pressure pipeline between Grangemouth and Granton.
This demonstration has proven that existing LTS pipelines
and installations could be safely repurposed for hydrogen
service when supported by copropriate operational
controls and It has clso shown that
criticol network interventions, including live welding, hot
topping and fiow stopping, con be undertaken safely in

o hydrogen environment. importantly, the trial confirmed
that hydrogen con be tronsported and monaged using
odapted versions of existing operational processes,
moving hydrogen transmission from theoreticol feasibility
into proven operational proctice.

Development of
the LTS Futures Blueprint

A central outcome of the project is the development of
the LTS Futures Blueprint, which provides a repecatable
mathodology for repurposing pipelines across the entire
GB LTS network, The Biueprint sets out a fromework
covering engineering. saofety, reguiatory and operational
considerations, drawing directly on evidence generoted
through laboratory research, full scale testing ond

the live trial. It provides a clear, practical pathway for

potertiolly converting the LTS network to hydrogen,
enabling coordinated and efficient nationwide roliout.

In this way, the Blueprint is fundamental to uniocking
Investment confidence and occelerating deployment
of hydrogen Infrostructure.

‘Granton

Live welding Hot tapping  Flow stopping

§ = 3
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Evidence Base
and Risk Reduction

The project hos established o comprehensive ond robust
evidence base that significantly reduces uncertainty
around hydrogen use in transmission networks

This includes demonstrating the compatibility and
integrity of representative pipeline moterials in hydrogen
service, volidating safety fromeworks through detalled
quantitative risk assessments end a project-specific
Case for Safety (CfS), ond generating dota on key
technical areas, such as fatigue, frocture, defect
tolerance, and hot works. Collectively, this evidence
closes critical knowledge gaps and provides confidence
to reguiators, investors, and operators, thereby enabling
informed decision making ond reducing barriers to large
scole hydrogen deployment

Value for Customers
and the Energy System

LTS Futures demonstrates thot repurposing existing
nfrostructure delivers substantial value for consumers
and the wider energy system. The project provides clear
evidence thot repurposing pipelines con be achieved
at a fraction of the cost of full network replacement,
with estimates indicating costs of approximately

0% compared to new build solutions. This avoids

the significant capital expenditure associated with
constructing entirely new infrastructure and reduces
the financial burden on customers. At the same time, it
enables faster delivery of hydrogen networks, allowing
the benefits of decarbonsation to be realised earfier while
maintaining o relicble and cost effective energy system

Financial Performance

The total value of the project was £25.92 million
(2018/2019 price basis), which included £2.14 milion

of fincncial benefit-in-kind (BIK) contributions. Total spend
at compietion of the project is expected to be £31.06 million
with all project deliverables cchieved in Ine with the project
direction set out by Ofgem

6 SGN Closure Report 2026

Knowledge Dissemination
and Industry Engagement

A defining feature of the LTS Futures project has been

its extensive programmae of knowledge dissermination
and stokehoider engagement, ensuring thot the

vaiue of the project extends for beyond the live tria

itself. Throughout delivery, the project actively shared
findings with o wide range of stokeholders, including
reguiators, government departments, gos distribution
network operators, industry bodias emergency services,
acodemia, and local communities. This was achieved
through structured engogement, such as steering groups,
technical workshops, industry forums, site visits, and live
demonstrations, as well as through formal reporting and
evidence submissions aligned with regulatory stoge gotes.

The project dso faciitated colaborotion across the gos
networks and wider enerqgy sector, enabling peer review

of the emerging Blueprint methodology and ensuring that
outputs are transferable across Great Britain. Engagement
with Local Authorities (LAs)s, resilience partners and
emergency services supported the development of
coordinated emergency response omrangements, whiie wider
stakeholder ond community engogement helped bulld
awarenass and trust in hydrogen as a future energy vector,

in paraiel. the project has contributed to acodemic

and industry knowledge sharing through conference
presentations, publication of technicaol findings, and

the cregtion of training materials ond competency
fromeworks. These activities have ensured thot lessons
learned from LTS Futures are embedded across the

sector, diractly iInforming future stondards, reguiatory
appmooches. ond subsequent hydrogen projects Aso
resuit, the project has not only genercted criticol technical
evidence but has also ployed o pivotal role in building the
industry caopability, afignment, ond confidence required to
scale hydrogen infrostructure nationally

Overall Conclusion

The LTS Futures project demonstrotes that the UK's
existing gas transmission infrastructure could be
transformed into o safe, relioble and cost effective
hydrogen network, By successfully delivering a live trial
and producing a practical Blueprint for deployment,
the project provides a critical foundation for national
decarbonisation. it confirms thot the LTS network will
remain a strategic and high value asset in the tronsition
to net 2ero, underpinning the delivery of low carbon
enargy to customers while enobling ¢ resilient ond
affordable future energy system
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2. Details of the Work Carried Out

21 Project Overview

The LTS Futures Project forms

The aim of the project was tc demonstrate that the
LTS could be repurposed to convey hydrogen, providing
end use decarbonisation options through delivery of

a sofe supply of low-carbon energy to customers both

S o & #

; ¢ Element 1 Element 2 Element3 Blueprint
R . d ’ fter the t It
part of the UK’s national hydrogen i e SR — Enabling works Lab material Full scale
research programme to deliver a This project intended to repurpose the Grangemouth and live trial design testing testing

net zero decarbonisation solution
for customers. The project sought to
research, develop, test and evidence

to Granton pipedine for a live demonstration. This pipeline
runs from the Grongemouth industrial cluster, and
associatod INEOS hydrogen production facility, to
Granton on the outskirts of Edinburgh. This pipeline offered

H T H an ideal opportunity for the live tricl dueto its inherent r‘
the c,o mp0t|b'|'t.y of the LTS assets, charocteristics and is an excellent proxy forthe GB LTS,
pipelines, associated plant and The compietion of the full-scale and small scale testing rLlVE1 Q []
1 1+t i 1 programme along with learnings from the live trial
'GnCI'"Cer ﬁtt'ngs' ?U|mm°tm.g enabled the project to produce o Blueprint methodology - B
in a ‘first of a kind’ repurposing for uprating ond repurposing the 11,000 km of pipelines
trial and demonstration. in the GB LTS network. Element 4 Element 5 Element 6 Cost
Construction QRA ond case Knowledge assessment
The project was spiit into six main packoges of work ond live triol for sofety dissemination

2.2 Project Timescales

referred to as elements, as flustrated below:

LTS Futures

& Element1 - Emm works and live trial &S‘gn % Enabling % Udv:’:;?l O

Iﬂ Element 2 - Lab material testing O

Lab material testing O

_ Full scale tosﬂng ﬁ z'rgm
Live
trial

" SSECRTeE B

:191: Element 3 - Full scale testing

-

Construction

h QRAand case for sof.ty ﬂ
_ Knowledge dissemination

‘Uve' Element 4 - Construction and Live Trial ﬂ

E& Element 5 - QRA and case for safety

- = e e - - —e

@o Element 6 - Knowledge dissemination

)

KEY

Nl Stoge Gate 1

Stage Gote 2

@ Blueprint methodology & closedown report
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2.3 Project Contributions

The following benefit-in-kind contributions have been mode to the LTS Futures project

Gas Distribution Networks (GDNs)

All GDNs have provided critical support throughout the project through quarterly steering groups

to discuss evidence and further develop test programmes. They have provided a review of the

Blueprint methodology for uprating and repurposing LTS pipelines and installations. In addition

to this, the following specific contributions have been made:

Cadent

Your Gas Network

0 WALES&WEST
UTILITIES

£100,000

financiol contribution

Support of o pressure reduction station (PRS) specialist
to advise on full-scale testing and an in-service PRS for
the completion of WPS testing.

DNV

DNV provided and installed a grouted tee as part of the
full-scale test programme. In addition, video footage of testing
was provided to support knowledge dissemination and use of
site facilities for meetings and stakeholder events.

<) STATS GROUP

As part of the additional scope of works delivered, Stats further
developed their swarf mancgement tool, which ensures that
the low gas velocities in the trial did not impact the successful
deployment of the BISEP tool during the live trial,

10
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2.4 Statement of Needs

In 2022, the UK Government's ambition was to targot

10 GW of low-cerbon hydrogen production by 2030 [1], with
Scotiand aiming for 5 GW by 2030 and 25 GW by 2045 [2]
To support the development of hydrogen production and
Hydrogen Allocation Round (HAR) funding mechanisms
for development, transport Infrastructure is criticol

to drive investment [3].

The LTS Futures Project was developed to demonstrate how
the existing LTS could be safely, reliobly, cnd cost effectively
repurposed to transport hydrogen at scale. Achieving UK
and Scottish net zero targets (2050 and 2045 respectivaly)
requires a major transition away from natural gas,
particuarly for hard to electrify industrial ond commercia
users who rely on the existing high-capacity gas
tronsmission network for supply.

The LTS is a criticad national infrastructure asset, spanning
over 11,000 km across Great Britain, ond is uniquely
positioned to form the bockbone of a future hydrogen
transmission network connecting lorge scole hydrogen
production to industrial clusters, commercial users, and
urban demand centres. UK strategy considered industrial

clusters, focusing on the deployment of hydrogen
production in proximity to or within ingustrigi hubs linked
to carbon capture, utfisation and storage (CCUS) and
major oil and gas operations. With the LTS network
already connected to towns, cities and industrial and
commercial offtakers, repurposing offers the opportunity
to serve cluster regions with low-carbon energy, without
the need to dupicate existing infrastructure

System tronsformation of the networks cannot

proceed without robust evidence thot LTS pipelines,
assets, and operational practices are compatible with
hydrogen service. The LTS Futures Project addresses

this by developing a programme of works to establish

a methodology and evidence base for repurposing and
uprating LTS pipelines for hydrogen. The development
of a methodology for repurposing allows SGN and wider
GDN operators to secure the operation of existing assets,
providing a continued reliable, cost-effective energy
system for our consumers.

The LTS Futures Project is essential to any future scole
rofiout enabling the UK's hydrogen economy by proving
thot existing transmission infrastructure could deliver low
carben hydrogen sofely and affordobly to end-use sectors.

SGN Closure Report 2026 "
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2.5 Overview of Project

251 Delivery Overview
The programme was structured around six integrated elements:

00

The LTS Futures programme

was designed to generate critical
evidence on whether GB LTS

could be safely and cost effectively
repurposed at scale to convey

100% hydrogen. It addressed a

key national net zero evidence gap
by combining laboratory testing,
full-scale testing and a first of a kind
live trial, culminating in a repurposing
and uprating Blueprint that can

be applied across the GB LTS.

[

“Re-using and re-purposing
existing assets and infrastructure
dramatically lowers the timing

and costs to access the energy
transition. Only through bold
initiatives like LTS Futures led by
SGN will we be able to realise these
benefits for society.”

Colin Pritchard, Sustainability
Director for INEOS Grangemouth

2 SGN Closure Report 2026

Element 1
Enabling works ap
and live triol design

This included all enabling works which provided
evidence for the project to progress through
Stage Gate 1. as well as the repurposing

of the Grangemouth to Granton pipeline

and the design which enabled the live triol.

Element 3
Ful-scale testing

Five different workstreams including
development and application of live welding
and hot tapping procedures for hydrogen
pipelines, data gathering for hydrogen
venting ond flaring, burst and fatigue tests
on hydrogen pipeline defects, hydrogen
fotigue tests on fittings and testing a Pressure
Reduction Instaliation (PRI) with hydrogen.
The testing informed development of live

trial procedures and ks to be used in updated
industry standards and technical assessments.

Element 5
QRA and Case for Sofety

QRAs were produced for both the hydrogen
supply and Grangemouth to Granton pipelines
taking account of the potential risks and
consequeances of conveying hydrogen. The
project also develeped a Case for Safety

for the trial, demonstrating how it would be
operated safely,

Element 2

Laboratory

material testing

A full suite of mechanicel tests in cir and in
hydrogen on three different pipelines and
asscociated welds. This included tensile, fatigue
ond frocture tests to provide an understonding
of the effect of hydrogen on material properties.
The daota gathered is to be used in updates to
industry standards and technical assessments.

'LIVE,
L .|
Element 4
Construction ond Live Trid
The live trial demonstrated vprating and
repurposing of an existing LTS pipeline to
convey hydrogen. Activities including live
welding and flow stopping were completed,
showing that the critical tasks required for
operating end maintaining ¢ hydrogen
network could be carried out successfully.

Element 6
Knowledge dissemination
and skilis development

Sharing the knowledge and laarning from

the project and trial are essential to ensure
that the maximum value of the funding

is realised. This sharing of laarning across
industries benefits the whole hydrogen system
development and allows future projects to
build on existing understanding.

LTS e Futures

.‘00 . Nancy Thomson
. ' - \\"‘l_'...' et Dot

Delivery followed a stepped approoch with defined

stoge gates, ensuring costs and risks were controlled

and leaming was captured even where uncertainties
remained. Stoge Gate 1 presented the information needed
to Inform a recommendation on whather to progress with
modifications to the Grangemouth to Granton pipeline
and construct the hydrogen supply pipeline. This stage
gote was possed in May 2023. The Stage Gate 2 decision
on whether to progress to the live trial wos basedona
review of the evidence, which demonstrated that the

tricl couid be carried out sofely ond that key learning
outcomes would be aochieved. The project progressed
through Stoge Gote 2 in December 2024,

SGN Closure Report 2026 13
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252 KeyOutputs and Outcomes

The project delivered o number of key outcomes
in lne with the project direction including:

+ Technical evidence demonstrating that
representative LTS pipelines con be repurposed
for hydrogen service, subject to defined
conditions, inspection regimes, and mitigations.

+ Development and volidation of an uprating and
repurposing Blueprint, providing o repeatable
methodology for the ~11,000 km GB LTS network.

+ Evidence on hydrogen integrity, defect toleronce,
fatigue life, hot works, venting. ond PRS operabiiity,
closing muitiple gops dentified in the Heglth ond
Safety Executive (HSE) hydrogen gap analysis,

« Case study analysis on linepack behaviour and
uprating potential, This shows how increased

and flow could materially reduce the
volume of new pipelines required in a future
hydrogen system.

+ Completed pipefne spedfic and GB wide
QRA's for hydrogen LTS operation to inform
future regulatory and safety cases.

M
ol®
2.5.3 Value for Money

and Consumer Impact

Valuve for money for customers was at the forefront of
decision-making for the project. Key project outputs

on financial spend, repurposing spend estimates, and
robust commercial approoch are listad below:

+ Total approvad funding request: ~£28 1million,
split batween Regulatory Asset Volue (RAV) and
research and development (RED) in line with

regulatory guidance. SGN and GDNs provided
funds of £2.99 million as benefit in kind (BIK).

+ Independent quontity surveyor review,
competitive procurement, ond stoged defivery
ensured efficient cost control,

+ Whole system analysis shows thot repurposing
LTS assets costs 1.5 - 9.7% of full replacement,
with significont Net Present Value (NPV) benefits to
consumers compared to decommissioning and rebuild.

“4 SGN Closure Report 2026
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254 Wider Benefits and Learning

The TS Futures Project provides significont evidence
and learning thot con be applied to future projects
assessing asset repurposing in the UK Some key
wider banefits of the project included:

* Reduced need for new steel pipelines supports
lower embedded carbon and faster delivery
of net zero cutcomes.

» Strong collaboration with HSE, Department for
Energy Security and Net Zero (DESNZ), Ofgem,
the Institution of Gas Engineers ond Managers
(IGEM), National Grid, all GDNs, and industry
bodies, ensuring leaming is transferable and
nationally consistent.

+ Creation of new hydrogen operationol
procedures, training materials, ond competence
frameworks, improving industry readiness.

« Evidence directly informs future heat pdlicy,
industrial cluster decarbonisation, and hydrogen
transmission plonning.

255 Overall Conclusion

LTS Futures has successfully met its Net Zero

Pre construction Work end Small Net Zero Projects
Re-opener (NZASF) objectives, providing robust
technical, safety, commercial, and reguiotory
evidence thot materially reduces uncertainty
around hydrogen use in the LTS, The progromme
represents good value for money, delivers strotegic
optionality for GB net zero pothways, ond
significontly de-risks future investment decisions.

C0©

2.6 Cost Assessment

Az part of the LTS Futures NZASP submission to Ofgem [4],it  defined, some cost exclusions have been oppled,
was astimoted that the repurposing of existing LTS pipelines  Costs assodiated with cutcomes from the repurposing
ond asocioted infrastructure will cost 15-30% of the total assessments, including diversions, increosed site outioy,
cost to reploce all these assets with new infrastructure. land renegotiaticn and compensation. and works to bring
To evaluate this estimation, on indicative cost assessment o pipeline into compliance with IGEM/TD/1 Edition 6 [6],
for repurposing LTS pipelines to hydrogen was produced were excluded For repurposing pipelines, costs were split
based on the work undertaken within the LTS Futures into two sections, as shown in Figure 1, with a series of
Project A similor assessment for repurposing PRIs will ‘one-of ' upfront costs in addition to ‘per-pipeiine’ costs.
be produced once the Element 3 Work Package 5 test A'low, ‘medium’ and ‘high' scenario for each ‘per-pipeline’
programme has been completed. cost was produced with guidance as to how to apply each
wenario An exomple gpplicotion of the methodology wos

completed foro SGN line to demonstrate the o5
The cost assessment is detalled inthe LTS Futures Bluepring [5]. thfwthndﬁmn%mm gonorotodpb':od

As the future supply and demand for hydregen has not been onrealvakses inaiimed curino the LTS Rituves Live el

Figure 1: Blueprint cost assessment.

Moterial

Rocords
recovery ond
20 pipelines, Stokeholder engogement.
Emergency plan vpoates.
New girth weld quality Eosements review.
assessment Girth waid quality.
New internci stress comosion Material compotivibty.
crocking assessment. Overhead pipeline section,
New hot top isolation and Ovenil technicol Weld sampling.
flaring procedures, asessment, Above ground
Updated ive weiding. defect condition survey.
assessment cndventing Block valve mmediotion
procedures ond stondards, of replocement.
Marker post replacement.
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Within the NZASP submission [4], the cost of constructing
o new LTS pipeling network was estimated for comporisen
purposes. The estimated cost of bullding o new

1,000 km LTS network was £11.889 billion, equating to

an average construction cost of £1,081 million perkm
Decommissioning costs for the current LTS were also
cakculated ond assumed to be equivalent to the main
contractor construction costs, reflecting the comparable
activities involved (principally excavation, pipe removal,
and lond reinstaterment). On this basis, the estimated
cost of decommissioning the existing LTS network was
£7.73 billion, equivalent to £0703 million per km. The total
estimated cost of the base scenacric to customers,
comprising new bullkd construction and decommissioning
of the existing network, was £19.619 bilion, equating

to an averoge cost of £1.784 million per km,

Since the NZASP submission in 2021 [4], the externcl cost
emnvironment hos changed with increased geopolitical
voigtiity heightening focus on energy security and creating
sustained infictionary pressure on the UK economy,

There have been significant increases in construction,
labour, and materials costs, which drectly impact both
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new build and repurposing pipeine cost assumptions

As o result, cost estimates developed ot the time of the
original bid are no longer fully reflective of the current
market environment, consistent with trends observed
across Ofgem reguiated infrastructure projects, Within the
cost assemment, on inflotion adjustment calculation was
completed with costs increcsing from £1.24 million par km
to £3.78 million per km, This does not include the costs

for decommissioning and is for building new only

Based on the inflation cdjusted LTS Futures new

bulld cost estimate ond the cbserved costs fromthe
3" hydrogen supply pipeline constructed during the
Live Trial. it Is estimated that new hydrogen pipeline
construction costs are likely to fall within o range

of approximaotely £1.34 million to £3.78 million per km,
depending on route complexty, diometer, and site
specific constraints, Using evidence from repurposing
the B Grangemouth te Granton pipefine and the wider
GDN cost model, repurposing existing LIS pipelines
for hydrogen was estimated to cost in the range of
£20,500 to £129.500 per km, which is materially lower
(1.5% — 9.73) than the estimated new build costs

Q0©

2.7 Project Governance/Project
Management Plan (PMP)

271 Governance Framework

The LTS Futures Project was delivered under a robust, multi
loyered govemance fromework designed to ensure regulatory
compliance, independent assurance, effective decision
making and strong financial control throughout the project
lifecycle. Governonce arrangements were alignad with SGN's
Future of Energy (FoE) governance model, Ofgem’s Schedule 1
Direction [7). and wider regulatory and safety obligations

Clear separction wos maintained between delivery,
asswance, and opproval, providing transparency ond
objectivity ocross technicol, safety, and financiol decisions.

272 Roles, Accountability
and Delegated Authority

Overall occountabiiity for delivery waos retained by the LTS
Futures Project Director, supported by o dedicated Project
Manogement Office (PMO). Clear role definition was
established through a Responsibility Assgrnment Matrix (RAM),
answring that accountability, responsibility, consuttation, and
information flows were explicit ocross oll project elements.

Financial and change cpproval limits were governed
through SGN's Delegated Levels of Authority, with
escalation routes through

» Project Maonager.

+ Project Director.

« Project Sponsor

« Chief Strategy ond Regulation Officer.

« SGN Exacutive / Board (where required).

This ensured that oll cost, scope and schedule changes
were authorised ot the appropriate level and remained
within the Ofgem approved NZASP framework.

Figure 2: Ofgem project governance

2721 Steering and Decision Making Forums
Strategic oversight was provided through a formal
Steering Committee, chaired ot Chief Strategy
and Reguicticn Officer level, which met monthily,
The Steering Committee

+ Reviewed project performonce against
baseline (schedule, cost, risk, and benefits),

+ Considered escaloted risks, lssues,
and regulatory maotters

» Oversaw readiness for key milestones, including live
tricl operations and operational reodiness octivities

» Provided assurance that the project remained
compliant with Ofgem, HSE, and SGN governance
expectations

n oddition, monthly Project Performance Reviews provided

structured scrutiny of delivery performance, supported by

ntegrated cost, schedule, risk, and change reporting

2722 Regulotory Governance

and Ofgem Oversight

Ofgem octed as the formal customer for
the project through the Schedule 1 Direction,
with governonce supported vio:

+ Defined outcomes and miestones sat
out in Annex 2 of the Project Direction [7].

+ Regular encogement meetings to review progress,
evidence requirements and darificotions

» Formal Stage Gote reviews.

The project successfully passed Stoge Gote 1

ond subsequently progressed through Stage Gate 2,
supported by no objections from the HSE on the

I TS Futures Case for Sofety for the live trial Fvidence
avolution ond reguiatory alignment were formally
recorded through meeting minutes and controlled
submission pocks

5oz =]

Stage Gate One Stage Gate Two

Decislon on whether to progress Recommendation on rle E-' :;or!\.:l:ﬂon
modifications of Grangemouth to whether to progress L - | and blueprint
Granton pipeline and construct to live triol. including trial delivery

H2 supply Infrastructure, including supporting evidence, ]
supporting evidence for Ofgem for Ofgem decision,

decision,
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2723 Safetyond
Technical Assurance Governance

SGN Executive and CEO sign-off to proceed with the
live trial. Sign-off was based on o future operotional

2727 Stakeholder Governance
and External Interfoce

2724 Change Control and Baseline Managament
The project operated a robust Baseline Change Control

Given the first of o kind nature of the live hydrogen
tricl, enhanced safety and technical governance
arrongements were embedded:

A structured HSE Evidence Pathway ond
Comprehensive Formal Assessment (CFA) submission
process was used to track regulctory evidence agoinst
defined gaps and svbmission requirements.

Independent technical appraisal was provided by

DNV ond Premtech for designs, ond ROSEN provided
an independent review of welding procedures and
qualification reports,

Pipeline Integrity Engineers (PIE) provided independent
technical assurance across all major deliverables.

stote vio @ transition fremework ond sequence of
review and assurance events, Within the transition
phase of operational readiness, its people, processes,
equipment, and systems are fully prepared to occept
and move into the operational phase of the project.
This ensures the readiness and assurance for the SGN
business to be able to go live and commence the trial

+ Adherence to INEOS assurance processes through
completion of Project Haalth Safety Environmental
Review (PHSER) and Pre-Start Up Safety Review (PSSR)
prior to going live. The project also contracted an
independent procass safety review of the designs
through Costain Group.

* Submission of two stoge gote reports to Ofgem

process to maintain integrity of the Parformonce
Mecsurement Baseline (PMB). All changes affecting
scope, cost, or schedule were:

Capturad through a formal Baseline
Chonge Request (BCR) process.

Assessed for impoct and funding source
(including contingency and risk drawdown).
Reviewed and approved vic a

Baselina Change Boord (BCB).

This ensured transporency of decision moking. prevented
scope or cost drift, and maintained alignment with Ofgem

Governance extended to structured engagement
with key external stakeholders, including:

+ HSE (Pressure System Regulations (PSR),
Gas Act notifications and evidence review).
» Envirenmental regulators and LAs
through Environmental Impact Assessment (EIA) /
Environmental Consents Unit (ECU) processes.
* Industry partners and landowners related
to the live trial,

These interfaces were governed through formal logs,
agreed communication plans and escolotion routes,

o ilaevioh indapsncleri VeNaiion G Recient detalling the viability of the Grangemouth to Granton SEPICH amurptons. rising tronpamncy Sihd mgUatory canfidence
(IVoR) process was implemented by SGN prior to pipeline for repurposing and for progression to the —
comksionhg. p'mw smbr M con&’ence ‘\e fﬂd. Al fepom lmbded o" Wldm l"ustmtlm 27 2 S Financial Governaonce and Assurance 2 7 28 GOVeannce at Pro;eCt CIOSG

that assets, people and procedures were reod suitcbility of the project to move through stage Financial governance was underpinned by t of proj -

for live Wzn o,,mgn, . gates ond for completion of the live trial. il ¥ ) L R S

o " Aol verfication b * Monthly cost forecasting ond accrual reviews. + Governance records, decisions and opprovals
peticno: ¢ SRR St SSAURRY « Independent finance and business partner challenge. are being formally archived.

8

ensure transition to business readiness for operation,
with full alignment to SGN's core business (Operations,
Maintenonce, Opercticnal Control Centre (OCC) Asset
and Gas Controf). lllustrating readiness would lead to
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Technical approvols for hydrogen specific precedures
and adaptations to SGN stondords were governed
through the Hydrogen Governance Group (HGG)

and Technicol Authority Level (TAL) processes.

Clear separation between cost estimation,
approval, and reporting.

Performance wos tracked against both budget and
baoseline, with Estimote at Completion (EAC), contingency
use and variance explanations formaly reviewed end
reported through directorate and executive doshboaords,

2726 Risk ond Issue Governance

Risk manogement was integrated into governance
through a modified project specific risk framework, with:

Monthly risk and lssue review meetings.

Explicit ownership of strategic, reguictory,
safety, and delivery risks.

Steering Committee visibility of high

* Lessons learned were captured through
structured reviews and workshops.

+ This formal project closedown report has been
submitted to Ofgem in line with NZASP requirements.

Governance arrangements ensured that the project
concluded with a clear audit trial, reguiatory compliance,
and @ robust evidence legocy.

2729 Overall Governance Assessment

The LTS Futures Project was delivered within a strong,
propertionate. and transporent govemonce fromework,
appropriate for a complex, high risk, first of a kind
hydrogen project The arrangements provided Ofgem,
HSE, ond SGN senior leadership with sustained assuronce
that the project was:

r nd Issves,
NG Sesondt + Controlled and compliont.
+ Technicaolly and operationally safe
Opportunities were also actively monaged alongside o Plncricial Y Bined. ¥
threats, ensuring governance focused not only on risk nancioky discipiined.
mitigation but also on value optimisation and learning for  * Delivering learning and value for

future deployment. Issues were mancged alongside risks
minimising their impoct on scope, cost and time.

future hydrogen system decisions.

SGN Closure Report 2026 19



Closure Report | Chapter 2: Detall of the Work Carrled Out

2.8 LTS Futures supporting projects

Seveorol Network Innovation Allowance (NIA) projects were
carried cut to support the development of LTS Futures,
both prior to the project and during. These encompassed
initial surveys and feasbility studies completed to enable
the project bid submission, gain further learnings from
testing or material from LTS Futures and the delivery

of odditional scope during the live trial.

2.81 NIA enabling works

These projects were developed to provide initiol research
which directly fed into the development of the LTS Futures

Progromme or established to undertake preparatory
works to progress to the LTS Futures Live Triol.

2811 NIA_SGNO166 - The Future of LTS:
Evalvation of Vintage Pipeline Materials
in Hydrogen Environments

Prior to LTS Futures, initial research was carried ocutto
nvestigate the effect of hydrogen onvintage pipe material
using electrochemical charging as a method of creating
a hydrogen enwvironment.

The project findings were consistent with the

published Eterature on hydrogen embrittiement

of carbon-manganese pipeling steels, In line with
estoblished research, the study confirmed that hydrogen
exposure has a limited effect on yieid ond uitimate
tensile strength (UTS) but causes significant reductions
in ductility and fracture toughness, with susceptibility
increasing os material strength rises. The project aligned
with literature ond internationcl guidance in identifying
cold worked and high stroin ragions (e.g dents ond cold
bends) as presenting the greatest risk, and it highlighted
weid quality as a key vulnerobility in older pipeines.
Consistent with standords such asASME B3112 [€], the
results supported the need for conservative stress imits
and targeted inspection. This highlightad the need to
carry out testing In more realistic hydrogen environmentsto
determine If the outcemes were the same or potentially
less detrimentol to the moterial properties. Further work
was carried out in the LTS Futures moterials testing
proegram which is detoiled in Section 3.7.
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2812 NIAZ_SGNODO1 - Grongemouth
to Gronton LTS Futures

This project was developed to undertake preparatory
works for development of the LTS Futures Live Trial,
This included:
* An optioneering study for the hydrogen

supply Ine including a feasibility study.
» Initiol development of the repurposting strotegy.

» Considergtion of how statistically representative
the Grangemovuth to Granton pipeline is of the LTS,

* Development of understanding of lond referencing
requirements and impoct ofthe live trial on the
londownars,

Hydrogen supply optioneering identified a refinery fed
pipeline connection os the preferred solution compared
to the tanker supply, as it endabled the opportunity to run
muitiple operations. For further detalls of the hydrogen
supply feasibility study, see Section 321

It was concluded thot repurposing the Grangemouth

to Granton LTS pipeline for100% hydrogen was technicolly
feasible and provided an upper bound, statistically
representative case for the GB LTS. This was conduded
by assessing the ppeiine paramaters such as wall
thickness (WT), coatings, moterial grade and pipeline
route features, such as cirport proximity, rood crossings,
infringements and sleeves ogainst the national LTS.
These porometers and fectures would be fed into the
overarching QRA and blueprint. It was also highlighted that
use of o non-operational, nitrogen filled csset eliminates
security of supply risks,

A full landowner reference map waos created of the
Grangemouth to Gronton pipeline route and included
within the stakeholder engagement plan.
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2813 NIA2_SGNOO12 - Recommissicning
Grangemouth to Granton

This project was created to research difference
aspects of recommissioning strategy for the LTS Futures
Grangemouth to Grenton pipeline. This included:

+ Review different mediums for inine inspection (ILI),
considering potential design and construction
records which can cause limitations.

+ Define potentiol ILI requiremeants,
« Cost benefit analysis of ILI from preliminory research.,
* Understand the potentiol risk of infringements
along the pipeline route.
* High level assessment of potential uprating
to minimise Inepock copocity losses,

The project concluded that technicolly and economically
vigble options exist to internally inspect the pipeline despite
its low pressure, low flow operating constrants. A range

of IL! delivery mediums such as compressed air, nitrogen,
water, ond hybrid options were assessed, concluding that
suitable irspection solutions are achievable and could be
progressed further ILI was not carried out as apart of the
LTS Futures project and a hydrotest was undertaken to
prove pipeline integrity, Further details of this con be found
in Section 3.1.2.3 Close Interval Potential Survey (CIPS) and
Direct Current Voltage Grodient (DCVG) surveys were also
conducted, which did not identify any problems which
would have prohibited the development of the Live Trial.

Possible infringements along the pipeline route were
preliminarily risk assessed based on notural gos, as o
QRA would be completed once the models were updoted
to include findings of hydrogen rupture tests, further
information can be found in Section 3,5.2 Three sections
of the route with nearby residentiol development were
dentified cs requiring further societal risk assessment
and mitigation cornsideration,

An assessment showed thaot uprating could increase
capacity across all networks ot design factors of

0.3 and 0.5, but the achievable increase is dependent
on local network configuration and by identifying

the lowest design pressure along the pipeline route.
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2.8.2 Projects which have
supported research and development

The project was ceveloped to Inve
the current conation and manage
T inciuded atargeted review Lo improve the
f

e oty
stgote ond understand

COorgs

nentorr

The proj
f

compieteness of 9o network cssetl records 1or nel zero

planning purposes, without duplice

ng existing intictives to

mprove generol record compicteness it hos been ensured

throvghout this process that there is enough detail to

support decommissonng of network sections as customers
Wy potenticlly move to alternative hecting inftiaotives

It hos been recommended torgeted actions ot postcode
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2828 NIAZ_SGNO Burst testing of internal sharp
defect in hydrogen - conditioning investigation
Continuing from LTS Futures, this NIA project is
conducting four additional burst tests on different
pipeline material to LTS Futures, to study the effect

of hydrogen on internal shorp defects and the effect

of the post soaking duration on the fallure pressure.

The pneumaticaily tested vessels will be condition with
pressurised hydrogen ond souked up to three months,
After socking. the burst tests will be undertaken:

+ Immediately ofter conditioning.
+ 8 days post after conditioning,
+ 128 days post conditioning.

|
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BB 47
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These tests wil support any conclusions which have
been mode from the previous burst tests carried out
by LTS Futwes and NIA2_SGNOO70. Further information
on these tests can be found in Section 3.81

3
g

2829 SIF10068217 Velocity
Design with Hydrogen Beta

Hydrogen has different energy density by volume to
natural gas, and to meet downstream cemand, there will
need to be an increase in pressure, volume or velocity for
a hydrogen gos network. Previous phases of this project
identified thot an increase to velocity Bmits would be the
most proctical solution, ollowing for avoidance of costly
network reinforcement. The impact to erosion rates,
porticle traonsport, noise ond vibration were the main
foctors to consider in order to ensure safe and relioble
operation of a future hydrogen network. This project seeks
to evaluate the Impact of increased velocity on erasion,
vibration, noise, and particle transport under hydrogen flow
conditions. To cchieve this o full-scale test rig will be built to
provice empirical evigence to valldata ingustry models and
establish updoted velocity limits for hydrogen service

2.8.3 Projects which supported additional
scope delivery during the live trial:

A number of additional projects were corried out in tandem
with LTS Futures ond ultimately resulting in increasing the
learning from the live triol These projects enabled flow
stopping for two technologies, the stopple train and BISEP,
to be includad in the live trial plons. The project details con
be found in their corresponding NIA projects detalled below
and are also included in Section36.3

« NIA2_SGNOO36 ond 52 BISEP
hydrogen testing and live field trial

+ NIA2_SGNOO76 Stopple Live trial (Phase 2)
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3. Outcomes and Achievements

3.1 Repurposed
Pipeline and Block Valve

The project successfully
demonstrated that existing

assets are suvitable for and can

be repurposed to hydrogen service.
For the LTS Futures project, this
included repurposing 30 km of
existing high-pressure pipeline
and its associated block valve to
hydrogen and the completion of a
live trial on these assets. The process
developed by the project is detailed
inthe LTS Futures Repurposing
Blueprint.

The following sections detal the medificotions
assessments ond evidence thot was compiled to
support this decision and ollow the project to progress
through its first stage gate and on to the live trial,
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311 Repurposing Modifications

The Grangemouth to Granton pipeline criginally operated
between Gronton Tronsmission Reduction Station (TRS)
and the INEOS Forties Pipeline System site. To enable the
trial, the pipeline wos diverted from West Shore Road
into the grounds of the SGN Gronton training centre.
This abandoned the secticn leading into the PRS, which
was 7 barg rated and therefore not suitable for the trial,
The divarsion into the training centre wos terminatad
with an 18~ full bore ball valve and swan neck bringing the
pipeline above ground. This allowed for the installation
of a temporary pig trap for the hydrotest and drying

At Newton, a 50 m section of the existing Grangemouth

to Granton pipetine was cut cut adjocent to the Newton
Block Valve (NBV) compound This section of pipe was
removed for moteriols and full scole testing progrommes
being carried out as port of the project ond reploced with
X52, 9,52 mmWT, seomiess pipe. designed in compliance with
IGEM/TD/1 [6]. Within the compound, the existing bypass
was removed prior to the hydrotest, lieaving the mainiine
biock valve and 2 x 6" offtake volves. A replocement, project-
specific bypass was designed and installed in compliaonce
with IGEM/TD/3 supplement 1[2]. This enabled contral of
downstrearn pressure for the hotworks during the live triol

At Grangemouth, the pipeline terminated ot o pig
trop installation within INEOS FPS. This pig trop and
assoclated pipework was removed prior to hydrotest,
and a new Class 600 weld-neck flange was installed.

Q0©

This formed the connection for the temporary pig
trap which was utiised for the hydrotest and drying
operations. A second Class 600 weld neck flange
was installed to remove air-gopped pipework

312 Grangemouth to Granton Pipeline

3121 Grangemouth to Granton Pipeline - TD/1
Complionce Study

A study was carred out to cssess the pipeine's complance
with IGEM/TD/1 Edition 6 [6]. The report concluded

that the pipeline should be declared as satisfying
IGEM/TD/1 Edition 6 [5], with a maximum operating
pressure (MOP) of 26 barg, following the close-out of a
series of recommendations. The recommendations and
remedial actions are detalied InTable 1 on the falowing
page. These were all resolved with the actions detalled
prior to commissioning.

3122 Grangemouth to Granton

Pipeline Repurposing Study

Hoving established the complionce of the Grangemouth
to Granton pipeline with IGEM/TD/1 Edition 6 [6], the
next step towards hydrogen service was to complete o
repurposing study to determine complionce with IGEM/
TD/1 Edition 6 Supplement 2 [10]. The resulting report
confirmed that the Grangemouth to Granton pipeine
was suitable for hydrogen service with the following
recommeandations to be dosed owt prior to the fve trial
Table 2, outlines the recommendations and the actions
token priorto the trial

SGN Closure Report 2026
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Table 1: TDY1 complionce moommendations.

Dascripticn of recommeandotion

Response ond progress of actions

Tabde 2: Plpeline repurpasing recommendations.

Description of recommendation

Response and progress of octions

HOP MOP to be declaored at 26 bar, PSR Reguiation 22 [11] notificotion was submitted to HSE Corrasion In occardance with tha CIPS and DCVG Survey Five investigative digs to confirm the
PFrotection report, SGM should rebalonce the Impressed Current  pipeline condition had been corried out
Lirve Wiolk Pipaling line walk to be repadated Repaat ling walk complated in 2024, Cathodic Protection System (ICCPS) to ensure the The pipeline is electrically bonded to
priof to the live trial, maximum permissible “instantonecus Off” criterlon  gthers in the pipeline corridor, Changes
Dally pressure  The pipeline to not be subjectto doily  Fatigue life assessment concluded that the of between -850 mV to 1200 mV relative to to the CP system on the Grangemaouth to
cycle pressure cycling during the live trial. remaining fatigue life is sufficient for the live triol a Cu/CusO, Wf‘:;:"“ fﬂ‘““‘“;ﬂwmﬂ CiPs Granton plpeline could adversely affect
v = el i iccdiotde L asid b it A il e on cress tlong the plpeline Fouts Whens Unclaansd the CP o tie ot slale:
Rood M50 and ASDE rood k COmi to cover oll rood crossi systems
I.‘:::ﬂlng be investigot Iuru:lrﬁlhgi “I E;‘.hhnnn Mh‘li e s scrub exists. The CP system should continue to be therefore rebaloncing was not carried
e oy . maintained for the duration of the live trial. out due to the short duration of the trial,
Cdl.mh'rmndbetweenm:nd Qﬂﬁmmpletadh:cweftﬂrmdmuhgi :
Abercorn and A706 rood crossings with non-complont sleeves. Proximity ta 5GH should confirm the proximity of the pipeline A proximity assessment was carmied
to be subject to risk ossessment. _other Pipelines to oll parallel pipelines dlong the pipeline route. out prior to the live trial
“River Four watercourse crossings 2024 underwater crossing surveys were completed. Ana Depthof Cover  The 66 regions of depth of cover identified asbeing  The surveys carried out were overlaid
Crossings to be risk assessed, ﬂrwmwwfmmwmwmﬂpg? bealons 11 miin the line walk survey and the T regions on a mop to create o unified view of tha
with no natable reductions in depth of cover (DoC) over time. of depth of cover identified as being below 1.2 m results, to help identify depth of cover
in the river, burn, and dibch crossing surveys should trends at locations. There were no aoreos
Nitrogen Sleeves to be mointained in Monthly pressure reodings of sleeves were recorded be reviewed and assessed to determine if they ane of concern for the dumtion of the trigl
Slewves accordonce with MAINT/S. and reviewed, acceptable for hydrogen service during the live trial
Corrosion Imvestigate why the instant OFF Five investigative digs to confirm the pipeline Ground Given the issues with ground movement indicated A landslide susceptibiity study for the
Protection potential readings one mare condition were carried out Movemant in the IGEM,/TO/ report from 1986 [14], the pipeline  pipeline route indicated that most of
negotive than 1200 my. The pipeline is slectrically bonded to others in the pipeline route should be reviewed and assessed to determine  the route had o ‘low to nil’ landslide risk,
comidor. Changes to the CP systern on the Grongemouth to the potential for ground movement during the live with certain sections clossified os having
Gronton pipeline could odversely offect the CP systems of trial and the effect this would howe on the pipeline. ‘modercte’ landslide potential. Outputs
the other pipelines, therefone rebaloncing wos not cormied Depending upon the outcome of this assessmeant, wera used in the CRA
out due to the short duration of the triol oppropriote protective measures may be required
Re-balonce the cothodic protection  The pipeline is slectrically bonded to others in the pipeline for the live trial.
(CP) system to obtain acceptable ooemidor incheding pipedines belonging to other operators. Montenance As the osset must be treoted os a live pipaline A Post-Hydrotest integrity Managemant
iCP recdings along the pipeline. Changes to the CP systern on the Grangemouth to Granton following the revalidation hydrotest, a mainbenonce  Phan was developed and followed
pipaline could odversely offect the CP systems of the other regime should be developed and applied for until the commencement of the live
pipalines, therefore rebaloncing wos not cormied out due to the intervening pericd between completion of trial Following this, maintenance
the short duration of the trial. the revalidotion hydrotest and commencement requirements were included in the
CIPS aond DOVG results to be ossessed  The surveys oarmied out were overlald on a map to create o of the live trial pipeline operation and maintenance
to determine requirement for further  unified view of the results, to help identify locations for dig work instruction (WI).
cooting defect volidation digs. verifications to be corried out. Inspection procedures, frequencies, results, and Operation and maintenance Wis were
Further investigation of identified Five dig verifications wene completed, and one excavation techniques to be opplied during the trial should developed, see Section 353, and an
under-protected coating defects. uncovered disbonded coating on a sleeve end seol, which be developed for hydrogen sarvice. audit and inspection plan was put in
wis repaired and reinstated. : place.
. ™ ini priate Written E aped viewed Mointenance Existing mointenance instrections and procaduenes Operation and maintenance Wis were
e %ﬁem;ﬁn (W50E) :;5: i ﬂﬂ;d 2 3 o Instructions and  to be applied during the trial should be updotedto  developed for the trial See Section 3.5.3.
il ingiiter tha Pl urderth e e Procedures account for the operational conditions during the
Pressure Systems Sofety Regulations. . T trial.
; Tralning Persannel should hove spedcific hydrogen hazard Atrgining and competency plan was
The iné o ba and This will ba red th ut thea ect L
ok et EEWHIWJ"IE:I[HM 6  including Sesati T prel awareness training and should be familiar with ICRVSICE M Cnc LICREREY WEES COBPIAL]
Supnlmntl [10] the appropriote Wis and procadures prior to tha priarto the ve trial. 5ee Section 3.5.4,
Val Vialve maintenance to be completed  Newton block valve (NBY) was moved prior to the live trial, CONVINNCRINNE of s Ry itcl
alve ma L= ﬂ '.'.H: 'IE 'l'l'ﬂ".i FH"H:I' e Q
Maintenance  inoccordance with MAINT/S. and as port of the prassurisation steps, sealing capability H""":"""" """_d?" Knowledge sharing should be emphasised during See Section &,
wiis corfirmed. Dissermination and after the live trial.

wsq.s Wi :lwﬂmd :ln-d :lpprwn-:l prior o mn'mw-ﬂmlng.
M rnndiﬁc:u‘thninHmhvmd

e e

Modifications .i.l'ljl' rr:drﬁl.::atfum I'Tur_mpurpmlng

fior to be done in occordance with 5GN/  ond signed off as per SGH/PM/P5/5 [13].
Repurposing F‘Hp"PS;"E [13]
Local Cunh:lc:tl:h&ralmrnntLAs The threa LAS were contoctad ond engoged In emangancy

jprior to the live trial,

Avthorities response plonning.
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3123 Grangemouth to Granton Pipeline
Gouge Pigging and Hydrotest

Prior to hydrotesting the pipeline, cleaning ond gauging
of the pipeine was completed in December 2022, firstly
using o gauge plate pig ond then for o second run using
the ROSEN Ultimate Cleon Pig (CLP),

The gouge plate from the first run hod minimal domaoge
and was consistent with what is typically observed during
cleaning/gouging runs. This ollowed the second run to be
completed with the ROSEN tool without an unacceptabie
risk of domage. The CLP toc! gauge plate had some weor
and deformation when recelved at Grangemoutn. Following
analysis of the dato, the peak dfferentiol pressure likely

to have caused this was identified as occurring on the
above-ground section within the Grangemouth site.

This correlates opproximately with the locaotion of a borred
tee. The output from the run confirmed that there were
no other maechanical obstructions in the pipeline greater
than 786% outer diameter (OD) In the 635 mm WT sections
and 6.49% in the 9.52 mm WT sections. This concluded

that no excavations or further cssessments were required
in cdvance of the hydrotest.

A hydrotest of the 30 km Grangemouth to Gronton pipeine
was completed to re-validate the integrity of the pipeline
in occordance with IGEM/TD/1 Edition 6 [6]. Typicolly,
revalidation would be camled out using ILE however,

this was not considered proctical In the cose due to:

+ The complexity of generating the flow conditions
to provide consistent velocity forthe ILI tool which
would be required to generate occeptable data.
The Grangemouth to Granton pipeline wos out
of service and isclated from the gas network.

+ Significant estimated costs of ILI with the hydrotest
providing greater volue for money to the project in
terms of revalidating the pipeline.

The pipaline was successfully uprated and hydrotested in
Januery 2023 to 39 barg (1.5 x the proposed 26 barg MOP)
and held for 24 hours (exceeding the code requirements).
Following the hydrotest. the pipeine was emptied, dried
and pressurised with nitrogen to 2 barg for preservation
until the trial. No further pigging operations were
planned, and the temporary pig traps were removed.
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31.24 Interim Maintenance Plan

Following the hydrotest, it was acknowledged that there
would be o period of time before the pipeline would be
repurposed for the live tricl The project developed an
interim maintenance plan to ensure that the pipeline’s
Integrity, which was proven by the hydrotest, was
preserved untii the live trial. Many of these maintenance
requirements would be stondard for any high-pressure
pipeiine, ond olithough the Grangemouth o Granton
pipeline was only at 2 barg with nitrogen, these measures
were implemented to ensure the integrity wasnot
compromised prior to the trial,

Q0©

Tcble 3: Interim maintenance measures.

Description of recommendation

Response and progress of actions

Mapping Confirmation that SGN's mapping of the Pipeline route wosupdaoted in SGN's
rovte algns with the wpdated pipeine route. _mapping system. :
Complionce The stondard frequency to update Anew report is ploanned for 2025,
an MOP Affirmation Report is 4 years. prior to the live trial.
Pressure Instaliation of an internal pipeline pressure Pressure monitoring system has been instaled.
Monitoring monitoring system during the nitrogen- Pipeline nitrogen pressure is being monitored
filled period will allow any loss of pressure and regularly reviewed.,
tobe investigated and oddressed prior
to the hydrogen trial,
Aerial Survey Grongemouth to Granton pipeline is An internal oudit of cerial sightings in the
coptured in RAPTOR system ond treated vicinity of the pipeline route was completed.
as an operational pipeline,
Vantoge Point Only required if pipeline cannot Documented vantage point surveys will be provided,
Survey be ceriolly surveyed, if necessary, to address gops in aerial surveys.
Corrosion T/R monitoring and test post surveys CP monitoring Is an ongoing activity conducted
Provention (functiondl, interim, ond major) up to ond during the live tricl The CP system has
as per ECP/2[15). been maintained prior to the LTS Futures project
and will continuve to be operated cnd maintained
after the ive trial.
CIPS / DCVG One coating defect volidated and Complate CIPS and DCVG surveys were carried
Survey remediated prior to hydrotest. Ongoing out and overicid on a maop to create a unified
analysis of CIPS / DCVG outputs to identify  view of tha results, to help identify locations
validation digs. Any coating defects willbe  for dig verifications to be carried cut
remediated as oppropriate. Another CIPS /  giye dig verificotions were completed, and one
DCVG s not required priorto the live trial.  gycovation uncovered disbonded coating on @
sleeve end secl, which wos repaired and reinstated.
Underwater The River Aimond is tidal with depth of cover 2024 underwater crossing surveys complete.

Crossing Survey

(DoC) recorded as 0.7 metres in Februory
2022 Confirm no unacceptable reduction
inDeC.

A comparison between the strip map, 2022

and 2024 DoC readings has been made, and

the results indicate no significant chonge In the
DoC. There Is no evidence to suggest thot the
probability of external interference at the crossing
has significantly changed since installation

Line Walking Check for signs of third-party domage, 2024 line walk complete with dato available.
or activity that could negatively affect Outputs have fed into DoC analysis,
pipeline integrity.
Owner / Landowners are to be capturad in A specific landowner dotabase was developed for

Occupier Liakson

Landowner Dotabase or temporary
dotabase fortriol period to be set up.
Meeting with londowners planned for 2023,

the project detalling all contact with londowners
over the project. Atown hall meeting to Introduce
the project was corried out in 2023, Londowner
liaison has been conducted prior to cbove
ground surveys and works, with ongoing licison
throughout the project as per the Stokeholder
Engogement Plan
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Table 3: Intedm maintenance measures (continved)

Local Authority
(LA) Planning
Departments

LA Emergency

Description of recommendation

Flanning Departments of City of Edinburgh,
West Lothian and Falkirk to be informed of
pipeline route and live trial. Submission of
Reguiction 22 notification to the HSE will

Response and progress of octions

PSR Regulation 22 [f]notfication submitted
to the HSE,

Communications with LA Planning Departments
outlined in the LTS Futures Stakeholder

initiote process to copture the pipeline on the  gngagement plan.

Lond Use Planning (LUP) system and cllow
the Consultation Distance to be established
ond provided by tha HSE tothe LAs.

LAs will need sufficient time ond support Pro}ect-specm;ppendlx for LA Emergency Plans

Planning to capture the Grongemouth to Granton was issued to the LAs,
pipeline hydrogen live trial in their
emergency plans.
Emergency A desktop emergency exercise will A desktop emergency response exercise was
Exercise be plonned to test and adjust the carried out prior to commissioning. This included
orrangements in advance of the hydrogen all LAs, HSE and emergency services.
triol This will be followed up with a live
OMEergency exercise
Linesearch LSBUD has accurate pipeline routes details SGN have confirmed thot the Grangemouth
Before U Dig to Gronton pipeline is in the LSBUD system.
(LSBUD)
Third Parties Identify cll relevant third parties A project-specific londowner database was
ond intiote communications. developed ond regular communication with
landowners was ongoing throughout the project.
There was regular communication with the LAs.
Normal SGN procedures nclude contoct with
statutory bodies and other pipeline operators.
Nitrogen Pressure monitoring data loggers which Pressure monitoring dato loggers were read
Sleove: cre read monthly. Investigate, assess and monthly. Six sleeves were identified as losing
remediate as appropriate ony sleeves pressure due to connection hoses or fittings, and
losing pressure. these were remedioted prior to commissioning
Marker Posts Marker post condition identified from 2022 Damaged / rissing marker posts were identified

Vaives and
Actuatars

line waolk report ond remedial activities

ongoing. Markar post condition updated
cduring aeriol / vantoge point survey.

Main line valve at NBY site should be
treated os a Safety Critical valve and
bypass volves as Network Critical. They
should be tested in advance of the live triol
to demonstrate leck tightness for hydrogen
service by closing valve ond pressurising
cavity with helium to confirm sealing
capability of double block ond bleed volve
520 ond other mechanical connections.
Adequate time shouid be plonned

for any remedial actions required,
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In the 2022 line walk with remedicls complated.
Further damaged / missing marker posts will be
identified from the 2024 line wolk with remedicls

_work completed prior to commissioning.

Activity stoted is not oppropriote due to the level
of pressure in the fine prior to commissioning.

The valves were moved prior to commissioning,
and during the prassurisction steps, the secling
capability of the mainiine block voive wos
confirmed. The new bypass arrangement
included specific hydrogen-rated isolation valves.

Q0©

313 Newton Block Valve (NBV)

The NBV is located approximately holfwoy between
Grangemouth and Granton. The bypass arcund the block
valve was removed ond repiaced with a new purpose-
built bypass to support the needs of the trid. This allowed
controd of pressure downstreom of the block valve for the
live trial hot works operations

The block vaive site wos excovated In 2023, and a full
inspection was completed, All remedial works identified
were completed including replacement pipe supports
ond maintenance on the existing valves. Following these
works, the 2 x 6 offtake valves and the mainiine block
valves were chambered to allow for monitoring during
the live triol. The pipework was hycdrotested as part of
the pipeline hydrotest in January 2023, ond the bypass
was hydrotested separately prior to installation.

A repurposing assessment of Newton Block Valve
was carrled out in cccordance with IGEM/TD/13
Edition 2 Supplement 1[9] and was confirmed to be
suitable for hydrogen service provided the following
recommendations were closed out.
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Table 4: Repurposing recommendations for NBY site.

Description of recommendation

Response and progress of actions

Location and
Layout

The reinstatemeant of the bypass and vent
pipework should be in accordance with IGEM/
TD/13 Edition 3 [16] and its Supplement 1[9]
ond consider the hazardous area assessment.

The new bypass was designed in
occordonce with IGEM/TD/13 Edition 3
and Supplement 1(17] [18].

Hozordous area drowings were produced
for the site, ond an independent approval
and appreisal process was followed,

Hazardous Area

It is recommended that a hozardous area

A hazardous area was colculated,

Assessment should be colculated and drawings produced and drowings were produced for the
prior to the ive trial, noting the requirements site. The hazardous areas did not extend
of IGEM/SR/25 Edition 2 with amendment 2013 beyond the site boundary, therefore
Hydrogen Supplement 1[19]. If the hozardous no QRA was required,
crea extends beyond the site, then a Quaontified
Risk Assessment (QRA) shall be performed to
determine the level of risk posed to the general
public in the vicinity of the installation.
Housings, There are no housings, kiosks or buildings at Not applicatile os there will be no buildings
Kiosks, NBV site and therefore no recommendcations. on site, and kiosks were positionad out with
Buildings the hazardous areas.
Installation The reinstatement of the bypass ond vent An independent process for approval
Design pipework should be in accordance with IGEM/ and approisal was used prior to design
TD/13 Edition 2 and its Supplement 1[16] [9]. acceptance and proceeding to construction.
Flowrate An assessment of flow velocities should be An independent process for opproval and
ond Velodity completed to ensure that the gas velocities approisol was used prior to design occeptonce
cre in accordance with IGEM/TD/13 Edition 2 and proceeding to construction.
ond its Supplement 1 [16] [9].
Plpework The reinstatement of the bypass and vent An independent process for approval
Material pipework should be in accordance with IGEM/ and approiscl was used prior to design
and Sizing TD/13 Edition 2 and its Supplement 1 [16] [9]. acceptance and proceeding to construction.
Pressure Not applicable to the NBV installation Not applicable to NBV in its planned
Boundaries configuration.
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solotion Volves

Description of recommendation

That leak detection is incorporated Into the
commissioning procedure with adequate time
planned for cny remedial cctions required.

Response and progress of actions

NBY was moved prior to the live trial,
ond as part of the pressurisation steps
Non-routine operations (NRO), sealing
copability was confirmed.

WSoE was developed and approved
prior to commissioning.

Gas Ceaning /
Fiters

Filters Incorporated into the new works for the
live trial shouid be designed in accordance with
IGEM/TD/13 Edition 2 and its Supplement 1,

An independent process for approval and
oppraisal was used prior to deslgn acceptance
and proceeding to construction

Regulators Regulators incorporated into the new An independent process for approval
works for the live trial shouid be designed in and approisal was used prior to design
accordonce with IGEM/TD/13 Edition 2 and occeptance and proceeding to construction,
its Supplement 1 [16] [9] New regulctors installed were specified for

hydrogen service,

Protective Not opplicoble to the Newton Block Volve Not applicable to NBV in its planned

Devices instaliation, cqc_\f}gumtbn

Vibrotion Perform a screening assessment noting sources  Site was manned during all flowing gas

ond Noaise of excitation and features susceptible to operations and monitored for excess
vibration. If the risk of failure from vibration is vibration and noise by onsite personnel,
deemed credible, oppropriate inspection is
recommended to identify potential cracking
and any indications assessed. Vibration and
naise monitoring should be carried out during
the live trial,

Auvxificry Not opplicable to the NBV instaliation, Not appliccble to NBV in its plonned

Pipework, configuration.

Attings and

Bolts

Vents / The venting plpework and valves should be re- Not appliccble to NBV in its planned

Breathers instated ensuring the sizing of the vents ollows configuration.
either pipeline section to be depressurised as
rapidly os practicable.

Metering Not applicable to the NBV installotion, Not applicable to NBV In its planned

configuration.

Corrosion Corry out o detoiled visual inspection of Detailed inspection ofthe site was corried

Protection pipework in accordonce with clouse S16.6.6 out as port of the remedial works. Coating

of IGEM/TD/13 Edition 2 Supplement 1[9] and
T/PR/NDT/1[20]. Particulor attention should be
mode to the soll-aFr Interface ond pipework-
support interface.,

was re-instoted and pipe supports replaced
prior to chombering of the vaive and
reinstatement of the site

Electrical ond
Instrumentotion

Leck and flome detection devices are instolled
at oppropriate locations In accordance
with IGEM/TD/13 Edition 2 Suppiement 1[9).

Fiome and leck detection Instrumentation
was installed onsite covering all potential
!ook locot}ons

Signoge ond
Demaorcation

Signage at the NBY installotion should reflect

the change to hydrogen operation prior to the
live trial.

Appropriate signoge was in place in advonce
of the live trial,

DSEAR [21)

A dangerous substance and explosive
atmosphere risk assessment should be carried
out for the installation.

Dangerous Substances And Explosive
Atmospheres Regulations (DSEAR) assessment
completed before commissioning.
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3.2 Designed and Constructed
a New Hydrogen Supply Pipeline
and Entry Unit

e design and construction of the supply pipeline
entry unit and block valve bypass were primarily intended
to fadilitate the live trial. However, each of these tasks
aiso demonstrated the usability of existing hydroger
supplements to design codes to produce safe ond
functional assets. These activities also provided an
OpPpPOrtunity 1o consider e bing fociities Could

be repurposed ond the potential chalenges with this

wCiuding equipment selection, procurement and costs

3.21 Feasibility Study

In preparation for the project, a feasibiity study was
camied out along the Grongemouth to Granton pipeine
fm‘tv ind considered the routing of the hydrogen supply
pipeline, This included potenticl ocptions for connection
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points to the INEQS hydrogen supply, entry unit locations
and 0 dversion at Hopetoun Gorden Centre with the
pipeine terminating at Granton. The study concluded with
recommendations for progressing with g connection ;.L.»- it

with INEOS Olefins and Polymers (O&P) proximal to Boness

Rood, and routing the supply ine through the grass verge
to the entry unit, At this stoge, on entry unit location
externcl to the FPS site was the primary option
later reconsidered. and siting of the entry unit within
INEOS FPS became feasible. The study recermmended
further assessment of the pipeline at Hopetoun Garden
Centre to determine if o diversion was required. A
subsequent site specific QRA deemed the risk ot this
locotion to be broadly occeptable and no mitigation

megswres were requirec

A separate study was completed by INEOS to review
potential connection points within O&P and routing to
the boungary fence ot Bo'ness F?o.::d This conciuded thot
the ttming of the works would play an importaont role In
determining the most oppropriate option, dueto some

connection points requinng o site shutdown

3.2.2 Detailed Design

A detaided design was complated for

each of the new installations. including
Hydrogen connection paint withir INEOS
O&P and pipework to the boundary fence

s 3

an
Hy gen entry unit
NBY OYpOss

The designs utilised existing S
ond ingdustry desion standards in

IGEM/TD/1 Edition 6 — Steel Pipelines and Assocated
nstollations for High Pressure Gas Transmission [6)
IGEM/TD/1 Edition 6 Suppiement 2

High Pressure Hydrogen Pipelines [7 D
ICEM/TD/13 Edition 3 - Pressure Regulating
Installations for Natural Gas. Liguefied Petroleum
Gas and Liquefied Petroleum Gas/Air [17]
IGEM/TD/13 Edition 3 Supplement 1 -

g Instaliations for

Pressure Regulatis

Hydrogen ot Pressures Exceeding 7 bor :‘13‘

IGEM/SR/25 -~ Harardous Area Classificatio
of Natural Gas Instaliations [22]
v IGEM/SR/25 Edition 2, with amendments
;'("-3 “'lj’.l

Area Classification of instalictions Using

en Supplement 1 - Hazardous

Hydrogen or Blends of up to and Including 20%
by Volume Hydrogen in Natural Gas [19]

During this process, there were regular cesigr
co-ordnation meetings between all relevont interna

and external porties to ensure the deveioping design
continved to meet the needs of the project and ensuring
that the connection points baetween designs aligned

)

in terms of design standards

ese disciplines

Designs from each of thes
were Included for eoch site
« Machanical design for pipework
and equipment to be instolled
« Chivil _f:,-..»_;,_},‘, for support structures and bases
« Electrical design for instrumentation and data
logging, control systems and onsite power

« Hozardous agreg assessments

v

The design process was controlled ond co-ordinoted
through technicol queries and a deviat

‘.

on I YORSs was

ollowed for any adoptation where the specified design

2ode covid not be met. A design decisionsand ¢

ped ond maintained throughout

register wos deve
the process as a record of the design choices mode
f 9

Nith the finalised design In place, o Hazard and
Operabiity Study (HAZOP) was carried out. These

were conducted in accordance with the requirements of
8S EN 61882:2016 [23] with "‘u{.»' mentary guidance froe
HAZOP Guide to best practice™ | v"‘l' HAZOPs were attended
by representotives from eoch discipine and connected
party to ensure o comprehensive study was completed

AC MWOW-Up Cosa-out
meetings were Neid 1o agree competion of these

JONS Were issued to ottencees o

The final stage was the ocpproval and appraisal of

designs. Ths was carried out through the established

WOCesses detaded in
SGN/PM/PS/S5 - The Manc gement of New Works
Modifications and Repairs [1}]

SGN/WI/PS/6 - Work Instruction for MONO

JinNg
ications and Repalrs [25]

h Risk New Works, Modif

Due to the novel noture of t nNe projec L, 0 detailed
ndependent review process was r_‘:.’r t‘d out for the
selected equipment items to ensure the (tems procured

were suitobie for use n !1'\;.' DOEeN Service on 1 hod beer

led Lo demornstrated this. In most instances the

noed for f",!'p’*‘!."f“ testing in hydrogen was defined

n the procurement spec fv stion. However, for some
tems, such as plug vaives, cdditional testing was
carried out and verified by a third party for the project
testing with the manufocturer was not available
n selecting equipment, input was toker m existin
focilities hendling hydrogen, ond the items they used
10 enswure the most aporopriote choices were made

)

A feosibiiity study was carried out to determine the most

suitable option for the tie-in point within INEOS O&F

nitially, this wouid have involved approximaotely 440 m
of onsite pipework;: however, due to g delay with the
project, it was possible to utilise o connection point closer

to Bo'ness Road, requiring 80 m of pipework, as the trial
would be taking ploce after the 2024 turnaround

O
D
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Onsite pipework wos designed ond constructed to ASME
831.3 using INEOS-opproved designers and controctors.
There wos corsistent communication between INEOS

ond SGN designers to ensure the designs were compatible
and met the required standards, with clear delinection
points betwoen sections, The route consisted of
above-ground pipework and valves to the fance boundoary,
followed by o buried section under the boundary fence
and into the Bo'ness Rooad compound. Construction of the
connecting pipework with INEOS O&P was completed in
April 2025, with isolotion spodes remaining in ploce until
final preparations for commissioning

3222 Supply Pipeiine - Design and Construction

The hydrogen supply pipdine was the first pipeline
detigned and constructed in line with IGEM/TD/1

Supplement 2 [10]. Following on from the feasibility study,
the design firstly confirmed that the suggested 3 diometer
would meet the supply needs of the project. At this stage.,
the final flow rote of hydrogen ovoiloble wos still to be
finclised, but ¢ brood egreement of 250 kg /v hod been
reoched. This was agreed with INEOS ond met the trial
requirements. The design process then considered the route

Fgure 5: Bo'ness Rood compound ~ hydrogen isolation point.
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from the connection point with INEOS O&P ot the fence
boundary on Boness Rood to the connection with the entry
UNt to be locoted within INECS FPS. There were several
chalienges to be corsidered clong the route induding:
« Heavily congested vergas and footpaths
with several other buried services.
» Narrow rood sections and a bridge
requiring traffic manogement.
+ Goteway crossings to the INEOS site, which
were critical for its emergency response
» Aculvert crossing,
* An above-ground crossing (river),
which utilised alisted bridge
» Routing of tha pipeline into INEOS FPS
and negotiation of existing infrastructure.
» Lack of a permanent power supply for
the required instrumentation/monitoring.

A decommissioned/obandoned 6" and 16" mains ct the
culvert and on the side of the bridge respectively were
vsed as sleeves for the new hydrogen supply pipeline.

Q0©

Prior to commencement of the construction works, o
Hozaords in Construction Stuay (HAZCON) was carried out
to ensure thot oll potential hazards hod been considerad
and mitigoted in relation to the build, specifically the
challenging culvert ond river crossing sections,

The finalised route started from an isolation compound
on the Bo'ness Road following which the pipefine was
buried below ground in the grass verge. The 3° pipeline
was installed across three gateways/access points along
the route using a moling technique to minimise disruption.
Following this, the pipeline route reached the INEOS
culvert At this point, there was significontly reduced
depth of cover forthe existing cbandoned 6™ main which
was to be used as a sleeve. This reduced depth of cover
and sleeving required engineering pdlicy deviations to
be approved, as this was not code compliont. Impact
protection wasinstolled in the culvert during the
construction of this section to protect INEOS ossets.

The pipeline continued in the grass verge unti it reached
the River Avon crossing, where it was routed cbove
ground and was sieeved In an existing 16" abandoned

Figure & Gateway 7 moling prt.
-\ T - P

main. This deviation from code clso required cpproval,
Due to the condition of the supports and congastion

with other services on the bridge, significant remediation
works were required. As the bridge wos o listed structure,
there were also constraints with access, ond a number of
rveys were required to ensure structural stabllity for the
pipeline. Ecological surveys were also carried out prior to
works commencing

After the bridge crossing. the pipefine crossed Bo'ness
Road and continued in the grass verge on the north side
towards INEOS FPS. For the final section of pipefine to
enter the FPS site ond the area for the hydrogen entry
unit, it would cross a gateway, security fences and the
fire main for the INEOS FPS site. Horizontal Directional
Drilling (HDD) was used to instoll this section of pipeline,
minimising the disruption to INEOS fadlities, This was

a significant challenge, as INEOS were unfamifior with
this process, with some concermns regarding potential
unmarked services within the FPS site, This required
significant engogement and plonning, toking aimost

12 months to goin approval

Figure 7: River Avon bridge crossing construction,
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Other censiderations along the pipeline route included
the need for a rolling traffic management system.
During the construction period, alane closure was
required to provide o safe working orea for onsite
contractors, Engogement with INEOS was on-going and,
although operations were mostly outside of their site
boundary, construction work was taking place in ond
around their assets. Substantiol engogement with LAs
and the public regarding road closures was undertoken
to improve awareness and minimise disruption.

Civil works were completed ot the fence boundary with
INEOS O&P on Bo'ness Road to creote a small compound
for isclation valves and monitaring equipment. This
consisted of a security fence, concrete bose to support
pipework ond an instrument cobin, Vehicle impact
protection was also Instalied ot the roadside.

In addition to the logistical issues, there were technicaol
difficulties to be overcome. The development and
qualification of suitable welding procedures were
required, s intial Shielded Metal Arc Welding (SMAW)
procedures were not suitable. A new Tungsten Inert Gas
(TIG) procedure was developed and qualified, clliowing
construction to proceed, Due to the novel noture of the
project, there were odditonal quality ond assurance
monitoring, both in regard to the moterials used ond
onsite operations. There were also chollenges regording
carrying out rodiography on 100% of the weids on the
pipeline due to the congested notura of the installation
area ond its proximity to the general public.

Foliowing completion of the mechanical works, electricol
and instrumentation installation commenced, This
provided the required monitoring system for the hydrogen
wpply pipeline, ollowing the preciure and temperature
to be monitored, as well os the flome and leak detection
sensors ot the Bo'ness Road compound. Data was
monitored via a Watchlog system, which could be viewad
remotely and accessed by the project team and Gas
control centre (GCC). As there was no permanent power
supply to the compound. all equipment was battery
powered, and regular onsite maintenance ensured that
batteries were swapped ot required intervals. Connection
to the Wotchiog system was via the mobie phone
network, and multi -network SIMs were usad to minimise
connection issues. In the event of a network follure, the
Watchiog system would notify GCC thaot communications
had been lost, and the onboard memory capacity within
the unit could retain several days of dota,

When all construction and testing onsite were completed,
a commissioning certificate was issved in preparation
for commissioning. See Section 361,
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3.22.3 Hydrogen Entry Unit

The design for the hydrogen entry unit utilised the
specifications provided in IGEM/TD/13 [17]. While
designed in o similar way to a natural gas entry unit, there
were significont differences. Some of these adjustments
were due to the operationol requirements and others

In reiation to the bespoke nature of the triol,

The following equipment was Included within the entry unit:
« lIsolation valves.

» Fiktrotion.

+ Coriolls flow meter.

« Saofety shut-offvaive

* Pressure control valve,

» Flowcontrol valve

« Odorisotion unit.

» Gos sampling.

* Flome ond leak detection.
* Pressure monitoring.

» Temperature monitoring,

The entry unit design hod to overcome both
operational and logistical challenges induding:

+ Alack of permanent power supply onsite.

+ Vorying gas composition.
» Prohbition of fugitive emissions from ony equipment item,

These challenges were oddressed as the design was
developed ensuring thot the needs of the project
continved to be met. The entry unit opercted as a single
stream as there were no end users and no criticality of
supply concerns, therefore the redundancy provided by
a twin-stream unit was not required. Pressure and flow
control was provided with electricolly octuated volves,
and while these are not typical, there were no fugitive
emissions from normaol operation. A Coriolis flow meter
woas selected, as this could occommodate changes in
gas composition while still mointaining the accuracy
required for flow measurement. In line with IGEM/TD/13
Supplement 1 [18], the site hod flame and leck detection
equipment fitted. This was positioned to cover ol onsite
equipment and, coupled with pressure and temperoture
instrumentation, dlowed the site to be remotely monitored
outside of operating periods. Pressure monitoring through
the Watchlog system provided an olert If the pressure In
the isclated section cdecreased by 0.5 bang In 30 minutes.,
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The design olso considered the potenticl need for onsite
maintenance and recognised that live working on o
hydrogen system would not be aliowed. It included
provision for isolating and purging individuol sections

of the entry unit using o fixed onsite vent stack with
congdered hazordous ared, should venting of a small,
isolated section be required.

Following completion of the design, a HAZOP was carried
out with input from oll disciplines. INEOS personnel

were nvolved In this process, cs the entry unit wos
located inside the FPS site and would be used to control
and measure the flow of hydregen for the trial, It was
importont that the design and operation of the entry unit
did not pose any unnecessary or unmanoged risktothe
remainder of the focility

Figure 10: Hycrogen entry unit piping ond instrumentation diogrom.

PUOTE, MRS A FREERT SCINLTEe et

PR A - —

|

\ , = ‘

i opo i i G}—l- wo |
\ : ~= J

Figure 11: Hydrogen entry unit
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The following table detalls the reguired oclbions identified by the HAZOP and the work complatad

to close thesa prior to commissicning.

Tabde 5: HAZOP octions summaory

HAL P action

Use of nitrogen for purging

Cwerpresiure pratection for the nitrogen inlet/
purging system woas required to protect the
entry unit and pipadine from over pressurisation
(40 borg for the entry unit ond 26 barg for

tha pipeline)

Close out tosk

Specification tothe supplier for this system included the
requiremant for cverprassura protection The dasign of the
systeam wos reviewed to ensune pressure reflef was included.

Hitrogen indet,/purging system to be designed
to ensure the pipelineg is protected from
under-temperotune.

Gas odorisation and sampling

Wi, risk ossessment, ond trodning for the odorant
system required.

Specification to the supplier for this system included the
requiremeant to ensune iguid carmy-over (s not possible.
Design of the system reviewed to ensure this i coverad.

Included In site Operations and Maintenance WL Tralning
provided for oll personnel using the odorisation wnit.

Review of positioning of the somple polint
to prevent the release of plpeline contents
fedlowing the fallure of o valwe

Ssample paint relecated vpstream of the isolotion point

HAZOP af odorisalion systam from the vendor to
ensurg ovar-prassurisation of the system hos
bean reviewed ond to determine crtical valwes.

To prevent overpressune, the odorant injfection system hos
thres forms of protection, consisting of two non-retum volves
{(HRVs) = ona in the connection quill and ane in the odorant
cobinet - and a solencid valve that opens on pump stroke
and outomatically closes. All valves and the pump are roted
for the Metwork Entry Point (MEF) design pressune of 40 borg,

Confirm the heater system in the cdomnt
cobinet and any protection system

Confirm the design and protection measures
of the adorant blionket gos pressure rellel’ and
pasithen of the carban flter. Confirm required
malntenance for the carbon fMiter,

self-controlled heater system in the cdorant cabinet
adjustable by thermostot has o masimum heating cutput
of 300W. EEx protection : Il G Ex db IIC.

00O

HAZOP action

Instrumentation and other equipment

Review locotion of second flome and leak

detection sensor to ensure coveroge of whols site.

Raview bottery life for fire and gos detection
ond consider indtaflation of solar panels

Chlose out task

Location of sensor reviewed at this stage; however, a further
decision was mode thot full redundoncy of sensors was not
required and specification was reduced to one sensor.

Battery life reviewed and increased to 14 days. Due to
short durgtion of project, no solar panels were installed.

Caonfirm fire/gos/ pressure monmitoring system
has a suitable alarm far loss of commas

Rewvlew of the nesd for a reflef valve on the entry
unit - potential for salor goin to increase the
pressure in a locked-in section

Watchlog system notifies contacts in the event of comms
failure including DCC.

Calculations completed, demonstrating that on ombient
temperoture rise of 50°C would not require o relief valve on
the system,

Confirm thot the design of the vent stock hos
considersd the asphyiation risk ond rolse.

Vent designed in line with IGEM/SR/25 [22]

Phased drowings for cperational
and non-operational phoses.

Phased drawings were produced and included in MROs.

IHEDS to conflrm ormangements and willlngness
to continue aperation in the event of o follure
of the digital angsl System.

Loss of rodio communications onsite would be clossed os
an emengency, Bock-up intrinsically safe (15) phones and
landlines will be used by INEQS for core cperations to be
maintained. All other onsite work would be stopped and
brought to o safe state.

Condueted an cccupotional assessrmant
for the maintenance procedures, including
Personal Protective Equipment (PPE).

S5GM caorried out on internal review of the sultabillity of existing
PPE for use with ydrogen, and all personnel working on

the trial will hove suitable PPE for thelr role. Wis included

the required PPE for any tosk being undertoken and risk
assessments oddressed cccupational health ssues.

Civlll works were corried out onsite to install

The construction of the entry unit within the FPS site required

Review suitabliity of somple bags for use with
hydrogen.

The nitrogen system is protected from overpressure by o
pressure regulator locoted ot the bottle connection and o
rellef valve, The vessel is designed for full vocuurn pressure,
Maintenance frequency for the carbon filter is recommended
to be onnual, thenefore it will not require replocement during
the triol,

Bags not suitable, Grab sample panel specified
for gas sampling.

Confinm pressure breakdown for sompling point
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Detalled design for pressure sampling system was produced.

fencing, which defined the boundary of SGN-controlled
operations on the site. Concrete bases were instalied

to support pipework ond Instrumentation kiosks, with
odditional works to provide vehicle occess and vehicle
Impoct protection. Fabrication ond hydrotesting of the
entry unit pipework sections were completed offsite.
The pipework sections ond equipment items were then
constructed onsite and leak tested prior to cormmilssioning.
It wos acknowledged thot testing of the final connection
tothe Grongemauth to Granton pipeline would not

be possible, and therefore a sentry gosket wos used,
ollowing the integrity of this connection to be proved.

significant engogement with INECS to enswe personnel
were inducted ond could occess the site, Risk Azsessment
Method Stotements (RAMS) for the work had to be
submitted sx weeks in advonce of works for INEOS approsal
and required operotions to be scheduled to prevent delays,
As port of the training ond offsite testing process, the entry
unit hod been previously constructed, tested ond operated
wsing hydrogen In o pasudo-5AT (site occeptanoe test),
and this provided confidence and reduced the number
of minor onsite issues to be resolved during construction
ond electrical ond instrumentotion setup.

SGN Closure Report 2026 43



Closure Report | Chapter 3: Outcomes and Achievements

Foliowing the completion of mechanical installation,
there was a significant amount of Electrical and
Instrumentation (E&1) equipment installation and testing
to ensure all control velves and monitoring systems were
opercational with setpoints as required. Onsite power
was supplied by o generator when the site was manned,
and outside of these times, battery systems powered
critical instruments and the Wotchlog system. Criticol
instruments were used for monitoring the entry unit and
site for potential leckage aond included flome detection,
leak detection, pressure cnd temperature monitoring.
An onsite remote telemetry unit (RTU) was used to input
valve positions and setpeints for the pressure and flow

control valves, monitor additionoal onsite instrumentation
and communicoted with the odorisation unit controller.
Data from the RTU was captured on the Watchlog system
and could be viewed remotely. The odorisotion system,
which was Inttiolly commissioned by the vendor onsite
using ethanol, was primad with NB (new blend) odorant
prior to hydrogen commissioning.

The mechanicd and electricot build phose of the

entry unit took approximately 12 weeks On completion
of the works, a commissioning certificate was issued

in preparation for the start of the trial

3224 Newton Biock Valve Bypass - Design and Construction

Figure 12: Newton block valve by-pass.

-
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A bypass to the NBV was not required os part ofthe
original feasibility study; however, the need for this
became cpparent os the detalled scope for the live trial
operations developed and exponded. It was recognised
that the hydrogen supply from INEOS clone would

not sustoin the required velocity in the pipeline for the
welding operations to be carried cut, and an operating
philosophy was developed to identify when and how
flow would be controlled. For the welding operation, this
involved using the pipeline section upstream of NBV as

a reservoir to feed the downstreom section where the
welding would be carried out. The facility ot Newton was
used to manoge the downstream pressure while the flow
te the flore ot Gronton wos adjusted to maintain the
required velocity in the pipeline. See Section 3.6.2.

The repurposing works detailed in Section 3.1 allowed
for the mainfine block valve and existing offtoke points
to be utllised as the connection points forthe new
equipment to be instalied.

The bypass wos designed in accordance with IGEM/
TD/13 Supplement 1[18] ond Included equipment ond
Instrumentation required for conducting the live trial,
see Figure 12, suchas:

« Prassure control and monitoring.

« Temperature monitoring.

« Gas sompling copability.

* Inline hydrogen monkoring for during the purge.
+ Isolation points

* Floring (emergency use only)

» Onske flome ond leck detection,

A HAZOP was carried out on tha finalised design, with
Input from all disciplines, to ensure that the site would
operate safely and meet the requirements ofthe project
Actions from the HAZOP were closed ocut and actioned
during the finalksation of the design and construction
These included:

« Instollation of o fixed vent stock.
« Confirmation of alorm settings forlow presswe.

« Inclusion of an odditional escope
gate in the boundory fence.

Civil works were completed onsite to instoll concrete
bases to support the bypass pipework, instrumentation
kosks and the vent stack, A temporary base was installed
for the emergency flare, An odditional escape gote

was also added to the boundory fence. Fabrication

and hydrotasting of the bypass pipework sections were
complated offsite. The pipewark sections and equipment
tems were then constructed onsite and leak tested prior
to commissioning.

The bypass site included instrumentation and electricolly
actucted pressure regulotors used for the control of ive
triol cperations. These were controlled and monitored
using the onsite RTU. The site had no permanent power
supply ond therefore all equipment was powered by o site
generator or battery system, During flowing operations,
the site was manned and the onsite generator utlised

for power. The botteries maintained power to criticol
nstruments and alarms at all other times, These
recharged when the genarotor was operating, removing
the need for cdditional maintenance visits, Criticol
instruments included flame detection, leak detection,
and pressure and temperature monitoring for the pipeline
sections, each side of the block valve, and the above-
ground bypass section. These instruments were monitored
via the Watchlog system, which provided notifications
when porameters were outside occeptable ranges, and
covld be accessed remotely. The emergency flare hod

a standalone control panel, battery and solor panel
arrangement for its operation.

Foliowing the completion of oll onsite construction
and end-to-end testing, o commissioning certificate
for the site wos issued.

3225 DSEAR(Dangerous Substances and
Explosive Atmospheres Regulations 2002) [21)

DSEAR requires employers to contrd the risks to sofely
from fire, explosions ond substances corrosive to metals

ond puts duties on employers ond the self-employed

to protect peopla from these risks to their sofety in the
workplace, and to members of the public who moy be put
at risk by work activity, For the LTS Futures Project. DSEAR
assessments were carried out for each of the sites:

« Bo'ness Road Connection Compound,

« Kinnel Entry Point.

* Newton Block Valve,

+ Granton Flaring Facility.
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The following toble includes the hozords thot were identified ond the octions token to mitigate ogainst these.

Table 6: DSEAR risk assessment summary.

DSEAR action Response

Hydrogen Gos Control of ignition sources and all equipment on site, including

(Unodorised and Odorised) portable equipment was appropriotely ATEX rated to their hazardous
areas zoning. For oll sites. there was flame and leak detectors which
covered all equipment

Diesel Control of ignition sources and all equipment on site, including
portable equipment was oppropriately ATEX rated to their hazordous
aregs zoning.

Odarant An odorant system was spacified to meet the needs of the project in

terms of expected operating condtions including flows of hydrogen

and MOP,

Hozardous Area Zoreng (0-2)

Hazardous areo drawings were locoted on site and part of the onsite

induction, and a GS700H was located onsite, Control of ignition

sources and all equipment on site, induding portable equipment
was oppropriately ATEX roted to their hazardous areas zoning,

3.3 Emergency
Response Planning

The project has demonstrated that o safe and successful
response is possible when due consideration Is token for
the different properties and behaviours of hydrogen

This section describes the actions token by the project to
ensure that the develepment of policies and procedwres
considerad the physicol proparties of hydragen oc well os
the required training and demonstration of competency
of personnel invclved. It Is ocknowledgad that these
plans and cctions were suitable for the short duration
and confined nature of the trial and that alternative
arrangements would be required in some instances

for o network repurposed to hydrogen. Nonetheless,

it demonstrated that an effective and safe emergency
response is ochlevable.

3.31 Major Accident Prevention
Document (MAPD) Supplement

Following the introduction of hydrogen to the
Grangemouth to Granton pipeling, it became a Major
Accident Harord (MAH) pipeline as defined inthe PSR 1]
and was therefore subject to regulatory requirements.
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Reguiation 23 of the PSR 199€ [11] requires that operators
of pipeiines transporting dangerous fluids must prepare
an MAFD fortheir MAH pipelines. The guidance forthe
reguiations states that MAPD is € management tool used
to ensure that the duty holder hos cssessed the risks from
major accidants ond hos introduced an appropriate
safety maonogement system to control these risks.

For the LTS Futures Project, a supplement to the existing

plan was developed allowing due consideration, control,
management, and mitigation of the hazards associoted
with hydrogen, including:

* Pdlicles and procedures See Section 3.53,

+ Design stondards (IGEM/TD/1 Ed 6 Supplement 2
and IGEM/TD/B Edition 3 suppiement 1) [10] [18],
» Organisational control including
emergency rasponse competency.
+ Identification and control of hydrogen hazards.,
+ Pipeline monitoring including WSoE.
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()

Call received

by the National
Gas Emergency
Service Contact
Centre (NGESCC).

33.2 Policy and Procedure

3.321 Emergency Response Procedure

The development of an emergency response procedure
hod to account for the triol toking place. astwo
high-pressure hydrogen pipelines. aithough iscloted from
the naturcl gos network, were in the same geogrephical
area as nctwol gas assets, Therefore, any response hodto
first differentiote between a hydrogen or a natural gas leak.

The trial area was defined using analysis of the potential
PRE (public reported escape) distonces, which considered
dispersion and tracking from a release. This allowed us

to define a pipeline corridor within which reporting of o
PRE would trigger a dual response. This dual response wos
made up of an first coll operative (FCO) and a member
of the Hydrogen Pipeline Response Team (HPRT) and was
refiective of the nature of the triol, o singular route of
high-pressure hydrogen pipelines and a short duration
trial. It's acknowledged that for a netwerk repurposed to
hydrogen, there would be widespread upskilling for FCOs,
who would become trained and competent to respond
to these potential events, which is likely to make a dual
response uUNnNecessary.

The HPRT were a subset of the pipelines maintenance
team who respond in the event of o high-pressure
pipedne incident and perform the Pipeline Emergency
Response Officer (PERQ) role Team members were
selected according to gecgrophical location and the
torget response time to a PRE in the trial corridor (1 howr).
This team had in-depth project specific training including
hydrogen awareness, emergency response, gas cetection,
entry unit operation and flaring operaticns in advance

of the trial, Where oppropriotely troined, HPRT personnel
also fulfilled the roles of Authorising Engineers (AE)

ond Competent Persons (CP) for trial operations.

Q £
)

Call passed to OCC dispatch
SGN Operational FCO and HPRT to
Control Centre the potential PRE
(OCC) who identify to investigate.
the location as

being within

the trial corridor.

The schematic above outlines the response
to o PRE received via the gas emergency number.

Following the arrival of the FCO and HPRT ot the PRE
location, HPRT were responsible for assisting the FCO in
the initial escope Investigation, specifically in the search
for hydrogen. If o PRE was positively identified to be
hydrogen, the HRPT would lead the response and escalate
the event as required. Forthe LTS Futures Project, os there
were no end users or critical supply issves, the response
for any positively identified leok would have triggered
flaring of the pipefine inventory

To support in the identification of o leck, the HPRT used
the G5700H gas detector, which had o ronge of sensors
within the instrumant thot coud differentiate noturol gas
and hydrogen. In addition to this, the pipelines and above
ground instaliations (AGIS) associated with the trial had a
range of pressure, tamperature, flome and leck detection
Instruments instalied. The data output from these systems
was viewable remotely ond could provide additional
information to determine the potentict source of a leak,

During the trial, o total of eight PREs in the pipeline
corridor were responded to, but none of these were
confirmed to be hydragen.

Although not required during the live trial an NRO
for fiering of the pipeline inventory in the event of an
emergency was prepared ond reviewed prior to the
introcuction of hydrogen,
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3322 LTS Futures Guidaonce
Mote for Escalation of on incident

This note was developed to provide guidance to operatives
and line managers on the oppropriote reporting and
escalation process for any incident during the live trial,

This procedure ocknowledged the novel nature of the trial
ond the need for immediate escolation of any confirmed
incidkent, ensuring thers was no delay in the response.

This procedure detolled the roles and required response
of the onsite PERQ, who would be a member of the
HPRT. and the team manager. The procedune provided
guidance on cotegarising the onsite event and outlined
the escolation process to senior monagement for each
incident category.

The procedure detailed the requirement to inform

the teom leod fior the HPRT and the project oparations
maneger bo ensure emergency octions were implementad
ond odditional support was mode avallable, f required.

3323 Responding to Alarm Notifications

A procedure wos required for the response to olorms
generated by the onsite instrumentation and doto
logging system (Watchiog), For stondard, permanent
installations on the gas network, these systems would

b linked to Supervisary Conbrol and Data Acquisition
(SCADA) and monitored by the GOC. Given the
short=term ond bespoke noture of the LTS Futures
Project, a standalone system was implemented, with
instrumentation feeding bock to a Watchlog, which
encbled ve online viewing of outputs, The Watchlog sent

notificotions to and could be aoccess by the project team,
HPRT and GCC for 24/7 monitoring ensuring prompt
imvestigation of any alorm notification,

The system was customised to trigger olorms for the
rote of pressune change or octivation of the onsite flame
or leak detection instruments. When in non-flowsdng
opengtions, the pipelines were iscloted into five sections:

o 3" line,

# Entry unit.
# 15 km Grongemouth to HBW.

= MBV byposs.
& 15 krn NBV to Gronton,

If the pressune in ony section dropped by 0.5 barg in

30 minutes, an alarm would be triggered, Flome and
leck detection instruments were iInstolled ot each site
with obove-ground pipework, and octivation of either
instrument would octivate the alorm. Notifications
ware issued by the system in the form of text messoges
ond emails to o pre-determined list of users.

Algrm notificotions were monitored by GCC, who were
responsibde for ensuring thot the HPRT wene dispotched
to respond, The HPRT wene trained and competent to
respond to any alarm, ond extenshe scenoro training
was completed prior to the introduction of hydrogen.
Mo alarm could be attended by o lone worker, On anrival
at site, the procedure gulded the attending team to
gquontify, cotegorise ond respond to the emergency
according to the categories below:

Table T: Emargency catergasisation,

Emergency cotegones

A Erronecus alarm - na signs of loss of containment must be proved with on onsite GST00H.

B Controfiable loss of containment — small keaks or ignition thot con be safely isolated from the supply.

C Uncontrollable loss of containment — smoll leoks or ignition that connot be sofely iscloted from the supply due
tolocation.

D Failed or domoged equipment loss of containment without ignition.

E Falled or domoged equiprment loss of containment with ignition,
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During the trial, thers wena no alarms for the rate of
pressune change in ony of the pipeline sections or AGIs.
There were a small number of octivations of the flame
ond leok detection sensors; however, none of these were
due to o hdrogen release. One such example was the
octivation of the ocoustic alorm following the activation
of an onsite Perimeter Intrusion Detection (PID) intruder
olarm, which had been triggered by deer outside the
boundary fence. This exomphe demonstrates that further
refinemeants ore needed to prevent spurious alarms,

333 Supplement to Local
Authority Emergency Plans

LAs ore required to prepaore emergency plons for
pipelines, which have the potentiol to couse major
accidents under PSR 1996 [11]. Prior to the live trial,

o supplemnent was developed for the LAs to help suppert
their amengency plonning. This included o description of
the trial and key information incleding:

= Hydrogen supplier.

= Difference in properties bebwean
ntural gas and hydrogen,

= Aszats including pipeline paramaters
and isolation valve locations,

* Expected depressurisation time.

= Dperational activities ond their lecations.

» Hazord planning distances (initial cordon
distances and credible hazord distances).

3.34 Local Authority and
Resilience Partner Engagement

There was close engogement with the LAs throwghout
both the development phose of the project and the
Iive trial As the lve trial approoched, engogement

wos increased through the Eost of Scotlond Regional
Resilience Paortnership Civil Contingencies Licison. After
Inithal discussions, it wos determined that to maximise
irvabement and therefore the benefits for all agencles,
o desktop exerclse would be most oppropriate,

The attendaonce ot this deskiop exercise includad:

* HSE.

= SGEMN Opengtions.

+ Falkirk Council.

= City of Edinbungh Council.

* ‘West Lothion Council,

= HHS Farth Valley.

* Police Scotiand.

= Scottish Fre and Rescue.

« Scottish Ambulance Service,
¢ MNHS Lothion,

The exercise focised on interoperability bebween all
services. Thens wos a scenario for eoch LA catchment,
which allowed the LA emengency plan to be applied,
identifying possible gops for a hydrogen pipeline. Thene
were injects throughout these scenarios, as there would
be in o real developing incident, to ensure thot discussion
revolved around the initial incident and multigle hours
after it occurmed,

After the event, feedback was collected, and 84% of
the participonts thought that the event was useful and
informative including positive feedbock from the H5E.

3.35 INEOS Integrated

Emergency Response

An integroted emergency respansa was required batween
the IMECS facilities ond SGM for the successful operation
af the trial INEOS fodilities ot Grangemouth ore Control

of Major Accident Hazards (COMAH) [26] sites ond
therefore any chonges or new operations must be comefully

manoged to consider any potental wider impact

INECS OEP was the lydrogen supplier for the trial, and
the hydrogen supply plpeting was In prodmity to the
boundary fence of the focility, traversing a number of
gateways and a culvert. The entry point ond entry unit
fior the Grangemouth to Granton plpeline was located
wiithin the IMEDS FPS site. This meant that an integrated
response in the event of on emergency was essential to
ensure that any incident cowld be monoged effectively
and efficlently to prevent escolotion.

Throughout the project there wos o close working
relationship with both entities at INEOQS, and this
collcboration increased in the run=-up to and during the
trial. INEOS developed their onsite emergency response
with input from the project teom, ond a number of
exercises were completed to train this out ocross all shifts
onsite. The LTS Futures Emergency Response Procedure
ocknowledged the sofety and security requirements for
accessing the FPS site. In preparation for the trial, all
persannel invohved (in emergency response or routine
operation) completed on induction for the FPS site,

The emergency response procedure olso required the
HPRT attending in the event of o PRE or alarm résponse
to call ahead of arrval to ensune thare ware no deloys

in cccassing the site.
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3.3.6 Training and Exercises

A range of training courses and scenarios were exarcised
to ensure that all personnel involved in the emergency
response were equipped and competent to carry out
their roles. The exercises allowed procedures to be tested
and checks to be corried out to ensure thot people

and systems responded as required.

FCOs operoting in the region of the pipeline corridor were
briefed on the LTS Futures emergency response procedure
and provided with new equipment (e.g. voltage testers
and torches), and hydrogen-spedific PPE as required.

The main odjustment to their natural gas response was
that a member of the HPRT would be attending with
them as the hydrogen-competent person,

HPRT were fully trained in the emergency response
procedure and as PEROs, They were responsible for
assisting the FCO in the initial escape investigation,
specifically in the search for hydrogen. If hydrogen was
detected, they would lead the response and escolation
and, where required, depressurise the LTS futures pipeline.
The HPRT team carried gas detection equipment copabile
of differentiating between nctural gas and hydrogen
(GS700H) and werea issued with hydrogen-specific PPE
and equipment required for their role. In oddition to
providing the emergency response, HPRT hod odditional
training on alarm response actions, and desktop exercises
on o range of scenarics were completed,

50 SGN Closure Report 2026

OCC and GCC were briefed on the emergency response
for the project ond the updoted procedures to be
followed to dispatch the dual response (FCO and HPRT)
to ¢ PRE in the tricl pipeline corridor,

Stress testing of the individual stages of the Emergency
Response procedure was carried out as well as o full test
of the whole process. This included:

+ Confirmation thot calls within the pipeline corridor
were correctly identified by OCC for dual response

» Ensuring the HPRT and FCO were dispatched
and responded within one hour.

* Ensuing those responding had appropriote
PPE and equipment to carry out their role.

« Ensuring that the procedure could be followed
effectively to complete the identificotion and
tracking of a gas leak.

This testing demonstrated that the procedure and
training personnel had met the requirements for the trial,

Critical incident training was corried out for SGN senior
management and included o full desktop exercise to test
the procedures and processes to be used and ensure thot
all personnel were prepared for the triol This exercise
considered ¢ developing incident with the octions to

be taken at each stoge. Team managers and incident
controliers were aiso briefed on the project emergency
response procedure.
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3.361 Resourcing

Resourcing for the emergency rasponse for the trial
considered the natural gos assets within the pipeline
corridor and the number of reported PREs over the
previous 10 yeors as on indicotion of the potential
required response. FCOs covering the region wene troned
inthe emergency response procecure, ond the HPRT
were selected bosed on proximity to the pipeline and
the obility to respond within one hour to o PRE. Members
of this team were onan on-call rota to respond to any
issue with the pipeline during the trial. Thay were not on
stondby for other emergencias but continued to carry
out other aspects of their day-to-day roles.

Senior management currently cperate on a standby
roto for response to any incident, and this included
the LTS Futures Project.

3.4 Regulatory Compliance
and Commercial Contracts

The project encountered o number of regulatory

and commercial requirements to ensure that the
Grangemouth to Gronton pipeline could convey
hydrogen, Key partnerships, InCluding the supply

of hydrogen by INEOS, required clear commercial
contracting to document the basis on which hydrogen
would be delivered to, contained within, and removed
from the LTS network. The regulatory and legal
environment for hydrogen pipelines clso needed to be
understocd in order to undertake the trial ond compiy
with SGN’s legal obligotions as o gas transporter,

341 Legislative and Regulatory
Framework

The st below details the reguiatory envircnment applled
for compiation of the Grangemouth to Grenton live trial
and opplicability for hydrogen:

« Gas Act 1986 [27]: Hydrogen falls within the statutory
definition of “gas”, meaning existing licensing

requirements opply. The project confirmed that
existing pipefine servitudes, which reference "gas”,
were suitobie for hydrogen conveyance. Notifications
required under the Gas Act were maode to the HSE
notifying it of the planned construction of the
hydrogen supply pipeline.

+ Pipeline Safety Regulations (PSR) [11]: Fully
applicable to hydrogen. All required PSR notifications
(Regulations 20, 21 and 22) were completed
and submitted to the HSE

+ Gas Safety (Management) Regulations (GS(M)R [28}
As GS{M)R iIs specific to methane, the project
operated ocutside its scope but worked in the spirit
of it and developed a Case for Sofety for the live trial.
The CfS ensured the management of safe flows of
hydrogen, planned for successful demonstration of
live connections and flow-stopping technology, ond
ensured thot risks orising from MAHs were as low as
reasonably practicable (ALARP).

+ Health ond Safety ot Work Act [29]): Provided the
overarching sofety framework for ive operations,

+ Harardous Substance Consent (HSC) [30]): HSC is
applicable to hydrogen, which is o nomed substonce.,
The hydrogen system was assessed against the HSC
requirements, and each site was below the 2-tonne
threshoid. However, os the Network Entry Fociiity is
within the INEOS FPS top tier COMAH site, this was
discussed with INEOS who lioised with their HSE
inspector.

Ovenall, the project demonstrated that hydrogen
pipelines can be regulated effectively using the existing
statutory framework with appropriate adaptations.

3.4.2 Planning and Consenting

The LTS Futures hydrogen infrastructure was delivered
under permittad davelopment rights following extensive
plonning, regulatory. ond ervironmentol assessment.

A new 3" hydrogen supply pipeline was constructed

to connect INEOS’ existing hydrogen supply to the
Grangemouth to Granton pipeline, with works spiit
between INECS lond and the publc domain. Although the
pipefine waos below statutory EIA thresholds for length and
diometer, its cperating pressure exceeded 7 bor, triggering
EIA screening under the Public Ges Transporter Pipeline
EIA Regulations. Comprehensive environmental studies
weare undartaken, including ecological, archaeologicol,
geotechnicol, noise and environmentaol constraints
assessments. Folowing consultation with stotutory
bodies, the Scottish Government’s ECU confirmed

that the development did not require o full EIA.
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Planning considerations required detailed engagement
with LAs to confirm the opplicabllity of permitted
development rights. SGN proceeded under Closs 39

of the Town and Country Planning General Permitted
Development Order (TCP GPDO) [31] a3 a public gas
transporter, while INEOS relied on Class 24-permitted
development rights following legal confirmation thot its
pipework was not a notifioble pipeline. Certificates of
lawfulness were issued accordingly.

A wider ElA screening exercise was olso completed for the
remaining LTS Futures system assets, including network
entry, pressure control, and fiore focilities. Screening
options and environmental determinations confirmed
thot these works did not constitute EIA development,
allowing the project to proceed without express plonning
permission, The experience highlighted the complexity of
applying existing planning and EIA legisiation to hydrogen
projects and reinforced the value of emerging notional
guldance to streomiine hydrogen consenting in Scotiand,

3.4.3 Commercial Contracting Approach

The LTS Futures live trial required a bespoke commercial
and contractual frarmework for its operational phase.
Although innovative in its use of hydrogen, the project was
treated fundamentally as o gas transportation octivity,

To manage contractual and reguiatory risk effectively, the
framework closely replicoted establshed methane market
amrangements, adopted where necessary to reflect
hydrogen, the project’s short duration, and ¢ derogation
from the Uniform Network Coce (UNC) [32].

The contracting structure defined cleor roles for the
Transporter (SGN), Producer (INEOS), and Shipper/
Supplier (Ceres Energy Limitad), ensuring complionce
with the Gos Act 1986 [27). Key agreements included:

+ Network Entry Agreement (NEA): Adapted from
SGN's standord methane NEA to cover hydrogen
quality, measurement, operational coordination,
and short-term trial requirements,

+ Scheduling and Nomination Agreement: A bespoke
machaniam replacing national gas balancing signals,
defining delivery timing. volumes, pricing, and
consequences of non-delivery,
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« Shipper Arrangements: A simplified shipping services
agreement between INEOS ond Ceres to provide
reguiatory assurance through a icensed shipper

« Transportation Terms: A concise analogue to the UNC
governing network access, nominctions, gas quality,
Eability, ond termination.

+ Gaos Sale Agreement: A modified supply controct
enabiing compliant title transfer and simplified
financial settiement,

Overall the approach balanced Innovation with
regulatory certainty by leveroging proven contractuct
models. While highly project-specific. it provides
useful precedent for future hwdrogen trials assessed
on a case-by-case baslks,

344 Keylearnings

The fve trial identified several importont lessons
for future hydrogen tronsportation, including:

* The importance of understanding existing servitude
suitability for hydrogen repurposing with reference
to specific gases or wider "goas”, as defined within
the Gas Act [27], which includes hydrogen.

» Clear and eorly engogement with plonning authorities
on hydrogen planning requests. EIA screening,
knowledge ond understanding of permitted
developmant rights and notifiable pipelines under the
TCP EIA and TCP GPDO is required by local plonning
authorities so that there is confidence that discussions

can progress without resorting to external legal advice.,

+ The volue of adopting existing gas commercial
frameworks rather than creating entirely new models;
however, thisinvolves a resource intensive requirement
for mecidlﬁcotion of complex lagacy ogreements such
os NEAs.

The commercial and regulatory solutions developed
provide a strong foundation for future hydrogen trials
and wider network transition, while also highlighting
areas where policy clarification and process
improvement would accelerote deployment.
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3.5 Safety Dossier

Q

The safety dossier was developed in line to the ENA's Hydrogen Safety Case Framework [33]
following direction from the HSE. This Fromework details the required information from
Production and Storage to the end user. For the purposes of LTS Futures, it consisted of ¢ Case
for Safety aligned to the requirements of the distribution section of the framework, and all its
supporting documentation which demonstrated that the triol could proceed safely.

Figure 13: Safety dossier components
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351 Case forSafety
The Case for Safety was split into the folowing sections:

Section

Duty Holder

Section 2

Operation Undertaken

Section 3

Plant and Premises

« These sections provide o description of pipeline parometers and the works carried out prior to the ve
trial for both the 3" pipeline ond the existing 18" Grangemouth to Granton pipeline and associoted AGls.

* Includes details of the activities that were carried out in the live trial, including welding,
hot tapping and flow stopping demonstrations.

* Includes detoils regerding the PPE, tools ond equipment required for the trial.

Section 4

Specifications and Procedures

+ Saction 4 exploins the process of drofting hydrogen-specific Wis and NROs Thesa instructions
were for Commissioning and Decommissioning, Operation and Maintenance, Venting and Flaring.
and Emergency Response. These Wis were developed following completion of the detoiled design
and in conjunction with service providers where applicable.

Section S

Risk Assessment

» Section 5 provides a high-level overview of the QRAs for both the Grungemouth to Granton
and 3" pipelines, as wel as a network risk assessment for the LTS Futures trial.
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Secitlon 6

Safety Monogement Systems
+ This section cutlined SGN's Safety Manogement Fromewaork and explained how LTS Futures
aligned with and fitted within that structure.

Section 7

Competency Arrangements
« Details how personnel working on the trial will be competent operators on the natural gas nebwork,
who will be upskilled and trained for LTS Futures

= Thiswas further scoped and detalled in full within the training and competency plan which
waos submitted os o part of the safety dossier. See Section 354

Section 8

Safety Monogement — Contractors and other Indirect Labour

= Addressed the management of contractors in accordance with standord 5GN practices, including
verification that individuals wene appropriately trained and competent to perform their designated
rolas, See Section .54,

Sectiond

e

Health and Sofety Infarmation

« Monagement of iive trial operations under Safe Control of Operations and live trial agreement
for communications.

Section D

Health and Sofety Communication
= Provides o high-level review of LTS Futunes Stokeholder Engogement ond Communications Plan,
= Interfoce with LAs, enforcing outhorities, emergency responders and INEDS,

- Knowledge sharing of safety critical information during the trial

Section ™

Audit Arrongaments
= There was an Audit and Inspection Plon in line with SGN procedures.

Sectlon 12

Cooperation

* Tha live trial had no end users. This section details the requirement for o NEA to manage
a supply of hydrogen for the trial ond a communications document to describe the orrongements
and processes for communication ond cooperation between parties. It stated that SGH would
support INEDS in developing their emergency response plan.

Section 13

Gas Escopes and Investigations

= Section 13 detois how a PRE from the pipeline will ba dealt with ond pre-trial testing of this responsea.

Section 4

Investigations
= Investigotions were manoged using intemal SGN procedures INV/ [34].

Section 15

Content and Chorocteristics of Gos

Section 15 detolled the minimum hydrogen gas composition, which hod been developed from
mmdﬂwhwmgin produced l’mranEl:IEmd the IGEM/H /1 [35] standard for low-pressure

n utllisation, This section olso includes requirements for complionce with this minimwm
stondord ond detoils of odorisation

Mtuﬂ‘npmj&cthmm o end usars, there weane sactions thot wera not redevant to the trial,
and thass were deamed not applicobils:

Section 16 Continulty of Supply
Section 17 Adequate Pressure at the End of the Network
section 18 Gas Supply Emergencies

Section 19 Gas Quality — Sole Conveyor Network
Section 20 Discontinuing Supply

Section 1 Restoration of Supply
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3.52 Quantitative Risk Assessment (QRA)

(IRAs were carried out for both the 3" hydrogen supply

pipeline and the 18" Grangemouth to Granton pipeline.
These considered a number of potential threats to the

integrity of the pipelines. In ine with guidance in 1GEM/
TD/2 [36], the following causes are included in the foilure

frequency analysis:

» External interference.

= Ground movement,

= Material and construction defects.
« Extemal cormosion.

For hydrogen operation, the failure frequencles due

to third-party interference ond moterial and comosion
defects were incrensed by o foctor of 5 ond the follure
frequency due to ground movement was increased by
using the poor-quality girth wald curve o3 o proony, Thess
conservative ossumptions occounted for the potentiol
effects of hydrogen embrittiement and will be reviewed
following completion of material and full-scale tests,

It showld be noted that neither of the pipelines ore
considersd to have poor quality girth welds, and this
wis o conservative and simplified way of increasing the
failure frequency until the effect of hydrogen exposure
was fully understood. Forthe Grangemouth to Gronton
pipeline, based on the date of construction (post 19723,
100% radicgraphy would hove been completed on all
girth welds (o3 per 1969 Gas Council iInstruction) [37].
and therefore they one expected to be of high quality.
For the 3 hydrogen supply pipeline, 100% radiography
was completed during the construction.

Fallure modes for the ossessments inchsded the potential
of rupture ond a ronge of possible puncture sizes for eoch
pipeline (up to 25 mm for the 37 pipeline or 150 mm far the
18" pipeling). Due to the relatively low operating pressure
ofthe pipeline ond indusion of overpressure hazards,

it was considered thot punctures could contribute
significantly to the owverall risk.

The ignition probability for hydrogen releases is expected
to be higher than thot for natural gas due to the lower
minimum ignition energy and wider flammable ronge.

In the ossessment. ruptures haovea an lgnition prabatbsility

of 10 (all hydrogen ruptunes were expected to ignite).
For punctures, the HYEX model [38] was used to calculate
ignition probability based on mass flowrabe, For both
punctures and ruptunes, the split between immediate
and delayed ignition wos in the ratio #4234 meoning the
proportion of immediately ignited releases is assumed to
be higher for hydrogen than for notural gos, This is in line
with the wider flommaobility range ond lower minimum

Ignition enangy.

The conseqguences of ignition of o hydrogen release,
elther immediate or deloyed, hove the potentiol to result
in bath athermal radiotion ond overpressune harards,
For the colculation of hazord distonces, the following
ossurmptions hove been mode:

= For the thermal radiation calculations,
it was assumed that all ignitions ore iImmediate,

= [For overprassure caloulations, two scenarias
hove been considered:

= Immediote ignition (34 of the time) coses are
treated as having a very short 100 ms ignition deboy.
Forthase cases, the overpressura is calculoted for
the totol mass of released gos ot 100 ms.

= For deloyed ignition [occurring M of the time),
the cverpressure is conservatively colculoted
for tha time ot which the hydrogen plumea
has fully established and is at its lorgest
(this is calculated on a case-by-case basis
and is typically between 5-15 seconds).

Harm critera for thermal and overpressure hazords
that wera used for the assessment wera:

= For thermal radiation, this s the distance to
1800 thermol dose units (TOU), referred to os Escape
distonce. This is the distance from the pipeline beyand
which people are predicted to be oble to escope
in the event of o fire.

= For overpressung, the UKHSE use o value of 70 mbar
to determiine the outer 2one boundory of the
consultation zones for LUP [39] for overpressune
consequences. This s the distance at which 1% lethality
s expected for vulnerable population. For the QRA
assesaments, DNV hovwe taken a conservative
overpressure level of 40 mbar as resulting in fotality
of the mast vuinerable 1% of on average popubation
when indoors.
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Figure 4: Grongemouth to Granton pipeline route.

Table 8: Grangermouth to Gronton pipeline parameters,

Maximum Nominal

operating wall

pressure thickness
(barg) (mm)

Nominal External
diometer diameter

(mm) (mm)

450(187) 457 60 6.35

Heavy wall Material Nominal
pipe wall grode depth of
thickness cover (m)
(mm)
9,52 X52 1 Spival /
seamiess

3521 Grangemouth to Granton

The Grangemouth to Gronton Pipeline QRA was
undertaken in two stages. Initiolly, o generic screening
consequence assessment wos conducted to identify
areas along the pipeline route where the risk would likely
be highest. This identified the following sites

New Hopetoun Garden Centre.
2 Cramond Villoge

1. Granton (including the Edinburgh Caravan
and Motorhome campsite)

4. Pseudo MS0 Rood Crossing.
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In the second stage, site-specific QRAs were undertoken
at each of these higher-risk locotions, The anolysis
inciuded hazard Identificction, failure frequency analysis,
consequence analyss and risk ond ALARP aossessment
For the Pseudo M30 Road Crossing, conservotive
assumptions were made for depth of cover (minimum
according to IGEM/TD/1 Edition 1) [40] ond sleeve length
(only extending the width of the caorriogeway) to ensure
the resuits of the assessment were the highest of all road
crossings and therefore could be applied to others.

The risk assessment wos undertcken cssuming operction
with both 100% noturol gas end 100% hydrogen ot the
MOP of 26 barg

Figure 15: TD/1 FN curve
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For both operation modes (natural gas or hydrogen),
the specific porometers of the pipeline moteriols were
vsed, including WT for heavy-walled sections and
minimum actual depth of cover over the interaction
length ot each location.

The results show that the madmum individual risk lavel
for the Gronton assessment for both hydrogen ond
natural gas operation is below the 1.0 x 10* per yeor
level that is considered to be 'broodly acceptoble’

ot all occupiad locations.

The results show that the madmum individual risk levels
for the New Hopetoun Garden Centre, Cramond Villoge
and pseudo M20 Rood Crossing for natural gas
operation cre below the 1.0 x 10 peryear level thot

Is considered to be 'broodly acceptobie’ For hydrogen
operation, the madmum Individual risk level ore obove
the 1.0 < 10 * per year ‘brocdly occeptable’ level,

Cost-benefit analysis was undertoken to demonstraote
that the risk of all cases ossessed is ALARP.

Societal risk wos colculated and compared aogainst
the IGEM/TD/1 tolerability criteria [6]. The societol

risk was within the broadly acceptoble reglon for both
natural gas and hydrogen cperation for New Hopetoun
Garden Centre, Cromond Villoge and Granton. For the
representative M90 Rood Crossing, the societal risk is
within the broadly acceptable region for notural gas
opercticn and just above the IGEM/TD/1(6] broodly
acceptobie level in hydrogen operation, It shovld be
noted thot the criteric for the representotive M90
rood crassing differ (and are more conservative)

from the actual crossing in the following ways:

+ Depth of cover: the depth of cover ot the rocd crossing
exceeds the minimum depth stipuiated in IGEM /TD/1 [6]

+ Length of sieeve: the sleeve at the M90 exceeds the
width of the carmageway and hard shouider,
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Figure 16: Assessrment of pipeline route for geochazards.

Table 9: 3" Hydrogen supply pipeine parameters,

Maximum Nominal

operating wall
pressure thickness
(barg) {(mm)

External
diometer

Nominal
diometer

(mm) (mm)

80 889 0.0 55

Depth of
cover (m)

¥ Chorpy Design
energy (J) factor

L245NE (B) .21 20 0.16

3522 Hydrogen Supply Pipeline

An assessment was undertaken of the supply pipeline
route from the Boness Rood Compound to the INEOS
FPS Compeound for operation with 100% hydrogen

at the MOPof 40 barg.

The QRA considered the same potential threats

to the integrity of the buried sections of the supply
pipeline as to the Grangemouth to Granton pipeline
For the cbove ground section of the supply pipeline,
where it i routed alongsice the River Avon bridge, the
following odditional threats have been considerad:

» Alrcroft crashes.
+ Vandolism,
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The frequencies for circraft croshes, externol interference
and vandalism on the above-ground section of the supply
pipaline have been calculated in accordance with HSE
recommaeandations

The results show that the maximum individuol risk levels
are below the 1.0 = 10 * per year level thot is considered
to be broadly acceptable’ ot all occupied locations,
for operation at 40 barg,

Socletol risk was calculoted and compared against the
IGEM/TD/1 tolerability criteria [6]). The societal risk was
within the broadly occeptoble region,

Q0®©

As the sodietal risk for all coses was well within the
IGEM/TD/1 tolerabllity criteria [6), no acditionol ALARP
demonstration hos been completed. However, SGN
committed to twice-weekly surveidlance along the
route of the 3" supply pipeline due to o short section
where the depth of cover was constrained by existing
INEOS infrastructure

3.5.3 Policies and Procedures

A review of existing policles and procedures was corried
out ageinst the planned operations for the live trial, This
enabled identificotion of those which were suitable for
the tricl In their current form ond could be adopted, those
which could be modified for hydrogen service and where
new procedures would be needed.

When reviewing procedures, those that were adopted
offered high level guidance focused on processes that
were directly applicoble to our project. These included:

« SGN/PM/SCO/2 [41]
Managament Procedure for Safe Control of
Operations - Permits to Work on the Gas Network.
« SGN/PM/SCO/4 [42]
Management Procedure for Safe Control of
Operations ~ Non-Routine Gas Supply Operations.

« SGN/PM/SHE/34 [43]
Management Procedure
for Managing Chonge Safely.
« SGN/PM/PS/5[13]
Management Procedure for Manoging
New Works, Modifications and Repairs.
+ SGN/PM/SHE/76 [44]
Management Procedure for
the Management of Contractors,
« SGN/WI/PLANT/1[45]
Work Instruction for the
Delivery of Plant Projects.
+« SGN/PM/QA/1[46)
Management Procedure for Quality
Assurance of Suppliers of Scotia Gas Networks.
+ SGN/PM/ECP/2 [15]
Management Procedure for Cathedic
Protection of Buried Steel Systems.

3.531 LTS Futures-Specific SMF Documents

The procedures specifically developed for the trial
inciuded a combination of management procedures
and Wis. Manogement procedures provided o
specification outlining how tasks would be completed
ond the opplication of relevant guidance ond standords.
The following manogement procedures were developed:

+ Operation and Maintenonce of the LTS Futures Pipeline

+ Commissioning and Decommissioning the LTS Futures
Live Trial Project.

« Hydrogen Flaring (ond Venting).

» Reporting, Managing ond Rectification of Foults on
the LTS Futures Trial Pipeline, Assets and Equipment

+ Escalation of An Incident within the LTS Futures
Triol and Trial Area.

+ LTS Futures Specific Critical Incident,

Wis provided detolled step-by-step instructions to complete
a task. The following tasks were identified from the planned
ive triol operations ond maintenance as requiring Wis:

« Operation and Maintenonce for each site,

« Hydrogen Gas Sampling System for Odoront Level Analysis
* Respending to Alarms and Other Netifications while
manoging the LTS Futures trial pipeline.

¢+ Identifying Hydrogen Gas Escopes inthe LS Futures triol
in conjunction with existing natural gas escope procasses

3532 LIS Futures-Specific NROs

NROs were developad for all live trial operations. Due to
the bespoke nature of each of the trial operations, the
NRO process under SGN/PM/SCO/4 [42]aliowed forthe
development of o sequence of procedures thot covered
eoch of the tosk to be completed. These NROs were
supplemented with the developed W for tasks that were
repected during the trial, such os gos sompling. Each NRO
was reviewed by o cross-discipline teom, signed off by an
AE and supervised on-site by a CP. Briefings were carried
out for dll personnel prior to the commencement of

each NRO. This was essential to ensure personnel ocross
all sites were clear on the operation being completed
and the communication between sites,
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Table 10: Non-routine operctions (NROs),

NRO

pmr').r.g ofy
hydrogen supply
plpeine ond entry
unit commissoning

Hydrogen purge of
the Grangemouth to

Granton 18" (450 mm)

pipeine followed
by pressurisation
to 26 borg

Operations included

introduction of hydrogen into the 3" line from INEOS. Purging of the 3" line and entry
unit from nitrogen to hydrogen. Commissioning of all entry unit equipment including:
* Pressure control

Flow control
« Sofety device (slom shut).
+ Instrumentation including pressure, temperature and flow.
« Odorisation checks

Purging of the 18" pipeline from nitrogen to hydrogen including the NBV bypass
This included commissioning of the flare and assist gas supply.

Folowing completion of the purge, the pipeline

was pressurised in o stepwise manner up to 26 barg.

Hydrogen flow trial

for welding operation

and ppeline

re-pressyrisation

Live weiding of on

18° 0D (450 mm)
spit tee onto the
Grangemouth

to Granton

18" (450 rrm) pipeiine

Pipeline
re-pressurisation
Holt Tap and Stopple
Train - using the
weiced tee ~

and deployment

of completion plugs

instaliction of
Grouted Tee

Trial of the flowing operations requirad for live welding to demonstrate thot the fiaring
rate could be controlled as required and the modelling estimotes for the time avciiable
to complete the operation were occurate.

Following this, the pipeline was repressurised with hydrogen to 26 barg in prepoaration
for the weiding cperation.

Fitting and weiding of the split tee was completed over 4 days by TOW.

Tee fit-up,
' Welding of longitudinal seams

1. Welding of st circumferential weld and 1st thread-o-ring fitting.
This operation was completed with flowing hydrogen in the pipeline.
The gas velocity was controlled using the flore ot appraximately 1 m/s,
and the operction was carried out between 16-10 borg.

1 Welding of the 2nd circumferential weid ond the
2nd threod-o-ring fitting in fliowing conditions as above.

The welding operation was carried oul over 2 days with o Circom ferentiol
weld completed each day. The pipeline wos re-pressurised overnight between
the days of welding.

Folowing complation of the welding operation, the pipeline was re-pressurised
in preparation for flow stopping

The following operations to be completed by TDW;

Hot topping of the welded tee in live hydrogen conditions.
« Deployment of the stopple train inCluding test of sealing capability in hydrogen.
+ Pressure equalisation and removal of stopple train.

Installation of a Teeman’s and Lock-O-Ring Plus completion plugs under
live gas conditions. These will clso demonstrate their sealing abillity
in o hydrogen erwironment.

Live Instoliation of an 18" OD (450 mm) Grouted Tee (by DNV) onto
the Grangemouth to Granton 18" (450 mm) pipeline while the pipeline
conteins hydrogen ot a static pressure of 20 borg
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NRO

Hot Tap ond

BISEP — using the
Grouted Tee -

and deployment

of a compietion plug
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Operations included

The fofowing operations to be completed by Stots:

« Hot tapping of the grouted tee.
« Flow stopping using the BISEP tool including a test of its sealing
capability in hydrogen with the pipeline pressure ot 20 barg.

« Acompletion plug will be installed into the grouted tee branch flange under
live conditions after the BISEP tool has been removed. This will demonstrate
the completion plug sealing obility in o hydrogen environment.

Depressurisation of
the pipeline system

Nitrogen purge of
the hydrogen supply
pipeline, entry unit,
18" pipeline and
bypciss

Depressurisation of the 18" Grangemouth to Granton
pipeline to 0.5 barg through flaring the pipeline contents.

Purging of the pipeline system using nitrogen at 0.5 barg. The flare and
assist gos supply were utilised to ensure all hydrogen was combusted.

Emergency Response
- Emergency
depressurisotion of
the 18" Grangemouth
to Granton

pipeline using the
Granton Flare

This NRO was prepared in advance in case emergency
depressurisation of the pipeline was required
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Figure 17 - Tralning ond competency pothwoy
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3.5.4 Training, Competency
and Resourcing

Tralning and competency were essential for both the
safety of SGN perscnnel onsite during the trial operations,
contractors taking part ond the safety of the general
public as we operoted in the public doman. Operating In
a safe manner olso ensured the integrity of SGN assets.

As port of our commitment to operoting o sofe

and effective project, oll persconnel (SGN stoffand
controctors) operationally involved in the delivery

of the LTS Futures Live Trial were provided with

sufficient training to carry out the'r role. The devalopment
of project-specific training recognised the unique
nature of the project while acknowladging the

existing competencies of the workforce in noturol

Qas network operations.

Knowiedge retention ond competency to camry out
proctical tasks with a high level of accuracy and
compliance to procedures was essential to the safe
compietion of the trial, Knowledge and skills were
assessed as part of the troining programme and
followed up with refresher workshops and briefings
priorto thelive triol

62 SGN Closure Report 2026

3541 Training Content

Training material was developed, delivered and assessed.
covering targeted topics to ensure personnel hod the
required knowledge and capability to sofely deliver the
trial, The subject creas below were delivered depending
on the individual’s role in the trial.

3542 Project introduction

All personnel involved in any aspect of the trial delivery
had o project introduction briefing. This provided
everyone nvolved with an overview of the project

and enabled them to identify where and how their role
Integrates into the successful delivery of the project.

354.3 Hydrogen Awarenoss

This ensured thot the differences between hydrogen

and natural gas in terms of phytical properties and the
practical application of this knowledge were understood
by all personnel.

3544 Site Inductions

Site inductions were developed for each AGI along the
pipeline route os required by the Construction Design
and Manogement (COM) regulations [47]. These included

detulls of the onsite operations and safety precautions
while onsite including required PPE and emergency

actions. Inductions were developed for:
» BonessRoad.

» Grangemouth (INEOS FPS).

+ LTS Futures compound at INEOS FPS.
* Newton 8Y.

» Granton

C0©

3545 Emergency Response

Emergency response training was delivered in the
form of a briefing or a full training module depending
on the role of the trainee,

Emergency response troining covered each step
inthe emergency response process including:

« PRE reported to OCC.
« Notification to and dispatch of FCO and HPRT.

* Immediote onsite actions - safeguord life,
property and the environment.

+ Escolation in the event of hydrogen being detected.

The emergency response process was stress tested
prior to the live trial,

3546 Gas Detection

Gas detection training coverad familarisation

and use of the GMI GS700H for detection of hydrogen
and natural gas. The GS700H is capable of detecting
natural gos or hydrogen at a full range of concentrations
(ppm, %LEL and %vol). It can ako interpret hydrogen/
natural gos mixtures.

3547 Live Trial Operations (entry unit)

Operations training for the live trial involved
fomiliarisation with the entry unit equipment, its setup
and operation. This Included fiowmeters, flow/pressure
controlvolves, odorisation unit ond fitration. Operational
tosks included gas sampling for monitoring of odorant
concentration and temporary vent stack use. identical
equipment was also used at Newton and Granton.

3548 Live Trial Maintenance/Inspections

Maintenance and inspection tasks for the live triol
Included routine checks of odorisation systems and
functional checking of instrumentation including

a flow meter os well as flame and leok detection.
Forinstrymentation that maintains @ permanent logging

capability, swopping of battery packs wos required,

For pressure control equipment, this inciuded
functional checking of slam shuts, regulators,
flow control valves and fiters.

3549 Flare Operation

This included routine cperation of the flare for ive

trial operations, such as porging and flowing operations
required for live welding ¢ split tee. Troining olso included
emergency operations for flaring the inventory in the
avent of a confirmed hydrogen PRE

3.54.10 Non-Routine Operation (NRO) Sriefings

All live gas operations included in the live triol operated
as an NRO, See Section353.2.

Sriefings were corried out for each NRO on the day prior
1o the operation and In preparation for specific tasks such
as welding, hot tapping and flow stopping. Personnel
involved in the trial attended foctory acceptance tests
(FATs) beforehand whare the procedure was completed
and verified
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3.541M Trial Personne!

SGN operational personnel were selected for the trial
based on geogrophical location and operationol
capability. Existing personnel training records were
reviewed to ensure all training was up to date and these
personnel were then upskiied to complete the task of

the live tial Consistency was maintained ocross the
development and delivery of revised procedures by
ensuring personnel who attended foctory acceptance
testing performed the same role in the liva triol operation.

Controctors for the trial operctions were required to
meet the some training standard, This Included project
and hydrogen awareness for all personnel. As with SGN
personnel, there was consistency in operational staff
involved in the development and factery acceptonce
testing of the trial procedures through to the completion
of the live trial

3.54.12 Training Records

On successful completion of knowledge assessment or
practical assessment, an individual's training record was
vpdated on the SGN Leaming Monagement System (LMS)
to reflect completion of the training and to maintain
accurote records. Due to tha short duration of the triol,
there wos no refresher troining or repeat competency
assessments required during the project.
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3.5.413 Skills Assurance

Training assessments are required to ensure there is
sufficient knowledge retention of the training material
delivered and the proctical skills required to carry out
o tosk safely. This is particularly important in hydrogen
operations where there ore differences in how the task
would be carried out in natural gas or where o new
operation is required such as floring.

The requirement for practical assessment depended on
the nature of troining completed and the crticality of the
task. Some training modules only required a knowledge
assessment, such gs hydrogen owareness, whereas
others required an additional practicol assessment,
such as hydrogen gas detection or entry unit operation.
Individuals were required to pass both the knowledge
and procticol assessments for their required job role.
Assessments were carried out on an individual bosis
ogainst pre-set criteria,

35414 Resourcing

A resourcing plan was developed for the trial based

on the operctions to be corried out and the skill set
required to complete each task (E&I, pressure control,
project teom, pipetine maintenance). This plon provided
assurance that sufficient parsonnel were trained

and competent to complete each NRO and allowed
scheduiing for individuals to ensure operational personnel
did not become fatigued and potentially make errors
during critical triol operations.

C0©

3.6 Live Trial Operations

361 Pre-commissioning

Pre-commissioning works for the trial included ¢

review of the interim integrity management plan
actions, see Section 3.1.2.4, ensuring cll octivities

hod been completed.

Helium leak tracing was carried out on the hydrogen
supply pipeline from the connection at Bo'ness Road

to the entry unit 18" flange cutlet. Helium was used as
an inert proxy for hydrogen with the 3 pipeline and
entry unit being pressurised in 5 barg increments up to
40 barg (MOP). At each pressure step, every flanged joint
and equipment item was checked for leckage using @
handheld mass spectrometer. Following completion of
the laak check, the final connection was made to the
Grangemouth to Granton pipeline. A sentry gosket wos
utllised ot this fianged connection to allow the integrity
ofthe seal to be proved, The gasket seal was tested
with hydraulic oil to o pressure of 60 barg.

Oxygen-free checks were carried out ot all gas sampling
points across the pipeline rowte, These included sampling
from the entry unit, Newton bypass, ond the Granton flore
site. Purging certificates were produced, ond these were
shared with INEOS to confirm that both pipeline sections
were purged and ready for hydrogen to be introduced.

The final step completed before the introduction of
hydrogen was the removal of spades in the INEOS
pipework, which were put in place following the
construction of the pipework on the O&P site, These were
removed on 30th June 2025 immediately prior to purging.

3.6.2 Commissioning,
Purging and Pressurisation

In preparation for the trial, an operational philosophy
for all flowing gos octivities waos developed. This included
modelling of flowing gas operations to inform and
develop the live trial NROs. Purge modelling for the

3" and 18" pipelines was completed as well as flowing
operations required for hot warks. This modelling enobled
the optimal pressures and flow rates to successfully
complete the purge to be specified and the operation

1o be optimised in terms of hydrogen usoge and the time
10 compiete. For hot works, the modelling demonstroted
that there would be adequote copaocity in the system

to meintain flow for the required durations.

3621 Purging of Bo'ness Road compound,
3" hydrogen supply pipeline and entry unit

Purging of the hydrogen supply pipeline, including the
Boness Rood compound and entry unit, was completed
on 30th June 2025. Spoades were removed from the INEOS
connection peint introducing hydrogen into the 3" line.
The dispiaced nitrogen was ‘vented Into the 18" pipeline,
as only minimaol venting to atmosphere for the purposes
of gas sampling was permitted onsite. Modelling carried
out in advance gave on approximate purge duration of
30 minutes, The flow into the system was controlled within
INEOS O&P using a manual globe vave, ond therefore
control of the flow to a setpoint was not possible

The actual duration of the purge was 46 minutes. This was
longer than the time predicted, ond this is kkely to be due

to there being a larger volume of nitrogen to be disploced
prior to hydrogen entering the modelled volume. Hydrogen
gas surveyors (GS7T00H) were used to confirm the purge

ot both the Ba'ness Rood compound ond entry unit.

Table 11: Modelling detalls for purging of the 3" hydrogen supply pipeine

Mass flow (kg/hr) 5

Pipe bore (mm) 80

Pipe length (m) 1,280
Upstreom pressure (barg) 20
Pressure loss from plpe (mbor) 0.51
Purge velocity (m/s) 1.09
Transit time (hhrmmess) 00:29:23
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3622 Entry Unit Commissioning

Commissioning of the entry unit was completed

on 1st July 2025, The NRO for this operction worked
systematically through each equipment item to

ensure it was functionolly tested ond operating

as expected. This process olso allowed for checks of all
nstrumeantation, monitoring, ond dato copture systems,

A range of tests were compieted using the flow

control valve, demonstrating that flow rates up to

250 kg/hr couid be readiy controlled ond stabllised.
The pressure contrcl valve was confirmed to be
responding to set points using o downstream globe
valve to create back pressure. Testing of safety devices
was completed, including the safety shut-off valve ond
let-by checks on isclation valves, The safety shut-off
valve demonstrated good repeatabllity ocross all tests
and was within tolerance of the set point. Similorly, no
let-by checks demonstrated ony leckoge past isolation
valves. Flowing operations also ollow for confirmation
operation of the cdorisation system unit.

Confirmation of the complete functional testing of the
entry unit equipment aliowed the project to progress to
purging of the 30 km Grangemouth to Granton pipeline,

3623 Purging of the 18" Grangemouth to
Granton pipeline including Newton bypaoss
ond Granton filore commissioning

Purging of the 18" Grangemouth to Granton pipeline

and commissioning of the Granton Flare was completed
on 3rd July 2025, Hydrogen flowed into the 18" pipeline
through the entry unit, which controlled the pressure anc
flow rote. At Newton, the gas flowed through the block
valve bypass and inline instrumentation monitored the
transition from nitrogen to hydrogen, Once the purge
front had been confirmed at Newton, the cssist gas supply
to the fiare wos turned on to start combustion at the flore
tip in preparation for the arrivol of hydrogen ot Granton.
This ensured that there was o stoble ond sufficient flow

of flarmmable gas to the flare and maintained complete
combustion as the hydrogen front arrived.

Modeliing of the purge was carried out as part of the
preparation process, and this informed the operational
philosophy. To purge the pipeline efficiently in terms of gos
usage ond time. the pressure in the pipeline needed to be
kept low ot cpproximately 0.5 barg. Due to the different
densities of nitrogen and hydrogen, a substantially higher
mass flow rate of nitrogen was vented at the Gronton
flore site. This wos controlled to ensure that the Inlet mass
flow rote of hydrogen wouid not result in an outlet maoss
flow rote of nitrogen that exceeded design porameters.
The flow rote to the Nare was controlled using moss flow
meters and manual valves ot Granton.

Table 12: Modeling detads for purging the 18" Grangemouth to Granton pipeline.

Newton to Granton

Grangemouth to Newton

Mass flow hydrogen (kg /hr) 250 250
Pipe bore (mm) 445 445
Pipe length (m) 15100 15300
Upstream pressure (borg) 06 06
Pressure loss from pipe (mbar) 3073 3158
Purge velocity (m/s) 256 257
Tranait time (hhummess) 02:27:43 022842
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The purge was carried out with an initial hydrogen

flow rate of 125 kg/tv, and the pipeling pressure wos to be
maintoined at 0.5borg. Due to the elevation profile of the
pipeliine (NBY being the high pdint), there was o pressure
increase in the section from Grongemouth to Newton

as the hydrogen was compressed bohind the denser
nitregen. This was monitored as the purge prograssed,
and the inlet flow rate was kept to 125 kg/hr. The arrival
of the purge front was monitored at Newton and Gronton
using inline hydrogen sensors and confirmed using

a GS700 (hydrogen gas surveyor).

Hydrogen was first detected at Newton ofter 1 hour
and 38 minutes with the purge to Newton completa
23 minutes loter, See Figure 18, This waos faster than the
modelling hod predicted, and this is potentialy due to
hydrogen from the purge of the 3" line and entry unit
commissioning being disploced Into the 18" pipeline.
Modelling also conservatively assumed a purge ratio
of 1.5, and the octual operation may have been more
efficient than expected.

The purge continued to Gronton and was completed

at 16:30, therefore it took 2 hours and 10 minutes

10 complete the purge from Newton to Granton,

This was again shorter than the modelied duration,

which is potentiolly due to efficiency. It should also

be noted that modelling was completed based

on 100% hydrogen gas composition while the trial
specification was >96%. The purge tronsition ot Newton
and Gronton was comparable, with the time for transition

from 40 % vol hydrogen to purge complete being
14 minutes and 16 minutes, respectively.

Foliowing confirmation of the purge, the assist gos
supply was isolated. The flore was now commissioned
and operating on hydrogen. Gas somples were token ot
Newton and Kinnell for odorant analysis. Samples from
both locotions indicated low odorant levels. This ledtoo
review of the saompling procedure. To ensure the saomple
taken was representative of the pipeline contents, the
venting tme before taking o sample was Increased.

ure 18: Transition of purge front ot Newton site.
N8 A Lineor trendling hos been odded Lo demonstiote the
relations across the whole purge
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3624 Pipelne Fressurisotion ond Conditioning

Table 13: Live trial.

Start pressure (barg) Endpressure (barg)

Noted events

Flare testing complete with o
04/07/25 10 3 flow rate of 1074 kg/hr (pressure
decreased from 36 to 31 barg).
Q5/07/25 3 83
06/07/25 83 120
Pressure in ine reduced until the
9.0-10.0 flore and then maintained with
07-10/07/26 120 (cpprox) balance flow in ond out of the
pipeline for odorant conditioning.
n/or/2s 94 160 Pipeline pressurisation.

/07/25 %60

26.0(Grangemouth to Newton)  Pipeline pressurisation required
170 (Newton to Granton)

forthe flow trial was achieved.

Pressurisation and conditioning of the pipeline
storted on 4th July 2025 with the initial plon being to
perform o stepwise pressurisation of the pipeline up
to 26 barg (MOP) with leak checking to be completed
at a max of 5 barg Increments. During this process,
the operation of the flare would also be tested to
demonstrate its operability ot a range of pressures.

During the first 3 doys of pressurisation, gos somples
ware taken from eoch of the sites and transported to
Granton for onsite anolysis. While odorant levels did stort
to rise. they remeined significantly below the leve! that

would be recognised as odorised gos within the standard.

This persistent low level of odorant in the gas wasdue
to conditioning of the pipeline and acdsorption of the
odorant components onto the pipe woll.

QOdoraont New Blend (NB) was specified for the trial, This

i the same odorant that is used for natural gas and hod
been determined by o previous project to be suitable for
odorising hydrogen. The HSE have also suggested that
for ease of identification by the general public, hydrogen
should utilise the same odorant [48],

Odorant NB is made of up 2 components, Tetra Butyl
Mercaptane (TBM) and Dimethyl Sulpide (DMS), and is
dosed Iinto the gas stream depending on the flow with
the intent of ochleving an odour intensity level of 2.0,
Prior to the trial, onalysis wos carded out to determine the
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required dosing rote for the trial hydrogen composition.
This was 7.3 mg/Sm’. There was potential for the gos
compaosition to vary during the trial; however, these
expected variations did not make an appreciabie
difference to the amount of odorant to be dosed.

The TBM component of the cdorant can selectively
adsorb to pipe wdls and react with corrosion products
inside o pipeline. Prior to the preparation for the trial,
the Grangemouth to Granton pipeline had been out

of service for 39 years but had been maintained with
nitrogen preservation during this time, Cleaning pig
runs and camera surveys had shown the pipeline to be
ingood condition, but corrosion products were present.
This resuited in the TBM portion of the odorant being
adsorbed onto the pipe wall and reacting with corrosion
products in the pipeline and therefore not remaining
Inthe gas stream creating the required odour.

On 7th July 2026, the pressure in the pipeline was
decreased to approximately 10 barg ond then
maintained at this level by boioncing flows n and

out of the pipeline. The odorant dosing rote was olso
increased to compensate for the odorant being lost to
adserption and reaction, This continued until 10th July
2026 when required cdorant lavels were ochioved ot
Granton. Following this, odorisation rates were reduced
to approximately double the calculated rate. 15 mg/Sm’,
to compensate for any further odsorption or reaction,

C0©

as this increcse level would have minimal impoct on the
odour intensity. The pipeling wos pressurised to 26 barg in
the section from Grongemouth to Newton and 17 barg in
the section from Newton to Granton to conduct the flow
trial prior to the welding operation. Samples continued to
be taken for odoront analysis during this period, and the
odoront levels did decrease os the gos in the system was
not flowing

Following discussion with intemal ond external Subject
matter experts (SMEs), this was accepted by the project and
discussed with the HSE. Pressure and leak detection systems
on the pipeline did not give ony indicotion of leakage ond
bullding line surveys, and additional ventage point surveys
were initioted during this pericd os o precoution. it should be
noted that the operation of the tricl is not representative of
gas network operction In terms of flow conditions, Odorant
fode can occur with natural gas or hydrogen; however, itls
not generally an issve In o live gos network that has been
conditioned ot commissioning and operated continuously,

Within the UK odorisation is only legdly required for the
below 7 barg network [28]. The LTS is currently odorised
as dosing at National Transmission System (NTS) ofMokes
required a much lower number of injection points on the
network, The project followed this existing opprooch.

3625 Flow trial

A flow triol was completed on 15th July 2025, This allowed
medelling compieted prior to the trial to be verified,
ensuring that there was sufficient capacity in the system
to maintain fiow for the duration of the welding operation.
This also allowed an additicnal check to be made on the
operotion of the pressure reguotor at Newton, which
would maintain the pressure in the downstream section
at 16 barg untll the pressure in the whole pipeline begon
to decay.

Flow modelling prior to the triol predicted a time window
of 425 minutes for completion of the plonned welding.

Figure 20: Flow modalling complated prior to the trial,
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Figure 21: Dato from flow tricl

5 35
30 30
~ 5
o e
o p
g 2
@ D
2 o
: :
& @
B B
2 < ~ w o w <o ~ =3 w
g & & ¥ g & =B & 2 ¥ a -
Time

= NBV Entry Pressure
= Granton Temperature

During preparotion for the trial, some further optimisation
was possible with a slight increase in flow awailable

from INEOS, and the odjustment of flow to the flore
meant the veiocity in the pipeline could be maintained

as the pressure decreased. This increased the duration

to 545 minutes during the flow trial. This was sufficient

to carry out the welding opercticn with contingency.

Foliowing the fliow trial, the pipeline was re-pressurised
to 26 barg In the section from Grangemouth to Newton
and 18 barg in the section from Newton to Granton

in preparation for the welding demonstration.

3.6.3 Making New Connections
(Welded and Grouted Tees,
Hot Tapping and Flow Stopping)

GDNs are required to moke plonned and emergency
interventions to maintoin assets while continuing supply
to customers. To odd new connections or complete
maintenance, live welding, under-pressura drilling

and flow stopping ore essential operations,
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Live welding on SGN's LTS pipelines is conducted
inaccordance with the procedural document
IDN/SP/P/9 [49], 0 supplement to BS 6930 [50].

There is no recognised industry standord or precedure for
live welding on hydrogen pipelines. Guidance in Table B
Summary of Isclation Techniques of H5G 253 states

thot hot tapping and stoppling are not appropriate for
systems containing hydrogen [51]. Alternative repair and
connection attachment methods thot do not require
welding are also used on the network e.9. the 'grouted’
tee. Grouted tees are oppled by specialist controctors in
accordance with SGN/WI1/P/19 [52]. Anecdotally, there
is on equal distribution of welded ond grouted teeson
the SGN LIS with the preferred method dependent upon
pipe WT, pipeline operating parameters and proctical
considerations. Under-pressure drilling and flow stopping
on the LTS is performed by speciolist contractors with
procedures defined in RAMS and the moncgement
procedure T/PM/P/24 [53]. Currently, thare is no
recognised industry standard or procedure for under-
pressure driling or flow stopping on hydrogen pipelines.

Figure 22: Live welding

Compoared to conventional walding. specific hozards
associoted with live pipeline welding Include burn-
through' ond elevated risk of "hydrogen crocking’

(cold cracking). Burn-through (blow-out) can oceur if
there is excessive heat input/weld penetration ond the
resuing hoop stress in the pipeline exceeds the strength
of the remaining pipeline thickness beneath the molten
weld pool. See Figure 23. Hydrogen crocking occurs when
hydrogen is present within o susceptible microstructure
ond a stress system is present. See Figure 24, The scurces
of hydrogen may be the welding consumables, the
presence of contaminants on the pipe surface or
moistuwre. The microstructure of o corbon steel isa

product of its chemicol compaosition and thermal history
from component manufacture, or other operations, such
as welding and heot treotment. Stresses may be residucl
stresses from welding and other stresses from service or
iloading. Such hozords are understood and controlied
appropriately for ive weiding on natural gas pipelines,
2g the use of low-hycdrogen consumables, imiting
material harden ability and using elevated minimum
preheat compared to conventional pipeline construction
welding. Transitioning to live welding on pipelines
conteining a gas with differant properties requires these
hazards to be investigated and controls/procedures
modified appropriately.
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Figura 23: Live welding process showing weld pod and associoted depth of panetration into porent material,
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Hozords in under-pressure drilling include the potential
presence of flammable gas, air and an ignition source
(e.g. a hot spot during drilling) within the topping body
and venting (or floring) of high-pressure flommable

gos. The procass is complatad on pipelines across the
world with many different fiuids. The wider flammability
range and lower ignition energy of hydrogen means
that under-pressure driling on hydrogen pipelines has
additional threats that require odaptation of procedures
to proportionately manage the risks.

Figure 24: Hydrogen cracking requirements

To demonstrate that such activities can be completed
sofely on LTS assets repurposad to hydrogen, a full
procedural qualification programme was completed
ina test site environment. A hydrogen flow loop was
faobricated using a section of material cut out from

the Grongemouth to Granton pipeline. See Figure 25.
Pressura and velodity in the flow loop could be controlled
within the parameters specified for the LTS Futures live
trial providing o representative qualification environment.
Upon completion of the procedural qualification, a
full-scole fatigue test was completed to evaluote

the Integrity of the new connections and demonstrate

T2 SGN Closure Report 2026
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Figure 25: LTS Futures hydrogen flow loop.

suitability for hydrogen. Welders ond hot top technicions
from a hot tap service provider were then qualified to
SGN's procedures through a full-scale FAT. Following this,
the live triol was completed successfully whereby o split
tee, and two set-on fittings, were welded and hot topped
under live hydrogen conditions to the pipeline. Full detalis
on the welding procedure development hove been
published in Koronka et al [54].

3631 Livée Welding Procedural Qualification

Using o seporate section of pipe, trials were completed
to establish the inner wall temperctures and depth of
penetration when welding using typical P/9 and modified
opprocches, Welding on an offiine section of pipe was
consarvative regording heat loss. The Pipeline Research
Coundil internctional (PRCH) Thermal Analysis Model

for Hot Tap Welding, developed by the Edison Welding
Institute, defines the critical inner wall termperature for
burn-through during welding as 982 °C [55). An inner
wall temperature limit of 723 °C could be used for
pipelines containing hydrogen, as this is the critical
temperature for phase transformaticn of ferrite to

austenite (a microstructure with higher solld solublity of
hydrogen than ferrite [56)). Predictions mode using the
PRCI model indicated thot current P/9 welding procedures
could result in inner wall temperatures close to or above
these limits. Given that P/9 has been used for decodes
without incident, it was creditie that the software
predictions were conservative for the cases looked ot
All tests recorded peak inner wall temperature values
below 982 "C and o limited depth of weld penetration
in relation to the WT that showed acceptable security
for burn-through. Only one case (highest heat input
and highest pre-heat level) exceeded the 723 °C phase
transformation temperature. Given the trials were
conducted in a conservative manner (2.g no thermal
decay from flowing gas), this provided confidence that
the temperoture imits would not be reached In-service
when using similar combinations of welding voariables.
These tests allowed welding parameters to be defined
for thermal decay and weld cooling trials.
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Figure 26: Innerwall temperature tricls.
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Figure 28: Prehect decay tests.

Figure 29: Weld cooling decay tests
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P/9 [49] requires that cll welding be conducted on a pipe
with surfoce prehect temperature greoter than 150 °C,
However, as the flowing gas in the pipe dissipates the heat
at a significantly higher rate than conventional welding,
the preheat applied in advance of welding is more than
this, typically at 250 "C. The time it tokes to cool between
these two temperatures provides the practicol window
within which welding can be progressed. This is referred

to as the temperature or themal decoy time, and it is
measured both before and during P/9 welding operations.
To achieve such surface temperctures, fve pipeines

are typicolly pre-hected using cxygen-propane torch,

see Figure 27, or electricol resistonce heating methods.
Temperoture indicating crayons or thermometers ore
then used to monitor the temperature during welding,
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The minimum deccy tme that /9 permits welding to toke
place is 40 s; any time recorded below this would mean
welding would not be started or weuld be halted if already
commenced. An additiond important consideration,
though more difficult to measure using basic equipment

in the field, is the weld cooling time from 800 down to

500 "C(T,.). This time affects the microstructure of the
weld aond heat offected zone (HAZ). If the period is short.
certain metaliurgical phases may form thot negotively
impoct the mechanical properties of the weld ond

HAZ, typically related to hardness. Due to the different
properties of hydrogen, the heat dissipation during weiding
could be different, reducing the allowable time for welding
and/or adversely affecting the mechanical proper ties of
the weld by increasing hardness.

To evaluate the impoct of hydrogen flow conditions

on both the thermal decay ond T, ; times, tricls were
performed using the bespoke flow loop and cifferent
pressure (71-18.7 barg) and velocity (0-56 m/s)
combinations. For pre-heat thermal decoay tests, an
oxygen-propane torch wos wsed to pre-heat a section
of the pipe while hydrogen was flowing at the specified
velocity and pressure, The pipe surface was pre-heated
above 250 *C and a time recording storted when the
surface reached 250 °C (mecasured using o temperature
Indicating crayon). Type-K thermocouples mounted on
a weoden frome were pressed cgainst the pipe wall ot
the same location for each test combination, The time
for the pipe surface to drop to 150 “C wos recorded both
manually ond using the thermocoupie datologging
equipment. In selected coses where o thermal decoy test
was corried out, 0 weld pod wos deposited simulating a

buttering loyer, and a Type-J thermocouple was inserted
into the weld pool using the harpoon method to measure
and record the T, weld cooling time.

The tests demonstrated thot the pre-hecot thermal
250-150 "C decay time did not drop below 40 s forony

of the pressure and flow combinations tested The weld
cooling tricls demonstrated thot the T, weid cooling
tme was generdly independent of the pressure and flow
rate combinations, with the expected trends reiated to
heat input meore prominent (i.e low heat input producing
a shorter weld cooling time and vice versa). These
observations and recerded dota allowed suitable weiding
parameters and variables to be proposed for the full-scole
welding of o spiit sleeve and spiit tees on the flow loop
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Figure 30: Spiit tee qualificotion welding

Figure 31: Grouted tee colior,

A weided tee’ connection requires two longitudinal and two
circumferentiol welds, The longitudinal welds join the two
half shalis of the split tee togather Waelded simultanaousty,
these incorporate a backing bar, meaning no direct contact
with the pipeline occurs during weiding. The crcumferential
(fillet) welds are applied consecutively and each in two
stages, The first buttering layer provides controlled
deposition of a weld pad of an oppropriate width directly
onto the pipe surfoce. The purpose of the buttering layer

k to reinforce the pipe wall, to minimise bead penetration
and reduce the risk of underbeod cracking, as itis this first
kayer that poses the most risk. The fillet weld Is then used to
attoch the tee to the pipdine on the buttering weld passes.
The temperoture trials work provided sufficient avidence
that the current P/9 weld procedures could be used, with

a minor modification of the buttering pass parometers,

for welding on the hydrogen fiow loop.

Procedures were applied and two split tees were
welded in the horizontal position under flowing
hydrogen at 13 barg successfully. See Figure 30
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3.63.2 Grouted Tee Procedural Development

Grouted tee Instaliation parameters were largely
unchanged from those currently on the LTS, The key
activities during the qualification programme were

to ensure the grouted tee collar, see Figure 31, and final
cured grout pravided adequate sealing with hydrogen
during the installation process

Two grouted tees were installed onto the loop under live,
static hydrogen at 13 barg. One tee was instalied verticolly
and the other horizontally. The shells were lifted into position,
bolted up and fitted with o test blind flange. The seol on
the grouted tee colior was checked by injecting hydrogen
to a nominol pressure of 6.5 barg into the tee branch spoce
and ensuning no pressure drop over a 30-minute perod,

End secls were then cppled and grout injected into the
space between the end seds ond tee collor. See Figure 32

The grout was allowed sufficient time to cure prior

to completing o pressure test at 13 barg with hydrogen
for a minimum time of one hour (excluding the time
for stabilisation of the seal). Tests on both tees were
successful in demonstrating the sealing capability

of grouted tees with hydrogen.

Figure 34: Topping machine, sandwich valve and cutter heod.

3.6.3.3 HotTapping Procedural Development

All fourtee connections (two welded and two grouted)
that were applied to the Now loop were subsequently
drilled under pressure. All under-pressure drilling

was conducted using existing, stondard notural gas
equipment - a topping machine and a gote (sandwich)
valve. See Figure 34 The tapping machine consisted of

a drill body with threaded ports for purging, venting, and
pressure equalisation purposes, and a drilling mechanism
encompassing pilot and annular cutter-style tools. Three
tees were drilled in the horizontal position and one tee in
the vertical position. Herizontal driling is considered more
challenging due to the increased possibility of cutting
debris being dragged onto the tee’s sealing collars when
retracting the drill bock into the drill body, and increased
movement of the pllot dril and cutter,

A summary of the procedure Tor the under-prassure
driliing is given below. The procedural changes to the
under-pressure drilling incuded an odditional hydrogen
purge of the drill body after nitrogen purge and longer
hold periods to monitor for leakoge.

4

Check equipment functionality ond cutter depth.
Attoch the gate vaive and drill to the tee,

Purge the assembly with nitrogen, pressurise, holg,
and confirm assembly is leck-free at line pressure.
Purge the assembly with hydrogen, pressurise, hold,
and confirm the assembly Is leak-free ot ine pressure,

Clcse the sandwich valve end depressurise the driliing
assembly to haif-line pressure by venting hydregen.
Confirm that the sondwich valve is holding pressure,
Equalise the pressure across the sandwich valve and open.
Begin the cutting operation and allow the pressure in
the drill body to equalise as the pilot drill penetrates
the pipe

Retract the drill fully once cut s complete and isolate.
Vent the drill assembly and monitor for leaks.
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The main hozard with under-pressure driling isthe
potential for @ flammabie gas-air mix. While the
presence of flammabie gas and an ignition source (hot
spots from driliing into pipe) ore inherent to the process,
the presence of cir can be eliminated through appropricte
purging and leakage chocks, Purging the opparatus to
nitrogen ensured no presence of oxygen, and holding ot
pressure for longer provides confidenca in leak tightness
Purging to hydrogen and holding at pressure provides
further confidence that all equipment is functional and wiil
not leak hydrogen when the pipeline is topped’. A suitable
medium that provided both inert purging and leak trocing
capability was noted as a replocement for nitrogen
purging then hydrogen leak tracing. A helivm-nitrogen
trocer gas was noted to provide this option

3634 Complation Plug Procedural Development
The instaliation of o standard completion plug was
attempted on one of the horizontal welded spit tees
See Figure 35. The plug instollation ottempts utilised the
same topping machine os the under-pressure drilling,
The same nitrogen/hydrogen purge and pressure hold/
leakage check process was used pre-piug deployment
The plug was moved into position ond securad by
winding the holding segments into plaoce vio the external
threads. Upstream of the plug was depressurised rapidly
to the local vent stock. The plug did not manage to

secl in hydrogen, with significont leckoge ocourring
mmedictely ofter plug setting. The severity of the
leakage suggestad that the issue was not solely related
to hydrogen. The trials were holted and the process and
plug design put uncer review in NIA2 SGNOO036 and the
FAT Qualification. See Section 3.63.6.

Once decommissionad, significant levels of ‘swarf
(metallic shavings and ribbons) were nated within the tee
See Figure 36. Although not confirmed, this Ikely affected
segling performance of the plug.

3635 Full-Scale Tee Fotigue Test

A full-scaole fatigue test was completed on a welded

and grovted tee from the procedural development stage
to demonstrate integrity of the new connections under
hydrogen. The testing has been fully detaled in Cosham
ot ol [57] See Section 392
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Figure 35: Complation plug.

Figure 36: Swerf occumulction in spiit toe.

Figure 37: Hot tapping qualification
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Figure 38: FAT vessel

3636 Foctory Acceptonce Test (FAT) Qualification

To ensure readiness for the fve triol, a FAT with TDW was
completed. The aim of the FAT was to qualify all personnel
to SGN procedures and evalucte the flow-stop ond
completion plug technologies for the five trial.

To undertake the FAT, o test vessel incorporating
Grongemouth to Granton pipeline material was
fobricoted, see Fgure 38, and o new split tee ond set-on
fittings were provided by SGN, The welding rods and
spiit tee were as per the grode, size and manufacturer
vsed in the live tricl. The vessel wos standalone and

filled with @ hellum-nitrogen blend to 16 barg for the
duragtion of the FAT. The tee wos Lo be welded to the
vessel in the horizontal position and set-on fittings in
the verticaol position. The hellum-nitrogen blend provided
on opportunity to evoluote the sealing performance

of the flow-stop ond plug technologies in o medium
with a similar leakage propensity as hydrogen. Local
pressure gauges and an internal camera were installed
on the vessel for measuring leakage and monitoring

the activities,

Welders were successfully qualified to SGN's procedures
through offiine plate ond pipe butt welds, os per

P/ [49] and P/2 [58] The split tee and set-on fittings
were subsequently welded to the vessel using LTS Futures
weiding procedures with no remediation work required
See Figures 39 and 40, Four welders were quaolified and
completed the FAT 1o provide suitable personnel cover
for the live tricl. Two inspectors and the independent
weiding engineer witnessed ol activities and reviewed
the welders” qualifications,
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Figure 39: FAT weiding

Figure 40: FAT vessel upon completion of welding

Following the welding, a hot-topping operation was
completed, The exoct same equipment to be used within
the live triol was wutilised, and o helum-nitrogen mix was
used In place of the individuel nitrogen and hydrogen
purges and pressure holds. A flanged odaptor spocd

was boited to the spiit tee, incorporating @ mochined
groove required for deployment of on alternative plug
technology. A hydraulic sandwich valve was then bolted
to the adaptor spool Measizrements for the cutting
process were taken to calculate key distances for the
operation, eq. contoct point with pipe, plug et position
etc. The tapping mochine was then lifted into position
and boited to the sandwich valve. Purging ond pressure-
holds were then completed on the full assembly and
sanawich vaive as per the SGN procedure. The hot

top technicians then drilled the tee successfully under
pressure, See Figure 41 A smaller, manual tapping machine
was used for the set-on fittings with the same purging
and pressure-hold procedures for the assembly ond
associoted valve. Both fittings were successfully tapped
under-pressure

A Stopple-Train flow stopping tool was then set up for
deployment. The Stopple-Train has two sedling heods
providing o ‘primary’ and ‘secondary’ sealing element
ond wes the flow-stopping tool recommended for
hydrogen by TDW. The set-on fittings welded and topped
in the previous stoge of the operation are used for
venting the Stopple-Train annulus ond re-pressurisation
operations. The Stopple-Troin is o separate tool from the
tepping mochines used for hot-topping and completion
plug setting. 'Swarf’ from the hot-top operation Is known
to interfere with sealing elements, particulerly in low-flow
pipelines and on horizontal tappings, The Stopple-Train

FTE— . X1 M W% M E -~

sworf” monagement technigue is ‘sweeping’ whereby

the stoppie heods are moved back and forth in the pipe
once deployed to move sworf out of the areg, Oversized
seals ore used to ensure sufficient contoct with the inner
pipe wall and move as much debris os possible. The tool

5 then removed, damaoged seoling elements changed
fornew ones and the tool is re-deployed. The FAT vessel
ncorporoted an in-line camero, which showed significant
levels of swarf had been generated during the hot-topping
process (as would be expected).

Figure 41. FAT preparation of hot tap machine
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Figure 42: FAT stopple troin

The Stopple-Train was prepored, Ifted into position

ond bolted to the sandwich vaive. The same purging and
pressure hold procedures as per the hot-topping process
were completed. The tool was then deployed and secling
hecds advanced into the vessel The ‘sweeping’ action was
completed several times and was successful In removing
all the swarf shaving materiol. The tool was then removed
from the vessel, damaged sealiing elements chaonged

for new and re-deployed ‘Setting’ the tool was then
attempted by depressurising (using extermnal volves) the
onnull downstrearn of the secondary ond primary stopple
heads to different leve!ls to create o differential pressure
ocross the sealing elements. Leaokoge was then maonitored
via pressure build-up In each annulus. In all tests, the onnuli
re-pressurised with ittle difference in re-pressurisation
times between different differential pressures,

Flow stopping was noted to be an area of further
nvestigation, ond several trials were completed on o
differant flow-stopping tool under NIA2_SGNOO036 and
NIA2 SGNOO52. Deployment of the Stopple-Trainin the
fve tricl wos permitted to proceed to generate further
data on its potentiol use in the future.

Two different types of plugging technoilogies were
evoluated during the FAT, a stondard plug, see Figure 43, and
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Figure 43: Standord plug (without sealing element).

Figure 44; Lock-O-ting Phus (without sealing element).

@ Lock-O-Ring Plus plug. See Figure 44. The standard plug
hod been unsuccessfully triclled previously under hydrogen
conditions, os noted within Section 363 4 The Lock-O-Ring
Plus plug Is o different design to the standord plug The
Lock-O-~Ring Plus piug's locking segments are incorporated
into the plug itseif, whereas for the stondord plug, locking
segments ore locoted inside the neck of the tee. The Lock-0O-
Ring Plus plug requires a tee with a specific machinaed groove,
and therefore an adapter spool containing this groove wos
provided for use with SGN’s standord tee. Both plugs were
deployed using the same topping mochine ond purge/
pressure hold procedure as used for the hot tapping.

The standard plug waos not deployed successfully
during the FAT. A screw In the tee used to move one
of the locking segments into position became stuck
due to debris lodged within the neck of the tee from
the hot tap and Stopple Train deployments (this was
confirmed upon chocks post-FAT). The Lock-O-Ring
Plus plug was deployed successfully. No leckage was
measured upstream of the plug over o 30-minute
period, demonstrating 100% isolation.

All personnel ond equipment used os part of hot topping,
flow stopping ond plugging triols were utilised for the lve
trial to ensure fomiliority with the process.
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3.6.3.7 Live Triol Hot Works

The LTS Futures live trial hot works were completed
successfully in July and August 2025. Two phases
were undertaken - cpplication of welded fittings
and subsequent hot tap, flow-stopping and
plugging operations and application of a grouted
ftting ond subseguent hot tap, Mlow-stepping
and plugging operations.

36371 Phase1-Welded Fittings

The live tricl hot works site hod o requirement tobe os
close to the Granton flare site as possible to minimise the
volume of hydrogen flaring required for the stopple train
depioyment and evaluation. A skte on Dolmeny Estote
was as close to the pipeline termination point as possible
without encompassing chollenging gradients and pipe

material that had not been used for welding qualification’,

The site underwent initiol checks and surveys including:

« Q/10 [59] sampling ond testing to confirm
suitable pipe chemistry for welding. See Figure 45,
« 10-maetre slit trench along pipeline length
to check for GWs
« Environmental surveys (including
archoeolegical watching brief during excavation),
« Survey, mapping and depth of cover checks
on other high-pressure pipelines in the vicinity.
« Survey for suitable site access points, potential contraflow
routes, overhead barriers/cobles. See Figure 46.
« Calculctions to determine suitabile pipeline
crossing types for HGVs and cranage on-site.
« Landowner engogement to notify of proposed
works ond consider occess requirements for livestock

Following these initial surveys, o full site design
process was completed, The site design wos typical
of a temporary works site and included:

« Site weifare.
+ Trackway matting to reduce site impoct
and provide safe pipeline crossing points.

« Excovation with sultable accass, agress,
drainoge. bose material and pipe supports.

« Hazordows area assessment forexcavation
post-hot tap and specified venting arec

« Flame and leak detection instrumentation
(hydrogen-specific requirement)

« Security measwres (Heras fencing and CCTV).

* Designated lifting area.

"The Grongamouth 1o Gronton pipeire consisted of two

gatinct X352, 87 pliow motenicls ~ PRe AGSI mm WT SMLS) ag
Pipe B 6 25 mim WT. HSaW) Poe A extanged for evergl kim from the
Granton end of the Dipeine. Al waling. grouting, het topping, Sow
Ropping ond ploggng QUOificobons weare completed on Poo 8

Figure 45: Q/10 Survey

Figure 46: Access survey.
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Figure 47: Excavation works

An excavation was opened to occommodate the works
to be completed This considerad the rmquirements of
P/S [49] clecrcnce. the need for multiple fittings (a spiit
tee and two set-on fittings are required for stopple
train deployment) ond the horizontal orientation of the
topping. This led to a larger excavation being required,
approximately Smby12m

Along the length of the exposed pipeline, the coating was
removed, ond the surface wos shotblosted. Before arrival
of the TOW, NDT, mognetic particle inspection (MPI)

and utrasonic testing (UT) was compieted to ensure the
area of the pipe designated for works was svitable. The
desired position of the fittings wos mapped to ensure
swbsequent NOT wos completed on the arecs (ond
additional tolerances) where welding would take ploce.
No indications were reported in the parent material or
seom weld, As the pipe material was Helicol Submerged

84  SGN Closure Report 2026

Figure 48: Excavation after completion of NOT.

Arc Welded (HSAW), interaction of the spiit tee withthe
seom weld was unawoidable One of the sat-on fittings wos
offset sightly from top decd centre, as cllowed within the
qualified welding procedure, to ensure thot the welding
was at least 100 mm away from the spiral seom weld,
Visual ond dimensional inspection was completed around
the entire circumference of the pipe. See Figure 48.

Upon arrival ot site, the TOW examined the pipe ond
completed repect UT and MPI in accordance with their
procedures. See Figure 49, No indications were noted
The seam weld areas that interocted with the fitting ond
subsequent fitting girth weld were dressed, ond NDT wos
repeatad to ensure no Indications had been introduced.
The tee was lifted into position ond adjustments were
made to ensure an appropriote, consistent tee stond-off
distonce from the pipe.
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Figure 49: MPion fitting ama

Figure 50: Longitudinal saam welding

The ive welding operations were then completed over the
course of four days. See Figures 50-52. The flow conditions
within the trial provided some limitations which were
planned for in odvonce. Only welds that were to be
deposited directly onto the pipe (the circumferentiol
welds ond set-on fitting welds) were to be completed
under flowing conditions, The longitudinal seom welds
which were deposited onto backing bars were completed
under static conditions. The flow in the pipeline was
controled to meet aconstant velocity of 1.1 m/s, which

aligned within the qualified velocity range. As the supply
flow rate into the pipeline could not match the demand
flow rate required for this velocity, welding took place
over o pipeline pressure range of 16 to 10 barg while
maintaining © constant velocity within the pipeline,

The spiit tee, two set-on fittings ond o retention coupon
were successfully welded onto the pipefine under live
hydrogen conditions. See Figure 53, NDT was completed
upon cooling of the welds with no indications reported
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Figure 53: Spilt tee ond set-on fittings successiully welded onto a live hydrogen pipeline.
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Hot tapping was compieted of all fittings under static
conditions at a line pressure of 20 borg. A common vent
stock wos used for oll venting operations. The hose and
vent stack were purged with nitrogen before and after
any venting of hydrogen to prevent the formation of o
fianmable mixture in the vent stack or connecting hose.

To focilitate the use of the Lock-O-Ring Plus, the same
adaptor spool as used during the FAT was bolted to the
weided tee. The hydrovlic sandwich valve was then boited
to the odaptor spool, Measuramaents for the hot top,
stopple-train ond plugging process were token, and when
positioned. a dry run check was carried out to ensure the
mochine trovelled without issues and measurements were
accurate. See Figure 55.
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The assembiy was then purged with nitrogen and
pressurised with a helium-nitrogen blend to 24 barg.

A 15-minute stobifsation period wos completed, followed
by o 30-minute leak test. Leckoge was monitored using
pressure gouges on the assembly with zerc permissible
pressure grop. Once completed, the sandwich volve

was closed and the upstream spool assembly vented to

1 borg, The test wos repeated to demonstrate no leokage
from the sandwich valve,

Upon a succeassful campletion of the ieak checks,

the hot-tapping process proceeded with tachnicions
monitering vibration and adjusting cutting speed when
appropriate. See Figures 56 and 57. Once compiete, the

cutting head was retrocted and sandwich valve closed
The topping machine was then vented to a lower pressure
ond sandwich volve monitored forleckage. Once the test
was complete, the assembly was vented and purged with
nitrogen priorto being removed

The set-on fittings were hot-tapped through a similar
procedure successfully. However, overnight leakage
through one of the sandwich valves was noted after
tapping (the valve was plugged, so leckage was into a
purged cavity). The valve was regreased ond further leak
checks were compieted to demonstrate it could seal.
The second sondwich valve was regreased prior to use
and did not have any let-by.
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Figure 58: Stopple train deployment attempt.

An attempt to deploy the Stopple-Train was then
undertaken. The stoppie train was fitted to the sandwich
valve, see Figure 58, purged with nitrogen and then
pressurised with a helium-nitrogen mixture to compiete a
lkeakage check. The stopple heod wos activated but could
not be moved fully into the pigeline. Repeated cttempts
were mode by technicians, but the deployment was
uitimotely abandoned. Upon leakage check, purge and
removal of the tool, it was noted that a hokding pin foro
gulde wheel on the Stopple-Train head was bent. In-field,
it was noted thot this may have been due to the wheel
catching on the spiral seam weld of the pipeline os the
tocl was deployed; however, pre-works NDT confirmed
that there was no excessive internal seam weld cap.
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The final operational stage was plugging the two set-

on fittings and spliit tee. The standard and Lock-0-Ring
Plus plugs were planned for the split tee ond associated
adapter spool. The plugging operations were completed
under static gas conditions. The standard plug on the spiit
tee was deployed first. The topping machine was bolted to
the spool assembly, purged to nitrogen, pressurisad with o
hellum-nitrogen mix ond o leckage check performed. Upon
o successful leckage check, the plug wos positioned ond set
by octivating the segments externally on the tee. The topping
machine was then depressurised through o 27 handwheel
vaolve piped to the vent stack. The plug did not seal and
setting could not be re-ottempted os a segment jommed
and could not be deactivated (kely due to swarfin the tee),

Q0®©

Figure 59: Spiit tee final blank,

The sandwich volve was closed ond purging/leakage
checks completed before removal of the topping mochine.
The Lock-0-Ring Fus plug wes attoeched to the topping
machine and the tool redeployed. Following purging
ond leckage checks, the plug was advanced and set in
position. The tapping machine wos then depressurised
through o 2" handwheel! voive piped to the vent stock

A 30-minute leckage test was then completed with no
pressure increase vpstream of the Lock-o-Ring Plus plug
demonstrating 100% isclation. A blonk flonge wos fitted
to the odoptor spool, marking the end of the split tee
operations. See Figura 59.

The set-on fittings were subsequently plugged successfully
using the same purge and leakage procedure and standard
(threaded) plugs. Blank flanges were bolted to the fittings
marking the end of Phase 10of the operations. See Figure 60.

35.372 Phase 2 - Grouted Fitting

Following completion of the welded tee works, the
excavation was extended to focilitate the installotion
of a horzontol grouted tee and complete another
hot-tapping. flow-stopping (using the BISEP tool) and
plugging operation, Significant testing and a full FAT
were undertaken by STATS and are detailed within
NIA2_SGNOQQO36.

Figure 60: Set-on fitting final blank,

|
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Figure 61 Grouted tee instoll

> f
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After the excavation extension was completed. the
coating was removed and surfoce shot-blasted to

SA 2.5 Viswal ond dimensional inspection wos completed
around the entire circumference of the pipe. MPI and

UT were completed over the entire pipe surfoce where
the grouted tee would be located. No indicotions

were reported in the parent material or seom weld,
demonstrating the area of pipe was suitable for the
wbsequent operation

The grouted tee was installed by DNV in cccordance with
the SGN procedure developed in 36.3.2 (noting that this
procedure is almost identical to the current groutad tee
nstoliation procedure). A hellum-nitrogen biend was used as
a leak check medium for the coliar and the grout once cured,

A sandwich valve (termed branch isolation valve) waos
then bolted to the horzontal spit tee. This sandwich
valve induded a sworf trap’ (a machined recess), which
would caopture swarf in the lower area of the valve where
material has the potential to interfere with secling
capablility. Measurements for the hot tap, BISEP and
plugging process were token. The topping machine

was bolted to the volve assembly, purged to nitrogen,
pressurised with a hellum-nitrogen mix and a leakoge

20 SGN Closure Report 2026

Figure 62: Hot topping of grouted tee

check performed. After a successful leakage check, the
sonawich vaoive was opened and the cutter advanced
The hot topping was successful, with no excess vibration
noted by technicians throughout the process.

The topping moachine was removed from the tee
following venting. purging and sandwich volve leakage
checks, A separate tool termed the “Sworf Monoagement
Tool’ (SMT) was then prepared for deployment. The SMT
consisted of a collection of small-diometer stainless steel
nozzies, which could connect to an external nitrogen
source and be used to 'blow’ the swarf cway from the
planned BISEP deployment locaticn. The nozzies were
contoined within o tool simiior to ¢ topping machine,

The nozzies could be maoved horizontaly within the pipeline.

Measurements for the SMT were token ond it was
connected to a nitrogen bottle pack. The tool was

lifted Into position, and purging and leakage checks were
compieted pre-deployment. The tool was odvanced and
the nozzie system successfully deployed into the pipe.

A serlas of movements of the SMT within the pipe while
blowing nitrogen was completed. The head was retrocted
and the tool removed from the pipeline following purging
and leckoge checks.

Figure 63: Swarf manogement tool head.

The BISEP flow stop tool was then prepared for
deployment. The BISEP is ¢ single head thaot includes
two sealing elements, which are hydraulically actuated
to provide a mechanical seal The annulus between

the two seals can be vented through the todl itself,

and no external set-on fittings ore required. The BISEP
was positioned on the grouted tee and leak checks
completed. The sandwich valve was opened aond the
tool waos deployed successfully into the pipe. The sealing
elements were energised to create the seal, and the
annulus between these was ventad. The void spoce was
monitored for pressure rise for 15 minutes. No increase in
pressure was recorded, and the hold time was extended
to a further 15 minutes. The BISEP achieved o 100% seal
inhydrogen, demonstroting thot flow stopping can be
carried out in hydrogen

The BISEP seals were released and the head retmcted
The final step was the installation of the completion plug.
This was the standard plug procured for the tee. Purging
and leck checking of the cssembly were completed and
the plug was successfully depioyed. The branch isolation
valve was then removed, and a blind flange was installed
to complete the operation.

Fgure 65 BISEP flow stopping tool

Figure 64: Swarf management tool

R GH

SGN Ciosure Report 2026 N



Closure Report | Chapter 3: Outcomes and Achievements

3.7 Materials

The LTS Futures project has completed o significant
volume of testing to genercate baseline knowledge for

the development of ongaing industry standards including
IGEM/TD/1 Edition 6 Supplement 2 [10] ond IGEM/TD/1
Edition 3 Supplement 1[18]. The matericl properties, such
as strength, ductility, and toughness, of pipeline steel are
key characteristics that offect how a pipeline responds to
applied loads and its tolerance to defects. The LTS Futures
project has completed small and full-scale tests on vintoge
LTS materid in inert, non-oggressive environments (such as
air or water) and In hydrogen gas, to provide comparative
data and to quantify the effect of hydrogen.

3.71 Project Material

Three pipes designated Pipe A B and C from the UK
LTS have been tested. See Toble 14, Pipes A ond B were
taken from the Grangemouth to Granton pipeline used
during the live trial, Pipe C was redundant material
resulting from a diversion of the Newton Longville

to Crockmore (PO69) pipeline.

From each pipe, the mechanical properties and
microstructure of the Parent Material (PM), Girth Weld
(GW) and Seam Weld (SW) were charocterised in oir
Charocterisation testing included:

+ Optical emission spectroscopy to determine the
chemical composition ofthe parent and weld material.
This allowed comperison to contemporaneous
AP! 5L standards [60][61]{62). to IGEM /TD/1 Edition 6
Supplement 2 Corbon Equivalent (CE) imits [10]. ond
identification of any constitvents above specificotion,

» Charpy V-notch impact testing to provide on
Indication of toughness in gir and to determine
the ductiie-to-brittie transition temperoture,

+ Transverse strip tensile testing on PM ond weld
metal (WM) from each pipe to determine the
tensie strength, yield strength, and percentage
elongation, The averoge results were compared
with contemporanecus API 5L standards [60][61){62].
* High-power light micrescopy to identify different
microstructures, inclusions, and other features within
the material. The results can be used to support
any findings regarding the effect of hydrogen
on mechanical properties.

The characterisation testing provided a fingerprint foreach
material. it confirmed that the materials were as expected
for their vintage. The testing also provided information

for calculating full-scale test predicted fallure values

and correiations with material properties in hydrogen.

372 Strength and Ductility

High-pressure, gaseous hydrogen is known to marginally
reduce the yield and tensile strength of pipeline steel
and significantly reduce its ductility. The yield strength
and tensile strength of pipeline material cre required for
several design calculations inciuding defining a pipeline’s
MOF, and for pipeline defect assessments, The ductility
of pipeline materiol is required for nputs into extemal
loading resistance calculations and for certain pipeline
defect assessments, The effect of hydrogen on these
properties needs to be quantified.

Strength ond ductility con be measured through smoll-

Q0©

result and is therefore controlled at o stondardized, pre-
determined rote. It has been proposed that, when testing
goseous hydrogen, a slower loading rate is required to
ensure thot there & sufficient time in the test for hydrogen
to have an effect on the results, LTS Futures has therefore
completed tensile tests at stondord ond slower rotes of
testing to demonstrate such effects. Slower rote tests are
typically colled Slow Stroin Rate Tensile (SSRT) tests

When pipeline materiol is exposed to a load above its
elastic imit, stroin-hardening occurs. This results in o
stronger but less ductlile material If o pipeline is subjectto
domage in service (9. external interferance), o locdized
strain-hardened region may be present. This reduction in
ductility, coupled with thot from exposure to high-pressure
gaseous hydrogen, might resuit in a greater effect on the
material properties, compared to material that hos not
been pre-strained. LTS Futures hos compieted additional
SSRT tests on pre-strained maotenacl to assess this.

Round-bor tensie tests (ot stondard rotes of testing),
SSRT and pre-strained SSRT tests were completed

In air and in hydrogen on specimens taken from the

PM of Pipe A, and the PM, SW, ond GW of Pipes Band C.
See Figure 66, The nominal strain rote wos 0.00025 s

in the tensile tests, and CQ.00001 s' in the siow strain rate
tests (Le. cpproximately 25 times slower). Testing in oir
was completed in occordance with BS EN ISO 6892-1 [63),
and testing in hydrogen was completed following the
principles of test preporation of ASTM G142-98 [64] but

using guidance from BS EN I1SO 6892-1 [63] for standard rote
tests. Pre-stroining wos completed on moteriol in oir to o
nominal 6 % before testing. Hydrogen tests wane compieted
in high~purity goseous hydrogen (99,99996%) ot pressures
equalto 942, 64.6, ond 96.0 borg for Pipe A, B, and C
respoctively. Test pressures were equal to the design
pressure for a design factor equal to 0.72, os defined

n IGEM/TD/1 Edition 6 [6] for each pipe

Figure 66: Setup of round bor tensile test in hydrogen.

Figure 67: Round bor tenslle test and SSRT test tensile strength results.

: scale tensile testing. The effect hydrogen has on these ~
e Vlchegs ,Mms Surveys on cms'.m'of‘s of matariol properties can be quantified through comparative testing 8 650 | ‘
containing PM/SW and PM/GW. This provided o measure with spacimens in an environment representative of = 630 |
of hardnessin the through-thickness d“d:‘f” (le.from o ralgos. such os air. Material strength s calculoted - | l |
::c:t s c°;g‘£?° "'fh‘:)HTzd t;::"d/ d{“’ m:md directly from test dota. Ductility con be described using ¥ 610 t i
n "g o poan v the elongation of material directly meosured during or 5 | '
The results zg‘m’:;‘:“-":&’f 'ml "m for ”:b' after the test, or measurement of the Reduction in Area (RA) = 9% | B SSRTUTS AIR
mac:: LIW oo‘f’u hu - e of the specimen cross-section after completion of the §, 570 :
A R Iy . test. The loading rate during o tensile test will affect the ! | S@SSRTUTSh2
5 ss0 2 ¢ i @ STD UTS Air
Table 14: Pipeline material dotails. & 530 ' [ o STD UTS H2
Diameter (mm) WallThickness (mm) Type of Pipe Commissioning Date § 10 E % g |
@ 490 : ! {
A 4572 952 X52 Seamiess 1977 ‘g 470 |
8 4572 635 X52 Helical Spiral Welded 1977 2 450 | T |
c 6096 191 X52 Seam Welded 1969 APM BPM B GW B SW CPM cGwW CSW

Pipe/Element

922 SGN Closure Report 2026 SGN Closure Report 2026 93



Closure Report | Chapter 3: Outcomes and Achievements

Figure 68: Round bor tensile test and SSRT test yleld strength results.
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Figure 69: Round bor tensiie test ond SSRT tast RA results.
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The tensle and SSRT tests on Pipes A, B, and C in air and in hydrogen demenstrated that exposure to hydrogen
resulted in a small (or no) decrease in the yield and tensile strangth, ond a large reduction in the ductility,

See Figure 67 to Figure 69. The results of the tansile and SSRT tests are similar, indicating thaot a tensile test,
conducted at conventionol strain rotes, is sufficient to llustrate the effects of hydrogen on the tensile properties.
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SSRT tests on pre-strained motericl did not show any
Increasad reduction in ductiity compored to SSRT tests
on material that hod not been pre-strained.

Figure 70: SSRT Results (pre-strained vs no pre-strain),
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The small reduction in yield and tensile strength will
have little effect on any design calculations. The effect
of exposure to gaseous hydrogen on the ductility will
need to be considered for assessment of certoln defects.
The data generated within the LTS Futures project Is
considered to be representative of pipelines of similar
vintoge and grade. See Figure 70,

373 Fracture

The frocture toughness of a material quantifies ts
resistance to crack propagation. High-pressure goseous
hydrogen is known to reduce the fracture toughness of
pipeine steels, To quolify o pipeline steel for hydrogen
ino laboratory, IGEM/TD/1 Edition 6 Supplement 2 [10]
requires frocture toughness testing in high-pressure
gaseous hydrogen. A fracture toughness value is dso
required for QRAs and fracture mechanics assessments.

Different types of frocture toughness tests con be
undertaken depending on the required outputs.
IGEM /TD/1 Edition 6 Supplement 2 [10] references
constant lood /displacement or rising load/displocement
tests. These tests can be used to define the thresheld
stress intensity factor for hydrogen-assisted cracking

(K,), crack initiation toughness (J or K,) or tearing

resistonce, depending on the specific details of the
test The LTS Futures project hos looked to guantify the
effect of hydrogen on frocture toughness for LTS pipeline
material and welds through constant looad K, and
rising displocement J-R curve tests.

3731 K, Tests

Constant load Ky, tests were conducted in hydrogen

on compact tension specimens taken from the PM and
GW of Pipe A, and the PM, GW and SW of Pipes Bond C.
See Figure 71, Specimens were notched in the through-
thickness direction and fotigue pre-cracked tothe
required starting crock length in air. The test holds o
specimen ct ¢ constant load for 1,000 hours in hydrogen,
Atarget constant load corresponding to an applied

K of 55 MPam©* was used for the hold period. This target
value wos chosen to align with minimum qudification
criterio set by ASME B31.12 Option B [8]. Tests were
completed in high-purity gaseous hydrogen (99,9999 %)
at pressures equol to 94.2, 64.6, and 96.0 barg for

Pipe A, B, and C respectively. Test pressures were equal
to the design pressure for o design foctor equalto 0.72, as
dafined in IGEM/TD/1 Edition € [6] for each pipe. Post-test.
Scanning Electron Microscopy (SEM) of the fracture face
was conducted to visually determine whether crack
extension occurred during the test in hydrogen.
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The results of the tests on Pipes A B, ond C are
summarised below. The nature of the testis that the result
B a’'pass’ or “fail, so it & only possible to define a ronge

of values, It should be noted thot specimens were too
small (becouse of the thickness of the pipe) to meet the
code requirements for small-scale yielding. The opplied
volue of the K wil have been greater than the calculated
value, given below, because the colculation assumes
smali-scale yielding. The calcuated value is the elastic
componeant. It does not include the plastic component.

Pipe A

K Is greater than or equal to 555 MPa m®%,
[The minimum valid velue was recorded In a test
on the girth weid ]

Pipe B

Ke Is greater than or equal to 48.0 MPa.m %, and less than
56.0 MPa.rm %5, [The minimum valid value was recorded

in a test on the girth weld. A test on o girth weld failed
during loading, ot the higher value. Evidence of
hydrogen-assisted crocking was identified.]

Pipe C

Ky is greater than or equal to 45.7 MPam* (or, possibly,
53.0 MPa.n %), [The minimum volid volue was recorded

in o test on the girth weld. All three tests on the pipe body
falled ot a lower value during loading. No evidence of
hydrogen-assisted crocking was identified in the tests

on the pipe body, so itis plousible that the failures were
simply due to overioading the specimens and were not

significantly offected by hydrogen.]

373.2 Rising Displocement J-R Curve Tests

Rising displacement J-R curve tests have been completed
in air and hydrogen on Single Edge Notched Tension
(SENT) and Single Edge Notched Bend (SENE) specimens
taken from the PM and GW of Pipe A, and the PM,

GW, and SW of Pipe C. SENB specimens are a high-
constraint specimen that would be expected to produce
a more conservative (lower) fracture toughness value

in air relative to the low-constraint SENT specimens.

The project aimed to investigate whather this effect wos
opporent in hydrogen and to evaluate which specimen
type produced frocture toughness volues similar to thot
caiculoted from the full-scole tests.

Tests in air were completed In accordance with BS EN
ISO 12135 [65] for PM and BS EN ISO 15653 [66] for

WM. Tests in hydrogen followed guidance provided in
ANSI/CSA CHMC 1 and by EPRG (in lieu of on official

test standard) [67] [68] (Europaan Pipeline Research
Group, 2024) and were completed in high-purity

gaseous hydrogen (9999996%) at pressures equal

13 SGN Closure Report 2026

Figure 71: K. test setup.

t0 94.2 and 96.0 barg for Pipes Aand C. Test prassures
weare equal to the design pressure for o design factor
equal to 0.72, os defined in IGEM/TD/1 Edition 6 [6] for
ecach pipe. Specimens were notched in the through-
thickness direction and fatigue pre-cracked in oir to the
target storting crack length (approximotely o,/ W=0.5).
Testing in air was completed using both the unloading
compliance method, whereby the sampie Crack Mouth
Opening Displocement (CMOD) Is meosured using clip
gouges and the crack growth Is measured indirectly
through the change in somple stiffness, and the Direct
Current Potential Drop (DCPD) method, wheraby
DCPO is used to directly measure crock growth, Testing
in hydrogen vtilised only the DCPD method. Tests in
were completed ot a nominally slow initial
K-rate of 0.005 N/mmY: /s to ensure saturation of the
crack-tip fracture-process zone with atomic hydrogen,

Following test completion, specdmens were moved
to liquid nitrogen, fractwed and examined under
microscope. Fracture foces were evaluated ond crock

C0©

Figure 72: SENB and SENT test results in hydrogen.
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lengths measured to determine If DCPD predictons were
correct. The DCPD doto was adjusted if predictions did
not match the finol measured crock length. Data from
the tests was post-processed and tearing resistonce
curves produced to determine the initiation toughness
volues of . aond J; (the volues of the J-integrol

at 0.2 end 0 mm of crack growth, adjusted for blunting.
respectively), and the tearing resistance. The equivalent
fracture toughness values expressed in terms of the
stress intensity factor, K, a:ac 0nd K; o, were subsequently
determined. The measured K;o = and K., in hydrogen
and Ko = Inair for each material are shown in Rgure 72,
Only resuits for K, s:m In alr are shown K.o would not be a
valid measurement of fracture toughness in cir, because
crock-tip blunting and other non-crock-growth-related
mechanical effects occur within this region of the test

® SENB Test in Hydrogen (K .,
SENT Test in Hydrogen (K )
A SENB Test in Hydrogen (K,.)

The results demanstrate a significantly lower K, o

in hydrogen compored to that In olr for both specimen
types and different matericls tested. The values of

Ko are all, by definition, lower than those of K, o.um.

The data continues to be generated within this
programme and can be used to inform future
updates to IGEM/TD/1 Edition 6 Supplement 2 [10]
and fracture mechanics assessments for repurposing
pipelines to hydrogen,
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3.7.4 Fatigue

High-pressure gaseous hydrogen is known to affect

the fatigue properties of pipeline steels. This includes an
increase in the Fatigue Crack Growth Rate (FCGR) and
reduction in the fatigue life. The LTS Futures project has
loked to quantify this reduction for LTS pipeline material
and welds through small- and full-scale tests, Smaoli-scaole
fatigue tests include FCGR and fatigue endurance tests
in air and In hydrogen. The fatigue life of defects, new
connections, and set-on fittings in hydrogen has olso
been investigoted through full-scole tests

A simplified method (non-fracture mechanics approach)
to caiculate the fatigue life of a pipeline Is provided in
IGEM/TD/1Edition 6 [6]. This approach may be used If

a pipeline has been hydrostatically tested to a suitable
pressure, constructed using suitably qualified materials,
and will not experience pressure cycling cbove o
minimurn stress range. Cycles below o thrashold stress
range do not require inclusion in the colculation

3741 Endurance Tests

IGEM/TD/1 Edition 6 Supplement 2 [10] permits the same
opproach to be used; however, it hos o foctor-of-ten
reciuction on fatigue ife compared to that in IGEM/TD/1
Edition 6 [6], as shown in Figure 73 on the following poge.
It also requires inclusion of dll fatigue cycles in hydrogen
no matter the stress range.

IGEM/TD/1/Edttion € [6] requires ¢ detalled fracture
mechanics calculation to determine the fotigue life
where the simplified method is not oppropriate (eg. fora
pipeline that has had a lower pressure hydrotest) or where
It is required to assess the fatigue life of defects detected
in service. BS 7910 [69] provides recommended methods
for the calculation. IGEM/TD/1 Edition 6 Supplement 2 [10]
provides o recommended FCGR law for pipeline steel

In hydrogen for use in the calculation.

The simplified and detoled approaches in Supplement 2
have not been derived basad on LTS or NTS material
tasting in hydrogen. To provide input forfuture updates
to IGEM/TD/1 Supplement 2 [10]. the LTS Futures project
carred out fatigue endurence ond crack growth rate
tests in hydrogen and alr to provide empirical data.

Figure 73: IGEMTD/1 SN curves
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Figure 74: Fatigue endurance test in air

Fatigue tests were carried out using four-point bend
specimens as shown in Figure 74. Tests were completed
on PM of Pipe A and the PM, SW, and GW of Pipes B and
C. Transverse specimens were taken from the pipe body
and the seam weld (30, the spiral weld was ot an angle).
Longitudinal specimens were token from the girth weld,
The weld cap in the specimens taken from the seam weld
and girth weld was ground smooth. Hydrogen tests were
completed in high-purity gaseous hydrogen (999999%)
ot pressures equal to 94.2, 64 6, and 96.0 barg for Pipes
A, B, and C respectively Test pressures were equal to

the design pressure for o design factor equal to 0.72, as
defined in IGEM/TD/1 Edition 6 [6]for ecch pipe. Air tests
were completed ot a loading frequency of 2 - 6Hz and
all hydrogen tests completed at 1 Hz. Stress ronges were
chosen to give three or four sets of dota for each material
and depending on test results and run-outs.

The endurance test results would be expected to be
consistent with S-N curves in Table 18 of BS 7608 [70].
Different S-N curves within BS 7608 exist for different
structural classifications. For exampie, PM con be
nominally doss B, SW material nominally closs D,
and GW material nominally class E, F, or F2.

Twenty-three endurance tests across all three pipes

were completad in air with results shown in Figure 75,

The results were compared with the basic (mean) and
standard design (meon minus two standard deviation)
S-N curves from BS 7608 [70], PM tests were (qualitatively)
consistent with Class B, SW tests were (qualitatively)
consistent with Class D, and GW tests were (qualitatively)
consistent with Class E, F or F2.
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Figure 75: Fatigue enduronce test results in oir. Figure 76: Fatigue Endurance Test Results in Hydrogen compored with Holdorsen et ol. 2024
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Fifty-five endurance tests ocross oll three pipes were Holdorsen et al. (2024) [71] propose a modification 3742 FCGRTests
completad In goseous hydrogen with resutts shown in to the design Sr-N curves to account for the effect of
Figure 76. The results have been compared withthe basic @ hydrogen environment. The design Sr-N curves for Figure 77: TD/1 Edition 6 supplement 2 FCGR law in tydrogen and BS7910 FCGR law.
(meon) and stondord design (mean minus two stondord steels in hydrogen are based on the curves for steels
deviation) $-N curves from 8BS 7608 [70]. in sea water with CP.The curvesin hydrogen are on
extropolation of the transition in the curves for steels 10E-02 7
In se0 woter with CP between 106 and 107 cycles. /
%ﬁsﬁm‘%‘ st&“rmmm The curves intersect with the in-air curves at 10’ cycles R20.5 R<0l5 .~
in the fot th. The reduction increases as the The inverse siope of the log Sr-log N curves is equal 2¢ P
gue streng to 5.0. The penalty on the fatigue life in alr increases 10E-03 ¢ 2
stress range increases. The results also show (very) as the stress range increases. E
significant scatter (greater than an order of magnitude). o
The behaviour of the girth welds in Pipes B and C is similar. 2 P
The results of the tests on the seam weld show a small Clouse S711.2 in IGEM/TD/13 Edition 2 Supplement 1(9] g. 10E-04 s 1 DiycOGIO0
reduction, albeit the scatter is (again) significant. The applies a penalty (a foctor) on the fatigue life equal to fifty E -
results of the tests on the pipe body of Pipes A B,and C (50) to the S-N curves given in IGEM/TD/12 Edition 3 [72]. N <=e=- in air or other
are inconclusive because all of the (limited number of) é 10E-05 non-aggressive
m“‘:‘““m?mmm:nmhmlwf‘)” The results of the endurance tests in hydrogen on the pipe S environments
o"’w"‘g"' M""""’g"mm' “""7"“’“"’"" body, and the seam and girth weids of Pipes A, B, ond C, = :
see Figure 76, are (quolitatively) consistent with. or at least '8 10E-06
conservatively described by, the modified classes B, D, ond E
F2, respectively. A penaity of fifty (50) is also conservative. : RzO.S/
10E-08 * e
10 100
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FCGR tests were completad using three-point bend
apparatus in cir and in hydrogen on the PM of Pipe A and
the PM, WM, and HAZ of the SW ond GW of Pipes Band C,
as shown in Figure 77. Specimens were notched in the
through-thickness direction and pre-cracked in air.
Hydrogen tests were compieted in high-purity goseous
hydrogen (99.9999 %) ot pressures equal to 942,646, and
96.0 barg for Pipes A, B, ond C respectively Test pressures
were equal to the design pressure for a design factor
equal to 072, as defined in IGEM/TD/1 Edition 6 [6] for
eoch pipe. Air FCGR tests were completed at a loading
frequency of 1 Hz and increasing AK. Hydrogen FCGR tests

were completed at a loading frequency of 0.1 - 1Hz ond
InCreasing or decreasing AK Frequency sconning testsin
hydrogen were olso compieted where AX was fixed ond

the frequency decreosed from 1Hz 1o 0.001 or 0.0001 Hz

Alr test results were compared to the mean and mean plus
two standard deviations fotigue crack growth lows for
steels for R < 0.5 and R 2 0.5 glven in Toble 83 of 8S 7910

as shown In Figure 79 The results on Pipes A, B, and C were
consistent with the fotigue crock growth low forR 2 0.5.

Figure 78: FCGR Test in Alr
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Figure 79: FCGR test results in alr,
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Hydrogen test results were compared with the
recormnmended fatigue crock growth laws for steels
inhydmogen sarvice as shown in Figure 80. The fatigue
crock growth law in IGEM/TD/1 Edition 6 Supplement 2 [10]
is conservative with respect to the results of the FCGR
tests in hydrogen.

The results of the FOGR tests in hydrogen on Pipes A B,
and C show a significant increase in the rate of fatigue
crock growth. The growth rate is simiar to thot in air ot
lower AK, but then the rote ond the difference increase ot
higher AK See Figure 80. There is no significont difference
between the rotes observed In the pipe body and/or the
seam weld and girth weld of Pipes A, B, and C (olbeit the
scatter in hydregen is higher than that in ir)

Table PL3.71-5In PL-37Xb)2)-aX-4) of ASME 83112 {8]
defines o fatigue crack growth law for steels in hydrogen
service. It is only applicable forR <05,

The code case for ASME BPVC CCBPV-2023,

Code Case 2938-1[73] and the similar code case

for ASME 831 12-2023, Code Cose 220 (8], also define
fatigue crack growth laws for steels in hydrogen

service. The effect of R ks induded in the growth lows.
Code Cose 2938-1 s bi-linear. Code Case 220 s tri-linear.
it also includes the effect of the pressure of the hydrogen
The growth laws are identical ot high AK

Table 52 and Figure 54b in Clouse $6.6.2.3 of IGEM/

TD/1 Edition 6 Supplement 2 [10] define recommended
fatigue crack growth laws for steels in hydrogen service
forR<050ondR205,

The results of the fotigue crack growth tests in hydrogen
on the pipe body, ond the seam ond girth welds of
Pipes A, B, and C, see Figure 80, are (qualitatively)
consistent with the fatigue crack growth laws given

n ASME B3112 and in Code Case 220 [8]. However, the
observed rate s, In some cases, slightly higher than

the predicted rate. The FCCGR results generated within
LTS Futures will be provided and incorporoted into future
updates to IGEM/TD/1 Edition 6 Supplement 2 [10].
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Figura 80: FCGR test results in hydrogen
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3.8 Defects

Pipeline defects on the LTS cre assessed in accordonce
with GN/PM/P/11[74]. The assessment criteria in
GN/PM/P/ 11 provides a classification for defects that has
been calculated using various empircal or semi-empirical
criteria g, the corrosion ond gouges are assessed using
the semi-empiricol NG-18 equations [75]. The NG-18
equations were developed using frocture mechanics
theory and full-scole experiments. The limits for plain dents
and for dents and gouge were simiarly developed using
full-scole experiments. These experimaentol programmes
proviced an understanding of real-world material ond
mechanical effects which were not captured by, the
theoretical approoches

Simpiified assessment methods for defects on hydrogen
pipelines have not yet been developad. IGEM/TD/1
Edition 6 Supplement 2 [10] requires all existing pipefne
defects to be confirmed to be acceptable for hydrogen
service through detoilled technical cssessments
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Small-scole tests in hydrogen demonstrate on effect on
the material properties of line pipe steels. The technical
assossments noed to address these effects using
empirical, semi-empirical, or theoretical criteria. Similarly
to the developmant of the NG-18 equations, full-scole
tests cre required to ensure any assessments consider
real-world maoteriol and mechanical effects. To support
the development of future hydrogen pipeline defect
assessment methodologles ond detalled technical
assessments, the LTS Futures project has completed
initiol full-scole burst ond fatigue tests on pipeline
defects in water ond in hydrogen. Burst tests provided
o failure pressure for defects in hydrogen and fatigue
tests an indicative fatigue life for defects in hydrogen
The burst and fotigue tests were completed using

Pipe C, providing material continuity throughout the
testing programme. Pipe Cis Grade X52. It wos o
nominal diometer of 609.6 mm (24 in.) ond o nominal
WT of 11.91 mm. It was token from an LTS pipeine thot
hod been commissioned in 1969,

Externcl corrosion and mechanical domage ane the two
main couses of foults in the United Kingdom Onshore
Pipeline Operators Association (UKOPA) Pipeline Foult
Datcbase [76], ond two of the three main couses of
product loss incidents (the other being girth weld defects)
Therefore, the defects tested in the burst ond fotigue
tests were: extemal, blunt, part-though-wall defects,
representing extemal corrasion; extermnal, shorp, part-
though-wall defects, ploin dents, ond dents containing o
sharp, part-though-wall defect, representing mechanical
damage; ond lengths of pipe containing the original girth
ond seom welds, with ond without dents, reflective of
typical feotures

3.81 BurstTests on Pipeline Defects
Initiclly within the LTS Futures Project scope, five full-scale
burst tests in hydrogen and fourin waterwere completed.
Following these initicd tests, an additional three full-scale
tests in hydrogen and two in water were complated within

Figure 81: Burst test vessel pre-test.
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NIA2_SGNO70: Burst testing of intemal sharp defect in
hydrogen — condtioning investigation. Tests were conducted
on nominclly identical pairs of vessals containing nominally
denticol defects in hydrogen and water to investigote

the effect of hydrogen on the burst strength of pipeline
daofects. See Figure 81, Reference tests in water provided o
reprosentative control for notural gas without the additional
narards of flammable gas and dgnificont stored energy

Five different types of defects were tested in the initial
LTS Futures Project, with the subsequent NIA2_SGNO70
project focusing on internal sharp defects, with two
different depths, ond vessel conditioning Table 15 and
Table 16, on the following page, display the defect type
and dmensions across the two projects.

The sharp ond blunt defects were orientated longitudinally.
Defects in the originol project were sized based on previous
naturol gos burst test programmes.
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Table 15 LTS Futunes project defect dimensions

Depth {(mm) Length {mm) Width [{rnm)
Plain Dant &1 n/fa n/o
Extermal Blunt 75 132 349
External Sharp TS 132 DS
External Dent and Gouge i%?:;ﬁ; 132 Qs
internal Sharp 75 132 [} L]

Table 16; MlAZ_SGNOTD defect dimensions.

Depth (mim) Langth (mm) Width [mm)
internal Sharp =1 TS 132 s
.lntornnl sharp - 2 TS 132 DS
Internal Sharp - 3 38 ] 015

Prior to testing, oll hydrogen vessels were purged

to and subsequently conditioned with hydrogen.

Full conditioning ragimes for tha tests ore displayed

in Tabda 17 and Tabde 18. At the start of the conditioning
peariod for hydrogen vessals, defects were heoted to
occalandgta hydrogen permeation into the pipeline steel
and/or break down any possivation loyer [caused by
prior exposure to oxygen in the atmosphera). The oxide/

passivation layer hos been noted o3 o potential Inhibitor
to dragen permeation and resultont degrodation

af matarial propertias. The inhibition affect is likely
(although not fully proven) o be time dependant

and evantually ydrogen will permeacte into the ferritic
microstructune. Understonding the effect of hydrogen
on the steel material without such o barrier is therefore
critical to lang-term integrity manogamant

Tabde 17; LTS Futymes project burst test conditioning.

Conditioning

Hominal 20 barg/ 20 "C for 5 days

Flam Dart

Hemiral 20 barg/ambient temperature for 38 days

Horminal 05 barg/ombient temperature for & doys
Hominal 20 barg /20 "C for 5 days

Extarnal Blumt

Hominal 20 barg/omblent temperature for 98 doys

Hominal 0.5 barg/ambient temperature for 12 doys
Hominal 20 barg/ 120 "C for 5 days

External Sharp

Homiral 20 barg/ombient temperature for 98 days

Nominal 0.5 barg/ambient temperature for 8 days
Nominal 20 barg/120 “C for5 days

External Dent ond Gouge

Hominal 20 barg/ombient temperature for 98 days

Hominal 0.5 barg/ambient temperature for 7 days
Hominal 20 barg /120 °C for5 days

Int&rnal Sharp

Nominal 20 barg/ombient temperature for 98 days

Hominal 0.5 barg/ambient temperature for 9 doys
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Tabds 18: MIAZ_SGMNOTO burst test conditioning.
Defect Conditioning

Internal Sharp —1 Mo conditicning

@00

Nominal 20 barg,150 *C for 4 days

Invtermal Sharp — &4

Horminal 20 borg/ombilent tempenature for 89 doys

Mominal 0.5 borg/ambient temperoture for 126 days
Marningl 20 bang 150 "C for 4 days

Internal Sharp — 3

Mominal 20 barg/ombient tempenature for 89 doys

Mominal 0.5 barg/ombient temperature for 128 days

Following conditioning, tests for both water ond
hydrogen vessels were completed at o pressurisotion
rate of 0.5 - 10 bar per minute untll follure, The results
are summarnsed in Toble 19 and Table 20,

The fallure pressures of the external blunt and sharp
part-threugh-wall defects, ploin dents and smocth dents,
and gouges (notches) in ydrogen and In woter wers similar

The follure pressure of the internal sharp part-through-
weall defect in hydrogen within the LTS Futures Project
was significantly lower thon thot of the external sharp
part-throsgh-wall defect in hydrogen and in water,

It wios opproximotely 40.1% of thot of the external defect
in ydrogen and 41.9% of that of the external defect

im waber, The fallure pressures of the internal, sharp,
part-throwgh-wall defects in hydrogen and in waber
wegrg similar within HA2 SGNOT0,

Tobde 19: LTS Fulures burst tost resulits

Hydrostatic test result

Phein Dent 166 borg (118% SMYS) 166 barg (MB% SMYS)
External Blunt 142 barg (0% S YS) 148 barg (106% SMYS)
Extarnal Sharp 12 barg (BO% SMYS) 128 barg (B4% SMYS)
External Dent and Gouge 108 barg (T SMYS) 1 barg (79% SMYS)
Intermal Sharp Hotest carrled out 47 barg (33% SMY5)

% SMYS calculated using nominal WT {1191 mm) and OD (60906 mm).

Tabde 20: MIAZ_SGHOTO burst tiest results,

Hydrostotic test result

Hydrogen test nesult

internal Shermp =1 120 barg (B5% SMY5)
121 barg (85% SMYS)

Intermal Eh-:lrp = | 122 hurg{ﬂﬁ-ﬁ 5-*‘":'!"'5]

Internal Sharp -3 155 barg (TH0% SMYS) 160 borg (1143 SMYS)

% 5MYS colcuiated using nominal WT 0191 mm) and OD (6096 mirm).
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The extemal defect results do not align with the reduction
In frocture toughness of Pipe C PM absarved during
smali-scale tests. No significant effect of hydregen on the
burst pressure of these defects was cbserved, The effect
of hycdrogen on the burst pressure of externcl pipeline
defocts might not be significant, becouse the defect is
not directly exposed to the hydrogen; however, further
testing would be required to confirm this initial set of
results. PRCI project JEFI-04-08 [77] is also undertaking
burst tests on externol defects in hydrogen, which should
provide further useful data.

The inftial internd sharp defect result aligns with the
reduction In frocture toughness of Pipe C PM observed
during smal-scale tests in hydrogen The subsequent
intemal sharp defect test resvits do not olign with the
initial sharp defect test result or the observed reduction

in fractwre toughness of Pipe C PM. The disparity between
results in the initial ond subsequent tests is potenticlly o
resuit of conditioning regime differences, Furthertests have
been scheduled under NIAZ_SGNO111to investigate this,

3.8.2 Fatigue Tests on Pipeline Defects

Full-scale fotigue tests were conducted on a nominaolly
identicol pair of vessels containing nominally identicd
defects in hydrogen and water to investigate the effect
of hydrogen on the fatigue life of pipeline defects,

As with tha burst tests, a reference test in woter provided
representative control resuits for naturad gas without

the additional hozards of flommable gas and significont
stored energy. Multiple defects were introduced on one
vessel for each test medium, as the tests toke significantly
longer to complete compared to burst tests,

Five differant types of defects were tested in hydrogen
and four in water. A vintage girth ond seom weld

were also tested. Table 21 displays the defect type

and dimensions across the two projects, Defects were
located in the pipe parent metal (PM), seam weid (SW),
and girth weld (GW)

Figure 82 Fotigue test vessel pre-test
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Table 2t LIS Futures project defect dmensions.

Defect Nominal defect size

Piain Dent

Depth at zero pressure = 30 mm

Dents on Girth ond Seam Weld

External Sharp

nternal Shorp

Depth ot 2ero pressure = 15 mm

Depth = 3.8 mm, length = 66 mm, width = 015mm

Depth = 3.8 mm, length = 66 mm, width « 015mm

Sharp defacts were orientated longitudinally. Defects
were sized based on previous natural gas fatigue test
programmes.

Prior to testing, the hydrogen vessel was purged to and
subsaquently conditioned with hydrogen. This consisted
of a nominal 20 barg/120 "C for 5 days and nominal

20 barg/ombient temperature for 98 days. At the stort
ofthe conditioning period for hydrogen vessels, defects
were heoted to occelerote hydrogen permeation into the
pipelne steel and/or break down any passivation layer.

For both vessels, a water/monoethylene glycol (MEG)
mixture was pumped in and out of the vessel 1o create

a pressyre cycle, The hydrogen vessel contained an

inner vessel with siots ot the top and on outer annulus of
hydrogen in contoct with the inner surfoce of the pipe wall.
This allowed a water/MEG mixture to be pumpedin and
out of the inner vessel, pressurising the annulus of hydrogen
This approach was taken to limit the hydrogen inventory

in the rig and accelerate the cyde time over a purely
pneurnatic vassel A layer of oil was added to the water
inthe inner vessel, to reduce the diffusion of hydrogen
into the water ond water into the hydrogen.

Both vessels wera instrumented with strain gouges ot kay
locations and a clip gauge on the external shorp defect
to measure any crock growth over tme, The hydrogen
vessel was also instrumented with a Time of Flight (ToF)
sensor to measure any crack growth from the internal
sharp defect as part of NIA2_SGNOOG5.

Periodic stoppages occurred with the vessels
due to test-site restrictions and significant
maintenance requirements.

The hydrostatic vessel has been cycled between a
nominal 50.5 and 101 barg (36 % and 72 % SMYS) for
113,200 cycies Three fallures in the vessel occurred at:

+ 101858 cycles — seom weld (the failure was potentiolly
related to contact with support resulting in a local
stress concentration).

+ M,500 cycles ~ seom weid dent.
+ M3.200 cycies - girth weld dent
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3.9 Fittings

3.91 Set-on Fittings

Set-on fittings ore small-bore, welded connections to
pipelines and instaliotions to connect instrumentation,
sampling, and commissioning pipework. Vibration of the
connections can be caused by flow of gas within the pipe
creating o mechanical fatigue loading on the connection
High-pressure gaseous hydrogen is known to affect the
fotigue properties of pipeline matariol ond welds. The LTS
Futures project looked to complete a sarias of vibration
tests on a selection of set-on fittings to understand the
effect of hydrogen on the fatigue life of the connections.

Figure 83: Set-on fitting fotigue vessel
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Eleven set-on fittings ranging from one- to two-inch
nominal bore were weided to 0 vessel fobricated using
Pipe C PM See Figure 83, Fitting types included sockolets,
weldolets, threcddlets, ond weldoflanges, all instolled in
a vertical orientotion. The BS 7608 [70] design class and
constant amplitude fatigue limit is provided inTable 22.
Each connection was fitted with a short section of
pipework and terminated with ablind flange. A vibration
motor was mounted on the end of each connection
Strain gauges were instolled around each weld location
to monitor strain response.

The vessel was partialy filled with deoxygenated (less than
01 % mal) water to minimise hydrogen volume during the test
The vessel wos purged and conditioned with hydrogen ond

heat for opproximaotely three months ot o pressure of 20 barg

Tcble 22: Set-on fittings.

identification Fitting Length of pipework (m) Attachment to pipework
A 1" Sockolet 04
I  2"Sockolet 04
C 1" Threadolet 04
D 1" Weldolet 005
& 2" Threadotet 0.4 &‘:\';‘;"J&f;ﬁ"ﬁ:ﬁ;‘; .
F 1" Weldolet 04
G 15" Weldolet 04
H 1" Weldolet 0.4
| 1" Weldolet 0.4
J 2" Welcoflange - . Bind flange.
K 2" Weldofiange = . Integral flanged valve

and impulse pipework.
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Following conditioning, fatigue testing was completed ot ¢ stress range appraxdimately equal to the constant
amplitude fotigue limit of the connection. Connections weme tested either individually or in grouped configurations to

prevent any interoction effects. Eoch connection was subjectad to a minimum of approximately 1 x 107 fatigue cycles

with five connections achieving approximately 4 = 10’ cycles.

Figure 84: Set-on fitting S-N curve.
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Post-test visual ond MPI was completed on the externcl
surfaces of the connections. Sections containing the
connections were then removed from the vessel to cliow
nternal visual ond MPL No crack indications or defects
were identified, with all tests classed as run-outs, There
was no observed effect of hydrogen on the fatigue life of
set-on fittings within this programme

3.9.2 Live Connections and Repairs

Live applicotion of fittings and repalirs to the LTS is

required for maintenance and new connections without
interrupting customer supply. New connections ond repairs
consist of welded tees, groutad shells and tees, composite
repair wraps, and compression fittings. The integrity of

such connections under pressurised hydrogen requires
evoluation Following initial welding trials, see Section 3637,
a full-scale pneumatic hydrogen fotigue test on a welded
spiit tee and an epoxy grouted tee that had been appled
under live hydrogen conditions was completed

A section of materiol containing the two tees wos used to
fabricate a ful-scale fotigue vessel. See Figure 85 During
the test a water/MEG mixture was pumped in and out of

the vessel to create a pressure cycle. The vessel contained

an inner vessel with slots at the top and an outer annuius
of hydrogen in contact with the inner surface of the pipe
wall, This allowed o water/MEG mixture to be pumped
inand out of the inner vessel, pressurising the annuius of
hydrogen. This approach was taken to limit the hydrogen
inventory in the rig and occelerate the cycle time over

a purely pneumatic vessel. A layaer of oil was addad to
the water in the inner vessel, to recuce the diffusion of
hydrogeninto the water and water into the hydrogen

The vessel was instrumented with stroin gouges at

key locations, tracking the mechanical response of

the pipeiine material welds, grout, and fittings to the
pressure cycles. Periodic stoppages occurrad during

the test due to test-site restrictions and maintenance
requirements, The vessel waos cycled between a nominal
35.9 and 7.8 borg (36% and 72 % SMYS) for 36,287 cycles.

No faillures occurred In the test vessel MPI and manuol

UT ware subsaquently conducted on the weided tes. No
indications were reported. Figure 86 plots o summary of the
results of the test ond the stondord design 5,-N curves for
closses D, E, F, F2, and G2 given in Toble 22 of BS 7608 [70]

Figure 85 Fotigue vessel incorporating grouted and welded tee connections
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Figure 86: Full-scale fotigue test result.
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As no fallures in the vessel occurred, the result is
considered o run-out. The IGEM/TD/1 Edition 6 [6] and
IGEM/TD/1 Edition 6 Suppiement 2 [10] Se-N curves are
conservative relative to the datopoint.

3.10 Vent and Flare Testing

Gas tronsmission networks require o safe means of
pressure reduction and decommissioning to carry
out maintenonce on operational cssets. AGls contain
severol components thot could require isolotion and
depressurisation to remova gas inventory during
maintenance or repiacement. Natural gas pipelines
are directly purged between natural gas and air upon
commissioning or decommissioning. These activities
are normally carried out wsing portable vent stacks.
Procedures define exclusion zones for these portable
stocks based on line pressure and cutiet diometer.
Most of these operations are limited to small quantities
irmeguliarly released, but, on occasions, lorge-scale
extended venting of noturol gos Is required,

All networks adhere to IGEM standards, IGE/SR/23 [78]
Venting of Natural Gas, and IGEM/SR/25 [22] Hozardous
Areas when undertaking venting operations. Flaring Is not
an cperation typically undertaken on the LTS. No bespoke

high-pressure hydrogen flaring standard exists, with

the industry generally using APl 521 [79] for the design

of different iquid and gas flares. in the case of hydrogen,
where significant overpressure could be generated during
0 defayed ignition event and there is a higher probabllity
of ignition of vented gos, Aoring could be a sofer
approach for large releases.

During venting and floring operations of noturol gas,
exclusion zones based on nolse and thermal radiation
are required. The potentiol effect on these exclusion
rones when transitioning to hydrogen requires evaluation
Additional exclusion zones could potentially be required
for hydrogen due to the overpressure generated during
o delayed ignition. The LTS Futures project completed

a series of hydrogen vent and flare tests to gother dota
for feeding into QRAs and updated stondards regarding
noise, thermal rodiation, and overpressure from delayed
ignition of accumulated hydrogen.

A bespoke test rig was fabricoted to generote and record
noise, thermal radiation, ond overpressure data during
venting or flaring from a hydrogen reservoir at different
mass flow rates. The rig consisted of o storage reservoir,
flow control /measurement system, and cdjustabie outiet
pipework (vent cr fiore tip) in the verticol direction ot ¢
nominal height of 4 m
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Figure 87: Test set-up (control vahe, flow measurement. vent/flare stocks).

aH

Prior to each release, the stack was purged with nitrogen
to eliminate the potential for ignition of hydrogen when
released. This indirect purging procedure was critical

in ensuring no air wos present in the stock prior to the
introduction of hydrogen. In each test, hydrogen was
vented unti the fiow rate stabilised. The release was then
ignited pyrotechnically. Nolse was recorded downwind
at 30 and 100 m distances from the release location.
Overpressure and thermal rodiation were mecsured ot
locations noted in Figure 88, Eoch test wos recorded using
high-speed and thermal video. Environmental conditions
before and during each test were monitored to assess
their impoct on the recorded data.

Five hydrogen vent and flare tests were conducted

with different pressure and mass flow combinations,

See Table 23. In oll five tests, no immediate or unexpected
ignition of hydrogen occurred. Appropriate purging
procedures were implemented during the tests to reduce
the probability of ignition and should be carried into any
subsequent procedures for hydrogen venting or flaring.

Figure 88: Thermal radiation ond overpressure measurement

distonces.,

40Om

Release Point

O Thermal rodiation measurement

() Overpressure measurement

Table 23: Vent and flore tests.

TestID Release diometer (mm) Release pressure (barg)

Mass flow (kg/s)

Exit velocity (m/s)

2 50 30 27 16,427
3 250" 30 27 657
4 250 >3 4 1.on
5 250* 7 08 199

*A 50 mm restrictor was used upstream of the release point
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Noise and thermal rediation valuses from the tests were
compared to those calculated within SR/ 23 [78] for
natural gas vents with the saome release pressure and
diameter, Measured overpressure values from the delayed
tests were compared to consequence values within
relevant guidance documents ond standards [39].

res above the 70 mbar HSE LUPA [39]
1-5% fotality rate (for vuineroble indoor populations)
were recorded in a delayed ignition scenario, but in
all cases decayed below this value at 30 m. A delayed
ignition during o relecse with o moss flow rate greater
than 0.8 kg/s would have resulted in domoge to buildings
ot 30 m according to CIA values [B0). Consideration of
potentiol overpressure during delayed ignition should be
token when defining an exclusion zone for o hydrogen
vent stack,

The nose generated during the venting tests weuld
require sutable protective equipment in oll cases.

The measured flaring noise levels were not significontly
higher then the venting noise levels.

IGEM/SR /23 [78] provides guidance on thermal radiation
inthe unlikely event of a natural gas ignition it notes
that an exclusion zone should be put in placeif the
predicted thermal rodiation level exceeds 6.3 kW/m?

at ground level, This comresponds to the level at which
personnel would be expected to be able to escape inthe
event of on ignition (also noted in AP1521) [79]. Faring
would require a more gppropriate thermal radiation limit
exposure becouse the thermal radiation is constantly
present, and an ‘escope’ volue should not be used.

1.58 kW/m’ is noted within APl 521 [79]as the exposure
limit for personnel with oppropriate heat-shielding

PPE. The hydrogen fiaring tests demenstrated that the
thermol radiation was greater or dose to the 158 kW/m?
limit in AP1 521 [79] at 30 m for almost all tests. Mitigation
measures such as thermal shields, flare enclosures,

or higher stocks could be used to reduce this distance.
The potential for a delayed ignition is reduced for flaring,
and once flaring has started an overpressure exclusion
zone would not be required. However, any equipment
follure (e.g., pllot burners) could lead to a bulid-up of
unignited gas and would require consideration when

repurposing or, potentiolly, redesigning an AGL

3.11 Pressure Reduction
Installation Testing

IGEM/TD/13 Supplement 1 [18] detois the design,
operction, ond modification of Pressure Reduction
Instalations (PRIs) when used with hydrogen or
hydrogen/natural gos blends above 7 barg. PRIs ore
responsible for safely reducing gas pressure within the
network: the supplement recognises thot hydrogen
introduces different cholenges compared to natural gas.

PRI testing is being undertaken to confirm that an
existing natural gas instaliation con safely and refiobly
opercte with hydrogen. To meet the equivalent demand
for natural gas, significantly higher volumetric flow rates
of hydrogen would be required. This presents potential
challenges regarding current pipework ond component
sizing, vibration, and noise.

To evaluate these challenges and confirm operability

in hydrogen, o full-scole test rig is under construction

at the DNV Spadeadom test site. An existing natural gos
PRI skid and filter skid will be incorporated in the testrig
for evaluation under flowing hydrogen conditions, Three
regulotor mocels will be tested as part of the programme
ot different flow rates to evaluate their obility to meet
significontly higher demand. The models include:

+ Fisher 310A regulator types 324 pllots.
+ IGA 2138 axal flow regulators with ZSC 100 pilots,

* Mooney Flowgrid reguiators
with Mooney FloSeries 20 pilots.

Each regulator is to be tested within the PRI under

flowing hydrogen conditions ocross nomindal flow rates

of approximately 10,000, 20,000, and 60,000 scm/h,
corresponding to low, medium, and high-flow scenarios
with inlet pressure up to 20 barg and regulatorset points
in the range of 7 barg. The lower flow conditions represent
half and ful natural gas demand respectively, while

the highest flow condition represents the scuivalent
hydrogen volumetric flow required to deliver the some

energy as notural gos,
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The provided PRI and filter skids include filtration,
soktion, pressure reguiation, ond safety devices and

are typical maokes/models of those found on the network.
The skids will be tested as received, ensuring their
condition is representative of those onthe LTS,

Figure 89: SON filter skid.

The filter s<id, see Figure 89, is positioned upstream of the
PRI skig, removing particulates ond debris from the gas
stream before they enter the PRI skid, Leckage checks,
fMlow checks, isolation copability. ond operational tosks
will be completed on the skid with hydrogen during the
test programme. The filter skid serves as protection for
the PRI, as any blockage caninfluence prassure drop,
regulator response, and overall system bebaviour.

The PRI skid contains a range of key components.
This includes

Active regulator: the primory control device

that continuousty reduces and maintains the
downstream pressure at the required setpoint

during normal operation.

Monitor reguiator: a standby regulotor set slightly
above the active regulator, which automatically taokes
over the pressure control if the octive regulator fails
or ollows pressure to rise.

Safety shut-off valve/overpressure protection:
o guick-octing saofety device thot Instantly shuts
off gas flow if pressure exceeds predefined mits.

AssocCiated valves and skid pipewori: the supporting
isolotion valves, pipework, fittings, and connections
mounted on the PRI skid thot enable safe routing,
control, isclation, and maintenance of gas within
the instaliation.

The results of the testing will be fed into onupdated
version of IGEM/TD/13 Edition 3 Supplement 1 [18]
and the LTSF Blueprint

Figure 90. SGN PRI skid.

.
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3.12 Additional Studies

A number of supplementary studies wore undertoken

as part of the LTS Futures project to enrich the overall
evidence base and maxdmise learning. Aligning with the
project direction deliverables. these odditionol reports
capture deeper insights and broaden the understanding
gained during the programme. Outputs include a
comparative assessment of linepack and the completion
of o generic QRA. This section highlights the key findings
and lecming outcomes from these reports,

3121 Linepack Comparative Assessment

Linepack is o critical element of the LTS system to
provide reliable supply fordiurnal demand. As part

of the LTS Futures project, a comparative assessment
was completed on two LTS network case studies to
understaond the impect on linepack from o transition
of gas from naturol gas to hydrogen.

Using modeliing of the two representative UK LTS case
studie s (Southeast and Southwest), the ossessment showed
that hydrogen's lower calorific value means significantly
higher gas volumes cre required to meet the same
energy demand. As a result, cvailable linepackis reduced
and flow velocities increase, leading to greater pressure
swings and potenticl operational constraints. Overoll, the
modelling indicated that hydrogen systems would require
more storoge estimated ot approximately 3.2 times that
of natural gas to ensure equivolent performance,

The analysis completed also demenstrated thot existing
LTS networks, if directly converted, would not hove
sufficient inepack to meet demand without intervention.
Several mitigation strotegles were tested as port of the
assessment, Including reducing demaond, increasing MOP,
and enhancing supply flexibllity or extemal storage. Whie
demand reduction and higher pressures con assist, both
would require significant changes to current operation
of the LTS network The most effective solution identified
was the use of additional external storage (e.g. upstream
linepack or dedicated storage fadlities), which can
compensate for reduced pipe storoge and improve
overall system reslience.

312.2 Generic QRA

A number of supplementary studies were undertaken

as part of the LTS Futures project to enrich the overall
avidence base and maximise laarning. Aligning with the
project direction deliverables, these additional reports
copture deeper insights and broaden the understanding
ganed during the progromme. Outputs include a
comparative assessment of linepack and the completion
of a generic QRA, This section highlights the key findings
and leoming outcormes from these reports,

From this assessment, it was determined that:

« For both hydrogen ond notural gas operation,
puncture failures are significantly more likely than
rupture failures.

+ The average individuol risk across the LTS is predicted
to be 50 times greater for hydrogen operationin
comparison to naturol gos.

+ Fornatural gos, the average individuol risk volue sits
well below the 1x 10 "broadly acceptable’ level at
5.9x10“. For hydrogen operation, it was determined
thot cpproximataly 60% of the LTS had an associated
individual risk above the broadly acceptable’ level but
below the unacceptable level of 1x10“. The average
result ocross the LTS was valved at 2.9x10°%,

+ Societal risk was determined to increase by on
approximate 75 times for hydrogen, in which 75%
of the total predicted risk for hydrogen operotion s o
resuit of overpressure risk. The consequences and risk
of overpressure ore not normely considered within o
naturol gas scenario, s the overpressures genercted
present o negligivle hazard. This s not the case for
hydrogen and has been conservatively accounted
for within the assessment

The generic QRA shows significant variation in risk

ocross the LTS For repurposing a pipeline, the Biueprint
recommends, as a minimum, thot o screening assessment
should be performaed and the highest population area
assessed with the hydrogen QRA methodology as a proxy
forthe whole route,
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3.13 Lessons Learnt

Lessons learnt reviews were corried out throughout

the project to ensure thot valuable experience, best
proctice and areas for improvement were captured

at appropriate stages of delivery. A series of targeted
sessions were undertaken with the relevant contractors
and stakeholders when key activities or milestones
arose, ensuring thot learning was not lost. This approach
enabled the attendees to icentify successes, address
issves and implement improvements in real time, helping
10 recuce the risk of repeating mistakes.

Leornings were colloted from review groups that
provided an open forum for discussion and feedback
among the project team and contractors. Each
session wos structured to onswer three questions:

+ What hod gone wel?

« What hod not gone well?

+ How could we do things differently?

Identifying whaot went well encbled recognition of
processes and established good practices that supperted
the deiivery of the project. This helped create o positive
environment and encouraged participonts to be more
open and forthcoming with ther views and experiences.

Identifying what had not gone wel allowed issues

to be documented ond enabled the identification

of root causes and implementaton of improvements,
reducing the likelihood of similar issues occurring
again, To ensure the discussions remaeined constructive
and solution focuted, any ssuves ralsed hod to be
accompanied by a recommendation or suggestion for
what could be done differently In future. This opproach
promoted continuous improvement. collaboration
and shared leaming across all contributors.

The key outcomes below have been broken down intec
+ Project-wide.

« Construction, design and live triol.

* Procedures ond emergency response plonning.

» Troining.

* Research and development.

3131 Project Wide

Communicotion between ol

Key successes

parties was conducted in an open,
transparent, and professional monner,
which fostered o strong team ethos,
encouroged the shoring of knowledge
and expertise, and encbled oll
stakehciders including regulators

to work collaboratively towards

achieving the project objectives

Key personnel were identified early
in the project and were involved
throughout, allowing knowledge to
be retained, strengthening working
relationships and providing greater
continuity in the delivery of works.

Key learnings

Due to the highly compressed project
timelines, multinle workstreams were
undertaken concurrently, which
resuited in some work packages being
daveloped less efficiently than would
have been ochievable under o more
phased delivery programme,
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Consistent and robust project
governonce with o clear route to
approval and key responsible personnel
was essential to the successful and
sofe delivery of the project. For LTS
futures, this was achleved through a
HGG which was established during

the project.
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313.2 Construction, Design and Live Trial

Key successes

Communication between all

parties was conducted in an open,
transparent, ond professional
manner, which fostered o strong
teom ethos, encouruged the sharing
of knowledge and expertise, and
enablod all stokeholders to work
colloborutively towards achieving
the project objectives.

Engagoment with landowners for
the live triol and public engagement
for rood works during construction
was offective as this was identified
s o potential major risk.

Key learnings

It wos identified that detailed scopes
of work are required to ensure that
expectations between the project
team and the contractors were clear
and cligned. It was ocknowledged that
the LTS Futures project was a first of

o kind with significant research being
undertoken, and therefore some detoil
wos not fully deveioped ot the time of
controcting.

was not fully considered ot the
planning stages, which resuited in
inefMciendes und avoidabie downtinme
onsite and offsite.

Accuwrate inventory checks on delivery
of equipment are essentiol to ensure
oll necessory items and spares are
present, preventing any last-minute
efforts to source replocement which
vitimately coused downtime or delays,

Dezpite the existing natural gos
fromework for contractors and
suppliers providing estoblished
procurement routes, it limits the
potential options. Controctors and
suppliers needed to be selected for
oppropriate experience, expertise

ond capabifity. There were also
ongoing challenges associcted with
the import and export requirements for
European ond worldwide procurement
octivities, which created additionol
complaexities in the ordering and
delvery process. It wos also noted
thot having a dedicated procurement
specialist to help with these issues
would have been beneficial

Due to both INEOS sites being high-
security and having top-tier COMAH
classification, it was imperative that
permits to work were issued and close
engogement with INEOS asset control
of work teams was carried out to
discuss works inside the SGN compound
within INECS FPS. INEOS and SGN
estoblished a close relationship

and supported each other’s safety
engineering due diligence through
aottendance of sofety reviews. For
project replication ond interface with
Industrial hubs such as Grangemouth, It
Is imperative to understand established
procedures onsite and combine with
external contractors’ own processes.
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3.13.3 Procedures and Emergency Response Planning 313.4 Training

Key successes

NRQs were comprehensive and fit for

through cll the required steps.

Operational personnel were included
in the review groups, which enabled
Issues to be identified and addressed
at an early stage. Their nvolvement
olso promoted collaboration across
the wider team, Improving buy-in
and reducing chollenges during later
Implementation stages.

Early engogement was undertaken with East

of Scotiand Regicnol Resilience Partnership and
LAsg, ersuring there was a clear understanding of
the timelines, requirements, and expectotions
asseciated with the desktop emergency response
exercise. This collaborotive approoch enabled

were developed and refined to ensure
they were fit for purpose.

In some instonces, the equipment

was set up offsite, which allowed
operationol personnel to gain practical
experience in g controlied environment
before the Nve triol This provided on
opportunity for reci-time feedbock on
tha procedures, enabling improvements
and refinaments tc be made.

Completing testing
activities, such as

FAT and SAT, botween

effective planning, alignment between all parties,

and helped ensure the desktop exercise was
productive and delivered in o structured and

coordinated manner,

Key learnings

Itis necessory to assess whether existing
procedures ore sultable for odaptation
or used ¢s @ foundation to be bult upon.
This prevents significant time and energy
being spent debating whether certain
elements of a procedure being adapted
isopplicable

building understanding and ensuring
olignment throughout the process help
to focilitote open commurication and
ultimately ochieve timely sign-off.

Undertaking design and procurement, in parallel with procedure development, requires

confirmation that maintenance and operati
effective procedure development may be h

maonuals are available. Without these,

and lead to inefficiencies or rework

as information becomes available later in the process.
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Key successes

Assessors were involved in the
final development phase, and the
familiarisation training enabled ony

required updates or reassuronces to
be addressed prior to final delivery,

Bringing together multiple
departments onsite for
simuitaneocus training fociiitoted
cross-departmental leorning and
knowledge sharing, ensuring o clear
understanding of each other’s roles
and responsidilities.

A training and competency plan wes
developed, considering the roles and
responsibilities of all those involved n
the project, which enabled a smoother
ond more efficient sign-off of the
formal training as clear requirements
hod aready been defined.

The troining programme incorporated
sfficient time for operationol
porsonnel to gain hands-on expariance
with the equipment both before and

ond the development of confidence
in Its use prior to the live triol

Training was delfivered as close as practicable to the tricl period to moaximise
knowledge retention and minimise the risk of errors during operations.

Key learnings

Where equipment testing octivities,
such as FAT and SAT, are not completed
prior to the finalisation of training
materials, there is on increased risk

of requiring subsequent amendments.
Aligning testing completion with
training content development ensures
accuracy, reduces the need for onsite

It is important to ensure sufficient time
ofter equipment set up to remediate
nogging defects prior to training

Projectsinvolving specialised or unfamilior equipment (e.g. hydrogen specific)

require early ond prooctive
operationocl

with suppliers to secure and integrate critical

engagement
expertise. Insufficient time aollocated for this engagement can limit the
effectiveness of knowledge transfer and the incorporation of supplier guidonce

into project deliverables.
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3.13.5 Research and Development

Key successes

Consistent personnel were
maintained across testing activities
to ensure continuity and retention
of knowledge, anabling leaming

to ba effectively carried forwaord
between phases

An aglle team opproach was
maintained throughout, enabling
opportunities to be effectively
capitalised upon as they crose.
Where challanges were encountered,
proactive problem-solving ensured
that solutions were identified

and implementad successfully.

Well-defined scopes of work were developed and maintoined throughout the
project, providing clear definition of octivities, responsibilities, ond delivercbles
This ensured alignment among stakeholders, reduced ambiguity, and supportad
efficient planning, execution, and control of project octivities.

Key learnings

There Is limitad availability of
loboratory fociities capable of
conducting mechanical testing in
hydrogen environments, With only
a small number of loboratories
offering this specialised capabllity,
this constraint can impact testing
timelines, accessibility, and overall
project planning, highlighting the
need for early engagement and
careful coordinotion when such

testing is required

Lead times for the bulld or replocement
of hydrogen-rated equipment can

be prolonged. This presents potential
schedule constraints and reinforces

the importance of early spedification,
procurement planning, and supplier
engogement to mitigate delays

and ensure timely project delvery.

Laboratory testing standards for
hydrogen enviranments remain at

an eorly stage of development. with
critical porameters such as loading
rates, gos quality, and specimen

size ond type not yet consistently
standardised across focllities. This lack
of uniformity can lead to variability in
results from different testing methods
and underscores the importance

of careful planning and alignment
when specifying and interpreting

test programmes.

Manual post-processing of data can
introduce variabiity, as outcomes

may be nfluenced by technician-
specific interpretation This highlights

the Importance of establishing clear
methodologies, standardised procedures,
and peer reviews to ensure consistency
and reficbility in data anclysis.

Full-scale test setups require strict control of external variobles to ensure that results
are reflective of the test. This emphasises the need for robust experimental design
and careful environmental control to maintain the accurocy and reliobility of results.
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3.14 Outcomes and Achievements Summary

The LTS Futures projoct has met and succeeded its plonned outcomes, Toble 24 detaills the outcomes defined in the
project direction, and signposts the supporting evidence, Table 25 shows the odditional cutcomes which were achieved
inthe expansion of the project. adding to the overoll value and leaming

Toble 24 Panned outcome evidence.

Planned outcome

Was this

achieved

Provide evidence to Develop ¢ methodology YES A Blueprint methodology has been
determine the safety (Blveprint) for future developed and will be publshed In June 2026,
and suitabllity of LTS repurposing ond See Section 71 for further information.
network assots for uprating projects.
ogen culminating
in a live trial to prove
the practical and Determine wayleave YES A review of SGN waoyleaves was conducted by
operationa! aspects. suitabiiity, access, and Legal Land and determined to be suitable for
londowner engagement conveying hydrogen
requirements.
Determine the suitability YES This has been determined through full-scale
of LTS materials for 100% and lab-scale testing programmes.
hydrogen. Material testing information can be found
inSection3.7.38and39.
Validate the operational  YES Planning and exacution of the live trial provided
strategy for operating a critical learning ond volidated operational
hydrogen network. strategy. Further information
this can be found in Section 35 ond 3.6.
Develop the skils VES The training ond compaeatency plan was
and competendies for developed for the live triol. This provided
managing, operating valuable insight into approaches for
and maintaining transitioning to a hydrogen economy,
assets in the highlighting the importance of upskilli
hydrogen economy. personnel to buid upon their existing

competencies. Further information
can be found in Section 354,
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Wias this Tabde 35 Additional outcome evidenca,

widence
ochleved LYidence

Flanned outcome

Wias thits
achieved

Additional Outcomes

Evidence

from Project Expansion

Provide the technbcal Devalop nowledge and  YES Section & detalls the engogement which has
foundation and inwstor | acceptonce of hydrogen been undertaimn with londownsrs, regulotory Evidence that the Ability to moke new YES During the live trial, welded and grouted
confidence to support within the public, bodies and LAs. There is currently ongoing network can effectively  connections. tee connections were successfully made.
cluster decarbonisation.  bodies and reguiatory will provide insights for updates and creation sarvice. demonstrating that new connections can be
agencies, of standards for hydrogen. Engagemeant with mode. Sea Section 361
the public was in line with other high-pressure
pipeline octivities and reflective of the project
hawi vl Users,
oo Ability to corry out flow-  YES Faoliowing on from making new connections,
Optimise and validate  YES A cost mode for repurposing pipelines has SRR S e Aol e
the cost model for future been developed os a part of the Blueprint Fniih i gm"‘;ﬂ wisirh
Provide visibility of YES The project addressed various regulatory
::;j;m'"'”"d" ‘"'"L :ﬂ;"‘m' 'fﬁg"“:w"’"’ i “u'*"“;:‘;ﬁ”;“:j‘m Ability to fit and seal YES Standard and Lock-o-Ring Plus completion
future operation of for hycrogen supply from an industril cluster SR e See Saction 3634 and Saction 3637
comversion hydrogen An ynderstanding of the legal and reguiatory ' S
networks; this insight framework for the trial to go ahead while
will support future comphying with 5GN' legal obligotions as o gas
reguiatory models. transporter can be found in Section 3.4, _
Understanding interfoce  YES Commercial contracts were set up with ABRRY 0 fhom yER :‘h‘l‘:.“* ﬁf;ﬁﬁmﬂﬂﬁmﬁm Eiac f”':d
and comimercial hydrogen supplier ond shipper for the trial i PUgag O
ts with See Section 3.4, welding oparations, Operational procedures
hi '_.'r:lrnggeni : i and training were developed to facllitote this.
; See Sections 36,353, and 354
Define the rale of LTS In Develop ond test the YES Commercial contraocts and the safety dossier
system transformation reguiatony (safety, werg developed to ensure that the regulatory - - 2
and facllitate industrial commencial, and and commerncial reguirements for the e Ai_hﬂrtympurge full-scale  YES Furn?mn'uss}nnmg urr:_l demmr‘rﬁ-ﬂnnﬂg
elusters. environmental) trial were met Further Information can be pipelines successfully. the pipeline and AGIs, indirect purging was
fromewaork required found In Section 3.4 and 35 respectively, completed. In-line sensors were used to collect
network. reguiatory bodies such as the ECU, LAs and ER SRIET; Tew TON ECOMN DM PRonlg.
ﬂ"'& H.SE E'H mm E-fﬂffl-.l'ﬂhﬂ'f hfmthﬂ]. For FU-I'th'_EF information Egﬂ“:ﬁn'g thl!. I:*'EIEE
There wene no obections from these ogencies see Section 3.6.2.
to thie live tricl, demonstrating that the curment
reguiatory framework was suitable with mirgr informed future NIA Provided guidance for YES Asset compatibility tool hod previously been
modificotions. project. development of projects developed for below 7 barg: however, the
to fill future gops. LTS Futures project highlighted the need to
Confirm o repurposad Partial Compaorative scenorios were modalied for expand this to cover the obove 7 borg network
LTS weill daliver the natural gos and hydrogen o review linepack
required opergting ond storage.. Further analysis was limited due
pressures, flow notes and to unknowens of future supply and demand and g
inepack to facilitate the would be unlikely to produce meoningful results Adopted and exponded Exponsion of burst test YES The burst test plans odopted to toke leamings
CrBan recovery. at this stage. In addition, PRI tasting will provide test programme. progromme to consider from other test progrommes, specifically

information on the capability of existing
infrastructure to meet potential increased
demond. Further Information caon be found in
Section 371
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internal axide loyers and
wvassel conditioning.

around hydrogen permeation throwgh oxide

layers to expand the knowledge developad
from the LTS Futures test programimse,

Further information can be found in
Section 3.8.1ond Section 2.8.2
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4. Finance Performance

The LTS Futures project has been completed within Figure 91; Project budget and spend comparison,
the original funding aliocation. Throughout dellvery,
a strong focus was mointained on value for money,

applying robust procurement processes and identifying Element 1: Enabling works and live trial design

opportunities to control expenditure while delivering the
requirad scope and maintaining quality. Risks and issues Element 2: Laboratory testing
were proactively managed to ensure that additional

expenditure was minimal and efficiencies were sought

where possible. As a result, totol project costs remained Element 3: Full scale testing

below the planned budget baseline
Element 4: Constuction and Live Trial
The total opproved funding for the LTS Futures project g . _ -
was £25.92 million in 2018/2019 prices, which consistad of: :2 gzx:nv&ﬁ?ém::;;tsad of 81'0" sbr:::::%DN s Element 5: Safety dossier
an of equipment and technical support to an estimated ) )

£23.78 m||||on wbq:'o““o.ooo. o Element 6 Knowledge dissemination
consumer funding via Ofgem. A~

: ingency
EZ 1 4 . " A detailed financlal breckdown covering each element of

. minion the LTS Futures scope and the percentoge verionce between 0 2.000 4,000 6,000 8,000 10000

financial contribution from SGN ond Cadent. actuol expenditure and budget is provided in Table 26,

W Cost (k) W Budget (Ek)

Table 26: Project financiol performance

Total spend including Figure 92: Project spend breckdown.

Project element forecost for ring- Budget spend

(in nominal values)

fenced budget

1 Enabling works ond live trial design 5829 19 8,664 28
2 Loborotory testing N4 10 3,248
® Lcbour
3 Offsite testing 7933 24 9,584 3
® Equipment
Construction and Live Trial 546 3 6260 20
4 2 a = @ Controctors
Documentation and prepaoration for kive
5 triol (emergency response, CrS, QRA etc) 1630 S 1035 3 D Contingency
€ Knowledge dissemination 1331 6 766 3
7 Contingency 1674 5 1480 5
Project Total (nominal) 31,057 100 31,057 100
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41 Financial Summary

Element 1
Enabling works and live trial design

The project experienced an underspend In element 1. Surveys
completed on the pipeline as part of the enabling works showed
the pipeline to be in good condition, meaning o reduction in the
number of repairs required. A ste-specific QRA indicated that
risk levels were broodly acceptable or ALARP and, therefore, no
diversions were required. Due to flow conditions in the pipeline,
it wos not possibie to carry out an ILL ond the hydrotest results
provided the integrity information needed.

Element 2
Laboratory testing

Completion of loboratory testing saw o
small cost reduction in comparison to
budget as o result of o refinement of the
smali-scale testing programme. Further
small-scale testing and monagement
of this past project completion date
inJune 26 will be manoged through o
ringfenced budget ogreed with Ofgem.

Element 6
Knowledge dissemination

Knowledge dissemination Is o cornerstone of

the LTS Futures project, and learning has been
maximised where possible. As a result, this element
saw an increase in spend against bucget due to
attendance at conferences, launch events and
extensive engagement with key stakehclders.
Opportunities to expand knowledge shoring

were token, occounting for the hcreose

Element 3

Full-scale testing

The controct for full-scale testing was
one of the first set up for the projectin
2022, As o fixed-price contract, this has
not been affected by Inflation in the
same way ¢s other project elements.
Procurement of a compressor for
testing wos originally budgeted for
within this element: however, the costs
of this exceeded the budget. and the
alternative approach for PRI testing

Is expected to hove a slight cost saving.

Element5

QRA and Case for Safety

ey
'LIVE,

Element 4
Construction and ve trial

Figure 91 shows an overspend for the live triol, This cost
Increase was due to market volotility experienced on
construction and equipment procurement. Due to some
works occurring within INEOS, this restricted the ablity

for competitive tender due to incumbent design and
construction contractors, The construction of the 3" hydrogen
supply pipeline also saw an increcsa In cost against budget
due to the nature ond location of the works in addition to
increased material costs. Further construction at live trial sites
(Grangemouth network entry facility, Newton pressure control
facility and Granton flare foclity) odded to the costs within
this element.

experienced a smal increase In cost against budget within this element due to

submissions as part of the project sofety dossier and engagement with the HSE also increased

The project
Q additional technical expert input being required for the Case for Safety. Further documentation

cost against budget.
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In spend cgainst budget.

The LTS Futures project has demonstroted strong
finonciol discipline despite operating in o volatie market
environment. While the funding received by Ofgem was
later influenced by infiationary mechanisms to occount
forthe final nominal funding value, the market pressures
In construction and materials meant the project teom hod
to maintoin effective cost control throughout dellvery.

Through robust planning. close commercial mancgement,
and prooctive risk mitigation, the project minimised the
impact of market fluctuotions. Efficient procurement and
supplier engogement ensured continued value for money,
even as sector-wide costs increased.

As a result of this disciplined and efficient approach, the
project has not only metits financial cbjectives but has
also retained value. This highlights the effectiveness of the
project governance and reinforces the project’s strong
performance in delivering savings while mointaining
high delivery standards.

4.2 Retained Budget for
Completion of Testing

The project has experienced a delay in some testing within

Elerments 2 and 3, which exceeded the ogreed project

completicn date (30th June 2026). To mitigate the impact

of these delays and ensure the completion of all research

commitments, a ring fenced budget has been established.

This funding covers the following costs for Element 2,
fracture toughness testing, and Element 3, PRI testing:

« LTS Futures project team’s labour for
continued managemaent of the work packoges.
« Technical service provider support
« Ongoing controct costs for the delivery of testing.

* Hydrogen supply for completion of the test
programme (Elernent 3 only),

This ring fenced budget remains essential to ensure

continuity of testing and delivery of outstonding technical

evidence beyond the date of formal project close down.

The key financiol risks associated with compieting
the outstanding research octivities Include:

* Hydrogen pricing variobility: Costs of hydrogen
for PRI testing remain subject to market fluctuations,
which may increase the expenditure required
10 compiete the testing programme.

+ Equipment repair and return delays: Any delay in
repairing failed PRI components and returning them
to site may extend the testing period, resulting in
potentid increases in lobour ond technical service
provider costs.,

These risks continue to be manoged actively to ovoid
any cost impoct on the remaining budget provision,

At the time of publication, site deconstruction activities
are ongoing and are scheduled for compietion by the
end of July 2026. Budget provision has been retained
within the ring fenced amount to manage cny resicdual
risks cssociagted with this work.
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5. Material Change Information

The LTS Futures Project successfully i
completed all deliverables as detailed #=
within Annex 2 of LTS Futures Project
direction documentation. However,
the project has experienced a delay in
some testing within Elements 2 and 3,
which exceed 1year of the project
completion date (30th June 2026),
constituting a material change.
Delayed testing elements include:

Element 2 - Fracture toughness

Construction, commissioning, and subsequent
malfunction of test machines and associated equipment
at TWI have incurred delays to the progromme. The
remaining testing has been streamiined where possible
to ensure that only testing relevant to future repurposing
is included. SGN continue to work on streamiining the
programme Qs resuits become available.

Element3 - PRI testing

Faliure of o critical component within the DNV test

rig equipment has incurred delays to the programme.
The component and associated equipment have been
sent back to the manufacturer for full investigation,
re-manufacture, ond testing prior to re-installotion ot
DNV, A full SAT of the equipment is plonned when It returns
to DNV prior to LTS Futures beginning testing.

Ofgem have been notified of the material change.

The delay has no impact on costs, which remain aligned
with those in the original project direction. The budget for
these tests has been securely ring-fenced. This closedown
report will be updated with results when they become
available. Discontinuing works at the completion date
of 30th June, 2026, would constitute o missed

to close out cumrent industry gops for revision of IGEM
TD/1 Edlition 6 Supplement 2 [10] ond IGEM TD/13 Edition
3 Supplement 1 [18]. Ofgemn opproved the extension of the
project to include the remaining testing on 13th May 2026,
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6. Knowledge Dissemination

6.1 Knowledge
Dissemination Approach

Knowledge dissemination was o
core element of the LTS Futures
Project. This section summarises
the full programme of stakeholder
engagement, communication
activities, evidence sharing, and
learning outputs delivered from
2022 to project closeout, and
demonstrates fulfilment of the
Knowledge Dissemination Plan
submitted to Ofgem.
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The project odopted a structured and iterative
engcgement strategy to ensure transparent, timely,
and proportionate dssemination of project findings.

The approach was based on:

« Clear mapping of ntermol
and external stokeholders,

+ Defined engogement routes aligned
to stakeholder roles and influence.

* Mechanisms targeted to minimise disruption, support
reguiatory assurance, and provide learning to industry,

* Algnment with project milestones, inciuding
Stoge Gate One and Stoge Gate Two
reguiatory submissions to Ofgem.

00

6.2 Stakeholder
Engagement Overview

Stokeholder engagement spanned regulators,
government, industry bodias, londowners, residents,
ccademic institutions, emergancy services, utiity partners,
local businesses, ond community bodies. Engogement
activity broadly fell into the following categories:

6.21 Regulatory and Policy Stakeholders

Over the course of the project, engaogement was
undertaken on a regular and proportionate basis, with
frequency tcilored to the requirements and expectations
of each stakeholder group. This ensured thot there was
full transparency regarding the timing of deliverables
and fadlitated opportunities for stakeholder input and
feedbock whera appropriate.

£0.211 HSE

Throughout the project, there were regular six weekly
meetings with the MSE, which provided updates to the
project and the opportunity to discuss the different
submissions requirements through the project, such as:

+ PSR notifications (Gas Act, PSR 20, PSR 21, PSR 22)

* Research to Evidence Review Groups (ERGs) with critical
documentation such as Case for Safety ond Sofety
Dossier. For further information, plecse see Section 821

+ Attendance ot o desktop emergency response workshop

+ Site visits,

65.21.2 Ofgem

Monthly meetings were held with Ofgem to report on
project progress and obtain approval ot stoge gotes.
When significant developments occurred, such os the
construction of the 3" line and the live trial operations,
meetings were conducted onsite to enable direct
engagement and cbservation

6213 DESNZand Scottish Government

Engogement was centred on regular briefings,

site visits, and structured updates aligned with the
evolving hydrogen economy policy fromework

This approach ensured continuous communication,
praovided opportunities and updates regording project
activities, ond maintained alignment with relevant
policy developments.
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6.2.2 Local Authorities

and Elected Representatives

Targeted engogement acress Falkirk Council,

Waest Lothian Council, City of Edinburgh Coundil ond
coundiliors ensured suppart for planning, environmental
screening, access, ond trial operations Al LAs
porticipated in the emergency response workshop,
see Sections 33.3 and 334, and consultation process.

6.2.3 Landowners and Businesses

Landowner engogement was essential to ensure efficient
delivery of the LTS Futures Project. Engogement covered
direct, bilateral engagement primarily focused on access
and property-specific impacts.

+ Site-Specific Agreement: Negotiated occess ogreements
forland and conducting above-ground surveys,

+ Legal Managed detailed servitude discussions
to ensure long-term land rights were clearly
understood and documented.

« Communication: Prioritised in-person visits and
direct phone calis to bulld trust and address any
queries regarding lond use.

+ Affected Landowners and Businesses Forums:
Hosted town hall meetings in 2023 ond 2025 to present
the LTS Futuraes roodmop ond gother feacback

134 SGN Closure Report 2026

The project implemented a thorough plan for
londowner engagement to ensure they were weill
Informed ond classed as critical element of the
project journey and success. The project experienced
engagement well in excess of success criterio
stipuloted within the stakehcolder ond engogement
plan with a 100% engagemaent rate through town
hall attendance or direct one<to-one follow-up

6.24 Community

Providing 0 broad, transparent communication
aimed at public information and operational
safety was of the highest priority for the project
Community engagement was focused on:

« Operational Transparency: Implemented
local signage and public notifications to
manage expectations during construction.

« Education programme: Delivery of the
“Grean Machine” STEM workshops to 420 pupils
across 14 schools along the pipeline route

Q0©
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6.2.5 INEOS

INEOS Group were o criticol partner to the project supplying
hydrogen from the INEOS O&P facility in addition to siting
of our NEP on INEOS FPS land. Engogement wos covered
through menthly updotes for the duration of the project
with on increased frequency of meetings during critical
construction ond operational phases,

+ Technical assuronce engagement: The project
completed o series of technical assuronce
assessments through o PSSR and o PHSER to ensure
INEOS were provided with af information regarding
the LTS Futures system. INEOS PHSER and PSSR
taskforces reviewed and provided their approval
forgolive

+ Site Visits: SGN ond INEOS conducted site visits
during all stoges of the project to discuss plons
for construction and live trial operations to ensure
efficient completion while not impeding on INEOS
plant activities,

* Hazard ldentification (HAZID): INEOS attended all
project HAZID, HAZCON, ond HAZOP studies providing
support and input. Ineos also supported the review of
key project NRO documentation and Wis pertinent
to operations on the INEOS FPS site.

» Communication: During the lve tricl there was
dally communication regarding hydrogen flows and
scheduiing of required volumes for the following
operationa’ day. During operations, there was
continuous engagement with the INEQS SOL (shift
optimisation lead) for routine operations, Wider INEOS
land teams also consuited during works in proximity to
INEOS assets,

6.2.6 Gas Distribution Network
Operators (GDNs)

GDNs and Natlonal Gas Transmission (NGT)
engaged through the GDON Steering Group, IGEM,
Network Sofety and Impaoacts Boord (NSIB) direct
briefings and were offered site visits during the trial
The engogement of GONs ond NGT has been key
to shoping the overarching Blueprint and through
provision of supporting case study information

to test the methodology developed
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6.2.7 Emergency Services

& Resilience Partners

A multi cgency emergency response workshop in April
2025 ochieved full mprasentation across Police Scotland,
Scottish Fira and Rescue Service. NHS. HSE, SEPA, and LAs
The planned full-scale exercise was revised to o desktop
axercise due to It achieving the same intended outcomes
and would likely gain higher attendance. See Section 3.3.4
for further information.

6.3 Engagement Delivery
and Mechanisms

The project deployed o wide range of communication
and engogement mechanisms, including:

Project-specific events: Launch event, londower
townhalls, resilience partners workshop and project
briefings.

Press and media: Locol and notional press releases
ot key milestones; positive coverage ocross outlets

+ Digital chonnels: LTS Futwes website, local radio
announcements (INRIX integration), social media,
educational film content.

* Direct communications: Emal updates, letters,
planning consultotions, engineering workshops,
site access discussions.

+ Site visits: For Ofgem, HSE, DESNZ, Scottish
Government, IGEM, GDNs, MPs/MSPs,

SGN internol teams ond industry visitors
at the Granton and Dalmeny live trial sites

These mechanisms ensured broad occessiblliity of project
nformution und provided Ltallored conemunicution for
stakeholders with differing levels of interest and impact,
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6.4 Academic and Industry Dissemination

The project generated a significont academic and technical evidence base, including peer reviewed
papers, confarence prasentations, and spedialist publications. Key dissemination forums included

Table 27

Conference Date Location Paper/presentotion titie

Hydrogen ingustry
Leaders (HIL) Enhancing Nov-23 Glasgow LTS Futures,

the Hydrogen Economy 2023

= The LTS Futures Project - a UK Operator's (SGN)
experience of assessing the feasibility of repurposing their
natural gas transmission system to transport hydrogen,

Pipeline Pigg -r.r-';v::m'l 'n'nf;r ty Feb-24 Houston
Management (PPIM) 2024 (USA)

IGEM Young Persons L
Paper Competition 2024 Jui-24  Birminghom LTS Futures: Hydrogen Transmission,
« LTS Futures: Hydrogen Live Transmission
» Full-scale burst tests with hydrogen.

 Defect Modcelling.

ASME International Pipedine

Colgary

Sep-24 (Canada)

Conference (IPC) 2024

IMechE Internctional
Conference on Pressure Vesse Sep-24 Glosgow

Technology (ICPYT) 2024

Full-scale fatigue tests on grouted and welded
split tees, and small-bore connections, in hydrogen

EPRG Energy Pipeine Innovation

Sep-25 Cambridge LTS Futures: The Design of the Live Trial.

Conforence (EPIC) 2025
crorogen NAUSLy LBoder®  oct-25  Glosgow LTS Futures: The Design of the Live Triol
e : : LTS Futures: Development of Safe Hydrogen Pipeline
Hazards3s (ICheamE -25 1
e \prscgoncn Nov-25  Birmingham o rational Procedures - hot works ond venting/flaring
IGEM Annual Conference Nov-25 Nottinghom LTS Futures project and live trial,
Belingrum cnnual conference Nov-25  CriefT Overull project over view,
. . Sofety aspects of Hydrogen in
Safe Net Zero 1025 MSE - I ; -
2 Nov=25 Edinburgh  11e LTS trial ot Grongemouth
EUA LTS futures update Dec-25 Online Whole project/live trial.

The LTS Futures Project — an update of o UK Operator’s
PPIM 2026 Feb-26 Houston (SGN) experience of assessing the feasibility of repurposing
their naturol gas tronsmission system to tronsport hydrogen

NECCUS Decarb Scotiond 2026 Feb-26 Edinburgh LTS Futures Overview

Mar-26 Edinburgh LTS Futures: Understanding Hydrogen

IGEM Young Persons Paper

Competition Scottish Heat 2026 Compatibiiity in Existing Gos Networks

sy 20 dossinpes o Apr-26  Berfin LTS Futures: Live Welding on Hydrogen Pipelines

AMP? The Corrosion & Protection : jon of the effects of hydr tr
MPpP Cs e on & Prot W g el Chorqctenscbq\ of the effects of hydrogen on three

Conference & Expo (2026) line pipe steels in the LTS.

IPC 20326 Sep-26 Calgary Full-Scale Burst Tests With Hydrogen on

internal, sharp, port through wall defects.
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6.41 Awards

LTS Futures submitted opplicotions forproject awards
during the course of the progromme after completion

of the enabling works ond post compietion ofthelive
tricl, The LTS Futures Project was nominated for a number
of awards over the duration of the programme and went
on to win 2 awards in 2026 following the compleation of
the live trial. Detalls of these awards am listed below.

Awards 2024 -

1

IGEM Gos Industry

LOT

nAwQ

b

IGEM Gas Industry Awards 2026 -

IGEM Gas Industry Awards 2026 -

Hydrogen UK Awards 2026

1 8
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6.5 Completion of
Engagement Against Plan

Engogement octivity was completed in line with ol

reguiatory requirements and Ofgem direction obligations

Minor tming adjustments were mode to occommaodcte

+ Revised planning and ElA screening schedules
Weather impacted londowner event attendance
(alternative follow ups were completed).

« Changes to DESNZ personnel during the live tria

Despite these timing shifts, oll success criteric were

met, with evidence provided through formal submissions,
maeting minutes, ottendance records, correspondence
logs, and the detoiled engogemant table contained
intha full report

Q0©

6.6 Outcomes,
Learning and Legacy

Effective communicaotion has been fundamentol to the
successiul delivery of the LTS Futures project, enabling
an unbroken chein of opprovals with Ofgem and
positive engagement with the HSE. This has included
clear, consistent engogement and the timely provision
of nformation to support deckion-making processes
whare appropricte

n parallel, strong and calioborative relationships have
been estoblished with LAs ond emergency secvices,
fostering o supportive environment thot has enabled
alignment, cooperation, and the smocth dalivery of the
emargency response desktop exercise and live trial

Engogement with INEOS was criticol to project delivery,
as activities were undertaken within their operationaol
sites, requiring full adherence to their control of work
procedures. In addition, as the hydrogen supplier, their
role was instrumental, making close coordination
assential to ensure continuity and successful execution
of the live tria

Knowledge dissemination focused on sharing key lessons
to inform future hydrogen trials, including construction
sequencing, londowner engogemaent, and emergency
plonning. This was supported by a progromme of
academic publications. conference participotion

and further focilitating the transfer of knowledge,

The GDNs and NGT were identified as key stakeholders
and have baen octively angaged through regular
quarterly meetings. In addition, further opportunities
have been available for engagement ond learnings from
the outputs of LTS Futures, including site visits during the
ive trial ond input into the development of the Blueprint.

All angagement methods applied within LTS Futures are
fully transferabie and con be replicated across similor
projects. This repeatability enables other teams to realse
comparable positive outcomes, supporting effective
delivery through proven approoches to stakeholder
engogement and collaborotion
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7. Planned Implementation

%D

The LTS Futures project set out to define the role of the LTS in a hydrogen
system transformation, and the knowledge developed and learning achieved
through the delivery of both the live trial and the research programme

exceed this requirement. The Blueprint provides guidance for assessing

any pipeline in the LTS and the outputs from the project are being used to
inform and update hydrogen standards as well as making recommendations
for new standards so that best practice can be used across the network for
operations such as hot tapping and flow stopping.

71 Blueprint

The LTS Futures Blueprint [5] is o guidance document
providing a mathodology for repurposing exsting LTS
pipelines and installations for hydrogen service. It specifies
a clear, repeatable ond stoged process for GDNs to follow
and apply to thek LTS assets The Blueprint includes several
sections depending on the type of asset to be repurposed:

Viability, capocity, commercial end cost benefit analysis

+ Assess the feasibility of repurposing based on potential
supply, demand, existing asset condition and any
knowledge gaps. Consider the cost associated
with repurposing for desired parometers.

Methodology for repurposing LTS pipeline.

» Demonstrote integrity under the proposed
hydrogen service, confirm thot the risks associoted
with hydrogen operation are ALARP and that
conditions for repurposing are clearly defined.

Methodology for repurposing installations

+ Assess design, condition and integrity status. Evalvate
performance under hydrogen conditions and define
required modifications. Confirm that the risks associated
with hydrogen operation ore ALARP. Demonstrote that
the instaliation can be safely operated in hydrogen
service ond that all required modifications, mitigations,
and assurance activities have been completed,
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Implementation, assurance, and handover

« Complete Network Operation Raviews (NORs).
Develop a stokehclder engagement plan for
reguiators, londowners /tenants, LAs, the resilience
partnership, and internal departments. Review and
update emergency planning and response procedures,
Undertake a formal independent approval and
appraisal process for repurposing activity, Complete
a change of service process including handover ond
required documentation updates.

Operation and maintenance

* Review, adopt, ond develop maintenance procedures,
Wis, ond risk ossessments for repurposed pipelines ond
instolictions. Check aond ensure tools, equipment, and
PPE are suitable for hydrogen Develop and implement
a training and competency plan for oll personnel
Involved in hydrogan operations.

Future considerations

As with other Industry guidance documents, o
regular review and update of the Blueprint should
be completed. Other considerotions for future
work include:

- Engogement with the HSE to determine how
HSG253 [S1] can be updated to recognise thot
the hot tap and stoppling operctions con be
safely undertaken on hydrogen pipelines.

C0©

- Develop o stondard for carrying out hot taps
and stoppiing on hydrogen pipelines ond update
*/SP/P/9 for use on hydrogen pipelines.

- Agree criteria for girth welds of unknown quality
for use in hydrogen service and develop o
mathodology for assessment.

- Develop o standard for venting and flaring
hydrogen from trensmission pipelines and
installotions,

- Develop a methodology and stondard for
assessing pipelines that may be affected by ISCC
If o pipeline has transported manufactured gos.

- Adopt the Asset Compatibility Tool ond ensure
that it is periodically reviewed and updated to
reflect current knowdedge on material suitobility
for hydrogen service.

- Develop a stondard for inspection, ossessment
and repair of damagad hydrogen pipelines
operating at pressure grect than 7 bar
(ie. a hydrogen version of GN/PM/P/11).

- Develop an opprooch for emergency planning
hazard distances for hydrogen pipelines.

- Review and agree an opproach for recording
and retaining asset information in a structured
manner.

The Blueprint was developed using learnings from the
LTS Futures project and published standards, Several
review stoges wera completed with involvement of
multiple intemol SGN deportments ond other GDNs. Itis
expected that the Blueprint will be used for subsequent
LTS repurposing projects by SGN and other GDNs.

7.2 Case Studies

Caose studies were corried cut to ensure that the droft
Blueprint methodology could be practically cpplied,
These were carmried cut on LTS pipelines and instoliations
nominated by GONs and inciuded five pipeline ang

five installotion desktop repurposing studies, The
pipelines and instalictions selected covered ¢ range of
construction periods and pipeline materials, The leorning
from theso case studies was used to develop and refine
the process within the Blueprint methodology.

The case studies were taken o standords-led
assessment using IGEM/TD/1 Supplement 2 [10] for
pipelne studies and IGEM/TD/13 Supplement 1[18] for
PRI repurposing assessment. Pipelines and PRIs followed
o Blueprint assessment through completion of:

Design end operability review

« Construction moterial hydrotest
and operating conditions.

Condition and integrity assessment

+ Defects, corrosion, fatigue, pressure cycling, CP.
Functional system assessment

+ Component level evaluation
(valves, regulctors, vents, E&I, filters),

Risk and compliance validation

* QRA ond Hazardous crec assessment.

Gap analysis

+ Further testing inspection or design updote requirements

Leaming from the case studies has shown that hazardous
rones for hydrogen can extend significantly further thon
existing natural gas zones ond, in some coses, either
axtend beyond the site boundary or into unwanted arecs,
sich as pathways or occupied buildings. Where this occurs,
measures to reduce risk must be considered, including:

+ Making the itemn suitable for hydrogen
service e.g. through replocement.

+ Chonging the design type of equipment item to
reduce the zone - e.g. replocing a non-ideal vent
for anideal vent moy reduce the radius of the zone.

* Reiocoting the equipment item to say a freely
vented crea or oway from o site boundary.

+ Changing the design of the operation.

* Restricting flow rotes and/or pressures.

* Reducing ignition source risks within
areas adjacent to hazordous zones,

+ The correct use of suitobly zone-rated
electricol equipment.

The completion of case studies, in addition to the
completion of the live triol, allowed iterative development
of the Blueprint methodology. The exercise also identfied
a significant reliance on complete historical records

and component-level detol to provide on accurate
assessment on repurposing. Cose studies across all GDN
operating areas allowed LTS Futures to test the Blueprint
to Improve the overall robustness of the methoddogy

on completion of the project
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8. Project Performance

M

8.1 Project Direction

The LTS Futures Project was
delivered in accordance with the

requirements set out in Annex 2 @
of the Schedule 1 Direction to SGN

(Ofgem, 2022), with all deliverables
either completed or progressed in

line with agreed governance and
regulatory processes.

Stage Gate 1
confirmed whether

There are five deliverables
provided in the direction including

the two stage gates. Together, @
Stage Gate 1 and Stage Gate 2

provided structured, regulator led
decision points that ensured the
LTS Futures Project progressed only

when proportionate, independently
assured evidence was in place.

Stage Gate 2 confirmed
whether hydrogen could
be flowed safely.

This staged approach formed

a central pillar of the project’s
governance and underpinned
regulator, safety authority, and
stakeholder confidence in the first
of a kind LTS Futures Live Trial.
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repurposing should proceed.
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811 Deliverable 1 - Stakeholder
Engagement, Knowledge Dissemination,
and Hydrogen Ownership

+ Revised stakeholdar engagement
and knowledge dissemination plan,

« Hydrogen ownership proposaol for Ofgem decision.

Delivery Summary:

SGN developed and submitted a comprehensive
stokeholder engogement and communications plan
covering pre trial, live trial and post trial octivities, This
plonset out structured engogement with Ofgem, HSE,
DESNZ, LAs, landowners, emergency responders, industry
partners and wider stakeholders.

A hydregen ownership ond controcting proposal was also
developed, providing Ofgem with clarity on hydrogen title
tronsfer, tronsportation arrangements and complionce
with Gas Act requirements This subsequently informed
the commercial controcting arrangements implemented
for the lve tricl detalled within Section 3 4 of the report.

A commerciol controcting environment closely replicating
the existing established notural gas market arrangements
was developad for completion of the works.

Outcome:

Deﬁveml;le met in full, with Ofgem oversight shaping
subsequent engagement and contracting arrangements.

A

81.2 Deliverable 2 - Recommendation
to Progress to Pipeline Modification and
Construction (Stage Gate 1)

Stoge Gote 1 wos the first formal Ofgem decision point
underthe NZASP Direction [7]. Its purpose was to determine
whether the evidence presented was sufficient to justify
repurposing the Grangemouth to Gronton pipeline

and proceed with enabling works and construction of
hydrogen supply infrastructure to support a future live
hydrogen trial.

Delivery Summoery:

The Stoge Gote 1 submission in April 2023 provided o
comprehensive integrity and sofety assessment of the
existing Grangemouth to Granton pipeline. SGN submitted
a detailed Stage Gate 1 evidence pack, including:

« Pipeline integrity assessments and
IGEM/TD/1Edition 6 [6] compliance review.
» Pigging reports, hydrotest
certificotes.and condition surveys.

* A QRA for the pipeline route demonstrating risks
to be broadly occeptoble ond ALARP.

« Adefined sat of mitigation actions to
be addressed prior to hydrogen service.

tvidence was independently assured and reviewed
through SGN's strategic governance prior to submission,

Outcome:

Stoge Gate 1 confirmed the technical and sofety viability
of repurposing the pipeline for hydrogen service, subject
to complaetion of defined actions and further assurance
at Stoge Gate 2. Ofgemn approved progression through
Stoge Gate 1, enabing pipeline modifications, hydrogen
supply infrastructure construction, and development

of safety and operctional evidence for the live trial.
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81.3 Deliverable 3 - Recommendation to
Progress to the Live Trial. (Stage Gate 2)

Stoge Gate 2 was the second and fingl Ofgem decision
point which was submitted in November 2024, [ts purpose
was to determine whether the project could safely and
compliantly commission and cperate the live hydrogen
tricl, based on fully developed safety, operational,
regulatory and commercial evidence.

Delivery Summary:

SGN submitted o comprehensive Stage Gate 2

submission. bringing together:

+ ACSS, alignad to the ENA Hydrogen Safety Case
Framework (Energy Networks Association (ENA),
21/10/2022) [33].

» Independently appraised designs for ol tricl
assets (pipeline, entry facilities, pressure control,
and flare systems).

« Updated QRAs for the repurposed pipeline
and new hydrogen supply pipeline.

* Regulatory notification logs, emergency response
plans, troining and competency arrangements

« Completion of IVoR and operational
readiness processes,
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An IVoR was completed to provide independent review of
all business requirements which are necessory for the safe
operations of the triol, such os:

* Maintenance ond inspection documentaotion.

* Heolth and safety documentation.

+ Completions and commissioning.

+ Operational documentation.

« Competency documentation.
« Commercial arrangements,

« Safety ond complionce

Independent reviewers were assigned to the gppropriate
action from each associated department, including Asset,
Maintenance, Engineering Policy, Sofety, Health, and
Environment. The closure of IVoR actions was independently
reviewed with supporting evidence submitted to validate
and verify that it met the project ond business needs.

Cloze engagement with the HSE occurred throughout
evidence gathering and CfS development, with HSE
confirming it had no objections to proceeding to live triol.

Qutcome:

Ofgem confirmad progression through Stage Gate 2,
permitting commissioning and live trial activities.
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81.4 Deliverable 4 - Confirmation
of Project Completion - June 2026

The LTS Futures live trial wos successfully delivered
insummer 2025, where live welding, hot-topping

and flow-stopping operations where completed.

Small and lorge scole testing has demonstrated sultability
ofthe LTS material for hydrogen. This work has been

Integrated into the development of the blueprint.

Delivery Summary:

The project has completed delivery of its core research,
testing, demonstration, and evidence gathering

scope, including construction, commissioning, live trial
execution, and decommissioning octivities as defined
inthe approved project plan.

Outcome:

Project completion confirmed in line
with Ofgem Direction requirements,

As detoiled in Section 4.2, there is ringfenced budget

for full-scale fatigue testing, PRI testing and remaining
fracture toughness testing. This has been approved by
ofgem and is expectad to be completed by end of 2026.

8.1.5 Deliverable5 -
Project Closedown Report

The closedown report must confirm:

+ Delivery of a Blueprint [5] for future LTS
vprating and repurposing projects.
+ Completion of knowledge dissemination
in line with the approved plan
+ Submission of all required information to the
HSE addressing the evidence gaps identified in
SGN's re-opener submission, with no objactions raised
+ Comglionce with any odditional requirements
set out in the Re-opener Governance Document
(Ofgem. 2021) [81]

Delivery Summary:
This closadown report fulfils Deliverable 5 by:

» Conflming development of o notionally scolable
Blueprint methodology for hydrogen repurposing
of LTS pipelines ond instoliotions.

+ Evidencing structured dissemination of leaming
across regulators, iIndustry, and network operators

+ Confiring submission of evidence to the HSE through the
Evidence Review Group process, supporting the closure or
partid closure of identified evidence gaps. The remaining
gaps within the publishad CFA assessment [82] carried
out by the HSE are included within the report for
completeness

+ Demenstrating compliance with NZASP governance,
reporting ond assurance expectotions.

Outcome:
Defiverable met, completing SGN's obligotions
under Annex 2 of the Direction [7].
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8.2 Technical Evidence
Submissions to the HSE

LTS Futures hos deliverad a comprehansive ond robust
body of evidence for repurposing ossets to hydrogen.
The project begon engogement with the HSE from

its initiation in 2020, This included six weekdy progress
maatings and direct engagement through the
development of the project Cose for Sofety,

In 2020 o series of evidence goaps wers identified in the
Department for Business, Enargy & Industrial Strotegy
(BEI5) Hydrogen for Heat Programmie that needed to

be addressed chead of any gas nebwork hydragen tricls
and before o wider policy decision could be token on the
use of hydrogen (HSE, 2000). LTS Futures complated a
structured mopping axercise to overlay its progromime
outputs against the gops Identified by H5E, ensuring that
the project’s research ond analysis was tangeted towards
diosing these gops.

LTS Futures developed on H3E Evidence Pothwiory
docurnent setting out when, how, ond through which
mechanisms evidence genercted by the project would
become ovolloble to the HSE over the course of project
delivery. To support the UK Government's Net Zero
torgats, the H5E were ashed by the DESNE to ossess
avidenca an the ritks from storage, distribution. and usa
of 100% hydrogen for heating. The GDNs, NGT and DESNZ
wne responsible for the production ond presantation of
the evidence base o the HSE coordinated through the
Network Safety ond impocts Board, Safety and Technical
Board and the Project Manogement Boond. All evidence
submissions were required to be completed prior to 30th
Septernber 2024 to allow the HSE time for review. HSE
provided on independent assessmeant of the evidence,
releasing o final report termed the “Comprehensive
Formod Assessment” (CFA) on 28th Manch 2026 (REF).
These findings supersede the previous evidence gops
published by tha H5E n 2020,

The submissions by LTS Futures for the CFA provide
evidence for the brooder policy discussion on hydrogen
heating, but do not constitute the critical evidence on
which the final hydrogen for heating decision depends.
Thia transmission networks (MTS and LTS) are not included
in, nor contingent upon, the government’s decision on

the future of hydrogen heoting as they may transport
hydrogen for other industries, including power generation,
grid boloncing, industriol feedstocks, or tronsport.
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8.21 LTS Futures
Submitted Evidence to HSE

As detalled within the CFA, o collection of evidence
produced by tha LTS Futures Project wos used to review
the sultability of tha LTS for hydrogen. Additional evidance
was also submitted to the H5E partaining specifically
to completion of the live triod on the Grangemaouth to
Granton pipedine. The evidence reports below wene
submitted to the H5E as port of the evidence review
process with some feeding Into the wider CFA maview:

Elerment 1 {Live Trial Design & Construction)
= Assessment of TD/ complionce and hydrotest
of the Grongemouth to Granton pipaline.

* Finol design of the hydrogen supply
pipeline for the five trial,

Element 2 (Loboratory Testing of Vintage LTS Material)
= Chomcterisation tests in oir (hordness,
microstructure, chemical composition)
« Charpy impoct ond tronsverse strip tensile tests inair,
» Diffusion ond flux testing,
= Tensile testing in alr ond hydrogen,
* Katesting in hydrogen.
= |nterm FOGR tests in air and hydrogen,

Element 3 [Offsite Testing)

Live hot works on hydrogen plpelines.
= Burst tests on pipeline defects In hydrogen,
* Fotigue testing of small-bore connections.

= Wenting and floring of hydrogen.

Elemient 4 (Live Trial)

* Linepock ond copocity assessment technical note,

Element 5 (QRA and Case for Safety)

« Sofety Dossier (including Ciase for Safety, training
and competency plon, ond operotional procedures
- se¢ Section 3.5).

Element & (Knowledge Dissemination)
* Pipaline ond PRI repurpesing case studies.

00O

82.2 Comprehensive Formal Assessment Gaps
The CFA [BZ] was spiit into network pressune tiers (and production//storage sections). Regarding the LTS, it concluded:

“It is potentially feasible to convert the use of the LTS from the transportation

of natural gas to hydrogen.

However, while the evidence demonstration supports near-term potential use of
the LTS, the longer-term impacts from hydrogen service remain to be determined.

The level of assurance that can be gained from experimental data when
considering potential long-term real-world exposure is limited. Operational
learning, supported by further research, will be key to validating the evidence
base provided. It is likely that current integrity management approaches should
support this validation if adapted to hydrogen service.

There are ara

of outstanding issues that the

gas network industry would

need to address. These include gaps in knowledge relating to the suitability
and condition of critical equipment such as pressure reduction installations

that are integral to the pipeline network.”

HSE’s assessment of the safety evidence for 100% Hydrogen Heating March 2026

The LTS Futures Live Trial, srmall- ond full-scole fatiguee
tests, frocture toughness tests and Blueprint [5] wene
completed after the September 2024 deadline for
evidence ond did not contribute to the CFA [BZ]. The fve
trial and testing provide significant operational learming
and evaleation of longer-term exposure tests,

LTS Futures has reviewed the remaining CFA LTS gops
and ldentified where further work Is undenvoy that coudd
provide evidence for closure of these gops. A gop onalysls
has been produced in Table 28 on the following poges:

Tabde 28: CFA gop analysis.

CFA Gap: Conclusions on the LTS

LTS ossets, a8 with the NTS cssets, ore considered to

be relatively well documented with o good degres of
confidence in the doto on assst bype and loootion
Howsever, theme remoim the need to ensure Indlvidwal
pipaiines one odequately ossessed in relotion to moteral

properties, historle operating ond process conditions, initial
bl quality assuronce and condition before openating with

1005 hydrogen. Acceptable operating pormrmetsrs nesd
tor b confirmed and verifed.”

Identified evidence to support closura

The LTS Futures Blusprint [5] prordides on assessment

A breakdown of criticol elements of data
requidred within LTS reconds to undertake
msassment on repurpoasing.

Subsegquent chapters of the Blueprint oddress
design and cpembility assessment under natural
gos for decisions on future operating parameters
to be set under hydrogen sarvice.
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"The output fram the HyNTS Dotoset study dhauld enabde g
sound judgemeant to be made by tha openator of LTS plpeline
systems os to the suitobfity for repurposing to ywdrogen
service This should allow identification of any necessory
remedioton or mitigotion as well os Identifying any
reguirement to limit maxdmum operoting pressurs oF pressurs
eyeling to Bt fatlgue™

"The impoct of highar flow rates within equipmeant ams
ard fiters hos been studied ot below 7 barg. Ho similor
studies hove bean provided for the LTS (ond NTS) at higher
pressures. The FutureGrid fiow trials thot tested assels in
hydrogen service did not oddress the peok increcsed flow
robes that would be fequired through the LTS, Further study
and conclusons ans eguined to be oddressad by tha gas
rertwark Industry on the tolerance of plpework to potentially
highear velocities, ond Industry guidance should be updated
accordingly. The Mobtional Hydrogen Safety Assessmeant
[(MHS%A) hos recognised the potential for Increase in velocities
to occelemte degrodotion, which could be vio vibaotion
eroEion, Written schemes of examination should be reviewed
ond Updoted oz required”

"For live gos operotions H5E conskders that: further

weork is required to demonstrote that solatlon technigues
con be deployed to ensure that odequote solotion of a
plping system & oocomplithed in a relloble ond repeatoble
micrnes; ang the voriows technigues suilbobly volldated for the
pipe motarial, Bne size, ond process condithons oocordingly.”

“For live gos operations HSE considers that: thems o
concerms over potentiol inodeguote purges being cormried
out dus to ineMcdency of the equipment during purging
activities, The izsue of purge efficocy also extends to the
potentiol loss of purge during drilling operotions whemn

o potentiol loss of purge within the hot toppéng chamber
during driling operotions would lead to Increosed risk. Suchan
occurmencs would be considerad within the operotionol rsk
assessrment and mathod statement and suitably mitigoted
The gas network Industry hos Indicoted that further work s
being undartaken in this area”
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Identified evidence to support closume

The LTS Futures Blueprint [5], provides o methodology
for determination of whether ony remediation or
odditionol mitgation meosunes need to be taken
when repurposing a pipeline to hydrogen

The Biueprint also provides o methodology fior
determining pipeline operational limits in hydrogen
{including MOP and pressure cyde limits,/remaining
fatigue life).

LTS Futures will be complating flow rate tests on an
ex-naturol gas PRI containing typical makes,//models
of regulators, safety devices, filters ond isolotion
volves. The testing will encompass tests ot flow
rotes up to 26x those seen with notural gos,

The capacity of the existing system will be evaluated
olongside functional checks on all components at
higher flow rates with hydrogen. Nolse and vibration
during the tests will alsa be recarded.

The SIF Vielocity project is looking at erosional
velocity fimits.

The LTS Futures project successfully completed
flow Isolation on a five hydrogen pipeline using the
STATS BISEP tool Prior to deployment, o FAT was
completed to demonstrote the efficocy of the tool
before deployrnent in field, It is onticlpoted that
similor FATs would be corried out pre-deployment
for other pipe diometers, materials etc.

The LTS Futures project completed six hot taps on
hydrogen-contalning systems (four during testing
and bwo during the ive trial) successflly without
loss of punge in the hot top chamber.

A recommendation from the LTS Futures Blueprint s
to develop o gos network monogement procedune
for hot topping and flow stopping In hydrogen,

CFA Gap: Comncirsnns on t

“In relation to barrier cootings o a method for miting the
impact of hydrsgen on materal properties of higher strength
steets, HSE concludes thot, althaugh it may be fecsible to
opply o sultoble barmer cooting to the critical looations within
plpalines to reduce exposure of the substrote to hydrogen, of
present sultoble technologles have not been demonstrated
aF proven o8 desoribed Tharefore, currently thers are lmited
means of procticofly imiting the impoct of potential ydmgen
ambrittlement within gh-strength ppeline stesls”

“H5Es ossassment of the Hydrogen Reody Components studies
conciuded that the opprooch prowvided o robust meons of
ousesing ond ronking components ond matenals for suitobdiby
with Fycrogen within the limits ond scope of the study

The Following gaps and concérms remain to be oddressed,
however: Limiting the scope of the studias to T barg and

bedonw presented knowiledge gops eloting to eguipmeant oand
mictarials opemting within the higher pretsure systemns, namedy
the LTS5 and WTS, There were other programimes, Poge 70 of

194 H5E Assessmant of the evidence for 100 Percent Hydmogen
Haating. intended to determine sultobility of eguipmant items
sch of pressure regulotion, filtrotion, and meterng sidds for use
in ydregen sendce with vorioble results and, In one Instonce,
owolting commencemeant of testing”

“HSE's assessment of the Hydrogen Reody Components studies
conciuded thaot the opproach provided o robust means of
ossessing and ranking components ond matedals for sutobdity

with Fyedrosgeen within the Smits ond scope of the stody

The following gops and concerns remain to be addressed,
however: Tha sutstanding dotn submission for the
assessrnent of sealonts was of particulor concern as this
impocts o number of ossamblies ond piphng systama,
porticularty considering degrodation overtime. Further
studies on sealonts opplied to pipework screwed fittings hod
prov ided varioble results. Further testing of sealants should
e uinedlartaken fior we in hpdrogen servics and especially
with screwed fittings, The findings should be developed to
prov e oppropricte guidance on use of suitoble products
and opplicotion, including any restrictions.”

dentified evidence to support closure

LTS Futures did not include barrier coatings as part
of its scope,

An Asset Compatibility Tool (ACT) for above 7 barg
mssets has been in partnership with the
HA5E Science Division (post CFA deodline). There is
further wiork to be done to ensure this tool includes
from all installations. The ACT forms a
criticol part of the Blueprint when oisessing the
repurpasing of LTS installations to hydrogen.

LTS Futures did not include evaluation
of sealonts as port of its scope.
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"The |ustificotion for use of spring steels within o hydrogen
environment was conslderad to be dependent on the service
conditions of o particular nsset Therefore, eoch ocsset type
will nieed to be further oasessed prior (o conversion”

"Lome wied asety of aiset typed hod not perforrned well
during initial integrity testing ond following hydrogen leak
testing. Although potentially not specificolly reloted to
miateric compatibliity, this mises questions over the level of
maintenonce and inspection required for such assets for ysse
within o hydregen environment™

"The gos netwark Induwtry recognies the need to dewvelop o
manogement process that includes the condition oiessmant
of obove-ground network osssts. The developmant of KGEM
standard TD/ 22 supports this opproach for ensuring such
oisets ore mointained in an acceptable condition, being leak
tight ond compatible for apanation in hydrogen service ot the
defined process conditions. However, HSE notes that the scope
of this stondord wos limited to triols. Therefore, this stondard
micry naed to ba dewsloped to support ary wider rollout”

"The evidence from WPZE Alpha Phose reporting the risk

of failure due to vibration of intrnusive fiow elements (e.g.
thermaowells). showed o significant increose to the risk of
vibrotion-induced falure with hydrogen ot an equivalent
enargy dedivesy rote bo natursl gas. This will nesd to be
considensd in conjunction with any comversion and roll-out
strategy bosed upan the anticipated energy demond at
1000 hydrogen. If the original intrusive elemeants ore bo be
pobtentiolly re-utilised, the enengy demond would hove ta ba
rediuced by o foctor of 3 to 4 imes thot of notural gos. 11 Hha
velocity of the gos flow was 1o increose to give parity In enengy
trandition to that of notumd gas, then such devices wil lkely
requine resnginaaring ond eplocement”
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Identified evidence to support closume

An Asset Compotibllity Tood (ACT) for above T barg
oesets hos bean in partnership with the
HSE Sclence Division (post CRA deodline). The ACT
fﬂmsuwiﬂculnutnfﬂumtwhmuﬁm
the repurposing of LTS installations to

The ACT includes evaluotion of spring steels.

The LTS Futures Blueprint [5] recognizes that a
different level of mointenance and inspection may
be required for ossets repurposed from natural

gas to hydrogen,

Mote IGEM /TD/22 is for below 7 barg ossets only.

The project developed Operation and Maointenance
procedures and an Audit Inspection Plan forall
above-ground sites during the live trial. These would
need to ba exponded and updated when moving
from short-term triol to operational service.

SIF Velocity Project is ossessing thermowall/
protrusions as port of their vibration testing.

00O

8.2.3 Modifications

As per NZASP LTS Futures Direction Annax 2 [7];
Project Deliverables end additional governance on

the notification of ony project change to Ofgem, the
project notified Ofgem of changes experienced during
completion of the project. The changes listed below

on LTS Futures had no impact to completion of project
deliverables in line with Annex 2 of the project direction.

UNC dnrnguﬂm

— e

Thupmjmtmntﬂmﬂ‘mmnm 'IT-"I:I'1 ﬂﬂtuhm'i'.ﬂﬂ
requesting disapplication of S5C AT (Requirement to enter
into transportation arrangements In conformity with

the Metwork Code) [32] of 5GM's transporter licence for
complation of the project ive tricl. As the Grangemouth
to Granton pipeline wos on isoloted system thot did not
connect to any other part of the 5GH or wider GB LTS
systerm, did not supply any customenrs, and did not require
booking capacity, the UNC was not an oppropriote
commencial document for the intreduction of hydrogen,
Therefore, 5GH requested thot 55C A71should be
disapplied for the purposes of completion of the live trial

only. Ofgem provided a response on the 20th January
2023 thot this request was occepted for the project.

Project completion date extension

Annex Z: Project Deliverabies of the LTS Futures Project
direction detolled key daotes for the deliverobles. 31st
March 2025 was stated os the completion dote of the
Iive trial and 30th June 2025 for delivery of the closedown
report ond project close. Due to delays in the construction
phaose of the works for the new hydrogen supply line, the
project completed the live trial element in August of 2025,
The completion dote wos updoted to 30th June 20236 for
the closedown report and project clesure with Ofgem
recehving notificotion of this change on the th April 2025,
The armendment aliowed for data processing and review
following the completion of the trial, The extension to
the completion of the project falls within the year gratls
for research ond development projects: however, formal
notification was still given to Ofgem.

Subsequent to the above notificotion, LTS Futunes

informed Ofgerm on 10th April 2026 of remaining testing
activities thot would exceed the June 2026 dote due to
delays outside of 5GN control, These activities included:

» Qutstonding small-scale material testing,
= Pressure reduction instoliation testing.

iOfgem have been notified thot delays will not caouse
ary additicnal cost and remdain aligned with orginal
direction deliverables. Discontinuing the testing element
on 30th June 2026 would risk o missed opportunity o
cloge current Industry gops. These programmes ame to
be completed by the end of 2026. Ofgem approved the
extension to the project timescales on 13th May 2026.

Burst and Futlguu Tuﬂng Oxlde Layer Removal

.lpmjt:t d!ungifu:-l:lﬂ:ﬂmn was wbml'l:tﬂdmﬂﬂgm
detailing change in Work Pockage 2: Burst and Fatigue
testing within Elament 3-Offsite testing of the project.
Ciche layer formation within veszels plonned for burst
testing during fobrication could ¥y impocting
hydrogen permeation into the pipe woll steel. meaning
the test may not represent o worst-cose scenarko. As o
result, o test change was propoded to Ofgem including
heating of vessels in order to break down the oxide layer
within the vessel, it was decided for the work pockoge
to heat vessals for up to 96 hours (4 days) ot 100°C

to promote breakdown of the oxide layer an allow

hydrogen to permeate into the pipe woll

PRI Testing

As detailed within the LTS Futunes HIASPW
submission document [4], PRI operability and
functionality assessments were to be completed to
wnderstand if a representative PRI can be repurpased to
mydrogen under varied hydrogen flow rotes and pressures
The project encountered chalfenges with completion

of the work packoge due to costs for purchose of

a comprassor. The project implemented a robust
procurement process for compressor purchase; however,
costs exceeded the budget. PRI testing with a compressor
element would not be value for money or in the best
interest of customers and therefore an alternative plan
wias implemented that would still meet deliverables sat
out within the LTS Futures Direction [7].
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9. Overall Deliverables Conclusion

The LTS Futures Project has
successfully delivered a first-of-a-
kind programme that provides a
robust and credible evidence base
for the repurposing of Great Britain’s
Local Transmission System (LTS) for
hydrogen. Through the integration
of laboratory and full-scale testing,
and a live demonstration on the
Grangemouth to Granton pipeline,
the project has addressed critical
technical, safety and operational
uncertainties and demonstrated
that existing LTS pipelines and
installations could be safely and
effectively repurposed for hydrogen
service under defined conditions.

The project achieved all of its core objectives, inciuding
the sofe and successful repurposing and operation

of a 30 km pipeline. The trial incorporated purging,
commissioning, pressurisation, and compiex hot works
including welding, hot tapping, and flow stopping.

This was delivered following the development of a
comprehensive safety, regulatory, and commerciol
framework. Extensive testing programmes have
genemted new evidence on material performonce, defect
behaviour, fatigue, ond operabllity, while new procedures,
training, and emergency response arrangements have
demonstrated that hydrogen networks can be operated
safely by upskilled existing personnel. All Ofgem approved
deliverables under Annex 2 [7] have been successfully
delivered, with structured stoge gotes ensuring

that progression only occurred when proportionate,
independently assured evidence was in ploce.
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The LTS Futures Project has therefore met its NZASP
objectives and provided enduring value through
evidence, learning ond a useable Blueprint for future
hydrogen network transition.

Overoll LTS Futures can be considered o strong

success, The programme not onfy met its intended
deliverables but exceeded them by substantiolly reducing
uncertainty for future hydrogen deployment through

a structured, evidence-led approach. The use of goted
governance, independent technicol assurance ond close
colicboration with regulators ond industry ensured that
risks were well manoged and thaot outputs are credible,
tronsferable, and aligned with national requirements.
The project also demonstrated thot repurposing existing
infrastructure offers a dear value-for-money proposition,
with significantly lower cost and carbon impact than full
network replacement.

A key legacy of the project is the LTS Futures Blueprint [S],
which provides a scalable and repeatable methodology
for uproting and repurposing LTS pipelines ond instoliations
across the GB network, The Blueprint brings together
technical evidence, engineering requirements and safety
principies into o coherent framework thot could be applied
nationally. It directly oddresses requiatory evidence
needs, supports the evolution of Industry standords and
provides o procticad pathway for network operotors Lo
progress hydrogen conversion with confidence. As such,

it represents a critical piece of evidence to enable future
decision-making ond investment.

In conciusion, LTS Futures has provided evidence showing
the potentic! capability and confidence for hydrogen
transmizsion in Great Britain, It hos shown thot repurposing
the LTS is technicaly fecsible, operationally safe end
economically advantogeous, while the Blueprint [5)
provides o clear and actionable route for future
deployment. Together, these outputs meaningfully de-risk
future investment and policy decisions and position

the LTS as a central encbiler of the UK’s transition to

a low-carbon energy system,
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10. Key Learning Documents

For more information on the LTS Futures Project and
progress throughout the project years, please visit the
LTS Futures website. The website provides detail on project
life, enabling works on the Grangemouth to Granton
pipeline, full-scale and lab-scale testing and completion
of our UK first live tricl including live welding. You can also

find a collection of blogs and videos from the project
team detailing an overview of these project elements.

Click here for more.

You can also find further information on the project through SGN's yearly
inmovation reports by visiting the SGN website, and following direction to reports
and publications for an annual innovation summary for the duration of the project.

https: //www.sgn.couk/reports-publications

Innovation annual summary 2021/2022

https: //www.sgn.couk/sites/defoult/files/media-entities/documents/2022-09 /SGN-
NIA-Annual-Summary-2021-22 pdf

Innovation annual summary 2022/2023
https: /www.agn.couk/sites/defavit/files/medio-entities/documents/2023-00/
SGN_NIA_ Annual Summary Report 2023 FINAL pdf

Innovation annual summary 2023/2024

Mtpt [/wwwsgn.couk/sites/defoult/files/media-entities/documents/2024-07/
SGNInnovationAnnualSummory2023-24.pdf

Innovation annual summary 2024 /2025

https: //www.sgn.couk/sites/defoult/files/media-entities/documents /2025-07/
innovationannualreport2025 pdf
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11. Data Access Details

e

For further information, details of
research testing, completion of the
live trial or Blueprint, please contact
the LTS Futures email address:

LTSFutures@sgn.co.uk

Interested parties may request
information from the project;
however, we reserve the right
to redact information of a
commercially sensitive nature.

12. Contact Details

E=0

[3

For further information on the
project and access to project
learning, please getin touch
with the project team:

LTSFutures@sgn.co.uk
0800 9121700
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Axis House

5 Lonehead Drive
Newbridge
Edinburgh

EH28 8TG.
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13. Abbreviations

ACT - Aszet Compotitiity Tool

AL — AURNONSNG BN

AGls - atove ground instoiations

ALARP - o4 low o recsonably octicotia

AR = Arnencon Petroleun netute

ASME - Amencon Sockety of Mechanical Engineens

8CB - Boselne Change Boord

BCR - Boseine Change Recuest

BES - Department 1or Busngss, Enendy & InAustnal Stotegy

DIK ~ Detwefit &y W

CCUS - cammon coplum utilsction ong SE0000 5 - intringcolly safe

COM - Construction Detign ond Manogemant NoR - Independent Verficonon of Readness
CFA - Comprehensive Formal Assessment LA - Locol Authority

Cf5 - Cose for Safety LEL - lower explosve it

CPS - Close interva Potental Survey LMS ~ Leoming System

CLP~Cwoniig

CMOD ~ Crock Mouth Opening Desxocement

COMAH - Contidl of Major ACCKienh Husonds

CP - cothodic potoction

CP ~ Compatant pason

DCPD ~ Direct Curment Fotertic Drog

DM - Gimetny Suicice

B - now tiond

DOC — heolh of Cover

NOY ~ Network Block Volve

DSEAR ~ Dongeus Substonces ond Explcsive Amospihwres Regulotions

NDT ~ Nonr-gestructive Testing

E& - Blactrnical ond Fstrurmantotion

NEA - Notwork Entry Agreerment

EAC ~ Estirnate ot Completion

NEP - Notwort Entry Fort

ECU - Ermironmentol Consants Unit

NGT -~ Nationa Gas Transmission

EM - Ervronmental Impoct Assesement

MMIA - The Notioran Hydrogen Safety Ase sement

ENA - Energy Nebworks Associobion

MIA - Metrors InncvGiion Alloworee

EPRG - EUipeon Pipeine REsecrch Group

NOR — HeTmOrK Dpananoen R

PAT - FOOry ACCRgROnCe st

NPV - Toot Prosert Voion

FCGR - Fatigue Crock Growth Rote

NEIB - Notwors Sofety ond Impacts 8ood

FCO -~ finl col opentive

NRO ~ Non-moutine Opemtions

FOE - Futre of Eneray

NRV - non-metum vohes

FPS - Fordas Fpaine

FPS - Forses ipeiine System =
OB LTS - Great Britcins Locol Tionemisson Syser

GCC ~ (a8 contiol centre

OCC ~ Opestiond Control Centre

OON - Gon Datrinution Network

OD « Outir O eter

GS(MR — Gon Sofety (Morogement) Reguotion:

OM - Cptical Mcrascopy

OW — Girth Weld

PERO — Pipwiino Frergoncy Resporse Oficer

HAR - Hychiogen Alccotion Sound

PHSER - Project Haolth Sofety Ervironmentol Review

HAZ ~ Heat affected rone

MDD - Perireter Intrusion Detection

HAZCON - Hazords in Construction Study

ME - Pioeiie integrty Enginsen

HAZIO - Harard ‘Gentification

PM - Porert matesal
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13. Abbreviations (continued)

PHP - Froject Pon
PPE _ Perioral Prot the Equament
= porty e milon

ATU - et Dty unit

BT = gie oooepirnoe best g
SCADA - Spsrasndy Contmd ang Dt A cud dnen
SEM - Seonning Electron Micoacops

SEMB - Sngls Boge Mot B

FENT - Factchied Tenwon

= Sremdad Mol AT Welding

S - Gubgect miatter eperts
SMLS - saairies

ST - Swir? Manogement oo

SOL = 55t cptiméation lsod

SSRT - Siow Simin Rote Tensis

mn—m.uwwmm

W = upOrm wgd

Tl — Techniod Authority Leved

THM - Tetm Bun Marcapinng

TCP - Towwn and

TGP GPDG - Town and Country Panning Geneml Pemitted Developrment Crder

T = Theera! clorse onil

i - Tungziten inért ai

TRS, - Trongrrission Bpchctson SEtian
UREHPA — Linfed Kingaom Onshione Pipeiine Dpenaton” Associotion

URHE = Linitoimn Mlistwork Code

UT - LitTosoni: testing

Wi~ work iFsdriection

'WhoE - Wiitien Schesme of Eagminggion

WT = ol Ehulcimasiz
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15. Meet the team

Nancy Thomson
Project Director

Craig Henderson
Construction Project Manager

Nancy has led the LTS Futures project from its inception in 2020
through to its realisation ond completion in 2026, With over 17
years' experience in pipeline integrity, working on onshore and
offshore high-pressure pipeines, he has supported ond guided
her teom to oword-winning success. The project has ochieved all
s kay delverables, on time and on budget, and shown how the
gas natworks could play a role in net rero through repumaosing
the LTS to hydrogen,

£

|
Gemma Simpson

Live Trial Operations Manager/Project Director
(matemity cover)/Research and development PM

With 13 yeors” axperionce in consultoncy, testing and reseorchin
the energy secter, Gamma provided technicol expertise ocross

all elements of the project This included resecrch programmes,
enobling works, design development ond HAZOP, production of the
Case for Sofety ond safety dossier. She developed ond delvered
training for triol personnel and provided expent technécol support
for amergency response. She was respensidle forthe design,
peocacuires. ond saxfe delvary of all lve tricl operations from porging
ond commissioning through to weldng and depressurisation.

| 8
Steven Howells
Project Manager

As Project Construction Monager with over 20 years

of experdence in the oll and gas industry, Croig was responsible
for the delivery of ol mojor works octivities to focilitate the
Live Tricl. This ncluded encbling works, the construction of the
first pipeline Lo the IGEM/TD/1 Supplement 2 and supporting
AGls. Crolg liolsed with INEOS, project designers ond managed
contmactorn and suppliers to ensure that the pecject couldd be
carried out safely, to budget, ond on time.

Courtney West
Project Manager

Courtney has been o mambaer of the project team from the
development of the bid through its submission in 2021 and
oword of fundng in 2022 His main responsibilities included

of the design of the naw hydrogen supply pipeline
and ossociated AGl's and the interfoce with hydrogen producers
INECS. Courtney monaged commexcicl controcting ond
engineering assuance activities between INEOS and SGN for
provision of hydrogen for the pumpaoses of the live trial

4

Max Kornoka
Research and Development Project Manager

Steve hos over 25 years of axperience in o voriety of transmission
engineering roles ocross Network Planning, Maintanance ond
Integrity Management. His role as overall project manoger
volved the development ond moenitoring of the project
schadule, risk and issue tracking, change control ond regulatory
ond internal compilonce. including t of Change
Steve also fulfilled the role of Network Controlier for live triol

opertions.
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Max has o bockground In offshore oll & gas ond renewobles
maoterial development and tasting, As part of the LTS Futures
Team, Max was responsible for the design ond delivery of small-
and full-scole test programimes. In preparction for the bve tricl, he
manoged the dewelopmant and creotion of proven operational
procedures for welkding ond hot topping of hydrogen pipelines
which were used during the live tricl. Max has

delivered the LTS Futures Blueprint ensuring oll

ond Borming generated during the project wos incorporoted,
providing industry-wide guidonce for repurposing pipelines.

C0©

Sophie Blodon
Project Engineer

Temitayo Sclanke
Project Engineer

Sophie has o MEng in Chemical Engineering with oll and gos
technology and has supportad the project from its oward of
funding in 2022. She hascontributed to the development of the
Cose for Safety ond safety dossier as well as intemal policies ond
procedures to support the safe and succemsful delivery of the trial,
Sophie collaborated with controctors to ensure flow modeling wos
corried out for triol operations. She supported with the selection,
procurement ond distribution of spedialist equipment for personnel
and during the live tricl ensured that essentiol dato was coptured
for futumn anolysis

1 5y

Craig Keating
Construction Project Engineer

With expertise in pipe ftting, hydrotesting, ond fobrication, Craig
manoged the construction of the LTS Futures hydrogen supoly
pipeine He ersured thot the exocting requirements for this critical
infrostructure met the highest quality standards and anabled the
provision of hydrogen for the live triol

Bernadette Ignatios
Project Analyst

Bernadette hos supported the LTS Futures Project with
odministrative ond finenciol tasks including project purchase
order manogement ond order trocking. She supported with
records colation for troining ond issuing specialst sguipment for
tha tricl s port of the IVoR process ond for mouting operations
during the tric

Since Joining the LTS Futures team, Temitoyo has supported with
the delivery of the smol- ond ful-scole test programs. Temitayo
deliversd the equipment selection methodology, ersuring that
equipment procured for the Ive tricl was suitable for its Intended
use During the live tid he supported hotworks operations and
manoged the gas sampling programme ond onsite onalysis by an
external provider, He 050 supports on-going NIA projects which will
dovelop further the understanding of hydrogen permeation ond the
poramaters which offect this.
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16. Acknowledgements

The LTS Futures team would like to express their thanks
to all the companies and individuals who supported
the project and contributed to its success.

G
Advanc’e"

Group UK Ltd

INEQS

Advance were selected as the main

works contractor for completion of the LTS
Futures enabling works, construction of the
hydrogen supply pipeline, fabrication and
installation of the entry unit, Newton byposs
and Granton site. Sonae (subcontractor)
provided electrical and instrumentation
installation across all sites.

Bell
Ingram

INEOS located in Grangemouth were a
critical partner in the delivery of hydrogen
for the live trial. INEOS constructed
hydrogen pipework to supply hydrogen

to the trial through the supply pipeline
and the entry unit was located within

the INEOS FPS site.

OPIE

Bell Ingram provided the project with
critical landowner support throughout
its duration. Bell Ingram supported on
land access requirements and ensured
landowners were updated with the
project plans.

[—
DNV

DNV provided services primarily in the
delivery of the full-scale testing and
research programme and facilitoting
off-site acceptance testing for operctions
which were conducted during the

live trial. DNV also provided training
packages for operational personnel and
independent appraisal of design packages.
In collaboration with STATS, DNV installed

a grouted tee during the live trial.
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PIE acted os the main expert technical service
provider for the LTS Futures Project providing
specialist engineering support across cll
elements of the project. They supported
delivery of enabling works, design and
equipment selection. PIE developed the Case
for Safety and supported with development
and delivery of training for the Live Trial.
They provided onsite practical support

for FATs and the Live Trial operations. PIE
provided technical oversight of the research
programmes and ensured all knowledge
generated was incorporated into the Elueprint
for repurposing LTS assets to hydrogen.

@ Premtech

Premtech were the project’s principal
designer. Premtech successfully
designed the hydrogen supply pipeline
and associated network entry facility
(Grangemouth), pressure control facility
(Newton), and flare facility (Granton).

C0©

ROSEN

Rosen provided expert welding support
throughout the development and
execution of the hydrogen welding
procedures. This included onsite

support and independent weld inspection
throughout the testing and research
programme, attendance at FATSs,

and onsite support during the live trial.

RSK

RSK provided environmental support with
the EIA screening assessments required due
to project construction activities, including
several watching briefs and supported

with Local Authority applications to

ensure environmental compliance.

5 STATS GROUP

Stats carried out drilling of a grouted tee
and deployed the BISEP tool during the live
trial achieving a 100% seal in hydrogen.
Flow stopping was a critical element to
test for the project under hydrogen service.

T.D. Williamson carried out live welding of
a split tee welded to the Grangemouth to
Granton pipeline in addition to drilling and
installing a completion plug. This operation
was a UK first under flowing hydrogen
conditions.

The
R Welding
S Institute

TWI completed a suite of lab-scale tests in
hydrogen and air to provide comparative
data sets to improve understanding of the
compatibility of LTS in hydrogen service.

ZEECO

Zeeco were selected as flare supplier

for the Granton site. Zeeco provided the
project with a 15 m high enclosed flare
stack to ensure minimal disruption within
the Granton region. Zeeco also supplied
the project with a temporary flare stack
at Newton and provided onsite training
and support for commissioning.
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16.1 Further Acknowledgements 16.1 Further Acknowledgements (continued)

Addleshaw and Goddard LLP Flow and Process Solutions Ltd Pier Solutions Ltd

Adept Flowhire Ld Pipesource UK Lid

Allsaved Ltd Forsyth of Denny Ltd Police Scotiand

Altrad Bobcock Ltd GAP Group Ltd Projen Ltd

Apex Coating Services Ltd GCM Services Ltd R&R Corrosion Lid

Applus UK Ltd GFSA Ltd Radius Plus Ltd

AR Vaolve Resources Ltd GRAMFAB Ltd RB Geomatics Ltd

Astute Scotland Ltd HEB Sensors Ltd Riggall & Associated Limited
AS-Utilities Scotlond Ltd HSE RMA pipeline equipment Ltd
Bartec Hydrotechnik UK Test Engineering Ltd Robinson Brothers Lid
Borton Firtop Engineering Co Ltd IACS Ltd a . Safer Scotiand Ltd

Bouer Rodio Lid ID Verdie UK itd Scottish Ambulance Service
Blackwater Ltd Inspection Eccose Ltd Scottish Fire and Rescue
Brightwell Systems Ltd Instromec Ltd SEPA

Cathodic Protection Ltd Kinder Janes Ltd Simplify Ltd

Ceras Energy Ltd LEWA Ltd Specialized Signs Limited
City of Edinburgh Council LFF Scotland Ltd Steer Energy
Computacenter UK Ltd Luddon Construction Ltd Swagelok

Core Cut Ltd Malcolm Hughes Lond Surveyors Lid sweeney Droinoge

Costain Litd Marsh Lid Teemans Ltd

Crown Engineering Services Ltd Mokveld Ltd Teledyne Gas Measurement Instruments Ltd
cT Cnnsl:m:ﬂnﬁ-td Maotural Gas Solutions Ltd TF Jackson Ltd

Dave Lander Consulting Ltd NHS Forth Valley Thinking Hat Media Ltd
Davidson and Robertsan Ltd MHS Lothian VX1 Power Ltd

Dentons UK Ltd Michols Group Ltd West Lothion Council
Department of Energy Security ond Net Zero (DESNZ)  Northern Divers Ltd WA Pinfald Ltd

Dresser Ltd Hurture Laondscapes Ltd W3SG Energy Services Ltd
East of Scotland Reglonal Resilience Partnership Ofgemn

Elernent Ltd Oliver Vialves Ltd

Emerson Electric UK Ltd

PCE Process Control Equipment Scotiand Ltd

Falkirk Counch

Pellocraft Ltd

166 SGN Closune Report 2026

S5GH Closure Report 2026








