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A worldwide footprint to support a variety of customers everywhere

Northern Europe
& North Sea

- Evanton, Scotland
- Stavanger, Norway

Think global

act local
Corporate HQ

Welding Technology

Centre, Paris, France SERIMAX

is an international
Houston, USA field weIding
expert and equipment
development
company.

Europe, Middle [ S— Asia Pacific
- East, Africa, CIS
South America ' - Kuala Lumpur, Malaysia
; F i o ity [T, [AEED Pasir Gudang, Malaysia
Rio de Janeiro, Brazil . Villers-Cotteréts, France o y
) - Perth, Australia

+ Moscow, Russia Beiiing. China
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+ Atyrau, Kazakhstan LR
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On extended market domains to contribute to energy transitions

OIL& GAS / PETROCHEMICAL LOW CARBON
INDUSTRIES INDUSTRIES

Fabrication /
Deep-sea-structures

Pipping /
LNG / FPSO

Offshore /
Subsea Pipelines

Refinery / Process
Plants / Petrochemicals

-
i

Onshore /
Landines

il

Pipe Mills /
Piling

|

WaterLine

=

Wind Farms

Power / Nuclear /
Geo / Therma

L

O 000

Other Industries

Leading the development of
- innovative technologies
- Know how

To deliver fit for purpose welds of
the most demanding materials
since 1976.
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Designed by
Welders for
Welders

Genuine we will adapt
: or upgrade any
Field Joint Coating O solutions O Pipe Preparation item of equipment
. and services for your needs
or specific project
at every stens requirements.
of the project”
Integrity Management O O Clamping, Ali
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Serimax People

+ 62 IWE

+ Multiple technicians
expert dispatch
worldwide

A\

e adl

& : > A Our personnel allow
MULTIPLE LEVEL OF EXPERTISE 7]/24H us to support our
partner anytime,
anywhere
B B = = = 2 aa
IWE WELDERS TECHNICIANS
FRANCE - MALAYSIA-UK-USA FRANCE - UK — UKRAINE-USA-MALAYSIA FRANCE - MALAYSIA-USA-UK-BRAZIL
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SERIMAK MARKET: 0il & Gas - Pipeline

B\ _ Expertise in fu!ly
1@ integrated welding,
3 B . = ; fabrication, engineering,
i > = o g technology, field joint
coating, nuclear,

LANDLINE m SHALLOW WATER DEEP WATER

e

inspection, training,
research & development
and full project
management services.

O High Speed Spread O FPSO O Flowline O Risers (deep S/J/R-Lay)
(O Hilly/SWAMP Spread (O Refineries and Terminals (O Trunkline Q) Spoolbase

(O Premium (CRA, Internal (O Fabrication (manual
Coating) welding

Operating in the most extreme conditions and challenging environments, we support
these market sectors in all welding applications.

O serimaxina snapshop ‘ Serimax market (O Serimax services O serimax Equipments Fleet SERImaX 6




SERIMAX MARKET: Oil & Gas - Subsea Structure Fabrication

Subsea Fabrication needs: Jumpers, Manifolds, Risers, Recovery Heads, PLEMs, PLETs, Spools, Gooseneck,
Pig Launcher, Tailor-made Structures etc.

Cost / Resource

High Standards of HSEQS Successful
Local Content & Competitiveness < Project
: : Delivery
Expertise from Experience Scope / Schedule /
Quality Time

O Serimax in a snapshop . Serimax market O Serimax services O Serimax Equipments Fleet

AR

Reliable partner

to deliver on schedule,
desired quality
meeting required
welding specifications.

Specialized in high-end
fabrication engineering
for complex &
challenging structures
demanding stringent
quality, dimensional
control criteria.
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SERIMAK MARKET: LOW CARBON AND RENEWABLES

G

WIND TURBINE

i

WATER PIPELINE &
UTILITIES

(O Saturnax 01 is the must (O Mechanized welding
solution for your wind towers through our STX01 m-GSFCAW
projects. bug

(O Offshore (floating) (O Welding in the most

& Onshore Wind Turbine challenging environment

(O WPS development and (OCovers large variety of
qualification diameters up to 100"

(O Automated Technology (O Fully mechanized welding
O Digital solutions to drastically

increase productivity

Expertise in fully
integrated welding,
fabrication, engineering,
technology, field joint
coating, inspection,
training, research &

development and full
project management
services.

Since 1976, Serimax has been
synonymous with leading welding
technology innovation and
performance
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Hydrogen pipelines : Former operational experiences

Main operators (90% of total length) by order of importance
are: Air Liquide / Air Products / Praxair / Linde. USA and USA : 2,600 km u
Europe represent more than 90% of total length.
Rest of World : 340 km.

Exhaustive experiences with (industrial) hydrogen pipelines

However mainly static ONSHORE with low utilization level
due to high safety factors.

Few failures reported, root cause however in none of the
cases due to hydrogen (fabrication defects, corrosion,...)

But with new designs, installation methods leads to push
forward the safety factors requiring to characterize the
-, Materials properties exposed / charged in hydrogen
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But new pipeline needs will requires new design factors & criteria

Demonstration: 300-500 MW wind farm
Lorge-scale implementation 10-12 GW

Wind farm

Natural gas extraction
on electrified platform

A Separation system

Pipeline

Hydrogen storage

N Hydrogen

n Electricity
f‘;g:‘ B Natural gas-hydrogen
K mixture

Threat example

Elastic loading from gas pressure
and external factors

Ground movement Strains;
Localised extreme loading

Third party damage

Fracture tolerance from pre-
existing fabrication flaws
(“workmanship criteria’)

Fast running fractures

Fatigue resistance

Generic
property
required

Strength

Ductility

Toughness

Toughness

Impact
toughness

Fatigue crack
growth law

Tensile

Specific Properties

Yield stress (YS); Ultimate tensile
stress (UTS)

Elongation; YS/UTS ratio

Charpy impact energy; CTOD/K,.
fracture toughness

Charpy impact energy; CTOD/K.
fracture toughness

Drop weight tear test (DWTT)
energy and high % shear fracture;
Charpy energy

Drop.weight
teantest

Fatigue threshold AK; Fatigue
crack growth rate
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Hydrogen effects on steels

c HYDROGEN EMBRITTLEMENT (HE)

HE, also hydrogen induced stress corrosion cracking
(HISSC) describes degradation of material in the
presence of hydrogen under load e

e R s M| e o

Strength

HE detrimentally affects:

= Rupture ductility (reduction of area, elongation to
failure,..)

» Fracture toughness
= Fatigue crack propagation rate

Fracture toughness

Embrittled material can fail prematurely after many =T
years of service

o
)

, EMBRITTLEMENT: MAIN SAFETY CONCERN FOR COMPONENTS IN H, SERVICE

Some effect Test unlikely to differentiate between H,
and inert atmosphere/Ltd data.

Yield (0.2% or 0.5% proofstress)

Ultimate tensile strength (UTS)

YS/UTS ratio (Y/T)

Young’s Modulus (E)

Poisson’s ratio (V)

Elongation (Total)

Elongation (Uniform)

Charpy impact energy

Specific transition temperature (T27J, T40))

Drop weight tear test (DWTT) e.g. temperature for

85% shear fracture appearance
K/J/CTOD initiation fracture toughness

J/CTOD ductile tearing resistance

Limited effect

Limited effect
Limited effect

|;s
COp LY

Limited effect

Limited data and effect/ high strain rate

Limited data and effect/ high strain rate

No data found on DWTT, but possibly limited effect due to high strain
rate

Some reduction

Fatigue threshold stress intensity factor range (AKth) Slight reduction in some cases, limited effectin many cases

Fatigue Crack growth rate
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» Strength/hardness
» Alloy composition

» Surface condition (flaws,
imperfections)

» Microstructure (heat-treatment,
welding...)

INFLUENCING FACTO

» Hydrogen partial pressure
»  Temperature
» Gas composition and purity

» Loading rate
» Load cycle frequency
» Geometry

Environmen

~ H, COMPATIBILITY OF MATERIALS MUST BE VALIDATED FOR SPECIFIC CONDITIONS
seleaxs




Hydrogen : Overview on technical codes and standards

American Society of Mechanical

= ASME B31.12 Hydrogen Piping and Pipelines

= ASME BPV Code section VIII Division 3 KD-10: Vessels in High Pressure H,
e Design method using fracture and fatigue properties measured in gaseous hydrogen
e Specific to low-strength steels for vessels with high-pressure
e Also adopted for piping and pipelines in ASME B31.12

European Industrial Gases Association
= IGC Doc 121/04/E Hydrogen Transportation Pipelines

German Association of Gas

= Technisches Merkblatt DVGW G409: Conversion of high-pressure gas pipelines made of steel pipes
for a design pressure of more than 16 bar for the transport of hydrogen

= Arbeitsblatt DVGW G 463: High-pressure gas pipelines made of steel pipes for a design pressure of
more than 16 bar; planning and construction
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Hydrogen : Overview on technical codes and standards (In Progress)

EN Standards

= EN 1594: Gas infrastructure - Pipelines for maximum operating pressure over 16 bar EN 13480:
Metallic industrial piping

Det Norske Veritas (DNV)
= H2PIPE JIP - Design and operation of hydrogen pipelines

American Petroleum Industry (API)
= Workover of API 5L, possibly developing an annex dedicated to hydrogen service

SeRIMmaXx




H? pipeline welding 2 -> ASME B31.12 Hydrogen Piping and Pipelines

General requirements
= ASME B31.12 : mainly developed for onshore applications and the focus for the code is burst limit.

= The general requirements (GR) section covers materials, brazing, welding, heat treating, forming,
testing, inspection, examination, operating, and maintenance.

Weld Accept criteria

Codes :

e in ASME B31.12 2019 version, only refers to API 1104.
= NDT :

e The Code Case (Case 186) specified in the 2014 versions for use of alternative ultrasonic testing
has been removed in the 2019 revision.

Defect sizes
e The Case 186 allowed an acceptance for t< 25 mm of a/t< 0.143 and length < 6.4 mm

e Only allow a bit larger flaw height for the thinnest part of the pipe with wall thickness 26.8 mm :
3.4 mm compared to 3 mm in height, however, the length is more stringent with max. 6.4 mm.

e As for a pipeline steel the toughness decreases the allowable weld flaw sizes decreases (divided by
2/3 for X80 e.g. the decrease in allowable weld flaw acceptance criteria can have a huge cost
effect on new builts

SeRimaX 15




H? pipeline welding ? - ASME B31.12 Hydrogen Piping and Pipelines

PWHT - Post weld heat treatment

Another topic which is not addressed to a large extent in the reviewed papers are the general

requirements to carry out post weld heat treatment (PWHT) for wall thicknesses>20 mm with
reference to Table GR-3.6.1-1 in ASME B31.12 /3/.

Hence the influence of residual stresses with respect to hydrogen embrittlement and how they should
be treated in a fracture mechanics perspective should be further studied.

Hardness

The hardness requirement in ASME B31.12 /3/ limits the hardness to 235 HV10 for carbon steel (ref.
Table GR-3.10-1 in ASME B31.12 /3/).

This requirement can be challenging to fulfil for e.g. high strength welded pipelines.

None of the papers evaluated are addressing the hardness limitation set by ASME B31.12 /3/ and it is
considered necessary to evaluate the effect of a possible increase in hardness with respect to
hydrogen embrittlement.
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H? pipeline welding ? - ASME B31.12 preliminary conclusions

ASME B31.12 targets only low strength, heavy gauge steel pipe for the transportation of pure
hydrogen and could be suitable for landline application

Knowledge of the mechanisms of failure under H2 is essential to overcome the challenges
associated with the use of rigid carbon steel pipe systems either in the subsea environment
or for high pressure transportation landline pipeline

Several studies of the influence of hydrogen on the fatigue and fracture properties of medium
and high strength carbon and low alloy steel pipes and welds, particularly both in pure
hydrogen and inhibited with oxygen and/or carbon monoxide are ongoing

Among other things, it is necessary to understand the rate of fatigue crack propagation (as
shown in the example below), toughness and mechanical performance in the presence of
hydrogen.
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Hydrogen Embrittiement : Sour service Line Pipe Grades

Sour service O&G project helped to develop

» Line pipe steel grades with optimized chemistries, microstructure...
= Full set of and set of welding & NDT techniques with

e associated acceptance criteria

e capable to withstand extreme hydrogen charging

e superimposed with high mechanical loads

]
1
25Cr, 22Cr Duplex :
. <
NACE MRO0175 chart \ - 25Cr 50Ni
10°— s
0,0145 0,145 145 14,5 145 —_ :
6.5 | 2 3 [
; ﬁ 2 103 : 20Cr, 35Ni, 25Cr, 35Ni
1 7% ]
pPH s 3 Mild Sour 32— 13cr "
Service O . SM -2025
55 [— PRSP i 5 ' 20Cr 25Ni
Service o 10— ’
2 2) 2
@ 58
45 | @ Conventional
’ ,—\, s C-Mn Steels Sour
! E 1077 Resistant Recently Developed C-Mn Steels
. e a C-Mn Steels
5 ! Sour-service Qualification 102 acE s
R : >
Severe Sour / Testing 103 0.05psi| | | | | | |
3 Service [} 102 1071 ] 10 102 103 104
29 ‘ Partial Pressure of H,S (psia)

0,001 0,01 0,1 1 10

ppH,S (Bar)
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Welding solutions are well known and already operational

Carbon steel
= ML : Narrow gap mechanised single and dual torch GMAW/PGMAW / STT
= Tie-Ins : Manual - Low hydrogen SMAW or GTAW
= Thin welding layer with proper inter-passes reheating
= No PWHT
= May be possibly be required :

¢ Pipe end measurement to minimise HilLo

e Internal video and profiling inspection

CRA material
= Narrow gap mechanised single PGMAW and STT
= Tie-Ins : Manual - GTAW
= Are required
e Pipe end measurement = Cleverscan
e BacK-purging = Roxane
e Video inspection and profiling = Scanvision
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Gonclusions & Perspectives

Industrial gas industry can look back on decades of positive experience in hydrogen
production, transport and storage, however, applying very conservative design approach
with high safety factors and low utilization level

Steel in contact with hydrogen may experience hydrogen embrittlement, reflected in
reduction of rupture ductility, notched tensile strength, fracture toughness and increase
in fatigue crack growth rate

Use of sour-service line pipe steel grades combined to field sour service welding
techniques will most probably withstand to harsh HE conditions & may be the key to
mitigate the risks associated with hydrogen service

There are existing technical codes and standards on design and construction of
pressure equipment in hydrogen service but none are currently covering the subsea
needs

Significant Progress in understanding materials properties in High P H2 Remaining
challenges to be mastered in the view of rising H2 economy
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SeRIMaX
- THANK YOU FOR YOUR ATTENTION

Questions ?
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