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5  Source: "Hydrogen Embrittlement of Steel." [Online] Accessed March, 4th.2024
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Table 1 - Strengths and weaknesses of pipeline reassignment alternatives.

Reassignment
alternative

Strengths

Weaknesses

Pipelines without
modifications

Coating

Inhibitors (Oz, CO,
S0z)

Pipe-in-pipe

Few modifications are required

Limited material fracturing under
static load [17]

Specific protection layer against Hz
embrittlement [19]

Developed industrial processes on
metal surfaces [25, 26]

Limited modifications are required

Protection layer undermining
hydrogen permeation [19, 27, 36]

Combined benefits from inner and
outer pipeline [20, 33]

Increased material degradation [10]

No known on-site coating procedures

Excavation of pipelines probably required

Toxicity and security risks [19]

Purity requirements of hydrogen
processing and fuel cells [29-32]

Required additional material [33-35]

Excavation of pipelines probably required

Source: U.S. Department of Transportation, Pipeline and hazardous Materials Safety Administration;

Pipeline material (%)

A"NINA ApI' Nt D710 nNax Ixn % > ,Ta NNAY naan Mnin

100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

|YJ'YJ'7 N20IN NMIX Nian NIV'YI NMIX N1anN "Inin

Transmission

Gathering

Distribution
mains

Distribution
service

Others

B Composite

W Copper
Plastic

W Cast/Wrought
iron

Bare steel

B Coated Steel



nn'"pe N'pn

T2 NMX [NONY? 0'7'2in DN

EXISTING CODE NATIONALITY HYDROGEN MATERIALS ASME B31.12 : 10 n' 07200 12 NNAX PNY7 7amn [pnn

(ONSHORE TRANSMISSION PIPELINES) ALLOWED FLUID? REQUIREMENTS
DEFINED? N79NY NDYAN T2 NNIXYY NIWAT 2V 001N AT 70 oY 2'Wan
H2S 1 n'mhoia n¥nin

BSI PD 8010-1 Pipeline systems - Part 1 United Kingdom Yes No
Code of Practice, Steel pipelines on land
'NIN ,INM 9N NI'WRY wn?  nmmnn niwnT? am at AT

ASME B31.8 Gas transmission and United States No No Wau Yy T‘I|7I'7I"II D710 NNIXYA VINAY nwp
distribution piping systems

ASME B31.12 Hydrogen piping and United States Yes, 10-100% hydrogen Yes nm 7922 n1>19 1212107 nnanon 771> X7 ASME B31.12
pipelines
_ NYj ,NIAx DINA YIX W' .NdNNY 1TIN X7 mxy7wd H2 nm
EN 14164 Petroleum and natural gas European Committee for Yes No .N571I7 MMI¥A V'T .NNI¥A NNIAA AN NINYNA IX ,Nwn
industries pipeline transportation systems Standardization (CEN)
NEN 3650/51 The Netherlands Yes No D'7wd 7y IMySwl MM 7w 21790 nNanon NX yiap7 awn
.0M"PN D"71IV9NN D'NINA ,NNAXN T0IRI[91ITN N'YNN]
ISO 13623 Petroleum and natural gas International Organization for Yes No
industries - pipeline transportation systems Standardization
— i . NINdN2 ,NI2In3 ynY NiTIv'yonxa yovn X7 ASME B31.12
IGEM/TD/1 Edition 6 steel pipelines for United Kingdom No No NIIX2 DY7IV9NN D'RINN DX AR7A NIXA ¥ X7 [Pnn ,nn
high pressure gas transmission .(PED CONSTANT DISPLACEMENT oo0i1an) |n'm nd7In
iti ipeli United Kingd Y,
IGEM/TD/1 Ediftion § steel pipelines for nried hingdom = LC NoN'NA D'WIN'WN 2N Nt 10% 1a NIanYnY 0'xnn Nt [n

high pressure gas transmission supplement 2 o
AN M1 % n

AS/NZS 2885.1 Pipelines gas and liquid Australia and New Zealand No No

petrc:leum, Fart 1: Design and construction ,D'YJ'TP)’J D"OTIN Dljl—zo '7y n'oolan ’Inlnb nlonﬁ D'UP'I'\D
JIM'RNN ANTIH NI0'Y 7Y 0xnni

2662 Qil and gas pipeline systems Canada No No ' v

DVGW G 409, 2020 Conversion of Germany Yes Yes : :

hiah oo RED: no requirements and hydregen is not allowed

igh-pressure gas steel pipelines for a
design pressure of more than 16 bar for YELLOW: no requirements but hydrogen is allowed

transportation of hydmgen GREEN: hydrogen is allowed, and requirements are provided

Source: DNV: White paper Repurposing pipelines hydrogen



ENVIRONMENT OPERATIONS

* Hydrogen pressure * Pressure
* Impurities * Loading variations
* Temperature * Residual stress

MATERIAL CURRENT STATE
* Grade * Weld quality
* Microstructure * Defects
* Chemical composition * |nstallation strain

Quasi static load

Low amplitude load

Pressure

High amplitude load

4

Time

9  Source: DNV: White paper Repurposing pipelines hydrogen
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CHARACTERISTIC ASME B31.12 OPTION A ASME B31.12 OPTION B “2Ivonn yn7n nx owalp ,ASME 31B.12 |7n 9%
:97,MAOP "“'ojmn

Charpy test <0°C or min. operating/pressure testing Same as option A
temperature, 27J full size (average) ,(B nryoIx) D'wnm DI
.(A hyoix) (PRESCRIPTIVE) ono 07 IX
Charpy base metal absorbed energy CVN=0.008- (R- T)°*. Jhmpz Same as option A
Fracture shear % At least 80% (average) for full size Charpy ~ Same as option A
e e :NINY N12N ININ NIUIN NIYNNYN ,N'¥OIN 71
teat test (DWTT)
Fracture toughness & stress intensity Not addressed KIH = 55 Mpa Jm NOTVINN NYAN '97 YXINN [I'O9XN ,NYTN NNIXA
K,and K,
Ultimate tensile strength (UTS) Max. 689 N/mm? Max. 758 N/mm?
.B n'x¥oIx niwnTa 770 01 iy X7 nntp nNay
Yield strength (YS) Max. 482 N/mm? Max. 551 N/mm?
Steel composition and processing Not addressed Max. F‘O.‘015%‘ N YN72 X' N20MN Nd7INN MY AN ,N9N'RA
Must be inclusion shape control X65 7un v1onal ,barg 66-94
Thickness Not addressed Repair and other activities may not reduce wall
thickness to less than 87.5% nyap? oM po + A oK win'w DY
.|73.||7YJ ,0'N1ND DMVNTO
Design pressure limits Not addressed P<85% of mill test pressure or field hydrotest
pressure. Cold worked pipe P<75% of the design
pressure.
Weld hardness Max. 235 HV10 Same as option A

Source: DNV: White paper Repurposing pipelines hydrogen
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For further questions, please contact:

Zvika Rubinchik, MBA, B.Sc.

Cell: ++972 (0) 54 2841218

Email: sia.rubikon@gmail.com [in |

IMPORTANT: The content of this presentation is intended for the participants of the event. In case of need to forward this presentation,
please receive the approval of the Author and the intended recipient of this presentation.
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