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Why Repurpose Offshore Pipelines for CCUS?

Reduced
environmental impacts

Project enabler Reduced CAPEX
especially when connected — up to £2M/km

to depleted gas reservoirs

avoidance of new
infrastructure in
environmental sensitive zones

o
Oil & Gas
Authority

Requirement
of OGA stewardship
expectation 11
Net Zero

Reduced project lead
times

Stewardship Expectation 11
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Potential for Repurposing

. .
{ @ 2 Stea r‘.’ ¢

Category A: pipelines reusable considering the current state of knowledgé/étandards (assessed by Re-Stream team) —

Category B: pipelines that would require more testing and/or update of standards to be reusable (assessed by Re-stream team)

Category A: pipelines reusable (assessed by TSOs) o

‘\v

)
International s
Association Dense phase
of Qil& Gas
Producers
@ Re-Stream @X
A .\_/

Study on the reuse of oil and gas infrastructure —_
for hydrogen and CCS in Europe :
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Repurposing Challenges

Does the pipeline have sufficient capacity for CO,

120

: ¢
transportation? pipeline Design |
100 Pressure I
Is the pipeline pressure rating sufficient for dense :
phase CO, operation? ~ 80
©
g
" . . 9 60
Is the current condition of the pipeline known? >
[7)]
[}
& 40 Multiphase Gas
Are the pipeline materials and design suitable Gas + Liquid — pure CO2
for repurposing? 20 — oson o2
- - - 0
Does the pipeline comply with contemporary w0 30 o0 10 o o a0 w0

design codes?

Temperature (°C)
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Oad Map 1. Material

Suitability

Assess historic
corrosion and safe
working pressure of
known defects

Collate materials and

Current design specification/

Condition data and identify any
gaps

Review integrity
history and anomaly
registers

J

Identify required
. terials properties . i
: Identify regulatory A N Define CO2 corrosion
Repurposing requirements e.g. and_r_nap_agalnst —1 control and
for CO, PSR specifications and allowance
data books. Identify
gaps and mitigations
h 4
. . . . Map requirements of
Requallflcatlon Cg’;::ggrs:::hﬂie contemporary Identify and
to . code(s) against » undertake all design
Contempora an ;g;gg[fficrtg& existing design and assessments to
. P ry 8 ST-Flbl materials achieve compliance
Design Code specification

4. Requalification i
Life Extension Of COdeS thlf:a:??n';tff\fﬁép

initial risk assessment

5. Life Extension

Identify regulatory

Pressure and design code
R requirements for
Uprating onshore and offshore

sections

Review requirement
for confirmatory
inspections

H

Develop fracture
control strategy,

identify any further
testing

N—/

A

Identify deviations
and mitigations to
material specification
e.g. further testing

e

Determine remaining
life for time
dependent

degradations

3. CO, propagation
fracture control and

assessment

Review materials of
construction of any

existing valves and
fittings

Identify critical items,
mitigations and
remediations

Update risk
assessment

Assess feasibility of
uprating to PD8010:2
or DNV ST-F101

Detemine achievable

Assess requirement
for confirmatory
hydrotest or waiver

design pressure
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1. Material Suitability

« Identify desirable properties
o Low carbon equivalent (CE) 500

o Good ductility, avoidance of high Y/T 450

400

Pipe Body (Tested at-20°C)

o Good fracture toughness

350

o Avoidance of high hardness 200

o Sour service rating (ideally)

250

Impact Energy (J)

o Control of inherent defects

150

« Confirmation of achieved properties:
o Review linepipe specification, data books, WPQR

100

50 I

« Identify mitigations for any data gaps 0

0 50 100 150 200 250 300 350 400 450

e Base Cv(MT) Average Impact Energy (J)

Specification Minimum

== = Minimum
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Review historical inspections
Assess known defects e.g. safe working pressure

Consider historical corrosion and damage
mechanisms (general loss, pitting, cracking etc.)

Review resistance to future CO, damage
mechanisms

o® f o0
. XS
o o Sipmgp

Design Pressure

Defect Safe Working Pressure

=

Identify any requirement for
confirmatory inspections




3. CO, Propagation Fracture Control

« Upon rupture dense phase CO, experiences a long decompression plateau — saturation pressure, P,
« Saturation pressure is increased by impurities
« Fracture resistance is increased by wall thickness, grade and toughness - arrest pressure, P,

« Propagation fracture is halted when P2, > A,

125 2%
CO, & N,
100
| \.
29
20
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25

pressure (barg)
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3. CO, Fracture Assessment Methodology

BS ISO 27913
Utilises Battelle TCM with correction factors
Not fully calibrated and non-conservative for CO,

Charpy Impact Energy (J)
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Ongoing research area, industry methodology not mature

Wall Thickness (mm)

Project specific testing may be required

DNV RP-F104 (2021)
Empirical model

03

0.25

Propagation expected

Y

0.2

0.15

P*D
2t*af-

0.14

0.05

0

Evaluation based on
special assessments

Evaluation based on
small-scale testing

D=24" WT=18.3mm

0

5 10 15 20 25 30 35 40 45 50
1000*R

2
crf-

cvn' E

Rt

— RP-F104 Limits

G = o B

Fs=75 bar, Cv=164J
Ps=70 bar, Cv=107J
Fs=60 bar, Cv=61.J

Ps=74 bar, Cv=250J
Ps=70 bar, Cv=250J
Fs=60 bar, Cv=250J
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4. Requalification to Contemporary Codes

Today

UK offshore
pipeline codes
kS kS kS ES
International
design codes
DNV 76 / 81 1996 @m 2000 DNV 0S-F101 / ST-F101 Today

Paths to requalification: CO, Guidance
Identify key threats / Full mapping of updates PD8010 and DNV ST-F101 give some
failure modes and focus on ' between design codes gﬂ:gg:g: Ifr?r CO, pipelines, with further

BS ISO 27913

relevant code updates
DNV RP-F104
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5. Life Extension

Stage 1 Stage 2 Stage 3

« Established risk based processes in Current risk | Future risk | Mitigated future risk
» Focus on time dependent degradations
|| |o[~N|ola| S 2| = ||| vw|o[N oo S| D=l |wv|o]lNo|la] S|
i 5|5/5|5|5|55/55ss|5|555|55|5|5|5|5|s|5|5|5|5|5|5|5!5|5|s|5
° ThreatmatrlxupdatEdfOI‘COZ e=l = E=l =l = =1 =) =1 =] el o) =1 =] F=) =] F=] E=] F=] F=] = =l ] =1 E=1 =1 E=1 =1 E=] =] E=] =] =] Je)
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e | QIO D] QO] V| DD H| o P[RR Q|| DDV D| ¢ |, PO D[V V| D V| V| G| D
Emmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
()
|
%
[a]
[
Threats £
[
CO2 Corrosion Yes Il Il Il
Top of Line / Cold Spot Corrosion Yes ] I Il l Il Il
02 Corrosion Yes
Galvanic Corrosion Yes N/C | N/C | N/C
Crevice Corrosion Yes N/C | N/C | N/C
Hydrogen Embrittlement (HIC, SWC) Yes N/C | N/C | NIC
H2S Pitting (Only CSs susceptible) Yes . .
Sulphide Stress Cracking (SSC, SOHIC & SZC)|  Yes . Future r|SkS Future r|5ks
Internal Corrosion Microbiologically Induced Corrosion (MIC) Yes RISkS tOday S . R .
Chioride Pitting Yes Same mitigations New mitigations
Chloride Stress Corrosion Cracking (CISCC) Yes
Erosion / Erosion Corrosion Yes
Acid Contents Yes
Glycol (TEG) Corrosion Yes
Dead Leg Corrosion Yes
Corrosion Under Deposits Yes ] Il Il 1] Il ll Il L] I
Preferential Weld Corrosion Yes Il Il Il N/C | N/C | N/C
Galvanic Corrosion Yes Il Il Il Il I Il Il Il Il Il Il I | N/C| N/C[N/C|N/C|[NC|NC|NC]|NC|NC]|NC|NC
Crevice Corrosion Yes
Hydrogen Induced Stress Cracking (HISC) Yes N/C | N/C | N/IC | N/C [ N/C | N/C [ N/C
Seawater Corrosion Yes T AN AT T AT T AT I T
External Corrosion Microbiologically Induced Corrosion (MIC) Yes
Stray Current Corrosion Yes
Seabed / Sediment Corrosion Yes Il Il Il Il N/C | N/C | N/C | N/IC [ N/IC | N/C | N/IC
Atmospheric Corrosion Yes Il Il Il Il I Il Il Il |#N/A| N/IC N/C | N/IC
Corrosion Under Insulation (CUI) / Coating Yes l Il Il Il I Il Il l Il Il l Il Il l Il | N/C| N/C[N/C|NC|[NC| I [N/C|NC|NC]|NC|NC
Pressure and Temperature Fluctuations Yes Il Il Il Il I Il Il Il Il Il Il Il | N/C| N/C[N/C|NIC|NC|NC|NC]|NC|NC]|NC|NC
. Slugging Yes o 1l o [ | o ne [ e [ ne | e [ ve [ nve [ v [ e
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Challenges
*  Current condition

» Suitability of materials
» Fracture arrest

» Requalification

+ Life extension

* Pressure rating

Benefits
« Project enabler

e« Reduced CAPEX

« Lower environmental impacts

» Reduced project lead time

« Meeting stewardship expectations

The benefits can only be
achieved by a structured
approach to demonstrate safe
and assured repurposing of
pipelines for CCUS
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THANK YOU

Contact

Ian Matheson
Technical Authority, Engineering & Consulting, Kent
Ian.Matheson@kentplc.com



