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What do we know, data-driven insights…
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Donald Rumsfeld
• US Secretary of Defense
• (1975-1975, 2001-2006)

“Reports that say that something hasn't happened are 
always interesting to me, because as we know, there are 
known knowns; there are things we know we know. 
We also know there are known unknowns; that is to 
say we know there are some things we do not know.
But there are also unknown unknowns - the ones we 
don't know we don't know. 
And if one looks throughout the history of our country 
and other free countries, it is the latter category that 
tend to be the difficult ones.”

What do we know?  Do we have 
trusted data to support decisions?

A presentation by Wood.

What future threats to consider?

What are the potential threats?
(and how might we mitigate them?)

What do we think we know?
What should we know (but don’t)?



Sureflex JIP

A presentation by Wood.3

Developing industry guidance and good practice
for integrity management of flexible pipe systems
Gathering, desensitising, and sharing data:
• Population and Damage / Failure statistics
• Integrity Management guidance and good practice

- Data-driven lessons learned
• Operator Case Studies and emerging threats
• Inspection, Monitoring, Repair Technologies

Improved operational integrity, preventing incidents



Sureflex JIP; Past, present, and future…

A presentation by Wood.4

1995

2000

2005

2010

2015

2020

2025

2030

HSE Monitoring / Integrity JIP (1995-98)
UKOOA Flexible Pipe Integrity JIP (2001-02)

Sureflex JIP (2009-10)

Sureflex JIP (2015-17)

Sureflex JIP & 
Network (2020-26)
Sureflex JIP
Proposed (2027-31)

2035

2020

2021

2022

2023

2024

2025

2027

2026

Flexible Pipe Integrity Management 
Guidance & Good Practice – Dec-23

Network1

Network3

Network2

Feb 2020 – industry engagement
Covid pause, then restarted dialogue
Jan 2021 – Pre Kick-off meeting

Aug 2021 – Kick-off meeting
Mar 2021 – Proposal issued

Basescope
Scope

2028

2029

2030

2031

2032

Sureflex 2027+
Proposed next phase JIP
5yr term (3+2yr option)

https://www.woodplc.com/sureflex-
report-dec2023-flexiblepipeintegrity 

https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity


Current Members (21)
• Operators (13)

• Suppliers (3)

• Regulators (3)

• Certifiers & Installers (2)

Additional (mostly non-member) contributors (12) – named in Dec2023 report
• Operators (6)

• 3rd party contractors (5)

• Regulator (1)

Plus input from inspection, monitoring, maintenance, repair vendors (20) – named in Dec2023 report

Sureflex JIP participants (50+)

A presentation by Wood.5



Summary of population database

A presentation by Wood.6

20,672 km of supplied pipe
22,597 pipe sections
Pipe Type Total Flexible Pipes Supplied Average Pipe

Section LengthSections of Pipe Length
(number) (% of total) (km) (% of total) (metres)

Riser – Static 307
6,599

1.4%
29.2%

290
5,064

1.4%
24.5%

946

Riser – Dynamic 6,292 27.8% 4,774 23.1% 759

Flowlines 11,197
15,209

49.6%
67.3%

14,653
15,201

70.9%
73.5%

1,309

Jumpers 4,012 17.8% 547 2.6% 136

Riser (unspecified) 73 0.3% 21 0.1% 289

Unspecified 716 3.2% 385 1.9% 539

Totals 22,597 100% 20,672 100% -



Design parameter trends,  
experience of use (examples)
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≥ 0

≤ 100
> 100
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> 200
≤ 300

> 300
≤ 400

> 400
≤ 500

> 500
≤ 750

> 750
≤ 1000

> 1000
≤ 1250

> 1250
≤ 1500

> 1500
≤ 1750

> 1750
≤ 2000

> 2000
≤ 2250

> 2250
≤ 2500

> 2500
≤ 3000

> 3000
≤ 3500 by DP

≥ 1 and ≤ 2.5 inch 22 68 10 0 0 0 1 0 0 0 0 0 0 0 0
> 2.5 and ≤ 5 inch 209 103 12 7 2 5 2 33 0 0 1 0 0 0 0
> 5 and ≤ 7.5 inch 148 87 5 2 5 3 18 7 3 14 0 0 1 0 0

> 7.5 and ≤ 10 inch 244 145 30 14 5 10 15 2 0 6 0 0 0 0 0
> 10 and ≤ 12.5 inch 140 71 11 17 13 9 0 0 0 6 0 0 0 0 0
> 12.5 and ≤ 15 inch 57 43 5 22 5 7 3 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 33 12 2 6 0 0 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 8 6 3 8 0 0 0 0 0 0 0 0 0 0 0

1 inch 0 15 0 0 0 10 0 0 0 0 0 0 0 0 0
> 1 and ≤ 2 inch 88 67 5 27 44 28 12 0 0 0 0 0 0 0 0
> 2 and ≤ 3 inch 97 160 88 31 41 65 137 25 45 0 30 10 0 0 0
> 3 and ≤ 4 inch 345 212 72 56 86 119 275 182 180 2 107 0 0 0 0
> 4 and ≤ 5 inch 59 20 4 1 11 22 0 1 16 0 0 0 0 0 0
> 5 and ≤ 6 inch 371 492 74 73 146 127 336 289 527 25 263 28 6 0 0
> 6 and ≤ 7 inch 23 23 1 2 1 2 18 0 38 0 185 0 0 0 0
> 7 and ≤ 8 inch 340 247 62 68 82 97 117 81 189 20 0 0 0 0 0
> 8 and ≤ 9 inch 23 38 12 49 16 6 16 22 23 0 15 0 0 0 0

> 9 and ≤ 10 inch 212 167 53 277 112 64 80 82 155 3 16 73 0 0 0
> 10 and ≤ 11 inch 49 19 2 13 14 6 39 5 10 0 0 0 0 0 0

> 11 and ≤ 12.5 inch 164 98 42 59 89 25 32 0 54 0 0 0 0 0 0
> 12.5 and ≤ 15 inch 42 10 7 27 0 2 3 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 4 0 5 12 0 0 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 1 and ≤ 2 inch 11 45 2 9 0 6 1 42 8 11 0 1 0 0 0
> 2 and ≤ 3 inch 61 138 18 23 1 16 10 1 14 0 6 0 0 0 0
> 3 and ≤ 4 inch 124 152 16 14 14 18 15 9 365 102 38 231 197 0 0
> 4 and ≤ 5 inch 54 33 0 13 0 24 3 26 5 9 5 0 0 0 0
> 5 and ≤ 6 inch 223 254 16 109 27 46 31 47 577 150 78 312 621 18 0
> 6 and ≤ 7 inch 37 33 3 8 0 14 6 5 38 14 13 0 0 0 0
> 7 and ≤ 8 inch 51 97 16 52 11 32 79 71 344 9 10 168 202 0 0
> 8 and ≤ 9 inch 15 18 9 54 10 7 13 0 18 0 0 0 0 0 0

> 9 and ≤ 10 inch 74 113 6 100 18 12 41 49 46 0 16 62 12 0 0
> 10 and ≤ 11 inch 1 12 0 20 4 16 6 0 9 4 0 0 0 0 0

> 11 and ≤ 12.5 inch 32 21 31 24 9 0 8 0 10 0 0 0 0 0 0
> 12.5 and ≤ 15 inch 4 9 0 5 1 0 0 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 0 8 6 0 13 3 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

≥ 1 and ≤ 2.5 inch 14 13 19 5 2 3 1 14 13 1 0 0 0 0 0
> 2.5 and ≤ 5 inch 45 44 0 3 6 25 14 9 7 4 2 3 0 0 0
> 5 and ≤ 7.5 inch 43 60 4 77 0 9 37 30 74 11 5 118 72 5 0

> 7.5 and ≤ 10 inch 25 67 4 48 3 2 6 6 25 5 18 15 0 0 0
> 10 and ≤ 12.5 inch 3 6 10 0 0 0 0 1 13 9 0 0 0 0 0
> 12.5 and ≤ 15 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

≥ 1 and ≤ 2.5 inch 2 29 0 0 0 0 0 0 0 35 18 5 0 0 0
> 2.5 and ≤ 5 inch 17 26 3 5 0 57 24 11 7 0 1 3 1 0 0
> 5 and ≤ 7.5 inch 1 7 0 3 16 25 19 5 61 0 6 199 370 11 4

> 7.5 and ≤ 10 inch 0 0 21 0 0 2 0 0 2 0 0 5 0 0 0
> 10 and ≤ 12.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 12.5 and ≤ 15 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

≥ 1 and ≤ 2.5 inch 0 0 0 0 0 0 0 13 6 0 0 1 0 0 0
> 2.5 and ≤ 5 inch 3 0 1 0 0 0 1 0 8 2 0 0 0 1 0
> 5 and ≤ 7.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0

> 7.5 and ≤ 10 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 10 and ≤ 12.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 12.5 and ≤ 15 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 15 and ≤ 17.5 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 17.5 and ≤ 20 inch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Evolution of Internal Pressure Sheath polymers
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Design Pressure vs Inner Dia. (internal capacity)

A presentation by Wood.9

DP vs ID scatter – all pipe, all time
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Design Water Depth vs ID2 (external capacity)

A presentation by Wood.10

WD vs ID2 scatter – all pipe, all time WDxID2 product percentile evolution over time
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All damage, degradation, and failure experience

Status Description (brief) Events 
(all time)

Loss of 
Containment

Shut-down 
(integrity concern)

Proactive / preventive shutdown 
(damage not necessarily proven)

126 No 79.9%

Minor defect / 
damage

Not anticipated will lead to failure, 
unlikely to affect original design life.

184

Damaged (failure 
initiator)

Design life may be impacted, but may 
remain in operation with mitigation

415

Failed – Leak Relatively low level leak through sheath 148 Yes 20.1%

Failed – Rupture Failure of bore containment (major) 34

All Events 907

A presentation by Wood.11



Loss of Containment events, historic vs emergent

A presentation by Wood.12



Loss of Containment events, historic vs emergent
Leak events (>60% historic), largest contributors
• Internal Pressure Sheath - Ageing
• Internal Pressure Sheath - End Fitting Pull-out
• Tensile Armours - Birdcaging
• Overbend / Pressure Armour Unlock

Conversely, more severe Rupture events; 
lower no. of events, but >65% emergent 
• Fatigue / corrosion-fatigue failures
• Stress corrosion cracking of armours due to CO2

• Corrosion failures due to atmospheric backflow

Detailed descriptions for all Rupture event
• Applicability to other pipes, and mitigations

A presentation by Wood.13

Fatigue

SCC-CO2 
(industry 
research 
ongoing)

Corrosion 
(poor 
venting, 
annulus 
backflow)



Incident rates, Damage and Failure

RISERS  FLOWLINES & JUMPERS
• general reduction in the overall incident rates over time including those relating to all Damage and Leak events
• marked increase in Riser Rupture rates in the last 10-year period, directly attributable to the emergent mechanisms

A presentation by Wood.14
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Pipe Service, Population vs Damage / Failure

A presentation by Wood.15

Does product service / application impact the likelihood of damage / failure?
• Data suggests this is not the case

- Contributors to individual groups, 
though result is general alignment in
overall sense

• An Unknown Known…
- Things we don’t realise we know
- i.e. the data existed (so theoretically

known), but it’s only now being 
compiled and assessed to expand
how we use it, and learn from it…
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Inspection, Monitoring, Maintenance, and Repair

A presentation by Wood.16

Risk-based integrity management programs
• Selection of specific measures to mitigate relevant threats
• Basic monitoring vs detective vs predictive techniques depending on risk

Sureflex captures and shares vendor experience
• Series of vendor workshops with JIP members, including scoring of:

- Industry take-up / use
- JIP member feedback on application
- TRL (based on pipe layer / area application)

• Output includes summary table (following) and detailed tables per technique
- Summary, Benefits, Limitations, Procedure, Industry Practice, Guidance Notes
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A presentation by Wood.18



Sharing of desensitised industry datasets

A presentation by Wood.19

Developing and sharing guidance and good practice 
for integrity management of flexible pipe systems
• Gathering input from member and non-member orgs.

• Final JIP report (Rev05) published (free) Dec 2023
- https://www.woodplc.com/sureflex-report-dec2023-

flexiblepipeintegrity (237 pages)

• OTC-35355-MS: Latest Industry Data and Flexible Pipe 
IM Lessons from the Sureflex JIP OnePetro link (15 pages)

• SPE Journal Petroleum Technology SPE JPT,
Lessons from Sureflex (full pdf article 7 pages)  

• Member additional deliverables, data and dashboards

https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://onepetro.org/OTCONF/proceedings-abstract/24OTC/1-24OTC/D011S013R004/544982
https://onepetro.org/OTCONF/proceedings-abstract/24OTC/1-24OTC/D011S013R004/544982
https://jpt.spe.org/lessons-from-the-sureflex-jip-latest-industry-data-and-flexible-pipe-integrity-management
https://spe.widen.net/s/vk9sdqjrpw/lessons-from-the-sureflex-jip


Questions?

A presentation by Wood.20

?





Additional data supporting questions 
from the session



Time to Failure (TtF)

A presentation by Wood.23

Leaks
• TtF available for 79% 

of cases (116 of 147)
• Large peak in Year1
• No late-life bathtub 

up-tick apparent yet

Ruptures
• TtF available for 100% 

of cases (34 of 34)

Ref. Dec-23 report/data
• Section 4.3.4, Page 80, 

including further 
details / descriptions

https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity


Time to Failure – All Rupture events

24

Largest group, corrosion failures, includes both early life corrosion / cracking 
mechanisms as well as longer term corrosion mechanisms



TtF / Timeline (corrosion mechanisms)

A presentation by Wood.25

Time to Failure and 
Timeline i.e. experience
• HIC/SSC 55° armour failures: 

~4 to 30years
• splashzone corrosion:

~4 to 14years
• air breathing vents:

~8 to 20years
• SCC-CO2:

less than ~5years

Ref. Dec-23 report/data
• Section 4.4.3, Pages 

91-95, including 
further details / 
descriptions

https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity
https://www.woodplc.com/sureflex-report-dec2023-flexiblepipeintegrity


Additional supporting / backup data



Operational Experience (pipe-years)

A presentation by Wood.27

Experience per 5year block / period Experience; year-on-year increase (all pipe)
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Degradation statistics, all pipe, all time
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