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Flexible pipe integrity

Latest updates from the Sureflex JIP




What do we know, data-driven insights... Gorefiex

Donald Rumsfeld

u .;1 * US Secretary of Defense
' * (1975-1975, 2001-2006)

“Reports that say that something hasn't happened are 1 | What do we know? Do we have
always interesting to me, because as we know, there are [ t.,sted data to support decisions?
known knowns; there are things we know we know.

We also know there are known unknowns; that (s to <—>- What do we think we know?

say we know there are some things we do not know. | | What should we know (but don't)?
But there are also unknown unknowns - the ones we | [ What are the potential threats?
don't know we don't know. H (and how might we mitigate them?)

And if one looks throughout the history of our country
and other free countries, it is the latter category that |, ,| What future threats to consider?
tend to be the difficult ones.”
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Sureflex JIP E e

Developing industry guidance and good practice OIRE e
for integrity management of flexible pipe systems Management Guidance &

Good Practice

Gathering, desensitising, and sharing data:

« Population and Damage / Failure statistics

Drate: Drecemiber 2023

* Integrity Management guidance and good practice

- Data-driven lessons learned

* Operator Case Studies and emerging threats

* Inspection, Monitoring, Repair Technologies
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Sureflex JIP; Past, present, and future... (Goreflex

1995
I HSE Monitoring / Integrity JIP (1995-98)
2000 =1 | UKOOA Flexible Pipe Integrity JIP (2001-02)
2005 —— //_ 2020 ——— — > Feb 2020 - industry engagement
— — » Covid pause, then restarted dialogue
2010 —— | Sureflex JIP (2009-10) 2021 —— — » Jan 2021 - Pre Kick-off meeting
/ — — % Mar 2021 — Proposal issued
2015 —— Sureflex JIP (2015-17) // 2022 — }—> Aug 2021 - Kick-off meeting
2000 +— """ —"—"————— / Basescope
Sureflex JIP & 2023 —¢ ore
%2025 | Network (2020'26) 2024 + > Flexible Pipe Integrity Management
T _S_ur_ef_l e; .|_|P _____ \ N_t_ _kI o Guidance & Good Practice — Dec-23
— \ etwor
2030 L Proposed (2027-31) 2025 —— https://www.woodplc.com/sureflex-
2035 —— - \ Network?2 report-dec2023-flexiblepipeintegrity
v V N 2026 ——
\ Network3
——— 2027 T
2028 ——
2029 —— Sureflex 2027+
Proposed next phase JIP
2030 ——| 5yrterm (3+2yr option)
2031 —— i

4 A presentation by Wood. 2032 WOOdo
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Sureflex JIP participants (50+) (Glreflex

Current Members (21) Chevron \p _ == Harbour

. Operators (13) Canaciaq = equinor %~ Ex¢onMobil === Energy
INPEX PE TERA s pEgAS Santos @ varene gl

- Suppliers (3) Boker SS NOY W TechnipFMC

*  Regulators (3) QENY & Havtil e £

HSE

« Certifiers & Installers (2) @

subsea 7

Additional (mostly non-member) contributors (12) - named in Dec2023 report

* Operators (6) ﬁ & AkerBP NEPTUNE Petrorio = =5
clqial ENERGY TotalEnergies wintershall dea

« 3rd party contractors (5) 284 W civeeo ARKEMA (@ EVONIK nexive

*  Regulator (1) & NOPSEMA

Plus input from inspection, monitoring, maintenance, repair vendors (20) - named in Dec2023 report
5 A presentation by Wood. WOOd.



Summary of population database

20,672 km of supplied pipe

22,597 pipe sections

Pipe Type

Total Flexible Pipes Supplied

Sections of Pipe

@u reflex

Average Pipe
Section Length

(number) (% of total) (% of total) (EIED)

Riser — Static 307 1.4% 290 1.4% 946

: : 6,599 29.2% 5,064 24.5%
Riser — Dynamic 6,292 27.8% 4,774 23.1% 759
Flowlines 11,197 49.6% 14,653 70.9% 1,309

15,209 67.3% 15,201 73.5%

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% -

wood.




Design parameter trends,
experience of use (examples)
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Design Water Depth Range (m) SUMS
Pressure ID Range (inches) >0 >100 | >200 | >300 | >400 | >500 | >750 |>1000|>1250 [>1500|>1750 |>2000 | >2250 | >2500 | >3000 by DP
Range (ksig) <100 | <200 | <300 [ <400 | <500 | <750 | <1000 |<1250|<1500)<1750] <2000 |<2250 <2500 <3000 ]<3500
21and<2.5inch 22 68 10 1
>2.5and <5 inch 209 103 12 7 2 5 2 33 1
>0 >5and<7.5inch 148 87 5 2 5 3 18 7 3 14 1
< >7.5and <10inch 244 145 30 14 5 10 15 2 6 1726
ksig >10and<12.5inch 140 71 11 17 13 9 6
>12.5and <15inch 57 43 5 22 5 7 3
>15and <17.5 inch 33 12 2 6
>17.5and <20 inch 3 6 3 8
1linch 15 10
>land<2inch 88 67 5 27 44 28 12
>2and <3inch 97 160 88 31 41 65 137 25 45 30 10
>3 and<4inch 345 212 72 56 86 119 275 182 180 2 107
>4 and<5inch 59 20 4 1 11 22 1 16
>5and<6inch | 371 |WAB2W| 74 | 73 | 146 | 127 | 336 | 280 |WSaAM 25 | 263 | 28 6
>2 >6and<7inch 23 23 1 2 1 2 18 38 185
<4 >7and <8inch 340 247 62 68 82 97 117 81 189 20
ksig >8and<9inch 23 38 12 49 16 6 16 22 23 15
>9and<10inch 212 167 58] 277 112 64 80 82 155 3 16 73
>10and <11inch 49 19 2 13 14 6 39 5 10
>11and <12.5inch 164 98 42 59 89 25 32 54
>12.5and <15 inch 42 10 7 27 2 3
>15and<17.5inch 4 5 12
>17.5and <20 inch
linch
>1and<2inch 11 45 2 9 6 1 42 8 11 1
>2and<3inch 61 138 18 23 1 16 10 1 14 6
>3 and<4inch 124 152 16 14 14 18 15 9 365 102 38 231 197
>4 and<5inch 54 33 13 24 3 26 5 9 5
>5and<6inch | 223 | 254 | 16 | 109 | 27 | 46 | 31 | a7 |WGWM 150 | 78 | 312 |MGOANN 1s
>4 >6and<7inch 37 38 3 8 14 6 5 38 14 13
<6 >7and <8inch 51 97 16 52 11 32 79 71 344 9 10 168 202 6662
ksig >8and <9inch 15 18 9 54 10 7 13 18
>9and<10inch 74 113 6 100 18 12 41 49 46 16 62 12
>10and <11inch 1 12 20 4 16 6 9 4
>11and<12.5inch 32 21 31 24 9 8 10
>12.5and <15inch 4 9 5 1
>15and £17.5inch 8 6 13 3
>17.5and <20inch
>1and<2.5inch 14 13 19 5 2 3 1 14 13 1
>2.5and <5 inch 45 44 3 6 25 14 9 7 4 2 3
>6 >5and <7.5inch 43 60 4 77 9 37 30 74 11 5 118 72 5
<8 >7.5and <10inch 25 67 4 48 3 2 6 6 25 5 18 15 1058
ksig >10and £12.5inch 3 6 10 1 13 9
>12.5and €15 inch
>15and <17.5inch
>17.5and £20inch
21and<2.5inch 2 29 35 18 5
>2.5and <5 inch 17 26 3 5 57 24 11 7 1 3 1
58 >5and<7.5inch 1 7 3 16 25 19 5 61 6 199 370 11 4
<12 >7.5 andlemch 21 2 2 5 1001
R >10and<12.5inch
ksig -
>12.5and <15 inch
>15and<17.5inch
>17.5and <20 inch
>1and<2.5inch 13 6 1
>2.5and <5inch 3 1 1 8 2 1
>5and<7.5inch 4
>12 -
<16 >7.5and <10 |.nch 20
. >10and £12.5inch
ksig -
>12.5and <15 inch
>15and <17.5inch
>17.5and <20inch
sums by WD 690 | 1343 | 807 | 924 | 1419 | 1068 - 442 | 833 | 1234 | 1482 | 39 4

ALL
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Evolution of Internal Pressure Sheath polymers
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2. Internal pressure sheath material
3. Number of pipe sections

Dataset of 19,845 pipe sections, (96.4% of total population), based
oh datasets which included all of the following parameters:
1. Supply date (19,635 pipe sections in these Syear blocks)

N N R mm—

1976 to 1980 1981 to 1985 1986 to 1990 1991 to 1995

1996 to 2000 2001 to 2005 2006 to 2010 2011 to 2015 2016 to 2020

Year Range

wood.



Design Pressure vs Inner Dia. (internal capacity)

DP vs ID scatter - all pipe, all time

DPxID product percentile evolution over time
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Including Flexible Pipes in date range...

wood.



Design Water Depth vs ID? (external capacity)
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All damage, degradation, and failure experience

Failed - Rupture,

Status Description (brief) Events Loss of pi

(all time) Containment -

ut-down

Shut-down Proactive / preventive shutdown 126 No | 79.9% JBiEiiy
(integrity concern) |(damage not necessarily proven) S e
Minor defect / Not anticipated will lead to failure, 184 16%
damage unlikely to affect original design life. Minor detoet |
Damaged (failure |Design life may be impacted, but may 415 SEMEEE SR
initiator) remain in operation with mitigation
Failed — Leak Relatively low level leak through sheath 148 Yes | 20.1% D?ﬂ'}:‘::i‘:]”:g;’e
Failed — Rupture |Failure of bore containment (major) 34

All Events 907

. wood.



Loss of Containment events, historic vs emergent

Damage [ Failure Cause Failed - leak Failed - rupture
. Cases since Cases since . Cases since Cases since

Total Cases | ..with dates Jul-11 ul-16 Total Cases | ..with dates k11 ul16
Carcass Failure - Fatigue 1 1
Carcass Failure - Multilayer PVDF Collapse ] ]
Carcass Failure - Tearing / Pullout 5 5
Internal Pressure Sheath - Ageing 21 19
Internal Pressure Sheath - End Fitting Pull-out 19 19
Internal Pressure Sheath - Fatigue / Fracture / Microleaks 8 7
Internal Pressure Sheath - Smooth Bore Liner Collapse ] 4 3 3
Tensile Armour Wire Breakage - in / close to end fitting 3 1 1 1 1
Tensile Armour Wire Breakage - in main pipe section 1 1 8 8 8 Fi
Tensile Armours - Birdcaging 12 10 1 1 _—
Corrosion of Armours - Major / Catastrophic 13 9 15 15 11 8
End Fitting Leak / Failure 25 24 3 3
Ancillary Equipment - Bend Stiffener - other 2 2
Ancillary Equipment - Hold-down Failure (tethers / clamps / connections) 1
Ancillary Equipment - Mid Water Arch 1 1
Ancillary Equipment - Other 2 2
Global pipe defect - Dropped Object / 3rd Party Interaction / Dragging 1 1 1 1
Global pipe Defect - Excess Tension 1 1
Global pipe Defect - Excess Torsion 1 1 1 1 1 1
Global pipe defect - Overbend / Pressure Armour Unlock 14 12 1 1 1 1
Global pipe defect - Rough Bore Collapse 1 1 1 1
Global pipe Defect - Upheaval Buckling 4 4 3 2
Failure Mechanism Disputed 1 1 1
Total 148 130 30 12 34 34 22 15
%o - 87.8% 23.1% 9.2% - 100.0% 64.7% 44.1%

Failure cause with =5 total cases which are historic or

subject to limited / isolated cases only

Failure cause with =5 total cases which are emergent
{large proportion of events in recent years)




Loss of Containment events, historic vs emergent

Leak events (>60% historic), largest contributors B Fatigue
* 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 (s.cgl-cct)z
» Fatigue / corrosion-fatigue failures /-< r::se::c'l:ny
« Stress corrosion cracking of armours due to CO, ongoing)
» Corrosion failures due to atmospheric backflow
Detailed descriptions for all Rupture event Corrosion
 Applicability to other pipes, and mitigations (poor
venting,
annulus St &% ¢ T
2 backflow) =8 SRAREEETKS



Incident rates, Damage and Failure
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 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

y wood.




Pipe Service, Population vs Damage / Failure @reﬂex

Does product service / application impact the likelihood of damage / failure?

» Data suggests this is not the case 40y

- Contributors to individual groups,

though result is general alignment in

overall sense

* An Unknown Known...
- Things we don't realise we know

- 1.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...

15

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

31.0%
28.4%

Gas

W Damage / Failure

48.2% . oo . . .
46.8% distribution (current)
B Population distribution
(Mar2025)
12.5‘7})3'9%
Production Water Oil Export / Import  Other

wood.



Inspection, Monitoring, Maintenance, and Repair

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

6 wood.



@u reflex

Technology Readiness Level (1-7)
App Take Jp
B Inspection / Monitoring / Technology Monitoring| Inspection | Maintenance| Up Member Global | Ancillary [ L2005 Tensile  Pressure | Pressure Carcass
Ref / Testing / Repair (1-5) | Feedback Riser Sheath = Armour Armour | Sheath
(1-5)
B.1 | Wisual Inspection ROV S 5 4 7 7 7
B.2 | Wisual Inspection Diver ES 2 4 7 7 7
B.3 | Visual Inspection Micro-ROW X 2 4 7 7 7
B4 | Visual Inspection Roped Access X 2 4 7 7 7
B.5 | Wisual Inspecticn ROAY X 1 4 7 7 7
B.6 | |-Tube Inspection X 2 4 7 7
B.7 | Laser Measurement LS 2 5 7 7
B8 | Marine Growth Remaoval X 3 4 & &
B.9 | Environment Monitoring X 4 4 7 ki
B.10| Offset and Motion Monitaring X 5/4 4 7
B.11| Embedded Curvature Monitoring X 1 MAA 5 5 5
B.12| Sonar Maonitoring (Bend Stiffeners/Risers) X 1 4 B [
B.13| Integrated Fibre Optic Strain Monitoring X 2 2 ] B
B.14| Retrofit Bending Control X 1 MNAA 6/5 6/5
B.15| Temperature Monitoring Inline X 5 4 7 7
B.16| Temperature Monitoring Remote X 2 4 6/5 6/5 6/5
B.17| Integrated Fibre Optic Temperature Monitaring X 2 4 7 7
B.18| Pressure Monitoring Inline X 5 4 7 7 7 7
B.19| Pressure Testing (Hydro Testing) X 5/3 3 ¥ 7 7
B.20| Topsides Annulus Vent Systerns Inspection X S X 3 5 7
B.21| Topsides Annulus Testing X 5 4 7 7
B.22| Topsides Annulus Monitoring X 3 4 7 7
B.23| Subsea Annulus Testing / Monitoring X X 1 N/A 3
B.24| Vent Port Unblocking X 1 MN/A 6
B.25| Ultrasonic Testing X X 4 4 7 7
B.26| Electrical Outer Sheath Breach Detection X S 1 N/A 5
B.27| Fibreoptic Armour Wire Inspection (End Fitting) b4 1 MN/A 5
B.28| Clamped Outer Sheath Repair X 3 4 7
B.29] Polymer Coupon Monitoring X 4 4 7 7
B.30| Bore Fluid Sampling X 4 5 7 7 7 7
B.21| X-Ray Computer Tomagraphy X 1 /A 7 7 7 7 7
B.32| Eddy Current Inspection X 2 3 ki 5
B33 Direct Strain Measurerment X x 2 3 6
B.34| Magnetic Stress Measurement X X 3 2 6/5 4
B.35]| Microwave Inspection X 1 MNFA 5
B.36| Radiography x 2 472 7/5 7/5 3 T/5
B.37| Acoustic Emission Monitoring - Tensile Armour X 1 4 7
B.38| Acoustic Emission Menitoring - Carcass X 1 2 & WOOd
B.33| Internal Inspection X 2 4 7/6 ®
BA40| Flexible 1Ll X 2 3 7
B41| Flexible Dissection X 4/3 5 7 7 7 7 7 7




- Flexible Pipe Integrity Management Guidance & Good Practice = Flexible Pipe Integrity Management Guid = Flexible Pipe Integrity M; t Guidance & Good Practice
(Sureflex ((Sureflex pe Tregrlt Men30 (Cureflex
JIP Report JIP Report
Table B.6 Technology Review — |-tube Inspection Table B.20 Technology Review — Topsides — Annulus Vent Systems Inspection Table B.21 Technology Review — Topsides — Annulus Testing
. | 1 1
Inspectig Inspection / Monitoring / Technology Name Topsides — Annulus Went Systems | Inspecti
Technaolg Technology Readiness Level (TRL) (Range 180 7) | 7 Technold
rof Flexible Pipe Integrity Management Guid (- . Flexible Pipe Integrity M t Guidance & Good Practice
Take-Up| sreflex Take-Up (Range 1t05) | 2 Take-Up| Surefiex
JIP Report
= Industry (JIF) Feedback (Range 180 5) | & Industry |
+  Installation damage to outer sheaths, ambient pressure by either venting nitrogen from the annulus (positive pressure testing) or infecting additional
Summary s Verification of sheath breach through bubbles f the outer sheath locations at cond Summary Summan mitrogen [vacuum testing). The stabilisation criteria and operational condition must be documented in a procedure
o ensure a consistent approach for subsequent tests.
#  Post-failure inspection within |-tubes visually confirming the location of catastrophic S . P . N
Where 29 The main intent of this inspection is to ensure that an unrestricted vent path exists to allow ven) Annulus ‘Where flooding i detected to the waterling, larger volumes of nitrogen at up to 3 barg can be injected to raise the
wisual insy N gasses through the topsides end fitting for all risers. De-aerated W lines are unlikely to requirg stable dif] annulus pressure sufficiently to confirm if the breach exists within the splach zone where cwygenzted seawater can
With son although access to the annulus for annulus monitoring may be of significant benefit (Refer to T| Annulus posze a significant corrosion threat to the armour wires.
As noted in Sections 6.6.1 and §.5.2, it is recommended that major accident hazard threats / m) Twio met
! Benefit Limitations I Practice
and that accessibility for in-service inspection is considered at an early design stage. In many reky on inf =
platforms, the accessibility into the I-tubes normally requires extensive invasive intervention. ] . N . : the annu
* N . . . . _ ¢ Confirms free venting of the riser annulus. *  Requires cafe and indepe . " Most operators perform some form of periodic (risk based) annulus monitoring, with annulus testing being the most
riser often represent some of the highest risk locations due to the high consequence of failure vent system. identify . oo hod It \ for iy bortled i e uced 2 th i for bath N
- imnitati metl LIt it T Test
general corrosion relating to splash-zone breaches. Az noted in Table 418 these cases have I ¢+ Confirms potentizl flaw rate mitations of the result commenty speie 5 noms & niegen o be ussd 2= e mecium Haeuum 2n
i i i positi hi Heli traced nitrogen, and appropriat datectors, have b sed to aid leak
. catastrophic pipe ruptures in the past, as well as further cases of damage. It is recommended installed system (insufficient rate of through Cee al Ve Pressure approaches. s . and apy e gas = senu sieles
3 also . 5 . . y e -~
that consideration is given to the ins on access require at an early design stage. It id flow can lead to annulus pressure build up). detectlo.n around connections / fittings or to |dem:|fytlfve presence of slow Iealts wrﬂ?m caissons, | tub-ef ar u_nder
the industry take-up of this inspection spproach may coi andingly increase in the future. bend stiffeners. Indeed, some aperators permanently install gas detectors within caissons [ |-tubes to identify the
Procedure presence of annulus gases which would indicate an outer sheath failure within the caisson / [-tube. A smaller
proportion of operators who perform annulus testing elect to perform annulus gas sampling as a parallel activity ie.
. . .
Proceduy Inspection should ensure that a clear and free vent path exists, a5 follows: take-up for gas sampling is significantly lower than the take-up for annulus testing.
* if an annulus pressure gauge is present, the pressure should be recorded
‘Where ad ‘Guidance Note
from abaol ®»  any in-line valves should be verified as being open, and registered in a locked open / -
circumnfe o iFNRV's / BRV's are present, their functionality should be verified, or they should be rd The risk of over-pressurizing a riser annulus during testing must be carefully managed to avoid causing damage to a
| * potentially weakenad outer sheath. Typically. the riser annulus design pressure is circa 3 barg, although it is known
nsame *  record any corrasion preducts, externally or retrieved via drain peints, or other damag that most intzet/undamaged sheaths do not f2il halow circa 7-10 barg. Given that the test intent i to validzte
integrity. a ree of caution is required in a ing excessive itive sures to ensure damage is not caused
v . . ! 2grity. a deg req pplying positive pres ag
¥ - inadvertently.
The inspg MNormal good practice is to perform this maintenance activity annually. |t is often performed in| Performing a vacuum test prior to any positive pressure testing can verify the outer sheath integrity which negates
where an annulus testing campaign, when the end fitting vent ports can also be verified as being free ang the requiremeant to apply any positive pressure, thereby minimizing the risk of causing damage during testing. Most
ke aszurl test proceduras limit positive pressure application to 2-3 barg which still allows for the identification of braaches
integrity ‘Guidance Note Proceduy within the corygenated riser splash zone. It is good practice to complate 2n annulus volume measurement on the
inspectiof flexible pipe at FAT and following installation to allow for comparizon against through life inspections. There is
. ‘Verifying that a clear annulus vent path exists is critical to annulus integrity as it mitigates the rf For bath experience that bore prassure czn impact the results of free volume annulus testing, &g, test results of in service
pressure and failure of the outer sheath. There hawve been several historic reports where multip subsequs risers (pressurised bore) can return lower free valumes than 2 non-operational de-prassurised riser.
- partially or fully flooded as a result of fluids flowing into the risers from a comingled or commg the case
pressure Gas samples from the annulus can be collected and analysed to identify the risk of corrosion and embrittlement to
. Goad practice utilises NRVs between the individual risers and the vent hezder to mitigate agair pressure the tensile and pressure armours. The wolume of gas required for sampling can be collected through controlled
recent failure experience {three events) attributed to cydic backfiow of moisture / atmaspheric pressured pressure build up, by temporarily isolating the riser vent path whilst monitoring pressure increase, or by using a
catastrophic comrosion failures within the end fitting which would have been prevented had ME] vECUUM UM to actively draw out gas from the annulus. H . it should be that corresive gases may
react with the armour wires before they reach the vent system. As such, the absence of 2 gas from a sample (eg. Hz,
110010 B07511-D0-IM-GLN-001 Rew 05 | Decamber 2023 B07511-00-IN H;5, C0;) should not be taken as confirmation that the armour wires have not been exposed to that gas.
18 807511-00-1M-GLN-001 Rev 05 | December Page B-11 807511-00- M-GLN-001 Rev (05 | December 2023 Page B-37
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Sharing of desensitised industry datasets

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
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OTC-35355-MS

Latest Industry Data and Flexible Pipe Integrity Management Lessons from
the Sureflex JIP

I. MacLeod, J. Picksley, M. Birmingham, and A. Moir, Wood, United Kingdom

Copyrignt 2024, Offshore Technoiogy Conference DOI 10.4D4305355-M5

NS paper was prapared for presentation a e OMsnore TECNNGIogy CONTarancs Neld In Houston, TX, LISA, & — 3 May, 2024,

TG paper was: Tor presentabon by an OTC TOROWING FEview OTINMM3U0N SONtAINEd In 3n ADGUaC SUDMILad by TE AUMGATS). Contants of
ihe paper have not been raviewsd by e Oshore Technology Conerence and are subject to comection by ihe author|s). The material doss not necessarly refect any
pasiian of the Cffshare Technoiogy Sonference, Its ofioers. or members. Eleckonic reproduction, distrbuson, or storage of any part of tis papar wihout the writlen
£0NGEN of M OMSACTE TCANOIOgY COMMEMence i ProriDied. PRMMISSICN 10 FE0FCOUCE 1N PAINE IS FESINcCtan 10 3N ADET3ct of Nt MOn: than 300 Worts; HUSTAtons may
nat be copled. The abs¥act must contain consplcuous acknowlesgment of OTC copyright

]
Abstract

The 5t phase of the Sureflex Joint Industry Project (JIP) provides the latest data-driven industry guidance
relating to unbonded flexible pipe population and damage / failure statistics, integrity management guidance
and good practice. To maximise knowledge and experience sharing, the full deliverable report has been
made freely available through an open industry publication. This paper shares the key findings of the JIP.

The JIP gathered data from the industry, with wide global member support from flexible pipe suppliers,
operators. and regulators. and a wide range of non-member stakeholder organisations. The data 1s gathered,
assessed, desensitised and presented to provide the best possible integrity management guidance to pipe
users. The JIP also included a series of workshops: assessing vendor inspection. momitoring. and repair
technologies: evaluating other key flexible pipe challenges. and sharing of operational experiences, with
the key findings presented in the main JIP report. An ongoing network continues and expands the sharing
of data and lessons learned.

Whilst flexible pipe technology may be considered as mature, being commercialised in the 1970s. there
has been an almost 1/5% increase in the volume of pipes delivered in the latest five-year period. This indicates
an increasing volume of use, and the JIP data demonstrates the pace of technology acceleration of design
parameters, as users of the technology seek to stretch the operational envelope.

The manufacturers continue to perform product research, development and qualification to meet this
demand. though this has not prevented the emergence of a limited mumber of new failure modes. Reported
Leak and Damage rates have shown a decreasing trend over the last 20 years, however the incident rate
for rarer Rupture events has increased for Riser applications since 2011. These rupture events have been
attributed to a relatively small number of failure mechanisms in specific applications, some of which have
emerged in the last 5 years.

Important developments of existing and new inspection and monitoring technologies have contimed,
though further work to improve the reliability, ease of deployment and usability is required. Knowledge
and experience sharing of successes and failures is key to ensuring that appropriate and relevant guidance
is maintained and made available to the wider industry.

Building on the knowledge shared through the preceding JIP phases dating back 25 years, this initiative
has compiled and shared the most comprehensive industry dataset of unbonded flexible pipe supply

wood.
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Additional data supporting questions
from the session
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Time to Failure (TtF)

| eaks

» TtF available for 79%
of cases (116 of 147)

* Large peak in YearT

* 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
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@u reflex

Number of Failures

35

30 -

25 4

20 -

15 -

10 -

33 B Time in service prior to FAILURE-LEAK (years)

H Time in service prior to FAILURE-RUPTURE (years)

Note : Time to failure can only be
calculated where dates are available for
both the Date of First Use and Failure
points. Time to failure is calculated for:
- 79% of all Failure-Leak incidents
(i.e. 116 of 147)
- 100% of all Failure-Rupture incidents
(i.e. 34 of 34)

1

A
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Time in service prior to Failure (years)
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Time to Failure - All Rupture events

mechanisms as well as longer term corrosion mechanisms

24

No. of Rupture Incidents

12

10

B Internal Pressure Sheath - Smooth Bore Liner Collapse
[ Tensile Armour Wire Breakage - in / close to end fitting
B Tensile Armour Wire Breakage - in main pipe section s

B Tensile Armours - Birdcaging

B Corrosion of Armours - Major / Catastrophic
O End Fitting Leak / Failure
B Global Pipe Defect - Excess Tension

B Global Pipe Defect - Excess Torsion

@ Global Pipe Defect - Overbend / Pressure Armour Unlock

0 to 5 years 5 to 10 years 10 to 15 years 15 to 20 years 20 to 25 years 25 to 30 years
Time to Failure

@u reflex

Largest group, corrosion failures, includes both early life corrosion / cracking

wood.



TtF / Timeline (corrosion mechanisms) (Gureflex

Time to Failure an 3 . . . . 3
_I_. I . . . € Oxygen corrosion preceding CO2 corrosion (flowline)
Ime Ine Ie' eXperIence 281 A High strength unreinforced (55°) armours (HIC / SSC) 28
« HIC/SSC 55° armour failures: 26 + Splashzone corrosion -
~4 to 30years o] m sceco | B
¢ s IaShzone CorrOSion' B High strength sweet service armours operated in sour domain ',"
p4t0 14vears ' 22 ® Atmospheric / breathing vent ;’ 22
. y 20 4 ® Unknown A ';' 20
° airr breathlng VentS: E ----- Cumulative total number of corrosion related failures ® .’l
~8 to 20years i . 18
3
« SCC-CO2: £ 16 7 16
less than ~5years £ 1 A 14
Q /
£ 12 = — - 12
: v
Ref. Dec-23 report/data F 10 10
) I ' °
 Section 4.4.3, Pages 8 ° 7 - a 8
91-95, including 6 v ; . 6
further details / : = .
. . s |
descriptions 2 - ' 2
D T e -—=c’ [ |
0 nat 0
25 01/01/1991 01/01/1995 01/01/1999 01/01/2003 01/01/2007 01/01/2011 01/01/2015 01/01/2019 01/01/2023
Date

Cumulative Total Number of Corrosion Related Failures
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Additional supporting / backup data

wood.



Operational Experience (pipe-years)

Experience per 5year block / period

@u reflex

Experience; year-on-year increase (all pipe)

Operational Experience in Period

(pipe-years)
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YOY increase in Pipe-Years Experience
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Degradation statistics, all pipe, all time Gureflex

Number of cases, by status
Damage / Failure Cause Minor defect / Shut-down (integrity Darn.ag.e.d (failure Failed - leak Failed - rupture Total %
damage concern) initiator)
Line Recovered Proactively - No significant damage / defect identified 43 43 4.7%
Carcass Failure - Fatigue 1 1 0.1%
Carcass Failure - Multilayer PVDF Collapse 10 24 6 40 4.4%
Carcass Failure - Tearing / Pullout 1 5 6 5 17 1.9%
Internal Damage - Pigging 2 2 0.2%
Internal Pressure Sheath - Ageing 26 2 21 49 5.4%
Internal Pressure Sheath - End Fitting Pull-out 2 15 8 19 44 4.9%
Internal Pressure Sheath - Fatigue [ Fracture / Microleaks 2 1 3 8 14 1.5%
Internal Pressure Sheath - Smooth Bore Liner Collapse 3 6 3 12 1.3%
Tensile Armour Wire Breakage - in / close to end fitting 3 1 4 0.4%
Tensile Armour Wire Breakage - in main pipe section 3 12 1 8 24 2.6%
Tensile Armours - Birdcaging 6 12 1 19 2.1%
Corrosion of Armours - Major / Catastrophic 5 13 15 33 3.6%
Corrosion of Armours - Moderate 5 2 11 18 2.0%
Annulus Flooding - Cause Unknown 26 4 90 120 13.2%
Annulus Flooding - Defective Annulus Vent System 14 9 23 2.5%
Annulus Flooding - Outer Sheath Damage - Ageing / Fracture 1 4 5 0.6%
Annulus Flooding - Outer Sheath Damage - Mechanical / Impact / Wear 43 5 112 160 17.6%
Annulus Flooding - Permeated Liquids 2 2 0.2%
Quter Sheath Damage - Annulus NOT flooded - Ageing / Fracture 4 4 0.4%
Outer Sheath Damage - Annulus NOT flooded - Mechanical / Impact / Wear 19 6 25 2.8%
End Fitting Leak / Failure 1 1 25 3 30 3.3%
Ancillary Equipment - Bend Stiffener - Connection / Interface 9 2 40 51 5.6%
Ancillary Equipment - Bend Stiffener - 2 part failure 11 11 1.2%
Ancillary Equipment - Bend Stiffener - other 4 2 2 8 0.9%
Ancillary Equipment - Buoyancy Modules 3 1 4 0.4%
Ancillary Equipment - Hang-off Failure 1 1 0.1%
Ancillary Equipment - Hold-down Failure (tethers / clamps / connections) 3 7 1 11 1.2%
Ancillary Equipment - Mid Water Arch 3 7 1 11 1.2%
Ancillary Equipment - Vent System Anomalies / Blockage 21 3 18 42 4.6%
Ancillary Equipment - Other 2 2 0.2%
Global Pipe Defect - Dropped Object / 3rd Party Interaction / Dragging 7 2 7 1 17 1.9%
Global Pipe Defect - Excess Tension 1 1 0.1%
Global Pipe Defect - Excess Torsion 2 1 1 4 0.4%
Global Pipe Defect - Flow Induced Pulsation (FLIP) causing wider system effect 2 3 5 0.6%
Global Pipe Defect - Ovalisation 2 2 0.2%
Global Pipe Defect - Overbend / Pressure Armour Unlock 1 4 14 1 20 2.2%
Global Pipe Defect - Rough Bore Collapse 2 1 3 0.3%
Global Pipe Defect - Upheaval Buckling 4 1 4 9 1.0%
Global Pipe Defect - Pipe Blockage (wax/hydrates/other) 4 9 13 1.4%
Global Pipe Defect - Excess Marine Growth 1 1 0.1% WOOd
Failure Mechanism Disputed 1 1 2 0.2% b
Total 184 126 415 148 34 907 100.0%
% 20.3% 13.9% 45.8% 16.3% 3.7% 100.0%
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