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Incident

• A 5,6’’ WAG riser connected to the  insta lla tion experienced a n incident a nd the  dyna mic 
section wa s disconnected from the  pla tform 4th of Ma rch. The riser wa s used a s a  wa ter 
injector but wa s not in opera tion a t time of the  incident. The riser wa s pressurized to 20 0  ba r.

• The dyna mic section wa s found on the  sea bed with ROV
• Other risers inspected a t the  insta lla tion found no signs of da ma ge.  Annulus test confirmed 

no outer shea th da ma ges
• 80  meter of riser section a nd end fitting were  recovered a nd sent for dissection
• Dissection show tha t fa tigue a nd corrosion a re  a ctive  mecha nisms in the  degra da tion of 

tensile  a rmor tha t ca used the  tea r-off. 
• The corrosive  environment in the  end fitting a nd under the  bend stiffener is proba bly ca used 

by the  open a nnulus vent system used on the  risers on the  insta lla tion. The open a nnulus vent 
system with no ba ck-flow protection a llows a tmosphere  oxygen ingress in a n a nnulus low 
pressure  scena rio

• Unfa vora ble  design: The riser ha ve a  short bending stiffener mounted directly on the  end 
fitting
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Dissection – da ma ged tensile  wires

• Outer tensile  la yer
• 30 % fa tigue  fra ctures
• Fa tigue fra ctures ma inly in one sector
• Fra ctures, ductile  a nd fa tigue , mostly 

a ligned with ga ps in the  a nti-wea r ta pe
• Inner tensile  la yer

• 53% fa tigue fra ctures
• Fa tigue fra ctures ma inly in one sector
• Fra ctures, ductile  a nd fa tigue , mostly 

a ligned with ga ps in the  a nti-wea r ta pe
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Dissection – corrosion a nd corrosion products

• Corrosion in ta pe  ga ps
• Corrosion products indica tes 

present of wa ter, CO2 a nd O2
• Avera ge corrosion ra te

• 0 .0 13 mm/yea r (end-fitting 
a rea )

• 0 .0 0 4 mm/yea r (5 m)
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Corrosion a nd corrosion fa tigue

Continuing interna l a ctivity

Corrosion effect on fa tigue:
• Hydrogen loa ding of ma teria l (Chemica l effect)
• Reduction of cross-sectiona l a rea  (Mecha nica l effect)
• Cha nge of surfa ce  rugosity (Mecha nica l effect)

Focus on effect on surfa ce:
• Genera l/Loca lized corrosion
• Notches/Rugosity
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Effect of surfa ce  roughness on fa tigue

• Testing of corroded wire  in a ir
• Testing of a rtificia l notches in a ir (little  effect)

Testing of corroded SoS wire  in a ir:
• Reference  wire  (not corroded)
• CO2 corrosion, low corrosion loss (CL)
• Sea wa ter corrosion, medium CL
• CO2 + sea wa ter corrosion, medium/high CL
• Artificia l CO2 corrosion, low CL

• Wha t is the  effect of corrosion loss on fa tigue  ca pa city?
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Fa tigue  curves

For ea ch S-N point:
• Cross section a t fa ilure
• Avera ge-ma x cross section
• Stress recorded for minimum a rea

• Imposed slope
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Loca l cross section loss

Loss fa ctor:
• Corrosion loss a t fa ilure  compa red 

to a vera ge corrosion loss of sa mple
• fCL = CLfra c/CLnom

• Amplifica tion of CL due to loca lized 
corrosion ea rly in corrosion 
process?
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SN-curve  leve l a t 10 6 cycles

Notch fa ctor a t 10 6 cycles:
• Norma lized for reference  SN-curve

• La rgest decline  a t sma ll corrosion losses
due to loca lized a tta cks?
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Slope  of SN-curve

• Corroded wire  seems to follow a  
slope of 3
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Applied to sta nda rd corrosion ra te  (mea n curve)

• CR = 0 .0 1 mm/yea r
• Mea n stress correction not included
• Chemica l effect not included
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SN-curves for nominal stresses (R=0.1) (5x15 mm wire) CR=0.010 mm/year
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Testing on fa iled rise r

• Testing on fa iled riser a t 5 m point
• Model conserva tive  compa red to test (expected)

• Exposure  time to corrosion (18 yea rs) is a  la rge  
uncerta inty

• Presence  of wa ter
• Presence  of CO2

• Presence  of O2
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Mean SN-curves for nominal stresses (R=0.1) (4x12 mm wire) CR=0.004 mm/year

Year:  0, LogK: 22.03, m:  6.00, A/A0: 1.000

Year: 18, LogK: 13.72, m:  3.19, A/A0: 0.966

Year: 18, LogK: 17.11, m:  4.35, A/A0: 0.988

DNVGL data at 5m
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Lea rning

• Ingress of moist a ir due  to open a nnulus vent ca n ca use  excessive  corrosion 
• Corrosion a  combina tion of unfa vora ble  combina tion of C0 2, O2 a nd wa ter
• “Short” bending stiffener mounted directly on the  end fitting -> high dyna mic loa ding in the  end-fitting a rea  

• Stress ca lcula tion with correct cross sectiona l a rea  of critica l section is importa nt
• Rugosity from corrosion importa nt
• Reca libra tion of fa tigue  model pending

• Lea rning to be  included in TR30 51
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