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Goal

Predict the field performance of
the seafloor and full-size foundations
under full-size loads

Numerical/Analytical

N Physical Testin
Modeling
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Deepwater submarine mass-movements with anthropogenic (man-made) triggers
The Valhall 2002 pile buckling incident

Performance of anchors and piles during hurricanes at the ALS (Accidental Limit State):
> Floating structures: drag anchors, VLAs, suction piles, and torpedo anchors
> Fixed structures: free-standing caisson and jacket foundations driven piles

4. Performance of foundations at the SLS (Serviceability Limit State):
> Magnus foundation monitoring in North Sea during a winter storm

5. Performance of foundations at the FLS (Fatigue Limit State):
> Tripods, deepwater drilling riser systems
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Deepwater submarine mass-movements with anthropogenic (man-made) triggers
The Valhall 2002 pile buckling incident

Performance of anchors and piles during hurricanes at the ALS (Accidental Limit State):
> Floating structures: , suction piles, and torpedo anchors
> Fixed structures: free-standing caisson and jacket foundations driven piles
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§ Post-drilling SBP record

Drill cuttings:
ickness 3.1m

v<.100m (V.E. = 10x) ~— Pre-drilling seafloor
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Moderately high backscatter
interpreted as drill cuttings
accumulation

Existing
infrastructure

Elongate area of high backscatter
interpreted as drill cuttings & cement
accumulation and debris flow

1

Backscatter Intensity
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CUTTINGS ACCUMULATION CAUSES DEBRIS FLOW

Perspective view

Vertical exaggeration: x4
d

Slope angle up to 8 degrees locally

Cuttings thicker than 0.1m. Identifiable on
AUV backscatter, sidescan sonar and sub-
bottom profiler data

Cuttings thinner than 0.1m. Identifiable on
|:| AUV backscatter and sidescan sonar data,
but not on sub-bottom profiler data

e 1.7
Cuttings thickness (m)

: 1for 0.3m contours
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Maximum runout distance: 260m
- D W W™
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EVENT CAPTURED ON ROV (REMOTELY OPERATED VEHICLE) VIDEO

CAGE 4] AR | ROV
THR: 102 * 286 270 2% DPT: 5504°
DPT: 40682° P:-2 e ALT: § °
HDG: 2853 BTY: 85673°
TAN: 0.2

o8 JuL 14
18:02:04
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BATHYMETRY FROM AUV SURVEY

Mapped runout
distance: 2.9km
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LINEAR SCAR DIENSIONS
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1. 2001 3D bathymetry data strongly suggest, albeit not conclusively, that the two
debris flows were not present in 2001, making them less than 24years old.

2. Potential triggers include:
> The laying of a cable or fiber optic line : scar is too deep and too wide
> The dragging of a survey sled during a deep-tow geophysical survey: scar 1s too deep and too wide

> The dragging of a pipeline bundle sled during a bottom-towed installation: no records could be
located and the well-known tow route 1s well outside are of interest.

> The dragging of a drilling rig anchor after the rig broke its mooring, lost position, and drifted
during a hurricane.

bp
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1. 2001 3D bathymetry data strongly suggest, albeit not conclusively, that the two
debris flows were not present in 2001, making them less than 24years old.

2. Potential triggers include:
>
>

>

> The dragging of a drilling rig anchor after the rig broke its mooring, lost position, and drifted
during a hurricane.
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1.  Case records of deepwater mass movements with anthropogenic
triggers are under-represented in the literature

2. Such triggers include:
> Accumulations of drilling cuttings near wellhead
> Dragging of objects on the seafloor

3. Application to new energy projects include:

> Carbon capture projects can involve drilling offshore wells for CO, gas
storage

> Offshore floating wind projects will include laying numerous cables on
seafloor, potentially in deepwater soft sediments on steep slopes

Philippe.Jeanjean@bp.com
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One of more individuals from one or more of the following entities (in alphabetical order);

Aker Maritime, Aker Kvaerner, Aker Stord, Advanced Geomechanics, Arup Energy, BP Amoco, Det norsk Veritas
(DnV), Fugro Ltd, GCG, Geo Survey AS, Heerema Marine Contractors, Imperial College, Norwegian Geotechnical
Institute (NGI), Norwegian University of Science and Technology (NTNU), Rowan Drilling Inc., Seacore Ltd., Sintef,

Saipem, the University of Western Australia (UWA) and many individual consultants.

Contributions are acknowledged globally.
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FOUNDATION ZONE AFFECTED BY 2 GLACIATIONS

Cone tip resistance, q. (MPa) Descri ption
0 10 20 30 40 50 6(
0 , | , | | | | . - l ; " |I
o . | Dense to very dense fine to
7 — ! Forth .
S— | medium sand. Gravel can occur
20 ] —
E | |
§ 34 I | Hard to very hard silty clays
E: | | : : :
2 a0 . ; Fisher interbedded with dense to very
3 i I dense sands
= T |
5'. E t |
8 60 |
| |
i ———————————————————————— iy |
70- — | | Predominantly very hard silty
1 ! 1978 boring = ! g o 0
80 = | ~w ' LingBank clays with occasional very dense
oo | e sand layers
= | |
i | |
100 _ ' '

Note: 1) All 4, values greater than 37 MPa were measured at CPT refusal.
They do not represent actual in-situ values.
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» Pile capacity calculated with API RP2A (1993)
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WP- P{hh

0 10 20m NN A ) WP-P2 P _

WB-PBﬂ
ppz ™ f
IP-P4: ® 72— o,

67m; 45.25m

IP-P8:
67m; 53m
v AT S
IP-P7: g,é IP-P5
67m, 54.25m IP-P6

Pile successfully installed to target depth of 53m
& Pile successfully installed to target depth of 63m
& Pile successfully installed to target depth of 67m

Refused pile: Pile #: target depth; refusal depth
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Soil Resistance to Driving (SRD), (MPa)
100 120

40 60 80

Depth below seafloor (m)

- - - Measured; IP-P1

Measured; IP-P2

Non-refused
-—

Forth

Fisher

Measured; WP-P3

Ling Bank
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1) METHOD USED

Cone tip resistance, g. (MPa) Formation Soil Resistance to Driving (SRD), (MPa)
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140
0 L | L | L | L | L | L | 0 1 " 1 " 1 " 1 " 1 1 " ]
N\
AN ' =
O e e e e — — £ 10_
] l 2 _
— 20 I | — 20_ =
= = e e € - =
- e o P 2
8 e T e 8 <
S 30 8 30
© — e = —— o
b § ] a y 3 :
4 - £ | = 5 refused piles
8 Ml e — — — — — — —, o o 40 - ———
3 ' Fl ~.
= ] II / 3 | — oo
o 50| o 50 ~
A / g =/ .
. g < / 60 U 4
60 _| S, — r =
l - Not refused but
i ~ - - ~
N . .
ol | S 70 . . SRDis higher than
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(=4 .
] — B3; Mesured in 1978 = A pred ICtEd
80 < - = Required to match WP SRD; used for IP prediction 80 — Predicted post refusal; best estimate Measured; P4
| —  Required to match IP SRD | - - Predicted post refusal; high estimate Measured; P5
90 | ¢ 90_ — Measured; P1 Measured; P6
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TIOON WII - Wa A =l] 4,

NO UNUSUAL SOIL CONDITIONS (E.G. CEMENTED LAYERS, BOULDERS) ENCOUNTERED BUT CORED THROUGH THE BUCK

0.3m

Section of pile from borehole drilled
in the center of refused pile P7

& Borings performed from jack-up
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Pile P8: buckled in last 0.5D (from video camera)

Front Left Front Left Back Right
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Pile P7: highly deformed section in bottom 4D

i
A
A /

~4D

Front Left Back Right

YRy
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Depth along pile (m)

IP piles: 9 wall thickness sections

Type 3

Type 1 Type
O ---84mm--- ---84mm---
85mm 85mm
10— [ b
90mm
2 90mm | |||
77777777777777 80mm
3 somm || |[
________________ 70mm
4 70mm ||
| 65mm J| |t 65mm
5
700
__65mm
8 60mm

- 84mm |

75mm

IP piles:
tip with strong
external chamfer

60mm
<>

120mm
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WP piles: 3 wall thickness sections

WP piles: Row 1 Row 2
flat tip 0] 1] ’
_ 10 75mm 75mm
E H-——— - 5
2 20f - =mm il i essmm
Q
€ : 50mm 50mm
50m

70

80  Pile diameter not to
scale

5t International Symposium on Frontiers in Offshore Geotechnics
Nantes, France | 09t — 13t June 2025



REFUSAL IN DENSE AND VERY DENSE SANDS CORRELATED WITH THE USE OF EXTERNAL CHAMFER, NOT D/T

1. 188 platforms, 72 with piles in dense sands. g g g g
_ E 5 £ =
2. Strong chamfer used in 40% of platforms overall ° ° ° °
. . . o > 450 o < 450 o =00 o < Q0
> (50% in UK sector, 64% in Norwegian sector) Strong  Weak No Inward
T 5 . chamfer  chamfer  chamfer chamfer
@ ¢
3 te e *a r=J
[o] NI O S IS ER-
£ ey Bied ¢ ] 16 35 '
g A e PRte T4 Ny
S L, %2 % 3@:.;‘ Ay =25 (D/t=31) (D/t=39) (D/t=32)
S 60_ A ,@ ® o, 2: * ¢ non refused; strong chamfer © .i_) ©
S e A3 e 53
i "Aoa : VR o A non refused; weak chamfer
§ 20_| ;‘w g *{A ® non refused; no chamfer 5 3 3 0
“A o . ¢ refused; strong chamfer
o A ¢ A refused; weak chamfer (D/t=34) (D/t=46) (D/t=28)
100 ¢ @ refused; no chamfer
‘ 7
¢ Valhall
* 31% 15% 9% 0
120_
10 15 20 25 30 35 40 45 50 55 6(
Diameter to wall thickness ratio, D/t ( Note 1): “Refusal” refers to the number of platforms with at least one pile that refused
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NONE OF THE THEOTICAL ADVANTAGES PROVEN IN THE FIELD

e

Pile
centerline

As of 2003, a strong tip chamfer was often recommended:

1.  to aid pile stabbing into the pile sleeve

2.  to preserve pile verticality when the pile encountered

slopping strata 120mm

3. to ease penetration into dense soil, as compared to a flat tip

4.  to push more soil to the outside of the pile thereby reducing 3I()n']m
the risk of plugging.

3 U lgll-lbl
(9}

75% of the soil believed
to flow outside pile

Pile diameter not to scale
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FINITE ELEMENT ANALYSES (FEA) SHOWED LARGE LATERAL STRESS IMBALANCE AT TIP — NOT PRESENT FOR FLAT TIP

FEA performed with ABAQUS, LS-DYNA, Plaxis, ICFEP (Imperial College Finite Element Program)

Non-axisymmetric lateral loading

axisymmetric lateral loading

AT
e

Pile tip

ayy
R

Maximum

plastic strain

Iy Sy
iﬁt.a#.%

P AL AT

R
LI LY
e

=

F2 0
s

2R

P=0.6q,

Increased plastic strain

A yield = 105MPa

e yield = 70MPa

Framework of Aldridge et al. (2005)

y: length of

deformed area

ich

Cone tip resistance at wh
pile yielding starts, q. e

e yield = 113MPa
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Hindcast of progression of pile distortion
with penetration (Randolph, 2018)

Pile radius (m)

qc_yield =90MPa Stresses in pile at 50m penetration

1.05 11 115 12 125 13
von Mises stress (MPa) 10 | | ;
Depth Initial
(m) radius sand
23 420 (yield) 20 -
Pile tip clay
recovers
30 L in clay
sand
clay
q,=0.5q, 40 L
sand
Pile tip Pile tip moves
moves in out 95 mm
120 mm
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NOT IN ORDER OF IMPORTANCE

The consensus opinion from 2 independent investigation “Delphi-type” panels was that the main factors that caused the
failures were:

1
2
3.
4

A steeply chamfered pile tip.
A sand layer of sufficient density and stiffness.
A sand layer of sufficient thickness to propagate the initial deformation to the point of collapse.

An initial out-of-roundness or tip deformation upon entering the very dense sand stratum in which the pile refused.

Lesson learned captured in ISO 19901-4:2025:
8.7.6 Selection of pile hammer and stresses during driving

d) The tip of the pile or the driving shoe should be flat or bevelled towards the inside of the pile. Pile
tips and driving shoes with bevels toward the outside of the pile shall not be used when driving

through dense and very dense sands as they have been shown to be a contributing factor in observed
pile buckling.
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“Piggyback”

S Y

“Piggyback” insert piles

Old pile New pile

sleeve

After Alm et al. (2004)
Topsides installation in 2003
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@ Soil borings (1978)
< Soil borings (2002)
@ Soil borings (2004)
v CPT (2004)

Q_50 100m

seafloor (m)

Depth belo

Cone tip resistance, g. (MPa)

0 20 40 60 80 100 120
1 I 1 1 I
—
S —————
e
%:;;:
e
— e e e eme =S |
|
—— ———aaa
30 |
———
e — L ==
o e —— ——
) ! = — /4
50 _| T 7
-g— |
g0 | E: —7 . . e o e
e —— I
E |
70 | |
=1
= |
1%+ B o
|
_ﬁ |
90__1 |

d. between 70MPa and 113MPa calculated
to potentially initiate pile yield
|

Required to match WP SRD; used for IP prediction

Required to match IP SRD

Note: 1) All g, values greater than 100 MPa were measured at CPT refusal.
They do not represent actual in-situ values.
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ACCORDING TO PROF. R. FEYMAN (1964)

Develop or guess Compute the Compare with
the theory conseguences experiment
e Develop foundation design e Predict field performance e Compare predicted
methods of offshore structures and performance with post-
their foundations event observations

/5N
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NTIFIC METHOD

ACCORDING TO PROF. R. FEYMAN (1964)

You cannot prove any theory right!

T —
_‘_

L 4
o
©
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Number of floating MODU (Mobile Offshore
Drilling Units) with mooring failures

Ivan 5 =0
Katrina 8 H3
L Rita 12 — e
Floating rigs exposed H
. Gustav 1 - TS
to hurricane
ke 5

Gustav (2008) lke (2008) | Katrina 005) ?ité (2005)
Modified from ABS (2012)
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Estimated Ivan Storm Intensity (MC383)

b i van :
| Hg;.,hﬁps ,,M.-"I-IP‘ km F“'f

x § = L] T
._ \..II.Fl. rgh-r.-rﬁ 2004 & 1936 I.ITF_‘-* T,l---'-l. .. ': Ll W Time Wind Wave o J
Failure Begin 50 yr 100 yr to 1000 yr | i =
PIRIT +PETRONIUS
Failure End 100 yr 1000 yr + + NEPTUNE - ut
+ MARLIN
*+ RAM-POWELL I
POMPANO + Path of eye of Hurricane
r Amberjack # HORN MOUNTAIN g
COGNAC + -
r MATTERHORN* "
LENA # b
L N -
i 50 Hurricane IVAN
b ) DEVILS TOWER 1 . 15-Sep-20t':4 18:02:00 A
1 1 1 1
Photo of Hurricane Ivan, Sept. 15, 2004, 19:36hrs UTC —
Credit: NOAA From Sharples (2006) & Petruska (2005)
bp
:‘. P.Jeanjean —bp 5th |nternational Symposium on Frontiers in Offshore Geotechnics a1

2' ’.l‘ Philippe.Jeanjean@bp.com Nantes, France | 09t — 13t June 2025
e



A

SO P ] / fairlead

T & Waterline s ——

‘%}- '.k\;;\\‘ L—Q C? h - —_—

e O = e : . .
q R T s J 79mm (3-1/8in)
Measure % o e N RV o gcﬁ £ rig wire
rotatlonI: 254‘de/g_ PR | N f__ — 7 o
Measured : V\éave direction Detail of suction buoy
rotation: 123deg uring storm p|Ie padeye

N A e
m \ :
Measured

's rotation: 35deg

(270° to 290°)
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|l ulomfun
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Suction ;, s
pile | x4

HEEr -

92mm (3-5/8in)
mooring wire rope

Seafloor

Drawing not to scale

« Line failure sequence: 5,4,6,7,8,3,2,9,1 ¥ 3% ¥ % Location of line failure
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Damaged padeye. No pile rotation reported.
Soil depression reported on back side of anchor.

et 1 4 Measured pile
: 12° rotation: 254° -

e

o S 460.7
Measured pile rotation: 34.7° g

Failure hindcast with out-of-plane load angle of 45°

| No pile rotation reported

/ \
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Vertical load (MN)

V-H failure interaction diagram
In-line loading

8 _
. Adhesion factor
g a=0.75,0.5,0.25,0.0
6 _|
5 o —_ -
4 \\
\
3 \
i \
2 | \
] )
0 (I T T T (| 7 A
0 1 2 3 4 5 6 7 8

Horizontal load (MN)

~ mooring line breaking strength
Load path; Line 3
—>» Load path; Line 5

bp

Moment-Line tension failure interaction diagram

Torsional moment (Ml

_ Last load is when padeye breaks

Line tension (MN)

—— Moment capacity; alpha = 0.75
— - Moment capacity; alpha = 0.55
—— Line breaking strength

Load path; Line 7; no rotation
—>» Load path; Line 8; 35deg rotation
—>» Load path; Line 2; no rotation
—>» Load path; Line 9; 123deg rotation

Stresses in padeye for Line 7 at failure
(modified from Delmar, 2005).

5th |nternational Symposium on Frontiers in Offshore Geotechnics
Nantes, France | 09t — 13t June 2025

P.Jeanjean —bp

Philippe.Jeanjean@bp.com 44



GRAVITY-INSTALLED ANCHORS WITH OMNI DIRECTIONAL LOADING CAPABILITY

Bottom fin Swiveling mooring arm Top fin
Deployment
line i
OMNI-Max® 4 o
—Y “— Mooring line
anchor — \
i
-
= (
2 [
\
, seafloor |

L RS : + . e

Typical length overall: = 9.1m; Weight (dry): = 39t

Modified f Shelton (2007
odified from Shelton ( ) From https://delmarsystems.com/products/anchors/omni-max/
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AX© ANCHORS KEYING

LAPONITE: TRANSLUCENT SMECTITE

e 0 o o o o Trajectory of load attachment point with load sequence 1to 6

Modified from Shelton (2007)
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b
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TRANSOCEAN AMIRANTE RIG — ALL MOORING LINES BROKE, EXCEPT ONE

Installed | Post hurricane | Estimated Estimated . . Additional
. . . : Ratio maximum .
penetration| penetration capacity | maximum anchor embedment during

(m) (m) (MN) load (MN) b el hurricane (m)

Failure sequence: 8,1,7,6,2,3,4

3% Parted at fairlead
},:(; Parted in intermediate wire Modified from Zimmerman et al. (2009)
¥ Anchor structural failure
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DESIGN METHODS NOT PROVED WRONG!

» Most mooring failures occur in the wire line, as predicted and intended

» Behavior of suction anchors is as predicted:
» Line failure vs anchor structural failure vs anchor geotech failure

> Omni-Max® anchor behavior as predicted:
» Anchor diving behavior under overloads
» Anchor retaining capacity after large rotations

» Out-of-plane loading can cause structural failure

» Key improvement of performance includes increasing the geotechnical and
structural capacity under out-of-plane loading
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TROYED PLATFORMS:

EITHER TOPPLED, DAMAGED, OR LEANING BEYOND REPAIR

Echoscope survey of toppled platform

on seafloor in Ewing Banks area Platform leaning beyond repair

in East Cameron area

Platform damaged beyond repair
in Eugene Island area

From Energo (2010)
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» Water depth: 16.2m
» Pile: 1.2m diameter, 29m penetration in soft clay

» Caisson damaged during Hurricane Andrew in August 1992,
found leaning 15 degrees at waterline

[llustrative caisson damage after hurricane
(these caissons are not the one for this case record)

i -

Lateral support p-y springs:

> Model 1: ISO 19901-4:2016
monotonic curves

> Model 2: ISO 19901-4:2025
cyclic curves
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Time=D.000 Time=D.000

]

A
§ 08T 15 G R T T I T

22000 L A (O, L (N L L L O L L e AL

" Beginning Yield
Il Plastic Hinge
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Using I1SO 19901-4:2025 API/ISO cyclic p-y curves Using 1SO 19901-4:2016 monotonic p-y curves

Waterline Waterline

Seafloor Seafloor

Field observation: 15 deg.

| Beginning Yield
I Plastic Hinge

See Wu et al. (2020) for details
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» Two 4-pile jacket platforms
» Pile penetration: 54.8m into soft to stiff clay
» Platform damaged during Hurricanes Gustav & lke (2008)

— . — ¥ -

¥/ e V2,

1 4 | JH
3 §

Philippe.Jeanjean@bp.com Nantes, France | 09t — 13t June 2025

/5N
(TTD % P. Jeanjean —bp 5t International Symposium on Frontiers in Offshore Geotechnics 54



Joint failure and separated members

Buckled braces

W-

Cracked and damaged joint

bp

—>

Hurricane lke
Wave Direction

Joint failure and separated members

Buckled braces

PILE FOUNDATION
NO INDICATION OF PILE FOUNDATION FAILURE OR LATERAL
DISPLACEMENTS IN UNDERWATER INSPECTIONS
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ISO 19901-4:2016 monotonic p-y curves

L 5 -
1 .
-\\\\..

A

I

Formation of plastic hinges in

Beginning Yield

Bl Plastic Hinge
I Buckling Strut
East jacket piles below seafloor B Fracture

:

Stronger soil reactions prevent
plastic hinges formation in piles

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Pilehead Horizontal Displacement (m)

0 50 100
Time (s)
—1S0 19901-4:2016 static curves
—I1S0 19901-4:2025 cyclic p-y curves

The hindcast with the ISO 19901-4:2025 cyclic p-y
curves is more consistent with the fact that no
noticeable pile lateral displacement was reported
(0.4 m displacement vs 0.1 m)
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Joint failure and separated members

o

/

A

2N I S

AN VAN

R

AN

Buckled braces

|

Cracked and damaged joint

PILE FOUNDATION'

NO INDICATION,OF PILE FOUNDATION FAILURE OR LATERAL €=
DISPLACEMENTS IN UNDERWATER INSPECTIONS

Cracked and damaged joint

T

AL
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Plastic Hinge
Buckling Strut
Fracture
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CONDUCTOR REMEDIATIONEESRKS

.
-

-33M:ELEVATION §,

3
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Offshore Wind

Credit: Mandelsloh Credit: Bjarne Stenberg Credit: DNV

Caisson Multi-pod Jacket Spar Monopile Multi-pod Jacket Spar
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PAPER AVAILABLE AT:
HTTPS://WWW.ISSMGE.ORG/PUBLICATIONS/PUBLICATION/LEARNING-FROM-OFFSHORE-FIELD-PERFORMANCE

bp
“‘“‘" P.Jeanjean —bp 5t International Symposium on Frontiers in Offshore Geotechnics 60

‘,' > Philippe.Jeanjean@bp.com Nantes, France | 09t — 13t June 2025
st


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.issmge.org%2Fpublications%2Fpublication%2Flearning-from-offshore-field-performance&data=05%7C02%7CPhilippe.Jeanjean%40bp.com%7C4a1b2f60432b4af49b2008ddbd5589a9%7Cea80952ea47642d4aaf45457852b0f7e%7C0%7C0%7C638874897249307860%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mqclYGcqbolEyLv4g3gAuwN%2BYga7JD8QLznhQTky8W4%3D&reserved=0

	The 7th ISSMGE McClelland Lecture: �Learning from Offshore Field Performance�
	How lucky can you get?�API (American Petroleum Institute) Geotechnical Resource Group, October 1993
	Thank you to the first 6 ISSMGE McClelland Lecturers!
	The goal
	Content of written version of lecture
	Content of oral version of lecture
	Offshore geohazards and submarine mass movements: �Open literature entirely focused (almost) on natural triggers
	Anthropogenic (man-made) offshore triggers �Deepwater riserless open-hole drilling: pump and dump (soils are too soft to use riser and BOP)
	Thickness of drill cuttings & cement: up to 3m�imaged with pre and post-drilling AUV surveys (bathymetry and sub-bottom profiler (SBP) data)
	Mass movement with anthropogenic trigger:�Cuttings accumulation causes debris flow
	Deepwater mass movement with anthropogenic trigger:�event captured on ROV (Remotely Operated Vehicle) video
	Deepwater mass movement with anthropogenic trigger:�event captured on ROV video – slow motion
	Seafloor instability with anthropogenic trigger�bathymetry from AUV survey
	Seafloor instability with anthropogenic trigger�headwall of slides coincides with linear scar
	Seafloor instability with anthropogenic trigger�linear scar dimensions
	Potential anthropogenic triggers
	Potential anthropogenic triggers
	Performance of seafloor under anthropogenic triggers�Summary
	The Valhall IP pile refusal 2002 event
	The Valhall IP pile refusal 2002 event
	Valhall 1978 CPTs and ground model�foundation zone affected by 2 glaciations
	Geophysical tie line from 1978 boreholes to IP location�stratigraphy is continuous w/o channels
	Calibration of WP SRD and predictions for IP�Soil Resistance to Driving (SRD) predicted with the Alm & Hamre (2001) method
	IP piles installation: 5 out of 8 piles refused�13m to 23m short of target penetration
	IP vs WP SRD: same diameter piles; only 4m apart! 
	Higher CPT values required to match recorded IP SRD Alm & Hamre (2001) method used
	Investigation with jack-up rig�No unusual soil conditions (e.g. cemented layers, boulders) encountered but cored through the buckled pile! 
	Imaging of buckled piles with downhole sonar 
	Imaging of buckled piles with downhole sonar 
	IP vs WP pile geometry�same 2.348m (96in) diameter
	Database of refused piles in North Sea – circa 2003�Refusal in dense and very dense sands correlated with the use of external chamfer, not D/t
	Why use an external chamfer?�None of the theoretical advantages proven in the field
	Numerical modeling of chamfered tip�Finite Element Analyses (FEA) showed large lateral stress imbalance at tip – not present for flat tip
	Numerical modeling of chamfered tip�Abaqus FEA with BASIL (bucket adjusted soil installation loading) user element
	Consensus causes of IP pile refusal �NOT in order of importance
	Remediation: the piggy-back system
	2004 Site Investigation for design of PH platform�confirmed the presence of 100+MPa sands. Factor of Safety against collapse was marginal
	The scientific method�according to Prof. R. Feyman (1964)
	The scientific method�according to Prof. R. Feyman (1964)
	Performance of floating drill rigs mooring system
	Jim Thompson rig drilling in Block MC383�mooring designed for 10-year event, as per code requirements of the time
	Mooring failure mechanism�5 lines broke at the fairlead or in the wire ; 4 anchor structural failures at padeye 
	Suction piles failed structurally, not geotechnically
	Line failure vs anchor failure vs padeye failure
	Performance of OMNI-Max© anchors�gravity-installed anchors with omni directional loading capability
	OMNI-Max© anchors Keying behavior: model tests in laponite�Laponite: translucent smectite
	Performance during hurricane Gustav (2008)�Transocean Amirante rig – All mooring lines broke, except one
	Summary of anchor performance lessons learned�Design methods not proved wrong!
	Performance of fixed structures during hurricanes�300 platforms destroyed since 1948!
	Destroyed Platforms: �either toppled, damaged, or leaning beyond repair
	performance of free-standing caisson, Hurricane Andrew (1992)�API study (Wu et al. 2020) 
	Hindcast of performance �Dynamic push-over analysis. Both models use DSS (Direct Simple Shear) shear strength
	Caisson Hindcast vs Measured Performance  ISO 19901-4:2025 method for laterally loaded piles in clays not proved wrong!
	performance of SS jacket, Hurricane Ike (2008)�API study (Wu et al. 2020) 
	Platform Damage Post Hurricane Ike
	Hindcast of Platform Performance during Hurricane Ike�after 2 cycles of maximum wave
	SS platform Predicted vs observed damage using ISO 19901-4:2025 cyclic p-y curves with DSS shear strength�
	The importance of identifying right failure mechanism
	Relevance of hydrocarbons lessons learned to new energy projects�similar structures, different scale!
	Paper available at:  �https://www.issmge.org/publications/publication/learning-from-offshore-field-performance�

