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Renewables New regions Deep water
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Offshore wind,wave Shallow water oil and

Deep water platforms(e.g.floating
liquefied natural gas ship: ~ 500x80m,
600000 tonnes)

and current generation gas platforms(e.g.jack-up rigs)
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Skirted foundations and manifolds
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Challenge of Offshore Foundations

_ 1. Large Foundations and Loads
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2. Enormous costs of site investigation and
construction
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~3000m

3. Unknown soil
conditions
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Off the slippery slope ...
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Geotechnicalf”nallﬂges in Deep Water %%%Eﬁlﬁ
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Characteristic environment IR HFAE
> 1000 m: Soft, lightly over consolidated fine-grained sediments

RF10002K7K R : BIGBELEHAFRER
Example geotechnical challenges

Enormous costs of site investigation EIA:M B9 E En 58
Strength determination: cyclic degradation, sampling challenge
Increasing focus on upper layers (in-situ methods)

Mobility of infrastructure Al a1 A B AL 1
Large deformations, incl. changes in seabed topography
Fluid-structure-soil interactions (e.g scouring of anchor chains)

Capacities under repetitive cyclic loading £ &Mk T HI&E BE
Possible transformations in soil properties (disturbance/healing)

Focus now both on capacity and stiffness &L & HFINIE
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Some example solutions
Improved in-situ technology IR F AR B3 R

Large-diameter piston coring

Continuous T-bar and ball penetrometers (with pore pressures)

Automation

New Anchor configurations: FTE AT
Such as SEPLA, Torpedo anchors, OMNI-max

Discussing today

Hybrid foundations ¢H & A E A
Mudmats with piles in corners

Improved numerical methods:  #({E /7 ARV R
Failure envelopes written directly in combined loading space

Large deformation finite element analysis techniques



Example Solution: SEPLAS THE UNIVERSITY OF
WESTERN
FRER: WARANIRH ¢

e AUSTRALIA

Floating Production Facility

__’——‘r_\’/\/\
Mooring line:

Deep Chain-polyester- Taut Leg
water chain Mooring
> 1000 m Export

pipeline

Y

se”awlSed ~</ \>
Plate Anchor: Mainly

Vertical Load (eg size
8x5m)
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Example Solution: SEPLAS THE UNIVERSITY OF
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(D suction installation
(2) caisson retrieval
3 anchor keying
@ operational (sustained/cyclic)

Industry requirement:
- Keying model ¥
- Bearing capacity factors under cycles LR

(modified after www.intermoor.com)




Predicting the keying trajectory ** AT
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(Lowmass, O’Loughlin, 2006)
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Predicting the keying trajectory
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Seabed soil

strength, s,

Increasing
strength
with depth



Keying Model: Plasticity Approach N WESTERN
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Perfect plasticity assumed, therefore 3 components:
— Yield surface written directly in combined VHM on fluke
— Associate flow rule assumed

— Hardening law (i.e. increase size of Yield Surface with depth)

Advantages:
— Easy to implement
— Quick to run

— Parameters can be easily adjusted.

Based on similar approach to analytical modelling of drag-anchors
(O’Neill, Elkhatib: PhDs at UWA)
16
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Keying Model: Plasticity Approach N WESTERN
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Fluke only | SEPLA
V__ILBs, 12.6 12.7
H.__/LBs, 2.9 4.2
M. JLB2s, 1.9 1.9
m 1.01 1.02
N 4.05 4.01
P 1.01 1.01
q 4.01 4.01

Yield Surface proposd by Bransby and O’Neill (1999) and Elkhatib and
Randolph (2005) for drag anchor application



SELPA Keying Example BRI @%@%{Eﬁlﬁ

Soil surface

/90

Chain of dpar
(diameter) and p
(friction)

update of the chain angle at
the pad eye by solving the
Neubecker and Randolph
(1995) chain solution



Loss of embedment, 5z/B

SELPA Keying Example
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Loss of ~20% in capacity

s, at

start

S, at current
depth

Normalised chain load T,/LBs,

22




SELPA Keying Example FR{AL9%T

08 |

Loss of embedment, 5z/B

02 +
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09 |

v 90° fluke only
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90° fluke and shank

L8t

40

Horizontal displacement, 5x/B

-0.1 0 0.1
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fluke only

40° fluke
and shank

 For offshore conditions, loss of embedment between 0.5B and 0.9B

« Allow period of re-consolidation before keying, as reduces embedment loss

« Used to redesign anchor: keying flap orientation, increase padeye eccentricity




SELPA Keying Example

0o = 40°

Soll surface

[
®

Loss of embedment, Az/B

Horizontal displacement, Ax/B
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SEPLA Centrifuge Model =L AL @%@%ﬁﬁlﬁ

» \West Africa soil used for centrifuge

experiments
« Anchor keying followed by sustained loading

/ cyclic loading and pull-out to failure

Intermediate position

+ 1/150 model

Expected final
position




Sustained loading on SEPLA anchors r@g WESTERN
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Threshold at 85%




Cyclic loading on SEPLA anchors = IR
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Time (s) Time (s)

Cycles < 0.75 Max monotonic  Cycles > 0.75 Max monotonic

Same processes, but
 Further reduced capacity due cycling
* Threshold at 75%
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- Plate anchors for mooring TR RIARS

New regions HTK I

- Installation of mobile drilling BAREHESHERE
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Recent Flurry of Construction

RILHIF & AR

Recently > 2000 km @ ~$4.5 Million per km
Secondary stabilisation can cost ~ 30% of total

Driven new analysis techniques predicting stability
of unburied pipes under storm loading




Recent Flurry of Construction WESTERN
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Australian Floating LNG WESTERN

Liquefy and ship gas offshore
Length: 488 m Width: 74 m
Weighs: 600,000 tonnes
Moored for 25 years

Closest Port: 475 km (Broome)




Geotechnical Challenges: New Regions WESTERN
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Characteristic environment

Australasia: often highly stratified seabeds, carbonates and sensitive silts

Example geotechnical challenges

Less offshore experience
Can be very remote with long distance

E.g. > 500 km pipelines in Australia
Prediction of drainage conditions and rate effects
High compressibility and occasional cementation
Large changes in strength with cycles
Installations in layered conditions or into
uneven seabeds
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Geotechnical Challenges: New Regions &;ﬂ,@%ﬁﬁlﬁ

Some example solutions

Improved numerical methods that account for rate effects, soil softening
through shearing, high sensitivity and strength gain through
consolidation

Improved pipeline stability models: significant $$ savings

Increased emphasis on direct prediction methods from CPTs

Punch-through models that account for soil dilatancy

2 R - PR B R B B AR T Discussing today




Mobile “jack-up” rigs BFH3\%h

| |
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Conical “spudcan”
foundation

*« 20m
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Photos Courtesy of Keppel
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soft pinning

installation

operations

Figure after Dean (2010):
Offshore Geotech. Eng.



Punch-through failures

R ZF

Penetration resistance
Partial preload

_partial
“preload

N

Depth of penetration
O
&

Abrupt reduction of
bearing capacity

AR AR
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Punch-through failures  RIZFRELL

Punch-through off Qatar, 8 May 2009
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Opeak: Methods in I1ISO 19905-1 &4 AUSTRALIA
Load spread method Punching shear method
Qo Qo
e WENVETEY ey
: 5 ! T < 5 T
T (Qo *+ ys2)Kstang
Hs Hs Sand: ¢, ¥’
s s T T
S B O O O A —
S¢NcSy + do s.N¢S, + 0o
o =tan s (or tan‘lé) K tan¢'=3 Su
5 3 v'sD



Punch-through in sand-over-clay

b+ -kh R SRR

Vertical load
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Centrifuge testing

UWA drum centrifuge

Total tests performed : 70

Range of tests

Sand thickness, H

3.05m-=7.25m

diameter, b 6m -20m
H./D ratio 0.16 —1.12
Spud. shape angle 0°, 7°-21°
I 0.43, 0.74, 0.95

BILHLR

After testing
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Centrifuge testing

Penetration resistance (kPa)

BIL LR

WESTERN
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g peak

800 1000 H
=

-400 -200 0 200 400 600
0 | |
} /><—Peak penetration
2 / resistance, Qpeax |
4 / Sand
E 6 7
%_ 3 6.2m sand thlckness_ Clay
[ / Test D1F50a
N10 _
1 %— Extraction \ Prototype scale: |
/ H,=6.2m
14 _ —D=10m .
/ Penetration—
16 / \\
18
/ — D1F50a \\
20




Peak penetration
resistance, qpe
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tion resistance (kPa)

800 1000 1200

12m dia.
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flat foundation
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Series of D1F30a to D1F80a

20

For this case, Sand Layer = 6.2 m

Diameter = 6, 8, 10, 12,

14 and 16 m

Plot together
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:’ 500 \ H41m
©
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Supporting finite element analysis WESTERN
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Load-settlement curve from FE

300

T~ i = i q
peaL —""'"ﬂ.m&-—— e, o asfasn
7 250
v NP L/
! \ / /
Clay 200

150 /
Adjust to match experimental gpeqx |

100 - 1 1

Sand: & = 38.9°, w = 9.8°, y' = 11 kN/m3
Clay: s, =16.6 + 2.1 (z-3.4) kPa, y' = 8 kN/m3

Penetration resistance, q (kPa)

A
o o
]

—-Sand thickness, H, = 3.4m

Foundation diameter, D = 8m
. " . - . . J 0 0.02 0.04 0.06 0.08 0.1 0.12

Normalised settlement, 5/D

Aim: Incorporate stress level and dilatant response of sand
Method: Back-calculate operative ¢' and v



Relationship between g, and operative ¢' and vy WESTERN

q peak*ugg& O\ v EFA *s? AUSTRALIA
1000 -~/ Obtain relationships
& / 7 for ¢ and vy :
< 800 v
/- 20% 7 2 '
= " ¢' — ¢, =2.65l
> M
S 600 7 ' Ik =lp(10-INQuea )-1, O<lg <4
S +/- 10% -~ )
g 0.8y =4~ do,. 20
- , A D2: 6.7m sand
2 ' sDL:6.2msand | Modified form of Bolton
~ X D2: 5.8m sand :
§ 200 Do 4.8m cand (Geotechnique, 1986)
o 7Z—r Line of pquility | m D1: 4.1m sand
0 ® D2: 3.4m sand

0 200 400 600 800 1000
dpeak from centrifuge tests (kPa)
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Peak penetration Stresses on a thin horizontal disc:
resistance, gpea -
I z
1Ll H;H AL L
S e . 1 :
l f: :\ Sand: ¢, s dz Vs e
|

Jf P IRERERE
AN

, ' X Differential equation of vertical force equilibrium
rr1r 11711

Clay: sym K B
do', Etany -
+ c,—7s=0
folay dz  (D/2+ztany) * '°
*
where E:2{1+DF(tan¢ —1}}
tan y

(see Lee, Randolph, Cassidy, Géotechnique, 63(15), 2013 & Hu, Wang, Stanier, Cassidy, Gétechnique, 65(11) 2015)
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Analytical model (Hu et al.) fRHriEdY

Peak penetration
resistance, gpeqx

Geom D Diameter

l l l l l l l l H, | Sand thickness
l i A Ok | Sand 15 | Relative density
z Sand: ¢, ys v, | Effective unit weight of sand

¢., | Critical state friction angle

H, '
RT Hets Q | Bolton’s (1986) equation
Clay s,m | Undrained shear strength at
sand-clay interface
T T T T T T T Clav: s k K | Gradient of increasing shear
Y- Sum, strength

QCIay

E . E
Opeak = (NcoSum + o +O.12ngs)(1+ 1'7|6DH5 tan \yj _¥sP ){1—(1—1'75;_'5 E tan \yj(1+1'7gHs tan \uj } <0sand

2tan y(E +1

tan¢*
tany

D
where E-= 2{1+ DF[ _]ﬂ , Osand = S;N y; +SqNqdo

(see Lee, Randolph, Cassidy, Géotechnique, 63(15), 2013 & Hu, Wang, Stanier, Cassidy, Gétechnique, 65(11) 2015)



Depth of punch-through (d4) %%%Eﬁlﬁ
ﬂiug;%lgd peak
1.0 . . . E
+ Teh et al. (2010) NUS tests i
X Teh et al. (2010) UWA tests X :
0.8 Lee et al. (2013a) tests e S
OHuetal. (2014a) 5 P
N X Hu et al. (2014b) '
=~ 06 [
= ;
i S
I"’ [0/ S S——_ e U RS
0.2 o + ..................................................
Ilne of dpeak 0. 12HS
0.0 i i | |
0.0 0.2 0.8 1.0

0.4 HS/D 0.6



dID

Bearing capacity N. in underlying clay

TEMTHERSHER

Oelay = NeSum + NplugYe

From Centrifuge PIV:
at 1D below sand
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H
N, =11—>+10.5
D
30
25 [ Fitted equation: Nc:11i+10.5 o 1o
D - U
20 [ ’
15
10 R X kDIs, <05
O 05<kD/s <1
1<kD/s <15
5} <& 15<kDIs, <2
A kDIs, >2
O 1 1 1 1 1
00 0.2 0.4 0.6 0.8 1.0 1.2

Height of sand plug / Diameter (H./D)



Performance against database
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UWA Drum Centrifuge tests:

D1F40a (1,=0.92, Hs= 6.2 m, D = 8m)

q (kPa)
0 200 400 600 800
_2 | | | |
Test: D1F40a
O At 3 H/D =0.78
:' ID =92%
£
2 1 E* 4 —— Centrifuge test
l: ,
4 - ’/ === Load spread method
7
5 - Sand/f = @@00¥ @ e Punching shear
= \) method
= Clay\
- \ —Hu et al. method
=g A \
\
\
10 - \
\
\
12, 3
\
\
14 - \
\
\
16 S

L1SP3a (1,=0.43, Hs= 6.0 m, D = 10m)

14

16
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q (kPa)
0 100 200 300 400 500 600 700 800
Test: L1SP3
o H/D =0.6
Ip=43%

— Centrifuge test
- ==1 0ad spread method

------ Punching shear

method
—=Hu et al. method




Performance against database

FMBIEEEXTEE %?3 AUSTRALIA
800 78 30 yid
7 Load spread method ’ ~1SO (2012) method | Line of equality__+”
700 | Line of equality oy 7
; . [ 25 | | ®Huetal method o -
4 Punching shear method I ° . L L’
600 ”’ . ,l’ ”/ @ "l
® Hu et al. method 4 e .~ , I
— ® 20 " ® ‘ "
QCS 500 . s ’/" [E] l’ ..’r”
i~ + 15% variatiom—» ®e.” = 3 P | %
£ 400 | /" # B Oo E 15 L+ 15% Varlatlon—" .¢.’
% /" ""' B o TDZ\ AA i I’ 2
% 300 .“ 1" : ] v«\[jﬁ A & Z 10 1', //’
Dzé /4 : ’,/'@[%j DE %_’@A % 1/’ ,”
200 e 1l VW N gioe A
S D% ,@4_\&7 e = 5 ’ -
,’ l’ 4 .,‘\‘ﬁi\*ﬁﬁ D A ’I
100 [ I’," [D A«'}n" %\L\ﬁ\ o 5y I’/"
4 E/_AAQ‘A A 'I,I
0 | | | | I | | 0 | | | | |
0 100 200 300 400 500 600 700 80 0 5 10 15 20 28 30
Upeak. experiment (kP a) Nc. experiment
ISO 19905-1 ISO 19905-1
Toad | Punch Hu et al. Toad | Punch Hu et al.
oa unch.  method 0a Unch. -\ method
spread | shear spread | shear
Opeak, calculated Mean 0.58 0.44 1.01 N caculated | M€@N 0.45 0.97
c 0.09 0.07 0.08 c 0.07 0.07
qpeak1 measured Nc’ measured
CoV | 15.8% | 14.1% 8.2% CoV 15.7% 1.7%
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Introduction to probabilistic methods WESTERN
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In preparing a load-penetration curve, there are

uncertainties in ek - BB HEE 4

« measuring and deriving the properties of the soils
(predominantly, but not limited to, strength);

 |ocations of layer boundaries;
* variation in properties across the site; and
 the application of the predictive model.




Experience from InSafe JIP

InSafeFx &I BRI L

Penetration

Undrained shear
strength, Su

o |og |

—— best estimate
— — lower estimate
—-— upper estimate

WESTERN
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Bearing
pressure, q

— best estimate
— — lower estimate
—-— upper estimate



Challenges during installation

WX\{J%’SFEEEIIK
B A = b
RERFZEPRIBEK
Probability
density K Bearing
qpeak pressure, q Preloading

> pressure

dpeak ------------------

Penetration,
dy




Simple probabilistic method e s o
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UWA Drum Centrifuge test D1F40a (1,=0.92, Hs= 6.2 m, D = 8m)



200 400 600 800
qTje o [kPa]



Simple probabilistic method AT
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UWA Drum Centrifuge test D1F40a (1,=0.92, Hs= 6.2 m, D = 8m)

. Centrifuge

0.5
— L

= 0.007
— L1.5¢

:i 0.006
= 2

7 5l Deterministic 0.005

| 0.004

’ 0.003

200 400 600 800 1000
qTje T [kPa]



qpeak<q peak,measure

Marginal probability

oy < of Qpeak %
£ 3 Y
= : =
& ; v
'K'Joint prior probability Ug
o S S 1
- U / d val
= Measured value 0.007
“_231.5- Deterministic value Marginal
L 51 0.006 probability
© 0.005] { | ©f doea
23] 0.004
3 0.003
200 400 600 800 1000  Probability
qpe Ak [kPa] density
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NUS Beam Centrifuge test NUS-F5 (1,=0.95, Hs= 10 m, D = 10 m)

I +@
EN / 0.006
% 3l _f 0.005
= Centrifuge 0.004
4+ Deterministic 0.003
5| 0.002
500 1000 1500

qpE X [kPal]
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Bayes’ theorem  DIMEFIEE

Bayes’ theorem:

Used to provide a theoretical framework to allow updating of load-
penetration with monitored data ...

P(B| A)P(A)

P(A|B)=

A = Prior
B = Observation ... monitored data

P(A|B) = Probability of A given B to be true
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Use of monitored data JMIEIERIR F

Prior Assessment:

Bearing
qprelﬂad pressure-. q

o PO T

— —_— — —_— —_— — — — e —— — — — — — — — — — —

Penetration, | Soft
dy
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Posterior Assessment:
Bearing
Qpreload pressure, q
LN I : >
Seoe,
dpeak e e TR A i 2 sl

— —_— — —_— —_— —_——_——_——_— .

Penetration, | Soft
dy
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Use of monitored data JMIEIERIR F

Posterior Assessment:

Bearing
Qpreload ressure,
preloa p Fq

e e — — — — — — —— —

Penetration | Soft
,dy
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4.41J =

gV

S——
- >
surface 15m Su
A
Sut = 100 kPa
8m
v'1= 5.3 kN/m®
Y Upper strong clay Sups = 50 kPa
Lower soft clay v'p = 6.0 KN/m®
1)
k =1.5 kPa/m
depth |

(use probabilistic development of method of Hossain and Randolph, OTC 2009)



Probability of failure: prior WESTERN

KPR B

qpreload =530 kPa
Factor of Safety: ’
rS_ Upeak
Upreload B i
S_ 565kPa 107
530kPa 8|

Probability of failure:
P =0.08

e AUSTRALIA

Opeak =065 kPa

Prior probability

: ——
< *
qpeak S CIpreload -
0.01 .

0.0075

0.005

0.0025

0

300 400 500



Updating with monitored data N WESTERN

dp’dmon[m]

Vi 3 AUSTRALIA
Rz A A A T2 1E =7
Prior probability Likelihood
\( ” ! ) Omon =250 kPa
P\dpi,dpi)- Pldmon » Amon | dpis dpi
T d...=0.1m
P(qpl ) P(Qmon’dmon |Qpi’dpj) 530 kP
i j — a
Posterior probability NormaIzing constant qpreload
Likelihood Posterior probability
0 ; ; 0 ; —O— - —
( [
! 2} qpeak = CIpreload .
1 0.022 l
| e 4 P. =0.28 _
4 ) f |
0.75 g 0.0165
oF
6r b 0.5 == 6 F10.011
0.0055
ol | 1025 sl i
0 o | | | N
0 100 200 300 400 500 0 100 200 300 400 500
W aq [kPa] 9 qmon[kp a]

mon



Updating with monitored data N WESTERN
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After 2 sets of monitored points: d, ... =0.1m 0,1 =250 kPa;

doone = 0.2 M Qpon 2 =350 kPa;
Likelihood Posterior probability
0 = ) ’ ) 0 » — O (= I
2 \ 1 2
0.4 \ 0.022
\ —
— 4 i ‘ é} 4 i
= 0.3 \\ g 0.0165
= \ _Oa
o 6F 02 \\) == 6 0.011
g 0.1 ) gl 0.0055
0 0
0 100 200 300 400 500 600 0 100 200 300 400 500
q,..q . [kPa] q,.°9,., kP2

up” ‘mon llp mon



Updating with monitored data

{TIEIE

Iz R 00 # 3

After 3 sets of monitored points:

Likelihood
0 ' —o— T
2| \
0.5
E 4f
S 0.375
'OﬂE
=™ 6} 0.25
12
gl 0.125
0

0 100 200 300 400 500 600
q .q_[kPa]

up’ 'mon

N WESTERN

%se? AUSTRALIA
doonr = 0.1 M Qpon 1 =250 kPa;
doone = 0.2 M Qpon 2 =350 kPa;
doons = 2.0 M Qo 3 =400 kPa;
Posterior probability
0 . ————
2F o
0.011
E 4}
g 0.0083
=
—On
<= 61 F 110.0055
gl [ 100027
0
0 100 200 300 400 500 600
9y Imonl P2l
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Updating with monitored data WESTERN
MR R T = AUSTRALA
C]preload =530 kPa
Case
FS P,
Prior 1.07 0.08
After monitored 1 0.28
After monitored 2 0.26

After monitored 3

0.21
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Deep Water Rk T EE

- Plate anchors for mooring TRERBR S

New regions ki

- Installation of mobile drilling BARNGEHTEENRE
‘jack-up” platforms

- Use of probabilistic methods JEfREM A

Renewable Energy Infrastructure ATRARIRETRE
- Wave devices with shared moorings FREHFIEZ M FRH

Conclusions 518



Similar transition to oil / gas WESTERN
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Monopile Jacket/Tripod Floating Structures Floating Structures
0-30m, 1-2 MW 25-50m, 2-5 MW =50m, 510 MW =120m, 510 MW

Source: Principle Power

> 50% of offshore wind resources > 100 m




Geotechnical Challenges in Offshore Renewables THE UNIVERSITY OF

WESTERN
EFAHERENE L HFRE

e AUSTRALIA

Characteristic environment

Close to shore, high energy sites, shallower waters (prevalence of
sands / rocks)

Example geotechnical challenges

Tranche B

Large site to characterize
e.g. Dogger Bank in UK: 8600 km? Brighton

Needs cheaper site-investigation ﬁ@ /

Very light vertical loads (with large H and M)
Stringent serviceability requirements

Tranche A

Accumulation of rotations over many cycles
Cost pressures

Potential for savings in foundations (~15 — 30% of costs)
High monitoring and serviceability costs.
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Some example solutions

Utilizing previous experience from offshore oil and gas
Statistical methods for site characterization with integrated geophysical /

geological data

Testing under large numbers of cycles and multidirectional loading
(shared anchor points)

Purpose built “jack-up” installation vessels

Integrated hydrodynamic and geotechnics

Secondary mooring systems
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Example Solution: Floating systems

FREG: FahRS%

Carnegie Wave Energy (Point absorber)

Power generation:
CETO5: 240 kW
CETO 6: 1000 kwW
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Shared Moorings H*ZEZHH

Wind
turbine

Mooring

line /

Suctio<
caisson

/NN N\

Vi

After Breton and Moe, 2009

Advantages:

Save on 3- or 4-point mooring on 200 turbines
Reduce footprint

Reduce impact, e.g. on fisheries, marine habitat
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Example Solution: Renewable Energy

F R0 ATHAERR V AUSTRALIA
12
10 L1
L2
~ 8 ] .
A § | (1) Cyclic L1
= (2) Sustained L2
a4 -
2
0 .
0 05 1 1.5
§/D
12
12

(1) Cyclic L1
(2) Cyclic L2

P/(s DL)

6

4

S
Testing reported by Burns 0 -

0 0.5 1 1.5
et al. 2014; ICPMG 5/D
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Deep Water RIK AR

- Plate anchors for mooring TRERBR S

New regions Fh7k i

- Installation of mobile drilling BARGHFEENRE
‘jack-up” platforms

- Use of probabilistic methods JEfREM A

Renewable Energy Infrastructure ATRARIRETE
- Wave devices with shared moorings FRE I =M Z5H

Conclusions 7518
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In an era of increasing energy demand, geotechnical engineering
IS rapidly evolving to meet challenges in

- Deep water

- New development regions

- Offshore renewables

Significant technical challenges still remain in the offhsore
environment, including

- Geotechnical transformations

- Cyclic loading

- Integrated wave-structure-soil modelling

- Quantitative system risk assessment
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Best way to see COFS ...
SMCOFSHmEFHN. ..

In the meantime:
www. cofs.uwa.edu.au

Www.cqgse.edu.au
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