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AB e | g i Emargy sansmission system operator + active at European level

Elia Grougp

AOwners Engineer: CDR (NL) + IMDC (BE) + Tractebel (BE) + Svasek(NL)

AOwners Verification Authority: DNV

@

-

TM EDISON



THE
NETHERLANDS

THE
UNITED
KINGDOM

BELGIUM




PRINCESS
ELISABETH
ISLAND

Zone in structural
oversupply
(excess RES)

Zor&e in strliactural
undersuppl
L (RES deficit)

Non-modelled _ s

Per region:
Belgium AT-CH Iberia British Isles
Netherlands Nordics France Baltics

Germany IT-SI Central Balkans



Introduction overall project PRINCESS
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AJV of DEME (DEME Infra + DEME Dredgingknd Jan De Nul ~ 50/50

@

p—

TM EDISON

AProject office Ostend
ABack offices Zwijndrecht & Aalst
AFabrication yard Flushing (NL)

AEngineer: RHDHV/SBE

TM EDISON
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Introduction overall project

Main objects EPCI Works -

A
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Fabrication, transport and installation of 23
caissons (58 m long, 28 m wide, 28-31 m
high). 200.000m3 concrete + 40.000tons
rebar. + 95 cable entries.

Procurement and installation of rubble
mound (caisson foundation) 200.000m3 ,
scour protection 85.000m3, toe protection
110.000m3

Dredging, reclamation and compaction of the
island core after perimeter completion. Total
3.000.000m3

Island finishing works such as CTV harbour
revetment (82.000m3), cable culverts, ring
road, quay wall and CTV furniture and
aids to navigation
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Phasing ISLAND

2 summer installation seasons

Installation of 18 caissons in summer 2025
Installation of remaining caissons in summer 2026

Partial reclamation for stability of season 1 caissons
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Phasing

1. Level sea bed

+18.500 m LAT
w

2. Install foundation J—.
(rock mound & scour protection)

4100000 m LAT

3. Install caissons (23x)

MHWS +4.170
MSL +2.180 LA
MLWS +0.350 L LAT
4 F I | t t t _______________________________________________________ i N O e | s vt e FoHRirs | ety RN Rl R -
p 36T Tie pralection Rock -
2300w Filter Rock 25-75mm -
200mm
E0-300kg Filler rack -
MNatural sicps, BO0men 15060 Rubble Rodk -
approximatety 1:2 B.000 m minimum 2000mm

300-1000kg Scour

5. Reclaim the island e et e o

riashie,
masirmum -14.5m LAT
45/180me Filber Rock -

B0-9008g Toe protectice -
B00mm

Filter Rock 25-75mm «

Thimm 2 Q’;mf__“\a 4 e
=== ISIEEIENESEEISEEEEEEEEEEEEREEEIEREEN NS I

Niote:Langh and grading of scour protactian wil b fixed in Detailed Design

Typical Section - North Pernimeter: C-C

Seale: 1:200
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Design Basis ELIS/SBESTSH

Design Components ~ JISLAND
—

ADesign Approach
o Safety Philosophy(consequenceclass, load factors, design life, return periods)

AMaterials

o Structural (concrete, rebar & steel)
o Hydraulic (rock and armour units)
o Fill & Backfill (grading, testing and compaction)

AEnvironmental Data
oWind, waves, currents, water levels, precipitation, seismic, ice loads

ADesign Components . :
0 Geotech Dredging & reclamation, caissons, ducts and cable entries, drainage, scour protection,
revetment, CTV harbour, quay furniture, passive infrastructure
AFunctional requirements (ER'S

AConstruction tolerances
ADesign Loads (surcharge, soil loads, transport and installation, environmental, berthing and

mooring)
13 13




AScour protection
0 Significant scour can occur

%
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Geotechnical Considerations

at corners (Seabedlevel erosion to 1 31m) -
Legend:
LAT Lowest Astronomical Tide
MHWS Mean High Water Spring
: MSL Mean Sea Level
a MLWS Mean Low Water Spring
Quarry run / 750mm Rubble layer,
1-50kg rock NN TN T
Rubble rock foundatig\rj 1 500mm-750mm filter layer )
22-180mm stone A A A A~

400mm-1000mm Closed sand filter layer
1-20mm

400mm-2000mm Filter/Protection layer
5-40kg rock

800mm Toe protection / filter layer / scour protection
60-300kg rock

1250mm Scour protection
300-1000kg rock

1900mm Toe protection
1-3t rock

2400mm Toe protection
3-6t rock

2400mm Toe protection
4-7t high density rock

AN
C 700mm 8t Rock Bags
A AAL
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ACaissonStability (Determined at every stage)

o Sliding
o Overturning
o Bearing Capacity

General description

East caisson

cells B-E filled 95% sand and
water

Cell A filled 100% water

Wave loading (crest) from s

Loading diagram

EAS

South caisson

Cells B-E filled 95% sand and
water

cell A filled water up to 3.15mLAT
Wave loading (crest) from wsw
Primary seawall (SW1) full height
with bulinose

Secondary seawall (Sw2) kicker
at +8.9mLAT and no bullnose
Landside 1.5m heel 52 and 53

Landside berm
Summer berm extension shown
as indicative.

South caisson

Cells B-E filled 95% sand and
water

cell A filled water up to 3.15mLAT
Wave loading (crest) from N
primary seawall (Sw1) full height
with bullnose

Secondary seawall (Sw2) kicker
at +8.9mLAT and no bullnose
Landside 1.5m heel 52 and 53
Summer berm extension shown
as indicative.

West caisson

Cells B-E filled 95% sand and
water

Cell A filled water up to 3.15mLAT
Wwave loading (crest) from NNW
Primary seawall (Swi) partial
height (+12.75SmLAT) without
bullnose

Secondary seawall {Sw2) kicker

at +8.9mLAT and no bull
Landside 1.5m heel

Summer berm extension shown
as indicative.

Construction stage

Geotechnical Considerations

Operational

stage
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General description

Loading diagram

East caisson
Cells B-E filled 95% sand

and water

Cell A filled 100% water ks MR 27 R CaNosion
Surcharge load of e — AR
superstructure on island e ] B
and variable surcharge

loads?. —

Wave loading (trough)

from §?

Tidal lag

Ground pressure from

Island e s = 3

East caisson

Cells B-E filled 95% sand s

and water EAST SO RN B T ANDSIBE)
Cell A filled 100% water oty | m ok
Surcharge load of N —|

superstructure on island z

and variable surcharge 3

loads®. TDALEAG:
Wave loading (crest) from

s? e

Tidal lag X

Ground pressure from

Island
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ASettlement i Calculated at every stage of construction and operation

o Determines correction in design level of backfill
o Elevation of wave walls

oJoint pressures between caissons

v MSL

sand 2
Ypresian clay A

16

Backfill

-0.700-1—

ISLAND
—_—

Settlement of section A-A*
E6 [Phase_2]

1 | == W2 [Phase_15]

~—————— Partial backfill [Phase_31]

e Backfill [Phase_26]

Surcharge 40kPa [Phase_29]

100 years [Phase_30] t=73.73*10"3 day

000 300 600 900 120
X coordinate m]

150
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Hydraulic Considerations ELISABETH

AWave Overtopping ISLAND

o lterative processbased on theoretical approach, 2D & 3D model testing

Overtopping [l/s/m] for the Energy Island over the primary wall, considering all directions

N
120

NNW
—e— Overtopping North

—a— Overtopping East
—e— Overtopping South
—e— Overtopping West

NNE

A Overtopping requirement for secondary wave wall 1000yr return period
Aq<1lI/s/m( Average)
AV, .. < 1.5m3m ( Individual)

+18.500 m LAT
A 4

+16.500 m LAT
PU—.. 2
E
+

MHWS +4.170 LAT

MSL +2.180 LAT

MLWS +0.350 LAT LAT

36T Toe protection Rock -

2400mm Filter Rock 25-75mm -

200mm

60-300kg Filter rock -

Natural slope, 800mm 1-50kq Rubble Rock -

ately 1 ‘minimum 2000mm
300-1000

1000kg Scour 3
protection rock - 1250mm 60-300kg Toe protectior
800mm

& maximum -14.5m LAT 100mm . . OQ/S\OOQGQC 1 Fiter Rock 25-75mm -
E EE ‘/OOO ? 7 Filter/Levefing layer
SNER (@IS ® - Scasamammnisiss Ca <] ~220mm- 400mm
C =&
q b Rf =TT R R = B = R e e s e B e P e R P P ol S
H, ¥
Mo

H.o

5.000m 30.000 m

(Variable)

Note:Length and grading of scour protection will be fixed in Detailed Design
Typical Section - North Perimeter: C-C

Scale: 1:200

Equation 1: design equation for overtopping as determined by Van Gent [20]

20 20
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A2D tests @ Ghent University wave flume

MOG2 PHASE 3

40808  ETO2w Fro

5S¢ B

21
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A3D campaign in wave basin
ADetailed Design
AFalling overtopped water
ACable protection




AWave Loading

ADesign according to theory
AGoda (static water pressure on wall)

A3D physical modelling on SW1, SW2,Counterfortsand overtopping forces on cover slab

AcCastellino (dynamic water pressure on bullnose)

ASainflou (Wave trough loading)
A2D physical modelling on SW1 and SW2 for perpendicular waves

ADesign according to CFDmodels

The maximum wave pressures are

P, =0,5 (1+cos(f)) (4, + e, co8’(8)) pgH,
py=a

s
= 3D

Py
=a,p,

, = 0.5 (1+cos(f)) 4, e, pgH,

= the angle of the incoming wave

n !

= 075 (1+cos(f) 4 H,
nes0s 470/t ”
IR ‘smh(«rh:‘tf,)

~ 2 o4 A
= minS29) UG d)Y 20 ) b
3 H, ) . ‘
f 1
& A=
% { | cosh(2zh/L,) :
1 ;
e sl ol ;
Soshikd) (without sill)
= gl
« g
" Pyl
h = min(y’.h) I
Figure 14: Wave pressure, according to Goda [4]

Pressure increase factor according to Caste

Hydraulic Considerations

PRINCESS
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800.0 700.0 £00.0 500.0 4000 3000

—— Casellino - Dynamic
—8— Goda - Static
—— Combined

Wave pressure [kN/m?]

200.0

Level [m LAT]

Figure 18: Wave pressures due to Goda and Casellino
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ADesign Verifications Structural Considerations e
ISLAND
AULﬁS\B ding M t ADesign Stages _
Asﬁgalrng orments AOnshore fabrication
o . . ATransportation
AFatigue (cyclic loading) AOffshore Installation
ASLS AFilling Stages
ACrack control AWinter period
AShrinkage AOffshore contruction works

AStress Limitations (rebar + concrete)
ADeflection

AOperational stages (early and late)

28




AJ-tubes for pulling cables Cable Entries

ADouble entry J-tube design to account for rock installation tolerances
A-0.5m/+1.0m

29
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ACTVHarbor for bringing personnel onto the island CTV Harbor PRINCESS

AFit for berthing 2 vesselssimultaneously FsLﬂiﬁBDETH

ARTK testsperformed to test functionality and access —

o

Figure 11. Approach East berth. Flood spring current, SW 28 kn wind

30 30



ACulverts for routing High Voltage Cables

31

Cable Culverts

PRINCESS
ELISABETH

AFlexible design needed to account for uncertainty with HV cable routing
A"Lego" block design used to provide flexibility

AConsistsof corner blocks, beams and cover lids

ADesign allows for re-configuration of layout at a later date

ISLAND
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I i
AEnhance biodiversity
ASupratidal zone: bird ridges A cliff-nesting bird
ASubtidal zone: reef panels A marine organisms & fish shelter
AScour protection area: oyster banks A european flat oyster

N
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Preliminary work

The Yard T Timeline

A

28 February 2023: EPCI Contract

May 2023: preparation and submission permits yard and quay wall

August 2023: Permit granted for yard and quay wall
Started with UXO investigation

End of December 2023: Permit granted for batching plant

December 2023: Yard ready for caisson construction.

PRINCESS
ELISABETH

ISLAND

34



Preliminary work PRINCESS

ELISABETH
The Yard ISLAND

- 5 stations + 1 extra

- Skidding lanes

- Quay wall

- 2 batching plants

- / tower cranes

- Offices for staff/workers

- road marks

Learning curve
35 Additional stations

35




