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/ ' h
> 60 wind turbines 5 MW
4 fF 7

> Installed capacity 300 MW
¥y B .

7/

> Yearly production 1000 GW

> Yearly consumption of 600.000 people i
\V AV &N o IS €
> Saved CO, emission: 450.000 ton/year S e =) A
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== DESCRIPTIONOFT
PROJECT

Sub Area A

150kV Export
Cable

Connection to the land
network: 38 km of cable

Navigation Channel
Crossing

PEC Felocom——~__oul" N
~ Cable Crossing s o Rl R

__ PEC Telecom Cable
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SITE INVESTIGATION'SELUP
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> Site investigation Phase | + cable route: 2004; Phase II: 2008
» Focus on Phase |
» Desk Study (Tertiary and Quarternary Geology of the Belgian Shelf)
» Geophysical

— Multibeam bathymetry

— Seismic reflection testing

— Side Scan Sonar

— Magnetic survey
» Geotechnical

— CPTU (deep and undeep), where necessary with predrilling

— Boreholes with disturbed and undisturbed sampling

— Boreholes with pressiometer testing

— Laboratory investigation (static and dynamic soil properties)

CPT at each wind turbine locations; no BH at each wind- turbine location.
Geophysical testing assists to define optimal locations for BH’s
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DESK STUDY

v'1 BH Belgian
Geological
Survey on the
Thorntonbank

v'Document
“Teriary and
quarternary
Geology of
the Belgian.
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offshore information:
stratigraphical units:

EEE Pi:ZelzateF.

B1.d: Maldegem F. / Onderdijke M.
B1i.c: Maldegem F. / Buisputten M.
B1.b: Maldegem F. / Asse, Ursel,
Onderdale, Zomergem M.
Bi.a: Maldegem F./ Wemmel M.
L1i.b: Aalter F. / Oedelem M.
Li.a: Aalter F. /| Beernem M.
¥5: Gent F. / Viierzele M. (upper part)
Y4.c: Gentbrugge F./ Viierzele M. (basal part)
Y4.b: Gentbrugge F. [ Viierzele M. (basal part)
Y4.a: Gentbrugge F. / Viierzele M. (basal part)
[l v3: Gentbrugge F./ Mereslbeke, Pittem M.
¥2: Tielt F. / Egem M.

seismic reflectors:
[unit beundaries)

continuous reflector |

discontinuous reflector

¥1: Kortrijk F. - Tielt F. / Kortemark M.

major reflectors 1N
internal reflectors

2D high amplitude,
low-amplitude,

no selsmic
penetration
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Onland F
Information:

TiKo: Tielt Fr., Kortemark M.
TEg Tielt Fm., Egem M.

GeMe: Gent Fm., Merelbeie M.
GePl: Gent Fm., Pittem M.

GeVE: Gent Fm., Viierzele M.

AaBe: Aalter Fm., Beernem M.
AaOe: Aalter Fm., Oedelem M.
MaWe: Maldegem Fm., Wemnmel M.
Maks: Maldegem Frn. Asse M.
MaUr: Maldegem Fm., Ursel M.
MaOn: Maldegem Frm., Onderdale M.

MaOd: Maldegem Fm., Onderdijie M.
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=== GEOPHYSISCAL TE
Bathymetry

» Depth: -10m TAW tot -25m TA

> Seabottom sinks to the NW
> Orientation of the sandwaves N




Seismic reflection testing

» First reflector: quartair — tertiair
» Second reflector: clay — sand

GEOPHYSICAL TESTING

» Third reflector: Transition from Maldegem to Aalter formation
> Fourth reflector: not defined; “deepest main reflector”
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BOREHOLES AND CPT'S

« Testing over water: ‘Nearshore’; land based techniques from on a jack-up
pontoon

» Use of extra protection casings and support casings to bridge the gap
between Jack-up and seabottom (20 to 30 m)

« Displacing jackup and installation of casings: working on tide

« CPT at each wind turbine location before BH (define levels of sampling)

« Inthis case: CPT depth had to be reached; upon refusal destructive
predrilling was realised
« Offshore working:
— Always CPT-U
— High water pressures, calculation of g, is necessary, certainly in soft soils
— Zeroing of the CPT cone: at platform level of at seabottom level?

« CPT Refusal: because of maximum qg, fg, U, inclination, total thrust, elastic
rebound of the tubes, any other unsate‘situation
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== BOREHOLES AND '___ |

« Bottom plate for
outer casings

 Alternative for
penetration (with
the help of a
bailor)

» |Important when
the top soil needs
to be tested
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CPT-U jacking system
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SONDERING (CPT-U) SONDERING (CPT-U) -
Opdracht Dstum l THORNTOMNBANK | Progf | Opdracht Daturn THORNTONBANK Proef
GEOC-04/1004 12/05/2004 X = 496426,76 y = 5710107,25 z=-18,24 D2-DIEP GED-04/1004 12/05/2004 x = 496426,76  y = 5710107,25 z=-18,24 D2-DIEP
Apparaal ; 200N Comues ; U Apgparaat : 200kN Conus; U

Weter op - -18.37 m (peif +1.13 ) opgemeten op 12/05/2004 17:18 Waterop : -19,37 m (pef +1,13 ) opgemeten op 120052004 17:19

Opmerkingan : Sondering van op hefeiland

Crprmeringen : Sondering van op hafailand.
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BOREHOLES AND CPT'S

« BH’s over water mainly using wire line techniques:
— Bailor in sand
— Hammering sampling techniques in cohesive materials
— Core Dirilling techniques in cohesive materials

— Use of drilling fluids! Accepted for high quality sampling? Attention to system
and pressures, maintain difference in levels between drilling with flushing and

sampling)
e  Sampling

— Bailor: fully representative PSD?

— Hammering techniques (e.g. Nordmeyer)
» Thick walled tubes with casing: class of sample??
« Thin walled tubes: effect of hammering?

— Core drilling techniques (e.g. GeoBor)
 In which soil types succesfull operation?
» Quality of samples depending on soil type.

— Push-in techniques with flushing fluid pressure
« Thin walled tubes
» Piston samplers
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« BH advancement with
bailor in sand

« Sampling: mixing over 1 m
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« Samples in containers
(small/large)
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== BOREHOLES AND CF

Down the hole sampler BPE |
« Thick walled samples in PVC line
« With core catcher
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. Down the hole sampler with heavler
hammer (RKR system) |

« Retrieval system |
 Thick walled sample in PVC Ilnert

2.1

18

19

i 1.1
d _1.10
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Ramm-
Kern-
Rohr
System






hat and high

‘ast to




S AND CPT’S




~
|~/ 5
=== BOREHOLES AND CF

Undisturbed thin walled
samples
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« Undisturbed samples: testing in the fiel
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e Undisturbed thin walled
samples
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=== BOREHOLES AND CP‘I' S
. If possible samples are withdrawn W|thout drilling

 Very often drilling with flushing is necessary
« Other possibility: hollow stem auger is not (often) used over

L2 (5)

Fignre 1.3 Hollow stem anger. (2) Pupged while advancing
auger. i) Plug removed and sampler inserted to sampls soil
selow auger.




“BOREHOLES AND CPT’S

BH log: according to BS 5930 “

EasEing (X) = M FEAE
rering [¥) 15714365 Borehole Number 15 natning ¥} 5714355 Borehole Number |5
Marine Sampling Holland | cecklewl (575, TAW) 1d4m R Marine Sampling Holland | d2tklew (39S TR 144m Page 2663
. L 523 bafom (TANW) -21.0m [Page 1of3) r . P e T -21om {Page |
D Started 121-02-2005 Dal= Siarked L 022006
Client GeoSea N.V. D Compizied *2-02a008 Client GeoSea NV, Dalz Compieted 124022008
Haver 1023 - Scheldedjk 30 Driing Method < cable paroussion Project numoes (412 GR Haven 1025 - Scheldadijk 30 Driling Mehod : cable peroussion Preject number (4142 ER
EZ070 Zwindrechi, Belyium */ ptary flush Driled by : Hams Beunnenbau B2070 Zwanerechs, Belgium </ rotary fluzh Driliea by * Hams Erunmenta
Project name: Wind Farm Tharatan Bank Phase 2 | C35ing dametzr + 328 L 1 15.6 m. dapin Logged by JET ge Vriss Praject name: Wind Faem Thomton Bank Phase 2 | Casing diameter 1 + 324 MLl 156 m. depin Logged oy G, g Vries
Contract name: Site Investigtion 2008 Casing diameter 2 t219mm i 28 mdzpn Dirawm: by DET gEVrizs Contract rame: Sie hvesigation 2008 Casing dismeter 2 1219 mm il 285 m.d=pn Drawm by (BT de Vries
Samplizr Typa: Sampler Typs:
{K} Core sample in liner, BPE 150- ceniered free fall ool {K) Core sampie in liner, BPE 150 - centzred fee fall ool
w {B) Disturoed sampie from baiier or fom Qutting =hoe /core caicner afler K sample E - {B) Dishured sample from bailer or from quifing shoe Jcore caicher afler K sample E
[ P} Thin-walled s sampie./ SSE 150 - cantzred free fal tocl El.|_ B Pos: 15 B {UR) Trin-ualled 108 sampe [ E7E 150 - camiered fee faitool El ] E Pos: 15
= eevm| 2 HEE E = emem| @ HEE B
& ; 2| El =2 % & . g8l 2|2 B
s 5| EE[& <§ H R 5| 8|8 & %1 H
B s DESCRIPTION B B8l 2|2 ® & | s DESCRIPTION BE|\B|Z| 5|2 #
0 7 1 10— - - . & m—{®
shghdy sity SAND, wel sorzd, yeliowish brown, fine to medum grained v shghdy gravelly SAND, grey, fne to medium grained, with shells (<2 cm) and
L .15 with some shall fragments (<3 mm). L .25 shell fragments. gravel coarse o peblle sze (10 Sampier empyy
] glol e J
B0 11
1] 2 11 EN
{7 Bz 1|z P 7 Ka [ 11| 12 |08
2 = - - - p - 2 — 12 — - - 12
*| SAMD, brownish grey, fine to medium graned with shell fragmetns (< 5 mm.) 2 shghily gravelly SAND, grey, Sne to medium grained, with weathered shell
F .18 ) -7 b .28 fragments and shells < 2 om_ few larger shells <6 cm, gravel medium size. .
T Bil 2|3 b some clay- and orgamic clay pelets. (1} [Br2{1z] 13
i [ 124 - - - 3
N shghidly aravelly SAND, moderately sorsd, grey, medium graned with many
k.13 b .23 shell fragments and shells < 2 om, few shells < 7 om. gravel fine to medium. ks | 12 [1358] 180
- Ba| 3|4 1,2,4,14,15 T some wood, some clay eellets, one cokble-szed iron cemented sand pelist .
4 gy — r 14 1.8 [E931zg] 12 1,4
shghdly gravelly SAND, rowrish grey, fine to medium grained with shell
L. fragments < 3 mim. o) -
I o BT | 2] 5 )22 P Buaf 14| 15
a7
very sandy GRAVEL o very gravelly SAND with some cobkles, beownish
5 grey, sandiracton medium grained, gravel coarse, rounded (some argularty | pa 15 shells and chell ragments -
sub-arguiar), firt, slate and quarz, cobbles mainly fint with many shellsamnd | © [ Bs| 5 |55 1,4 shightly aravelly SAND, moderately sorted, with many shells and shell
et shell fragments 55 |— I fragments <2 cm. gravel: rounded, fne to medium size 15| e 1,55
shightly sity SAND, grey, medium grained, with shell fragments we to 5 mm. s |67 )55 6 sandy CLAY, siff to very stiff
£ § — 18—
i -] eele] s 1410, e 16.9|16.7) T
L o
5\ _ i CLAY, greenizh grey, st tovery siff
E [ 1 i 17 K7 |ieTliraf 75
] | . H L .
b 1= IR : 1= {17175
% ; UPZ|1TE| 18 | 38 | 1,456,791
g e — o re- —
E ’ B i ups| 18 |1835| 22 1,4,557,11
L) 1% kz| e | g [uns | 7 T —
5 5 K8 (185189 5=
I _ g | 3 e [FE]1e.q| 19
] shghdly aravelly SAND, grey, medium graired, with many shell fragments we - urs| 1 |1a5] a8 1458712
o 1em {065} |
g5 . k3| g |as]| 0 1,4,5,6,7 I (-
955
CLAY, light grey - krown, soft to firm {035} UPs[125) 20 | 40 12
10— [ g (ElGal 10 L g 20+ L
L
MOTE: Me descripion of mansrial in liners or Tin walied tubes avalable. waitng for lab resuis ¥ | MOTE: No descripion of manerialin linars or fin walied tubes avalable. waitng for 13k resus
[ Borehole Number 15 | ooy Borehole Number 15
{1) PSD N2 5, (%) org. conlent, (£) caic. comant, (5) plast. limils, (5) nat. wader conlent, (7] valume mass, ’;, {1)®50, {2) ma 5, {3) ong. conlent, (4] calc. coment, (5) piast. limits, (5) nat. watr conlent, (7) volume mass. .
18] oedometer, (3] CRS, {10) TX CO, [11) TX €U, [12) TX UL, [13) bender, {14) minmax density, {15) parmeatiiy {Page 1013 A | () eecdometer, (3} CRS, [10) THED, [11) TX CU, {12) TX UL, [13) bander, [14) minimax density, [15) pemeabiity [Page 20f 3)




mmmmmm  Geotechnical profile with BH’s and CP

ES AND CPT’'S

ayering (Phase I)

 Loose sand

 Dense sand

« Gravel (transitionlayer)

«  Stiff clay

» Dense sand (silty/clayey)
» Very dense silty/clayey sand with clay i

.
« Stiff clay
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company and oth
for PMT testing

 Conclusion: Rest
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LABORATORY TESTING

Classification testing (PSD, Plastic Limits, natural water
content, carbonates content, organic content, bulk
density)

Compression testing

Shear strength testing (vane, TX-UU, TX-CU, Simple
Shear)

Dynamic properties: Bender element testing combined
with the above, cyclic TX and Simple Shear

Analysis to material degradation under continuous cyclic
loading

Highest quality of samples needed!
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CONCLUSIONS

Succesful Offshore soil investigation needs good
preparation (gathering of available info)

Offshore Soil Investigation is combination of several
techniques: geophysical, in situ testing and laboratory

Offshore (nearshore) testing: use of land based
techniques with special measures to bridge the gap
between platform and seabottom

Use of wire line techniques to speed up the drilling
process

Effect on disturbed and undisturbed sampling: do thick
walled samples have to be rejected as high quality
undisturbed samples?

In the solil types encountered here good results with
hammering techniques

Quality of high level laboratory tests?
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Thank you for your attention




