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Purpose and objective of exploration

Type of exploration

HRHCR IR A2
(ERILAR)

B - KR HEMEL.

Work steps/supporting documents

Preliminary investigation of the area .
Site selection and preliminary planning of structures
The preliminary investigation aids decision-making -

Review, assessments and evaluations of
available supporting documents
Geological survey in the entire area of

>3l (1)) HH I—

................................................................................................................................................................................. S I ERENEN .
: :
: :
: :

Evaluation of available supporting
documents;
Geological survey;

as to whether the planned offshore structures can the construction site Preliminary geotechnical investigations B

be built with regard to the ground conditions, and if « Preliminary geotechnical investigations, (drilling and/or probing, laboratory and/or (BSH on behalf

necessary also which general requirements are i.e. representative exploration by field tests); :

essential for the foundation concepts, the means of direct and indirect exposures Supporting documents to be submitted with Of BNf}Zﬁz

foundation structure and the construction process (a coarse grid over the construction the design basis and the preliminary design: : N¥imRE

and which measures are important for site site) and representative determination Geological report, : EUTEM

investigations. of the essential parameters and Preliminary geotechnical site investigation

Fundamentals for invitations to tender on characteristics of the ground report,Soil and foundation expertise

foundation planning and construction conditions. (Development phase).

The scope of the geotechnical investigation and » Review and assessing available Main geotechnical investigations (drilling

studies, and the choice of investigation methods is supporting documents; and/or probing, laboratory and/or field

determined by the type, size and importance of the « Direct explorations by drilling at the tests);

construction of the wind energy plants/substations, sites of the offshore structures; Supporting documents to be submitted in

the uniformity of the structure of the ground » Indirect explorations by probing at the connection with the basic design: e

conditions, the morphology of the seabed and sites of the offshore structures; Main geotechnical site investigation report, A

existing ground types. » Laboratory tests via sediment samples Soil and foundation expertise, (Construction . 'f
on sites LU TN

The area under investigation must also take possible
deviations from the plan into account with regard to
the location of structures.

The structure of the ground conditions and the
sediment characteristics must be individually
recorded for each construction site.

phase)

Supplementary report regarding soil behavior
under cyclic loading,

Evidence on the geotechnical and structural
safety and suitability for use

Source: Umwelt Bundesamt "Presentation Comparison of Site Investigation Methods for Offshore Wind Energy in the European North Seas Countries in the

Context of the EU North Seas Energy Cooperation Final Report”
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FMYTOFRREEL. (@R QYRR QB EMERE | (@B L /R—H
YERX ] DARTY T TENE
EUNSILAR: RVICHIT BRI T- X OB HREHE

FlaRE Ot TR EEE TimsAE SRR
1 Lo BHRTOZERIOIINEDBESOI (VAT BSHNSDEFEZZF T, MTITFR/(— b
Hl_EAest - "Sub-bottom profiler survey including sound velocity profile” ("Suitably qualified & independent
(Desk study) =+ IUNFvORINRETEMERE geotechnical expert”) N FlaRE%
- "Single channel seismic survey” —R
o NWFFV XRIRETEMERE « "Plans the preliminary
e - "Multi channel seismic survey” geotechnical site investigation
(Geophysical [NNRIRIDIZL A= Ml Bt LOB I = and the main geotechnical site
survey) - "Boreholes” ]lnvestlgatlc?n .
. BEE ACHERMIAS IS « "Accompanies the execution of

- "Cone penetration testing (CPT)" the preliminary geotechnical

ety A site investigation and the main
(Preliminary HhAZEHER

" . . S technical investigation”

, - "Geophysical testing at boreholes or CPT locations g€o . .

ﬁsngg;:;gil) Ewgﬁﬁp y g - "Prepares the geotechnical site
¢ == pl\um

investigation report”

P \ « "Prepares the soil and foundation
111151}; ;?y:_ h YIREE NS FEMAEFEO -7 - R U= N3, AALECL<ER expertise report”
("Geological

report”)

- "Laboratory testing”

Source: Umwelt Bundesamt "Presentation Comparison of Site Investigation Methods for Offshore Wind Energy in the European North Seas Countries in the
Context of the EU North Seas Energy Cooperation Final Report” 17
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« Maximum cruising speed relative to ground < 4 kn

/\ « Investigation of the upper approximately 15 m of the ground
| | | | « The allowable lateral deviation from the pre-defined survey lines is limited to 10 m

« The required recording window is 35 ms from seabed level

\

SERT0 « To ensure sufficient quality of the recorded data the survey can be carried out up to a maximum significant wave height 1.5 m
EEIOI7MIED « Data processing: transformation into SEG Y data exchange format
BEIOI71)LAE

» Maximum cruising speed relative to ground < 4 kn
« Maximum offset between source and receiver perpendicular to direction of travel
M{i} e <10 m, in direction of travel < 5 m
oo ;) » Investigation of the upper approximately 30 m of the ground
« The allowable lateral deviation from the pre-defined survey lines is limited to 10 m
SYHINFrSRIL « The required recording length is 250 ms
REBEEIES « To ensure sufficient quality of the recorded data the survey can be carried out up to a maximum significant wave height 1.5 m
« Data processing: transformation into SEG Y data exchange format

* Maximum cruising speed relative to ground < 4 kn
» Investigation of the upper approximately 100 m of the ground
« Maximum offset between source and nearest receiver perpendicular to direction of

M « travel < 10 m, in direction of travel < 10 m

ﬂ « Maximum offset between source and farthest receiver perpendicular to direction of
« travel < 10 m, in direction of travel < 10 m

7“/9'_9’--\7/*”/ « The allowable lateral deviation from the pre-defined survey lines is limited to 10 m

R EGEMEES » The required recording length is 500 ms

« To ensure sufficient quality of the recorded data the survey can be carried out up to a
« maximum significant wave height 1.5 m
» Data processing: transformation into SEG Y data exchange format

Source: Umwelt Bundesamt "Presentation Comparison of Site Investigation Methods for Offshore Wind Energy in the European North Seas Countries in the
Context of the EU North Seas Energy Cooperation Final Report” 18
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\

e

% » 10 borehole locations with soil sampling according to DON EN ISO 22475-1
< \} » Target depth for geotechnical investigation is 80 m below seabed
A= JRA
ﬁ»a é » 10 CPT locations, CPT according to DIN EN ISO 22476-1, the location of each CPT shall be as close as possible to the belonging
z borehole
« Various modes: continuous from seabed, down-the-hole
ZE A BRI AT « Target depth for cone penetration testing is 80 m below seabed
» Geophysical testing at 10 locations, either at the CPT locations or at the borehole locations
- ﬁ « Measurement of P-wave velocity, in case of dense soil or rock material, additional measurement of S-wave velocity
HhAgEER « Target depth for geophysical testing is 80 m below seabed

» Pocket penetrometer test, 5 tests at each of 100 samples
« Particle size distribution by dry sieving analysis according to DIN EN ISO 17892-4, 175 tests
« Particle size distribution by wet sieving according to DIN EN ISO 17892-4, 17 tests
» Particle size distribution by combined sieving and sedimentation according to DIN ENISO 17892-4, 33 tests
« Particle size distribution by sedimentation according to DIN EN ISO 17892-4, 17 tests

E » Particle shape according to DIN EN ISO 14688-1, 60 tests
« Water content according to DIN EN ISO 17892-1, 45 tests

=i ER « Atterberg limits according to DIN EN ISO 17892-12, 50 tests

« Shrinkage limit according to DIN 18122-2, 50 tests
« Lime content according to DIN 18129, 122 tests
» Loss of ignition (organic content), DIN 18128, 61 tests
» Bulk density according to DIN EN ISO 17892-2, 160 tests
« Particle density according to DIN EN ISO 17892-3
» Density of non-cohesive soils for maximum and minimum compactness according to DIN18126, 28 tests etc.

Source: Umwelt Bundesamt "Presentation Comparison of Site Investigation Methods for Offshore Wind Energy in the European North Seas Countries in the
Context of the EU North Seas Energy Cooperation Final Report” 19
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- Energy & Utility Skills "Skills and Labor Requirements of the UK Offshore Wind Industry”
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Q Financial modeling: Preparation of financial statements for each SPC to evaluate the o BAFEEFYY
investment and financing of offshore wind projects, and identification and sensitivity ¥ FREDEAOEFESMmOTI=HDSPC
analysis of key drivers that affect cash flow. $4ﬁT®EX§§:§$§§§&UHE}ﬁE
w3 —([(BsERE5Z 3t — RSA)\—

Risk assessment: Conduct quantitative and qualitative assessments of the overall offshore :FT'\J >1J0 FS?{L:T:* S25A0F RN
wind business (development, EPC, O&M) with a technical consulting firm, and developed ®7%E\Hjbt:&\mgﬁ$ﬁ ESjjil
appropriate risk hedging measures. J UZ’]_quﬁlﬁ: \

BN T )=t ERAL. F £
Legal: Draft and evaluate a set of project-related contracts (loan agreement, shareholder @ﬁ%ﬁéﬂﬁ(ﬁﬁ%/EPC/O&M)([{%ﬁ
agreement, loan guarantee agreement, EPC contract, O&M contract, power purchase » o ES | oS &= s N
agreement, insurance agreement, etc.) with a law firm E;i“,.% li":ﬂﬂﬁ%%ﬁﬁb‘ BURT

NYZRENGER

- Offshore wind power expert Interview o BT

HELTEBPOERAL. JOD 1) NEE
22— 10 (BB 2R /AR E 22K /1855
TREEZZH) /EPCEZHY) / O&MERHY / BB A fHtHa
22 / {RBREZ I ) A F Rk - 5T
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Q Requiring a mix of skill levels. Ranging from degrees in mechanical engineering and physics
to mid-range technical skills in welding, platers, electricians, fitters, etc. Apprenticeships,
Higher Apprenticeships and HNC' / HND? being an important route into employment.

Vocationally-achieved technical qualification in electrical and design engineering (achieved
through an Apprenticeship of Higher Apprenticeship) - welders, platers, pipe fitters,
electricians, mechanical fitter and riggers. HNC / HND in electrical engineering.

Degree in mechanical engineering and physics.

Research and development (R&D) and design requires degrees in subjects such as physics, »
electrical and mechanical engineering, and mathematics.

Manufacturing and assembly require craft persons and technicians.

- Energy & Utility Skills "Skills and Labor Requirements of the UK Offshore Wind Industry”

Source: Energy & Utility Skills ['Skills and Labor Requirements of the UK Offshore Wind Industry(October 2018) ]Z&(CUIcBCG T

o T - B LTFNR:
B LFOHNC(EEFRAMMRTE) / HND(2
FREDEEZENFR)., Hitm T2 - IR
BIET . XF T, AT Jqwh— EGF
Bl HEAREY DA — (TR DEN R - 13 ER
o BUSEEIATTRR - 5RET:
YRE BT E., EFEFOFE
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As well as high-level academic qualifications in naval architecture, marine engineering, o« H—E>H)—-
mechanical engineering, high voltage design engineering and technicians, geophysics and IR S BUISAIE. Xy, L.
environmental sciences, vocational and HNC'/HND? programmes also deliver the necessary j‘axj—-,{\//j‘(;ﬁgz)%@ga,ﬁ\ EMTEO
technician-level skills. Construction and vessel-related training and certificates are also required. 247, CSCS+NEBOSHDERTE
o BEhiE:

Turbine tower supply: Largely vocationally-achieved technical skills such as welding, plating,
fabrication, and blasting (achieved through a relevant Apprenticeship). Degree in textile

TR, E%ET. HRFEEE TFOFAL,

technologies or manufacturing production engineering. CSCS and NEBOSH accreditation. g_AD;f'—f_’-};Fa’ﬁ HIZF)Vo CSCSDRTE
Foundation supply: Degree in civil, design, mechanical or fabrication engineering. Vocationally- Q B LZFOHNC/HND, EMARE%ETtTED
achieved technical skills such as CAD. CSCS accreditation. Project management. FAI. CPCSERTE

o ZZEBF:
Cable supply: HNC / HND in electrical engineering and degree in product design engineering BULELEL T 20 LR T 22 NE2fT
(high voltage design and technicians). CPCS certification. TOSTHRIEZS A NZEIL. CIRSR ZBEF

Substation supply: Degree in product design engineering and electrical engineering. Project
management. CIRSR certification.

- Energy & Utility Skills "Skills and Labor Requirements of the UK Offshore Wind Industry”
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Source: Energy & Utility Skills I'Skills and Labor Requirements of the UK Offshore Wind Industry(October 2018) 1ZE&(CUZBCG AT 48



N LA ERAER
|\

SRS T, ERTE/7—JIIIEHETOBERE . TE/MEBEBOAFIHINE
O BB ROSNBITREE A - 2% - 1R

. (6 /.
B.= o&M

EXRFE T4 P % - 1B
oXaol ‘=12
Q Turbine and foundation installation: Degree in engineering, naval architecture and marine « Bt T =
engineering. Vocational qualification in yacht and boatbuilding. Project management. CPCS T2 \FERE SBFTZ0FN. AVE
certification. BEUEARORSE 18, CPCSTRAT
Cable installation: Degree in engineering or mechanical engineering. HNC' / HND? in technical - TN
. . Ay, - G F AVL g\ pNg L /g

engineering. Appropriate vocational qualification / experience (e.g. Apprenticeship). Project T FIIAEAR T FDFAL, 545 TF0

HNC / HND, E&W
o FEATHIR—b:
Installation support: Valid dive ticket. GWO module certificates. Explosive ordnance disposal » GWOEZ1—-ILDERAE . BRYMLIES
qualification (ISSEE). Degree in geophysics and environmental science. Vessel (master, mate, }&(ISSEE), HIEKYIIEF LIRIBRIF DF AL,
deckhand) certifications. Maritime and Coastguard Agency (MCA) certification. FRfA (N AF—. X7 7vF/\> R)DFEBRE.
B HRZT (MCA)DSEERE

management.

- Energy & Utility Skills "Skills and Labor Requirements of the UK Offshore Wind Industry”
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Activities are at, primarily, technician level. Relevant Apprenticeship programmes, HNC'/ HND? and
specialist training courses (in high voltage work, working at heights, confined spaces and SCADA, amongst
others) are demanded.

Turbine maintenance: IRATA Level 3 certification. Technology-specific training; high-voltage equipment
handling, certification to undertake lifting, climbing and rope access training. Turbines are becoming
much more electronic-based, needing a strong electrical / control and instrumentation skillset.
Maintenance of the offshore substation: Largely specialist work with strong demand for technicians
with high-voltage experience. HNC' / HND? in electrical or mechanical engineering.

Onshore substation maintenance: Standard and specialist high voltage work. There may be challenges
meeting the strong demand for technicians with high-voltage experience.

Maintaining the turbine foundation: Specialist equipment skills. Valid diver ticket. IOSH. GWO
certificates for offshore survival.

Inspections of safety-critical devices including fall arrest systems, davit cranes, boat landing and ladders,
external gates and railings and external evacuation equipment: It is likely that most owner / operators
will seek to train up their own technicians.

Supervisory control and data acquisition (SCADA) monitoring: 24/7 monitoring and occasional remote
manual intervention, requiring several dedicated personnel per wind farm (data can also be analysed in-
depth off site for condition monitoring purposes55).

- Energy & Utility Skills "Skills and Labor Requirements of the UK Offshore Wind Industry”

o A—EARST:
IRATAI//\) l/3|:|:L.\|:| N ﬁ EE/:\:HR?&ﬁ%JJ
1RBR. BFTMEZENITA>T . D547
D—jT’J‘EZ'f )@l\l/_—/O&Un:u\nJ—.E *%
. EE' BB RST:
TESHINESRRR, EX - ITF0
HNC/ HND
B {R<T:

. Ba'a 7=
» T B SN ZE TR AR ER

. ’5’ B> ERER<T:
A—E> BRI EINITEE . IOSH (355 {E)
TZEEEAITAT). GWOSEERE

Source: Energy & Utility Skills I'Skills and Labor Requirements of the UK Offshore Wind Industry(October 2018) 1ZE&(CUZBCG AT 50
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BZEE Skills passport
European Academy of
Wind Energy
European Institute of
Innovation and
Technology

Upwind project
Windsidll initiative

O x=7075 1,085 - A2 2EORIES

iR E - 1—X

Energy Management
Technician in Europe
Siemens, Renewable UK
and Weir
apprenticeships

SRMEL>5-

Asociacion Empresarial
Edlica

Cabinet Metrol
National Renewable
Energy Centre (CENER)
Danish University Wind
Energy Training

Danish Wind Power
Academy

German Wind Energy
Institute (DEWI)
ForWind

GL Academy

Haus Der Technik
Training Centre for
Renewable Energy
(BZEE)

Source: European Wind Energy Technology Platform "Workers wanted: The EU wind energy sector skill gap”

Ch)

Al
slllRSZi%

mEERYNT -7

Bundesverband
WindEnergie

Centro Nacional de
Energias Renovables
EWEA

Global Wind
Organisation
Innovate

IR

IRELP

Italian Wind Energy
Association
Renewables Innovation
Network

ER A E R

Erasmus Mundus
European Wind Energy
(TU Delft)

European Master’s in
Renewable Energy

MSc Wind Power Project
Management (WPPM)
University of
Strathclyde Doctoral
courses

Wind Energy MSc (DTU)
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