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The catapult network:

A long-term vision for innovation & growth

e Catapults

* Established by InnovateUK

* Designed to transform the
UK's capability for innovation

* Core grant leveraged with
industry and other public
funding

ore.catapult.org.uk
Y @orecatapult
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ORE Catapult

Our Vision: &
Abundant, affordable energy from
offshore wind, wave and tide

LEVENMOUTH
* Reduce the cost of offshore GLASGOW

renewable energy BLYTH

e Deliver UK economic benefit HULL

* Engineering and research experts

with deep sector knowledge

WALES

* Independent and trusted partner Regional Coordinator BRISTOL

e Work with industry and academia to

SOUTH WEST

commercialise new technologies Regional Coordinator

80+ technical experts
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ORE Catapult Business Model

SUPPORTING INNOVATION, ASSURING
TECHNOLOGY PERFORMANCE, O&M

PARTNERING IN RD&D
SUPPLY CHAIN VALIDATING PERFORMANCE

SMEs & AGILE STEERING INNOVATION,
INNOVATORS VALIDATING PERFORMANCE

ACADEMIA & DEEPER ACADEMIC RESEARCH
RESEARCH BASE PARTNERING AND RELATIONSHIPS

£250M capital investment in assets dedicated to research and product validation

ore.catapult.org.uk CATAPULT
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Blyth Offshore Demonstrator
Wind farm

5x 8.3MW turbines
6.5km off the coast of Blyth

191.5m Tip Height (AOD)
Approx 4om Water Depth

= Blyth will produce
enough green
electricity to
power
approximately
34,000 UK
households'

Generation

Turbines

= Blyth will install
B.OMW wind
turbines with a
power mode
uprating them
to B.3MW

* Approximately

36% of the
construction
cost to be spent
in the UK

= Each Gravity

Based
Foundaticn will
weigh over
15,000 tonnes
when fully
installed

* Blyth will save

approximately
57,600 1o

of C 03

each year!

Offshore works
start Q2/Q3

- 38m water depth

- Around 6km from shore

Connection

= Blyth will be

the first offshore
wind project to
connect using
66KV rated
export cables

From EDF Renewables

* Blyth will be

the first time

a "fleat and
submerge”
Gravity Based
Foundation is
used for offshore
wind turbines

Innovation
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Installation of GBFs at Blyth — Satellite Imagery

Installation Tugs D

[]
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\Ballasting Barge \ \
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FSFound Project Aims

To validate the FS GBF solution as an alternative solution to energy provision by
proving that FS GBF performs as intended and can be installed cost-effectively;

* To conduct a range of simulation and modelling studies to minimise the
uncertainties and inefficiencies in the deployment process and in various weather
windows;

* Tocompare the actual costs and performance with the cost-benefit analysis
performed;

* To assess structural response to extreme and fatigue loads on the FS GBF and
compare theoretical loads with real ones;

* Toestablish the effect of cyclic loadings on the seabed through monitoring and
measurement and verify/calibrate models for differential settlements in the soil;

* Toestablish the optimal seabed preparation requirements (i.e. minimum
preparation depth).

ore.catapult.org.uk CATAPULT
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Aims of the measurement campaign?

1. Validation of the design, including input to verifying simulation models

2. Providing feedback to the design limits of the structure, such that an updated
life expectancy can be calculated (if required)

3. Understanding the interaction between:
GBF and Seabed (e.g. settlement)
GBF and WTG (e.g. modal interaction, load transfer)

GBF/WTG combination and the Environment (e.g. wind/wave
misalignment loads)

Effect of internal divisions on the displacement of the caisson outer walls

4. Provide inputs to the design of a Structural Health Monitoring system for GBF
system

Provide inputs to the cost model, in the form of estimated O&M OPEX costs

6. Provide a platform for the development of a prognostic methodology for
NDT of GBFs

i
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Caisson Pressure Sensors

* Upper sensor mounted near vent (sea
reference)

* Lower sensor mounted near top of slipform
* 3 sets of 2 mounted at 120° spacing
* 4Hzsample rate

* Indirect measurement of depth

Wet Joint

* Also can calculate period

Upper Pressure Sensor

* Triangulation may permit direction
measurement

* Comparison after calculation with other
wave data on site.

* Data corrected for Atmospheric variation

caTAPULT
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Inclination and Mode Shapes

* High stability servo inclinometers

* Measurement range of +/-14.5°

Inclinometer

e Resolution of 0.001°

 Positioned to match ANSYS AQWA
modelling nodes

Inclinometer

Inclinometer

* Positioningis critical to interpretation of
data

Inclinometer

Inclinometer

Inclinometer
(Reference)

ore.catapult.org.uk
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Load Paths

* Initially aimed to installed SGs into
Concrete, however not possible

* Structure can be analysed through load
paths rather than direct loads

* Bending, Compression and Torsion are

| Strain Gauges
(Above Wet Joint)

independently assessed

e |Loads measured above and below “Wet
Joint” — calculation of loads into caisson

| Strain Gauges
(Above Wet Joint)

roof

| Strain Gauges
(Below Wet Joint)

 Loads measured at field weld to establish

effect of loads from turbine and torsional
loads

ore.catapult.org.uk
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Corrosion

e Structures are filled ballasted with sand and
seawater flooded below LAT

« Water is expected to have slow transit rate e \I&.
through structure, leading to oxygen depletion Pt ?
* Dissolved Oxygen sensors are installed to erciodsits {r}
monitor thpmAan/+ o prosent
* Water level in shaft is monitored for comparison l
* DO Sensors use dynamic luminescence 0 ™
quenching rather than an EC sensor Lgmﬁ/i | e
(L l vt
v Hon oo
\+

Luminophore
returned to initial
state

From AADI 4330 manual

ore.catapult.org.uk
Y @orecatapult CATAPU lT

Offshore Renewable Energy



Connection and Protection

* Instruments are useless if they dont work or
give questionable data

* Welding and Bolting were not permitted by
the designer

* Allinstruments are permanently bonded, but
need a temporary method of attachment until
the adhesive “grabs”

* Protection needed against ballasting force

* Protection against settlement
* Subsea-grade cables and connectors
* Full epoxy fill to instrumentation systems

O

ore.catapult.org.uk
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Installation Challenges

* Vertical installation requires
significant additional time and risk
management

* Installing delicate sensors; to fine
tolerances; in the wet; hanging from
a rope...

* Horizontal installation challenging
without the ability to roll or traverse

* Location Referencing
* Novel and Evolving design

* Fitting researchinto a
complex and time-critical
construction project

e R ————

ore.catapult.org.uk cATAPUlT
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How close are models to their physical counterparts?

iy

CP String B CP String A

CP String C

CP String E

CP String D

ore.catapult.org.uk
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Software Systems

Software Systems Hardware Systems Substation

Software Unit Test
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AZ07_INC_ST_X [degrees] AZ07_INC_S5_% [degrees] AZ07_INC_AS_¥ [degrees]

A207_INC_BS_¥ [degrees]

Example Data - Inclinometer Profile
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Input: Inpurt:
Wind parame Ci nt Parameters

Planning for Analysis

Compare to chosen Compare to chosen - Compare to chosen
Compare to ch
A paramater wind paramatar 3 current paramater
tidal range
range range range

* Flowcharts convert theory into
algorithm for processing

Irid Index wind o . Indax currant
Index tidal range
parameters parameters paramaters

7) Index the time sarr

. -
Wave parameters E—— ™

Retrieve data from which
point the wave is
influencing the structure
from the index in the
strain gauge arrays.

in Torsion |
database |
\

Compare the

Adjust the time frame for
torsion strain values

this wave influencing this
structure as T1+
10Xsampling
frequencyXtime
conversion in seconds

vs the new ones

4) Calculate

D1x at each time interval Plot differenc

5) Cumulate
Displacement after each
interval.

Load path altered Load path same

ore.catapult.org.uk : CATAPULT
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Why is Research in a Commercial Project so challenging?

Commercial Ideals

Test Rod
(same dimension as
widest part of plug)

* Strong “proven” technical solution
* Warrantable performance allowing for “tight” contracts
«  No unexpected outcomes e
Research Ideals

* (utting Edge "novel” technical solution

Ballast Pipe

* Project technical output comes before programme

Shaft

* Unexpected outcomes are interesting (isn't that why we do
it?)

The best common outcomes only come through

* Close collaboration between practical and theoretical work

* Novel techniques but proven technologies and strong
theoretical base

* Trial and error (more trials, fewer errors!)

ore.catapult.org.uk
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Contact us

ORE Catapult ORE Catapult ORE Catapult
Inovo National Renewable Fife Renewables
121 George Street Energy Centre Innovation Centre (FRIC)
Glasgow Offshore House Ajax Way
G11RD Albert Street Leven
Blyth, Northumberland KY8 3RS
NE24 1LZ

T +44 (0)333 004 1400 T +44 (0)1670 359 555 T +44 (0)1670 359 555
F +44 (0)333 004 1399 F +44 (0)1670 359 666 F +44 (0)1670 359 666

info@ore.catapult.org.uk
ore.catapult.org.uk
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