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Key Features

IRIS delivers & primary functions

2.7 BKevin Todd &3k 2.8 IRIS P&
ERIEE . Kevin Todd, LR, 2019
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ModuSpec Engineering (Internation.

Licyd's Register Quality Assurance

RTAMO Lid

Lioyd's Register Americas, Inc.

Lioyd's Reglster Asla

Lioyd's Register Group Services Lid,

Lioyd's Regisier North America, Inc.

Lioyd's Register Quality Assurance ...

Lloyd's Register Consulting - Energ. ..

Lioyd's Register Central & South A...

WEST Engineering Services, Inc.

Lioyd's Register EMEA

Nettitude Lid

Lioyd's Register Rail (Asfa) Lid

Lioyt's Register Asia

Lioyds Register Container Services
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2 £:%h Lloyd's Register Global Technology Centre E&
University of Southampton FEFEEREE T

2.1 285 Lloyd's Register Global Technology Centre

AL FEZE S TE A (University of Southampton)FRIE > /5 &k
La( Maritime Centre of Excellence)dy Lloyd's Register Global
Technology Centre it 4.3 /AHE » B LR 2 FERHSHIFR RN - ARHI AT (it
400 fir LR BFEAJTHESE - /2 LR fE 38 A R R B AL -

Lloyd's Register Global Technology Centre H7.E University of
Southampton BYEFAETTEIEMST > HFTGHBIREIRE » 3% 0 B RTEEF
TARRI SRR B PR AR s st T

AR ZEHHZ PO FE Paul James (Programme Manager) M
FRrE(E 2.11) » Bg A B HFE Gary Pogson (Innovation Owner
Marine & Offshore) ~ Joseph Morelos (Technology Innovation
Manager) ~ Vaibhav Parsoya (Innovation Owner Marine & Offshore) -

Amelia Stead (Business Model Innovation Architect, Marine &

Offshore) ¥ REFEIFINERETFE -
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Data and Algorithms Paradigm

Poor Quality Algorithms

o |—— oo [ ——
Good Algorithms

[l 2.12 BRBUHEEARE R
(ERIRIE LR &k

Continuous Performance Improvement via Assurance

— Mmmm

B 2.13 Assurance of Digital Twins for Health Management E@sgHifiy
(ERIE LR B &
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LR Naval Rule

Enhanced scope that addresses Naval ship systems

Ship Rules Naval Rules
Scantlings
Seats STRUCTURE
Magazines
Diesel Engines
Emergency generator
MOBILITY Fuel transfer MOBI LITY
HPSW
LV Electrical system
Aviation Fuel
Chilled Water
Replenishment SHIP TYPE
Misizon bay handling
Fresh water
HVAC
Waste systems ANCILLIARY
TRANSVERSE Environment
shock TRANSVERSE

Electromagnetic policy

OPTIONS E?Fi;iii‘;' . OPTIONS

2.14 LR GHE A
(ERIRIE LR &k
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Grey Boat Code
A Code of Practice for the Safety Assurance
of Small Boats in Government Service

LQ Working together Issue: V1.1
i yrking togeth
Lloyd's for a safer world I‘E'MQUST. 2018

Register

2.15 LR s MERE i
(ORI LR )

\

2.2 2% University of Southampton FREERES L)

i

L REL (University of Southampton)fit&EatEs b ([ 2.16)
AL FE 2 TE R & 2 BB 0 ( Maritime Centre of

Excellence) °
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SERY S R e FER N ) R GORIE R R AR AL B = 314K ~ S Pim
BE®) )2 (fundamental fluid dynamics) ~ FH4EREJR (renewable
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3 £ National Oceanography Centre

B 22085500 (NOC, National Oceanography Centre) (& 3.1 &
3.2) BIZR 2010 4 A 1 H » BBl KA ERIE LR fiobt 751
T FEEIEE H NREMStZ &8 (Natural Environment Research
Council) (& 3.3) » 1£ Southampton 2 Liverpool &FA 1 BEHFTEM - H4F
HYE ALY 6000 HTL5 (LY 24 [BTEN) - BUNTRHE S0%88E - eREyMEE
fr 2 W5EatE S - Fulbtse AJ73k 647 %4 -

3.1 SREIBHE BRI 3.2 B0 B A
(BRI : Alan Evans i)
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The six NERC “Sector Centres” within the UKRI

Grant funding to

Universities and Research Institutions
British
Antarctic Survey Polar

] British
BO5) Geological Survey Earth

538 NATURAL ENVIRONMENT RESEARCH COUNCIL

Centre for Terrestrial
(©)3i1) Ecology & Hydrology & Freshwater

(a.‘ National

Research Centres

.. Oceanography Centre \arine
NATURAL ENVIRONMENT RESEARCH COUNCIL
National Centre for |
Atmospheric Science | Atmosphere
raroas EwinGHA e R
National Centre for Earth
Earth Observation

455 National = /
) Oceanography Centre 1 P S / NER Eﬂsﬂfg r\(ljr'FlETNH‘F

NYIRONMENT NESEARCH COUNER.

[E 3.3 B RRIEIE % B & BRT S i aH 4%
(BRIFJE: National Oceanography Centre)

National Oceanography Centre [NiE& RRS James Cook([E]l 3.4) ~ RR
Discovery([& 3.5)%F 2 fE5E RAITZEAL » Ky world-class research
ship ZF4) » OJ7E 6 UBSR N E2/ERE LT RS FEE -

3.4 RRS James Cook 3.5RRS Discovery
(BRIFJE: National Oceanography Centre)

i T R TR BB B RGEAEER SR E - EHERBUR ~ g+
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(Making sense of changing seas for a sustainable future) ; ([&

3.6) °

National Oceanography Centre Strategy — Overview

Making Sense of Changing Seas for a Sustainable Future

Our Organisation

One NOC

The NOC has been in existence in its various forms for over
6 decades, has an annual turnover of £60 million, employs
a total of 600 staff, and is one of few research organisations
globally that has the equipment and expertise to operate
down to 6000 m water depth.

Our Mission

It is essential that we are a unified organisation, under
one brand and one vision. This means we work together
collaboratively as One NOC, across directorate and
geographic boundaries, to achieve more than the sum
of our parts.

Our Vision

Our enduring mission is: making sense of changing seas for
a sustainable future. The three supporting pillars of this are:
+ Undertaking and enabling world-class science and
technology development;
+ Providing large research facilities and access to data
and samples for the benefit of UK science;
+ Creating value and public benefit by supporting

As an organisation, our vision is for NOC by 2025 to be
seen as the world's most innovative oceanographic
institution, and to contribute towards global efforts to
achieve clean, safe, healthy, productive and biologically
diverse oceans and seas.

Our Values

development of public policy, hazard nent,
ocean governance and regulation, and development

of a sustainable ocean economy

Our Strategic Goals

Goal 1 Undertake internationally excellent research and
technology development to advance the frontiers
of knowledge about the ocean

Goal 2 Create public benefit from all of NOC's capabilities

Goal 3 Successfully translate world-leading and innovative
research and technology developments to achieve
socio-aconomic impact

Goal 4 Provide world-class underpinning capabilities that
enable the UK and global ocean scientific endeavour

Goal 5 Responsibly grow and diversify revenue to sustain
our mission with a critical mass of scientific and
technical capability

Goal 6 Transform the way NOC is governed and operated

Goal 7 Invest and reinvest in the NOC and its people

Our Science and Technology Priorities

In order to effectively tackle the major societal and
environmental challenges in the ocean; our four strategic
science and technology priorities are:

+ Oceans, climate and the carbon cycle

* Coastal zone and shelf seas

+ Seafloor resources and habitats

+ Platform, sensor, model and data systems development

National

Oceanography Centre

HATURAL ENVIROHMENT RESEARCH COUNCIL

CCCCEO

We value excellence as the foundation on
which the NOC is built

m We value people and teams as the NOC's
most important assets

m We value independence and integrity and treat
each other with respect and trust

TN We value considering different
approaches, finding different ways of doing things and
seeking creative solutions

We value the ocean,
recognising our reliance on it, and consider our
environmental impact in everything we do

We value the benefits of working
together and actively seek to exchange knowledge, skills
and resources

“NOC recognises that diversity of many kinds
underpins all our shared values. Investigating the
oceans is a global endeavour, bringing together many
talents and ideas. Diversity is especially important for
driving innovation by enlivening what we do - and how
we do it - with different perspectives, experiences
and backgrounds.”

noc.ac.uk

3.6 BZEAT LE R0 DI
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(ERACE : National Oceanography Centre)

ARBErsthani 3 EORHEEE T (B R O ~ TR /KSC
B - BB RS EMAIL Z2 555X /F =R el Na t ional
Oceanography Centre ° &% F/0v o3 ERALET FEEIRAVEES » R PR
BERZLEEE /N2 (International & Strategic Partnerships Office)F (%
Alan Evans &H&RHHRBAERMT /& Ry A B G (&l 3.7) - NOC HifF F&E
H:

® Alan Evans ° International & Strategic Partnerships Office
FE-E3.7T/E] .

® Jackie Pearson’ International & Strategic Partnerships
Office &% > [& 3.745 1 ¢

® Dr. Brian King > Marine Physics and Ocean Climate Group @ F
EoB3.7TH2-

® Dr. Helen Snaith’ British Oceanography Data Centre » F%& >
3.7/ 3¢

3.7 REEEINOC EE &
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National Oceanography Centre Hosts

Alan Evans, Head of the International and Strategic Partnerships Office

Dr Brian King, Marine Physics and Ocean Climate Group

Dr Helen Snaith, British Oceanographic Data Centre

Aidan Thorn, Head of the Marine Robotics and Innovation Centre

Jackie Pearson, Marine Manager, International and Strategic Partnerships Office

10:00

10:10

10:30

10:40

11:10

11:30

11:50

12:00

13:00

14:00

14:30

14:40

15:00

Agenda

Arrive at reception to be met by Jackie Pearson. Transfer to Library Red
Room to be joined by Alan Evans.

Introduction to the National Oceanography Centre — Alan Evans
Overview of NERC'’s ships and NMEP — Jackie Pearson

The work of the National Academy of Marine Research
To be joined by Brian King and Helen Snaith

Marine hydrological observation — Brian King

How NOC manages marine data — Helen Snaith

Questions

To the Marine Robotics Innovation Centre for an overview - Aidan Thorn
To cafeteria for lunch

Transfer to RRS Discovery for brief overview and visit to the Bridge
Return to Library Red Room

Closing comments with Alan Evan and Jackie Pearson

Depart NOCS

The information contained in this letter may be subject to public disclosure under the Freedom of Information Act 2000. Unless the information

is legally exempt from disclosure, the confidentiality of this correspondence, and your reply, cannot be guaranteed

3.8 237 NOC e
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3.1 National Oceanography Centre f&/T

ZEHIVE—E{ T2 S Alan Evans EEE/ T EZEEF 0 (National

Oceanography Centre) ([& 3.9) » sz OFRETHE 6000 EHIL8% - 8 IR
Elog ~ TH2AN ~ £1is N BBUTBUR R ILET 647 8L 0 plERAE 4 15
BEliE (Southampton > 525 A) KAI¥IEREE (Liverpool » 122 )% 2 {El5
& KR SEN -

3.9 Alan Evans B ARt EIFREEH

National Oceanography Centre F§Z-HHRE N —4IFSC LA
® EIEHVERFIE2AH (Marine Geoscience Group)
® I EVIEBLEER(ENTZE4H (Marine Physics and Ocean
Climate Research Group)
® B ASEEERIZH (Marine Systems Modelling)

® EEAEYIHIR(LERELA: BE £345040 (Ocean Biogeochemistry and
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Ecosystems)
® EERGEL T F24H(Ocean Technology and Engineering Group)
AR ER PRI o AN - EARER IR S R VR R~ K
PEEREI MR B ER AR E - AR EE TR ATERE) - BN EREs 6
% TR AR ATITIE - BN RS E SR EEAEAA

H-°

B R EERIERSEI A » National Oceanography Centre £
University of Southampton ZFAES K B A B HRES4EEE > National
Oceanography Centre fifEFE LM T-4 F]rp O E R 2= KA R E THBI &
{ERFZE » HAEIA 205 % University of Southampton AYfHt-A4-1Fs% UL EIL

U e

3.2 FEEE/KSCEAI

BN (AT R/ RT D) ~ MR e 2 -~ ALEEl/ RbE=UED D
FislE ADCP(Acoustic Doppler Current Profiler) ~ JEfif& AWAC
(Acoustic Wave and Currents) ~ ZoHHEFEEE4N(Scientific Echo
Sounder) ~ MR JyEt 2 B =23 5% PIES (Pressure equipped Inverted
Echo Sounder) ~ # S FUREZE (CID) & E SeaSoar ~ =t CID
(Underway CTD » UCID) ~ ARGO Z|HiERHIFE(ARGO Profiling Float) ~ H
EFK T #EEE (Autonomous Underwater Vehicle » AUV) Seaglider ~ f5fiH
T2 (Marine Radar) ~ EJEEE 2 (HF Radar) CODAR - JEJEEESE FI90] AR
YEAEEURT - AREDAPEE - BUAERE - FFEE0K - ERME T =R
TR E BRI 5= -

REUSEL S ETERE - REAME BRFEMEA S ~ B ~ K2~ B2
SR~ TRR B~ BB - BEARE - 02~ EREEMHMER - FEEA
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BERHEERR ~ BUREE - S SERZ > National Oceanography Centre
TR B RUE S BB (Marine Physics and Ocean Climate
Research Group) & HIFIEREAEE/EUAIE / $ESEUAR CERGITEDRL) ~ AEH
B UR R e S T B ORAUGE L -

YR B R EMTSE4E (Marine Physics and Ocean Climate
Research Group)st& F4% A Dr. Brian King BB 3h5ER M HEZ S0

FIFH Atlantic 26N array ~ Go-Ship ~ Argo FriEfTHY EEELAIER T -

3.2.1 Atlantic 26N array

Atlantic 26N array([&l 3. 10)(HAIHMEAEARPTFEILEE 26 & LI
FIF ST AR BN YR A ~ JREE - B~ pC02 ~ B4 ~ pH
EEEER > BASRRSYER (TTE/NS) BERNMER(in boundaries)
FESS » EENHEE R (ZE R PRI E - RAEREAEEER)
(BT T RSB AS S A TR R R SRS 5 RE o B Rt v F o 22 [B] (R
BB (real - time) AFEAIER) - HATAEBHIFEATER (5 1 502 ) (]
-

Straits of a— I
Florida]] + | X ‘ &i\ B
1 ~3000m

wesier "(

array .' -
C -

eastern -
" array

Mid-Atlantic
Ridge array

3.10 Atlantic 26N array HiliE 24 EH

(EREE: Dr. Brian King f&¥R)
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3.2.2 Argo

IR BLER R BHVEGE - O REEBINRE  SRIEEEE
Ty EREE AR - EEER > S REEEE L R TR - #52L
WHEBERE - SHERHY - ROBFEBETEREE - e RREREE AR
A EIRE - ERIEFRIERIVERB BRI HEZERET
Argo( IR EEN L2450 B 3.11) > 48512 2019 48 A » HF 24
3852 {[&l Argo AEFHIHEIEUHN RN = ARFEHRIER IR - BFEFEE8FE 800
78 Argo IR AR EREUHETSS -

Argo National contributions - 3852 Operational Floats August 2019

Latest location of operational floats (data distributed within the last 30 days)

¢ AUSTRALIA(337) = FINLAND (2) « INDIA(138) ©  JAPAN (199) + NEW ZEALAND (10) * KOREA, REPUBLIC OF (35)
*  CANADA (99) FRANCE (286) INDONESIA (1) ® KENYA (1) NORWAY (19) = SPAIN (24)

@ CHINA (81) * GERMANY (153) = IRELAND(11) * MEXICO (1) = PERU (3) = UK(155) b\:}ﬁ
* EUROPE (118) : GREECE (6) = ITALY (69) s NETHERLANDS (21) = POLAND (11) ®  USA(2073) k-

Generated by www,jcommaps.org, 06/09/2019

3.11 2Bk Argo /A £ EEUALFAE

(BRIAE : Argo E4E)

HMIF A LB Argo M HEEDANEAE (B 3.12)FLL 10 KA iEH]
FE7KE 2000m HYFEE A 5 BN /KA m BT - F 2000m /K% B
FEHFRERMR 6 Nk - EIFHUERER - B e EIEER E
Bi%  (PEGHEE NI ERERE - H5E TEOA - Y Eildn - T
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JL~ BRI BVAEBRE (8 3.13) > —fT S Argo AR EBUIAARAEE
ar A AL T 150 RVEDHITEER -

TEMPERATURE PROBE F----m--------1
FOAM SUPPORT ! AT THAI
i -&
= /&S ELLITE NSMITTER - R

\ STABLITY DISK i - s
| m / e = 5 Once at the surface, \ 1 Ship drops the
b " o all data is transmitted  “ float in the ocean
& to a satellite A \ ‘-__-
AlR PUMPAALVE — ) — =00

GEAR MOTOR
—~

© . Float takes readings ) §
SATELLITE ANTERNA Shcethenstats and profiling up to
received it is sent the surface

|
|
1
|
|
1
|
|
1
|
|
|
1
1 to the closest
il
SINGLE STROKE PUMP — 1 research station
|
1
|
|
1
|
|
|
1
|
|
1
|
|
|

110 em for analysis

FMEUMATIC BLADDER

BATTERIES
! The float descends €)
: to 1000 metres and

HYDRALLIC PUMP N oL
IPISTOM)

!
!

'
€) The float descends again
to 2000 metres and
&  switches on sensors

PRESSURE SENSOR — HYDRALULIC Ol

G )

-'I HYDRALLIC BLADDER

3.12  Argo AR FEHIE A [ 3.13 Argo HEEIERNEIE
(BHRIAR  Argo 'E49) (& RIAJE - CRIRO E49)

(AR SR B ST B3 o] 28 Argo 5185 » WAL Argo 7%
Z([E 3.14) - BESBETEEAUILZFTABHE < 2014 4 Argo JFIE#
AL "Bio Argo floats » BRT AIEMDAE - B 40 - e
E/KHER(dissolved oxygen) ~ pH ~ iHfEEE(nitrate) ~ FE4ER
(chlorophyll) ~ ME7K iz it BLRERr T 800 M08 FAE 25 B S A
ZeH > SEALEIN CSIRO(Commonweal th Scientific and Industrial
Research Organisation)BZEJEEANERMEEF U (National Institute of

Oceanography) &/EHVENE FFE 1 (CSIR-NIO project) ©
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[ 3.14 Argo JFREMRIL
(ERRE : CRIRO 'E44)

3.2.3 Go-Ship
AR AR - N - B - R
TR - AR - UK - R - 4eMpAc(S « ME(FIGR S50

22 PR EE 7 PR Se B RE AR AL E R CRERIE /KA E 2 2000m HYZ€
) HARE BTN KSR R

REGERREE R FHEEEDE > 2007 4F International Ocean
Carbon Coordination Project (IOCCP)ftt5RR(EMFFTETE (WCRP, The
World Climate Research Programme)Climate and Ocean Variability,
Predictability and Change (CLIVAR) Project HYRMEZHLEN S 2ER
YRR A K S #HEETE Go-Ship(Global Ocean Ship-based Hydrographic
Investigations Program) ([ 3.15) ZREFEEERREHEAK S RIHR
B et S HF G BB A (UNESCO) BUNEEFEZ 55 (10C,
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Intergovernmental Oceanographic Commission) ~ TH5REZ24H 4% (WO,
World Meteorological Organization) K BREFME < (International
Science Council)feft&E L » ZEIBUFIREEETRIHEIIE -

Go-Ship FEEE T HEMHEFE (physical oceanography) ~ IfEEE(the
carbon cycle) ~ JEFEAYIIER{EEZ (marine biogeochemistry)fI4ERE L 4%
(ecosys tem) FEHBMAYRIERILE &F » PRARFIECHFARE (BERRE) A
FKEIR 6 ~ BAL R A - R ARVRZKEE(E ~ BRAL ~ FERCE S
FRETRH

THE GLOBAL OCEAN SHIP-BASED HYDROGRAPHIC INVESTIGATIONS PROGRAM

GO -SHIP

TOWARDS A SUSTAINED GLOBAL SURVEY OF THE OCEAN INTERIOR

GO-SHIP brings together scientists with interests in physical
oceanography, the carbon cycle, marine biogeochemistry and
ecosystems, and other users and collectors of hydrographic
data to develop a globally coordinated network of sustained
hydrographic sections as part of the global ocean/climate
observing system.

GO-5HIP is a major contributor to WCRP's Climate Variability and Predictability
Experiment (CLIVAR) and International Ocean Carbon Coordination Project.
GO-SHIP is part of the Global Climate Observing_System / Global Ocean
Observing_System (GCOS / GOOS).

|
]

B 3.15 Global Ocean Ship-based Hydrographic Investigations Program
(ERIFE : GO-SHIP E49)

F£ Go-Ship AREHYEERFA/KSGRERINIER - BIFEALLIEE 30 A
PESAT T /KRR KSR (] 3.16) - AV HEELIE 5 AT T 2
HBEREREE it E R EER S AMiEE TEET > B
AT BB ZAINIER ~ LB ~ PEOLSF ~ mEIF ~ SR ~ Bl ~ JOM - H
A~ EE] (8RB ERAE BT - i E TR S
2027 SE(1E 3.17) > EERMEERAELIIAT AR A AL RN - BB T2 EK
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PET
Xy
A

N

T_ARCOT I I
e -L_,__ o T .
. et | .\; * Yy
S - g
1 X 1 ‘
P& -
P03
- ?‘ - =y 200
. < 3 ~7 ] 2
7 Fw 4 ! POIE e 2017-05-GO-SHIP_Status.pof
(Y ;
N | N -
z N
105 P06 ; b A10 .
= - . N
b S| 4
2 N f o P17E . .
== 7 T - S04P - g % =
GO-SHIP Status of 2012-2023 Survey (61 Lines) May 2017

Bold lines: High Frequency (reduced requirements) Thin lines: Decadal GO-SHIP (full requirements)

completed at sea funded planned not planned yet associated & completed

)
By

Generafed by www jcommops.org, 23-May-17

3.16 Go-Ship & ERGHEMATK AN S
(ERPICE - #5H Dr. Brian King fii#R)
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GO-5HIP Cruises and Cruise Plans (updated September 20139)

Year Line Segment Nation Sponsor Committee Representative Status
Annual AROD7 West CANADA Kumiko Azetsu-Scott next 2020
Annual SRO1 UK Elaine McDonagh next 2020
Annual ARCO2 CANADA Kumiko Azetsu-Scott next 2019
Annual A23 UK Elaine McDonagh 2019 cancelled; next 2020
Annual GSA-Radprof SPAIN Fiz Perez next 2019
Annual GSA-Samba SOUTH AFRICA Isabelle Ansorge next 2019
Annual GSA-Line P CANADA Kumiko Azetsu-Scott next 2020
Biennial A25 FRAMCE-SPAIN Fiz Perez next 2021
Biennial 75 North NORWAY Emil next cruise not planned yet
Biennial GSA-Arctic SWEDEN Leif Anderson Mext / where?
Biennial GSA-EAC AUSTRALIA CSIRO Bernadette Sloyan next 2019
Biennial Davis CANADA Kumiko Azetsu-Scott next 2020

2014 AROT West UK Elaine McDonagh completed

2014 AROD7 East UK Elaine McDonagh completed

2014 PO1 JAPAN JAMSTEC Katsuro Katsumata completed

2014 P10 JAPAN IMA Masao Ishii completed

2014 P165 South UsA MNSF Lynne Talley completed

2015 Al12 GERMANY Toste Tanhua completed

2015 AQS UK Elaine McDonagh completed

2015 AROT East NORWAY Emil completed

2015 110 JAPAN JAMSTEC Katsuro Katsumata completed

2015 P16 North UsA MNSF Lynne Talley completed

2015 ARCD1 West UsA MNSF Lynne Talley completed

2015 ARCD1 East GERMANY Toste Tanhua completed

2015 PO4 West JAPAN IMA Masao Ishii completed

2016 108 South LsA NSF Lynne Talley completed

2016 109 North UsA MNSF Lynne Talley completed

2016 P18 LISA NOAA Gregory Johnson completed

2016 P15 South AUSTRALIA CSIRO Bernadette Sloyan completed

2016 POS JAPAN IMA Masao Ishii completed

2016 Al12 GERMANY Toste Tanhua completed (limited casts)

2017 SRO4 GERMANY Toste Tanhua completed (limited casts)

2017 Al05 GERMANY Toste Tanhua completed

2017 P06 UsA MNSF Lynne Talley completed

2017 AD2 IRELAND Caroline Cusack completed

2017 P17 East Japan JAMSTEC Katsuro Katsumata completed

2018 P13 JAPAN IMA Masao Ishii completed

2018 SRO3 AUSTRALIA CSIRO Bernadette Sloyan completed

2018 54p UsA MNSF Lynne Talley completed

2018 A9S UK Elaine McDonagh completed

2018 17 North UsA NOAA Gregory Johnson completed

2018 MEDO1 GERMANY Toste Tanhua completed

2019 108 North JAPAN JAMSTEC Katsuro Katsumata funded

2019 106 South usa Lynne Talley completed

2018 40N JAPAN IMA Masao Ishii completed

2019 AlT SPAIN Fiz Perez completed

2020 105 usA MNSF Lynne Talley funded

2020 107 South JAPAN JAMSTEC Katsuro Katsumata funded

2020 P3 West JAPAN IMA Masao Ishii funded

2020 AlD.5 SPAIN CsIC Fiz Perez funded

2020 A5 UK Penny Holliday funded

2020 Al13.5 usa NOAA Gregory Jehnson funded

2021 P4 West JAPAN IMA Masao Ishii funded

2021 Pl JAPAN JAMSTEC Katsuro Katsumata funded

2021 AT West UK Penny Holliday funded

2021 AT East UK Penny Holliday funded

2021 ARZE UK Penny Holliday funded

2021 AlG usA NOAA Gregory lohnson planned

3.17 Go-Ship Cruises and Cruises Plans
(ERIAE : GO-SHIP E49)

FEULIT Atlantic 26N array ~ Go-Ship ~ Argo FTfSHY
EUHESE - KB ~ (B EHELE R (K% ghER 0 FERIE LG
TSR R RIREE L4 (GTS) b HEIRASMRETR » IGHER
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(EFHBRF P T EBUNEHR I EER - SFEME - Argo BURIEDRIIV PRI
AR o AAEBUINRFSERYE > GO-SHIP BB &R 3-5 48 ~ Atlantic 26N array
SHitE ZORHH T i W B RS BUR TR S UB ISR IE - M) HAR4Y 6
@A -

féi#z+ > Dr. Brian King Frils&as - AIRABTFHE S0 Argo 2B0F
PRI 2R R AR S P S DR » SRRSO L E IR
SETIRE Argo VHIRAVERIERIIBHR AL - WinBh ALl HE A theg
HERE H AR LI ST 38 A AR FE BRES T (JAMSTEC) R @RS 1ER A

3.3 British Oceanography Data Centre

HEAERTFTREISON fOR S ~ HWE ~ WIEE (BB YER EERHRH
5 EHBIRERAMGEERE PR E - IR RRYEE - AR A
M~ BREVEELR - AR - HREAETEIVESE: - S EIVEHE
 EEIVERRONT - e% HIERERREHIEER - e BRVE R Rz
A~ AT BEES IV E R TS - Bo S HIERYEIARES - BE S - mUr

HHNEBEWFIIREBIER & "B ErE - fUHEBE T+
BRISTEM] ~ BIZURMEDG K - AERRIRIEIRGE - B EEHE - £l %
it ERHRRER -

AR em A E R UL (British Oceanography Data Centre,
BODC) 3% Dr. Helen Snaith([&l 3.18) &= Afz 25hEERHH BODC HY
FEGEOUER ~ 0L B > AR A REER R ERE
JER R EIETAUR

e
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3.18 Dr. Helen Snaith f&#z BODC

British Oceanography Data Centre HY4ERER[IEMIE 1969 4 - &HF
Y E BB B E L R B SO E R 0 (Act as the UK s National
Oceanographic Data Centre) Kk AEIEEEZ B GERSGA Y&
(Participate in the international exchange of data as part of the
Intergovernmental Oceanographic Commission (IOC) network of
national data centres) °

2010 % 4 H 1 H » BODC B2 8% 0, (National Oceanography
Centre (NOC)) » fEHA:

® EHE G EEHE(The National Oceanographic Database)

o EHIHEYEIHAY(UK Tide Gauge Network) » &4 5[] 43 &

peg==Srepiog A A
® EHFHFIEENIEE B N EFHEIE RN (The designated marine

data centre for the Natural Environment Research Council, NERC)
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o EIFFEREURNGE 4% (MEDIN) HYEUERME R FuM(An
accredited Data Archive Centre (DAC) within the Marine Environmental
Data and Information Network (MEDIN)

® LEINRZH R E R ETHER

British Oceanography Data Centre FEFI¥IH (Liverpool ) ke FE 22
S (Southampton) &A 7T HD » B ELEEGEE 500 A - ZEIG RIGEIETFRIE
KB RN SCE N TARAT - KBS AVE B AEAIR > 50 LA -
LT EHIELT 40 A -

British Oceanography Data Centre fHZVEFIRIFEHE BRI EH KI5
EUEAERSORSFESE > 2T OHEENRGER - BEISRBEH
BLGE -~ BIENERGES - iR EETE L - BEEUIERHE
Rer o/ (F /A8 EF -~ BREEICIGRESE ~ AEE RN R 2 E S
[mFE R ESR B B R R B R E S8 -

3.4 Marine Robotics Innovation Centre

Bz A O A 350 BT S Rl Es ARigRH 0 (Marine
Robotics Innovation Centre)([E 3.19) » FEELFIEEMIT BAPRG E 2 FEHVEL
ara -

B TR LR E B T UES ARFE BB (Marine Autonomous and
Robotic Systems research group)fE=imBE E/K MaEkE (Autonomous
Underwater Vehicle, AUV) HYSZEtBUSERIERER - #4 20 FLA EAYEE
By o BT FRK T 24 (Marine Autonomous Systems)EFEZEF
FHAE - IEIBATHT L AKEER BRI E s - AUV ~ MMA ZeiIskiy &40
I 250 (18] 3.20) » BZOF P ORIt E BB R T
Bpa o RERHAEL N R &1 - CRIHBHS 23Rl m B & n
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bk B AR PR -

3.19 JgrtEs AR RHr 3.20 Bt e B

B 2 E R4S Aidan Thorn (Innovation Centre Business
Manager) FY5[ZL(lE 3.20) » AbE2aE R8I B /KIg R
AUV(RES TR ~ BB ~ B SEHOHIETS » I BB oHEEDIER (&
3.21) ~ g KISBRERY AUV(IE 3.21 K@l 3.22) ~ K N B (BE#A
T EEEEKSCEHIER) (B 3.23) ~ REEEZEEK(6500m) #1THE F
PRAER /KN ZIaE S N (ROV) (8] 3. 24) /81 A S5 A RHETT
SO TR SAYEEET - DORE - B - @R - MR - pLEE
B~ oM AR ~ BT

TEBZORE T ORHERAREN T - MR KT B REEATMERE
EAM TS - H ATESAE B SN OB R R R 8 - RBUMEERM A
IR EL EEE R SRRV hET - &R e AR .0
(Marine Robotics Innovation Centre)fJfZsE "WHERE SCIENCE MEETS

BUSINESS | » RIE2HIpE3E G MHEAF ~ S5 HA HAEH -
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3.20 Aidan Thorn FE7MEFI%ES 3.1 /NEISEEIERE AUV
ISR L TR A TR ' -

3.22 PEg7KIgERE Y AUV 3.23 /KB RETY AUV 4R 5 1E
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3.24 JKMEAEFIE 3.25 HBIEFEFEA ROV

3.5 Research Vessel RRS Discovery

National Oceanography Centre T#ERRS James Cook GHSZEFIYH

#) ~ RRS Discovery CHFERIZAGEE) % 2 # world-class research ship
SEEREV SRR - FITE 6 GBS N ERIEEI T RIREER -

2 FERFFSTALEIRERE ~ ARG ~ AT IT & TE B S E AR T -
HAERA A B2 - 2 IS TAEREUE 550 K TIEHHE+3%0% -

RRS Discovery
Principal scientist & Duration in days
Cruise | institution Location | (begins)
DY108 Veerle Huvenne North 15 days CLASS Darwin Mounds cruise
lantic: - o i :
Mational Allaniic {September) he Darwin cold-water coral mounds in the northern Rockall Trough were discovered in 1998 by
Oceanography Darwin NOC scientists (Bett, 2001). Initial surveys showed severe trawling impacts, and the area was
Centre Mounds closed in 2003 under the EU Commaon Fisheries Policy. It formed the first deep-water Marine

Protected Area in UK watars. A revisit in 2011 showed that the fishing community respects the
trawling ban, but the recovery of the most impacted coral areas may need decades (Huvenne st
al., 2016).

As part of the CLASS project, we aim to carry out a programme of repeated observations,
starting in summer 2019, Wa will install a mooring equipped with current meter, ADCP, sedimant
trap and turbidily sensor lo measure current regimes, water mass structure and particle flux close
fo the corals. We plan regular surveys on an 8yr cycle to expand on existing survey effort. These
surveys will inciude AUV-based acoustic mapping for seabed morphology and trawl marks, and
ROV- and AUV-based photegraphy or video for benthic habitats.

These long-term observations will be of direct relevance to Government (e.g. JNCC will be a
partner in the cruise), in terms of the monitoring of MPAs, while the will also provide fundamental
knowledge in tarms of cold-water coral recovery after disturbance. The cruise will also ba
combined with the cruise aclivities for the BIOCAM project in the same area,

Previous and Upcoming Expeditions

Leam about the previous research expeadifions that have been undertaken

3.26 RRS Discovery FEHAEBEFLAT
(BRIAE: National Oceanography Centre E4)
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LR Z5H1E1E RRS Discovery JHAERLE (B 3.27) » BIREET L
FERG Antonio Gattit EERHITRANE LI EEFEA T SEHEIRE TR

LR TR (B 3.28) - BASE -

! =
=X ==

3.27 RRS Discovery 5 3.28 BRLHIMNZSE

RSS Discovery BFFEflt 2013 4 7 A 8 HAEIZIEAET L > My EHY
SR Ry T A TR BT B AC Y BT ~ SRR i

A B2 E5E X EAY RRS Discovery fil Antonio Gattit »
R R - B RS K KR (R R ) BX RN R AT A AR
EEIbHZE BAH RE([E 3.29) -

PE1 AL Antonio Gattit Ry ARE2an BT BRI ENNEE - &
TRE - REREEE A A (CPS) ~ BEEL ~ fiifTacskes ~ EUJEUEST ~
PR ~ ETRIE (ECDIS) ~ MTEREHIR SN USRS © R s E
(VHF) ~ Fffmai s (MF) ~ SSB Erfer 2 BB EE F imata s - Alfin 1% - fetked
BIFEE 1L (DP) FEAAR e /R Ak (18] 3.30 B3l 3.31) - FulEfriE LhfgE R
fla NBHVE TR S - Bhlaast it 360 RV A - BRI aEEAR
AT E R PR A BEEBE (B 3.32) -

RSS Discovery tHFEANEC BRI T L H A

e Single and multi-beam echosounder surveys
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e Integrated data logging

e Seismic surveys

e (lean seawater sampling

e Remotely operated vehicle operations

e CTD surveys

e Deep-water coring, trawling, dredging and instrument towing

fitt BBz 0 (18] 3.33) ~ s Aipa = (8] 3. 34) R ARTATH
2 389 VA RS HEER=MIFE A SR - FRAYZEE PR 18 E
20 IREVEHE » S8 B 2 AE M 20 WHERY) > ATHE S Ml KA (fE
3.35) ¢

3.29 WAZALFRAHZER
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3.30 BB E THERS IR 3.31 BE e RS

3.32 B HRHYHEFERE
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3.35 — AT S HFE & 3.36 ABECEfLR (G )it L EES

3.6 /N&E

T R T DB B 5 R SR e e A AR - EAR A B g e A g ]
HEEIZOREEHTTE S E - (EETEREREETE - BB A - DIR
WZEALHYERE ~ RIS BRI SS UM L ~ BLAESERIRY &1F ~ tHEAAHY
B3l > BlEigumi iR & Ve T B L - B ER IE A SR i A TR BTt
A HERE R SRR N R B BT o kRS EEN
HEVREE T A T g - N B E s - iR e B By H A
16V EERARKREEFE P S1FiE - (18 3.37 K& 3.38)

el
et
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3.37 TR 3.38 AWEE AT &
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4

285 Gill Instruments

Gill Instruments FXIZFATETC 1988 £F - BIFMEAI AN R e I s (A Y
iERE > LR FE AL ABHTH (Lyming ton) » 2 BE7E b Ry i R PR 5 O JEL 2R
ST ARG (8 4.1) » Bl Ry EPR S B B s BT e Ay 2 -

g LR R g ERERKERE) - B R Ee%E  ETE
PRGBS TRR G RSN - KSR R TR E
Fo T R IR BT e RIS ~ IRM - 2RSS RTIRE ~ I

AR B SR T e B B R SR AR A TR LRI - Al oe
B AT 2 Bl BT Y At S DB E 2 SRR I B T $BE BRI Ha
KMBZGill Instruments 48H3<x5)

B HHEZ A EIEB#EEE (Business Development )&% Jamie McKay
(& E R E P95 Richard McKay (Applications Specialist) @ AsAfe
S EIRER - ([ 4.2)

OO]y

Ultrasonic Intelligent MetPak Professional MaxiMet Compact
Anemometers Communications Hub Weather Stations Weather Stations
Ultrasonic Anemometers for Our low-cost, easy to use Our range of professional Our range of compact weather
wind speed and direction communications gateways are weather stations are capable stations are suitable for any
monitoring. With no moving capable of linking, processing, of monitoring multiple application. All options have
parts, they offer the ultimate bridging, storing and meteorological parameters. low power Eco Mode.
reliability and low streaming data between Wind sensor options can be . i

maintenance. devices. remotely mounted. View Maxitet Batige

View Anemometer Range >> View Intelligent View MetPak Range >>

Communications Hub >>

4.1 Gill Instruments J&
(BRIASE: Gill Instruments E49)
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[& 4.2 Richard McKay 7~ Gill Instruments &'

4.1 The Gill Group

Gill #28 (The Gill Group) - BEFFERIZAEEESELHR > THEGill
Research&Development ~ Gill Instruments ~ Gill Sensors&
Controls ~ Labcal 4 fEIFAH » RyFHTRBITHAI R TIEERIE2 R %
RENA ISR - BRG&1F > B Gill SEEe R E R 5 |
RIRBRAVEL - WERILRR AL EIFE -

® (ill Research&Development
EOTRE AN TR A E] - RSB NERIT -

® (Gill Instruments
TN Ry RIS R SR B T 5 f (i e RS TR SR R
o

® (ill Sensors&Controls
R~ (LB H RSB s s BER » SR EREE
i~ A - FEESBE S
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® [abcal
PRA S 20 FEERCERMARE » AR SR UKAS 20581

4.2 Ultrasonic Anemometers

(LA JE\ G T TATER 2 SRB B2 FH AR 2 48, » T G111 FAEsY
R EEET (Ul trasonic Anemometers) A GENENF - A G IAEIRA
ZREHIE > NERSENRCERNGEER  ZESREHAKETRR
A RIS R AR ST » BB T ARSI B - B g R
BUOARUR R R RTRENE - H P AE e EREBUANE R AR AR e 1%
(Modbus F1 NMEA 252875 ) - ] FI FI BB 50 8% 25 B4R sk LU U E ) -

@& Gill Ultrasonic Anemometers ¥MNERIFFZE ARG 2 i ~ 3 #if

AR EEETAERL > Gill Ultrasonic Anemometers JEFH PUi#E 2 1 2
REREFEFNT » A on iR PR B AR ASRAY PTAEME (18] 4.3) - ARyeREREE T
1 (AR ~ Fies R - AEOR - SR SRk Ay e ]
B REXERRECERE AV RS BT R B o S B EHEE B B A
%@ °

Competitor 2-axis Wind Sensors Gill 2-axis Wind Sensors

l/ o

R

'l\.l;

v —
s Do) — o
q
- Path A
@) @) o

4.3 Gill BRGEERG T HIEERa B n =
(BRI Richard McKay, Gill Instruments FHERER!)
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4.3 REEEEREE

Gill Instruments HYBRZREVEE Bas - HAEUEEEZE AT 110m/s 742
LEEES GBS (I (B 4.4 ~ [B 4.5 ~ 18 4.6 & 4.7) o R
A=A

® Settling Chamber

REEN R AR AT FUAI ST - R R Bie B
(honeycomb flow straightener) FIEEALEF/EHRT (wire
mesh smoothing screens) SREEAFHHIRIM ¢
® (Contraction Cone
U P/ N R TR AR R R 2 SR sk NG R i R 22 3R

® Diffuser Section
RAIBER 22 RIBUR - RAB I HE A SRS 2 R - [ (REREN TR
AT

‘5 § Settling
Chamber
L] -

- Contraction <o = = > Diffuser Sections-| ~~ 5.5°mg
Section

e — e i e -
{ 1 - R —
} { =N =
- o) L} I b

= ESTING OO O B P +— i
{ <} g |
i } 4 / i /
3 i\ /

S NN ” + - 4

Motor Drive Section

Two 22kw contra rotating axial fans supply wind power.

4.4 TEREYR R ECR S E
(BERAE . Richard McKay, Gill Instruments FHERERD)

T SR N T N .

=
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4.5 P JE R ES 7 N 4.6 R R E b MR
(ERIJE: Richard McKay, Gill Instruments fHERZER!)

4.7 AbEH{C B R E B =R (A 1) &%

Gill Instruments FY & im'E B S i A P 2 ORI ERE T~ 39 S an vl 22 8 4R DA
o EZHVERE SR ETHERIE L (8 4.8 ~ B 4.9 K& 4.10) o BERSE5 -
Gill Instruments JNEGEIR TS B EeEES > WE4.10 Fror - @ REEE

ani B HI(E L o
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P 5

4.8 EGHAE 2 Gill JEEEET 4.8 MBS >~ Gill EEEET
(BRIAE: Richard McKay, Gill Instruments FHHEZERL)

4,10 pAdE AL > Gill 8 E T 4.10 Gill Instruments TJ&

(&R Richard McKay, Gill Instruments fH¥RERH

5 £%h5 IR Wallingford

Ry THRIZR A - BB 1R RS ~ IR - RS
HIELFEIRINAE ~ MR AR B R Fe b B /K Tkl B P A I B
ST EEIH - ARERS LSRR - BB TR - MRS - SfEER
S PR B T S 5 A BIEAT HR Wallingford e

HEELAr PB4 HR Wallingford(lE 5.1) » 8 NETESRER -
HHEES I 38 TARAT ~ 28R ITEIELY 220 4 > FE2E%0E4Y 2400 Edigy > H
o 60%2K HVBSMEBULA » IAIRETE ~ HFES - &E - P - gl
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T EHECA A E > HEA 60 ZERRAIE -

R 5 N IR (75458 Simon Tiedeman (Business

Manager, Equipment) FHifH#E(E 5.2) @ B A BEUFEER(E 5.3) »

5.1 HR Wallingford 4&% 5.2 7545 Simon Tiedeman(

(BRI Simon Tiedeman, HR 9
Wallingford fHERER})
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L HR Wallingford Agenda

Delegation Visit from National Academy of Marine Research (NAMR), Taiwan

Venue: HR Wallingford (Kestrel House) Ash Mtg Rm

Date: 21st June 2019 Time:  From 10:00am

Attendees

CHIU, YUNG-FANG - Acting President - NAMR SHEN, PAO-LAN - Executive officer - NAMR
LIN, SHIH-CHANG - Associate Researcher - NAMR CHEN, HSIANG-YING - Officer - NAMR
Simon Tiedeman — Equipment - HRW Andrew Brown — BD Director - HRW

Dr Keith Powell — Chief Operating Officer - HRW Dr Jim Clarke — Ships — HR Wallingford

Michael Case — Renewables - HRW

1:1:
1.2,

2.1.

Bk

4.1.

5.

6.1.
6.2.

7.
7.2.

g1.
8.2.

Arrival at HR Wallingford (Kestrel House) expected 10:00am
Welcome & Introduction to Dr Keith Powell (COQ) / Andrew Brown (BD Director)
Refreshments available

Renewable Energy — 10:30am

Session with Michael Case (Renewables Energy Business Development Manager)

Wave Generation & Instrumentation — 11:15
Session with Simon Tiedeman (ET&I Business Development Manager)

Froude Modelling Hall Tour — 12:00
Tour of Froude Modelling Hall

Lunch — 12:30pm

Manor House walk through with laid table.

Ship Simulator — 14:00

Tour of the ship simulator
Session with Dr James Clarke (Ships Group)

ARC Boat Demo - 15:30

Move to the HPE Boathouse on the River Thames.
Session with Peter Watchorn to demo the capability of the ARC Boat for surveying purpases.

Summary — 16:00
Return to Ash Mtg room for summary of the day
Agree actions and time line.

5.3 ZEHTTIER
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5.1 Wave Generation System

HR Wallingford i (8 5.4) RIS - HEE RSN #%
(FEHBER) B 24002 B P A R Sl B /K AR AU -
HR /K TR B AR (R Ry (1) SR E(L ~ (2)FEmR e
B (3)RIRRHE ~ (4RI ~ (5) /KSR « W ME A
RIRIE ~ (O EEFICHE M TEEE T - EEISEREER (B 5.5 K&
5.6)

TURER  TARSST LD Ul EZEARY
A 3 5 S=3g :

:

5.4 HR & 1%
(ERIAJE: Simon Tiedeman, HR Wallingford FHERERH

5.5 HR /KA ER S 5.6 HR K AHEAIE By
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Simon B TRERCHT A Afe 23 BB RIS HS R % (Wave
Generation System, WGS) EAER? Z:47%¢ (Wave Absorption System,
WAS) - CUFE Z M40 ~ Pebaat - TAREET ~ AKMEieE - tZds - &
SRR ey 2T - ([ 5.7 - [8 5.8 KX[E 5.9)

Top Brackets

Rear/Side Wall

[& 5.7 iR Rk i 5.8 R AL LR HH
(ERIAJE: Simon Tiedeman, HR Wallingford FHERERH

(=]
o
=

- - AWOID FLACING REESRE o= - I
! IN THESE ZONES ON ALL
ERACKETS

00
TVP.

& 5.9 ZIELETREE
(BRI : Simon Tiedeman, HR Wallingford FHERER!H
5.2 HR UK Ship Simulation Centre

Dr. James Clarke [AIARZEEBE#H HR UK Ship Simulation
Centre([& 5.10) Ko Bt lE - 5200\ B 2 ERpiibies o] k2= fd
KN B B A R s B U7 =X - B (EEhReisifgerh 2 Sh(Eikas o
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T5ER > WS REREEA - Sl RIEMarEEst T 2L E S
FEEY (AN RAVHEAG ) (8 5. 11) BLEE /B PHIE & - TEa% e i
B& 2 B% - RESEIR(E 5. 12 K& 5.13) » REERiEKE K

\

REIME S RIWTTE S TR (B 5. 14 K8 5.15) - HEHReHEE
HASEHYRI -

Simulation

5.10 UK Ship Simulation Centre 5.11 Dr.James Clarke 7
HFE AR AR e

5.12 BTSSR SEEE 513 ZRUE-A KRB R S B

E
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5. 14 RBepktit B RIbT7E S8R 5

5.15 ARAUFHEA B & G
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e pER

ARG BB FUER AL TR E R A ~ A EREET

FC ~ AAESRATEE - EERFIBETINR K AR St A
HipE - SfEse AJIEEn N B50M ~ RARBIE R A S (FFE
HTIFBEHEEEER » 23EBRETRAGTSE B - 23S A
BEAHBETE O ZETTIREITE ~ R EF - Bias B E S 2 %
il o EERER AT

l.

B AREE (LR) FETHRBl & 1F

2N ] R B TRAIIE ARG AR S Y Bt - OB IR S
fazaat ~ Bl - B A SRR AR ER SO E YD - TE T RIS A B B
SfilEm NS R SE S i = AR SR S RI R Oy - FLRR BolEe i
FEEAEREREHES - PNEEANEE S S HEAEEE N
Hify - HERE BRI &I & i B PR AR -t Ry SO TrR s,
Jigs R S E R - SR R BRI &
Fefla 4% - AN BUBEARIATH = 7R/ - B ERR = - iR
Barboes ~ NEREIZ S - TEEHITT -
%355 University of Southampton HEHEEREG L

AR T L Y ER PR AR P BEBRIRAG AR 5 oz
(1) R REH DR RUR R B B ~ SRS AfEET ~ (2) B ASHE
H P ~ [EE - IIETDE - Q) EDllssicE KEfL ~ () ZeEH
(P& EE ~ Fifig NB TIFLEH - (5) At AR o By
o HL(6)EERISE - ARSI T R AR R B R L
2% -
255l National Oceanography Centre ~ Discovery WFFEMf R AHRHA

SRS SRR R
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National Oceanography Centre ZEEBEUNEIFT > #EH 647 irf}
B¢~ TR - BB BRI A & - AR 7EHEE  BREER
FEEABHFEAAEE - SRR GRS AGES « AT 55 KB
TG R E AR IRE AV E R » HEGE RIS A R Z0H
FEIRFEAE R SR - EEEETE - A -~ WSTAEE R B
ST BB R o fEAAEE5T National Oceanography
Centre B FENEGEALTS L Argo EEBUAETES > WHER H AR 1L
WHZEBR A N R TT R S R (TAMSTEC) A& & %
- TR H O e AAHRA &R - BR%kEH ~ 2H - KEH
FEHVBIE SRR T REAFHIGAL -

4, £357Gill Instruments B1HR Wallingford /B ERIEEHZR/\E]:
Gill Instruments F& Ry G FIRSUGE D - HR
Wallingford DA ~ R TAR - fi ARD - S AEfAG LR 5L
W WEAFEDAESE - Sl HE s aEIE - A
S e 2B EAE T, - SRR EE \ BIETHRIsOR - A
ISR TR REE 2 EA B AR s aURAS ~ R~ Z 4%
B EBERIRIIEE ~ (2) MR AR BEIZ R Tt B R
BT T RS ~ (3) TSR - BB - ERAL R
HIRRAE ~ BRI ~ 2GRS HEBRFIRTNEE « K (4) HERARKE RS

FERHTE R B K LalEg SR AL A R TS R L R -

SLHORGHE 2018 4F 4 F 28 NIRRT B ey G R REEH

BN NIRRT @RS M ARREIE, ~ T
BBCR - HEEERESRE ) K BRIt R - SRR ) =55
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JiTA] » R R R - AR TR EE A A BB LAE » 2846
Bz e e sk 2 T -

SR | S R SR e i U= N D AV N =l nt = N B AVAE Y S
FERRTTRT bR T B ETRIEHIC R RSN » A AR S B AR A R BRR e
TR GBI BRI PRV LS » Ty H 58 ) 4 i BRI 2R -

RN B R R B R 250 R A A HEB RGO R R BRI TT - T
FEOTE iiln N BATRBARL R4 Jel » Ry LI THYR 5 - Al Mo T
3577

1. FHSEEREE BB - BEIZ0BFERE - HEEE
EEERIENAOREE - (LIHRE B 2 ER -

2. BEEEFUHER - EEBZUETEIEME - HERERIEE
FERA7KSZ 395512 Go-Ship(Global Ocean Ship-based
Hydrographic Investigations Program) ° ¥EREEE M50
B o

3. BERERIRGTE - FHEEE > EE Argo PR » MBI BB EEH
BFE - fil e AR PR R B P IR A& R - PR EPRREFT 5E

= Yl
4. WHFENBEERIIZL » e KB RIEEE S o

REREHISCREERE A EHERE < BRI K S EIET
It > HEZHIESEMTR AT > ERHIRHEAIRZT » 8%
HIT/NRKERETAE - A fafis B ] S BRS¢
Bt~ BERZEE R R ERE -
5. MEEEES R SR TR SRR EE - wYIEE Iz O
UETTHRIE » 58 LB EITE N R EER ~ $UOsC s a it

i
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R RERERE - RIEEEEHE - AR N EE BT - RE
ERR BN RATERL - BE R B REEIHRE - ARI2E)
TTRRENRARCTY - ZR A2 B g R R B TEE _ERYSTR -~ 52
fEZE (British Office) BYFAaE ~ MBS EAREE (LR) ~ University
of Southampton > National Oceanography Centre ~ Gill Instruments Ei
HR Wallingford FFEAIAYARTIRABN - SREN SR TEeAE DL S Y 1R B A
JFARH > G =BV T BRI BIISTE - NEHE ARG E
11 A PR AR AR R AR R A% T A
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IRIS for Submarine Cable Contractors & Projects

e R O
T T N A R

Kevin Todd

Head of Renewables
June 2019

Lloyd's Working together
Register for a safer world

IRIS — Web Mapping & Data Services
Project Management, Mapping & Monitoring

X :7_ =
! P
N = |3 . —
i s £ = B
; = 3 f -
o — : ‘-. B> L "
| : N " :
o R [0 e Eee




IRIS - Key Features

Offshore Wet Marine Coordination Data Telemetry and
Mapping and Vessel Tracking Digital Data Services

»

Metocean and Marine HSEQ and Operational Cloud Data
Forecast Data Performance Management
Monitoring

IRIS App Key Feature 1 - Web Mapping )
Standard Data Sets A

- Wealth of giobal and regional
mapping layers.

+ Public domain & commercially
licensed spatial datasets;~600 and
counting.

» Hydrographic charts, regional T s o ;
bathymetry, oil & gas licenses, o L : i
offshore wind farms, wells, subsea :
cables, google imagery, BGS — - | to
data, LR integrated and styled -
offshore reference map. -y

- Nightly auto-build of spatial IR b -
database, ensures currency. . ;

- Fast delivery through “tiled map”
service (similar to Google Maps).

L2V EFEY 3
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Add Project-Specific Data

\Q
e.g. Seabed soils, CPT’s, bathymetry, charts, reports, video ll\\.

- | Peomtiay | LI =
@ e \ .
# | FIFTTH
3 ‘: w
o} | | >
Q ‘I s - 'ﬁ . u
I 4 ; 3 ,' o L .
A , ; :
1 1 4 > ’
— 1.-..-_‘{;’:_:_‘“"“‘7 '.L-’uw # \ s
N7
&
()

We source multiple marine datasets and keep them current & updated e.g. cables. wrecks, pipelines. wind farms,
aggregate areas, Crown Estate bathymetry, etc

Pm P00 %




Global Metocean forecast

NOAA Wave Watch 3 and GFS global models : swell, wave height, atmospheric pressure etc;
forecast up to 10 days, issued hourly. Hind-cast data up to 10 years available for user selectable periods:
intersect with vessel track for best ‘as-seen’ metocean information.

-

IRIS App Key Feature 5
HSEQ & Performance Monitoring

- HSE and project performance KPI's visualised
in "Project Status” dashboard.

- "Geo-status” through traffic lighting features on| |esstm ~— - -
a map, e.g. wind farm cable installation status.

- Geo-tagging for documentation/reports

- Dashboard data accessed through file 4 :
synchronisation or “auto-scrape” of (=) !
spreadsheets attached to emails. NS5

- Minimal onshore intervention once initiated. I = »

Yy
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@ IRIS App Key Feature 6

Cloud Data Management

- Cloud data storage.

- Our philosophy is that client
acquired/provided data is securely
& easily viewed, accessed and
downloaded without request or
need for notification.

- All client data is held in industry
standard and non-proprietary
formats (e.g video, shape files,
PDF charts, listings); readily

| delivered or client-downloaded

from the database.

| - Audited secure & scalable
resources.

- In-built database replication,
disaster recovery etc.

- Tabulated data export via API.

- Some datasets can be
downloaded directly using tools
programmed into the website.

1/1\'(‘]/“\ ol

For further Information : http://www.Ir.org/en/services/software/iris.aspx

Please contact : Martin Day, Head of Survey & Geospatial
Lloyds Register, 71 Fenchurch Street, London, EC3M 4BS
Martin.Day@LR.org

07711 008176 ; 0207 438 4700

l R Lo Working together |

Register for a safer world




Assurance of Digital
Twins for Health
Management

Gradually then Suddenly



Gradually then Suddenly: The New World Order

ﬁ Top 5 Publicly Traded Companies {by Market Cap) . Tech . Other

#3 #4 #3
@

#1 #2

2006
$4468 £3838 $3278 $273B
Shel WBC
$406B i $2778 $2378 £2288
Source: Visual Capitalist 201 -+ ] :
B B apl . N 6 o @ . Q

Lloyd's Register

Industrials are Adopting the Digital Playbook

} GE DIGITAL TWIN

. - I [ . IVMONNENTAL | [
e E’ ! - it bod - vadel
.& g oPTas - ;".' A

Digitalization, Drives and _
Automation for the
Marine Industry

Sl s st e bie e

Source: Siemens
Source: General Electric

New MAN CEON Platform Provides Robust Connectivity and Real-
Time Data Analysis

Mo o devct

Lloyd's Register Source: MAN B&W 4




Lloyd's Register

Disrupting Maintenance

Evolution of Maintenance Technology

Cost of Maintenance (Through-life)

Reactive
Maintenance

1800's - today

Calendar
Based

Periodic,
Preventive
Maintenance

1940's - today

Reliability
Centred
Maintenance

Risk Based
Inspection
RBMI

RCM 1960's - today
RBI 1990's - today

Condition
Monitoring

1970's - today

Digital Health
Management
Fault Detection

Diagnostics
Prognostics

Late 1990s - today

Adoption

Lloyd's Register

Understanding failure
from past data

Processing real-time data to
varying levels of knowledge

Period



What is Digital Health Management?

Digital Health Management (DHM) is
the term LR coined for analytics and
digital technologies that gather
data and generate insights on an
asset’s health.

Future Health

Current Health

Condition Data (Trends,
Baselines)

Lloyd's Register

Operational Reality

-All Electrical, Mechanical,
Structural, Systems will
wear, age, experience
failure mechanisms.

-Damage accumulation
(phenomena) are
irreversible chemical,
electro-chemical, physical
processes.

Lloyd's Register




L

Peeking Under the Hood of a DHM System

Lloyd's Register

Given the problem(s}, current
health and stressors, haw long
can it last?

How significant are the
problem{s}? What is the
cumulative effect on health?

If there are problem(s).
-What type of failure mode?,
which part(s), how severa?

is there a problem? Anything
abnormal? Unusual?

Are the sensors being
converted to represent the
right failure p ?

Prognostics

f

Diagnostics

f

Fault Detection

v

{

[ Descriptor, Data

Manipulation

Are the Sensors signals
interference free? Good quality?
Fit for further pr ing?

i

Are the sensors
information correct?

I

Future Insights, enabling

——f  Opportunistic maintenance and

operation

Actionable Insights

-Operation, Maintenance options
considering multiple, concurrent
problem(s) and their effects

Actionable Insights

—fp  -Maintenance, corrective action

based on a specific problem

Early Warning Information
Initiates troubleshooting

Sensors Validation| &

Lloyd's Register

Assurance of
igital Twins?

10




LR Digital Twin Assurance

Legibly explains the capability (and limitations) of each digital twin and DHM
provider, including performance monitoring of digital twins in the field.

DOGBERT THE QUANTIFIER | § !
3 TRY MAKING ABSURD |3
| CLAIMS OF VALUE WHILE |2 DOES 1 HOPE S0.
HOW CAN T QUANTIFY |3 HOPING THAT NO ONE |3 THAT HERES MY
THE BENEFITS OF MY '-,d; ASKS QUESTIONS, g WORK? INVOICE.
DEPARTMENT? k g l
: : i (
Q \ e 3= -
EE £ ¥ e 4 : .
\ g f * 3 1 i T
'.1 f\ £ g B B
Source: Dilbert
Who Benefits?
End Users

DHM Developers

Independently establishes their
“street cred” to design, develop,
test, integrate and support digital
twins in the field.

Establishes the capability of their
digital twins in terms of
component, failure mode coverage
and insight sophistication.

Independently corroborates the
premium pricing of sophisticated
twins.

(Ship Owners, Charterers)

- Provides an independent view on
DHM providers and the capability
of their twins, helping ship owners
decide and invest in the right

technology.

- Ship owners and operators want

business outcome
generating

(The Twin
consistent true

positives) not just technology.




Enabling Confidence in Digital Twins

Builds the Trust and Confidence in Digital Health Management Technology and

Digital Twins
\ NN
.

WY
| N \\
N A R 3

N ”/ /y ///f’// ;,,/ _ LA AL A LI LSS S SIS

1
1
1

________________________________

High Level Description
of the Assurance Process

Lloyd's Register



End to End Digital Twin Assurance

Qingi_n DHM Provider approve E
READY 'g
8 ]
= A~
- B
3 n
Digital Twin Seliibinn o 3
APPROVED at DHM Provider = £
5
v
72}
<
£
= 3
3| E
o =
25 e
|l BT Si
Digital Twin (@)
LIVE
Lloyd's Register ) 15
lE_;'_:;__I.
° ° * :}“
Digital Twin READY = 1
Can the DHM developer design, test, integrate, I o = .
deploy and support digital twins in the field? | [ v
| n <~$”)‘ i\? :--vl-u]
Do they have well defined procedures, —
processes? Are the SMEs proficient,
knowledgeable using the procedures? ")
[ e |

<« “Vee” Model for PHM system design

 § : - L. >
T - =4
. |_ - PP A e il (T [T T —
3 s dhirns 1o ; 3 s - J Deaegn e reedber
s Nor ol

g apord §
= L=, e
fatee b .. [ -

-t o 1 - Dryiegreret

FIGLRE 4 L85 development for legary alrorafi

Lond':. negidwe 16



Data and Algorithms Paradigm

Srppaning Han v smere R b e A nnat

Poor Quality Algorithms

Good Algorithms

Lloyd's Register 17

Digital Twin APPROVED

-Bounds what a Digital
Twin can doin terms of
coverage and
sophistication of insights.

-Applies a 7-11 stage
verification process to
review the Twin’s
capability to monitor
each failure mode.

Lloyd's Register 18



Digital Twin COMMISSIONED

Risk Based approach
covering 9 domains
(risk areas) to
understand how
“False Negative
Events” involving
Catastrophic and
Major failure modes
can materialise.

Lloyd's Register

True Positive

Reality: There is a failure

DHM/Digital Twin: Identifies the
failure correctly

The DHM, DT is 3 hero. End users
and management are very happy
buying DHM.

False Negative

Reality: There is a failure

DHM/Digital Twin: Misses the
failure

Serious consequences. End users
severely affected. Digital Twin
recalled and investigated

DHM/Digital Twin: Incorrectly
cries “failure”

True Negative

Reality: There is no failure
DHM/Digital Twin: With no failure
detected, the DT do not initiate
any alarm.

Just another day. Management
begins to question the value of
DHM/Digital Twins

Digital Twin APPROVED, COMMISSIONED

Good Algorithms

“Digital Twin
Commissioned”

Lloyd's Register

“Digital Twin Approved”

20



ProvirLg Digital Twin Performance via Digital Twin LIVE

[ s momermsain L

.‘i;!; I
Good Algorithms

- . -
Increases the

“Digital Twin “Digital Twin Approved” —

== Credibility of the

Commissioned” .. .
€ Digital Twin
“Digital Twin Live”

Ltoyd's Register 21

Evaluating Digital Twin Performance via Digital Twin LIVE

| Digital Twin: Failure Present | I Digital Twin: No Fault/Failure |
_ DHM Provider Z,
True Positive False Negative Centrifugal Pump Digital Twin:
- Bearing Damage: 33 .
k] Shaft Damage: 5 Bearing Pamage: 5
2 Mechanical Seal Damage: 75 MEQiAics| Sexibamaes: 8 Deployment: 230 Digital Twins
= o Stator Damage: 3
] Motor Winding Damage: 32 10 years
-4 Stator Damage: 15
Cavitation Damage: 188
Coverage:
" 8 Failure Modes
True Negative
2 7400 Events Sophistication
£ 8 Fault Detection,
8 3 Diagnostics,
No Prognostics Capability

Lloyd's Register 22



Continuous Performance Improvement via Assurance

m TWIN APPROVED TWIN COMMISSIONED m

o Trust theindividual Twin

« Achieve confidence in the performance of each digital twin

» Improve the performance of each digital twin through continuous field validation - enabling
investigation and correction in view of False Negatives and False Positives.

Comments and Questions

ShipRight

Design and Construction

Procedure for the Approval of Digital Health
Management Systems

September 2018

ShipRight

Design and Construction

Procedure for assignment of digital descriptive
notes for autonomous and remote access ships

March 2019




Thank you

Joseph Morelos
Technology Innovation Manager
E: joseph.morelos@lr.org

T: +44 (0)330-414-0064

Lloyd’s Register Global Technology Centre
Southampton SO16 7QF, UK

Lloyd's Register

Shaping the future,
delivering solutions
for today.

Naval Assurance

Paul James
UKI Naval Manager,
Naval Centre of Expertise Manager

Jan 2019




History of LR

LR has been engaged with naval ships
for many years. And was the first
classification society to develop full
Naval Ship Rules in 2000.

Lloyd's Register

~ History - LR and naval ships

‘ LR’s engagement with Navies spans over 70 years

1940 1980 1980 1990

=

Loch, River

Westralia

Patrol Boats

Sir Bedivere

Ref: Lloyd’s Register’s Approach to Naval Ship Classification
Lloyd's Register RV Pomeroy



History - Naval Rules

LR works with Navies to develop relevant Rules

Application of Commercial Rules
Stretching the limits of application
Applicability of IMO conventions
Wide range of operating conditions
More Naval ship systems to consider
Technical resource to update standards

Comprehensive set of Rules for Naval Ships in 1999
Covering all surface ship types
Based on established ship classification process
Facilitate use of COTS supplies
Military loads and Military operational requirements,
Military engineering systems

Lloyd's Register

LR Naval Rule

Enhanced scope that addresses Naval ship systems

Wt s
Vil y tem

Diesel Engines
Emergency generator
M O Bl L |TY Fuel transfer

HPSW

— ‘ LV Electrical system

Aviation

Fire Safety
OPTIONS Lifesaving
Environmental

Lioyd's Register

Ship Rules C o Katior
Scantlings o
Seats
Magazines

Naval Rules

STRUCTURE

MOBILITY

SHIP TYPE

ANCILLIARY

TRANSVERSE

OPTIONS




Classification
Process

An assurance process for naval ships
equivalent to commercial classification
but recognising the naval operational
context.

Lloyd's Register

LR Naval Classification Process
Naval Rules utilises the established classification assurance process

Certified Approved plans

i — and equipment
Survey during '
construction

Equipmen

Y - - 2
Design appraisal

!

Certified
Material

1
Test ,Commissioning Delivery Survey in service Research

Lloyd's Register Naval Assurance Guide s4.1 -



LR Naval Classification Process

Tailoring allows a flexible approach to standards to meet naval operational requirements

- INCREASED SCOPE
Walkways to BS5395 Part 3

ADDITIONAL STANDARDS
Shaft to Def Stan 02-304 Parts 1 &2

ADDITIONAL MOD/CLIENT REQUIREMENTS
F.O. Pumping rates and capacities

+ EXCEPTIONS/NON-COMPLIANCES
Emergency generator not below main deck

« INTERPRETATIONS
Gas Turbine controls

Lloyd's Register 8

LR Naval Classification Process

Comprehensive and reliable assurance process

=
\

QEC Stats:
24,000 individual inspections |
across 6 sites and

14 surveyors J

Patrol Direct survey

QEC Stats: ] records inspection
4,000 individual Equipment QEC Stats:
& component LR Equipment Test and 180 Tests Forms
certificates from supptliers Certificates [EIRIc I 30 Sea Trails TFs
— 3 sea Trials
Material 4 sl - -y Whole ship g:gosotgts:
Certificates y inspection [t .yste.ms )
installation inspections &
= LTest
——
QEC Stats:
3 submissions for A
pproved § .
300 Structural drawings  [EEISNAINR Classed SLENCI  QEC Stats:
250 Systems approved (change) : Shi p RULIHERNEHEY 1000+ change requests
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Experience

LR class have classed the widest range
of naval ships and platforms.

Lloyd's Register

Front Line Vessels
Frigates and Destroyers

- Type 23 Frigates for UK and Chile - acceptance into class

- Type 22 Frigates for Romania

+ Type 45 Destroyers for UK

- Queen Elizabeth Class Aircraft Carriers

- Type 054 Frigates for Algeria

- Type 26 Frigates for UK, Australia, Canada
- Type 31 Frigate for UK and export

- Avanti 2000 Frigate for Saudi Arabia

Lioyd's Register




Patrol Vessels/ Corvettes

Large numbers of Patrol ships are built to LR Naval and
Commercial class NS{SSC)

Recent Projects

Royal Thai Navy OPV’s - 2 off
Chilean Patrol Vessels — 20 off
Canadian Patrol Vessels - 9 off

- Moroccan Corvettes - 4 off (110m)
Indonesian Corvettes - 3 off (110m)
Vietnamese Patrol Vessels - 2 off (90m)
Chilean OPV’s - 2 +1 off (90m)
Irish OPV’s - 2 off (90m)
Omani OPV’s - 3 off (90m)
Sri Lankan OPV’s - 2 off

- UAEN Baynunah Missile Patrol - 6 off {70m})

Lloyd’s Register

Landing Platform Dock Type Ships

Since 2000, 113 RoRo Cargo/ Passenger ships
built to LR Class (commercial ships)

In addition, built or in construction for Naval service
6 Lighthouse Class RoRo Cargo (United Kingdom)
2 Albion Class Landing Ship Dock (United Kingdom)
2 Enforcer Class Multi Purpose Ships (Netherlands)
4 Bay Class Landing Ship Dock (United Kingdom)
2 Galicia Class Logistics Ships (Spain)

2 Landing Helicopter Dock (Australia) (assessed MISTRAL
for compliance with NSR)

2 Logistics Ships (Indonesia)
1 RoRo Logistics Ship (New Zealand)
3 Joint Support Ships (Canada) - design stage

Lloyd's Register




Submarine Rescue Systems
To LR Submersible and Lifting Rules

- EXUKSRS, LRS
Now in use with Australian Navy - Classed LR

- DSARS Korean Navy.
Built to LR Rules, not maintained in Class.

DSAR 6 Singaporean Navy.
Built to LR Rules , not maintained in Class

LR7 SRV Chinese Navy,
Built to LR Rules, now being maintained in Class

- NATO Submarine Rescue System UK, Norway and France
Built and maintained in LR Class (entire system)

Lloyd's Register

Other Naval Ships

LR’s new grey code released for the survey and certification
of small boats, assurance appropriate to role and risk

Landing Craft

- LCVP MkV-UK

- LCUM Mk 10 - UK

- LCM1E - RAN
Training Vessels

- Archer Class - UK
Fast Attack Craft

- FAC - India
Patrol Craft -

— Chile (AIC) S

Inshore Survey - UK -

Small Boats

- Grey Code - UK/ SWE/ NTH

Ltoyd's Register




Submarines

Submarine Assurance framework available covering design,
supply chain, manufacturing and through life condition.
Astute and Dreadnought Project

Review of secondary structure
- Materials and welder certification
- Product verification/ certification

Submarine Rules
~ Provides Certification Framework
~ Utilises Naval and Shipyard design Standards
~ Assurance built on Naval Classification Process

Naval Submarine Code
— Developed by INSA

Lloyd's Register

Unmanned Systems Code

A new goal-based code that provides an efficient and structured
approach to the assessment of unmanned systems (UMS)

- Allows for the certification of novel and emerging
technologies

Class Rules
|| Nationai /

il International
[nternational
Standards
Risk Basad
Assessment

Cades
Ul tational /

- Scalable from the very small or simple to the very
large or complex.

- Complements our existing work on cyber-enabled
ships and supports future regulatory development.

- Support innovation by outlining various
requirements, which operators will have to
demonstrate.

Lloyd's Register -




Global Technical Support

Sweden Finland N Europe

Spain

Navantio

Germany
MES1S Netherlands

uarten AUS OPY
Fassingt ALUS OPV
LPDs

LR Naval Classification Process

Effective training courses

- Naval Classification *
- Naval Ship code
- Equipment Certification

- Naval Small Boat Surveys *

- Classification and Statutory

- Hull Damage and Repair

Lloyd's Register

2.5 Days
1 Day
0.5 Day
3 Days

2 Days
2+1 Days




General Training
Effective training courses

- Electrical and Control Engineering 3 Days
- APractical Approach to Port State Control 1 Day
- ISM and ISPS internal audit 2/3 Days

- Cyber security awareness training 1 Day

- Electrical control engineering battery/hybrid 3 Day
- Compliance with ballast water Legislation 1 Day
- Ship Type Introductions, Bulk, Tanker, LNG, Yacht, LPG, Navy

- Leadership and management of ships and ship owners.

Lloyd's Register 20

Technology

LRis engaged in research and
development activities with Navies and

Naval Ship builders. We benefit from
research undertaken in the commercial
marine industry, and wider engagement
by the LR foundation.

Lloyd's Register




Naval Standards

LR works with many navies helping to update and maintain technical standards. We are
able to rationalise the standards set by identifying overlaps with commercial standards
reducing the maintenance burden on naval specialists and cost.

Naval Administration Support Service for UK MoD

Review of Canadian CFTO technical standards

Support to shipbuilder implementing German Navy standards
Development of Navy electrical propulsion standard
Standards Gap analysis for goal based codes

Impact assessment

Standards selection and definition

Justifying alternative arrangements

Lloyd's Register 22

INSA

LR is a founder member and secretariat of the International Naval Safety Association
(INSA) which develops and maintains the Naval Ship code and Submarine Codes.

LR influences and supports the development of Naval Ship Safety through engagement in ANEP77
the NATO Naval Ship Code. Balancing Naval Operations with safety requirements to ensure naval

personnel are protected.

-
& s

S S -] 6
I Zals (==

INSA Work programme 2019 p—
Pro8 —EHEN A= -
Environment - Application of MARPOL to naval ships www.navalshipcode.org

INSA

Seamanship - Anchoring, mooring, boats, RAS.
Aviation- Safe aircraft and ship integration
Integration - Complex integrated systems assurance

Polar Code - Safe Antarctic operation INTERNATIONAL NAVAL
SAFETY ASSOCIATION

Maintain Capability - Naval Ship Survivability
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Rules

LRs Rules are continuously updated with changes to legislation, experience from new
building projects and lessons learned from naval and commercial ship building projects.

LR NSTC October

Intersessional Working Groups ISWG (Jan, April, Jun)
« Ship Design

» Engineering systems

¢ Human Factors

« Submarines

Lloyd's Register

Ship Design ISWG Planned Work for 2019

LR Project List
+  Davits and lifting appliances (Develop 2019)
Volume 3 Code Alignment (in progress)

+Aviation notation update (INSA development)
+ NSR software upgrade (Hold 2019)

Emergent issues

+ Critical Structure assessment

+ Sonar Dome Loads

+  Update CEPAC Notation

+  Review MARPOL Interpretations (NSCA)

+  Review Human Centred Design notation (ISWG)
POLAR - {(INSA development)
Impact of crew and integration into safety (HFG)
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Engineering Systems ISWG Planned Work for 2019

LR Project List
+ Software Rules
Safety Shutdowns
« Electrical Equipment IP Ratings
+ Digital Ships

Emergentissues
+ Requirements for Cyber security;
* Requirements for hybrid power systems; (8, S—1 T —
+ Impacts of MARPOL & IMO 2050 goals; L T ‘
Review of energy storage technologies; [yl oo Gty s E
Incorporation of NSC goals and functional requirements T Toow tywer Wi o1+ R o e oot
Feedback & lessons learnt from QEC project; (e el e | Dot e et myt pcte
- _vaasa' andior theeat Yo the
Valve Requirements. = it el B
7Mu1w-m ! ﬁ’wﬂw&?m
oo mmae o
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Submarines ISWG Planned Work for 2019
LR Project List ISWG Priority List (NSTC)
+  Submarine Code Development - Publish Submarine Assurance Framework
Emergent issues

+  Materials HY80 Q1N NAB
Pressure Hull Design
Supply Chain Equipment Assurance

T L
n ml_:-'.'Q J ".‘!"

NUijameda o n i -
L ]
!;l TR ae b
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Grey Boat Code

LR has developed a standard which allows the assessment and
certification of Naval Small boat. Which is appropriate flexible
and provides assurance of high risk activities.
« Origin

— Based on UK Codes of practice for vessels under 24m

Modified and updated based on 10+ years of experience applying
codes to naval boats

- Reflect naval modes of operation and risks
» Publication January 2019
« Satisfies the UK Naval Boat Code

Lloyd's Register

Unmanned Marine Systems Code

Criey Boat ( ode |
ACode of Practive fur the Safely Aswrance |

of Small Boats in Gaweinment Serite

A new goal-based code that provides an efficient and structured
approach to the assessment of unmanned systems (UMS)
- Allows for the certification of novel and emerging

technologies

- Scalable from the very small or simple to the very
large or complex.

- Complements our existing work on cyber-enabled
ships and supports future regulatory development.

- Support innovation by outlining various
requirements, which operators will have to
demonstrate.

Lloyd's Register




Functional Safety Map

Ship Type Functions Coverage

Focussed approach fdes a1 T

Boat Fyel termeasures  Missle
el ) standatds

Towg Ops mantenance ¢
. it e Toped —
prcd e e So8t UMY e S

i 1 Hewvy Muntenance People  Protct
» Ship functions R i o and transier
RAS iL) Lt SRR UAV Ops  Recovery Direcet
sr=et |- ]

« Operational modes
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Safety Assessments

Staged approach

1. Strategy

2. Preliminary workshop (PHA)

3. Preliminary Hazard Evaluation

4. Assessment
= System/Functional Workshops
= Supplementary Studies
= Engineering Analyses

5. Risk Assessment/evaluation
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Technical Analysis

LR provides technical support to assist in the design and analysis of naval ships and to
help when things go wrong.

Examples

« Shipyard had identified a possible issues the with aircraft lifts opening and
closing beyond the abilities of the guide mechanism. LR analysed the hull
structure and took measurements during sea trials to determine the i
maximum deflections in extreme sea states.

-

S
B

P
« ADesigner requested LR assist with the fatigue design assessment to satisfy g%’

the requirements of the Rules specified for a new frigate design. FDA2 w

Assessments were undertaken for the specific operational areas of the ship. 7 !
(Y

The results provided the designer with confidence in the design and
identify simple changes to improve the fatigue performance. i 3 e L
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Technical Analysis

Examples (cont.)

» LR class was selected, extreme strength notations were requested. LR undertook the
longitudinal and extreme strength analysis providing the shipyard with confidence in
the design and a means of satisfying the navies contract requirements.

» The novel application of high strain-rate sensitive polymer materials for defence
protection systems required preliminary proof-of-concept numerical tests before full
scale testing. optimal orientation of the steel-polymer layers and showed that the
modelling and analysis procedure in this work was highly reliable. Allowing effective
numerical assessment

» AFerry operator commissioned a shipyard to build two ro-ro ferry vessels to operate
on a challenging route the shipyard was required to integrate human factors best
practice into the design process. LR provided assessment to help optimise the bridge
design. The equipment layout and design meant that safety and efficiency were
maximised at turnaround and provided assurance that operationally critical tasks

were supported.
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Technical Analysis
Examples (Cont.) P e
« LR has provides several ship yards with safety and environment assessments such _
that they meet the Naval Regulatory requirements. LR’s approach utilising the . J
standards and codes as mitigation allows safety and environmental cases to be more
robust, easily validated and half the cost of a traditional approach. s

« In addition to whole ship safety assessment, LR has undertaken Fire safety studies
required by Naval Regulatory requirements. These have also utilized the standards
and codes used on the project to simplify the process and only add effort where it
makes a difference.

» LR have worked with an expert partner to assess and delivery Explosive and
Magazine safety assessment required by many navies. Engaging LR ensures that the
risk are properly addressed and LR can help counter any excess demands from the

Navy.
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Benefits

An assurance process for naval ships
equivalent to commercial classification

but recognising the naval operational
context.
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Summary

LR Naval Classification is a Scalable, Flexible, Assurance process -

Classification of Naval Ships through design, build and in service is now a
mature process

LR has significant experience of all ship types and is working with a wide range
of navies

Having a flexible process essential to dealing with naval project complexities
International Conventions difficult to apply in totality

Understanding a navy’s requirements is a critical part of the process

Integration of specified Naval Standards is fully allowed for in the process

LR can offer significant advanced assessment support for military aspects of
naval ship design

Lloyd's Register 39

Thank you

Please contact:

Paul James
+44 1275 515000

Paul.james@lr.org
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NATIONAL MARINE

FACILITIES

NATIONAL MARINE FACILITIES

THE NATIONAL OCEANOGRAPHY CENTRE

NATIONAL MARINE FACILITIES

THE NATURAL ENVIRONMENT RESEARCH COUNCIL

NERC

- . NATIONAL MARINE FACILITIES




NATIONAL MARINE FACILITIES

Marine Autonomous & Robotic Systems (MARS) 2 @
Research Ships Management 4,
Science & T o . 6“2
Project Support Fgramme
: °P L A S conee .
Natit_)nal
Programme Management paanine

/3]
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£

Logistics & Warehousing

Scientific Engineering ~ —=—
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HATULAL DOHMENT RIVEARDS EQUNCHL

ROYAL RESEARCH SHIPS

RRS James Cook

T - 89.2m

5 ‘i'.‘, 50 days endurance
All oceans, including ice-edge
Scientists and technicians: 32
Marine crew: 22 officers and ratings

RRS Discovery

99.7m

50 days endurance

All oceans, including ice-edge
Scientists and technicians 28
Marine crew: 24 officers and ratings
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SHIP CAPABILITIES

SINGLE AND MULTIBEAM ECHOSOUNDER SURVEYS

INTEGRATED DATA LOGGING
SEISMIC SURVEYS

CLEAN SEAWATER SAMPLING

REMOTELY OPERATED VEHICLE OPERATIONS
CTD SURVEYS
DEEPWATER CORING, TRAWLING AND TOWING

NATIONAL MARINE FACILITIES

NATIONAL MARINE FACILITIES




P Marine Facilities Planning

Welcome to
Marine Faciiities Planning

Enter the system

This website allows Sciertists 10 apply to use marine pea@noc.ac.uk

faciitties from the Natura! Environment Research
Councii (NERC), the Nederlands instituut voor
Onderzoek der Zee (NIOZ) or GEOMAR Heimholtz |

Centre for Ocean Research Kiel
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‘ Royal Research Ships expeditions 2019 - 2020

@ S—

@ RRS James Cook RRE Discovery

“55-,  National

=" | Oceanography Centre
h .., L TR e e e

FEEBDACK FROM OUR COMMUNITY

EXPEDITION P.s

MARINE FACILITIES EXPESI'EU%‘NT:&;::MME
ADVISORY BOARD

) " 4
EXPEDITION PLANNING EXECUTIVE BOARD

50, Nationat
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INTERNATIONAL BARTER

UK SCIENCE COMMUNITY

Y
|

'INTERNATIONAL MARINE
| FACILITIES

== > 20 RESEARCH SHIPS AND
MARINE FACILITIES

NO-COST EXCHANGES OF SHIP TIME

/ NATIONAL MARINE FACILITIES

A

~—

ENJOY YOUR VISIT TO RRS Discovery

P

Credit: Chou Pesqueira CNP Freire, S.A
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visit by the National Academy of

Marine Research, Taiwan

19t June 2019

Alan Evans
Head. International and Strategic Partnerships Office

National Oceanography Centre, UK
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The six NERC “Sector Centres” within the UKRI

Grant funding to
N E RC * Universities and Research Institutions
T British
0 Antarctic Survey Polar

British

Geological Survey Earth

w HATURAL ENVIRONMENT RESEARCH COURCIL
o
|
et .
= Cerss for Terrestrial
o Ecalogy & Hydrology & Freshwater
_: NATURAL ENYRONMENWT RESEARTH COUNTIL
O
- :" %, National
4 Oceanography Centre Marine
0 NATURAL ENVIRONMENT AESEARCH COUNCIL
(14
National Centre for
Atmospheric Science. Atmosphere
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Elatignglb Centre for Earth
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Marine science research drivers:

Human population is growing to 9 billion by 2050, concentrating in low-lying coastal
plains and coastal mega-cities. Attention is turning to the ocean to:

secure natural

resources

food, energy, minerals, natural
products, genetic resources

increase resilience to
marine related

disasters
especially flooding

protect the ocean’s

productive capacity

90% of ocean direct economic
value depends on healthy

ecosystems

make sense of global
change and variability

heat, carbon absorption and
redistribution, biodiversity loss

Be more continually aware of the ocean’s processes, change and variability
research, sustained ocean observation through advanced technologies
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One of the world’s top oceanographic institutes

amss, National
SAmPA Oceanography Centre

NATURAL ENVIRONMENT RESEARCH COUNCIL

The National
Oceanography Centre

» The UK's leading institute for integrated
ocean research and technology

* From coast to the deep ocean

+ Based at two sites (Southampton and
Liverpool)

o 647 staff (525 Southampton, 122
Liverpool), £60 million annual budget

HRR Qadonal SCIENCE OF THE
- ¢} Oceanography Centre I
\ i P e dipare - NERC iVronvent

: @ape. National
The National f‘.ﬁl"‘ Oceanography Centre
Oceanography Centre J

NATURAL ENVIRONMENT RESEARCH COUNCH.
long term marine science capability including:

» sustained ocean observing
 global and regional modelling
* major marine facilities

» data management

* mapping and survey

+ instrument development

« marine autonomous systems
+ scientific advice

« working with business
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A HOURRL ERVINONTIBNY ERIEARCH COUNSIL

“To discover the secrets of seabed interactions
with the geosphere and biosphere; to deliver
world-class science addressing marine
geological impacts on global change and the
marine economy.”
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Marine Physics and Ocean Climate Research Group

fundamental physical processes in the marine environment and ##=. _\“__'._, ’}
their influence on the rest of the Earth system - st

L
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Underpinning coastal flood forecasting leaders in sea level science

¥

Marine Renewable Energy Climate-quality surface fluxes
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Delivering knowledge to manage flooding risk

» £150 billion assets and NOC leads on coastal hazards within the Natural

4 million people are at Hazards Partnership (NHP), reporting to Cabinet
risk from coastal Office and the Chief Scientific Advisor
flooding in the UK
P4 Cablnm Office
7 & S
* Insured annual losses =
due to coastal flooding serk Mt e e
apgs |
— £1 billion —
1)
5&;‘" Y B L1
Lo >
Met Othee

An independent report (DTZ) estimated the impact of storm surge
prediction on the UK economy as:

+ Safeguarding property in the Thames Estuary: £2 billion per year
« Safeguarding the London economy: £94 million per flood day
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Marine Systems Modelling

Mission Statement:

To advance our understanding of the marine
environment and improve our ability to predict the
Earth System.

We work at national, regional and global
scales and on timescales of days to centuries.

We achieve this mission through the development,
application, assessment and analysis of world-leading
ocean models.

We aim to exploit this understanding and
capability to address societally relevant issues and
deliver clear and traceable impacts.

:*‘ National
%— | Oceanography Centre
A HATULAL ENVIRONHTNT RESEARCH COURSIL

NERC trcnvent

Global ocean physics:
predictions from days to decades

52

Bycnos

Global ecosystems
for carbon cycle
processes and
impact

interaction

5 Mational
1] Oceanography Centre
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A hierarchy of scales and processes

L}

Fine-scale
coastal-ocean
" processes for
. climate

» impacts and

& environmental
health

Coastal-scales for direct human
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Ocean Biogeochemistry and Ecosystems

Armosphere
Carbon dioxide Carbon dioxide
- .

Phytoplankton and air sea CO, fluxes

Biophysical g
Processes i

" Deep-Seas ]ﬂ;ﬁ
__ mia = e e e Pag B =

Nature Reviews | Microbiology

National
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Sensors

» Water physics (CTD)
* Water chemistry

+ Water biology

Samplers
» Continuous water
» Gas tight water

+ Sediment flow and * Particles
properties « Genomics
;)rg\a’?(\ilr?ghelght/ «  Landers and benthic
systems
» Sea surface fluxes o
. Communication
. systems
Enablingrsystems »  Sterile probes /
» Metrology standards vehicles

* Interoperability and
metadata

» Comms & Data flow
« Sensors on platforms I L conrecior

. Vehicles: Gliders
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Post-Graduate Training:

+ Graduate School of NOC-Southampton; joint collaborative venture
between NOC and Uni. Southampton; currently 205 PhD students;

» Manchester—Liverpool-NOC, NERC-funded Doctoral Training
Partnerships;

* SPITFIRE (Uni. Southampton, NOC, PML, MBA, BAS, NHM, SAHFOS,
and Cefas);

* NERC funded Oil and Gas Centre for Doctoral Training (7 core partners,
NOC Associate partner);

» NERC + EPSRC funded NEXUSS Centre for

Doctoral Training in smart and autonomous

observation systems (Uni. Southampton, NOC,
BAS, SAMS, Heriot-Watt, UEA).
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Earth System Science ~
Societal Challenges
= - - CWOSPthE -lb---'..g
Atmosphere
i Human
L] Society
Terrestrial ~i
1
]
- _ )
T T . - = wn v o= e .-
Lithosphere _
1. Bapehting from natural resources
{ 2 Resihence o environmental hazards
— 3. Managing environmental change
NOC Science and Technology

NOC research (red dotted box) addresses both the fundamental research of the oceans, and its interaction
with other components of the Earth System, and the “Societal Challenges” of food and natural resource
exploitation, resilience to environmental change, and managing environmental change from a human
society perspective
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World Class Research Vessel Fleet
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National Marine Equipment Pool - Marine Autonomous Systems

The NOC hosts the largest research
fleet of marine autonomous vehicles in
Europe, and has over 20 years
experience of developing and
deploying such vehicles in challenging
and hazardous coastal and deep sea
environments _com

Developments:
on Endurance Marine
rface Vehicles

(US g
Aut'bhemo : nderwater Vehicles
l“'~"—~(513\U\/) iy o
# + ' Fully integrated-autonomous
—— suriace and sub-surface survey
fosystein |
= . Aut&omou‘s Adaptive Ocean
' * Sensing Networks — software
coordlnatmg a suite of marine
autenomous vehlcles
- Subsea gliders

(71t National -
L~ Oceanography Centre / NER JCIENCE OFTHE
w o ARCH EDumER [ | 1 1 ENVIRONMENT

LA, EMYIADNPINT QETLAN

CAMEL facility
(Containerised Autonomous Marine Environmental Laboratory)

National
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BOSCORF British Oceanographic Data Centre (BODC)

B b,

.

Search the data
BODC Database
Permanent Service
for Mean Sea Level The National Oceanographic Library
5 8

S5, National

&) Sy con noc.ac G NERC SeS oS

NOC International

‘traditional’ high seas Representation and Partnerships  Official Development
research (International and Strategic Partnerships Assistance (ODA)
Office (ISPO)) (Chief Scientist for International
+ Long term observations Development)
» Deep water exploration + Science into Policy
+ Government support & advice + SOLSTICE - UKRI GCRF
UK Delegation(s) ¢ CME Programme -
+ UK Marine Science Coordination Prosperity/CSSF

» ACCORD - NERC NC-ODA
* C-RISE - UK Space Agency
« MarineE-tech - Newton

National

Snsegd Oceanography Centre - A
N ik escba i ac Uk NERC tRVikonment




High seas, deep water exploration
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} ' y o+ -Elistt Array
57N Section =~ | F o) l
. * 1
\ L =y 7 taig Fras MPA
. - _.;Weéiem Channel
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& S Atlantic lide gauges

Argo fioals

Mid-oceanic, abyssal plain and
seamount mineral resources

Observing arrays underpin evolving
understanding of ocean circulation
and climate

National

&) S oc.acuk NERC 55815

Thank you

Alan Evans

Head, International & Strategic Partnerships Office
Tel. +44 (0)2380596552
E-mail: Alan.Evans@noc.ac.uk

] . National

ENVIRONMENT

F WATURAL EKVIRONSENT BEALARCH £OUNCT

> Oceanography Centre ; =p=. ' N ER SCIENCE OF THE




Sustained observing of the oceans
Brian King

National Oceanography Centre,
Southampton, UK

Visit by the
National Academy of Marine Research,
Taiwan

19 June 2019

We observe the open ocean using
Moored time series: example is the Atlantic 26N array
Global in situ measurements with ships: GO-SHIP

Global in situ measurements without ships present: Argo




Moored time series: the Atlantic 26N array
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A large array of moorings, with mainly physical oceanography
instruments: current meters and T & S sensors, but recently
have added BioGeoChemical measurements:

pCO2, oxygen, pH, and water samplers

Moored time series: the Atlantic 26N array

www.rapid.ac.uk
www.oceansites.org

Characteristics of moored time series:

* Very good time resolution (hours), but less good spatial resolution

* Very good in boundaries

* Limited parameters, but improving with latest technology

* Data may be recovered only once per year or two years;
sometimes available in real time.
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[ —— Gulf Stream MOC — Ekman Upper Mid-Oceary

.
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2006 2008 2010 2012

Time series of different components of the Atlantic Meridional
Overturning Circulation (AMOC) from the 26N mooring array

Global in situ measurements with ships :
GO-SHIP

www.go-ship.org

« Climate quality
data

(ancillary) data

- Decadal repeat = « Data release
* Coast-to-coast P "H 3 e policy
' gr:dt_full-dept!w . _'Laf—\t 5 | ) * Level 1 (required),
ation spacing o ——"—’7\ T = ¥ "¢= level 2 (desirable)
30nm i ‘i_ i ;_;_J'__ {1 : 18 ! and level 3

GO-SHIP Status of 2012:2023 Survey (81 Lines] May 2017
Boldlres Hiph Frequency (reduced requirements)  Thinkves Decacal GO-SHIP full requirerrenia)

completed ut 308 —— funded cianried not glanned y wssociated & completed

@ £

Cosaied By wrmpesmwapLo IR




Global in situ measurements with ships :
GO-SHIP

www.go-ship.org
Characteristics of ship-based observations:

* The best spatial resolution, time resolution limited by resources

— GO-SHIP is once every 5 years
* Very good in boundaries

* Very big range of parameters, the only way to make some
measurements

« Data can be made available as soon as data are collected or

water samples analysed. == ~ o

SO-SHIP ‘Status at 20122023 Survey {51 Lines)
Boktines High Toabown

compieled — abyes - frwed  plned —— nat phained yet ‘wszoc aed & complvtea

Heat content trend: red areas are warming below 4000m.

The NE Atlantic was the only deep basin that was cooling at a rate
greater than the uncertainty

N e,
m‘\.f (a}

= 3

Purkey and Johnson , 2010




Global in situ measurements without ships
present ;: Argo

www.argo.ucsd.edu
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Around 30 countries working by international cooperation

Global in situ measurements without ships
present : Argo

www.argo.ucsd.edu

Characteristics of Argo observations:

 Spatial resolution suitable for capturing climate signals, time
resolution very good — every 10 days

* Not good in boundaries — floats run aground and get swept away

* Limited range of parameters — originally T&S, now Oxygen, pH,
nitrate and bio-optics

* Data freely available within 24 hours.

* Argo still depends on ships for deployment opportunities and
calibration reference data

3878 Flogts

N 17=iun-2010




Global data from Argo makes change detection
much more robust

60°S 40°S 20°S o° 20°N 40°N 60°N

400 -
800 |
1200 - *

1600

2000 -

Geographical variation of temperature change

Yellow and red is warming, green and blue is cooling

» The observation station planning, maintenance, and data
transmission

All our programs are planned by international coordination.

GO-SHIP and Argo have international leadership panels, and 20 or 30
international partners.

Our moored arrays tend to be UK only or multi-lateral efforts with a
smaller number of partners.

Data transmission can be by satellite, often Iridium.




* Sharing mechanism of observation data between the public
sector and academic research organisations

Data are shared on web sites with public access. We do not distinguish
between public sector and academic organisations.

Argo data (and some ship data) are also distributed on the GTS - Global
Telecommunication System, accessible to national meteorological
agencies

All our data are made freely available to all users as soon as possible:

A few hours for Argo float data

A few weeks for GO-SHIP data

Usually 6 months for moored measurements. The careful calibration of
moored instrument data takes a considerable staff effort and expertise

* Forms of observations data and observations type
Data can be from

* Electronic sensors - there are a growing range of parameters
available

* Water samples analysed on board ship (eg CO2), orin labs ashore
(eg stable isotopes)

We follow protocols for instrument preparation, water sample analysis
and data processing and quality control published by the co-ordinating
programs, eg GO-SHIP and Argo




* Application of Al in marine hydrological observation
We consider Argo to be a form of Al — the floats are autonomous

There is a growing use of ocean gliders for sustained observing. These
have some autonomous decision-making capability on board, but
require piloting for successful missions.

Gliders are more suitable than floats in boundary, coastal and enclosed
regions. Gliders usually require ship or small boat access to service the
vehicles. Floats are cost-effective in the open ocean where
random/statistical distributions provide the required spatial coverage.

The suite of self-propelled Autonomous Underwater Vehicles are not
yet used for systematic observation of the ocean, but are used for
process-study programs, investigating local and regional phenomena.
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The British Oceanographic Data Centre:

Managing National Marine Data

HELEN SNAITH — HEAD OF BODC SOUTHAMPTON SITE

Sy, Mational
w- Oceanography Centre

INERC &Visnment

BODC’s Role

A National Facility for storing and distributing data concerning the marine
environment (since 1969)

A resource for science, education and industry, as well as the wider public
Sole responsibility is data management

Startin?‘ premise - data must be secure and readily usable in the long term
without reference to the originator

We are part of NOC, meaning:
» Added value from shared infrastructure support
« BODC serves the entire marine community
» Close collaboration with ship operations to develop end-to-end solutions

I_"_'_ National
- ! Oceanograpghy Cenitre

G cu - NERC e e




BODC Core Service

v ICH G I

Data delivered Check the data Archive a copy
to BODC for completeness (in future proof format)

=

Q

Record all ingestion Research and We document
eps and decisions Record the context details of the datase

S

. Hotional
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What happens to data?

w2

Convert the data Review the quality  Tag with metadata from
to a standard format control of the data  controlled vocabularies
l l WWW
Check our Bank the Expose the

processing final version dataset online

ST National
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o TR DN 1C. Ul 4 NERC &S ent
i i



The end result

’ Search the data e
Standan;I format Data

available via
Web User
Interface

A Data -~

Fully

documented / \ metadata
Secure long-term L

storage Quality controlled

Complete

Data available via other systems/networks

. nNevonal

L Ot h [ 3C ENCE OF THE
W e S c.ac.ul | NERC &35 et

FAIR Data Principles

The FAIR data principles state that data need to be:
Findable
Accessible
Interoperable

Re-usable

National

£y SCIENCE OF THE
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Services - NERC Vocabulary Server - NVS

Problem: The Curse of Free Text

* rain

« precipitation

* ppt By,
* preciptaoin %::

Solution: Controlled vocabularies

Controlled vocabulary =
+ ‘.the use of predefined, authorised terms that have been preselected.’

Specified when entering metadata

Mational !

£ ::': Oceanography Centre { - | i —-— SCENCE OF THE
w NERC
1( } - ENVIROMMENT

RO Ty Carse I LoV,

A et 0ot

-

B  Ontologies:
» Salinity is a specific type
of observable parameter

- * e.g. wateris a
— generalization of sea
FoaSEEEEREIEIES * e.g. Rain is a specific
= type of precipitation

hitps://www.bodc.ac.uk/data/codes and formats/vocabulary search/

onal I
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Services - NERC Vocabulary Server - NVS

Resources

PO1Chemical Entity Parameter Code Builder

e >
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Services - NERC Vocabulary Server - NVS
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Global usage of NVS

Submitted to the IODE Ocean Data Standards and Best Practices Project (ODSBP)
as the European regional standard for controlled vocabularies in metadata
and data formats descriptions of Marine and Oceanographic Datasets.

NERC &fidriment
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Cruise inventory Chaintn
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Cruise inventory reports
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Services: Provide a near real time delivery system
for marine autonomous systems
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BODC in numbers
o T R e

Datasets downloaded 74,000 101,187 142,086 111,507
Datasets available online 97,674 110,063 115,607 127,036
NVS calls 350,000 570,950 545,904 850,826*
GEBCO grid downloads 34,000 20,985 28,143 40,652
GEBCO WMS calls 2,375,147 4,018,361 5,382,96 8,528,618*
Web hits 920,000 979,686 839,942 1,091,526

Nadvonal
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Registered users
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BODC user types

NERC Centres
§%

Charities
1%

Govt Bodies
5%

T .. Hadoml

S ornanopraphy Contre v { 2 ] 5CENCE OF THE
W) L e | I 1.t NERC &ligienr

Who are we ?

> 50 people Expertise: Biological, chemical, physical

» Liverpool and Southampton (41:9) and geophysmal data

» Data managers: Software » data bases contain measurements of over
engineers (35:15) 42,000 different variables

> Gender: F-M: 31:19 Staff have a wide range of research

> Tenure: days to 44 years backgrounds, with direct experience of

marine data collection and analysis
(PhDs, MScs and degrees)

Data managers work alongside
information technology specialists to
ensure that data are documented and
stored for current and future use

= L. Nartional

N ) Ocesnograshy Centre | cacu NERC 5o S




What is BODC Today ?
~ Data
.. m..nagers
al
Marine ' .E;‘
scientjsts A : ' ‘I S’oﬂ;ware

. )8 engineers
B

and a data manaycrnent system

Hational {
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marine environmental
data & information network

Mational
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A network of UK
marine data centres

I, totonal

R s : T e SCENCE OF THE
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Structure: SeaDataNet — EU marine
data network

BODC was very actively involved
in SeaDataNet and SeaDataNet }l

We not only provide data and
metadata but are also involved in

» Managing Vocabularies for data
processing, communication and
quality assurance

» Developing European standards
for metadata

» European wide metadata
directories

» Designing and implementing
interoperable systems

National

e
- ! Oceanography Centre - ] SCIENCE OF THE
W) Cceshostepby Conirs | { J NERC ENVIRONMENT




ue Sérlice
2 sharing BERE dagr

B

& = SeaDataNet
i
P A
\ 1csy BODC Data Portal
WORLD DATA 5YSTEM
CED 297 B, | SEOSS Pora m Gesa G

Data out

: by C / SCENCE OF THE
W) Sty e, c.ac.ul - j NERC &ficiivent

International: GEBCO, GLOSS and Argo

P~ —

General Bathymetric Chart of the Ocean (GEBCO)

= Global Centre for the Nippon Foundation — GEBCO Seabed
2030 Project

+ Distribution of GEBCO Digital Bathymetry

Global Sea Level Observing System (GLOSS)
» Delayed-mode data centre

« Station Information Handbook

«  Member of expert group

s Argo profiling floats

» Near-real-time processing

; : "1 \ [ » Delayed mode quality control
' = +  Southern Ocean Regional Centre

L. Nagional
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Funding our activity

= NERC Core

m NERC Projects

External
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Data ingestion Projects
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Data management & system projects

PSMSL

Radiatively active gases from the
North Alantic Region and Climate Change

FASTNE:

Fluxes Across Sloping Topograpty of the North East Atlantic

N
s
N
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MEYE TER
BICGEOCHEMISTRY

o wh-sh g Biogeochemical global cycles
DIMES
Diapycnal and Isopycnal Mixing Experiment
in the Southem Ocean
7 ‘,'.I {
: OSMOSLS )
Ocean Surface Mixing, ’i A
RAPID-watch Ocean Sub-mesoscale Interaction Study 3
Atientic Meridional Overtuming Gircufation L ‘
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B
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MERMAN — -
Clean Safe Seas Environmental Monitoring Programme (CSEMP)
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Meteorological
Technology
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aillinstruments.com

The 19805 & 19905

*  Gill Electronic Reseurch & Development was established by Mikeind
Lesley Gill tn 1983 10 deliver muesaliv@eneimeerng solutlons
Gill Instruments wias formed i TSRS 30t dnd erow on the suee
the ultrasonic anemoemeterprofulis m the metearological dnd commerci]

wiedther measurenienl m

™ 1y
Th 19960 ike & Lesley gxpanded the pesearch and

and fonm mutedreonpiny Gull Rosearch & D

gillinstruments.com

The 2000s & 20105
MO0 tepbusiiess unit Citll Sensors was setupto pron
LT Ve GJ':.:x\‘.'n!\':,uI\i. Capacitve mensurement products
In 2070 GIII wong saniract with the British Min
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gillinstruments.com @ LI-L

Our Markets
Today Gill offers a wide portiolio of precision instrumentation and sensing
products which are desiznod for use in a diverse range of industric

Reqewibles
Infragtmictur.
Utilitics
Marine

& Delence
Operational & Structural Safety
Government & Emergency Bodies

Scientilic Research

gillinstruments.com (@ Lﬂ-y

The Gill Group
The Gill Group @8 1t s known today s made up ol four companies:

Gill Research & Development 1s an engineering company committed o
product vation with @ focus on Jdevelog PIOPHICLTY measurenment
technole o solve challenging market problems,

Gill Instruments 1s focused on providing altrasonic anemometer and
veuther station productSto the metcorological and commercial weather
medsurement markets,

Gill Sensors & Controls s a leading manulacturer o specialist level
sensing. ol ¢ ny position &ensors and engine control products
focused on the off-highway.

process control, utilitios. rsport and defence markets,

Labcal provides specialist calibration services. with over 200 vears
cxpenence providing UKAS accredited calibrations in a wide range o

damelers




gillinstruments.com

gillinstruments.com

Our Capability

The Gill Grouphias invested i sic i ficant internal capabilities Lo allow it to
PG de produstirayaanay gualt vend &8 puomals.rvice dnd-support to its
CUStomens:

{AUm? of engincenng, munufactimnaindiofilge tacilibes
CNC nichine pretolypin e facihity

Environmenta! test chambers

Precomplimnee EMC factlity

[emperature ch

TAIMACTURNE  CApUlity

WS proaucts

UKAS aceredited high speed wind tunnelifor test and  calibration

Liguid level. liquid flow, gas flow, pressure. temperature, humidity and air
velogity calibrations cquipment and  services

Qe Aeciadububisde-Approvals
The Gl Cuoup s puiicrals Tadushsnspdsiilc scoredlTalitn s Andappiovals.

[SO 9001:2013

1SO 14001:2015

ISOAEC 17025

UKAS

ATEX-1ECEx

Clanadyan Stdinds AssogRillon(GSA)
lovds ROBGter Ipenrproy 1

R C vl Aviationan hen e x4

LS Federal Avgation Adimmstiation (FA )
Chinese Certification Socicty (CCS)
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Our Customers
The Gill Group prc
brands in the world;

*  National Aeronautics and Space Administration (NASA)

General Electric Company
Caterpillar Inc.

Mercedes AMG

Ferran S.p.A.

Apple Inc.

Scania AB

Triumph Maotoreyeles Ltd.
Numatic International Ltd.
British Ministry of Defence
US Department of Defense
North Atlantic Treaty Organisation (NATO)

The Future

Gill Group continues its commitment 1o research and development and is
investing 20% of tumover in new products annually.

Gill Group 1s tocusedion ensuring (hat it offers innovative, miarket focused
and quality products.

Chill Group sl Continue o en

customers UEOer to deliver the

GilPGiroup Wil b

Ol labamantie ™ ith top UK
Weeiinggitident pl




Meteorological
Technology

gillinstruments.com

gillinstruments.com
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Aerodynamic Drag & Bearing Wear

4Hz vs 1Hz vs Cup Anemometer
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Only 2 measurements needed
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Path A

Requires 6 measurements
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Competitor 2-axis Wind Sensors
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Gill 2-axis Wind Sensors
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Path B
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. ind Tunnal Diffuser Section
Settling Chamber

Straightens the airflow. Uneven turbulent lows cause

unpredictable forces. Can include a honeycomb flow

straightener and wire mesh smoothing screens to

produce a smooth airflow.
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Standard Met Measurements

gillinstruments.com

Research Projects
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Specialised

ARV
= e——

findSonic on board Fire Brigade Command Vehicle

gillinstruments.com @m&

Road/Rail/Tunnels
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gillinstruments.com

Wind Energy

gillinstruments.com

(il

Noise/Air Quality Monitoring Stations
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Power Line Monitoring

gillinstruments.com @[IL[L

Ocean Buoy Weather Monitoring
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Surface Gliders

gillinstruments.com
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Utilities Monitoring Efficiency

gillinstruments.com

Wind Turbines
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Road & Rail Tunnels

gillinstruments.com

GILL

Ocean Data Buoys
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Air Quality Monitoring

gillinstruments.com @M

s = ISWind(hserver
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Hazardous Areas

gillinstruments.com

Vehicle Paint Spray Booths
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Wind Turbines

gillinstruments.com

GILLL

Flux Measurement
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Autonomous Vehicles

gillinstruments.com @MI-_L

Meteorological Observatory
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Polar Flux Stations
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Urban Flux Monitoring
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Agriculture
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Portable Systems
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Temperature Change Research
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Air Quality Monitoring
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Solar Parks
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Basic Stations
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Ports

Thank you.

Contact us at;
oillinstruments.com

contact@ gillinstruments.com
+44 (0) 1590 613500




~ Our background




G

THE 1980s & 1990s

© Gill Electronic Research & Develbpment was established
by Mike and Lesley Gill in 1985 to deliver innovative
engineering solutions.

Gill Instruments was formed in 1988 to focus and grow on
the success of the ultrasonic anemometer productsin the
meteorplogical and commercial weather measurement
markets,

In 1991 Gill partnered with British Gas to develop and
supply the first'ultrasonic gas meter, which was to be
installed to measure gas flow into domestic properties.
Mike & Lesley founded Eurometers which went on to
manufacture over one million meters, of which, tens of
thousands are still in service today.

In 1996 Mike & Lesley expanded the research and

" development operation’and formed the limited company
Gill Research & Development with a vision to create
innovation in the field of measurement technology.

GILL

/4 THE zo‘bo!& 2010s
': ©'.In 2004 the business unit Gill Sensors was set up to

\ promote proprietary inductive, ultrasonic and capacitive
measurement products.
© In 2010 Gill won a contract with the British Ministry of
, Defence for the supply of specialist detector products.
" Gill invested in a new manufacturing facility to manage
i the increase in production capacity.

/i O‘In'201 3 Gill won a contract with the Federation
L8 Internationale de Automobile (FIA) for the sole supply of
“f ¥ A an ultrasonic fuel flow meter, to allow the FIA to regulate
A «‘;"' fuel usage by the Formula 1 and World Endurance
= Championship (WEC) teams in the 2014-2016 race seasons.

¥ O Gill Sensors became a new limited company, Gill Sensors
. & Controls, in 2014 and expanded to a new office and
manufacturing facilities.

O [n 2015 Gill acquires Labcal Ltd., a bespoke calibration
service company.




Our position today

Gl

' OUR MARKETS

Today Gill offers a wide portfolio of precision
instrumentation and sensing products which
are designed for use in a diverse range of
industries;

o

0 0 0 00 0 0 O

Renewables

Infrastructure

Utilities

Marine

Aviation

Security & Defence

Operational & Structural Safety
Government & Emergency Bodies

Scientific Research
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THE GILL GROUP

The Gill Group as it is known today is made up of four
companies;

© Gill Research & Development is an engineering company
committed to product innovation with a focus on
developing proprietary,measurement technologies to
solve challenging market problems.

Gill Instruments is focused on providing ultrasonic
anemometer and weather station products to the
meteorological and commercial weather measurement
markets.

Gill Sensors & Controls is a leading manufacturer of
specialist level sensing, oil condition,/position sensors

and engine control products focused on the off-highway,
process control, utilities, motorsport and defence markets.

Labcal provides specialist calibration services, with over 20
years’ experience providing UKAS accredited calibrations
in a wide range of parameters.

OUR CAPABILITY

The Gill Group has invested in significant internal capabilities
to allow it to provide product innovation, quality and % '
exceptional service and support to its customers;

4,500m?’ of engineering, manufacturing and office facilities
CNCmachine prototyping facility

Environmental test chambers

Pre compliance EMC facility

Temperature chambers

Bespoke test equipment

Printed circuit board surface mount manufacturing
capability
Assembly lines for precision electronic products

UKAS accredited high speed wind tunnel for test and
calibration

Liquid level, liquid flow, gas flow, pressure, temperature,
humidity and air velocity calibrations equipment and
services

NEXT |
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OUR ACCREDITATIONS & APPROVALS

The Gill Group has numerous industry specific accreditations
and approvals; -

1SO 9001:2015

1SO 14001:2015

ISO/IEC 17025

UKAS

"ATEX

IECEX < e

Canadian St_anda;r_dsv Association (CSA) |
L!oyds'Regis_terTypelApprdval -
UK'Civil Aviation Authority (CAA)

US Federal Aviation Administration I:FJ;-'*.A}
Chinese Certification Society (CCS)

(.
o
o
o.
)
o
o
o
°
X
o

OUR CUSTOMERS

The Gill Group provides products and services to some of the
most recognised brands in the world;

O General Electric Company
) Caterpillar Inc.
P o
O Mercedes AMG
Q Ferrari S.p.A,
 Apple Inc.
Scania AB
Triumph Motorcycles Ltd.

-]

Numatic International Ltd.

Hewlett Packard (HP}) Company

British Ministry of Defence

US Department of Defence

National Atlantic Treaty Organisation (NATO)

©00O0OOO
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BUSY TIMES AHEAD FOR THE GILL GROUP!

© Gill Group continues its commitment to research and
development and is investing 20% of turnover in new
products annually.

Gill Groupis focused on ensuring that it offers innovative,
market focused and quality products.

Gill Group will continue to engage with itspartners,
distributors and customers in order to deliver the highest
standards of service and support.

Gill Group will be redevelopingiits offline and online
offerings to enhance salesand marketing support across
the board,

Gill Group js investingin future talent by collaborating
with top UK universitiés and by increasing engineering
student placements.




Care to joinuson
our journey?

We would very much welcome
your input.

Just register your interest
here and we will be sure
to get in touch.

REGISTER HERE

RETURN TO START

/

ZHR Wallingford

Working with water

Welcome & Introductions

National Academy for Marine Research

21st June 2019 Simon Tiedeman




z HR Wallingford

Working with water

P20321: National Academy of Marine Research,
(NAMR) Kaohsiung, City, Taiwan

Wave Generation Laboratory Equipment

24th May 2019 Simon Tiedeman

HR Wallingford

Working with water

HR Wallingford Ltd

Introduction




ZHR Wallingford Introduction

HR Wallingford Ltd

m A world leader in the development and supply of laboratory wave generation
systems and a major user of these systems for research and consultancy
studies.

m More than 60 years experience in physical modelling of the coastal and
offshore environment.

m One of the world’s leading hydraulics laboratories.
m Completed over 180 physical model studies in five years.

m More than 25 years experience in the supply of
equipment and instrumentation for hydraulics
laboratories throughout the world.

m Limited by guarantee, non profit distributing,
and independent

24th May 2019 © HR Wallingford 2015

z HR Wallingford Introduction

HR Wallingford
Turnover ~ £24 million (2018/19)

60% of projects from overseas
Over 220 staff including many world leading experts

Offices in Houston, Kuala Lumpur, Mumbal Abu Dhabi, Shanghal and Perth
Clients in over 60 countries ” —- ' ) ® i

Physical modelling facilities

Extensive software tools
_

24th May 2019 © HR Wallingford 2015
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z HR Wallingford Introduction
Working with water
Track Record — Wave Generation Systems
Asia Europe Americas
= |nstitute of Harbor and Marine Technology (IHMT) = Flanders Hydraulic Research — Belgium = UNAM - Mexico
- Taiwan * QinetiQ - United Kingdom = Cordoba University — Argentina
= Shanghai Ship & Shipping Research Institute = University of Southampton — UK = University of Miami — USA
SR i C.hlna R ) = Kazan State University - Russia = Universidad de Colima — Mexico
) Sha.nghal — Tc.mg s e ) = University of Swansea - UK = Naval Research Laboratories — USA
n Ins.mut Tek"°|°9' Bandtfng el = Universita Degli Studi di Palermo — taly = University of Alabama — USA
® University of Hasanuddin - Indonesia = University of Oporto — Portugal * Universidad Nacional Colombia — Colombia
* Naval Science and Technology Laboratory - India , \ynversity of Liege — Belgium = IPN Mexico City — Mexico
* Institute of Hydraulics Research ~ Vietnam ® IST Lisbon — Portugal » Instituto Nacional de Canalizaciones —
= Haiphong Maritime University — Vietnam » University of Padua — taly Venezuela
= UTP - Malaysia [ University of Naples - ltaly = Drexel University — USA
= National Hydraulic Institute Malaysia (NAHRIM) — , ;5 er5ita Politecnica delle Marche, Ancona ~ ltaly * Texas A&M
. :ln:tli“:))::?uﬂiversity ~ Singapore = Université du Hawre — France Rest of the World
= Nanyang Technological University — Singapore = University of Liverpool — United Kingdom « University of New South Wales
« T Mumbai - India = University of Nottingham = United Kingdom = University of Western Australia
« Vietnamese Shipbillding Adsociation = Viethai = LWI, Braunschweig — Germany » Australian Maritime College — Australia
» Southem Institute of Water Resources Research = Southampton Solent University — United Kingdom =« Swinbume University — Australia
(SIWRR) — Vietnam = Universidad Politecnica Madrid (UPM), Spain » Griffith University = Australia
s INUEM - Albania . » CSIR - South Africa
= Universidad de Granada — Spain = Stellenbosch University — South Africa
= Bari Polytechnic — laly = Manly Hydraulics Laboratory — Australia
= Hull University — United Kingdom = Niger Delta University — Nigeria

24ih May 2019 © HR Walingford 2015

z HR Wallingford Introduction

Working with water

Appreciation of what is required within the available budget

m The ability to provide state of the art equipment for wave generation within 3D
physical models.

m Wave generators specifically designed for a range of physical modelling
applications:
¢ Shallow water coastal wave basins
¢ Deep water offshore wave basins
®* Flumes
¢ Towing tanks
¢ Tsunami generator

m Able to accommodate the technical sophistication
and accuracy demanded by researchers and the
commercial expediency required for consultancy
studies

24th May 2019 » HR Wallingford 2015




z HR Wallingford

Working with water

HR Wallingford -'

Froude Modelling Hall -

AV r watingr HR Wallingford Froude Modelling Hall

Viotusmelric Fiow Fiunes
_ Wave basins
Wave Baen §]§ L ) . . . .
L L 51 ®  Six basins of varying sizes with maximum water

26mx32m g RERS S depth of 1.0m

o E

L LY §5m x 27m m Basins A,B and C can be joined to create a
| e 75mx32m
~ fydrsuic S
LT I i Wave basin E has flow capability |
- woesmer] .—-J & = Maximum wave heights mainly depth limited
el — rather than wavemaker performance constrained
25m x 32m :
‘* ' n'-‘avcrﬂas-: \r-.‘aw% By F I u m e S
h LI R ®  Two flumes 45m long, 1.2m wide
- ® % Fast Flow Flume
. ‘ ®  4m wide flume with both wave and flow
s capabilities
L Fans ; '
N N
415

24th May 2019 © HR Wallingford 2015




AV g Typical Tests (Combined A,B & C Basins)

Working with water

m Basin bathymetry prepared to
client requirements; (Video)

m Wavemakers moved into
position;

Instrumentation set up;

Wave calibrations conducted;
Test model constructed;

Testing begins with the wave
test series increasing in
intensity;

m Data analysis conducted
between each tests until the
structure fails;

24th May 2019 © HR Wallinaford 2015

&Y =vanges  Wave Basin A,B&C 75m x 32m — 96 paddles

Working with water

24th May 2019 @ HR Wallingford 2015




z HR Wallingford

Working with water

Wave Generation & Absorption Systems
Installation processes for WGS & WAS systems -

21st June 2019 Simon Tiedeman

A S Wave Generation & Wave Absorption
e Systems (WGS/WAS)

Contents

= Introduction

e Summary of scope proposed
® Wave Generation System (WGS)
Wavemaker systems
Mechanical design
Civil design
Basin inspection
Mechanical installation
Electrical installation
®  Wave Absorption System (WAS)
Wavemaker systems
Mechanical design
Civil design
Basin inspection
Mechanical installation
Electrical installation
m Operational requirements

21st June 2019 © HR Wallingford 2015




AV R g Wave Generation

Working with water

Wavemaker systems

m Each wavemaker system is designed to meet the
requirements of each client;

® Hinged flap type multi-element wavemakers are dry
tested at HR Wallingford prior to FAT and shipment
to site for installation.

® MDCPs are designed to meet client requirements
for location and local electrical regulations;

B LI

iz

Y

21st June 2019 HR Wallmgford 2015

“'Hawanngfom Wave Generation
Working with water
Wavemaker proposed predicted performance graph
1.2 e, —
I Key data :-
1.0 . ' E < Water depth -6.0m
' « Paddle width -0.5m
* Drive actuatorsp/p -1
= Drive actuators p/m -4
'g 0.8 » Max Paddle stroke -1.1m
et » Max paddle velocity - 1.4m/s
£ - Max paddie force - 5.9KN
'g 06 = Max motor rms power - 6.1kW
x
2
= 04
0.2
0.0
0.5 1.0 1.5 20 25 3.0 35 4.0 4.5 5.0
Wave Period (s)
Maximum Regular Wave Height {H)
o Swnifcan Wave Heighus) _

215t June 2018 & HR Wallingford 2015




Z HR Wallingford Wave Generation

Wavemaker systems
m Design is developed using 3D Solidworks software

—' — 7 2 — - : ' . b {
3 o b | e 3 : K
21st June 2019 © HR Wallingford 2015
{

i.' HR Wallingford Wave Generation
Mechanical Components L m
m System is fabricated and assembled ; - < ,, |
in the UK; §[ | i
Modular frame each with x4 paddles s i E l nr
| : f

Materials from high quality, type 304,
stainless steel;

® FElectric servo drive actuator fitted with
gearbox; |

®m  Flexible belt attached to the quadrant
at each end;

Absorbing beach within the frame;

[ 2el71 3

21st June 2019 © HR Wallingford 2015




z HR Wallingford

Wave Generation

Civil Design
m Interface with rear

and side walls with
Shelf;

= Top and bottom
brackets shown;

= Top brackets
nominally every 1m;

= Bottom bracket
nominally every 2m,;

End Wall

Rear/Side Wall

Bottom
Brackets
\\\

Sm\ -

21st June 201¢

£ HR Wallingford 2015

2 HR Wallingford

Civil Design
m Static & dynamic loadings provided
within the Civil Interface Report;

® Fixing mechanism will utilise
Chemical Anchors (Hilti);

®» Holes located and drilled using
hydraulic core drill system;

m Beneficial to have areas within the
wall where rebar is minimised;

® The indicative example shown for the
Top bracket is for a towing tank;

m Note there will be a requirement for
rebar to cross the free areas;

21st June 2019

Wave Generation

- - | L Ju
1TSS
| I | TR

& HR Wallingford 2015




Z HR Wallingford Wave Generation

Basin Inspection

Set up a measurement network (Leica Nest);

Determine the high point along the top bracket and bottom bracket lines:
Measure how square is the basin, short side WGS square to carriage rails;
Finished floor and wall surfaces;

Conduct settlement
& leakage test;

® Re-inspect nest after
the water is drained;

21st June 2019 & HR Wallingford 2015

z HR Wallingford Wave Generation

g

WGS Installation - 1

1. Conduct detailed survey:-

® Re-survey the basin and establish datum lines
and levels along the installation runs;

® Determine bracket positions;
* Determine packing requirements;
¢ [eica tracker measurement systems;

2. Core drill and place fixings:- "
* Utilise jig/itemplate to mark hole locations; [
e ‘Hilt’ Chemical anchors; N
¢ Drill, roughen & clean holes;
*  Water cooling for drill bits;
® Inject resin and place anchor bolts;
* Resin allowed to cure;
* Any excess resin removed;

21st June 2019 ® HR Wallingford 2015




Z HR Wallingford Wave Generation

WGS Installation - 2

3. Locate & secure top brackets:-
¢ Place estimated packing material;

e Position bracket & adjust using levelling
screws & tracker:;

® Semi tighten fixings & check with tracker;
e Pour grout beneath each bracket;
e Allow to grout to cure;
® Remove nuts one at a time, fill annulus
with resin then torque to required setting;
4. Locate & secure bottom brackets:-
¢ Follow same process as top brackets;

e (Can commence installation once
sufficient top brackets completed;

21st June 2019 HR Wallngford 2015

Z HR Wallingford Wave Generation

Working with water

WGS Installation - 3

5. Place Modules:-

¢ Use the building crane to manoeuvre
modules above the placement location;

¢ | ower module to locate the frame onto
the bottom and top brackets;

* Apply fixings and torque to the required
Nm values;

Continue with adjacent modules;

21st June 2018 % HR Wallingford 2015




z HR Wallingford Wave Generation

WGS Installation - 4

6. Electrical installation:-

¢ Install cable tray between Modules & the
MDCPs;

* Note cables will pass through the SMB wall
and also the mezzanine floor to reach the
panel room, therefore cable ducts will be
required;

* Power supply to each MDCP provided by
SSSRI;

* Requirementis 3Phase +N+E, 380VAC
rated at 380A per MDCP,;

e Strict requirements for the Earth, must
comply with TN-C-S requirements, i.e. the | _ g "
earth should be provided back to the agd 17 2l e (S
transformer with the Earth cable diameter 2 B RN \
similar to one of the phases; en— T ———

21st June 2019 © HR Wallingford 2015

Z HR Wallingford

Working with water

WGS Installation - 5

6. Cable installation:-

e Connect and run cables back to the
MDCPs;

¢ Cables will include (per module):-
— x4 Motor power & signal cables
— X1 Combined limit switch cable
— x1 Combined wave probe cable
— x1 Earth cable

¢ Cable entry to the MDCPs will be from
above,;

¢ Review of panel room should be
considered as it could be located beneath
the mezzanine floor if this makes basin
construction easier;

21st June 2019 © HR Wallingford 2015
|




Z HR Wallingford Wave Abso rption

Working with water

Passive Wave Absorbing Systems J

m Stainless steel perforated parabola;

m Lightweight space frame can be assembled
and installed locally;

m Removable to the floor of the tank or easily
mounted onto a concrete shelf;

m Perforated parabola allows water to pass into
the beach, note permeated water will return to
the tank at lower level;

21st June 2019 HR Wallingford 2015

Z HR Walingford Wave AbSOrptiOn
Mechanical Design

m Design will be subject to period of research to enhance beach performance;
m Removable beaches are buoyant and fold to the floor when not required;
®  Winch system located outside the basin;

e

F. (I —
==

b ]

21st June 2019 © HR Wallingford 2015




ZHR Wallingford Wave Generation

Civil Design

m Static & dynamic loadings provided within the Civil Interface Report;

m Fixing méchanism will utilise Chemical Anchors (Hilti);

m Holes located and drilled using template and hydraulic core drill system;

®m Again beneficial to have areas within the floor and wall where rebar is minimised:;

21st June 2019 © HR Wallingford 2015

Z HR Wallingford Wave Abso rption

Basin Inspection
m Determine the high points along the floor and longside rear wall bracket lines;
m Measure locations for through wall connections (laser scanner'?)

m Determine the high points for
for the short wall shelf;

m Conduct settlement &
leakage test;

® Re-inspect nest after
the water is drained;

21st June 2019 © HR Wallingfard 2015




z HR Wallingford Wave AbSOrptiOn

Installation

1. Conduct detailed survey:-
® Leica tracker / laser scanner measurement system to measure as built structures;
e Establish datum lines and levels;
* Determine bracket positions; _ e ot g .
e Determine packing requirements; Im it '_'M ,*..',-...}...w.. i
2. Core drill and place fixings l-‘ R - =
¢ Utilise jig/template to mark hole locations; «" o |
¢ ‘Hilti’ Chemical anchors;
Drill, roughen & clean holes;
Water cooling for drill bits;
Inject resin and place anchor bolts;
Resin allowed to cure;
Remove excess resin where necessary;

21st June 2019 HR Walbngford 2015

2 HR Wallingford Wave Generation

Installation - 2

3. Locate floor brackets and cable sheaves:- < 41"
* Place estimate packing and position brackets; , |
* Adjust brackets using levelling screws & tracker; _ i l
¢ Semi tighten fixings & check again with tracker;
® Pour grout beneath each bracket;
¢ Allow to grout to cure;

e

e Remove nuts one at a time, fill annulus with resin then torque to required setting;
4. Assemble removable beaches

¢ Add front and rear support legs with hinge pins added,

* Assemble the front panels and rear cross beams then torque all panel fixings;

¢ Assemble the parabola support and rear locking frame and tighten fixings;

* Assemble the parabola (space frame, buoyancy tanks & panels) & tighten fixings;

® |[nstall the cable mechanism, wall sheaves and winches;

¢ Raise the beach to locate the through wall locking mechanisms;

21st June 2019 £ HR Wallingford 2015




z HR Wallingford Wave Generation

Installation - 3

5. Test beach rotation mechanism:-
® Grease all points of movement;

¢ Raise the beach using the overhead building crane
to test rotation of the structure;

¢ Leave beach raised to locate the through wall locking
mechanisms;

¢ Lower the beaches to allow for basin fill;

6. Electrical installation

e Pull motor and limit switch cables through the cable
ducts;

* Interconnect communications for each beach MDCP;

e Power supply to each beach MDCP provided by
SSSRI;

¢ Requirementis 3Phase, 380VAC rated at 40A per
MDCP;

21st June 2019

Z HR Wallingford

Working with water

Operations

- = Main operational control room will be
' located with view of the entire WGS:

® Remote control can also be made
available on the carriage;

- : o A A
21st June 2019 © HR Wallingford 2015
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