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ABSTRACT:

The Executive Yuan has appointed the Ministry of Transportation & Communications to assist in the development of]
offshore wind energy industry. This Institute undertook related research projects and technological developments. Among others,
the “Offshore Wind Power Marine Meteorological Observation and Characteristic Analysis” project requires the procurement of]
on-site observations relevant equipment such as “Turbidity Meter”, “Wave and Current Monitor” and “Scour Monitor”. After|
detailed investigation and evaluation at various levels, the equipment currently developed abroad has its functional advantages.
There are no similar products in Taiwan at present, thereby we purchased foreign on-site observation instruments, and dispatched
personnel to the original manufacturer for on-the-spot education training and operation study to enhance Taiwan’s ocean field-
related talents’ technical competency and research energy to perform related operations such as offshore wind power marine
meteorological observation and analysis of characteristics.

The original equipment manufacturer’s field training and technology operation date targeting this instrument was from
March 22 to March 30, 2018 for a total of 9 days. It was successively carried out at Aquatec Co. (AQUAlogger 310TY Turbidity
Meter) in London, UK, and Nortek head office in Oslo, Norway (Acoustic Wave And Current Profiler, AWAC) and Nortek B.V.
Company in Amsterdam, Netherlands (Scour Monitor). The training courses were quite solid and rich, and helped improve your
own academic skills quite a lot. It inspired us to consider the need for strengthening the capacity, and understand that only by
thinking outside the box can we discover different ways of thinking and research possibilities.

The original equipment manufacturer’s field training and technology operation enhanced the professional function learning
opportunities from foreign countries for the training of talents in our country, promoting Taiwan’s achievement visibility in the
field of ocean and harbor, and implementing the international exchange of scientific and technical personnel and research
technology. In the development of meteorological observation technology, we directly obtained face-to-face instructions and
training from the original manufacturer’s staff. Through mutual discussion and exchange of ideas, the results of teaching integration

were truly achieved, which helped promote international academic exchanges and obtain foreign experience.
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313I"RHE =4 5

Aquatec (3R i3t E R E R FE L WA AT AL F AT R
(Basingstoke ) - 4-®@ 3.1.1 #r77 - d iz & & & Andy Smerdon >+ 1990
FEAIK o Aquatec o P LB EGFLEF 4 A Z WEAE AR A B
BABEIL P EPREREALRE  HREBZ AW Y TE A DA
A FOD I FHERTRE S FReid 5 E AR g\m,u,b = SENE
£ 1S09001 = F# 1™ kst B F - T2RIFE SFEFIL i ¥
£ 7% 48 & 1S014001 W™ k5§ 12 % qu,u‘;g_,Bs OHSAS 18001 ¥ % 2
fm 2 g - BERBERMRESS P - Aquatec 2 7 3u s H
P ® & & A1#T (Innovation) > "f THREFEE PN IET R E AL
ORI BLFEELRNETEL R E T 2B E RBED
FTHT o

il

|

W3.1.1 =3 ®E WE ¥ 274 5. AQUATEC = @ *tm, ¥

3.2 FALR FHH
* T VHE R I Aquatec o 03 7 & Andy Smerdon L 4 g2
482 F a8 Elizabeth Paull L2 5 A4S XERETPRE
(4R 3.2-1) ’ “%f TR AT PR 2 TP 2 R T

=
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cH W ApR AL REERAE 0 F 4 ElizabethPaull + 2 & 5 249 4 %2
P ATy 2 BLRIK % & 3 (AQUAIogger 310TY ) 4Bl 3.2.2~H]
3.2.3 #t5F o % A7 B P 1,000FTU~10,000FTU » j§ B3 2£ 35 &
(Turbidity ) ~ /& 4 (Pressure) % ;8 & (Temperature) g R % » 2§ &
RBIELG - RFRHAN s AR £ 5 880nm - B RE RIEE F P
¥ it 10,000 FTU ; B4 gl B 5 -k T 6000M > H B4 B ip| B2 8y
& (accuracy) ¥ i£+0.2% > H 247 & 5 10.01% 5 ¥ $30F R R BB » 30
-2 ~35°C iﬁ%[lflp\ » B R 7 iE+005°C> f245 & 5 0.001°C - 3 B
AQUAIogger 310TY P 44 3.2.1 #771 o

HEr A PR35 ESQrr o FMBEHSI L e 57 R
BB TR G b g4 > R E R 0 R RSB RS R R
BlRE2 AEFE > TV R R BRBIF Vb R R
T VHRHFRAVFREAM P THEA T NEARVTRELZ T B
TS REBLRETA K B REL AR TR 0 F4
BELGEFEE > 2 BRI H AR A T E 2 & AQUAIogger
B10TY 2 R 2 3% » 3 B30 - SEPIR B HET & ek 328 BV
F A Fz LR s EiTET HEPRHANAIVES ﬁ%%ﬁ'%s—;\ (Burst) s
g8 (Continuous) @ R¥pp Y7 5 REFXKE AR
AQUAIogger 10TY z_ Ap B 2RL¥ 18 > B 43P 4p B SR8 2 3 17 o

®3.2.1 &8 2 F4RE Elizabeth Paull ~ §4 7 & Andy Smerdon
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(Bl % &R @ Aquatec = 7 F & fexb)

§13.2.2 AQUAIogger 310TY *} e &

#®13.2.3 AQUAIogger 310TY:Z 3 58 ¢ BB
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4 3.2.1 AQUAIogger 310TY & 3P

% B OB
2z % 48 (Memory) 64MB+ # -« 1 2GB
7 41 &E i & *¢(Data Retention) >20-#

B & #-5% (Sampling)

783 #-5% (Burst) 2% i 4 #-5¢ (Continuous)

B~ 4 I (Acquisition rate)

8Hz

i 2 4w (Communication)

USB ~ RS232 ~ RS422 - é’#‘féii@ﬁ%]

¥ v % B (External interfaces)

¥ o4p 7 2 & i # & (Compatible comms
modules): & = % (display) ~ % & ;% #c ¥
#% (Optical modem) ~ %t ;% #c 34 1%
(Acoustic modem)

7 (Battery)

BE=Z BT P (Rt~ 43 ~ Y 7)

H 1% g %8 (Software)

AQUAtalk(+ # * Aquatalk i %8 i& 7 %
BT RETER)

B & miEiE R (Maximum)

1% & 4]k ™ 1000 = = F-k Ak 6000

)

++ & (Material) £ & 7] Acetal %~k 3]:Duplex
2 4] <3kg
£ ¥ (Weight)

i#k 3] <5kg

& =t (Dimensions)

B /=60mm > £ & 360mm
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AQUAIogger 310TY #H & :p[#7# 2 F#L># & * USB-RS232-RS422

5 ﬁﬁ@ﬁ?ji” FE gt > P s Aquatec o P OATER B 2 iRl

AQUAtalk & 74k iT2 » 478 WK £
7+ » = AQUAIlogger 310TY 2 USB # i @& ﬁi&li"s NEEITE G

_—
’

Hi%iv /o 4o 3.2.4~% 3.2.6

RER

T

,
T
~
-

AR IR T R d F R T AR ZRERS CERE RS
TR HRE RARIRIPH TR

s e JE B B R

Fle Logger Advanced Ywndow Help

[Logger Type AQUANogger 310TYPT10 rmax100e

Senal Nussber 255329 Deploy
Hardware Version 30

Fumeare Vernion 1.18

N |Mtem Size 62957056 bytes Upload Data |

Mem Used 00013524 bytes, 0% full

Asguired 10 sarmples Eefresh

20184719 L4 074544 2

Time 0 2 o i 2
Not Deployed

Fe gisme lhmn ]

|Regime

Descnptios test

Logging Mode Inseant Sean

Reporung Ezabled - NMEA - Every Sample

Burt Mode Ezabled

Burt Mode Config Burst Every 6.000 min, 10 Saspies Per Bunt. Withkis Burt Sample Every 5000 3

Intermittent Logging Dusabled

[3]Baztery Enabled , Not Avenaged, Gain x1, Isterval Multiplser x1

[4]Ext Power Ezabled , Not Averaged, Ouin x1, Interval Multuplier x1

(5] Tecpenature E=zabled , Not Avenaged, Cuin terval 3 1

[6]Pressare Ezabled , Not Averaged, Cuin terval 1

[ TTurbidiry Ezabled , Not Averaged, Cuin x1, Interval Multiplier x1

[P1Depeh Ermabled , Not Avenaged, Cuin x4

[10)ssC Ezabled , Not Avenaged, Ouin x1

®3.2.4 AQUAtalk &2 AQUAIlogger 310TYZ # iT% & —

L ACH AL vl P skl
ble Logge Adverced Yindow LHelp
Logger Type QU Alogger VIOTYPTIO0 maxi00m
1al Number 25542 Drepdoy
Hardware Vermca 3D
Furmwaee Versos 1.18
Mem Suze 62957056 bytes Upload Data
Mem Used 00013824 bytes, 0% full
Acguared 10 saspies Eetresh
Time 2018419 L& 074739
Dsconnect

.Nol Deployed

Repune Temson |

Sample Time LG 07:47:39 Gaiz Used Raw Valoe

Battery 5.52 v 1 9357995 Chat Ottt
Ext Power 0.01 v 1 8350444 | Details Chaet Ou/ty
Tempetature 28.15 " 1 11376544 | Detals Chnet Ome0er
Fressure 097 bar 1 105428 Detauis Chaet Owe
Turbidity 6784.13 FTU 1 0 | Detads | 7] O Owonr
Depth -1.00 m 5 0 Detads | 7] Chant OwiOer
$SC 1256825 mgA 1 0 Details | [7] Chant OwiOnr

®3.2.5 AQUAtalk & AQUAIlogger 310TYZ #H iTH & =
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.
B Preferences o
Gesol + | This setting determines the compater's
gﬁﬁ:m“"“" communication speed whea coanected 10 2 Jogger
R | e sl commiction
Report (defanlt 115200, old logges 19200)
g Baod R
e 00T,
GBS 4500-
NMEA outyt
HYDRObg 9600~
Reatsl boeaces 19200
39400 -
57600 -
115200 -
Cancel 3 oK

#®3.2.6 AQUAtalk 22 AQUAIlogger 310TYZ2 & it & =

Elizabeth Paull + 4 ¥ :p? AQUAIlogger 310TY ",lrt 1R e e
PRGBS R Y "r’%@ﬁiﬂ (Real-time) e 38 kB pliesr Al > 7 &
[EREIRES ) R "Pfﬁrﬁﬁajm”s I B U E S S S A f ] *v:“@ﬁg?l
WA K F A B RFAUH > T R AR BAFHE BT RS
EE R R @ IR m?f—'@ﬁ%ﬁ Lo Aquatec = & 77 R El - E
fRA2 N Za @ B B8 N idpid (optical modem) 2 B 5% iy
# (acousticmodem) o B & N fedp i £ F F 3R I fé;ﬁig?l%h‘iiiﬂ
fe 0 3% o @ AR 4F 2. The AQUAmModem Op2 optical modem » 4] 3.2.7
HAEHAR S RERTREERY F2FAI LF 2 N @ETH o f g
kAR Sk T R AR BT QWLfﬁﬁ’?u%%'@gﬁ@
T RTARE 1 T2 B L SO LR RS o BV ONRTRER

3,500 m it {7 # iF o

R 2tk o Bk SN R i T g ’J\Tﬂﬁl;@%}? e BApR kT &
A g 2 P Aquatec 2 P EE £ 15301997 EF AW o kT Bl Bs 3
Y ERT AR ROEBF]F 0 73)%; s (water column structure ) ~
# ¢ (buble) % s23t (noise) % » ¥t Aquatec = 7 5 1 AR % FTiE (7 &
B AR 2 B AR (T ﬁﬂ?ﬂﬁﬁﬁﬁﬁ%%&ﬂ%uﬁyiwpiﬁ

5

_‘—%
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PAERRE G R Yoo o @ v i de B S B > AQUAmModem
S500 + AQUAModem 500 2 AQUAmModem 1000 » 4 3.2.9 » x4 8 & *
kR TR A A 0 R AT E R E L XD R REROE
kp By I BERT LS GSM £ MR @ipe e
Fooood 3N S HOE R B ,?zg@?ﬁgaﬁ’@ﬁ@ﬁ%gﬁﬁm
@%’%%?u%aﬂ%?*ﬂ@ﬁ@ﬁﬂﬁi’3”‘4§§w%ﬁ
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(@ % %k : Aquatec = P F = e 3b)
®3.2.7 The AQUAmodem Op2 optical modem

Step 1 — Review the product range
Step 2 - Initial enquiry form

Step 3 — Initial consultation & proposal

Step 4 — Feasibility study & full proposal

Step 5 — Start the project!

(7B %R @ Aguatec 2 @ F > fexb)

$13.2.8 1% & N2 H

3-7



(B % %% : Aguatec = & F = k)
®3.2.9 %: AQUAmModem S500, +: AQUAmModem 1000
//Tf WoR T @%13 Bz ARt s d YRR B E N RT
RFRERTEGARRIF CLFFRORBEF  BRRFL 5§
% 2+ Fm % (biofouling) » - - ﬁé&?—f . /ﬁwﬁﬂ FAEAAP
HESCRPIRE A RBAZEEFREPIN G N FLE S F] P
AEBEBIFET ARG DR E N EPIREL 2 m:ﬂi#ﬂiﬁ "ﬁnf ) M 3T
FPRETP S EOERF £ A 50 )@%Lbﬁﬁ%ﬁ’Aquatecﬁ’ﬁ e
45 p R “f (automatic wiper) 4-®) 3.2.10 » ¥ & E > BB KR B+ >
Rt F T RRIREBRERIBL AL PH FlvE %ﬁ‘z’ L ARSI 5 SR T
AR R BOLEL A ] EL/? TEL ZERT LG %S o F M
A ERiGFCAquatee o PR T DRI AP R Y 4B 3.2.11 1o o

(B % %k : Aquatec = @ F > k)

F3.2.10 # 3 % f $h% F

3-8



(b)

(€)

(f)

3211 KTV RPFARRE S

3-9




3.3 $AEAp M 7

AQUAT=C

OCEAN & ENVIRONMENTAL

Oceanographic & Environmental
Instrumentation

Elizabeth Paull — Sales & Marketing Director

www.adquatecgroup.com

Aquatec Group Ltd

* Founded in 1990

* Headquartered in Basingstoke
UK

+ Design and manufacture all
products and engineered
solutions

* Products sold worldwide

NQUAT=C
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NQUAT=C

QHSE

+ 1SO 9001 Quality Management System —EEa
« IS0 14001 Environmental Management System
+ BS OHSAS 18001 Occupational Health and Safety Management

—Registered —

+ Design, manufacture and supply of subsea instrumentation,
communications, and cathodic protection systems

Measber of BN Registrars. [Holdings] Lid £ Member of 54 Regisirars [Hoidings] Lig

*+ FPAL Advanced Registration

AQUATEC
Subsea Solutions

Consultancy e Measurement « Communication e Insight

» Areas of Expertise

— Sediment measurement
— Sensing underwater

— Data acquisition, processing
and storage

— Through- and above-water communication
— Subsea packaging

* Technologies
— Acoustics
— Optics
— Temperature & Pressure
— Motion and Attitude
— Cathodic Protection

3-11



Sediment? Solved

NAQUAT=C

OCEAN & ENVIRONMENTAL

www.aquatecgroup.com

Sediment? Solved

Hydropower
Water quality Forestry
o toring

Environmental
research

Coastal
research

AQUAT=C

A complete range of oceanographic
and environmental instruments for
observing and collecting sediment

Aquatec instrumentation for observing
suspended sediment

KC-Denmark equipment for collecting
suspended, bedload and deposited
sediment

System design, bringing together
Sediment? Solved products and
Aquatec’s extensive expertise in
instrument, communication and
system design
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Sediment? Solved

ﬂsewing Suspended Sedimeh

*  AQUAlogger 310TY Advanced
turbidity logger

*  AQUAscat 1000 range of
acoustics suspended sediment
profilers

» Secchidisc

(c

.5

ollecting Suspended Sediment \

Sediment traps, water samplers,
Niskin bottles and rosettes

B

_J

/Collecting Deposited Sediment \

Grabs and corers

Suspended sediment

NANQUAT=C

www.aquatecgroup.com
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Coastal Studies

» Assessment of civil engineering
works

* Erosion & deposition

* Quantify sediment flux
» Fate of pollutants

» Data for models

* Breakwater design

* New harbours

» Wind farm sites

Artificial embayments at
Sea Palling, Norfolk, England

uuuu

Dredging

« Environmental impact assessment

» Dredge material fate

« Regulatory compliance
P e
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NQUAT=C

River Sediment Load

» Erosion/deposition
» Contaminant fate
« Water quality

» Aquaculture

AQUAT=C

e

Process Studies

* Deposition and
resuspension processes _

» Sediment dynamic
behaviour

* |nteraction with currents
* |Interaction with waves

3-15



AQUAT=C

OCEAN & ENVIRONMENTAL

Measurement options

www.aquatecgroup.com

Physical Sampling
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NAQUAT=C
Turbidity measurement

» Relies on optical scattering of infra-red light from
suspended particles

* Instruments need to be calibrated using site samples to
provide concentration values.

« Example is Aquatec’s AQUAIogger 310TY

AQUATEC
Acoustic measurement

» Scattering of sound from
suspended particles
using multiple
frequencies

* Provides profiles of

suspended sediment
concentration

 Example is Aquatec’s
AQUAscat 1000
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AQUAT=C

OCEAN & ENVIRONMENTAL

AQUA/ogger 310TY

ADVANCED TURBIDITY LOGGER

www.aquatecgroup.com

NQUAT=C

AQUAI/ogger 310TY
SIMPLY ADVANCED

User-friendly features

Quick start

Shake to show
Off-the-shelf batteries
Tablet compatible

Observing sediment

+  Turbidity to over 10,000FTU

+  Suspended sediment
concentration (with SSC

Converter)
Flexible sampling
Delayed start
Continuous or burst sampling
Sample averaging
Visualise & Variable sample rates for each sensor

communicate with Advanced logging settings
field-swappable

comms modules

3-18



AQUAT=C

AQUA/ogger 310TY

OBSERVING SEDIMENT

Now available!
Turbidity, SSC and depth

* New higher range in real time

—  Turbidity to over 10,000FTU

* Measure suspended sediment concentration (SSC)
— Use the SSC Converter to convert turbidity to SSC

s 1ok e e S (et -]

» Optional additional sensors B
— Integral temperature and pressure

AQUATEC
AQUA/ogger 310TY

USER FRIENDLY FEATURES

* Quick start
— Set up your logger in the lab, then swipe with our magnet in the field to start

« Shake to show
— Shake your AQUAlogger 310 to check the status
— Logging, not deployed, waiting to start, low battery . . . .'

« Standard batteries

— The AQUAJ/ogger 310 uses standard off-the-shelf AA size batteries
— Choose between alkaline, NiMH or lithium depending on your deployment

+ Optional wireless communication
— Remove the need for cables with the optional wireless functionality

+ Use with a tablet
— Set up, deploy and download data with a Windows tablet

3-19



NQUAT=C

AQUA/ogger 310TY

FLEXIBLE SAMPLING
+ Delayed start

— Set up your logger to start at a specified date and time

* Continuous and burst sampling
— Continuous sampling — sample at a set rate of up to 128Hz (depending on the sensor)

— Burst sampling — set the logger to record bursts of data, sampling at a higher frequency
within a burst

* Variable sample rates
— Log each sensor/variable at different rates

* Averaging
— Select which sensors to average data from within the logger

* Advanced logging settings
— Set trigger input or output
— Select intermittent sampling (e.g. only sample every Monday)

NAQUAT=C

AQUA/ogger 310TY

VISUALISE AND COMMUNICATE WITH SWAPPABLE MODULES

» Observe your data in real time with the subsea display

= Command and data download with the optical modem

= Transmit live data readings with the acoustic transmitter

3-20



NAQUAT=C

AQUA/ogger 310TY

* Optional hydrowiper to combat biofouling

NAQUAT=C
AQUA/ogger 310TY

Applications
Oceancgraphic, environmental and

3-21



NAQUAT=C

o

OCEAN & ENVIRONMENTAL

Temperature & depth

www.aguatecgroup.com

NAQUAT=C
Temperature and depth

+ THE MINI LOGGER - AQUA/ogger® 520

— Compact wireless design

— Upto 5 year battery life g
— Continuous & burst sampling regimes

— Maximum 1000m depth

+ THE WIRELESS LOGGER - AQUA/ogger® 530

— Automatic transmission of data fo a remote computer via
wireless technology

— Automatic display of temperature and depth data

» THE ADVANCED LOGGER - AQUAlogger® 310
— Compact, self-contained logger
— Real time reporting capability as standard

— Depth rated to 6000m P a5
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AQUATEC
AQUA/ogger 520

+ Compact, self contained logger
* Deployed and data downloaded via reader with inductive modem
* Up to 5 years battery life

* Depth options: 10m, 30m, 40m, 100m, 500m, 1000m
+ Flexible sampling — burst and continuous

_ Temperature sensor Pressure sensor

AQUAlogger 520T v

AQUAlogger 520PT v v

NAQUAT=C

AQUA/ogger 530WTD

+ Standalone temperature and depth logger

* Use on commercial fishing vessels

« Stores data and displays graphs automatically via wireless technology
* No cabled connection

+ System comprises:
— Data logger
— Reader unit, connected to PC

3-23



On retrieval, the logger transmits

data back to the reader unit, up to Ly
100m away. =
The reader unit
is mounted on
the outside
of the vessel's

wheelhouse.

The AQUAlogger 530 is
deployed on fishing nets or
pots. Logging starts and stops
when pre-set depths are
reached.

Data is downloaded to a
= connected PC and a graph
mie eme sae wem man® showing the last deployment is

- W W a—

i AQUAlogger 530 instruments are
deployed on multiple vessels ta capture
temporal and spatial variability.

Data is accessible via Aquatec’s wel

. portal.
When vessels return to port, the data is

automatically downloaded to a central
location via WiFi.
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Fisheries Observations
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AQUAT=C

Fisheries Observations
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AQUAT=C
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AQUAT=C
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NAQUATEC
Model Improvement
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NAQUAT=C

OCEAN & ENVIRONMENTAL

Marine Mammal Deterrents

www.agquatecgroup.com
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NQUAT=C
AQUAmark 848

« Programmable deterrent for research
* Available for rental in a pre-configured form

* Target species: porpoises, dolphins and similar toothed

whales
« Effective range: up to 1500m depending on species and AQUAT=C ‘
nature of interaction AQUAmark 84

* Rechargeable batteries: up to 1 week between charges
* Depth rating: 500m

AQUAT=C
AQUAmark 848

Sound level Typically 165dB re 1 pPa @ 1 m peak

Primary bandwidth 5 kHz to 30 kHz
Frequency
Harmonic energy to 120 kHz
| soundlevel | it |
AQUAmark chirp repertoire for general deterrence XTIV g0

Pseudo-clicks for echo-location confusion
Pseudo-noise for echo-location masking
Random composite of all modes

Deterrent signals
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OCEAN & ENVIRONMENTAL

Underwater communication

www.aquatecgroup.com

NAQUAT=C

Why transfer data?
OIL AND GAS INDUSTRY

» Typical Applications
— Process control
o e.g. valves, BOP control
— Equipment and process monitoring
o e.g. riser motion, pipeline temperature, hydrotest
— Asset management
o e.g. cathodic protection monitoring & control
— Diagnostics and maintenance
o e.g. subsea factory condition monitoring
« Data Retrieval from Subsea to...
— Surface platforms
— Subsea nodes
Surface gateways (buoys, ASVs)
— ROVs
— AUVs

3-29



AQUAT=C

Why transfer data?

OCEAN AND ENVIRONMENTAL

» Access to data without
retrieving instrumentation

+ Maintenance and status checks

+ React to events on shorter
timescales

* Change sampling regimes

NAQUAT=C
Options
» Optical
» Acoustic
+E
+ Radio ]

» Displays
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NAQUAT=C
AQUAmMmodem Op2L

Lightweight optical modem
1m range
» Depth rated to 500m
Ideal for use with small ROVs or by divers

3 times lighter than standard Op2

ot o o NQUAT=C

OCEAN & ENVIRONMENTAL

Acoustic communication

www.aquatecgroup.com
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AQUAT=C
Acoustic Communications

Pros ____________|Cons

Long range potential Slower

Cheaper than long cable Requires power

runs

Cheaper to install than Busy communication
cable channel

Can be more robust than Acoustic path can be
cable problematic

Environmental Issues =

» Ray bending due to temperature variations (see below
example transmitting in Mediterranean at 250m depth)

» Bubbles (attenuate transmitted and received signals)

« Surface noise from thrusters, acoustic systems (mask
received signals)

September Ray
Trace

LAREAREERARERRRARRENTE
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Acoustic comms: best practice "GYATEC

» Obtain seasonal CTD (Conductivity Temperature Depth) or
Sound Velocity profiles for deployment region to allow modelling
in advance

« Part of environmental data set
« Also gathered during sonar surveys
« Aquatec can provide modelling service

» Place vessel mounted transducers as far from thrusters as
possible

» Deploy overboard systems as deep as possible (min 30m,
ideally 50 — 100m)

» Consider mounting on remote connected platforms e.g. ROV,
dive bell

One way comms

+ AQUAmodem 500 allows
operates in “send and
forget” mode

« Low power

« Periodic measure — acquire
—send cycle

« Range from 200m to
>1000m but dependent on
environment

+ AQUAmodem S500 for
integrated modules _—

S
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Two way comms AR

« AQUAmModem 1000 allows commands to
be sent to instrument to:
* Change configuration
Request data

Carry out other operations e.g. trigger external
equipment » =
NCUANT=(

AQUAmModem

« Range can be long but dependent on
environment

AQUATEC
CPguardian

—_t L

‘L w LTy
Xnmllll AEEnT
S
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draft

IPS

hydrophone
LF,

AQUAT=EC

OCEAN & ENVIRONMENTAL

Subsea display

www.aguatecgroup.com
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NQUAT=C

Supplementary Instruments

AQUAdisp SUBSEA DISPLAY

+  Compatible with AQUAlogger instruments = 4 '
) 7

« Displays up to 16 values over 4 screens
« Displays up to 16 graphs
+ RS232 Interface

*  Supports NMEA messages

+ Custom configurations for other instruments %

+ Optional light activation

NAQUAT=C

OCEAN & ENVIRONMENTAL

Any questions?

www.agquatecgroup.com
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4.3 FA2A0 M TR

Products \ F

Velocimeters Current Meters Current Profilers

Wave Systems Extemnal sensors Online Systems

nortekgroup.com

Velocimeters

nortekgroup.com N@K




Focused acoustic beams for true 3D
measurements

Signal scattering from small particles

High frequency (up to 200 Hz) and small
sampling volume (<1 cm?)

Coherent Doppler technology gives
[ precise data

nortekgroup.com

Velocimeters are great because:

No moving parts

Calibration never needed

No zero-point drift over time due to fouling
Measurement volume remote with respect to sensor
No physical structures in measuring volume
Mechanically robust

Insensitive to flow regime and water quality

High sampling rate for turbulence measurements
No minimum velocity, calibrated down to Tmm/s

Measurements close to boundaries

)
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Vector applications

Process studies

Orbital wave motion studies
Surf-zone dynamics
Boundary layer studies

= Natural low flow studies in lakes and
marshes

Turbulence measurements

The Vectrino lab velocimeter

200 Hz sampling rate
0.08 cm3 sampling volume
Down to 3 mm from boundary

High speed (10 Hz) sampling of
distance to boundary

Better SNR performance
Non-multiplexing
Smaller head = less flow disturbance

Two independent vertical estimates for
improved turbulence measurements

ExploreV

nortekgroup.com N@K
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Vectrino Profiler

» 10 MHz pulse frequency
» 3-D velocity profiles

» Amplitude profiles

» Correlation profiles
Range from 40-75 mm

1-4 mm cell size

YVVVv¥YY¥

nortekgroup.com

60 dB+ dynamic range

Temperature sensor for speed of
sound calculations

» Up to 100 Hz sampling rate
> Interleaved bottom check to 10Hz

» Adaptive ping interval selection for
acoustic interference reduction

nortekgroup.com

Current Meters
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Aquadopp single point current meter
(300m depth rate)

Meas. cell position: 0.3-5m Molded heads enables custom design to be made
Velocity range: +5m/s on request
Accuracy: 1% 0.5 cm/s

PUV wave mode: Yes
Max sampling rate: 1 Hz

Length: 55 cm
Diameter: 7.5¢cm
Weight: 2.4kg

Depth ranges: 300, 2.000, 6.000 m
# analog inputs: 2

nortekgroup com

6000m pressure rating
Aquadopp
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noriekgroup com N@K
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How are different users using the Aquadopp?

The 300m version is mounted on fixed structures like piles, keys and platforms
Mounted on surface buoys for measurement of surface currents

Mounted on bottom frames for near bed current measurements

The 3 & 6,000m versions are mounted on deep-water mooring lines

Also mounted on deep-sea landers for near bed current measurements

On risers offshore, often combined with motion units

nortekgroup com N@K

Current Profilers

norekgroup.com N@K
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The Aquadopp profiler

Maximum ranges: 12, 25, 60, 90m
Velocity range: +10 m/s
Accuracy: 1% £0.5 cm/s
PUV wave mode: Yes

Max sampling rate: 1 Hz

Length: 55cm
Diameter: 7.5¢cm
Weight: 2.4/2.6 kg
Depth ranges: 300, 2.000,
6.000 m

# analog inputs: 2

nortekgroup com

What makes the Aquadopp Profiler special?

Physical size; it is so easy to work with due to its weight and size

Right angle head; Prou can place the sensor right at the bottom, and start to measure just
centimeters away from the boundary

High Resolution (HR) mode; change the firmware to HR, and start to measure 1 cm vertical
resolution boundary profiles

No mode settin(t;' whether the velocity is 1 cm/s or 10 m/s the Aquadopp Profiler will
measure correctly

2 analog inputs; measure salinity and sediment concentration synchronously with currents

PUV wave mode

4-15




How are different users using the Aquadopp
Profiler?

On surface buoys, often with the Z-cell version
In low profile bottom frames, with the ASP head
Inline (it is easy to mount due to its form factor)

In tripods, operating in HR mode (boundary profiles)

Wave systems

nortekgroup.com N@K
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Wave Energy Distribution

tsunamis

seiches and storm surges

storms wrind

earthquakes
‘wind and other

wind waves

Ccause Sun and Moon

wave
frequency
(s
e

energy
Carbitrary units)

type of wave gravity waves capillary
1994 Encyolopaedia Britannica, Inc. waves

nortekgroup com N@K

Attenuation of wave properties

| Wavelength Lt

‘ Direction of waves '
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Wave Estimates

\/\/\ g med ) /\T/\/\/\ AN
L= iRATYi \]\/\/M\/V\/IL\/J\/\JV

« H, Significant Wave Height is the
“mean of the 1/3 largest waves in a " s e o s
record”. Requires time series to s}
estimates this directly

Tnee

« Inferred Estimate - Spectral alternative
H, = 4Vm0
m, = [ frS(f)df

Powsr Sgacrum m
in

AWAC: Waves and Current Profiles in one instrument

= 1/0.6/0.4 MHz Transmit Frequency
« Measure current profile 25/50/90m range
+  Wave measurements 35/60/100m range

+ Bottom Mounted — Out of Harms way

nortekgroup.com
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AWAC in operation

* Measures further up in
water column for better
signal

«» Specifically Designed
for Long Term
Wave Measurements

» Adaptive Cell Depth
» Maximum Likelihood

Method (MLM) for wave
measurements

Maximum Likelihood Method ... In short

Array below free surface

First introduced by Capon (1969).

« Uses a Spatial Array. R

Transfer function is directionally dependent

Sweeps through Frequency and Direction to
find most probable solution for direction and

Frequency Spectrum. Conceptually similar to
a least Squares.

norekgroup.com
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With AST overlaid

2 ‘ Blue - surface

S HAWM M} ‘L‘Jh' “‘)Ll%j' }F 'fL ll
21.8 "l I Il HAI
. | l‘h ”’{ “‘ \Wtk‘ T{F.i H‘ HJ
216 | l | ‘ SRR

néRrex

Comparison of spectra

Pressure and surface spectrum

10
. Wind Sea
Pressure and F :_/\‘\,.H, el e
surface spectra 1 _/ ' I I\»»;I',F-.%
10°F Ship wake \"‘ Vi "'J I l“'ﬂ/‘ W 3
z v *ﬂ[’! Surface
s 4 L] !
i W SW?" Tp =1.4s (Il
1 =1.4s8
GE,T i h ‘.| p (m
€10 -'-:* |
fim| T w
SRRP H M
10-5, f | \ 4‘( Pressure
o L
10
107 1072 10” 10° 10"
Frequency
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Turbulence and more

nortekgroup com N@K

The Signature series current profiler

A HIGH PERFORMANCE SCIENTIFIC POWERHOUSE

nortekgroup com N@K
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-

Signature 1000 Signature500
e | 1
| p
Broadband technology

Frequency-based coding delivers velocity measurements with very low noise (uncertainty)

AN

Estimate of horizental velocity - bottom is at top - Drsbak

Narrowband
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Patented Concurrent Measurements

Multiple measurements in the same second DT . A T |
Application Consequences
Patented technology e et
Cararl prodle stk «a Turiralence wmng 5 bearra Current grafbe. =
et | R
For example, can measure small cells at frimprobiperyiy il b
fast rate in bursts for turbulence and at the sy | e
same time measure large cells at regular Eimﬂk-i";‘w St ———
: i — s
intervals for mean currents. g e 57 It 32 I
" t— s ;
Depioyraentiengih fiop) | w0 i) m::::- :z
st
¢ g -
e m—
i
¥ :’:::w S35
MaeTy s B 1527
[ ] e
- &
Concurrent Measurements
One Second
| 1
r 1

T=1/16 T=2/16 T=3/16 T=4/16 T=5/16 T=6/16 T=7/16 T=8/16 T=9/16 T=10/16 T=11/16 T=12/16 T=13/16 T=14/16 T=15/16 T=16/16

No other instrument can do
this!
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Fast Sampling rate

Up to 16 Hz sampling for superior turbulence
characterization, both in stand alone and online mode

4 times faster than any other ADCP

Adequately Sampled Signal

mostehgoup. oom Aliased Signal Due 1o Undersampling N@K

Multiple Beam Operation

Perfect for turbulence measurements where velocity and distance are sampled
along 5 beams

Allows direct estimate of all five second-order turbulent variables

HR mode on vertical beam gives unprecedented and detailed data on flow
structures

,7.-,”“”,,.“2 ] ri.

T
T 2
TR ;

nortekgroup.com
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HOW TO SECURE 100% DATA CAPTURE

Planning a deployment

NORTEK

Checklist for trouble-free deployments

Know your deployment site and plan after this
Firmware and software updated
Functionality test performed

Configuration uploaded to instrument
Overnight test deployment

New battery pack is connected

Desiccant bag and O-nings
Battery and memory space requirements met
Pressure offset
Compass calibration verified
Insert dummy plugs
Transducers have unobstructed sight into water column N@K

4-25




Know your deployment site

Consider the environment the instrument is to be deployed in
Expected curments and waves
Depth
Duration of deployment
Available resources
Mainenance access

Online cable

Mounting Guideline -> Web site -> Support -> Instrument Manuals

Support site

— -
Most up fo date firmware and software . d |

BL
AOATEN A3 —— T
- 1
Manuals W Fioiwts Seion Bowiedp Gt Seoot Mt borisk Conmt Caman
:MI_D_MHT- Saltwase
|ernn M Fruwim rote lhet Hoarw avw tma colwers For fremars, o ot vlarcleed e s wrd om &l
TR ot Rk i Vo 0D =) i wat phavied vt presiseh a frarn Agril 391

[ e Gy e s e Gt i oy
;;iui’id wWE dEt L BARI O
il i

¥ e zaTem bITRTE NeNL ruTee muTe et D Cn o | 13 Tce e oo Prrmms: S o
R #5000 Yy WO L 0 QOOWE pQAASE SO P BT colew, Ehaw0 you g
0 W B FEEATL T EITITNT I S0 N T T S TR 5 W GO W 1 gl
ke

B b w4 b

[ A e o AR R e A [ " Mormd. Psom prsgrara oo 2l weners e Y. roharg Vimoown U exoem e road
//m & e & A IM D L] L]

fw s e oo

I o= T

[|m w v .4 Ril===p o=
e e v v =hewt | ey

| m 1) pEm ] L] . . Sl Ll
HEt -

A Voo L .

|lm a5 cm i ” nz £
flmms " el =i | nmam

. LRREE R T T o mhirks i
b P maaentn | TENEELET g A arn v
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Functionality test s

Firal test checklist ’
- =L 1

i

Tested >10,000 instruments = =

Based on final test checkist

s i bl

Used to test all sensors and communication

Defining pitch and rofi: [y 1

Deployment configuration

Think about data requirements
Adapt to the conditions

Observe the consequences of
your choices in the summary

Test ovemight

[ |

e e T R
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Changing the battery pack

Remove the titanium screws and washers holding the end cap to the
pressure case and remove the end cap

Disconnect the 2 pin and pull the battery out of the pressure case

o
Replace the battery and reattach the 2 pin connector i ‘4
Reattach the end bell and the screws

89 <

Compass calibration

To adjust for magnetic materials that may be present in your deployment frame

Assemble everything that is going to be deployed
Remember to degauss the batteries

Make sure it is possible to rotate the entire system 360° horizontally
Choose Instrument -> Compass Calibration

Any material that may be disrupting th emagnetic field in the vicinity during calibration may skew
the directionality of the data
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Compass calibration

" s
B Corvpes Collbimn ]

When doing this in real life your circle will not e oy
be as even as this one o . S

ar i sl
S0 # Cabrate
iy

L. S Yt

2 Botyie ey i boal

) cognm woed Pl e
13

1P U 1) G e

Do not be alamed, but rotate slowly to get
as good readings as possible

Eat. v gl

The exireme values at both the axis are the
most important parts of the circle

Setting the pressure offset

Choose Instrument -> Set Pressure offset and follow the instructions

Be aware

Negative values are reported as 0 dBar. Choose a positive number e.g. 0.2 meters if the
instrument is in air

This is a really important sensor for the AWAC AST since the AST window is chosen from the
pressure readings

HORTEK
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Mounting options

Considerations for deployment

Free sight into water column

Stable, low tilt instrument
Drag-down
Bottom topography

Surface buoys
Prone to damage, i.e. boats, wind, waves, vandalism, etc

Anchor and material choice

N@K
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Mooring line

Simplest setup
Aquafin/clamp

; ; Multiple instruments
¢ ‘ Full profiles

| ) l Buoy interference

‘ Drag-down

Bottom mounted

Frame
Gimbal

=
Length of bottom rope 6

Acoustic release

4-31




Subsurface buoy

Not limited by depth

Natural frequency response

o SUV patented wave processing
# “Free gimbal”
‘ Drag-down
/
‘ : ;
| |
L ‘
- _-L.’"f_.____ "B == >~ N@K

What materials should we use for our rig?

Line?
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Anchor choice?

Buoyancy?
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Choice of material near the instrument

e N

Choice of material near the instrument

A316 steel
Galvanized

Rust proof
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#52.1 45§53

# ik & (Signature VM) R4 #.

AP -
®FE LR VM1000 VM500
25 2 p &
(Srjﬁiﬁ&‘ng Jri;?é) 30m 70m
(Cflil ?itze) 0.2-2m 0.5-4m
(Min. blanlli‘:ing area) | (len 0.5m
(Maximyjfgfpnng rate) 0_331;0%;/5 B & & ¢0.3%=0.3cm/s
(Velglgifiyﬁ?eifgl%tion) 0.1 cmls 0.1cm’s
b SRS 14Hz 6Hz

(Max sampling rate )

s 34
(No. of beams)

4B AR

4B AR

R 3R:E B £ pl(Bottom velocity measurements)

Single ping std@3m/s 0.5 cm/s 0.5 cm/s
(Lonj—tiprf géic%racy) +0.1%+0.1cm/s +0.1%:=0.1cm/s
(Mir%u/rJﬁ iltﬁude) 0.2m 0.3m
(Maxﬁ\namﬁaﬁitude) 50m 200m
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(Maxiﬁn’;l;mg’;;ﬁ;ﬁi:g rate) 4Hz 2Hz
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1z 4 ik

oy

B IR S
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B~ e [F]
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TP R RILE A
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0.001m/ & p] i e11%
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B R AR
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fE47 R
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B i
(Dynamic range) 70db
5 Bk -
G| E s
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AR A ) o
(Beam width) :
His F
ERERIFE LR F -4°C t0 40°C
PR R e R 16GB
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LN RS232/RS422 # ¢ * 4k
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Function / Parameter
Image Presentation:

Image sampling grid:
Detection range:
Resolution:

Operational wind speed:

Vessel Movement
Compensation:

Static Object Enhancement:

#5.2.2SeaDarQ% £ f§ & R{Lwp

Logarithmic display of amplitude, Zooming, Video Input; 0-1Volt Analog, 75 Ohm?*

panning, scrolling overlay of geocode information Trigger Input: mn*

igﬁgﬁiﬁﬁ;ﬂ;ﬂlm& Fo- Azimouth Input: TTL/RS422 pulses, up to 4096 pulses/revolution*
North Reset Input: TTL/RS422 pulses, up to 4096 pulses/revolution®

Cartesian Data communications: RS232/R3422*

0.1-3.5 km (greater range for higher antenna) *Signal levels can be customized.

Better than 3.75 m (short pulse mode)

>2m/s Frequency: X-Band

Real time Antenna length: Bfeet or longer

Minimum antenna height: 15 meters
Up to detection resolution in real-time

Polarisation: Vertical
Operator Controls Field of view: Range: >2500m
Keyboard and Mouse; Function buttons/ docking windows/ pop-upmenus g 4 30
Current Mode Pulse width S0n/250ns/1 s
Current Speed: Range: £ 2 m/s; Accuracy: + 0.1 m/s; Peak Power: 25 kW and more
i PRF 1600 H2/1300 o/ 650 Hz
Current Direction: Accuracy: 5°10° Measurements apply to Ratation speed: 43RPM
Upges n et e Receiver: No clutter suppression
Water depth: Depth range: up to 30 m; Accuracy: £0.5m GPS/DGPS: NMEA RS232/RS422 OUTPUT
Heading: NMEA RS232/R5422 OUTPUT

(F 4 %R : http://www.seadarg.com/lib/brochures/seadarg-v3-brochure/view)
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Port of Rotterdam
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5.3 FALAR B T

FIND THE SPILL 24/7 WITHOUT MAKING AN EFFORT.

Oil Spill Detection for Ports and

Governments and Oil Platforms

Contents

Why are spills a problem ?

How to detect fast without making an effort
Products

Why Nortek ?

Come and see
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Problem

Qil spills happen fast

Vessels spill oil purposly

norekgroup.com

Risks

Qil on the coast
Risks to flora and fauna
Qil in ports pollutes equipment

Expensive cleanup is needed.

nortekgroup.com N@K
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Environmental Damage

You do not know which vessel spilled
the oil ?

You do not know about the accident
very quickly.

Contingency starts too late.

Where is the oil going ?

nortekgroup.com N@K

How should it be ?

Find oil quickly
See who caused it
Cover a wide area

Start cleaning up right away.

Keep your area clean.

nortekgroup.com
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Patrolling 24/7 is expensive.
Boats
Airplanes

Satellites are not always there

Navigation and VTS radars are
designed to show vessels.

E— @K

Oil Spill Detection by Radar

nartekgroup.com N@K
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Oil Spill Detection Radar

Automatically Detect Oil in a range of several
NM around a site.

See where the oil is going to:

See currents and waves.

Connect to a radar
Acquisition and Processing Computer
Software

Land based or vessel mounted

nortekgroup.com

[or— Mo © ESOTOG MMk o] TEREENRTALEGN ) TOWTE LD 2o

Software to operate the
system
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Oil spill exercise on
west coast of Norway

»

Range 2 — 4 NM

# Tk f

Nortek B.V._ - 2011

Clutter disturbances — Oil on water — no waves

=)
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System Setup

System setup for good performance:
« Radar which meets the requirements for OSD
*  Dynamic range
* VV polarized antenna
« Data acquisition is important
= Timing of all channels
+ Details — sea clutter
* Processing
» model based instead of threshold detector

wGEre

Detection steps

utm
Polar to 2 . T
Spatial g Range i 5 Contrast Ship motion k - Temperal
b5 5 2 = cartesian = 3 = = Imagestack |-
denoising compensation enhancement compensation average
transform
Raw radar ]* A
Image [palar)
Ronge curve L
estimation r Y
Land
mask Pre-grocessed radar imoge
|cartesian)

&
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Tracking and Alarming

EMD confidence »

Shadow confidence

Land confidence

EMD confidence  |——s

Pre-processad |
radar Bimage |

Detection rate — False alarm rate

(b) Coadidence Map
Evaluation on 21 spills

Paper available

&

Some Examples

noriekgroup_com

N@K
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Port of Rotterdam

SeaDarQ - Hydrography

OSD Radars on 3 vessels, additional sensors, Qil Spill Detection, Hydrografy
SeaDarQ Online with Viewers on the Vessels, the FPSO, central office, authorities
Installation in summer 2015 ARy ek
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EMSA vessel in France

Small spill in North Atlantic.

SeaDarQ detection from a vessel

&

EMSA vessel in France
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How to get the best detection range ?

At low wind conditions Vertically Polarized Antennas give better range than Horizontally
polarized antennas.

A good radar
Data Acquisition should be good to obtain the best detection

Signal processing - to obtain the best images, good and thorough clean up of the data is
needed.

Best contract in images that adapts with weather conditions
Automatic Spill Detection does the hard work 24/7.
Detection range depends on wind conditions and mounting height

You need wind to be able to detect oil spills

Products

noriskgroup.com
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SeaDarQ Workboat

Small
Easy to install and use
Automatic Oil Spill Detection

Single current vector

Used on smaller vessels

- 77 Al features

Automatic Oil Spill Detection
Tracking and Alarming
Hydrography area coverage
Online interface

IR camera interface

Optional radar, meteo, IR, GPS
Ports, Platforms, OSRVs

nGRTeX
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Why Nortek ?

nershgroup.com N@K

Nortek Instruments in use for operational
applications.

Waves and Currents Currents from Buoys
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Why Nortek SeaDarQ ?

Data Acquisition

Data Processing

User Support

T

Nortek SeaDarQ installations

Ports in China through the MSA and Transas VTS
Vessels in Brasil ( Astro Maritima, CBO, Brasshunker)
EMSA

ARCA, Dutch Government

Rotterdam

Chevron Brasil
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Nortek Acoustic Wave and Current Profiler ( AWAC ) user manual.
Nortek Signature user manual.

Nortek Scour Monitor user manual.

Aquatec AQUAIogger 310TY user manual.

Aquatec AQUAmModem user manual.

SeaDarQ radar user manual.
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