DNV

Ap. MioTotTOINTIKOU:

MZTOMNOIHTIKO EMKPIZHZ TYTIOY INA TO  cerficate No:

TAPO00023F

2YZTHMA AIAXEIPIZHZ ©OANAZZIOY Revision No:
EPMATOZ Huepounvia ekd6ong:

TYPE APPROVAL CERTIFICATE OF THE BALLAST WATER MANAGEMENT SYSTEM gg;i_ooffgge:

Ekd66nke Bdaoel Twv diatdfewv Tng AleBvoug ZUpRaong yia Tov ‘EAeyxo kai Alayeipion
‘Eppatog kai I{nudTwy TTou TrpoépxovTal atro MAoia (spegng «n ZuuBaon»)

Issued under the provisions of the International Convention for the Control and
Management of Ships’ Ballast Water and Sediments (hereinafter referred to as “the
Convention”)

Kar €gouciodotnon g KuBépvnong Tng
under the authority of

EAAHNIKHZ AHMOKPATIAZ
THE HELLENIC REPUBLIC

ATé/by DNV

Me 1o TTapoév mioTotroigital / This is to certify:

Ori To gUoTnua dloxeipiong Bahacaoiou £pUATog TToU eKTIBETAI TTAPAKATW EXEl EEETATTEI KAl OOKIUOOTEI TUPPWVA HE TIG
amaITAoeIg Twy TTpodiaypagwy TTou TTepiExovTtal Code for Approval of Ballast Water Management Systems (resolution
MEPC.300(72) . To maTotroInTIKO gival £yKUpO JOVO yia To aUaTnua diaxeipiong 6aAacaiou épUATOG TTOU avaQEPETal
TTOPAKATW.

That the ballast water management system listed below has been examined and tested in accordance with the
requirements of the specifications contained in the Code for Approval of Ballast Water Management Systems (resolution
MEPC.300(72) ! . This certificate is valid only for the ballast water management system referred to below.

>UoTnua diaxeipiong BaAaoaiou épuatog epodiacuévo atd Tnv: Wartsila Water Systems Ltd
Ballast water management system supplied by: Wartsila Water Systems Ltd

Ovopaocia cuaTtrpartog: Wartsila Aquarius UV BWMS
Name of the system: Wartsila Aquarius UV BWMS

EvowpatwvovTtag Ta €€1g povtéha: Wartsila Aquarius UV BWMS AQ-50-UV, AQ-80-UV, AQ-125-UV, AQ-180-UV, AQ-
250-UV, AQ-275-UV, AQ-300-UV, AQ-375-UV, AQ-410-UV, AQ-430-UV, AQ-500-UV, AQ-550-UV, AQ-750-UV,AQ-850-
UV kai AQ-1000-UV (Ta povrtéda Wartsila Aquarius UV BWMS katdAAnAa ylo €yKatdoTaon O€ EMIKIVOUVEG
mwEPIOXEG ovopddovTal pe TRV KAatdAnén X (r.x. AQ-1000-UVX)) ue Aeitoupyiki Trapoxn emegepyaciag 50 éwg 1000
m3/h

Incorporating the following models: Wartsila Aquarius UV BWMS AQ-50-UV, AQ-80-UV, AQ-125-UV, AQ-180-UV, AQ-
250-UV, AQ-275-UV, AQ-300-UV, AQ-375-UV, AQ-410-UV, AQ-430-UV, AQ-500-UV, AQ-550-UV, AQ-750-UV,AQ-850-
UV kai AQ-1000-UV (Ta povrtéda Wartsila Aquarius UV BWMS katdAAnAa yio gyKaTdoTaOn O€ EMIKiVOUVEG
meploxég ovopddovTal ue TV KatdAngn X (1r.x. AQ-1000-UVX)) with treated rated capacity 50 £wg 1000 m%h

To ZUoTnua diaxeipiong Balacaoiou épuatog kataokeuaouévo amd Tnv: Wartsila Water Systems Ltd
Ballast water management System is manufactured by: Wartsila Water Systems Ltd

pe ox€dIo e€otTAiIcpoU/auvapuoAdynong apib.: BA. MpoodpTnua 2
to equipment/assembly drawing No.: See Appendix 2

LEGAL DISCLAIMER: Unless otherwise stated in the applicable contract with the holder of this document, or following from mandatory law, the liability of DNV AS, its
parent companies and their subsidiaries as well as their officers, directors and employees (“DNV”) arising from or in connection with the services rendered for the
purpose of the issuance of this document or reliance thereon, whether in contract or in tort (including negligence), shall be limited to direct losses and under any
circumstance be limited to 300,000 USD, and any claims made against DNV based upon alleged defective services provided by DNV to designers, yards,
manufacturers or other stakeholders in the newbuilding process shall under any circumstance be time-barred if made later than 12 months from delivery of the vessel.
Based upon written request to the DNV legal entity which has issued this document, a higher limitation of liability may be agreed on a case-by-case basis.

Aiaypdgetal kata epiTTwaon / Delete as appropriate.

>
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NoiTro6 €€0TTAIoNOG KaTaokeuaouévog ato: BA. MpoodpTnua 2
Other equipment manufactured by: See Appendix 2

pe ox€dio e§oTTAicpoU/ouvapuoAdynong apif.: BA. NMpoodptnua 2
to equipment/assembly drawing No.: See Appendix 2

AeIToupyikni TTapoxn emegepyaaiag: 50 — 1000 m3/h
Treatment rated capacity: 50 — 1000 m%h

AvTtiypago autou Tou MiaToTtroinTikou ‘Eykpiong TUTTOU, TTPETTEI va QEPETAI O€ KABE TTAOIO TTOU €XEI EYKATECTNPEVO AUTO
10 oUoTnua emegepyaaiag Balaoaiou £ppatog avd Tédoa aTiyur). Mia avag@opd o1o TTpwTOKOAAO SOKIPAG Kal éva
QAVTiYPAPO TWV ATTOTEAETUATWY SOKIUWYV TTPETTEI va gival S1aBéaipa yia EAeyXo €TTi TOu TTAoIOU.

>1nv mepimTwon 1ou 1o MoTotroinTikd ‘Eykpiong TuTrou ekdideTal Baaifopevo ae £ykpion AAANG Apxng, TTPETTEl va
YiveTal ava@opd oTo ouykekpipévo MoToTroinTikG 'Eykpiong TuTtrou.

A copy of this Type Approval Certificate should be carried on board a vessel fitted with this ballast water management
system at all times. A reference to the test protocol and a copy of the test results should be available for inspection on
board the vessel.

If the Type Approval Certificate is issued based on approval by another Administration, reference to that Type Approval
Certificate shall be made.

To moToTroinTiko ekdideTal pe Baan 1o MioTomoinTiké ‘Eykpiong Tutrou apiB. TAPOO00218Ekd. 2 TTou éxel ekd0BEi atrd
Tov DNV perd amd egouaioddtnon tng Nopfnyikng NauTiAlakAg Apxig.

The Certificate is issued based on the Type Approval Certificate No. TAP0000218 Rev. 2 issued by DNV on behalf of
the Norwegian Maritime Authority.

O1 replopioTikéG TTPoUTTOBETEIG TTOU TiBEVTal TTEPIYpd@OovTal aTO [poodpTnua Tou TTApOVTOG £yYPAQOU.
Limiting Conditions imposed are described in the appendix to this document.

AAAoI Trepiopiopoi TTou TiBevtal cupTrepIAauBavouy Ta e€RAG: BA. MpoodpTnua 1
Other restrictions imposed include the following: See Appendix 1

AUTOC 0 €OTTAITOG £xel oxedlaaTei yia AsiToupyia oTig TTapakatw?: BA. Mpoodptnua 1
This equipment has been designed for operation in the following conditions?: See Appendix 1
Ekd60nke ato(v)/n(v) / Issued at Havik tnv/on 2021-04-30

MNa/For DNV

To TTapdv TOTOTToINTIKS I0XUE! EWG: #%%_ pigitally Signed By: Swle-Nilsen, Dag

This Certificate is valid until: 2025-03-19.

Nr

DNV

GONME
'd0yd ¥

o

Location: DNV Hgvik, Norway

Uy,

a6
o

i

Dag Seele-Nilsen

Tomiko 'pageio DNV: EmikepaAng TuRparog/Head of Section

DNV local station: Southampton

Mnyxavikog ‘Eykpiong / Approval Engineer: Michael Lehmann

ElodyeTal Toug oxedIaaTIkoug TrepIopIooUg Tou ouaTrhpaTog / Insert System Design Limitations.
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MpoodpTnua/Appendix
1. Mepropiopoi ouoThparog / System limitations:

AkolouBia eTre§epyaaciag
Treatment sequence

. MpdoAnyn épuaTtog: PiATpo Kal aTTOAUPAvon PE UTTEPIWDN aKTIVOROAIa

Atéppiwn éppatog: ATToAUPAvon PE UTTEPIWDAN aKTIVOROAIa

. Ballast water uptake: Filtration and UV treatment

. Ballast water discharge: UV treatment

MapdpeTpol ToI6TNTAG VEPOU
Water quality parameters

Qe¢puoKpagia Kal aAaTdTNTA
Temperature and Salinity

H Beppuokpacia kai n ahatétnTa Tou BaAacaiou £puatog dev atroTeAOUV TTEPIOPICTIKN TTPOoUTT60E0N yia TO GUCTHUO
emegepyaaiag Balaoaiou EppaTog.

Temperature and salinity of the ballast water is not a limiting condition for the ballast water treatment system.

N€ITOUPYIKEG TTOPAUETPOI
Operational parameters

Xpovoc KaTakpdTnong
Holding time

To Wartsila Aquarius UV BWMS £xe1 emdeifer amddoan aTo atraitoUhevo OpIo atréppIyng EPUATOS JE EAAXIOTO XPOVO
KOTOKPATNONG YETASU TTPOCANWNG Kal aTTOpPIYNG 24 wpwv o€ Xepaaieg SOKIYEG UPAAPUpPO Kal BaAdaaio vepd. H
emegepyaaia pe uTrEPION akTIVOBOAia gival Gueon kai Oev atraitei xpdvo TTAPANROVAG o€ BeCapevh EpUATog yia va
KOTOOTAOEI TOUG OpYavIOPOUG EEOUBETEPWHEVOUG. ZUVETTWG, O XPOVOG KATAKPATNONG eV BEwpEiTal TTEPIOPITTIKN
TpoUTé0eon yia To cuoTnua diaxeipiong BaAacaiou £puaTog yia UPAaApupo Kal BaAdoalo vepod.

Atraiteital EAGX1I0TOG XpOVOG KATAKPATNONG 72 wpwv aTTd To oUoTnua diaxeipiong Balacaoiou €puarog yia Tnv
emegepyaaia yAukou vepou.

The Wartsila Aquarius UV BWMS has demonstrated performance to the discharge standard with a minimum holding
time between uptake and discharge of 24 hours in land-based testing in brackish and marine water. UV treatment is
instant and does not require any hold time in a ballast tank to render organisms inviable. Therefore, holding time is not
found to be a limiting condition for the BWMS for treating brackish or marine water.

A minimum holding time of 72 hours is required by the BWMS for treatment of fresh water.

Adéon UV
UV dose

To wartsila Aquarius UV BWMS a€loAoyei Tnv TToI0TNTa TOU VEPOU PE PETPROEIG TNG £VTAONG TNG UTTEPILOOUG
akTIvoBoAiag. MNa va egao@alioTe eTTapkAg 800N uTTEPILOOUG aKTIVOBOAIag og xaunAoTepa etrimeda UV-T, To ouoTnpa
eQapuoel autoépaTa TECCEPA BIAKPITA BripaTa peiwaong TNG Porg MEIWVOVTAG Tov puBuod poAg a1o 75%, 50%, 25% n
15% Tou TRC Bdoel TG peTpouuevng évraong UV TTou avagépeTtal TTapakaTw.

The Wartsila Aquarius UV BWMS evaluates the water quality through measurements of UV intensity. To ensure
adequate UV dose at lower UV-T levels, the system automatically applies four discrete flow reduction steps reducing the
flow rate to either 75%, 50%, 25% or 15% of TRC based on the measured UV intensity as listed below.
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Date of issue: 2021-04-30
MovTtéAo (ANLE) ®don Aaitoupyiag évraong Y.A. [w/m?]:
[m3/n]
Model UV intensity (UVI) operating envelope [W/m?]:
TRC
[m3/n] Mapoxn oTo Mapoxr oto 75%  |Mapoxr oto 50% |Mapoxn oto 25% | Mapoxn o1o 15%
100% tng A.MN.E. ™Mng ™g g ™mg
A.TLE. A.TLE. A.TLE. AME. @
Flow rate
@100% of TRC Flow rate Flow rate Flow rate Flow rate
@75% of TRC @50% of TRC @25% of TRC @15% of TRC®
AQ-50-UV 50 2494 371<UVI<494 247<UVI<371 124=<UVI<247 74<UVI<124
AQ-80-UV 80 2791 593<UVI<791 395<UVI<593 198=<UVI<395 119<UVI<198
AQ-125-UV 125 21235 926<UVI<1235 618<UVI<926 309<UVI<618 185=UVI<309
AQ-180-UV 180 2139 104<UVI<139 69<UVI<104 35<UVI<69 21=UVI<35
AQ-250-UV 250 2193 145<UVI<193 96=<UVI<145 48<UVI<96 29<UVI<48
AQ-275-UV 275 >258 193<UVI<258 129<UVI<193 64<UVI<129 39<UVI<64
AQ-300-UV 300 >281 211=UVI<281 140=<UVI<211 70=UVI<140 42<UVI<70
AQ-375-UV 375 2307 230<UVI<307 154<UVI<230 77<UVI<154 46=UVI<77
AQ-410-UV 410 >342 256<UVI<342 171=UVI<256 85=UVI<171 51=UVI<85
AQ-430-UV 430 >358 269<UVI<358 179<UVI<269 90<UVI<179 54<UVI<90
AQ-500-UV 500 2511 383<UVI<511 255<UVI<383 128<UVI<255 77<UVI<128
AQ-550-UV 550 >252 189<UVI<252 126=UVI<189 63<UVI<126 38<UVI<63
AQ-750-UV 750 2343 257<UVI<343 172<UVI<257 86<UVI<172 51<UVI<86
AQ-850-UV 850 2426 320<UVI<426 213<UVI<320 107<UVI<213 64<UVI<107
AQ-1000-UV | 1000 >502 376<UVI<502 251<UVI<376 125=UVI<251 755UVI<125

(1) H'Evraon Y.A. kGtw atmd 10 XaUNAGTEPO OPI0 CUVETTAYETAI OTI TO £pUa OEV gival ETTECEPYATUEVO CUNPWVA UE TO TTOPOV
moToTroinTikd. To Wartsila Aquarius UV BWMS éxel emdeigel amrdédoon oTo ammaitoupevo 6pio atroppIiyng EPUOTOG G€ XAUNAN
petddoan Y.A. atnv trepioxn 52-55% otav Aeimoupyei pe mapoxn 15% tng A.M.E..

(1) A UVI below the lower limit implies that the ballast water is not treated in accordance with this certificate. The Wartsila Aquarius UV
BWMS has demonstrated performance to the discharge standard at low UV-T in the range of 52-55% when operating at flow rate

of 15% of TRC.
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A&ITOUpYIKA TTapoXn eTTeCepyaaiac
Treatment Rated Capacity

O1 Aeitoupyikég TTapoxég emegepyaaiag (A.N.E.) Twv mpoadiopiopévwy povtéAwy Wartsila Aquarius UV (X) BWMS
TrapartiBevral Tapakdrw. H Aiota kabopiel emmiong 10 @iATpo Kai To BGAauo UV TTou TTpOKEITal va eyKaTaoTaBei yia éva
OuyKekpIpévo JovTélo. To povtého Wartsila Aquarius UV BWMS utropei va xpnoipoTroindei e peyaAltepo @iATpo amrd
auTé TTOU KaBopIZeTal TTAPAKATW.

To Wartsila Aquarius UV BWMS pTropei etmiong va eykataoTaBei pe éva peyoAutepo BdAapo UV atmd autd TTou
TTapatiBevral TapakdTw. MNa TETOIEG EYKATAOTACEIG, TTOU ava@EpovTal wg uwnAou Baduou amdppiyng dIATAEEIS, N
A.TLE. katd Tnv TTpOCcAnWn Tou £€puaTog eival wg KaBopideTal TTOPAKATW YIa Ta CUYKEKPIPEVa JovTéAa Wartsila Aquarius
UV(X) BWMS, evw n A.MM.E. yia Tnv améppiwn Tou épuatog Ba givai ion pe Tn peyaAuTepn A.MN.E. 0mwg kaBopiletal
TTAPOKATW YIO TO OXETIKWG EYKATEATNUEVO POVTEAO BaAdpou UV.

To BWMS eAéyxel autouaTa TNV TTapoxr ME pia BaABida eAéyxou pong mou aotoxelel otn ANLE. 1} TN oxeTIKA
Mepovwévn peiwan TnG TTapoxng otav eTTegepyddeTal Baldoalo Epua pe xapnAoTepa emitreda yetddoong Y.A. .

The Treatment Rated Capacities (TRC) of the designated Wartsila Aquarius UV(X) BWMS models are listed below. The
list also specifies the filter and UV chamber that shall be installed for a specific model. A Wartsila Aquarius UV BWMS
model may be used with a larger filter than specified below.

A Wartsila Aquarius UV BWMS model may also be installed with a larger UV chamber model than specified below. For
such installations referred to as High Rate Discharge arrangements, the TRC for ballast water uptake is as specified
below for the specific Wartsila Aquarius UV(X) BWMS models, while the TRC for ballast water discharge will be equal to
the largest TRC specified below for the relevant installed UV chamber model.

The BWMS automatically controls the flow rate with a flow control valve targeting TRC or the relevant discrete flow
reduction when treating ballast water with lower UV-T levels.

Form code: IBWM 211.GRC el-en Revision: 2021-03 www.dnv.com Page 5 of 17
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Date of issue:
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MovTtéAo Wartsila ANE. MovTtéAo @iATpou MovTtéAo BaAduou UV
Aquarius UV [m?3/h]
Filter model UV chamber model
Wartsila Aquarius UV TRC
model [m3/h]
BS-025H/V-03 or
AQ-50-UV(X) 50 BS.031HV-03 BWT IL +125
AQ-80-UV(X) 80 BS-050H/V-04 BWT IL +125
BS-050H/V-06 or
AQ-125-UV(X) 125 BS-061H/V-T-06 BWT IL +125
BS-070H/V-06 or
AQ-180-UV(X) 180 BS-061H/\V-T-06 BWT IL +250
BS-100H/V-08 or
AQ-250-UV(X) 250 BS-101(€)HV-08 BWT IL +250
AQ-275-UV 275 BS-100H/V-T-08 BWT IL +300
AQ-300-UV 300 BS-101(e)H/V-T-08 BWT IL +300
BS-150H/V-10 or
AQ-375-UV(X) 375 BS-151(€)HIV-10 BWT IL +375
AQ-410-UV(X) 410 BS-150H/V-T-10 BWT IL +430
AQ-430-UV(X) 430 BS-151(e)H/V-T-10 BWT IL +430
BS-200H/V-12 or
AQ-500-UV(X) 500 BS-201(e)H/V-12 or BWT IL +500
BS151(e)H/V-ST-12
BS-200H/V-T-12 or
AQ-550-UV(X) 550 BS-201(€)HIV-T-12 BWT IL +750
AQ-750-UV(X) 750 BS-300(e)H/V-14 BWT IL +750
AQ-850-UV(X) 850 BS-300(e)H/V-T-14 BWT IL +1000
BS-400(e)H/V-14
AQ-1 -UV(X 1
Q-1000-UV(X) 000 BS-300(€)H/V-ST-14 BWT IL +1000

Mico
Pressure

H eAdxioTn Kai péyioTn TTieon AEIToupyiag Tou GUCTHHATOG Kal N SI0QOPIKK) TTIECT TTOU EVEPYOTTOIEI TRV AVTIOTPO®N TTAUCH

TTapaTifevTal TTAPAKATW.

The minimum and maximum system operating pressure and the differential pressure triggering backflushing are listed

below.

MovTéAo Wartsila
Aquarius UV

Wartsila Aquarius
UV model

EAdyioTn Trieon €10650u
8alacoiou épuartog®

Minimum ballast water
inlet pressure @

Ala@opikn Tigon Tou
EVEPYOTTOIEI TNV
avtioTpo®n TTAUON

Maximum ballast water
operating pressure

Ala@opikn TTieon TTou
EVEPYOTTOIEI TNV
avtioTpon TTAUCN

Differential pressure
triggering backflushing

AQ-50-UV(X) to
AQ-1000-UV(X)

1.6 bar

6 bar

0.5 bar

(1) EAd&yioTn atraitoupevn Trieon Katd Tn SIAPKEIQ XPHong TNG avTAiag avtioTpoeng TAUCNG yia Tov atroTeAeouaTikd kabapiopd Tou

@iATpou.

(1) Minimum pressure required when using a backflush pump to enable effective filter cleaning.
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DNV

2. Aiota mioTotroinuévwy TUTTWV/List of certified types:

2¥€01a e€oTTAIoUOU /ouvapuoAdynong
Equipment / Assembly drawings

To wartsila Aquarius UV BWMS Trpétrel va eykaBioTatal cUP@wva PE Ta TTAPAKATW Eyypaga.
The Wartsila Aquarius UV BWMS shall be installed in accordance with the documents listed below.

Tutrog Api1Bp6g xediou Mepiypagn
Type Drawing no. Description
Wartsila Aquarius UV
Eyxeipidio
YXEIP . AQ-xxxx-UV
AerToupyiag, . .
. Operational Maintenance & Safety Manual (OMSM
OGuVTAPNONG KalI
. 162.060-38) . .
ac@dAelag Operational Maintenance &
. Ballast Water Management System
Operation, Safety Manual

maintenance and
safety manual

Designed for Compliance with USCG rule 33CFR part 151
and 46CFR part 162
IMO MEPC 300 (72) {G8}

(OMSM) Revision 6 — 25" January 2021
UV-T-001-171 Single System
UV-T-002-171 Multiple System
UV-T-004-171 EX Single System
UV-T-005-171 EX Multiple System
Aldy’pappa UV-T-006-171 EX Single System, Submerged
OWANVWOEWY Kal Pump
opyavwy @1 UV-T-007-171 Single System Loose Supply
Scope
Piping and UV-T-008-171 Single System Skidded
instrumentation UV-T-009-171 EX Single System Loose Kit
diagram @ (P&ID) Single System, Filter & UV
UV-T-010-171 Chamber Skidded, Power &
Control Panels Loose
UV-T-011-171 Single System, Loose Filter
UV-T-016-171 Single Filter, Multi Chamber

HOO50FK-xxx-171 to HO180FK-xxx-171, HO250FK-xxx-191
to H1000FK-xxx-191

Standard Filter Kits

HOO50FXK-xxx-171 to HO180FXK-xxx-171, HO250FXK-
xxX-191 to H1I000FXK-xxx-191

Standard Ex Filter Kits

HOO50FCK-xxx-171 to HO180FCK-xxx-171, HO250FCK-
xxx-191 to HO500FCK-xxx-191

Compact Filter Kits

zg(e,é'a VS HOOS0FCXK—xxx-171 to HOL80FCXK-xxx-171, P
aragng HO250FCXK-xxx-191 to HOS00FCXK-xxx-191 P
General HO500FCK-SP-xxx-191 to H1000FK-SP-xxx-191 Super Turbo Filter Kits

arrangement (GA)
drawings @@

HO500FCXK-SP-xxx-191 to HI000FXK-SP-xxx-191

Super Turbo Ex Filter Kits

HO0125UVK-xxx-201 to
H1000UVK-xxx-201

UV Kits

HO125UVXK-xxx-201 to
H1000UVXK-xxx-201

Ex UV Kits

AQO0050-SP-002 to AQ1000-SP-002

Sample Points

6742000100 to 6742000107

UV Power Supply 440V 60Hz

6742000108 to 6742000115

UV Power Supply 400V 50Hz
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UV Power Supply 440V 60Hz

6742000116 ATEX
UV Power Supply 400V 50Hz
6742000117 ATEX
BWCP-GA-01 UV Control Panel
NioTa UANIKWV
Bill of materials BD00410 (Rev. 7) Generic BoM
(BoM)
Standard UV Control Panel
BWCP10001 to BWCP10015 (440V/60H2)
Aiaypappa Standard UV Control Panel
A Ac KaAWSI BW15001 to BWCP15015
n SKTp'Kngg)q wolwong (400V/50Hz)
BWCP30001EX to BWCP30015EX Ex ULCS/;‘"OIL Panel
Electrical wiring ( g 60 I 2) I
diagram @ Ex UV Control Pane
BWCP35001EX to BWCP35015EX (400V/50H2)
BWCP70051, BWCP70053, BWCP70055 Remote UV Console

(2) -171 (4 -191, -201) avrirpoowTTeUel Tov apIBud avabBewpnong Twv oxediwv P & ID ) GA. lNa k&Be avabewpnon 1TTou £XEl WG
amotéAeopa TNV aAAayr) autol Tou apiBuou avabewpnang, Ta avabewpnuéva axédia P & D ) GA mpérel va diafifacTtolv ato DNV
GL yia agloAéynon.

(2) Ta amrapiBuolpeva axédia GA ival yevIKG Kal Oev XPnOIJOTTOIOUVTaI VIO CUYKEKPIPEVEG EyKATaOTAOEIG. O TTpooavaToAIouOG Kal N
Tdon / ouxvoTnTa KABE EYKATAOTAONG B KABOPIOTEN WOTE VA ETTITPATTE N dNUIOUPYiIa TOU OXETIKOU axediou GA, avTIKaBIOTWVTAG TO
-XXX ME TOV OUYKEKPIPNEVO KwdIKG TUTTOU. KABe oxediaon GA Ba avagépeTtal oTo YeVIKO apiBuod oxediaong GA TTou Trapartifsral o€
autdv Tov Trivaka. OtroieadrTroTe anuavTikég aAAayég oto BWMS TTou 08nyouv o€ éva vEO YeVIKO OXEDIO TTOU dNUIoUpPYEiTal PE Evav
vEo apiBud povtélou €kdoong arraitei TNV UTTOROAR auToU Tou véou yevikou oxediou oto DNV GL.

(3) O1 apiBuoi oxedINONG YIa CUYKEKPIYEVEG EYKATAOTACEIG UTTOPET va TTEPIAaNBAvVOUV Tov apIBud TnG oUPBaacng eykaTdoTaong yia
Aéyoug avixveuoiuotnrag (1r.x. BWCPxxxx-50xxx). K&Be ox£d10 Ba avagépeTtal oTov apiBud nAekTpikoU oxediou TTou TTapaTiBeTal
g€ QUTOV TOV TTiVAKA.

(1) -171 (or -191, - 201) represents the revision number of the P&ID or GA drawings. For any revision resulting in a change of this
revision number, the revised P&D or GA drawings are to be forwarded to DNV GL for evaluation.

(2) The listed GA drawings are generic and are not used for specific installations. The orientation and voltage/frequency of each
installation will be determined to allow for the relevant GA drawing to be created, replacing —xxx with the specific type code. Each
GA drawing will reference back to the generic GA drawing number listed in this table. Any significant changes to the BWMS leading
to a new generic drawing being created with a new model version number requires submission of that new generic drawing to
DNV GL.

(3) Drawing numbers for specific installations may include the installation contract number for traceability purposes (e.g. BWCPxxxx-
50xxx). Each drawings will reference back to the electrical drawing number listed in this table.

NoITrog e§0TTAICUOG KOTOOKEUOOHEVOG OTTO
Other equipment manufactured by

To povtéAho Wartsila Aquarius UV BWMS e@apudlel povréAa @iATpwy BS series 1] BS-e series (o€ TutroTroinuéveg, turbo
Kal super-turbo dIauopPWaEIg) Je GUPHATIVO TTAEypa @iATpou 40 um Smartweave ™ oyxediaouévo amo 1 Filtersafe
aAAG kaTaokeuaopévn atod Tnv Wartsila pye eouaioddétnon.

Ta povtéAa BaAdpou UV BWT IL kataokeuddovTal aTto Tnv Hanovia.

The Wartsila Aquarius UV BWMS applies BS series or BS e series filter models (in standard, turbo and super-turbo
configurations) with a 40 um Smartweave ™ sintered filter screen designed by Filtersafe but manufactured by Wartsila
under license.

The UV chamber models BWT IL are manufactured by Hanovia.
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EgotrAiop6g eAéyxou kai TTapakoAoudnong
Control and monitoring equipment

‘Ekdoon Aoyiouikou
Software version

To wartsila Aquarius UV BWMS eival eykekpipévo Pe Tnv €kdoan AoyiouIKoU eAEyXou ouaTripaTog R12XX. ZTov apiBuod
avaBewpnong R12XX 10 "1" avTirpoowTrelel Tov KUpIo aplBud avabewpnaong Tou AoyIGHIKOU Kail To "2" avTITTpoCWTTEUE
Tov apiBud avabewpnong uAikou. To XX avTiTrpoowTrelel TO PIKPS apiBud avabewpnong.

OtroiecdATTOTE AAAAYEG OTO AOYIOUIKO TTPETTEI VO KATAYPAPOVTAI 600 To oUOThUA Eival O€ Xprion v TTAw. Ta apxeia yia
oTTo1E0OATTOTE ONUAVTIKEG OAAaYEG AoyIOUIKOU A TUXOV aAAayEG aTo UAIKO TTpéTTel va SiafifadovTal aTo DNV GL yia
aglohoynon. ZnUavTikég aAAayEG AoyiIoIKOU TTeEpIAaUBAvouY oTToIadATTIOTE aAAayH 0T @IAOCOQIa EAEYXOU Kal
AgiToupyiag Tou BWMS, n otroia ptropei va pyetaBdAel Tnv ammodoon Tou cuaThuaTtog. Mropei va atraireital doKIuA Twy
AEITOUPYIWV EQAPHOYAG TOU avaBewpnUEVOU AOYIOUIKOU.

The Wartsila Aquarius UV BWMS is type approved with the system control software version R12XX. In the revision
number R12XX the “1” represents the major revision number of the software and the “2" represents the hardware
revision number. XX represents the minor revision number.

Any changes to the software are to be recorded as long as the system is in use onboard. Records of any major software
changes or any changes to the hardware are to be forwarded to DNV GL for evaluation. Major software changes include
any change to the control and operating philosophy of the BWMS, which can alter the performance of the system.
Testing of the application functions of the revised software may be required.

MéTtpa ac@aAeiog
Safety measures

To Wartsila Aquarius UV Z.A.0.E. eival eykekpipévo Pe Ta akdAouBa 6pyava yia Tnv TTapakoAolBnan tng ac@aiolg
Aeiroupyiag Tou Z.A.0.E. kai yia Tnv evepyoTroinon, 0TTwG €ival ammapaitnto, EvOG QUTOUATOU TEPUATIOUOU AEIToupyiag
Tou 2.A.Q.E.:

O1 a1g6nTApeg Trieong PT1 ka1 PT2 1rpiv kai PeTd TO QIATPO

Poouetpo FIT1

AioOnTAPag XwpnTiKOTNTOG aigdntApa vepou CP1 atov BGAauo Y.A.

AioBnTApag Beppokpaaiag Y.A. yia To 8GAapo Y.A.

AlakéTTNG Beppokpaciag Baiduou Y.A. (dlappubuiopévog pe AiToupyia acpaligiag aveEapTnTng aTTo Tov
éAeyxo 2.A.0.E.)

The Wartsila Aquarius UV BWMS is type approved with the following instruments for monitoring the safe operation of
the BWMS and for activating, as necessary, an automatic shutdown of the BWMS:

Pressure transducers PT1 and PT2 before and after the filter

Flow meter FIT1

Water sensor capacitance probe CP1 in the UV chamber

UV chamber temperature sensor UVT

UV chamber temperature switch (arranged with safety function independent of BWMS control)

HAeKTPIKA KOl NAEKTPOVIKA EAPTAMATA
Electrical and electronic components

To wartsila Agquarius UV BWMS egival eyKeKpINEVO PE TA NAEKTPIKA KAl NAEKTPOVIKG £EOPTANOTA (CUUTTEPIAGUBAVOUEVWV
TWV TTPOAVAPEPOUEVWY OPYAVWYV YIa TNV TTapakoAoudnaon Tng acpaAoug Asitoupyiag Tou 2.A.0.E.) Tou avaypdgovTal
oTa dlaypdppaTa cwAnvWoewyv Kal opydvwy Kal kaBopifovtal otn Aiota UANIKWv. ExkTég atrd Ta e€apTtrjpara mou
armapiBuouvTal TTapakATw, JTTopouV va XpnaolpgoTtrolouvTal EVOANAKTIKE povTEAa pE ekeiva TTou KaBopidovTal ot AioTa
UANIKWV, UTTG TOV 6p0 OTI 01 TTANPOYOPIEG OXETIKA HE TA ETTIAEYMEVA EEOPTHAHATA OTTOTEAOUV PEPOG TWV EYYPAPWYV TTOU
aQOPA OTH CUYKEKPIYEVN EYKOTACTACT), TTOPEXOVTAG EITE AVAPOPA O€ EYKUPO TTICTOTTOINTIKO £yKPIONG TUTTOU EiTE O€
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TEXVIKA £YYpaA@A TTOU ATTOOEIKVUOUV OTI TO ETTIAEYUEVO £€APTNHA UTTORANBNKE o€ TTEPIBAAAOVTIKEG DOKIUEG TUUQWVA UE
10 IACS UR E10.

MNa Ta akéAouBa NAEKTPIKA Kal NAEKTPOVIKA £EQPTANATA TTPETTEI VA XPNCIWOTToIoUVTal HOVO Ta JOVTEAQ TTou KaBopilovTal
oTo BoM:

The Wartsila Aquarius UV BWMS is type approved with the electrical and electronic components (including the above
listed instruments for monitoring safe operation of the BWMS) indicated on the P&ID and specified on the BoM. Except
for the components listed below, alternate models to the ones specified on the BoM may be used provided that
information regarding the selected components is part of the documentation related to the specific installation, by
providing either a reference to a valid type approval certificate or technical documentation demonstrating that the
selected component was subject to environmental testing as per IACS UR E10.

For the following electrical and electronic components only the models specified in the BoM shall be used:

Ap. ETikéTOg ‘Ovopa e§apTANATOG KaTtaokeuaoTng MovTtéAo(a)
Tag No. Component name Manufacturer Model(s)
Main control panel CMR .or Wartsila Suzhou BWCP1xxxx or BWCP3xxxXEx
(designed by Wartsila)
MCP1 UV remote console CMR .Or Wartsila Suzhou BWCP7xxxx
(designed by Wartsila)
. . T7A or
HMI Beijer Electronics X2Pro7
uvi UV intensity monitor IL Metronic SuUV 20
UVPS1 Power supply Hanovia BWT

Emikivouvn mepioxn / AvTiekpnkTikoU TUtToU
Hazardous area / Ex-proof

Téoo n ékdoon Ex TnG povadag @iATpou 600 Kai n ékdoon Ex Tng povadag emegepyaaiag Y.A. (ekTdg Tou BaAduou UV
BWTL IL +300) Tou Wartsila Aquarius UV BWMS cuppop@wvovtal ue Toug kavoveg DNV GL yia Tnv Tagivounon twv
TAoiwv Pt. 4 Ch.8 Sec.11 kai ytropei va eykaTaoTabei o€ TmKivOuveg TTEPIOXES. OAeG o GAAeG povadeg Tou BWMS
TIPETTEl va BPiOKOVTal OE YN ETTIKIVOUVEG TTEPIOXEG.

O1 eykataoTdoeIg o€ PIa ETTIKIVOUVN TTEPIOXT] TTPETTEI VO EYKPIVOVTAI KATA TTEPITITWAON OUP@WVA JE TOUG KAVOVEG KAl TNV
TpoUTTdpyxouca TaTotroinan / €101KA TTPoUTTO0eaN yia ao@AAA XPron TToU TTapaTiBeTal o€ EyKUpPO TTIGTOTTOINTIKG
€kd0BEV aTrd yvWwOoTOTIoINKEVO / avayvwpIouévo opyavioud TToToTroinong. H moTotroinon avTiekpnkTikoU TUTTou dev
KOAUTITETAI OTTO AUTO TO TTIOTOTTOINTIKO.

Both the Ex version of the filter module and the Ex version of the UV treatment module (except the UV chamber BWTL
IL +300) of the Wartsila Aquarius UV BWMS have been found to be in compliance with DNV GL rules for classification
of ships Pt.4 Ch.8 Sec.11 and may be installed in hazardous areas. All other units of the BWMS must be located in non-
hazardous areas.

Installations in a hazardous area are to be approved in each case according to the rules and Ex-certification / special
condition for safe use listed in a valid Ex-certificate issued by a notified/recognized Certification Body. Ex-certification is
not covered by this certificate.
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3. AtroteAéopaTta dokipwy / Test results:

Xepoaigg SOKIpEG
Land-based testing

Mivakag 1
Table 1
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>JuvBnAkKeg vepoU BOKIUNG Kal TTApauETPwV AEITOUPYIaG yia TG xepaaieg dokiuég Tou Wartsila Aquarius UV BWMS AQ-
250-UV (ue A.TLE. 250 m3/h) pe rpdTuTio @iATpo Filterafe (BS-100H, 40 ym cuppdtivo TTAéypa) kai 6GAapo Y.A. BWT
IL +250 oto DHI Maritime Technology Evaluation Facility Tng Hundested, Denmark katd tnv trepiodo AuyouoTtou 2017

£€w¢ louviou 2018.

Test water conditions and operational parameters in land-based testing of the Wartsila Aquarius UV BWMS AQ-250-UV
(TRC of 250 m¥h) with a standard Filtersafe filter (BS-100H, 40 um screen) and a BWT IL +250 UV chamber at the DHI
Maritime Technology Evaluation Facility in Hundested, Denmark, during the period of August 2017 to June 2018.

KukAog Oepuokpacia AAatoéTnTa Y.A. DOC POC TSS Xpovog Méon ‘Evraon Méon mapoxn
SoKIpwv vepou [PSU] - [ma/L] [mg/L] [mg/L] KATAKPATNONG Y.A. katd Tov META TO
[°C] Mep. EPMATIONO @IATpApICUa
Test cycle Salinity [%] DOC POC TSS Holding time (£ TUTTIKA [m3/h]
Water [PSU] [mg/L] [mg/L] [mg/L] aTéKAIon)
temperature UV-T [Wim?] Average flow
[°C] [%] rate after
Average UV-| at filtration
ballasting [m3/h]
(* standard
deviation)
Wim?
F-1 11 0.41 58 6.6 6.6 60 5 days 48 £ 2 46
F-2 17 0.4 55 6.9 5.56 61 72 hours 36+2 37
F-3 19 0.36 52 7.7 6.1 54 5 days 28+ 1 37
F-4 20 0.39 55 6.7 6.8 58 72 hours 36+1 37
F-5 19 0.37 55 7.6 6.1 53 72 hours 31+0.8 37
B-1 19 17 66 8.1 7.3 55 24 hours 111+2 179
B-2 19 18 65 7.8 7.3 54 5 days 117 +2 179
B-3 19 18 65 7.8 7.3 54 5 days 116 + 2 183
B-4 15 18 58 10 9 60 72 hours 48+ 1 74
B-5 12 18 54 13 7.3 65 72 hours 24+1 49
B-6 20 18 67 7.5 8 77 24 hours 123+5 122
M-1 16 29 70 7.6 5.8 51 72 hours 147+ 2 243
M-2 16 29 70 7.6 5.8 51 72 hours 145+ 2 245
M-3 @ 64
M-4 8.3 28 65 9.4 59 5 days 94+1 122
M-5 8.3 28 65 9.4 59 5 days 94+ 2 122
M-6 8.6 28 69 7.7 7 48 72 hours 120+ 2 182
M-7 5 28 72 7.2 6.2 44 24 hours 134 +2 180
M-8 5 28 72 7.2 6.2 44 24 hours 134+ 3 189
M-9 8.3 28 73 7.3 6.7 45 24 hours 157+ 3 187
M-10 18 29 71 7.4 5.7 60 24 hours 144 £ 4 149

(1) O kUkAog dokipng BaAhdaaiou vepol M-3 akupwBnke Adyw Aeiroupyiag Tou BWMS ekTOG Twv aTraITAoEWY ardd0oang Tou.

(1) Marine water test cycle M-3 was cancelled due to the BWMS operating outside its performance claim.
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Mivakag 2
Table 2

Méaol apiBuoi {wvTavwy opyavioPwy aTnV €i0080 Kal GTO ETTECEPYATHEVO VEPS ATTOPPIYNG KATA T SIGPKEIQ TWV
Xepoaiwv dokiywy Tou Wartsila Aquarius UV BWMS AQ-250-UV. O1 {wvTtavoi opyavigpoi =10 kal <50 ym
TTOCOTIKOTTOINONKAV PE YIKPOOKOTTIa PHETA atrd Xpwaon e CMFDA / FDA. OAeg ol ueTpAaEIg TwV TTaBoyovwy BakTnpiwy
(E. Coli, Enterococci kai Vibrio cholerae) oto emegepyaopévo vepd ATav KATW OTTO TO OTTAITOUPEVO OPI0 aTTOPPIYNG
épparog.

Average numbers of live organisms in inlet and treated discharge water during land-based testing of the Wartsila
Aquarius UV BWMS AQ-250-UV. Live organisms =10 and <50 ym were quantified by microscopy counting after staining
with CMFDA/FDA. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were
below the ballast water discharge standard.

KukAog MukvoTNTA OPYAVIGUWYV OTO VEPO £10050U MukvéTNTA OPYAVICUWYV OTO VEPOS ATTOPPIYNS
SoKIpWV
Organism densities in inlet water Organisms densities in discharge water
Testcycle |opyaviopoi 250 pm Opyaviopoi Opyaviopoi =50 pm Opyaviopoi
[opyaviopoi/m3] =10-<50 pm [opyaviopoi/m3] >10-<50 um (FDA/CMFDA)
(FDA/CMFDA) [opyaviouoi /mL]
Organisms [opyaviopoi /mL] Organisms 250 ym
250 ym [organism/m?] Organisms 210-<50 pm
[organism/m?] Organisms (FDA/CMFDA)
210-<50 um [organisms/mL]
(FDA/CMFDA) EmeSepyaopévo | EAeyxog¢ | EmreSepyaopévo | "EAeyxog
[organisms/mL] Treated Control Treated Control
F-1 358,578 4,998 0 152,074 1.4 1,898
F-2 344,806 1,967 0.67 281,841 0.11 1,626
F-3 502,778 1,934 0 355,981 2.8 909
F-4 208,606 2,888 1 75,556 1.6 2,097
F-5 869,306 1,655 1.3 253,566 4.6 947
B-1 634,611 1,289 0.33 246,367 6.7 1,242
B-2® 139,495 1,718 0 18,233 1.2 384
B-3® 132,500 1,467 0 18,233 0.33 384
B-4 290,764 1,274 0.67 50,597 0 628
B-5 309,989 1,451 1 118,914 1.5 2,679
B-6 728,539 1,942 0 212,749 1 496
M-1® 210,333 1,004 0.33 114,543 0.83 1,063
M-2 @ 239,208 1,068 0 114,543 0.5 1,063
M-4 @ 346,542 1,376 0.33 138,714 1.2 1,598
M-5 @ 247,306 1,978 0 138,714 3 1,598
M-6 191,776 2,436 1.7 100,530 8.7@ 1,471
M-7 @ 252,552 1,689 0.33 105,331 9.8@ 1,334
M-8 ® 246,311 1,760 0.33 105,331 18 @ 1,334
M-9 275,333 1,698 23 @ 113,302 2.7 229
M-10 204,556 1,873 5.3 68,028 0.33 1,436

(1) O1 kUkAol dokipwv B-2 & B-3, M-1 & M-2, M-4 & M-5 ka1 M-7 & M-8 mrpayuatotroiifnkav Tnv idia nUéPa XPNCIPOTIOILVTAG TNV idia

Segapevn vepou eAéyyou.
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(2) KUkAoI doKIpwV OTOUG OTTOIOUG TTPOCBIOPIOTNKE O APIBUOG TWV WEUBWV BETIKWYV Kal apalpéBnKe aTrd TO OTTOTEAECUA TTOU TTPOEKUWE
aTo avTioTolxo Oeiypa emegepyacpévng ekkévwang. Ta {wvTtava GAyn TTOCOTIKOTTOIRBNKAV ETTiIONG PE HETPNON TNG AVATITUENG TWV
QPUKIWV PE Xpron piag o meavAg apiBunTikAg avaAuong (Trpoadiopiopds MPN). Ta amroteAéopata Tng avaAuong MPN yia Toug
KUkAoug dokiuiRg M-6, M-7 ka1 M-8 Atav <0.18, 0.18 ka1 0.19 opyavioudg avd mL, avrioToixa.

(3) O kUKkAog dokipwyv M-8 dev TTAnpoUCE TO TTPOTUTIO ATTOPPIYNG YIa opyavigpous =210- <50 ym otav o1 {wvTavoi opyaviouoi
TTOCOTIKOTTOINBNKAV YE PIKPOOKOTTIO METG atrd Tn Xpwon ye CMFDA / FDA, aAAd TAnpoulae Ta 6pia amméppiwng otav
xpnoipotrololaav dokipaaia MPN mL). O kUkAog dokiung BewpnBnke €1Tiong PN £€yKUPOG £TTEIBN OV UTTOPOUCE Va ETTITEUXOET
oTabepr) TTapoxn Kata mn didpkeia TG TPOGTANYWNG.

(4) O kUkAog dokIuAg M-9 ATav 0 POVOG KUKAOG SOKIPWY TTou OV TTANPOUCE TO TIPOTUTIO ATTOPPIYNG YIa opyavigpoug =50 pm. OAol ol
GANo1 KUkAoI Sokipwyv eTmBeBaiwoav TNV TTAPKH BIOAOYIKHA ATTOTEAECUATIKOTNTA VIO OpYAVICHOUG = 50 pm pe diénon kai
emmakoAoudn etregepyaoia Y.A. Tou £.A.0.E.. O 23 kivnTtoi opyaviouoi ava m 1Tou avixveUBnkav aTnv eTEEEQYaoEVN aTTOpPIYn
@avnkav va BpiokovTtal otn diadikacia BavaTwaong, Ba rTtav vekpoi kal dev Ba ATav TTAov o€ Kivnan €dv avaAuBolv oe
METAYEVEDTEPO XPOVIKO ONUEio.

(1) Tests cycles B-2 & B-3, M-1 & M-2, M-4 & M-5 and M-7 & M-8 were performed on the same day using the same control water tank.

(2) Test cycles where the number of false positives was determined and subtracted from the result obtained on the corresponding
treated discharge sample. Live algae were also quantified by measuring the growth of the algae by use of a most probable number
assay (MPN assay). The MPN assay results for test cycles M-6, M-7 and M-8 were <0.18, 0.18 and 0.19 organism per mL,
respectively.

(3) Test cycle M-8 did not meet the discharge standard for organisms 210-<50 pm when live organisms were guantified by microscopy
counting after staining with CMFDA/FDA, but met the discharge standers when using MPN assay (0.19 organism per mL). The test
cycle was also considered invalid because no stable flow rate could be obtained during uptake.

(4) Test cycle M-9 was the only test cycle that did not meet the discharge standard for organisms =50 um. All other test cycles
confirmed sufficient biological efficacy for organisms =50 um by filtration and subsequent UV treatment of the BWMS. The 23
motile organisms per m? that were detected in the treated discharge appeared to be in the process of dying and would have been
dead and no longer motile if analysed at a later point of time.
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Aokipég o€ mAoio
Shipboard testing

Mivakag 3
Table 3
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JUVBAKEG vEPWV DOKIUNG Kal AEITOUPYIKEG TTAPANETPOI SOKIPAG o€ SOKIPEG o€ TTAoIO pe £va atd Ta duo Wartsila Aquarius
UV BWMS AQ-1000-UV (ue A.MN.E. 1000 m3/ h) pe éva @iAtpo (BS-400H, 40 pym ouppdTtivo TAEyua) kai éva BWT IL

+1000 UV gykateotnuévo ev TTApaAAAAw OTO TTAOIO HETAYOPAS GopTiou XUdnv (Bulk Carrier) MV Paolo Topic (IMO apif.
9726256) katd TnVv mePiodo louhiou 2017 £wg louvio 2018.

Test water conditions and operational parameters in shipboard testing with one of the two Wartsila Aquarius UV BWMS
AQ-1000-UV (TRC of 1000 m¥h) with a standard Filtersafe filter (BS-400H, 40 ym screen) and a BWT IL +1000 UV
installed in parallel on board the bulk carrier MV Paolo Topic (IMO No. 9726256) during the period of July 2017 to June

2018.
KukAog Oepuokpacia AAatétnTa  |Y.A. DOC POC TSS Xpovog Méon Méon Trapoxn MeTA
SoKIpwv vepou [PSU] - [mg/L] [mg/L] [mg/L] KATAKPATNONG ‘Evraon TO QIATPAPICUA
[°C] Mep. [Wpec] Y.A. Katd [m/h]
Test cycle Salinity [%] DOC POC TSS TOV
Water [PSU] [mg/L] [mg/L] | [mg/L] Holding time EPUATICHO Average flow rate
temperature Uv-T [hr] [Wim?] after filtration
[°C] [%] [m3/h]
Average
UV-l at
ballasting
Wim?

1 23 34 89 15 0.72 14 64 538 997
2 29 33 93 0.89 0.46 41 320 393 1,002
3 27 35 75 11 0.81 30 49 157 999
4 29 32 82 0.94 1.2 106 39 344 999
5 28 30 89 0.76 0.51 7.9 35 503 1,001
6 9.7 34 88 1.2 0.19 52 37 486 996
7 14 0.07 86 1.8 0.19 8.9 37 347 995
8 30 34 97 0.89 0.19 26 41 802 981
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Méoor apiBuoi CwvTavwv opyaviouwy OTnNV €i00d0 KAl OTO ETTEEEPYATHUEVO VEPO ATTOPPIYNG KATA TN SIGPKEIT TNG
dokiung o€ Thoio Tou Wartsila Aquarius UV BWMS AQ-1000-UV. O1 {wvTavoi opyaviopoi =10 kai <50 pm
TTOCOTIKOTTOINONKAV PE YIKPOOKOTTIa PETA atrd Xpwaon e CMFDA / FDA. OAeg ol ueTpAoelg Twv TTaBoyovwy BakTnpiwy
(E. Coli, Enterococci kai Vibrio cholerae) oto emegepyaopévo vepd ATavV KATW OTTO TO OTTAITOUPEVO OPIO aTTOPPIYNG

épparog.

Average numbers of live organisms in inlet and treated discharge water during shipboard testing of the Wartsila
Aquarius UV BWMS AQ-1000-UV. Live organisms 210 and <50 ym were quantified by microscopy counting after
staining with CMFDA/FDA. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water
were below the ballast water discharge standard.

KokAog Opyaviopoi =50 um Opyaviopoi =10-<50 pm (FDA/CMFDA)
SoKIpWV [opyaviopoi/m?] [opyaviopoi/mL]
Test cycle Organisms 250 ym Organisms 210-<50 um (FDA/CMFDA)
[organism/m?] [organisms/mL]
Nepo e10650u Eme§epyaopévn Nepo e10650u Eme§epyaopévn
amoppIyn améppIyn
Influent water Influent water
Treated discharge Treated discharge
1 17,340 320 343 0.5
2 19,371 13 @ 117 1.2
3 36,091 10® 232 1.3
4 7,055 0.61 568 0.33
5 34,158 0 101 0
6 5,358 0 504 1.3
7 29,411 0 1,080 0.17
8 16,125 0.18 183 1.7

(1) Katd Toug TpEIg TTPWTOUG KUKAOUG BOKINWY O€ TTA0IO, 0 apIBUOG Twy opyavioHwy 250 um oTnv eTmegepyacpévn amoppiyn dev
TTAnpoi Ta TTPdéTUTTa aTTOPPIYNG. H AeTTTOPEPAG avAAUCN TOU aTTOTEAEOUATOG AUTWY TWV KUKAWY SOKIPWVY OTO TTAOIO KOTESEIEE TN
MOAuvon Twy de¢apevwv Bahaoaiou €puatog Adyw Twv 1IgNudaTwy otn deapevr). H amoAlpavon Twy degapevidv Bahaoaiou £puartog
TTOU XpnolyoTroiénkav yia Sokipég a€ TTAoio dievepynBnKe YETA TOV TTPWTO KUKAO SOKIMWY € TTA0i0. EvToUToIg, GnUavTIKEG
EVATTOBETEIG INUOG OTIG DECAPEVES EPUOTOG AVIXVEUBNKAV PJETA TOUG KUKAOUG BOKIJWY 2 Kal 3, kal n Wartsila Trpayuarotroinoe
TTEPAITEPW KaBapIopo TG degapevig Bahacaiou €pUaTog TTOU XPNOIUOTTOINBNKE yia TN doKIur o€ TTAoio TTpIv die§axBouv
TTEPIOOOTEPOI KUKAOI BOKIMWYV O€ TTAOIO.

(1) In the first three shipboard test cycle the number of organism =50 ym in the treated discharge did not meet the discharge standard.
The detailed analysis of the result of these shipboard test cycles indicated contamination of the ballast water tanks due to sediments
in the tank. Disinfection of the ballast water tanks used for shipboard testing was conducted after the first shipboard test cycle.
However, significant deposits of silt in the ballast water tanks were still found after shipboard test cycles 2 and 3, and Wartsila
performed further cleaning of the ballast water tank used for shipboard testing before further shipboard test cycles were conducted.
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4. 2xeTikd ‘Eyypaea MoTtotroinong / Approval Documentation:

‘Eyypa@a cucTAUATOG:
System documentation:

e  Wartsila Water Systems Ltd.: Wartsila Aquarius UV AQ-xxxx-UV - Operational Maintenance & Safety Manual
(OMSM 162.060-38) Ballast Water Management System Designed for Compliance with USCG rule 33CFR part

151 and 46CFR part 162 IMO MEPC 300(72) {G8}, rev. 6
Wartsila Aquarius UV BWMS Generic BOM's - USCG (BD00410), rev. 7
Wartsila AQUARIUS UV BWMS Operator User Guide (BD00409), rev. 2
Aquarius UV Installation Instructions (BD00198), rev. 6

e Wartsila Water Systems Ltd.:
e  Wartsila Water Systems Ltd.:
e Wartsila Water Systems Ltd.:

e Wartsila Water Systems Ltd.:
Procedure (R12** Software) (BD00441), rev. 1

Wartsila Aquarius UV BWMS Sizing Document USCG (BD00294), rev. 4
Wartsila Aquarius UV BWMS control and operating philosophy (BD00292),

e Wartsila Water Systems Ltd.:
e  Wartsila Water Systems Ltd.:

rev. 2)

e  Wartsila Water Systems Ltd.:
e  Wartsila Water Systems Ltd.:
e  Wartsila Water Systems Ltd.:
e  Wartsila Water Systems Ltd.:

rev. 4

Aguarius UV PLC Alarm & Trip Summary (BD00308), rev. 11
Aguarius UV Control System Software Functional Description (BD00320), rev. 8
Wartsila AQUARIUS UV BWMS Control System Options (BD00356), rev. 3
Wartsila Aquarius UV BWMS all system TRC performance claim (BD00398),

Aquarius UV Ballast Water Management System Alarm and Function Test

o Wartsila Water Systems Ltd.: Wartsila Water Systems Ltd.: Wartsila Aquarius UV BWMS basis of process

design and scale-up (BD00427), rev. 1

e  Wartsila Water Systems Ltd./Hanovia: BWT-Scaling-Using-CFD report (BD00451), rev. 1
e Wartsila UK Ltd.: Wartsila Aquarius UV Temperature Assessment (BD00492), rev. 1

e Wartsila UK Ltd.: UV Shipboard Testing Summary (Revised IMO G8) (BD00490), rev. 1
o  Wartsila Water Systems Ltd.: Wartsila Aquarius UV BWMS Alternative Arrangement Descriptions (BD00419),

rev. 3

e DNV GL: Evaluation report - Equivalence of new ‘e’ type BS filter series with old BS filter series by Filtersafe

(Report No.: A0803585-001), Rev. 0
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5. EkBéoeig atroTeAeopdTwy dokipwy / Test reports:

Mpoéypappa SOKIYWYV Kal ava@QopEG:
Test plan and reports:

DHI Denmark: Biological efficacy performance evaluation of Ballast Water Management System Wartsila
Aquarius AQ-250-UV in land-based test - Land-based test report (Final test report of 18 October 2018)

DHI Denmark: Biological efficacy performance evaluation of Wartsila Aquarius AQ-1000-UV Ballast Water
Management System in shipboard test - Shipboard test report (Final test report of 17 October 2018)

PHOENIX TESTLAB: Test report (Report Number; U171715E1) - Equipment under Test (EUT):
Ballast Water Management System Project Aquarius UV (Rev. 6 of 18 October 2018)

PHOENIX TESTLAB: Test report (Report Number: U180038E1) - Equipment under Test (EUT):
UV-Lamps (BWMS Project Aquarius) (Rev. 2 of 1 October 2018)

PHOENIX TESTLAB: Test report (Report Number: U180038E1) - Equipment under Test (EUT): UV-Lamps
(BWMS Project Aquarius) (Rev. 2 of 13 February 2018)

PHOENIX TESTLAB: Test report (Report Number: U181132E1) - Equipment under Test (EUT): 6000 and 6500
Series Purge Unit (Rev. 3 of 12 October 2018)

PHOENIX TESTLAB: Test report (Report Number: U170239E1) - Equipment under Test (EUT): Ballast Water
Management System Project Aquarius EC (Rev. 3 of 11 June 2018)
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