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TYPE APPROVAL MIZTOMNOIHTIKO
CERTIFICATE EFKPIZHZ TYMNOY

Certificate | MioTonoinTikO

OF THE BALLAST TIA TO 3YITHMA [<apooooinn

W TER AlAXEl PIZHZ Revision AvaBewpnon

MANAGEMENT OANASSIOY .
SYSTEM EPMATOS

To napov nigronolel 0TI To oUoTNUA diaxeipionc BaAacoiou Epuartoc rnou eKTIOETAlI NAPAKATW EXEl EEETAOTEI
Kai dOKILaoTEl CUUPWVA UE TIC AnaiTnoeI§ TWV npodiaypapwyv rou nepiExovral oric Odnyieg nou
nepiexovral ora wniouara Tou IMO MEPC 174(58) kai MEPC 169(57). To nioTonoinTiKO €ivail EyKUpo
HOVO yia To ouoTnua diaxeipionc 8aAacoiou EpUAToc NoU avapEPETAal NapakdTw.

This is to certify that the ballast water management system listed below has been examined and tested
in accordance with the requirements of the specifications contained in the Guidelines contained in IMO
resolutions MEPC 174(58) and MEPC 169(57).This certificate is valid only for the ballast water
management system referred to below.

SuoTtnua diaxeipiong Balacoiou epuatog epodiacuevo ano Tnv Qingdao Headway Technology Co., Ltd.
Ballast water management system supplied by Qingdao Headway Technology Co., Ltd.

Ovouaoia ouotnuartog: OceanGuard BWMS
Name of the system: OceanGuard BWMS

Evowuatwvovrag 1a €&nc¢ povreAa: OceanGuard HMT-50 to HMT-4000 s AsiToupyikn napoxn
ene&epyaoiac 65 — 5200 m3/h

Incorporating the following models: OceanGuard HMT-50 to HMT-4000 with treated rated capacity 65
- 5200 m3/h

To >uoTnua diaxeipionc 8aAacoiou Epuaroc katackeuaouevo ano Tnv Qingdao Headway Technology
Co., Ltd.
Ballast water management System is manufactured by Qingdao Headway Technology Co., Ltd.

e oxedio eEonAiouou / ouvapoAoynonc apib.:
to equipment/assembly drawing No.:

Tunog Mepiypapn Ap. Zxediou Ava®é.
Type Description Drawing No. Rev.
Principle Drawing |Principle drawing of BWMS HMT-BWMS-YL-A A2.2
Electric Drawing Electric Principle Drawing HMT-BWMS-N-ELO1 |A2.1

(Normal type)

Wiring Diagram Wiring Drawing of BWMS (Power Supply HMT-BWMS-N-EL02 |[A2.1
(Normal type) Lines and Control Lines)

Noinoc eEonAiouoc kataokeuaouevoc ano: A/A
Other equipment manufactured by: N/A
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e axedio eEonAiouou / ouvapuoAoynong apib.: A/A
to equipment/assembly drawing No.: N/A

AeiToupyikn napoxn snekspyaoiac: 65 — 5200 m3/h
Treatment rated capacity: 65 — 5200 m3/h

AvTiypapo autou Tou MioTonoinTikou Eykpion¢ Tunou, npéEner va QePETAl o€ KABE rnAoio rnou gxei
EYKATEOTNUEVO AUTO To ouoTnua ene&epyaaiac Balacoiou epuaTog ava ndoa otiyun. Mia avagopd oTo
NPWTOKOAAO dOKIUNG KAl €va avTiypa@o TwV anoTeAsoUdTwV dOKIUWY rpENsl va eival d1abeoiua yia EAEyx0
€ni Tou riAoiou.

2Tnv nepintwon nou 1o MioTonoinTiko ‘Eykpiong Tunou ekdideTal BacilOlevo O EyKpIon dAANG Apxnc,
rpenel va yiverar avapopd oTo OUYKEKPIUEVO lioTonoinTiko Eykpionc Tunou.

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 mioTonoinTiko ekdideTal pe Baon 1o MoTonoinTiko Eykpionc Tunou api6. TAPO00001U Exkd 2 riou Exei
ek000ei ano Tov DNV GL ueta and €ouciodotnon tng NopBnyikng NautiAiakrc Apxrig.

The Certificate is issued based on the Type Approval Certificate No. TAPO00001U Rev. 2 issued by DNV
GL on behalf of the Norwegian Maritime Authority.

O! NePIOPIOTIKEG NpoUnoBETeic nou TiBevTal neprypd@ovTai oTo [poodpTnua Tou napovrog eyypdpou.
Limiting Conditions imposed are described in the appendix to this document.

Ekdo6nke oo /Issued at Hgvik 1nv/on 2018-08-31
To napov MoTonoinTikO ICXUEl EWG: la/For DNV GL
This Certificate is valid until: 2020-12-31

Toniko Mpageio DNV GL:
DNV GL local station: Qingdao Dag Sale-Nilsen

EmikeaAng Tunuarog/Head of Section
Mnxavikog Eykpiong/ Approval Engineer: Wenjun Wu $asns Tk ¢

MpoodpTtnua
Appendix
1. Mepiopiouoi ocuoTNUATOG:
1. System limitations:
la Ta povreAa ue 1o QiIATpo HMT-F, o1 xepoaiec dOKIUEC Kal ol DOKILEC OE nmAoia npayuaronoinénkav Ue 1o

HoVTEAO HMT-300 os udpauAikn napoxn 300 m3/h . Oi doKIUES npayuaronoinénkav os ouvlnkeg
B6aAacoivou kai updAuupou vepou ue eAdxioTn aAatoTnta 21.5 PSU kai Bepuokpacia 4°C.
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lMpayuaronoinénkav eninAéov doKIUEG oTa ovieAa HMT-50, HMT-1200 kai HMT-3000, o ouvBnkec
B6aAacoivou kai upAaAuUpou vepoU, Kal oTo LovTEAo HMT-4000 os ouvBrkec Baiaocaivou vepou,
MPOoKeIUEVOU va enifeBaiwbei n duvaToTnTd Tou va napdyel enapkec TRO yia va nAnpoi Ta eningda onwg
kaBopiCovTar ano 1o napov lioronoinTiko. ‘OAec o1 dokiIEC enBewpriBnkav ano Tov DNV GL.

lia 1a yovTeAa ue 1o QIATPO S-ZF, o1 Xepoaieg dOKIUEG Npayuaronoinénkav e 1o JovréAo HMT-200 os
udpauAikn napoxn 263 m3/h os ouvlnkec BaAacoivou kai UPAALUPOU VEPOU, LIE EAdxIOTn aAaToTnTa 17
PSU ka1 Bepuokpacia 17°C; kai o€ yAUKO vepO e aAatotnta <1 PSU kai Bspuokpaocia 7.8 — 18 °C. Oi
dokiueg npayuatonoinénkav oro DHI Danmark kai eniBswprbnkav and Tov DNV GL. To oxedio doKIwV
gykpiBnke ano Tov DNV GL npiv Tnv €vapén Twv doKIU@V.

For the models with HMT-F filter, the land-based tests and shipboard tests were done with HMT-300 at
flowrate 300 m3/h. The tests were run on marine and brackish water conditions down to 21.5 PSU and at
temperatures down to 4 °C.

Additional tests were performed on the HMT-50, HMT-1200 and HMT-3000 model, on marine and
brackish water conditions, and HMT-4000 model on marine water condition, to confirm its ability to
generate enough TRO to reach the levels defined by this Certificate. All tests were surveyed by DNV GL.

For the models with S-ZF filter, the land-based tests were done with HMT-200 at flowrate up to 263
m3/h on marine and brackish water, with salinity down to 17 PSU and temperature down to 17 °C; and
on fresh water with salinity <1 PSU and temperature between 7.8 - 18 °C. The tests were done at DHI
Danmark and surveyed by DNV GL. The test plan was approved by DNV GL before the testing.
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2. NioTa nioTonoinueEVwY TUNwv :
2. List of certified types:
Movada EUT

EUT unit

H povada HAetpokataAuong (Electrocatalysis Ultra-Treatment (EUT)) exer oxediaoTel yia Tnv kKATwoI
A€ITOUpyIKn) napoxn ens&epyaaiag.

The Electrocatalysis Ultra-Treatment (EUT) unit is designed for the treatment capacity below.

MovTtéAo Movada EUT A&giToupyikn napoxn ene§epyaociag (m3/h)
Model EUT unit Treatment Rated Capacity (m3/h)
HMT-50 HMT-50E 65

HMT-100 HMT-100E 130

HMT-200 HMT-200E 260

HMT-300 HMT-300E 390

HMT-450 HMT-450E 585

HMT-600 HMT-600E 780

HMT-800 HMT-800E 1040

HMT-1000 HMT-1000E 1300

HMT-1200 HMT-1200E 1560

HMT-1500 HMT-1500E 1950

HMT-2000 HMT-2000E 2600

HMT-2500 HMT-2500E 3250

HMT-3000 HMT-3000E 3900

HMT-4000 HMT-4000E 5200

[MoAAEG povadec EUT unopouv va sykaraorabouv napdAAnAa yia uwnAoTepeg udpauAike napoxec. H por
diaugoou kaBe povadac ensEepyaaiac rnpener va Exel oA EAEYXOU TNG NAapoxnc Ta onoia rpéensi va
gykpivovtal ano Tov DNV GL og kd6e nepintwon.

To TRO nipener va diatnpeital o< eningda nepinou 2.0 mg/L Tou Cl,, npokeiuevou 1o €pua va diaxeipicerai
oUup@Va e To Napov MorornoinTiko.

H xwpnTIKOTNTA TOU QIATPOU MPENEI va €MIAEYETAl OUUPWVA UE TNV Napoxn ens&epyaoiac 1ng povadag
EUT.
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Several EUT units can be installed in parallel for higher flow rates. The flow through each treatment unit
must have flow control and approved by DNV GL on a case by case basis.

TRO must be maintained around a target level of 2.0 mg/L as Cl,, for the ballast water to be treated in
accordance with this Certificate.

Filter capacity shall be selected according to EUT rated capacity.

OceanGuard® HMT-F ®iATpo aurouarou kabapioHou

To eykekpilEvo ouoTnua Tunou nepiAauBdver To OceanGuard® HMT-F @iATpo auTouaTou kabapiouou ue

nAg€yua 50 um.

OceanGuard® HMT-F Automatic Back-flush filter

The type approved system includes an OceanGuard® Automatic Back-flush filter with a 50 pm mesh.

lMpodiaypa@ég | Asitoupyikn | Eupog Ovouaortikn | Méyiorn EAaxiorn ntwon
apoxn apoxr AiaueTpo fof ieo eTa&u
Specification napoxn napoxng IGUETPOG nieon ' ni 'ncyrfu'
(m3/h) (m3/h) Nominal AsiToupyiacg | e1l0000uU kail eE6dou
) @iATpou
Rated flow Flow range | Diameter Max.
(m3/h) (m3/h) working Min. pressure drop
pressure between filter and
sewer
outlet
HMT-100F 100 10 - 150 125 10 bars 1.5 bars
HMT-200F 200 10 - 250 150 10 bars 1.5 bars
HMT-300F 300 50 - 400 200 10 bars 1.5 bars
HMT-500F 500 50 - 550 250 6 bars 1.5 bars
HMT-600F 600 50 - 700 250 6 bars 1.5 bars
HMT-800F 800 50 - 900 300 6 bars 1.5 bars
HMT-1000F 1000 50 - 1100 400 6 bars 1.5 bars
HMT-1500F 1500 100 - 1600 | 400 6 bars 1.5 bars
HMT-2000F 2000 100 - 2100 500 6 bars 1.5 bars
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Mpodiaypapéc | Asiroupyikny | Eupog OvouaorTikn | MéyioTn EAaxioTn nTtoon
e . napoxn napoxng AlGueTpog nison nieong pera&u
Specification , . .
(m3/h) (m3/h) Nominal Agiroupyiag | e100d0u kair eE6dou
. QiATpou
Rated flow Flow range | Diameter Max.
(m3/h) (m3/h) working Min. pressure drop
pressure between filter and
sewer
outlet
HMT-3000F 3000 100 - 3100 | 600 6 bars 1.5 bars
HMT-4000F 4000 100 - 4500 700 6 bars 1.5 bars
HMT-5000F 5000 100 - 5500 800 6 bars 1.5 bars

®iATpo Boll & Kirch — nAéyua 40um

Boll & Kirch Filter - 40pm wire mesh

To eyKeKkpIUEVO oUCTNLA TUMOU repIAaUPBAvel QIATpo auTouaTou kabapiouou e TUno 6.18.2 BWT ue
nAgyua 40um. H autouarn nAuon npénei va &ekiva oTav n d1a@opikn nison Tou QIATpou eivar =0.5 bar.

ErnAgov xepoaisc dokiUEG yia To SuoTnua Aiaxeipiong ©@aiaocoiou Epuatoc OceanGuard® ue
EYKATEOTNUEVO TO LOVTEAO QiATpou 6.18.2 DN200 GR.250 eniBswpnbnkav kai eykpibnkav ano tov DNV

GL.

To autouato @iATpo Bollfilter Tunou 6.18.3 BWT avtikaBiora 10 6.18.2 ouupwva He o DNV report no
385FIST130315-2.

The type approved system includes an Automatic Filter Selfclean type 6.18.2 BWT with a 40 pm wire
mesh. Backwash shall initiate when a differential pressure over the filter is 20.5 bar.

Additional land-based tests of the OceanGuard® BWMS with filter model 6.18.2 DN200 GR.250 installed,
were surveyed and approved by DNV GL.

Bollfilter Automatic Filter type 6.18.3 BWT replaces 6.18.2 ref. DNV report no 385FIST130315-2.
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MovTtéAo OvouaorTikn diaueTpos | YopauAikn Mapoxn E)'ldxm'rn diapopikn

Model (mm) (m3/h) nieon
Nominal diameter Flow rate (m3/h) Minimum back-
(mm) pressure

6.18.3 200 83 - 370 1.5 bars

6.18.3 250 85 - 500 1.5 bars

6.18.3 300 85 - 750 1.5 bars

6.18.3 400 168 - 1400 1.5 bars

6.18.3 500 205 - 2100 1.5 bars

6.18.3 600 214 - 2500 1.5 bars

6.18.3 700 326 - 3800 1.5 bars

6.18.3 800 434 - 4600 1.5 bars

6.18.3 900 434 - 5400 1.5 bars

Filtersafe — nAéyua 50 ym

Filtersafe — 50 ym mesh

To eyKeKpIUEVO OUOTNUA TUMOU nepiAauBavel To QiATpo FilterSafe autoupatou kaBapiouoU Ue TUMO
BS0150H-0-10 pe nAéyua 50um. H autouartn nAuvon npéenel va &kiva otav n diapopikn nison Tou
QIiATpou givar = 0.5 bar. H eAdxiorn diagopikn nicon UeTa&u TnG €10000U TOU QIATPOU Kai 1) GUVOAIKN
nTwon nieong orn ypapun IAUOG npenel va eivai 1.6 bar. EninAgéov xepoaieg dOKIUEG yia TO ZUoTnua
Aiaxeipionc @aAaooiou Epuaroc OceanGuard® LE EyKATEOTNHEVO AUTO TO PIATPO enmiBewpnBnkav Kai
eykpibnkav ano Tov DNV GL.

The type approved system includes a FilterSafe Automatic Back-flush filter type BS0150H-0-10 with a 50
um mesh. Backwash shall initiate when a differential pressure over the filter is = 0.5 bar. The minimum
differential pressure between the filter inlet and the total pressure loss in the filter sludge line must be
1.6 bar. Additional Land-based tests of the OceanGuard® BWMS with this filter installed were surveyed
and approved by DNV GL.
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MovTtéAo Méyiorn Ydpaulikn MovTtéAo Méyiorn YdpauAikn
Model Mapoxn (m3/h) Model Mapoxn (m3/h)
Max Flow Rate (m3/h) Max Flow Rate (m3/h)
BS-025V-03 50 BS-025H-03 50
BS-050V-04 80 BS-050H-04 80
BS-100V-08 220 BS-100H-08 220
BS-150V-12 375 BS-150H-12 375
BS-200V-14 500 BS-200H-14 500
BS-300SV-14 750 BS-300SH-14 750
BS-400SV-16 1000 BS-400H-12 1000
BS-600SV-16 1500 BS-400SH-16 1000
BS-800SV-20 2000 BS-600SH-16 1500
BS-1000V-20 2500 BS-800SH-20 2000
BS-1200SV-24 3000 BS-1000H-20 2500
BS-1200SH-24 3000

®iATpo S-ZF — nAéyua 50 ym

S-ZF filter - 50 pm mesh

To EYKEKPIUEVO OUCTNHA TUNOU NEPIAGUBAVEI TO QIATPpO S-ZF ue nAeyua 50um. H autopatn nAuon npéenei
va &ekivael oTav n d1apopikn nieon Tou QiATpou eivai = 0.3 bar. H eAdxioTn nieon €100dou npénei va sivai
0.5 bar eva n ugyioTn nieon peoa oro QIATpo npénei va eivai 6.0 bar. EninAgov xepoaie¢ dOKIUEC yia TO
Suortnua Aiaxeipionc ©@aiaooiou ‘Epuatoc OceanGuard® LE EyKATEOTNIEVO TO LIOVTEAO QIATpou S-ZF2-H
enBewpnbnkav kai eykpibnkav ano Tov DNV GL.

Suupwva ue Ta AnpBevra eyypagpa ano tnv Qingdao Headway Technology Co., Ltd. ue nuepounvia
NoeuBpiou 2015, "Design Study on S-ZF Series Automatic Self-cleaning Filter for OceanGuard® BWMS”,
O0Aa 1a @iATpa OceanGuard® S-ZF nou ekTiBevTal napakdtw kaAunTovrair anod To napov moTonoinNTIKO
EYKPIONG TUMOU.

The type approved system includes a S-ZF filter with a 50 ym mesh. Backwash shall intiate when a
differential pressure over the filter is = 0.3 bar. The minimum inlet pressure to the filter shall be 0.5 bar,
while the maximum pressure in the filter shall be 6.0 bar. Additional Land-based tests of the
OceanGuard® BWMS with filter model S-ZF2-H installed were were surveyed and approved by DNV GL.
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Based on documentation received from Qingdao Headway Technology Co., Ltd. dated November 2015,
“Design Study on S-ZF Series Automatic Self-cleaning Filter for OceanGuard® BWMS”, all OceanGuard®
S-ZF filters listed below are covered by this type approval.

MovTtéAo AsIToupyikn napoxn Eupog AeIToupyIkng EAdaxioTn anaitoUuevn

Model ene&epyaoiag MNMigong diapopikn nison
(m3/h) (bar) kaBapiouou (bar)
Treatment Rated Operating Pressures Minimum required
Capacity (m3/h) (bar) backflush

differential
pressure (bar)

S-ZF1 150 0.5-6.0 1.5

S-ZF2 260 0.5-6.0 1.5

S-ZF3 390 0.5-6.0 1.5

S-ZF4 650 0.5-6.0 1.5

S-ZF5 780 0.5-6.0 1.5

S-ZF6 1040 0.5-6.0 1.5

S-ZF7 1300 0.5-6.0 1.5

S-ZF8 1560 0.5-6.0 1.5

S-ZF9 1950 0.5-6.0 1.5

S-ZF10 2600 0.5-6.0 1.5

S-ZF11 3250 0.5-6.0 1.5

S-ZF12 3900 0.5-6.0 1.5

S-ZF13 5200 0.5-6.0 1.5
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MepiAnywn xepoaiwv dokiuwv yia To SuoTnua Aiaxeipionc @aiaooiou Epuaroc OceanGuard,
HMT-300 e@odiaocuévo ue HMT-300F @iAtpo kai HMT-300E povada nAerpokardaAuong. Oi

dokIuEG npayuaronoin@nkav kara tn didapkeia Tou Iouldiou éwg OkTwPBpIo 2009 OTIG
egykaraoraoeig NIVA, NopBnyia.

SUVONKEG VEPOU OOKIUNG OTIG UPAAHUPEG Kal BaAaooIVEG JOKIUEG.

Summary of land-based testing for Headway OceanGuard BWMS, HMT-300 equipped with
HMT-300F filter and HMT-300E electro-catalysis unit. The tests were carried out during July to
October 2009 at NIVA facility, Norway.

Test water conditions in brackish and marine water tests.

KuUkAog Oepuokpaocia |TSS DOC POC AApupornra |YdpauAiknn |YdpauAiknp | Xpovog
dokipwv |(°C) (mg/L) ((mg/L) |(mg/L) |(PSU) Napoxn Mapoxn KaTakparnong
Test Cycle [Temperature (TSS DOC POC Salinity Epuariopot |Anéppiwync |Holding time
(°c) (mg/L) |(mg/L) |(mg/L) | (PSU) (m3/h) (m3/h) (days)
Flowrate Flowrate
ballast de-ballast
(m3/h) (m3/h)
1 18.6 50 7.3 6.8 21.2 269 315 5
2 18.3 65.6 6.7 7.8 21.4 308 308 5
3 17.1 80.2 6.6 7.8 21.5 297 302 5
4 17.5 50 7 7.8 21.8 278 310 5
5 14.6 83.5 6.6 8.5 22.6 272 306 5
6 11.4 12.6 2.6 2.6 32.8 340 346 5
7 11.3 13.8 2.6 2.5 32.4 328 319 5
8 10.2 14.3 2.6 2.5 32 333 339 5
9 9.4 16.3 2.5 2.3 32.2 337 339 5
10 8.4 11.6 2.4 2.6 32.2 327 340 5
11 10.4 85.1 6.2 8.1 22 310 331 5
12 7.7 85.9 5.6 7.5 21.6 314 335 5
13 8.8 79.7 5.6 7.6 21.5 308 312 5
Anaitrjoeig
Requirements
FAuko kai
UQAAuuUpo
VEDPO ) ) ) )
Fresh and >0 >5 >5 5
brackish
water
Oaiaooivo
vepo >1 >1 | >1 | - . : - 5
Marine
water
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Méeoor apiBuoi (Tpeig enavaAnyeig) {wvravawv opyavicuwyv otnv €icodo, oTa eNs&epyaceva kai ora

eAeyxoueva vepa anoppiwng. ‘OAec o ueTpnoeic naboyovwv Baktnpiwv (E. coli, enterococci kar Vibrio

cholera) oToug KUKAOUG doKIUWV NTAv KATW ano 1o anaiToupdevo npoTurno anoppiyns EpLAToc.

Average numbers (three replicates) of live organisms in inlet, treated and control discharge waters. All
counts of pathogenic bacteria (E. coli, enterococci and Vibrio cholerae) in the test cycles were below the
ballast water discharge standard.

KukAog Eiocodog oro Zuornua Alaxeipiong Anoppiyn Anoppiyn
JOKIH®WV OaAaooiou Epuarog Opyaviouoi =250 ym Opyaviouoi 10 - 50 uym
(opyaviouoi/m?3) (opyaviouoi/m?3)
Test Inlet to BWMS
cycle Discharge Discharge
Organisms =50 pm Organisms 10 - 50 pm
(organisms/m?3) (organisms/mL)
Opyaviouoi 250 | Opyaviouoi 10 - | Ene§epyaocuévo- | 'EAeyxog- | Ene&epyaouévo| 'EAgyxog-
pm 50 pm s Anoppiyn anéppiyn | - Anoppiyn | anéppiyn
opyaviouoi/m opyavioyoi/m
(opyaviopoi/m?) | (opyaviopoi/m3) Control- Treated - Control-
Organisms =50 Organisms 10 - Treated - discharge di eah e discharge
HmM 50 um discharge ischarge
(organisms/m3) | (organisms/mL)
27 0001
1 133 000+16 581 1781+£79 2.3+2.3 161 2.0+1.0 70+30
19 444+6
2% 76 17945 582*%* 2 265+224 7.7£1.2 550 2.3£1.0 484124
15 136+4
3 210 450+32 521 1781+210 1.3+£0.6 283 6.0+1.0| 1 046+208
7 3312
4 184 754+40 044 1616+388 0.7£0.6 922 5.7+2.9 135+12
28 589+ 3
5 213 304+26 383 2 023+£187 2.3+2.1 574 0.3£0.6| 2 394+188
88 4138 0
6 158 933+22 648 1971+£280 1.3+£0.6 162 2 066+241
85 785+4 0
7 182 963+23 328 1 288+260 0.3+0.6 416 1 729+328
89 671+4 0
8 213 708+69 950 1 288+98 0.3+0.6 1 746+198
943
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KukAog Eioodoc oro Suornua Aiaxeipiong Anoppiyn Anoppiyn
JOoKIH®WV OaAaooiou Epuarog Opyaviouoi 250 um Opyaviouoi 10 — 50 ym
(opyaviopoi/m3) (opyaviouoi/m?3)
Test Inlet to BWMS
cycle Discharge Discharge
Organisms =50 pm Organisms 10 - 50 pm
(organisms/m?3) (organisms/mL)
Opyaviouoi 250 | Opyaviouoi 10 — | Ene&epyaocuévo- | ‘EAeyxoc- | Ens&epyaopuévo| 'EAsyxog-
pum 50 pm Anoppiyn anéppiyn | - Anoppiyn | anéppiyn
(opyaviouoi/m3) | (opyaviouoi/m?3)
Control- Treated - Control-
Organisms =50 Organisms 10 - Treated - discharge d_reah e discharge
Hm 50 pm discharge ischarge
(organisms/m3) | (organisms/mL)
76 068+10 0
9 173 883+27 867 1 089+182 0 045 2 005+65
64 129+9 0
10 207 475+£32 969 1 660+£225 1.7+£2.1 099 2 299+108
63 835+12 0
11 203 483+39 734 1 392483 4.6+1.5 026 1478+226
52 574+£9 0
12 161 142+17 074 1478+182 2.6+1.2 23 2 031+195
38 194+3
13 163 604+18 764 1 348+69 8+1.7 470 1521+117

3k

Xk

Texviko o@pdAua
Technical failure

H peTpnon eivar eAaxioTwe UIKpOTEPN ano Tnv anaiTouuevn =100 000 m-3. H ouvnBiousvn

rnoootnTa Artemia npooTebnke, 1.2x108 ekkoAantouevn Artemia, n ornoia 6a dwoel nepirnou 220
000 Artemia/m3. QoTo00, 0 UPAALIUPO vEPO n Artemia Teivel va BuBideTal/kabilavel KATI nou
duvarai va dwoel XaunAoTeEPOUC apiBLoUC aTnv EnNPAveld. 2Tov KUkAo dokiuwv 2, Ogiyuara yia
Tnv =50 oyada ouykevTpwOnNKav amno TNV eniQAavela avti TNG HEonNG TS deEaueveg, kKaTtaAnyovrag
O€ NMOAU XaUNAEC LETPNOEIG.

The count is slightly lower than the required 2100 000 m-3. The usual amount of Artemia was
added, 1.2x108 hatched Artemia, which will give approximately 220 000 Artemia/m3. However,
in brackish water Artemia tend to sink/swim downwards which can give lower numbers in the
surface. In test cycle 2, samples for the =50 ym group were collected from the surface instead
of from the middle of the tank, resulting in too low counts.
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MepiAnwn xepoaiwv dokiuwv yia To SuoTnua Aiaxeipions @aiaooiou Epuaroc OceanGuard,
HMT-200 e@odiaocuévo ue S-ZF2-H piATtpo kai HMT-200E povada nAerpokardAuorng. O1 JOKIUEG
npayuaronoin@nkav kara tn didpkeia Tou Anpidiou éw¢ ZenTéuPpio 2016 OTIGC EyKATAOTAOCEIG
DHI, Aavia.

Summary of land-based testing for Headway OceanGuard BWMS, HMT-200 equipped with
S-ZF2-H filter and HMT-200E electro-catalysis unit. The tests were carried out during April to
September 2016 at DHI facility, Denmark.

AnoTeAeouara dOKIUWV O YAUKO VEPO yia To SuoTnua Aiaxeipiong ©aiaocoiou Epuatoc OceanGuard ue
dIaPOPETIKO PIATPO S-ZF2-H. ZuvBrkeg dokiuwv: aAaTotnTa: <1 PSU, Bepuokpacia: 7.8-18°C, xpovog
karakpdTnong: 5 nuepeg, nnyn: DHI DK

Results of fresh water tests with the OceanGuard BWMS with alternative filter S-ZF2-H. Test conditions:
salinity: <1 PSU, temp: 7.8-18°C, holding time: 5 days; source: DHI DK

TMUKVOTNTEG OPYyavioU®V O€

] TRO ] ENEEEPYAoUEVO anoppiPOEV VEPO
AAarornral YOPAVAIKN TRO Xpovog Organism densities in treated
Aokiun| (PSU) ﬂap30)(n karakparnons discharged water
Test # | salinity | (™7/h) E oy (MHEPES)
(psu) |Flowrate | MITEUXOEV Holding time - .
(m3/h) [=TOX0G €UpOG (days) =50 pn; 210-<50 pm | _. .o um (CFU)
Target| Achieved (org/m3)| (org/mL)
range
F-8 (1) 0.90 188 3.0 2.3-2.9 5 0 4.3 EMITUXEG
pass
F-9 0.92 200 2.5 | 2.0-2.2 5 0 0.44 EMITUXEG
pass
F-10 0.92 197 2.5 | 2.0-2.2 5 0 0.33 EMTUXEG
pass
F-11 0.86 203 2.0 1.7-2.2 5 0.67 0.56 S”F');‘;)fc

(1) H F-8 npayuartonoinénke pe oroxo TRO Twv 3.0 mg/L, To oroio nTav uwnAOGTEPO ano TiG UNOAOINEG OOKIUEG O

PPEOKO VEPO (ErnouEvwe BewpnBnke dkupn).
(1) F-8 was run with a target TRO of 3.0 mg/L, which was higher than the other fresh water tests (therefore
defined invalid).

AnoTeAgouara OOKIU@WV O UPAALUPO VEPO yia To ZuoTnua Aiaxeipion¢ @aiaocoiou Epuaroc OceanGuard
HE d1aPOPETIKO PIATPpO S-ZF2-H. Zuvenkeg dokiuwv: aAarornta: <1 PSU, Bspuokpacgia: 16-18°C, xpovog
karakpdTtnong: 1 nuépa; nnyn: DHI DK

Results of brackish water tests with the OceanGuard BWMS with alternative filter S-ZF2-H.
Test conditions: salinity: <1 PSU, temp: 16-18°C, holding time: 1 day; source: DHI DK
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IMuKVOTNTEG OpYavIOL®YV OE
7RO ene&epyaocuévo 'anoppupee'v
, Y3dpauAikn Xpovog vepo
., AAaTOTnTa napoxr" TRO KaTaKpdTno-nc Organism densities in treated
Aokiun| (PSU) (m3/h) (nNuépEg) discharged water
Test # | Salinity . .
(PSU) Flow rate EnITEUXOEV Holding time -
(m3/h) | s1éx0¢ €0UpoG (days) =50 pm -13;:50 <10 pm
H 3
Target Achieved (org/m?3) (org/mL) (CFU)
range
B-6 1) 17 270 2.0 1.8-2.3 1 1.0 0.22 ENITUXES
pass
B-7 17 255 2.0 1.8-2.1 1 1.3 0.67 eniruxes
pass
B-8 17 263 2.0 1.9-2.4 1 0 2.1 EniTuXes
pass
B-9 17 249 2.0 1.7-2.5 1 1.0 5.1 EMITUXEG
pass
(1) H B-6 opilcTal w¢ avenmTuxnc Aoyw Un opOn¢ Asiroupyiag Tou QiATpou katd mn SIGPKEId EpUATIOLOU, NV

EMITUYXAVOVTAC TO OTOXO TNG AEITOUPYIKNG napoxng ens&epyaaiac Twv 300 m3/h, eninpooBeTa n eykaraoraon
uiac avtAiac kaBapiouoU QiATpou ueTa Tnv B-6 n onoia de BswprBnke navouoidTunn TN avriiac n onoia
xpnoiyonomnénke kard Tn dokiun B-6.

(2) To vepo dokiunc au&nbnke ue aAara KiTpikoUu 0&€og npokeiuévou va auénbouv ta DOC.

(3) To vepo dokiung au&nbnke ue €va piyua ano AiyvitoBeiwdn dAara kar aAara KiTpikoU 0&EOG MPOKEILEVOU va
avénBouv Ta DOC.

(1) B-6 is defined unsuccessful due to improper functioning of the filter during ballasting, not reaching target
TRC of 300 m3/h, in addition installation of a new filter cleaning pump after B-6 which was not considered
identical to the pump used during test B-6.

(2) Challenge water was augmented with citrate to increase DOC.

(3) Challenge water was augmented with a mixture of lignin sulphonate and citrate to increase DOC.

AnoteAgouara dokiuwv o€ BaAacoivo vepo yia To uotnua Aiaxeipionc @aiacoiou Epuaro¢ OceanGuard
HE eVAAAGKTIKO QIATpo S ZF2-H. SuvBnkec dokiuwv: aAarotnta: 25-28 PSU, Bspuokpaoia: 16-19°C,
XPovog katakpdTnong: 1 nuepa; nnyn: DHI DK

Results of marine water tests with the OceanGuard BWMS with alternative filter S-ZF2-H. Test conditions:
salinity 25-28 PSU, temp: 16-19°C, holding time: 1 day; source: DHI DK
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IMuKVOTNTEG OpYavIOL®YV OE
ene&epyaocuévo anoppiPpOEy
YapauvAixi] TRO Xpo vepo
. pPauAikn pOovoG
, AAaTOTnTa napoxr" TRO KaTaKpdTna”c Organism densities in treated
Aokiun| (PSU) (m3/h) (npépec) discharged water
Test # | Salinity . .
(PSU) Flow rate EmiTeux0év Holding time -
(m3/h) | sréxoc¢ gUpoOC (days) =50 pm -13;:50 <10 pm
: 3
Target Achieved (org/m?3) (org/mL) (CFU)
range

M-10 29 255 2.0 1.9-2.2 1 3.0 3.9 ENITUXES

pass
M-11 29 260 2.0 1.9-2.3 1 0.67 4.9 EnfTuXes

pass
M-12 29 256 2.0 1.7-2.4 1 0.33 9.4 EniTuxes

pass

(1) To vepo dokiung au&nbnke ue éva piyua ano AiyvitoBeidn dAara kar aAara KiTpikoU 0&EOG MPOKEILEVOU va
avénBouv Ta DOC.
(2) To vepo dokiung au&nbnke e dAara KITpIKOU 0EE0C NpokeiUEVoU va auénBouv Ta DOC.

(1)
(2)

Challenge water was augmented with a mixture of lignin sulphonate and citrate to increase DOC.
Challenge water was augmented with citrate to increase DOC.

MepiAnwn dokiuwv o€ nAoia yia ro 2uornua Aiaxeipiong Oaiaocociou Epuaro¢ OceanGuard,
HMT-300 spodiaocuévo ue HMT-300F @iATtpo kai HMT-300E povada nAsTpokaraAuvong. Oi1
dokIuEG npayuaronoin@nkav kara tn diapkeia Tou Iouldiou 2010 éwg Tov Iavoudpio 2011 oro
nAoio MV SITC YOKOHAMA.

Summary of shipboard testing for Headway OceanGuard BWMS, HMT-300 equipped with HMT-
300F filter and HMT-300E electro-catalysis unit. The tests were carried out during July 2010
to January 2011 onboard MV SITC YOKOHAMA.

Meoor apiBuoi (Tpeig enavaAnyeic) {wvravwyv opyaviouwyv oTnv gicodo, oTa enespyacusva kai ora
eAeyxoueva vepa anoppiyng. ‘OAec o1 uetpnoeic naboyovwv Baktnpiwv (E. coli, enterococci kai Vibrio
cholera) oTouG KUKAOUG dOKIU@Y NTAV KATW aro TO anaiToUEVO NPOTUNO anoppiyns EpUArog.

Average numbers (three replicates) of live organisms in inlet, treated and control discharge waters. All
counts of pathogenic bacteria (E. coli, enterococci and Vibrio cholerae) in the test cycles were below the
ballast water discharge standard.

KukAog
OOKIU®WV

Eiocodog oTo Zuornua Aiaxeipiong Anoppiyn Anoppiyn
OaAaooiou Epuaro
pHaros Opyaviouoi =50 um Opyaviouoi 10 - 50 ym
Inlet to BWMS (opyaviouoi/m?3) (opyaviouoi/ mL)
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Test Discharge Discharge
cycle Organisms =50 pm Organisms 10 - 50 pm
(organisms/m?3) (organisms/mL)
Opyaviouoi 250 | Opyaviouoi 10 - | Ene&epyaouévo- | ‘EAeyxoc- | Ene&epyaouévo- | 'EAgyxog-
HmM s 50 pym Anoppiyn anéppiyn Anoppiyn anéppiyn
opyavioyoi/m opyavioyoi/mL
(opy poi/m>) | (opy poi/mL) Control- Control-
Organisms =50 Organisms 10 - Treated - discharge Treated - discharge
Hm 50 um discharge discharge
(organisms/m3) | (organisms/mL)
1 606 389 0 507 3 438
2 703.3 349.7 0 652 2.1 364.3
3 772 331 0 825 1.1 327.3

Form code: TA 251

Revision: 2016-12

www.dnvgl.com

Page 16 of 17




Job Id:
Ap1Buog MoTonoinTikoU: 262.1-007648-2
Certificate No.: TAPOOOO1HN

4. >xeTika Eyypaga Mioronoinong:

4. Approval Documentation:

Ta napakdtw €yypaga 6a npénel va unoBAnBouv Npog €yypion og KABe nepinTwon:

The following documentation is to be submitted for approval in each case:

Piping and Instrumentation Diagram (P&ID) of the ballast system including the treatment system
installation

Power supply arrangement
Interface description specifying external signals including alarms for failure

Description confirming the arrangement of alarms for bypass of the BWMS system (as part of
Ballast Water Management Plan)

List of ex equipment if the system is to be installed in hazardous zones

5. EkBeoeic anoTeAeoudTwv dOKILUDV

5. Test reports
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