DNV-GL

Certificate No:
TAP0OOOO1VF

TYPE APPROVAL CERTIFICATE

This is to certify:
That the Ballast Water Management System

with type designation(s)
Blue Ocean Shield BWMS (model range BOS100 - BOS3200)

Issued to

COSCO (Weihai) Shipbuilding Marine Technology Co., Ltd.
Weihai, China

is found to comply with

DNV GL rules for classification — Ships

DNV GL class programme DNVGL-CP-0209 - Type approval — Ballast water management
systems

IMO Resolution MEPC.279(70) - 2016 GUIDELINES FOR APPROVAL OF BALLAST WATER
MANAGEMENT SYSTEMS (G8)

Application :

This is to certify that the Ballast Water Management System listed above has been examined
and tested in accordance with the requirements of the specifications contained in Guidelines
contained in Resolution MEPC.279(70) and DNV GL Rules stated above. This Certificate is valid
only for the Ballast Water Management System referred to above.

System Design Limitations / Limiting Operating Conditions imposed are described in this
document.

For the compliance with the resolution MEPC.279(70), the Certificate is issued on behalf of
the Norwegian Maritime Authority.

Product(s) approved by this certificate is/are accepted for installation on all vessels classed
by DNV GL, unless otherwise instructed by relevant Maritime Administrations.

Issued at Hgvik on 2019-07-05

This Certificate is valid until 2024-07-04. for DNV GL
DNV GL local station: Dalian

Approval Engineer: Wenjun Wu

Dag Sale-Nilsen
Head of Section

This Certificate is subject to terms and conditions overleaf. Any significant change in design or construction may render this Certificate invalid.
The validity date relates to the Type Approval Certificate and not to the approval of equipment/systems installed.
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Name of ballast water management system (BWMS)

BLUE OCEAN SHIELD BWMS

Ballast water management system manufactured by

COSCO (Weihai) Shipbuilding Marine Technology Co., Ltd.

Ballast water management system owned by

COSCO Shipbuilding Industry Co., Ltd.

Place of production

COSCO (Weihai) Shipbuilding Marine Technology Co., Ltd., Weihai, China

Type and model designations

BLUE OCEAN SHIELD BWMS Ballast Water Management System (BWMS) BOS100, BOS200, BOS300,
BOS500, BOS700, BOS900, BOS1200, BOS1600, BOS2400, BOS3200

Equipment / Assembly drawings

Type Description Drawing no. Rev.

Piping and BWMS/SCHEMATIC DIAGRAM

i;ztgrfa”;e?;a&tligr)' (Drawing within OMSM Annex 4) BOS-PID-01/02 Rev.12
Assembly drawing (Ifr\glvl\\:liigsvcv:il—t':mAc-)rl\I/I%MDI:r?an‘(M@ BOS-SC-01/02 Rev.12
R I S
i B

Electrical Schematic Diagram of BLUE
OCEAN SHIELD (BOS) BWMS BOS-ES-00 Rev. 0
(OMSM Annex 5)

Bill of Materials of BLUE OCEAN SHIELD
Equipment list (BOS) BWMS BOM-2016-00 Rev. 13
(OMSM Annex 1)

Electrical schematic
diagram

Treatment Rated Capacity

100 - 3200 m3/h

Product description

Treatment sequence:
e Ballast water uptake: Filtration & UV inactivation

e Ballast water discharge: Filtration & UV inactivation
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After ballasting or de-ballasting operation, the system shall be cleaned using the systems Cleaning in
Place (CIP) function. Cleaning Liquid: DREWCLEAN 2010

System design limitations / Water quality parameters

Temperature and Salinity
Temperature and salinity of the ballast water are not limiting conditions for the BOS BWMS.

System design limitations / Operational parameters

Holding time

The BWMS has demonstrated performance to the discharge standard in land-based testing with a
minimum holding time between intake and discharge of 48 hours in marine/brackish water and 72 hours
in fresh water.

A minimum holding time of 48 hours is required for brackish and marine water, and a minimum holding
time of 72 hours is required for fresh water.

UV Fraction

UV Fraction (UVF) represents for UV Transmittance and is calculated based on measured UV intensity.
The BWMS has demonstrated performance to the discharge standard when operating with the UVF of
inlet water not less than 50% during the ballast water uptake.

Treatment Rated Capacity (TRC) of the BWMS

The Treatment Rated Capacities (TRC) of the designated BLUE OCEAN SHIELD BWMS models are listed
below. The list also specifies the major components of the BLUE OCEAN SHIELD BWMS that shall be
installed for a specific BLUE OCEAN SHIELD BWMS model.

The BWMS has a flow control function according to measured salinity and UV Fraction (UVF) of inlet
water by using a flow control valve after UV reactor to ensure that flow rates are kept within the TRC of
a specific model. The BWMS starts flow reduction at UVF 70% in marine and brackish water, and at 80%
in fresh water. An UVF low alarm will be triggered and logged when operating with UVF <50%.

The BOS BWMS applies parallel installation of UV reactors for BOS2400 and BOS3200 model with one
corresponding filter, dedicated flowmeter between filter and each UV reactor and flow control valve after
each UV reactor.
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Model TRC (m3/h) Filter UV reactor
BOS100 100 FH100 uVv100
BOS200 200 FH200 uv200
BOS300 300 FH300 uv300
BOS500 500 FH500 uv500
BOS700 700 FH700 uv700
BOS900 900 FH900 uvooo
BOS1200 1200 FH1200 uv1200
BOS1200 1200 FH1250 uv1200
BOS1600 1600 FH1600 Uv1600
BOS2400 2400 FH2400 2x UV1200
BOS3200 3200 FH3200 2x UV1600

Pressure

The minimum/maximum pressure and the differential pressure triggering backflushing are listed below.

Model Minimum filter inlet Maximum working Differential pressure
pressure (bar) pressure (bar) triggering backflushing (bar)
BOS100 - BOS3200 1.5 7 Continuous back-flush

The BOS BWMS filter and UV unit are defined as Pressure Vessel Class III.

Control and monitoring equipment

Software version
The BOS BWMS is type approved with the system control software version V1.0.0.xx (where xx shall be

11 or higher). Any changes to the software are to be recorded as long as the BWMS is in use onboard.
The records of all changes are to be forwarded to DNV GL for evaluation. Major changes in the software,
which can alter the performance of the system, require approval. Testing of the application functions of
the revised software may be required.

Safety measures
The BWMS is type approved with the following instruments related to safety:

e Flow meter (installed after filter unit)
e Two temperature sensor (mounted in UV unit)
e A pressure transmitter (mounted in UV unit)

e A pressure relief valve mounted at connected pipe to UV unit, with opening at 7.7 bar

Electrical and electronic components
The type approved BWMS shall include the following control and monitoring equipment (including the

above listed instruments related to safety) indicated on the P&ID (BOS-PID-01/02) and specified on the
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component lists (BOM-2016-00). Except for the components listed below, alternate models to the ones
specified on the component lists 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 component lists
shall be used:

Name Manufacturer Model

Control system box | COSCO (WEIHAI) SHIPBUILDING MARINE TECHNOLOGY CO., LTD CSBS

Remote C%’;txm' SYstem | -5SCO(WEIHAT) SHIPBUILDING MARINE TECHNOLOGY CO., LTD RCSB1
UV control cupboard | COSCO (WEIHAI) SHIPBUILDING MARINE TECHNOLOGY CO., LTD BEA
UV power cupboard | COSCO (WEIHAI) SHIPBUILDING MARINE TECHNOLOGY CO., LTD BEB
Filter control box COSCO (WEIHAI) SHIPBUILDING MARINE TECHNOLOGY CO., LTD F-EO1

Light intensity HAISEN TECHNIK CO., LTD WH-D1-01
transmitter

Hazardous area / Ex-proof

The BLUE OCEAN SHIELD BWMS has no Ex models and is currently not suitable for installation in
hazardous area.

Documents approval

The following documentation is to be submitted for approval for each BWMS installation:
e Piping and Instrumentation Diagram (P&ID) of the ballast system including the treatment system
installation

e Power supply arrangement
e Interface description towards ship’s existing systems including alarms for failure

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

Type Approval documentation

Test plans and reports:

e Test Plan for Biological Efficacy Performance Evaluation of BLUE OCEAN SHIELD BWMS in land-
based test, DHI Singapore, Rev. 1.2, 2017.02.14

e Test Plan for Biological Efficacy Performance Evaluation of BLUE OCEAN SHIELD (BOS) 300
BWMS in land-based test, DHI Denmark, Rev. Final, 2018.05.24

e Test Plan for Biological efficacy performance evaluation of WECOSCO BOS BWMS in shipboard
test, DHI Denmark, Rev. Final, 2018.01.19

e Test Outline for Type Approval of BOS BWMS, Shanghai Marine Auxiliary Mechanical & Electric
Equipment Performance Environmental Test Centre, Rev. 1.3, 2018.09.23
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e Biological efficacy performance evaluation of BLUE OCEAN SHIELD 300 BWMS in land-based test
(Singapore), DHI Singapore, Rev. Revised Final, 2019.06.11

e Biological efficacy performance evaluation of BLUE OCEAN SHIELD 300 BWMS in land-based test
(Denmark), DHI Denmark, Rev. Final, 2019.03.15

e Biological efficacy performance evaluation of BOS BWMS in shipboard test, DHI Denmark, Rev.
Final, 2019.03.14

e Test report for Type Approval of BOS BWMS S502A-2018, Shanghai Marine Auxiliary Mechanical
& Electric Equipment Performance Environmental Test Centre, Rev. Signed, 2019.04.09

e  Full-Scale Test to Support CFD Validation Study of BLUE OCEAN SHIELD 300 Ballast Water
Management System, DHI Denmark, Rev. Final, 2018.11.28

e Centre of Marine Environmental Measurements (CMEM), 2015A. Test report. Report Number: SZ-
201512001.

e Centre of Marine Environmental Measurements (CMEM), 2015B. Test report. Report Number:
C0430.

e Centre of Marine Environmental Measurements (CMEM), 2017. Test report. Report Number:
C0409.

e Evaluation of regrowth for type approval of the BLUE OCEAN SHIELD BWMS, DNV GL,
2019.03.05

e Initial Type Approval Assessment Report, DNV GL, 2019.05.15
System documents:

e BLUE OCEAN SHIELD (BOS) Ballast Water Management System Technical Manual with
Appendixes, WECOSCO, Rev. 17, 2019.05.09

e BLUE OCEAN SHIELD (BOS) Ballast Water Management System Maintenance Manual, WECOSCO,
Rev. 1, 2019.05.09

e IS0 9001:2008 Management System Certificate by DNV GL, 124861-2012-AQ-RGC-RVA,
2018.10.31-2021.10.31

Tests carried out
e Land-based testing using BOS300 model with FH300 filter at DHI Singapore in accordance with
Resolution MEPC.279(70) and USCG 46 CFR 162.060-26

e Land-based testing using BOS300 model with FH300 filter at DHI Denmark in accordance with
Resolution MEPC.279(70) and USCG 46 CFR 162.060-26

e Shipboard testing using BOS1200 model with FH1200 filter in accordance with Resolution
MEPC.279(70) and USCG 46 CFR 162.060-26

e Function tests of the control and automation system witnessed by DNV GL

e Environmental testing in accordance with DNVGL-CG-0339 Standard for Certification Nov. 2015
“Environmental test specification for electrical, electronic and programmable equipment and
systems”, Resolution MEPC.279(70), USCG 46 CFR 162.060-30 and IACS E10

e Additional tests for validation of CFD model
e Additional tests for verification of regrowth effect

Marking of product

For Traceability of this Type Approval, each treatment system is to be marked with:

Form code: TA 251 Revision: 2016-12 www.dnvgl.com Page 6 of 11



Job Id: 262.1-021888-2
Certificate No: TAPOOOO1VF

e Manufacturer’s name or trade mark
e Type designation

e Serial number

Periodical assessment

For retention of the Type Approval, DNV GL Surveyor shall perform periodical assessments to verify that
the conditions of the TA are not altered since the certificate was issued. The scope of periodical
assessment includes:
e Review of the TA documentation and verification that the documentation is still used as basis for
the production

e Review of possible changes in design, material and performance of the product.

e Verification of the company’s production and quality systems ensuring continued consistent
production of the type approved products to the required quality.

e Verification that the product marking for identification and traceability to the TA Certificate is not
altered.

Copy of type approval certificate

A copy of this Type Approval Certificate shall be carried on board a ship fitted with this ballast water
management system, for inspection on board the ship. A reference to the test protocol and a copy of the
test results should be available for inspection onboard the vessel.
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ANNEX 1 SUMMARY OF TESTING
Summary of land-based testing for WECOSCO BLUE OCEAN SHIELD (BOS) BWMS

Table 1 Test water conditions and operational data in land-based testing of the WECOSCO BLUE OCEAN SHIELD (BOS)
BWMS with BOS300 model with TRC 300 m3/h in 2017-2019 at the DHI test facility in Singapore and Denmark. All
data are inlet samples.

Test |Salinity Temp.| DOC | POC | Tss | uvT | Average JAverage flow‘r\;:;iz/h) Holding
cycle | (PSU) | (°C) |(mg/L)|(mg/L)|(mg/L)| (%) | J)° et [ Berfore | After | (pome

(mW/em?) (%) | “iter | filter | (MOU™S)

COSBWO1| 19.5 | 283 | 9.0 | 7.4 | 57.9 | 74.6 139 72 339.8 | 285.0 | 32
CosBW02| 18.7 | 30.7 | 7.9 | 6.0 | 64.0 | 750 | 476 74 | 342.8 | 289.9 | 48
COSBWO03| 18.4 | 30.0 | 6.8 | 6.3 | 656 | 741 | 478 74 | 339.7 | 287.9| 48
COSBWO4| 18.4 | 30.3 | 7.8 | 7.9 | 61.6 | 74.4 | 447 71 340.2 | 289.0 | 48
COSBWO5| 18.3 | 27.0 | 9.5 | 10.0 | 70.4 | 63.5 | 277 58 198.4 | 148.5 | 48
COSBWO6| 18.4 | 29.6 | 87 | 81 | 63.8 | 559 | 250 55 196.9 | 146.5 | 48
COSBW07| 19.2 | 30.5 | 87 | 82 | 742 | 552 | 238 53 192.4 | 145.1 | 48
CosBW08| 18.9 | 30.5 | 10.4 | 9.0 | 67.2 | 54.6 | 237 53 195.8 | 149.3 | 48
COSBW09| 19.0 | 31.1 | 9.2 | 9.7 | 68.2 | 54.6 | 240 54 | 204.8 | 1483 | 48
COSBW10| 19.0 | 29.7 | 10.0 | 10.3 | 68.1 | 53.9 | 220 51 206.4 | 1482 | 48
cosMwoi| 32.7 | 307 | 86 | 7.8 | 427 | 56.5 108 35 193.8 | 147.1 | 48
cosMwo2| 347 | 298| 7.7 | 6.2 | 31.4 | 76,6 485 76 328.9 | 284.6 | 48
cosMwo3| 32.2 | 30.1| 92 | 6.6 | 39.3 | 748 | 463 74 | 348.4 | 290.6 | 48
COSMW04| 29.2 | 303 | 9.6 | 59 | 350 | 87.8 | 480 86 333.1 | 277.4 -
COSMWO5| 31.0 | 294 | 85 | 6.9 | 455 | 86.2 | 449 84 | 349.4 | 2902 | 48
CosMW0s| 30.8 | 29.5| 9.7 | 7.5 | 384 | 57.1 238 53 209.7 | 149.6 | 48
cosmMwo7| 320 | 289 | 92 | 71 | 373 | 576 | 234 53 210.0 | 148.5 | 48
COSFWo1| 0.1 |30.1 | 88 | 6.0 | 69.5 | 64.4 | 452 74 | 289.7 | 2434 | 48
cosFwo2| 0.9 | 277 | - - - | 851 581 83 238.5 | 196.2 -
COSFW03| 0.1 | 292 | 84 | 7.0 | 493 | 859 | 520 93 345.4 | 287.0 | 48
COSFWO04| 0.1 | 293 | 92 | 61 | 347 | 81.2 | 627 89 334.5 | 271.4 -
10 | 034 | 19 | 73 | 52 | 52 | 50 262 51 182 | 124 72
F20 | 039 | 20 | 65 | 69 | 60 | 55 382 55 184 | 127 72
F30 | 041 | 18 | 68 | 6.4 | 56 | 57 453 66 212 | 158 | 120
F40 | 038 | 20 | 77 | 67 | 59 | 54 384 56 191 | 123 | 120
F50 | 040 | 21 | 83 | 59 | 66 | 51 377 55 184 | 124 72
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Average .
Test SalinityTemp.| DOC | POC | TSS | UVT A"S\ﬁge A"S\r;’l':ge flowrate (m3/h) H:i';'gg
cycle | (PSU) | (°C) |(mg/L) (mg/L) (mg/L)| (%) Ve .| ENF Berfore | After | (uomes)
filter filter
B-1w® | 17 | 21 | 7.6 | 7.9 69 65 E) E) 220 157 120
B2w® | 17 | 21 | 7.6 | 7.9 69 65 e e 212 147 120

(1) These test cycles were carried out at DHI Denmark

(2) Test cycles B-1 and B-2 were run consecutively by use of the same test water without control. These two test cycles were
performed for evaluation of re-growth as stated in Section 2.6 of IMO Resolution MEPC. 279(70)

(3) UV-I and UVF were not recorded due to malfunction of the UV-I sensor on the BWMS

Table 2 Average densities of live organisms in inlet and treated discharge water during land-based testing of the
WECOSCO BLUE OCEAN SHIELD (BOS) BWMS BOS300 model. Live organisms =10 and <50 pm 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.

=50 pym organisms =10 and <50 pm
Organism densities in densities in discharge organisms densities in
inlet water water discharge water
Test # (organisms/m3) (organisms/mL)
=50 pm =10-<50 pm
(org/m?) (org/mL) Treated Control Treated Control

COSBWO1M 228,889 1,422 3 107,709 68 917

COSBWO02 154,417 6,867 0 14,532 1 129
COSBW03®@ 733,088 1,673 0 66 1 32

COSBW04 414,000 1,693 0 77,163 6 271

COSBWO05 415,022 986 0 147,234 6 156

COSBWO06 532,311 2,267 0 117,745 2 985
COSBWO07@ 543,721 1,316 0 121,752 4 54
COSBW08 520,140 2,322 0 236,889 6 43

COSBW09®) 155,734 1,749 0 40,127 17 345

COSBW10 400,018 1,432 0 173,267 2 799

COSMWO01M 556,222 2,869 0 167,967 21 330

COSMWO02 232,800 2,107 0 113,902 2 669

COSMWO03 370,906 1,665 0 72,507 1 323
COSMWO04*) 323,282 905 - - - -
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=50 pm organisms =10 and <50 pm
Organism densities in densities in discharge organisms densities in
inlet water water discharge water
Test # (organisms/m3) (organisms/mL)
=50 pm =10-<50 pm
(org/m?) (org/mL) Treated Control Treated Control
COSMWO05 452,082 1,709 0 209,615 4 347
COSMWO06 223,747 1,389 0 147,658 6 950
COSMWO07 205,733 1,229 0 126,844 5 484
COSFWO01™ 128,350 1,994 0 6,246 76 363
COSFW02® - - - - - -
COSFWO03 255,127 1,352 0 183,636 9 372
COSFW04®* 92,105 1,555 - - - -
F-1 297,361 1,152 0 95,972 0.33 1,270
F-2 308,433 1,485 0 137,524 1.7 1,267
F-3 468,811 1,302 0 136,978 1.8 1,504
F-4 763,972 1,297 0 254,527 0.50 692
F-5 476,695 1,477 0 316,413 1.7 776
B-1 445,100 2,545 0 - 0 -
B-2 509,533 2,316 0 - 0.17 -

(1) These test cycles failed because the density of 10-50 um exceeded the discharge standard.

(2) These test cycles are defined invalid due to insufficient organisms in the 210-<50 pm size class in the control discharge water.

(3) COSBWOQ9 is defined invalid due to the abnormally low UV-I/UV-F during de-ballast, which is outside the performance claim for
the BWMS;

(4) COSMWO04 was cancelled as DHI could not meet the minimum requirements for organisms in the 210-<50 pm size class in the
inlet water; COSFW02 and COSFW04 were not completed due to filter clogging issues during ballasting.
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Summary of shipboard testing for WECOSCO BLUE OCEAN SHIELD (BOS) BWMS

Table 5 Test water conditions, operational data, and organism density counts in shipboard testing of the WECOSCO
BLUE OCEAN SHIELD (BOS) BWMS BOS1200 model with TRC 1200 m3/h, January-August 2018 on board vessel YU
XIAO FENG. Live organisms =10 and <50 pm 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.

Average or - > Organisms =10-
. ganisms =50 pm
Test | Salinity | Temp f:’ﬂ;ﬁ;e H:;:,": 9 uvT UVF uv-I (org/m?3) (:fgolumn:)
o o, o, 2)
# | (PSU) | (°C) | pajast |(hour:min) (¥°) | (%°) ((mW/cm?) : -
(m3/h) Inlet Dischargel Inlet |Discharge

1 29 16 1,191 25:42 91 100 1,009 16,746 0 415 2.3
2 28 14 1,007 33:35 88 100 911 16,859 0 128 1.0
3 31 12 940 123:27 79 88 740 24,572 0 356 0
4 31 11 1,184 69:48 60 79 681 28,721 0 162 0.83
5 34 26 941 84:41 90 100 852 98,888 0 229 2.5
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