creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

% H7}(Risk Assessment) 7]*H-E& ©| 83
A2 A Ad Hy < A2 ZAX(BWTS) A&
f1ek A=A HAA AT

A Study for Optimized Design to Retrofit BWTS using

Risk Assessment Method on an Existing Vessel

20173 24



= e ARRES] AL Siefeo® QIS

A4 =4 & D
e o d = (]D
Pt 0] A A (<D
fod 2 A A (D)
O e 4 (D)

20161 129 26Y

<)

-

f e stal o

ol
B

3

Collection @ kmou



List Of Tabl@s --vceteeeveeeeesrnretmmmuiiiiiiiiiiiiiiiti ittt v
LiSt Of Figures ................................................................................................... V11
Abstract ................................................................................................................... X
1. ,\-] % ................................................................................................................. 1
11 o‘j:rL_g] HH7§ ................................................................................................... 1
1.2 %EH-O’] o‘ﬂ:rL ................................................................................................. 13
2 (a;Lg] 1%_?,] g; %]ﬁ ....................................................................................... 16
21 O‘j:rL T,‘:_L/\j‘ q]/g- \g_l l:l‘rjl_ﬂ ........................................................................... 16
22 }?j‘ﬂ' ﬁg—ag_/,: j{;q;g—y‘q ............................................................................... 21
23 )d\g}_o/] %__ﬁ_ ................................................................................................. 28
3. Al 3 A ARG BARA] i 35
3.1 {c}q] {\j‘i} DR e ;‘qa;g—‘] ..................................................................... 35
32 {r'L_Q,] )d\g} rgz‘;g_/lz ;‘qﬂ;g—‘] ..................................................................... 42
4 ¥ AN AR o] B2 AA B FAH BA s 47
41 )d\g} EA o]] o) 3 _TI_E:]/\]-%O]- ..................................................................... 47
4.2 ;‘q]ﬂ;g—y‘(] J_évxél o]] q]z}j. _Tr_g:]/\].f‘so]— ............................................................. 50
43 AATZZE TLBAFGF e 52
4.4 )d\g} E‘%*&‘(%@ /Kél) j_f;':]}\]-‘é'o]— ................................................................. 57
45 7@7]@3] ‘;Ll Zjiﬂi.‘.?_;‘s]- _TI_E:]/\]-“SO]— ............................................................. 63
4.6 vjHA) 2E _Tr_f—,':]/\]-?‘so]— ................................................................................. 71
— i -



5. 93d= E4 (Risk ASSESSIIENL) «+vwrvveereeremeesonserssssmnsiinsssis s 81
51 YT FAD HFH T Q] e 81
52 AA A BEE APAR] YIS BA e, 87
53 A7 &3 A gutd HA45 AR JIE BA 96
54 E7}A AEukd HE45 AR JIE BA 106
55 YT T FA]D T T} creerei 114

6. A B 116

71:}-}\]_91 T P T P P R P P T PP PP PI SRR PP RRPIPOR 118

;—&57_5_?:;.]_ ........................................................................................................... 120

BE A 9= 4 9 9y} QT—]-(Matrix Sheet) ............................... 123

BE B oI = 4 € Yy} @—ﬂ-(Matrix Sheet) ooooeeeeeseeseeseeseeeenes 139

BE C 9d=x 24 9 PyYr} @T%(Matrix Sheet) ............................... 162

_iV_

Collection @ kmou



List of Tables

Table 1 BWM CONVENHON = wswsweresreresresmmsrsmssesnmmsesssssssesssssssesssssssssssssssssssesssnes 4
Table 2 BWM Convention Guidelines -« - weesrmserssresrmsmmessmsemsmnessssssesnns 6
Table 3 Standard of Ballast Water Discharge on BWM Convention D-2

...................................................................................................................................... 7
Table 4 Implementation Schedule of D-1 and D-2 Requirement for ships
ON BWIM  CONVEIEION «+ereeresesresresesessmmessemssssssnssssssssssssesssssssssssssssssesssssssesssssssssssanns 9
Table 5 Vessel Type by Estimated Ballast Capacity «wwweeeeeseseseeeeseeeseneee: 10
Table 6 Vessel Type by Deadweight Tonnage e 11
Table 7 Vessel Age by Ship Type «sssssssssssssissimtsnssusssssssssssisssisssssssssisssesiseee 12
Table 8 Technical Classification and Comparison of Each BWTS -+ 25
Table 9 Specification of Subject Vessel «wwrwmsmmmmsssssisisisisisssssssssnne 34
Table 10 BWTS approved by Korea GOVErnmment =i 36
Table 11 Electric Power Consumption and Size for Electrolysis Type - 41
Table 12 Electric Power Consumption and Size for Ozone Type - 41
Table 13 Electric Power Consumption and Size for UV Type «=eeeeeeee: 41
Table 14 BWTS approved by Other GOVernments «sssssssssssssssee 43
Table 15 Fire Integrity of Bulkheads Separating Adjacent Spaces -+ 53
Table 16 Fire Integrity of Decks Separating Adjacent Space -::«+seseeeee: 53
Table 17 Electric Load Analysis of DWT 180K Bulk Carrier «:eeoeeeeeeee: 67
Table 18 Definition of Goods by Clags =i 67

Table 19 Application of the requirements to different modes of carriage
of dangerous goods in ships and CArgo SpaCes wmsmmsssssssssssssssinnee 68
Table 20 Application of the requirements to different classes of
dangerous goods for ships and cargo spaces carrying solid dangerous

gOOdS in bulk .......................................................................................................... 69

Collection @ kmou



Table 21 ACthlty Of Control by Cases ............................................................ 70

Table 22 Risk MAatrix - -sswerseresessesessresessessmsssssesssssssssssessssssssssssessssssssesssssssans. 85
Table 23 Concordance COeffiCient « - - wsrrrrrrmsrrsrrmesesssissessiesisessesssasans. 85
Table 24 Definition of Consequence Levels 'S wwsmssssrsrisiisissisnine 86
Table 25 Definition of Frequency Levels "L" =i 86
Table 26 Specification of Subject UV Type BWTS s 89
Table 27 Nodes to Analyze Risk for UV Type BWTS «oooeeeeeeeseseesseseeeeees 89
Table 28 Specification of Subject Electrolysis Type BWTS «weoeeeeeeeeeeeeeceeee: 98
Table 29 Nodes to Analyze Risk for Electrolysis Type BWTS «:eeeeeeeeeee: 98
Table 30 Specification of Subject Ozone Type BWTS revevereeeesesesesesesesenn. 108
Table 31 Specification of Nodes to Analyze Risk for Ozone Type BWTS

.................................................................................................................................. 108

— i -

Collection @ kmou



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

1 Current Status of B/A and F/A for BWTS s 7
2 Current Status of Development by Nation(unit : %) ««eeereereeseeeeeeees 8
3 Current Status of BWTS by Treatment Method(unit : %) ««eeeeeeee 8
B HAZOP PrOCESS - wswsesesesesessssesssssssssssesasssesassssssesssssssssssssssssssessesssessssesns 20
5 Treatment Method for General BWTS :weeeeereereeneeemmieeminieiiiiiininnienns 25
6 Treatment Method for Photo-catalytic BWTS eoereeeeeeeeseresesescieieseeee. 26
7 Treatment Method for Cavitation BWTS --«eeeeeereerereersrmeessueennuienieenns 26
8 Treatment Method for Inert Gas Injection Type BWTS «weeeeeeeeeeee: 26
9 Treatment Method for Electrolysis Type BWTS «eeeeereeeesesceesescene 27
10 Treatment Method for Magnetism BWTS cereeeerveseeneeneeneneninieiennes 27
11 Treatment Method for UV BWTS :ceoeeeeessreemmneeenniimmneeiiiiiieeeniins 27
12 General Photograph of Crude Oil Tanker e 32
13 General Photograph of LPG Tanker(Pressure Type) «weweeereseeeeee: 32
14 General Photograph of LPG Tanker(Low Temp. Type) «weoeeeeeeee: 32
15 General Photograph of LNG Tanker(Moss Type) ««weeeeeeeeeeeeeeeee: 33
16 General Photograph of LNG Tanker(Membrane Type) ««eeeeeeeeee: 33
17 General Photograph Of BUlk Carri@r -+ ee-veeseeerersseereesiesstesiuesieanuenues 33
18 Number of Ships in World Merchant Fleet - wesesersersemsenseeennn. 34
19 Configuration of Electrolysis Type BWTS wweeeemessmmseminiicinins 40
20 Conﬁguration of Ozone Type BWTS eeeveerveeseeensemnenuenienneeniieniiennees 40
21 Conﬁguration of UV Type BWTS --eeeeveeemeemseeeneeneennieenieeniecieciie e 40
22 Seat for Supporting ON DeCk w+eeesrrreesrmmeessmniiiiiieiiitii e 52
23 Seat directly Supported O DECK w+evveerreeemmeermmeeenieeniienitentinee e 52
24 Detail Penetration Of IDUCE wwwweeeerrersrmeeessmemmmeiiiiniitetie e 54
— vii —

= " I
Collection @ kmou



Fig, 25 Detailed Penetration of Slngle Plpe .................................................... 55

Fig. 26 Detailed Penetration of Single Cable e, 55
Fig. 27 Detailed Penetration of Multi Cables e, 56
Fig. 28 Deviation of Hogging Moment before Installed BWTS -:oeeeeeeeee: 59
Fig. 29 Deviation of Hogging Moment after Installing BWTS «weeoeeeeeeeeeee: 60
Fig. 30 Deviation of Sagging Moment before Installed BWTS «eeeeoeeeeeeeee: 61
Fig. 31 Deviation of Sagging Moment after Installing BWTS «-eoeeeeeeeeeeee: 62
Fig. 32 Classification of Dangerous Zone when Loading Goods as Class
B.1 & 8 +rvreerereresieneietit ettt et 70
Fig. 33 Typical Midship of Bulk Carrier - e 76
Fig. 34 Typical General Arrangement of Bulk Carrier ««:eeeereeseseseseesesee: 77
Fig. 35 BWTS Installed in Engine ROOIIL ##evesreermmesmeenmenntenntirniie sttt 77
Fig. 36 BWTS Installed except Engine Room -, 77
Fig. 37 Diagram of BWTS Connecting Main Ballast Pipe System -« 78
Fig. 38 Ballast Piping Diagram Installed Stripping Eductor «:«weeeoeeeeeeeee: 79
Fig. 39 Ballast Water System by Gravity e, 80
Fig. 40 Ballast System for UV Type BWTS(Node 1) wwwweeeremssemsemssensseens. 90
Fig. 41 Ballast System for UV Type BWTS(Node 2) wwsewrsemrmmssemsemssensennns. 91
Fig. 42 Ballast System for UV Type BWTS(Node 3) wwewmseeremssemsemssenssenes. 92
Fig. 43 Ballast System for UV Type BWTS(Node 4) wwewmemremssmmsemssensennes. 93
Fig. 44 Ballast System for UV Type BWTS(Node 5) wwseweseeremssemsemssenssenes. 04
Fig. 45 Ballast System for UV Type BWTS(Node 6) wwswwmeeremssemsemssenssenns. 95
Fig. 46 Ballast System for Electrolysis Type BWTS(Node 1) «eeweereeeeeeese: 99
Fig. 47 Ballast System for Electrolysis Type BWTS(Node 2) «eeeeeereeese: 100
Fig. 48 Ballast System for Electrolysis Type BWTS(Node 3) «eeeeeereeese: 101
Fig. 49 Ballast System for Electrolysis Type BWTS(Node 4) «eeeeeeeeese: 102
Fig. 50 Ballast System for Electrolysis Type BWTS(Node 5) weeeeeereeese: 103
— viii —

Collection @ kmou



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Colle

51 Ballast System for Electrolysis Type BWTS(Node 6) ««wweeeeeeee 104
52 Ballast System for Electrolysis Type BWTS(Node 7) «weereeereeseeee 105
53 Ballast System for Ozone Type BWTS(Node 1) «weereeerereeeeseseeenes 109
54 Ballast System for Ozone Type BWTS(Node 2) «weererereresesereeeses 110
55 Ballast System for Ozone Type BWTS(Node 3) «weeerereeeeeesereeeess 111
56 Ballast System for Ozone Type BWTS(Node 4) «weereeerereeeseseeenes 112
57 Ballast System for Ozone Type BWTS(Node 5) «weereeerereesesereeese 113
58 Result of Risk Analysis for Bach BWTS wweeeeseeessummssssnsssssssss 115
59 Comparison of Recommendation and Additional Cost -+ 115
—ix —
ction @ kmou



A Study for Optimized Design to Retrofit BWTS
using Risk Assessment Method on an Existing Vessel

Jee, Jae Hoon

Department of Marine Engineering System

Graduate School of Korea Maritime and Ocean University

Abstract

Over the past several years, sea trade have increased traffic by ships
which highlighted a problem of unwanted species invading the
surrounding seas through ship’s ballast water discharge. Maritime trade
volume has continuously increased worldwide and the problem still
exists. A specific case is the influx of European zebra mussels in the
Great Lakes between Canada and the United States of America. These
species are responsible for the underwater pollution of structures and
waterways. As a result, the respective countries are spending billions of
dollars in an effort to clean up the contamination and prevent pollution.
As part of an effort to solve marine environmental problem, BWM(Ballast
Water Management) Convention was adopted at a diplomatic conference

on Feb. 13 2004. In order to comply harmoniously this convention by



each country, IMO has enacted 15 Guidelines to uniformly apply
internationally. This convention will be effective after 12 months from the
date which 30 countries ratified accounting for more than 35% of the
world merchant shipping volume. On Sep. 8 2016, Finland ratified this
convention and effective condition was satisfied as 52 states and World
Merchant Vessel Fleet 35.1441%. Thus, after Sep. 8 2017, all existing
vessels shall be equipped with BWTS(Ballast Water Treatment System) in
accordance with D-2 Regulation, which physically handles ballast water
from ballast water exchange system(D-1 Regulation). They have been
developed since 2004 which is adopted from this Convention. UV type
was given basic approval from IMO for the first time in 2006. Since
then, the number of them developments has continued to increase and in
2010 most of them have received basic and final approval from IMO. Up
until now, about 70 Systems have received type approval. The number of
vessels to be equipped with BWTS worldwide is about 69,000 as of 2015.
Thus various ships and Systems have been developed around the world.
To retrofit BWTS on existing ships basic regulations such as Classification
Regulations, Flag Regulations and Port Regulations were applied to
Retrofit Design. However, when considering the purpose of the design is
to protect safety of crew and ship, it is questioned as to whether these
criteria can only achieve a such purposes. In this study, we analyzed in
detail the optimal design method using the Risk Analysis and Evaluation
technique which is mainly used in the manufacturing factory or the risky
work site comparing with the traditional design concept method applying
various criteria. The Risk Assessment Method is a series of processes for
finding the Risk Factors in the design process, analyzing a probability of
the accident and size of the accident and then quantifying the Risk

Incidence and finally taking measures. In this study, this method was

_Xi_
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carried out for three(3) treatment type such as Ultra Violet, Electrolysis
and Ozone Gas injection Type on DWT 180K Bulk Carrier using
“HAZOP(Hazard and Operability) Study” method among various
Methods. In the UV Type, 113 hazardous elements were identified. There
were 49 points as "Negligible(Acceptable)" Risk Level, 64 points as
"ALARP" Risk Level. But “Unacceptable" Risk Level were nothing. It is
shown Appendix A for a more detailed matrix of Risk Assessment of this
Type. In the Electrolysis Type, 93 hazardous elements were identified.
There were 20 points as "Negligible(Acceptable)" Risk Level, 73 points as
"ALARP" Risk Level. But “Unacceptable" Risk Level were nothing. It is
shown Appendix B for a more detailed matrix of Risk Assessment of this
Type. In the Ozone Gas Type, 123 hazardous elements were identified.
There were 75 points as "Negligible(Acceptable)" Risk Level, 48 points as
"ALARP" Risk Level. But “Unacceptable” Risk Level were nothing. It is
shown Appendix C for a more detailed matrix of Risk Assessment of this
Type. In this study, Risk Assessment was used to identify Risk Factors
for BWTS Retrofit respectively and it was found that the Risk Factors
should be considered on the optimum retrofit design for crew’s safety
and ship protection. To improve the identified these items for each
treatment type on the Retrofit Design is additionally costed. However,
these costs were independent of the number of identified hazards and
the performance of three treatment type. The cost to improve the
identified Risk Factors for each treatment type on the retrofit design is

charged additionally comparing with original retrofit cost.

KEY WORDS: BWTS, BWTS Retrofit, Bulk Carrier, Risk Assessment, Risk
Matrix, HAZOP, "Negligible(Acceptable)" Risk Level, "ALARP" Risk Level,
“Unacceptable" Risk Level
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Table 2 BWM Convention Guidelines
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Table 3 Standard of Ballast Water Discharge on BWM Convention D-2

Organisms Standard
>50pm Min. Dim less than 10 viable Organisms per m’
Organisms -
10pm ~ < 50um Min. ) )
. less than 10 viable Organisms per ml
Dim.
Vibrio Cholera 1cfu/100me or lcfu/lg(wet weight)
Indicator L .
. Escherichia coli 250cfu/100mé
Microbes
Intestinal Enterococcus 100cfu/100me
12
Unit : EA
10
8
6 M Basic Approval
m Final Approval
4 -
2 -
0 -
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

Fig. 1 Current Status of B/A and F/A for BWTS
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B Norway

B Germany

® Marshall Islands
H Korea

M Japan

® China

B South Africa

m UK

B Greece

B Denmark

H Netherland

= France

Fig. 2 Current Status of Development by Nation(unit : %)

BUY

M Chemical

H De-oxydation

M Electrolysis(Direct Flow)

M Electrolysis(Indirect Flow)

= Ozone

Fig. 3 Current Status of BWTS by Treatment Method(unit : %)

Collection @ kmou



Table 4 Implementation Schedule of D-1 and D-2 Requirement for ships on BWM Convention
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Table 5 Vessel Type by Estimated Ballast Capacity

Sub-type

Count

Ballast capacity of

Ballast Capacity of

Ballast Capacity of

< 1,500m’ 1,500m> ~ 5,000m> > 5,000m’

Barge 574 0 0 574

Bulk Carriers 8,110 0 0 8,110

Containership 4,724 0 0 4,724

Crude Oil Tanker 2,160 0 0 2,160

Chemical Tanker 1,474 0 0 1,474

Chemical/Oil Products Tanker 9,323 0 0 9,323

General Cargo Ship 18,187 0 16,535 1,652
Fishing Vessels 8,001 7,970 30 1

LNG Tanker 327 0 0 327

LPG Tanker 1,194 540 0 654

OSVs 2,000 1,923 0 77
Passenger(Cruise) Ship 515 0 479 36
Passenger-Passenger/Cargo (Ro-Ro) 3,359 3,324 35 0
Passenger Ship 2,942 2,941 1 0
Refrigerated Cargo Ship 2,542 0 2,538 4
Ro-Ro ship 1,873 0 1,700 173
Livestock Carrier 101 0 90 11
Vehicle Carrier 784 0 196 588

Total 68,190 16,698 21,604 29,888




Table 6 Vessel Type by Deadweight Tonnage

World Fleet DWT
1,000 ~ 10,000 ~ 30,000 ~ 50,000 ~
Sub-type 0~ 99 =>70,000 Total
9,999 29,999 49,999 69,999

Barge 274 275 15 8 0 2 574

Bulk Carriers 392 878 1,703 1,743 1,264 2,130 8,110
Containership 6 789 1,628 1,013 812 477 4,724
Crude Oil Tanker 16 112 37 163 120 1,712 2,160
Chemical Tanker 423 805 164 79 1 1 1,474
Chemical/Oil Products Tanker 1,665 4,621 1,206 1,249 245 337 9,323
General Cargo Ship 5,921 10,612 1,409 223 22 0 18,187
Fishing Vessels 7,395 604 2 0 0 0 8,001
LNG Tanker 1 5 12 11 36 262 327

LPG Tanker 193 678 154 71 98 0 1,194
OSVs 600 1,399 1 0 0 0 2,000
Passenger(Cruise) Ship 243 227 45 0 0 0 515
Passenger-Passenger/Cargo (Ro-Ro) 2,327 997 35 0 0 0 3,359
Passenger Ship 2,883 58 1 0 0 0 2,942
Refrigerated Cargo Ship 832 1,453 254 3 0 0 2,942
Ro-Ro ship 840 726 292 15 0 0 1,873

Livestock Carrier 22 68 9 2 0 0 101
Vehicle Carrier 13 183 558 28 2 0 784
Total 24,046 24,490 7,525 4,608 2,600 4,921 68,190




Table 7 Vessel Age by Ship Type

World Fleet DWT
0~4 5~ 14 15 ~ 24 25+ 2009
Sub-type . Total
years years years years Builds

Barge 27 30 125 387 5 574

Bulk Carriers 1,892 2,328 1,894 1,938 358 8,110
Containership 1,650 1,881 675 323 195 4,724
Crude Oil Tanker 624 788 473 127 148 2,160
Chemical Tanker 281 278 501 338 76 1,474
Chemical/Oil Products Tanker 2,088 1,781 1,748 3,283 423 9,323
General Cargo Ship 1,705 2,692 3779 9,794 217 18,187
Fishing Vessels 283 1,119 2,454 4,132 13 8,001
LNG Tanker 18 78 151 52 28 327

LPG Tanker 217 322 289 320 46 1,194
OSVs 491 245 220 889 155 2,000
Passenger(Cruise) Ship 58 157 109 183 8 515
Passenger-Passenger/Cargo (Ro-Ro) 287 674 670 1,702 26 3,359
Passenger Ship 222 788 776 1,128 28 2,942
Refrigerated Cargo Ship 62 298 945 1,232 5 2,542
Ro-Ro ship 283 441 333 785 31 1,873
Livestock Carrier 0 7 6 88 0 101
Vehicle Carrier 221 213 191 117 42 784
Total 10,109 14,120 15,339 26,818 1,804 68,190
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Table 8 Technical Classification and Comparison of Each BWTS
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Fig. 5 Treatment Method for General BWTS
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Fig. 12 General Photograph of Crude Oil Tanker

Fig. 14 General Photograph of LPG Tanker(Low Temp. Type)
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Fig. 16 General Photograph of LNG Tanker(Membrane Type)

Fig. 17 General Photograph of Bulk Carrier
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Fig. 18 Number of Ships in World Merchant Fleet

Table 9 Specification of Subject Vessel

LxBxD(m) 284.23 x 45 x 247 Hull No. S4xx
DW.T 179,283 G/T 93,152
BW.P 2,500m>/h x 2 sets Gen. Cap. 750kW x 3 sets

K/L Date 2010. 4. 26 Nav. Area Ocean Going

IMO No. IXXXXXXX Flag Pxxxxx

Manager Hxxxxxx Shipyard “H” Shipyard

— 34 —
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Table 10 BWTS approved by Korea Government

Collection @ kmou

MEPC report
. Approval Name of the Copy of Type . .
Ho granting Final
Date BWTS Approval Cert.
Approval
Electro-Cleen Provided MEPC 58/23,
1 |31 Dec. 2008
System (MEPC59/INF.6) | paragraph 2.8
NK-O3 BlueBallast Provided MEPC 59/24,
2 |24 Nov. 2009
System(Ozone) | (MEPC60/INF.14)| paragraph 2.8
GloEn-Patrol Provided MEPC 60/22,
3 | 4 Dec. 2009
BWMS (MEPC61/2/19) | paragraph 2.7
Provided MEPC 60/22
4 |16 Mar. 2011 | EcoBallast BWMS
(MEPC63/INF.5) | paragraph 2.13
Provided MEPC 62/24,
5 |31 Oct. 2011 | Purimar System
(MEPC63/INF.6) | paragraph 2.5
Neo-Purimar
6 |30 Dec. 2013 - -
System
2 Provided MEPC 62/24,
7 |11 Nov. 2011 | HiBallast BWMS
(MEPC63/INF.4) | paragraph 2.5
SMART Ballast
8 |27 Sep. 2013 - -
BWMS
Provided MEPC 63/23,
9 |15 Jun. 2012 | AquaStar BWMS
(MEPC64/INF.18) | paragraph 2.7
ARA PLASMA Provided MEPC 61/24,
10 | 12 Jul. 2012
BWMS (MEPC64/INF.33) | paragraph 2.7
EcoGuardian Provided MEPC.65/22,
11 | 8 May 2015
BWMS (MEPC69/INF.31) | paragraph 2.8
BlueZone Provided MEPC67/20,
12 | 8 May 2015
BWMS (MEPC69/INF.32) | paragraph 2.6
BioViolet
13 | 3 Apr. 2015 - -
BWMS
MARINOMATE
14 |28 Mar. 2016 - -
BWMS
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Fig. 21 Configuration of UV Type BWTS
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Table 11 Electric Power Consumption and Size for Electrolysis Type

Model Capacity(m3/ h) | Power Consumption(kWh) Foot Print(m?)
1200 1,200 72~120 2.8
1800 1,800 108~180 44
2400 2,400 144~240 5.64
3000 3,000 180~300 6.5

Table 12 Electric Power Consumption and Size for Ozone Type

Model Capacity(m’/h) | Power Consumption(kWh) Foot Print(m?)
050 1,000 69.4 8.3
075 1,500 95.8 9.5
100 2,000 150.2 11.5
150 3,000 199.9 15.9

Table 13 Electric Power Consumption and Size for UV Type

Model Capacity(m®/h) | Power Consumption(kWh) Foot Print(m?)
1000 1,000 70 51
1500 1,500 105 9.8
2000 2,000 140 14.9
3000 3,000 210 20.5
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Table 14 BWTS approved by Other Governments

Name of the Copy of Type Approval . MEPC report granting Final
Num. | Approval Date Active Substance employed
BWTS Cert. Approval
1 June 2008 PureBallast System MEPC 61/INF.3 MEPC 56/2/2, annex 5 MEPC 56/23 Paragraph 2.8
2 10 June 2008 SEDNA MEPC 58/INFE.17 MEPC 57/2/10, annex 7 | MEPC 57/21, paragraph 2.16
NEI treatment system ) )
3 2 Sep. 2008 BWM.2/Circ.25 No. Not applicable
VOS-2500-101
) MEPC 59/INF.17 and
4 17 April 2009 OceanSaver MEPC 58/2/8 MEPC 58/23, paragraph 2.10
62/INF.15
5 5 March 2010 ClearBallast(Hitachi) MEPC 61/INF.21 MEPC 59/2/19, annex MEPC 59/24, paragraph 2.8
6 25 March 2011 JFE Ballast ACE MEPC 62/INF.25 MEPC 60/2/12, annex MEPC 60/22, paragraph 2.7
7 1 Sep. 2010 CleanBallast MEPC 67/INE.29 MEPC 59/2/19, annex MEPC 59/24, paragraph 2.8
8 28 Jan. 2011 BalClor MEPC 62/INF.29 MEPC 61/2/15, annex MEPC 61/24, paragraph 2.7.3
) Resource Ballast
9 19 April 2011 MEPC 62/INF.18 MEPC 60/2/11, annex MEPC 60/22, paragraph 2.7
Technology System
10 29 April 2009 Hyde HUARDIAN MEPC 59/INF.20 No Not applicable

rﬂ -.: T a e e |/ e
\-._-O.|\:|-_,|_.U. | @ b L




Num. | Approval Date Name of the Copy of Type Approval Active Substance employed MEPC report granting Final
BWTS Cert. Approval

11 12 Nov. 2009 | OptiMarin Ballast System MEPC 61/INF.4 No Not applicable
12 16 Feb. 2011 Blue OceanMSZield Ballast MEPC 62/INF.28 No Not applicable
13 10 Mar. 2011 | PureBallast 2.0 and 2.0Ex MEPC 62/INF.14 No Not applicable
14 28 Mar. 2011 BSKY BWMS MEPC 62/INF.30 No Not applicable
15 29 April 2011 | Ocean Protection System MEPC 67/INE.27 No Not applicable
16 6 June 2011 FineBallast OZ MEPC 63/INF.12 MEPC 61/2/15, annex 6 | MEPC 61/24, paragraph 2.7
17 27 July 2011 BalPure MEPC 64/INE.20 MEPC 61/2/21, annex 7 | MEPC 61/24, paragraph 2.7
18 6 August 2011 NEI, VOS-500~6,000 No No Not applicable
19 7 Nov. 2011 OceanGuard MEPC 65/INF.2 MEPC 61/2/21, annex 5 | MEPC 61/24, paragraph 2.7
20 4 Nov. 2011 Ecochlor MEPC 67/INF.26 MEPC 61/2/21, annex 6 | MEPC 61/24, paragraph 2.7
21 22 Dec. 2011 OceanSaver MEPC 64/INF.4 MEPC 58/2/8, annex 4 | MEPC 58/23, paragraph 2.10
22 10 May 2012 ERMA FIRST BWTS MEPC 64/INF.26 MEPC 63/2/11, annex 5 | MEPC 63/23, paragraph 2.7
23 30 May 2012 MICROFADE MEPC 64/INF.17 MEPC 63/2/11, annex 6 | MEPC 63/23, paragraph 2.7

llartimm |/ aala
\-._-O.|\:|-_,|_.U. | @ b L




Num. | Approval Date Name of the Copy of Type Approval Active Substance employed MEPC report granting Final
BWTS Cert. Approval
24 12 June 2012 Cyeco BWMS MEPC 64/INF.12 No Not applicable
25 |27 August 2012 AquaTriComb BW250 MEPC 67/INF.28 No Not applicable
26 20 Sep. 2012 Crystal BWMS MEPC 65/INF.13 No Not applicable
27 7 Nov. 2012 DESMI Ocean Guard MEPC 65/INF.5 MEPC 64/2/6, annex 4 | MEPC 64/23, paragraph 2.6
OxyClean
28 12 Dec. 2012 MMC BWMS MEPC 66/INFE.9 No Not applicable
29 20 Dec. 2012 | Wartsila AQUARIUS UV MEPC 65/INFE.11 No Not applicable
30 5 Feb. 2013 BALWAT BWMS MEPC 66/INF.15 No Not applicable
31 5 June 2013 BIO-SEA BWMS MEPC 66/INF.10 No Not applicable
32 26 June 2013 JFE BallastAce MEPC 66/INF.30 MEPC 64/2/7, annex 5 | MEPC 64/23, paragraph 2.6
33 |22 August 2013 HY-BWMS MEPC 66/INF.14 No Not applicable
34 10 Oct. 2013 NiBallast MEPC 66/INF.12 No Not applicable
35 4 Nov. 2013 Cyeco BWMS MEPC 66/INF.16 No Not applicable
36 5 Nov. 2013 FineBallast MF MEPC 66/INF.28 No Not applicable
37 14 Nov. 2013 KBAL BWMS MEPC 65/INF.12 No Not applicable
38 2 Dec. 2013 Seascape BWMS MEPC 66/INF.13 No Not applicable
Collection @ kmou




Name of the Copy of Type Approval . MEPC report granting Final
Num. | Approval Date Active Substance employed
BWTS Cert. Approval
39 20 Dec. 2013 Trojan Marinex MEPC 67/INF.6 No Not applicable
40 27 Mar. 2014 Miura BWMS MEPC 67/INF.20 No Not applicable
41 30 April 2014 Cathelco BWMS MEPC 67/INF.30 No Not applicable
42 18 June 2014 ECOMARINE MEPC 67/INF.21 No Not applicable
43 30 June 2014 PureBallast 3.0 MEPC 67/INF.5 No Not applicable
44 11 July PACT marine MEPC 68/INFE.5 No Not applicable
45 5 Sep. 2014 RayClean BWTS MEPC 68/INFE.10 No Not applicable
MEPC 66/2/7, annex 4
46 21 Oct. 2014 SKY-SYSTEM MEPC 68/INF.28 MEPC 66/21, paragraph 2.5
and Corr.1
47 17 Nov. 2014 OceanDoctor BWMS MEPC 68/INF.4 MEPC 65/2/19, annex 7 | MEPC 65/22, paragraph 2.8
48 5 Jan. 2015 Bawat BWMS MEPC 68/INFE.9 No Not applicable
49 6 Feb. 2015 Coldharbour GLD BWMS MEPC 68/INF.27 No Not applicable
NiBallast Ballast Water
50 12 Sep. 2015 MEPC 69/INF.3 No Not applicable
Teatment
51 19 Nov. 2015 Van Oord BWMS MEPC 69/INF.15 No MEPC 65/22 paragraph 2.5
52 21 Dec. 2015 Seascape BWMS MEPC 69/INF.4 No Not applicable
P | PR, T
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Table 15 Fire Integrity of Bulkheads Separating Adjacent Spaces
-9 |l e | @l e 6| @& ] @
GICEES @ |A-Oe| A-0 |A-60| A-0 |A-15|A-60 [A=15|A-60 [A-60| + |A-60
ss ® C |B-0|20 |B-0|as0|A-0|A-0 A0 | « [a-30
pES ® Cab |20 | B-0 |A-60| A0 | A-0 [ A-0 | + |a-30
et ® S| 2 |aso| A-0 | A-0 | A0 | - |A-30
Y27 (HRIE) ® C |A-60|A-0|A-0|A-0| - |A0
5 ol ® + | A-0 |A-0g|A-60| « |a-60f
JlEt D127 @ AOd[A-O|A0| « |AD
sERw « a0+ |a0
Y27 (2RE) ® A-0d | + |A-30
Pl L=l etly - | A0
EESERPHEE ® A-30

Table 16 Fire Integrity of Decks Separating Adjacent Space

R

e ol e | @ @ & 6 a € @
R4 @ A0 | A-0 | A0 |'A-0 | A-0 |A-60| A-0 | A-0 | A0 | + |A-60
s2c ‘@ a0 + |+ A0 + [A60|A0|A0|ADO| + |A-30
AE2Y L ® |A-60| A-0 | = |A-0| + |A-60|A-0|A-0|A-0| + |A-30
et @ | A0 | A0 | A0 | + |AD |A60|A-0|A-0|AD| + [A-30
Q27 (HFE ' ® |a-15| A0 | A0 |A0| - |A60|ADO|AO|AD| « |A0O
AR 1B | ® |A-60|A-B0|A-60 |A-60 | A-B0| + |A-BOh|A-30|A-60| + |A-60
Jlet 2R | @ |A-15] A-0 | A0 [A-0 | A-D |AD| + [A0|ADO| + |AD
a2 ' ® |A-60| A-0 | A0 |A-0 | A0 |A-D|A-0| - |A0| + |A-0
Y27 (DFED L @ |A-60| A-0 | A-0 | A-0 | A-0 |A-60 | A-0 | A-0 |A-0d| + |A-30
e |- |||l 1-]-]aa
2279 U AY?Y | ® |A-60|A-30|A-30 [A-30 | A-0 |A-60| A=0 | A-0 | A-30| A-0i |A-30i
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44.3 ¥7F=(Bending Moment & Shear Force)

Aut B AHYAAE 7|HA Es FHZF(Pump Room) 52 Aw|HF
U 52 A AT Afode 3tE 43SH(Normal Ballast Condition)
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Shear

F—&— Shear (MT)i10*4

Moment (m-MT)i10*5

SEA-Intact Shear Allowable (MT)/10°4
SEA-Intact Moment Allowable (m-MT) /10 * 5

Fig. 28 Deviation of Hogging Moment before Installed BWTS
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Table 17 Electric

Load Analysis of DWT 180K Bulk Carrier

Normal At
At Port At
Sea Load/
In/Out Harbor
Going Unload
Continuous Load 503.0 671.7 817.0 227.0
Total Load 618.2 1,046.5 950.9 365.5
No. of D/G
1 2 2 1
(750kW)
Load Factor 82.4 69.8 63.4 48.7

Table 18 Definition of Goods by Class

Class Definition
41 Flammable solids
4.2 Substances liable to spontaneous combustion
Substances which, in contact with water, emit flammable
42 gases
5.1 Oxidizing substances
6.1 All toxic substances having a flash point below 23C
8 All corrosive liquids having a flash point 23°C and below
Miscellaneous dangerous substances, that is, any other
9 substance which experience has shown, or may show, to

be of such a dangerous character that the provisions of

this part will apply to it

zl 5
L1 NN A




Table 19 Application of the Requirements to Different Modes of Carriage of Dangerous Goods in Ships and
Cargo Spaces
% =z Zg7tw
0119.2.25F ﬁ?];‘{%, 1 EW3 EERLE R g 4 2+A A 5wt
1974 eo | AAse  swwe | UL TEL A¥E | AR WA
3.1.1 X X X X X
3.1.2 X X X X -
313 - X X X X X
314 - X X X X Aol BE ol X
3.2 - X X X X x*
3.3 - X X X Ag=ol ot x*
341 - X x! X - A197 3] 2] x*
1 4
34.2 X X X - Agol Ao X
3.5 - X X X -
3.6.1 X X X X X
3.6.2 X X X X X Table 192 -
3.7 X X - - X _ _ -
: =3 A
3.8 X X x? X X RS -
39 - - - x> X -
3.10.1 - X -
3.10.2 - - - X - -



Table 20 Application of the Requirements to Different Classes of Dangerous Goods for Ships and Cargo Spaces
Carrying Solid Dangerous Goods in Bulk

Class
Al 1973

41

e
[}

43 5.1 6.1 8 9

311

3.1.2

3.2

34.1 -

34.2

34.3

3.6

XXX X
XXX XX R XX
XXX XX R
XXX X
XXX X

3.8
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Fig. 32 Classification of Dangerous Zone when Loading Goods as

Class 6.1 & 8

Table 21 Activity of Control by Case

No. Case Activity
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Fig. 33 Typical Midship of Bulk Carrier

ACCOM.

Cargo Hold

Cargo Hold

Fig. 34 Typical General Arrangement of Bulk Carrier
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Table 22 Risk Matrix

SI
1 2 3 4
/Ship Mi Signifi S C hi
Frequency inor ignificant evere atastrophic
year
Mi Inj S Inj
mo.r ey evtare ].ury 1 fatality 10 fatalities
Equipment Mild Ship
Severe Damage | Total Loss
Damage Damage
Frequent | 10 8 9 10 11
10° 7 8 9 10
Reasonably
10"
Probable 3 Z 8 ?
107 5 6 7 8
Remote | 10° 4 5 6 7
10* 3 4 5 6
Extremel
Y 10 2 3 4 5
Remote
Table 23 Concordance Coefficient
W > 0.7 Good Agreement
W 0.5~0.7 Medium Agreement
\ <05 Poor Agreement




Table 24 Definition of Consequence Levels "S"

Level Definition
1 Minor / Minor injury / Equipment damage
2 Significant / Severe injury / Mild ship damage
3 Severe / 1 fatality / Severe damage
4 Catastrophic / 10 fatalities / total loss
Table 25 Definition of Frequency Levels "L"
Level Definition
1 Less than once per 100,000 years
2 Between once per 10,000 year and once per 100,000 years
3 Between once per 1000 year and once per 10,000 years
4 Between once per 100 year and once per 1000 years
5 Between once per 10 year and once per 100 years
6 Betweem once per year and 10 years
7 More than once per year
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Table 26 Specification of Subject UV Type BWTS

Item Specification
Capacity 2,500m>/h x 2sets
Filter Use, mesh size 50um, 2sets
Power consumption 131kW x 2 sets
Size 9.83m” at Capa. 3,000m’/h
Max. Operatin
PresI:ure ’ 10bar

Table 27 Nodes to Analyze Risk for UV Type BWTS

Node Description
1 Sea Chest line and ballast pump during ballasting
2 Flow line and filtration unit during ballasting
3 UV chamber and flow line into ballast tank
4 WBT and ballast pump during de-ballasting
5 UV chamber and flow line during de-ballasting
6 System stripping mode during de-ballasting
-89 —
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2) No. 102, 106, 202, 206, 302, 306, 307, 311, 402, 606, 702 % 706 T

AM 49 AdAAE 18T I WHFE “Galvanizing” A E

2

ko
=y
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Table 28 Specification of Subject Electrolysis Type BWTS

Item Specification
Capacity 2,600m>/h x 2sets
Filter None
Power consumption abt. 240kW
Size 1.4m* at Capa. 1,000m’/h only module
Max. Operating
Pressure

Table 29 Nodes to Analyze Risk for Electrolysis Type BWTS

Node Description
1 Sea Chest line before ballast pump
2 Ballast pump line before Electrolysis Module
3 Electrolysis module and flow line into ballast tank
4 Flow line involved in air venting unit
5 Flow line involved in total residual oxidants sensor unit
6 Flow line involved in auto neutralization unit
7 Stripping line of ballast tank




Fig. 46 Ballast System for Electrolysis Type BWTS(Node 1)
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Fig. 47 Ballast System for Electrolysis Type BWTS(Node 2)
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Fig. 48 Ballast System for Electrolysis Type BWTS(Node 3)
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Fig. 49 Ballast System for Electrolysis Type BWTS(Node 4)
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Fig. 50 Ballast System for Electrolysis Type BWTS(Node 5)
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Fig. 52 Ballast System for Electrolysis Type BWTS(Node 7)
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Table 30 Specification of Subject Ozone Type BWTS

Item Specification
Capacity 2,500m°/h x lsets
Filter None
Power consumption abt. 452.9kW

Size

27.5m* at Capa. 2,500m’/h total system

Pressure

Max. Operating

Table 31 Specification of Nodes to Analyze Risk for Ozone Type BWTS

Node

Description

1 Air inlet to valve after air receiver tank during ballasting

Oxygen generator and valve after oxygen receiver tank during

2
ballasting
3 Ozone generator to reducing valve including water chiler
during ballasting
1 Ozone injection nozzle and flow line into WBT during

ballasting

5 WBT, neutralizer unit and ballast pump during de-ballasting
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Fig. 54 Ballast System for Ozone Type BWTS(Node 2)
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A1l Sea Chest Line and Ballast Pump During Ballasting(Node 1)

Collection @ kmou

Risk
No. | Guideword | Possible cause Consequence matrix Safeguards Recommend | Responsibility
LIS|R
Pump motor over .
B/V Closed 112 System trip
current
. . \ Level sensor, Bilge alarm, GS
Pipe rupture Engine room flooding |1 |2 |3 .
(General Service)pump start
System trip, seachest change
101 | No flow High sea chest Pump over current |1 [1 |2 Y P 8
over
Sea chest strainer System  trip, seachest change
. Pump over current 112
clogging over
Sea chest System trip, seachest change
. Pump over current 112
masking over
B/V partiall Manual stop, System trip,
/NP Y Pump damage 1112 pr=y P
open seachest change over
) Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 5|1|6 .
Equipment damage G/S(General Service) pump start
102 | Less flow Manual stop, System trip,
Sea chest Pump damage 112
seachest change over
Seachest strainer Manual stop, System trip,
] ] Pump damage 41115
partial clogging seachest change over
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Risk
No. | Guideword | Possible cause Consequence ATt Safeguards Recommend | Responsibility
L|S
Seachest partial Manual stop, System trip,
; Pump damage 1|1
masking seachest change over
103 | More flow Pump overrun N/A 00 N/A
Pump .
. 1)1 Test operate, System trip
Reverse malfunction
104 flow Valve miss
) N/A 00
operation
B/V partially Manual stop, System trip,
Pump damage 1|1
open seachest change over
) Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 5|1 .
Equipment damage G/S(General Service) pump start
Manual stop, System trip,
Pump damage Pump damage 5|1
105 Less seachest change over
pressure Manual stop, System trip,
Seachest Pump damage il ]
seachest change over
Sea chest strainer Manual stop, System trip,
] ] Pump damage 4|1
partial clogging seachest change over
Sea chest partial Manual stop, System trip,
. Pump damage 1|1
masking seachest change over
High High water
106 N/A 0|0
Temp. Temperature
— 125
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Steam blow
N/A 0jo0
valve open
Pump overrun N/A 0|00
Low Low water Seachest/ .
107 . 3(0(3 Steam blow line
Temp. Temperature. pipe frozen
B/V partially Manual stop, System trip,
Pump damage 1|12
open seachest change over
) Water spray, Electric
Pipe leakage ) 5/1|6
Equipment damage
Pump overheating and
Pump damage ! 5116
overruning
108 No level
Manual stop, System trip,
Above seachest Pump damage 1112
seachest change over
Seachest strainer Manual stop, System trip,
. . Pump damage 4|1 |5
partial clogging seachest change over
Seachest partial Manual stop, System trip,
) Pump damage 1|12
masking seachest change over
- 126 —




A2 Flow Line and Filter Unit Ballasting(Node 2)

Collection @ kmou

LI S|R
Valve closed N/A
Filter cloggi N/A
201 No flow ol /
. . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1| 2 | 3 .
G/S(General Service) pump start
Valve partially .
N/A 1112 Manual stop, System trip
open
202 | Less flow ; X
. Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage ) 516 )
Equipment damage G/S(General Service) pump start
Valve
203 | More flow mis-operation Pressure increase 0/00 Alarm. System trip
(two pumps)
Valve closed N/A 0000
Filter clogging N/A 0000
204 More
pressure Valve
mis-operation N/A 000
(two pumps)
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205

Less pressure

LI S|R
. Water spray, Electric .
Pipe leakage . 5/1|6 Level sensor, Bilge alarm
Equipment damage
Filter .
. Water spray, Electric .
leakage(Housing . 0/0|0 Level sensor, Bilge alarm
Equipment damage
damage)
Filter leakage Water spray, Electric o Human observe, visual
(mis-assembly) Equipment damage inspection
Drain valve open | Bilge well level up |1 0|1 Bilge tank alarm
. . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding (1| 2 | 3 .
G/S(General Service) pump start

Collection @ kmou
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A.3 UV Chamber and Flow Line into Ballast Tank(Node 3)

Collection @ kmou

Valve Closed UV Temp. increase | 1|1 System trip
301 No flow ) ) ) Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1|2 | 3 .
G/S(General Service) pump start
Other valve Manual stop, System trip, sea
) Pump damage 112
partially open chest change over
i Water spray, Electric Level sensor, Bilge alarm,
302 | Less flow Pipe leakage ) 5/1,6 )
Equipment damage G/S(General Service) pump start
Frequent back
. Flow down 6 0|6
flushing
Val Pressure slightly increase,
alve
303 | More flow ) . UV reactor efficiency | 3| 0| 3 Alarm, System trip
mis-operation
down
Pressure slightly increase,
More Valve UV reactor efficiency )
304 . . 3/0 3 Alarm, System trip
pressure mis-operation down,
Quartz sleeve damage
- 129 -




Pressure slightly increase,
UV reactor efficiency .
Valve Closed 3,03 Alarm, System trip
down,
Quartz sleeve damage
Other Valve Flow decrease .
. 1/1]2 Manual stop, System trip
partially open afterward flow meter
Flow 'decrease
305 |Less pressure
i afterward flow meter Level sensor, Bilge alarm,
Pipe leakage . |5]1]6 )
Water spray, Electric G/S(General Service) pump start
Equipment damage
UV reactor over | Temperature increase, Temperature transmitter, switch,
306 | High Temp. . . . 1112 .
heating packing quality down alarm, system trip
UV Temperature .
Valve closed ] 1112 System trip
increase
307 No level
. . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1|2 | 3 .
G/S(General Service) pump start
UV Temperature .
308 | Less level Valve closed ] 112 System trip
increase
Temperature increase Temperature transmitter, switch,
309 | UV reactor Over heat . . 1/1]2 .
Packing quality down alarm, system trip

Collection @ kmou
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Temperature. Temperature switch, alarm,

. Overheating 1112 .
sensor malfunction system trip
Temperature switch . Temperature transmitter, alarm,
. Overheating 1112 .
malfunction system trip
UV Transmitter Max power input 3| 1| 4| Circuit breaker, system trip
Under current . .
Shutdown(System trip) | 3 | 1 | 4 Alarm, system trip
detector
EPDM wiper UV reactor efficiency
5/0/5 Alarm
motor down
Wiper Limit switch . L
. Motor overheating |5 0|5 Circuit breaker, alarm
malfunction
Flow meter . . Temperature transmitter, switch,
310 . False high flow |UV reactor overheating| 3 | 1 | 4 .
malfunction alarm, system trip
Single/ . . . Installation
. Electric/ physical/fi .
311 multiple 0,00 manual, retrofit
. re damage .
malfunction design
- 131 —
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A4 WBT and Ballast Pump During De-Ballasting(Node 4)

Collection @ kmou

Pump motor over .
Other valve Closed 1,12 System trip
current
Pump failed N/A 0,00
401 No flow ) ) ) Level sensor, Bilge alarm,
Pipe rupture Engine room flooding |1 |2 | 3 .
G/S(General Service) pump start|
Bell mouth end Pump motor over .
3|14 System trip
blockage current
Other valve Manual stop, System trip, sea
) Pump damage 1|12
partially open chest change over
) Water spray, Electric Level sensor, Bilge alarm,
402 | Less flow Pipe leakage ) 5/1,6 )
Equipment damage G/S(General Service) pump start
Bell mouth .
. Pump damage 3|14 System trip
clogging
Pump malfunction Pump damage 1112 Test operate, System trip
403 |Reverse flow Valve
) ) N/A 0 00
mis-operation
- 132 -




Manual stop, System trip,

Collection @ kmou

B/V partially open Pump damage 1112
L seachest change over
ess
404 . Water spray, Electric Level sensor, Bilge alarm,
pressure Pipe leakage . 516 .
Equipment damage G/S(General Service) pump start]
Pump damage Pump damage System trip
405 | Low Temp. Seachest/ pipe frozen | 3 | 0 Steam blow line
Manual stop, System trip,
Other valve open Pump damage 112
seachest change over
406 No level . Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 5 1|6 .
Equipment damage G/S(General Service) pump start
Pump damage Pump damage 5/1/|6 System trip
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A.5 UV Chamber

and Flow Line During De-ballasting(Node 5)

Collection @ kmou

UV Temperature .
Valve Closed . 1112 System trip
increase
501 No flow
. . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1| 2| 3 .
G/S(General Service) pump start
Other valve Manual stop, System trip, sea
. Pump damage 1112
partially open chest change over
502 Less flow
. Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 5|16 .
Equipment damage G/S(General Service) pump start
Val Pressure slightly increase,
alve
503 More flow . . UV reactor efficiency | 3| 0| 3 Alarm, System trip
mis-operation
down
Pressure slightly increase,
Valve UV reactor efficiency .
504 |More pressure . . 3/0 3 Alarm, System trip
mis-operation down, Quartz sleeve
damage
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Pressure slightly increase,
UV reactor efficiency .
Valve Closed 3,03 Alarm, System trip
down, Quartz sleeve
damage
Other Valve Flow decrease 11! 2 Manual stop, System trip, sea
partially open | afterward flow meter chest change over
Flow decrease
505 |Less pressure
. afterward flow meter Level sensor, Bilge alarm,
Pipe leakage . 516 .
Water spray, Electric G/S(General Service) pump start
Equipment damage
UV Reactor over | Temperature. increase, Temperature transmitter, switch,
506 | High Temp. . . 112 .
heat Packing quality down alarm, system trip
UV Temperature .
Valve Closed . 1,12 System trip
increase
507 No level
. . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1| 2| 3 .
G/S(General Service) pump start
UV Temperature .
Valve Closed . 1/1/2 System trip
508 | Less level merease ,
. Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 516 .
Equipment damage G/S(General Service) pump start
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Unidentified

Ballast pump damage,

Check cleaning

cargo

operation

materials Dock retrofit . in ballast tank

509 . valve damage, 718 Bypass operating .

in ballast work after special
UV reactor damage

tank survey

Dirty ballast . Prepare the
Bulk carrier

510 | discharge in Quartz sleeve damage | 7| 0| 7 Bypass operating manual and

warning signal

(“)Collection @ kmou
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A.6 System Stripping Mode During De-ballasting(Node 6)

heat

Valve Closed Pump damage 112 System trip
601 No flow i . \ Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1/ 2| 3 )
G/S(General Service) pump start
Other valve Manual stop, System trip, sea
) Pump damage 11| 2
partially open chest change over
) Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage ) 5,116 )
Equipment damage G/S(General Service) pump start
o Increasing de-ballast time, . .
Lack of driving Temperature transmitter, switch,
upper UV lamp over | 2/ 1|3 .
602 Less flow water alarm, system trip

Lack of ballast

water

Increasing de-ballast time,
upper UV lamp over | 5|1
heat

Temperature transmitter, switch,

alarm, system trip

Eductor failure
(leakage, clogging,
ETC)

Increasing de-ballast time,
upper UV lamp over | 2|1
heat

Temperature transmitter, switch,

alarm, system trip

Collection @ kmou
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Pressure slightly increase,
More Valve partially UV reactor efficiency .
603 303 Alarm, System trip
pressure Closed down, Quartz sleeve
damage
Other valve Flow decrease afterward 112 Manual stop, System trip, sea
partially open flowmeter chest change over
Flow decrease afterward
Less . flowmeter, Water spray, Level sensor, Bilge alarm,
604 Pipe leakage . . 5/1|6 .
pressure Electric Equipment G/S(General Service) pump start
damage
G/S Pump .
. Flow decrease 30 3 Alarm, System trip
malfunction
Valve Closed |UV Temperature increase| 1| 1 | 2 System trip
605 No level ) . . Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1| 2| 3 .
G/S(General Service) pump start
Valve closed |UV Temperature increasel 1| 1| 2 System trip
606 | Less level ) Water spray, Electric Level sensor, Bilge alarm,
Pipe leakage . 5 1|6 .
Equipment damage G/S(General Service) pump start
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B.1 Sea Chest Line before Ballast Pump(Node 1)

Valves closed due

to malfunction
or

mis-operation

Pump overrun, CSU
failure to detect flow | 4|1

conductivity

Flow meter installed

downstream of pump

Pump stop
interlock with

the flowmeter

Pump stopped

CSU failure to detect

Over-current relay on the

flow conductivity pump
101 No flow
Sea chest blockage
. Pump overrun, CSU
by foreign .
. failure to detect flow | 3|1
material or 2
. . conductivity
blanking device
. . , Emergency and bilge
Piping rupture Engine room flooding | 2| 3
pump
Valves partially
closed due to Pump overrun, CSU . Pump stop
) ) Flowmeter installed ) )
102 Less flow malfunction failure to detect flow |41 interlock with
. downstream of pump
or conductivity the flowmeter
mis-operation

Collection @ kmou
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. CSU failure to detect Over-current relay on the
Pump malfunction 4/1|5

flow conductivity pump

Sea chest partial
blockage by

. . Pump overrun, CSU
foreign material

failure to detect flow |21 3

including ice »
conductivity

debris
or bio fouling

Level rise in the bilge Emergency and bilge Galvanizing or

Piping leakage 5/0 5 .
well pump PE coating
Flowmeter installed
downstream of pump,
103 | More flow Pump overrun Pump overrun 4|1 5
Over-current relay on the
pump
Reverse Valve . .
104 . . Instability of the ship | 4| 1|5
flow mis-operation
More
105 Irrelevant - ==
pressure
- 141 -
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106

Less

pressure

Valves closed due

to malfunction or
mis-operation
while pump

running

CSU failure to detect

flow conductivity

Flowmeter installed

downstream of pump

Pump stop
interlock with

the flowmeter

Seachest blockage
by foreign
material or

blanking device
while pump

running

CSU failure to detect

flow conductivity

Piping leakage

Level rise in the bilge

well

Emergency and bilge
pump

Galvanizing or

PE coating

107

More temp.

Irrelevant

108

Less temp.

Low temp. in the

winter

Insignificant

109

No level

Piping rupture

Engine room flooding

Emergency and bilge
pump

110

More level

Irrelevant

111

Less level

Irrelevant

Collection @ kmou
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B.2 Ballast Pump Line before Electrolysis Module(Node 2)

Valves closed
due to
malfunction or

mis-operation

Pump overrun 4|1

Flowmeter installed

downstream of pump

Pump stop
interlock with

the flowmeter

Over-current relay on the

malfunction or

mis-operation

downstream of pump

201 No fl Pump stopped 40
o flow pump
T-strainer Differential pressure,
blockage by Pump overrun 4|1 Flowmeter detection and
foreign material shutdown
Piping rupture Engine room flooding | 2| 3 Emergency and bilge pump
Valves
artially closed Pump sto
b Y Flowmeter installed . P p
202 Less flow due to Pump overrun 41 interlock with

the flowmeter

Collection @ kmou
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Pump
malfunction

Over-current relay on the

pump

T-strainer partial
blockage by
foreign material

Pump overrun 4|1

Differential pressure,

Flowmeter detection and

shutdown

Piping leakage

Level rise in the bilge

Emergency and bilge pump

Galvanizing or

well PE coating
Flowmeter installed
downstream of pump,
203 More flow | Pump overrun Pump overrun 4|1
Over-current relay on the
pump
Reverse Valve .
204 . . De-ballast operation 40
flow mis-operation
Valves partially Pump stop
closed due to Flowmeter installed interlock with
. Pump overrun 4|1
More malfunction or downstream of pump the flow
205 pressure mis-operation meter
Pump a4l 0 Over-current relay on the
malfunction pump

Collection @ kmou

- 144 -




T-strainer partial Differential pressure,
blockage by Pump overrun 4|1 Flowmeter detection and
foreign material shutdown
Less o Level rise in the bilge . Galvanizing or
206 Piping leakage 5/0 Emergency and bilge pump .
pressure well PE coating
207 | More temp. Irrelevant - -
Low
208 Less temp. temperature in Insignificant 5/0
the winter
209 No level Piping rupture Engine room flooding | 2|3 Emergency and bilge pump
210 More level Irrelevant =~
211 Less level Irrelevant - |-

Collection @ kmou
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B.3 Electrolysis Module and Flow Line into Ballast Tank(Node 3)

Valves closed
due to

malfunction or

ECU overrun

Valve position interlock,
High pressure and temp.
interlock from ECU,

Overcurrent detection and

Pump stop
interlock with
the flowmeter,
To denote high

Collection @ kmou

301 No flow mis-operation temp. switch
shutdown
on the P&ID
o . y Emergency and bilge
Piping rupture Engine room flooding | 2|3
pump
L Pump stop
. Valve position interlock, . .
Valves partially . interlock with
High pressure and temp.
closed due to ) the flowmeter,
302 Less flow . ECU overrun 11 interlock from ECU, .
malfunction or . To denote high
. . Overcurrent detection and .
misoperation temp. switch
shutdown
on the P&ID
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ECU partial
blockage by
foreign material

ECU decrease in
electrolysis leading to | 2| 0

overcurrent

Temperature interlock

from ECU, Overcurrent

detection and shutdown,
T-strainer installed,
Cleaning every 200

operating hour

Piping leakage

level rise in the bilge

well

Emergency and bilge
pump

Galvanizing or
PE coating

Flow
mis-distribution

over the units

Temperature increase,
decrease in electric 2|1

consumption

Temperature interlock
from ECU, Overcurrent
detection and shutdown,
Orifice installation, CFD

simulation conducted

303

More flow

Flow
mis-distribution

over the units

Increase in electric

consumption

Overcurrent detection and
shutdown, Orifice
installation, CFD

simulation conducted

Collection @ kmou
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Valve

mis-operation

De-ballast operation

Sudden pump

Reverse
304 stop cause
flow
reverse from the
ballast tank
around sea level
Pump stop
. Valve position interlock, interlock with
Valves partially .
High pressure and temp. the flow
closed due to )
. ECU overrun interlock from ECU, meter, To
malfunction or . .
. . Overcurrent detection and denote high
mis-operation .
shutdown temp. switch
More
305 on the P&ID
pressure

ECU partial
blockage by

foreign material

ECU decrease in
electrolysis leading to

overcurrent

Temperature interlock
from ECU, Overcurrent
detection and shutdown,

T-strainer installed,

Cleaning every 200

operating hour

Collection @ kmou
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Level rise in the ECU,

ECU partial
blockage by

foreign material

ECU decrease in
electrolysis leading to | 2| 0

overcurrent

detection and shutdown,
T-strainer installed,
Cleaning every 200

operating hour

Less . . . Emergency and bilge Galvanizing or
306 Piping leakage Level rise in the bilge | 5| 0 .
pressure pump PE coating
well
L Pump stop
. Valve position interlock, . .
Valves partially / interlock with
High pressure and temp.
closed due to . the flowmeter,
. ECU overrun 1|1 interlock from ECU, .
malfunction or . To denote high
. . Overcurrent detection and .
mis-operation temp. switch
shutdown
on the P&ID
Temperature interlock
307 | More temp. from ECU, Overcurrent

Piping leakage

Level rise in the bilge

well

Emergency and bilge
pump

Galvanizing or
PE coating

Collection @ kmou
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Flow
mis-distribution

over the units

Temperature increase,
decrease in electric

consumption

Temperature interlock

from ECU, Overcurrent
detection and shutdown,
Orifice installation, CFD

simulation conducted

308

Less temp.

Low temp. in

Decrease in electrolysis

efficiency not leading

supply

concentration

the winter
to overcurrent
o . J Emergency and bilge
309 No level Piping rupture Engine room flooding
pump
310 More level Irrelevant
Level rise in the ECU . o
o . N Emergency and bilge Galvanizing or
311 Less level Piping leakage unit, Level rise in the .
. pump PE coating
bilge well
. Electric shock decrease,
Unstable electric .
312 | Less current Not impact on TRO

Collection @ kmou
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B4 Flow Line involved in Air Venting Unit(Node 4)

401

Valves closed
due to \

. Incorrect gas detection
malfunction or

No flow

mis-operation
Floating ball in
AVU blockage
by foreign
material

Incorrect gas detection

Piping rupture

No gas detection,
4,04
Insignificant impact

402

Less flow

Valves partially
closed due to
malfunction or

mis-operation

Incorrect gas detection

Floating ball in
AVU partial
blockage by

Incorrect gas detection

foreign material

Collection @ kmou
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. Level rise in the bilge Emergency and bilge Galvanizing or
Piping leakage 5/0 )
well pump PE coating
High pressure | Seawater overflow, Gas Water protector for GDS
403 More flow | | 5|0
in the upstream detector damage sensor
Reverse
404 Irrelevant - -
flow
Valves partially
closed due to A
) Incorrect gas detection | 4| 0
malfunction or
More mis-operation
405 .
pressure Floating ball in
AVU partial .
Incorrect gas detection | 4| 0
blockage by
foreign material
Less
406 Irrelevant - -
pressure
407 More temp. Irrelevant - -
Low temp. in o
408 Less temp. ) Insignificant 5/0
the winter
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LI S|R
. No gas detection,

409 No level Piping rupture L . 4/0|4
Insignificant impact

410 More level Irrelevant ==~
. No gas detection,

411 Less level Piping leakage L ) 5/0|5
Insignificant impact

— 153 -




B.5 Flow Line involved in Total Residual Oxidants Sensor Unit(Node 5)

501

No flow

Valves closed
due to
malfunction or

mis-operation

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

Crew training

Y-strainer

blockage

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

Regular inspection

Sensor’s internal

blockage

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

No flow alarm within

the sensor

Piping rupture

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

Collection @ kmou
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502

Less flow

Valves partially

closed due to
malfunction or

mis-operation

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

Crew training

Incorrect TRO detection

Y-strainer .
. leading to ballast and . .
partially . Regular inspection
de-ballast operation
blockage
stop
Incorrect TRO detection
Sensor’s

partially internal
blockage

leading to ballast and
de-ballast operation
stop

No flow alarm within

the sensor

Piping leakage

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop

High pressure

air loss

Incorrect TRO detection
leading to ballast and
de-ballast operation
stop
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Incorrect TRO
Excessive high detection leading to . .
503 More flow . 3,03 Regulator installation
pressurize ballast and de-ballast
operation stop
Reverse
504 Irrelevant - =~
flow
Incorrect TRO
More Excessive high detection leading to . .
505 . 3,03 Regulator installation
pressure pressurize ballast and de-ballast
operation stop
Incorrect TRO
Less . detection leading to
506 Piping leakage 5 05
pressure ballast and de-ballast
operation stop
507 More temp. Irrelevant - ==
Low
508 Less temp. temperature in Insignificant 5/0/5
the winter
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Valves closed

due to
malfunction or

mis-operation

Incorrect TRO
detection leading to
ballast and de-ballast

operation stop

Crew training

Y-strainer

blockage

Incorrect TRO
detection leading to
ballast and de-ballast

operation stop

Regular inspection

509 No level
Incorrect TRO
Sensor’s internal | detection leading to No flow alarm within
blockage ballast and de-ballast the sensor
operation stop
Incorrect TRO
. detection leading to
Piping rupture
ballast and de-ballast
operation stop
510 More level Irrelevant
511 Less level Irrelevant
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B.6 Flow Line involved in Auto Neutralization Unit(Node 6)

Valves closed
due to
. No neutralization 303 TRO measurement
malfunction or
601 No flow mis-operation
Pump stopped 3/0 3 TRO measurement
o Level rise in the bilge
Piping rupture 410 4 TRO measurement
well
Valves partially
closed due to \ =
No neutralization 3/0 3 TRO measurement
malfunction or
mis-operation
602 Less flow . level rise in the bilge
Piping leakage 4|0 4 TRO measurement
well
Chemical .
. Fresh water flushing,
deposition on 4,0 |4
o TRO measurement
the pipeline
603 More flow Pump overrun Pump overrun 4 1 5
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604 Reverse flow Irrelevant - |-
Valves partially
closed due to
. Pump overrun 4 |1
605 More malfunction or
pressure mis-operation
Pum
P 40
malfunction
Less . Level rise in the bilge Emergency and bilge Galvanizing or
606 Piping leakage 5|0 )
pressure well pump PE coating
607 More temp. Irrelevant - |-
608 Less temp. Irrelevant - |-
No neutralization, .
B < Level sensor in the
Fresh water Insignificant damage i
609 No level 1310 chemical tank, Low level
supply shortage | on the pump(magnetic
. alarm, TRO measurement
solenoid type)
Fresh water L . Level sensor, Chemical
610 More level Level rise in the bilge | 4 | 0 L .
overflow injection after water filing
No neutralization,
Level switch Insignificant damage
611 Less level . . /510 TRO measurement
malfunction on the pump(magnetic
solenoid type)
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B.7 Stripping Line

701 No flow

of Ballast Tank(Node 7)

Valves closed

due to

malfunction or

mis-operation

No stripping, Pump

overrun

Flowmeter installed,
Overrun protection for
the fire and G/S pump

Fire and G/S
pump stopped

No stripping

Flowmeter installed

Valves partially
closed due to
malfunction or

mis-operation

No stripping, Pump

overrun

Flowmeter installed,
Overrun protection for
the fire and G/S pump

702 Less flow

Insufficient
water from fire

and G/S pump

No stripping

Flowmeter installed

Piping leakage

No stripping
Level rise in the bilge

Emergency and bilge
pump

Galvanizing or
PE coating

703 More flow

Pump overrun

Pump overrun

Flow meter installed
downstream of pump,
Over-current relay on the

pump
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Reverse flow L Check valve installed
704 Reverse flow Insignificant 4
from sea manual block valve
Valves partially
closed due to .
. Flow meter installed
malfunction or LN
More . . No stripping, Pump downstream of pump,
705 mis-operation 4
pressure L overrun Over-current relay on the
while fire and
pump
G/S pump
running
. Level rise in the bilge Emergency and bilge Galvanizing or
706 | Less pressure | Piping leakage 5 .
well pump PE coating
More
707 Irrelevant -
temperature
low temperature o
708 Less temp. . . Insignificant 5
in the winter
709 No level Irrelevant -
710 More level Irrelevant -
711 Less level Irrelevant -
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C.1 Air Inlet to Valve after Air Receiver Tank During Ballasting(Node 1)

101

No flow

Influent blockage
(No Air flow)

Compressor overheating

Air compressor alarm, trip

Valve blockage
(No Air flow)

Compressor overheating

Shut off by pressure sensor

in air compressor

Discharge filter
blockage
(No Air Filter)

Compressor overheating

Shut off by pressure sensor

in air compressor

Air compressor
malfunction (stop)

Air compressor

N/A

Pipe rupture

Compressor overheating

Pressure Transmitter
(3.5 bar), Alarm, air

compressor shutdown

Supply stop of

cooling water

Compressor overheating

Air compressor alarm
(407C), trip
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Pipe and tank . Air compressor alarm
Compressor overheating| 3| 1 . .
leakage (407C), trip
Valve malfunction
. N/A 00
(partially closed)
Air compressor
102 Less flow . N/A 00
failure
Air filter partial . .
. Compressor overheating| 3| 1 Air compressor alarm, trip
clogging
Leak supply of . . .
. Compressor overheating | 3| 1 Air compressor alarm, trip
cooling water
Air receiver tank safety
Compressor System overpressure .
103 More flow . . 2,0 valve, Air compressor shut
malfunction increase
down
Compressor . Check valve of compressor,
. Compressor overheating| 2| 1 . .
malfunction installation manual
All system .
104 Reverse flow Check valve of receiver
shutdown +
N/A 20 valve, Check valve of
compressor check
. compressor
valve failed
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Air receiver tank safety
Compressor System overpressure .
. . 20 valve, Air compressor shut
malfunction increase
down
105 | More pressure
Air receiver tank safety
System overpressure .
Control loop error . 2,0 valve, Air compressor shut
increase
down
Air receiver tank safety
Compressor System overpressure .
. : 2,0 valve, Air compressor shut
malfunction increase
down
Air receiver tank safety
System overpressure .
Control loop error \ 2,0 valve, Air compressor shut
increase
down
106 Less pressure A
Air Compressor
. N/A 00
malfunction
Pipe and tank . . .
Compressor overheating| 3| 1 Air compressor alarm, trip
leakage
Air filter partial . . .
. Compressor overheating| 3| 1 Air compressor alarm, trip
clogging
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107

More temp.

Pressure sensor

Air compressor

error . .
Compressor overheating| 2| 0 alarm(40C), trip by
(compressor
] Temperature sensor
malfunction)
Pressure
] Air compressor
transmitter . )
. Compressor overheating| 2| 0 alarm(40°C), trip by
malfunction
Temperature sensor
(leakage)

Supply leak of

cooling water

Compressor overheating| 3| 0

Air compressor
alarm(40C), trip by
Temperature sensor

Air cooler fan
malfunction
during cooling

dryer system

Temperature increase of

cooling dryer system

Pressure sensor, alarm,

System trip

Leakage of

cooling water

Compressor overheating| 2| 0

Air compressor
alarm(40C), trip by
Temperature sensor
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Depletion and
leakage of air |Dryer and receiver tank Pressure sensor, system
dryer cooling of overheating trip, manual
108 No level water
Air compressor . .
. . Air compressor Level sensor, alarm, trip
oil depletion and .
overheating Pressure sensor, manual
leak
Repair failure Pressure sensor, trip,
N/A
(overdose) manual
109 More level
Repair failure N/A level sensor, alarm, trip
(overdose) Pressure sensor, manual
Repair failure . Pressure sensor, trip, repair
. Dryer overheating
(cooling dryer) manual
. . . level sensor, alarm, trip
Repair failure Air compressor P .
ressure sensor, repair
110 Less level (less dose) overheating P
manual
Bl Air compressor Level sensor, alarm, trip
ow
overheating Pressure sensor
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leakage (cooling

water)

Dryer overheating 3/ 0

Pressure sensor, trip

leakage (oil)

Air compressor

overheating

Level sensor, alarm, trip

Pressure sensor

(-)Collection @ kmou
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C.2 Oxygen Generator and Valve after Oxygen Receiver Tank During Ballasting(Node 2)

. Pressure Transmitter
Valve blockage O2 generation stop
Alarm, system shutdown
201 No flow Pressure Transmitter, O2
Pipe rupture O2 leakage detector, Alarm, system
shutdown
. ‘ Pressure Transmitter, O2
Pipe and tank | O2 leak, O2 generation
detector, Alarm, system
leakage stop
202 Less flow shutdown
8 Pressure Transmitter
Valve malfunction| O2 generation stop
Alarm, system shutdown
Pressure .
. Pressure Transmitter
203 More flow transmitter O2 generation stop
. Alarm, system shutdown
malfunction
Reverse flow All system Pressure Transmitter
204 N/A
shutdown and Alarm, system shutdown
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compressor check

valve failed

Valve control error

O2 generation stop

Pressure Transmitter

Alarm, system shutdown

Pressure
transmitter

malfunction

O2 generation stop

Pressure Transmitter

Alarm, system shutdown

Pressure Transmitter

205 |More pressure| Control loop error| O2 generation stop Alarm, system shutdown
Pressure increase of .
Receiver tank Pressure Transmitter
receiver tank
valve closed X Alarm, system shutdown
O2 generation stop
leakage N/A
206 Less pressure Val 1
ve partia
p y N/A
closed
207 More temp. N/A
208 Less temp. N/A
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C.3 Ozone Generator to Reducing Valve including Water Chiller During Ballasting(Node 3)

301

No flow

Blockage of

cooling water

valve

Ozone generator

overheating

Temperature sensor,
Ozone analyzer, system

trip

Blockage of O2

valve

Ozone generation stop

Pressure transmitter,
Temperature sensor,
Ozone analyzer, O2

analyzer

Blockage of drive

water valve

Unable ozone injection

Pressure transmitter,

system trip

Blockage of O3

valve

Ozone injection stop

Pressure transmitter, O3
analyzer, O3 flow meter,

Alarm, system trip

Drive water pump

malfunction

Unable ozone injection

Pressure transmitter,

system trip

Cooling water

pump malfunction

Ozone generator

overheating

Tamp sensor, trip
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302 Less flow

Pipe leakage of O2

Decrease of ozone

generation

O2 analyzer, Pressure

transmitter, warning,

system shutdown

Pipe leakage of O3

Leakage of ozone in
ship
Human injure

(intoxication)

Ozone analyzer,
Automatic leakage test
Installation manual

Operating manual

Pipe and tank
leakage
(chilled water)

Ozone generator
overheating
Ozone generation

efficiency decrease

Temperature sensor,
Ozone analyzer, system

trip

pipe leakage
(drive water)

Ozone injection stop

Pressure transmitter,

system trip

pipe & tank
leakage
(cooling water)

Ozone generator
overheating
Ozone generation

efficiency decrease

Temperature sensor,
system trip, Ozone

analyzer
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Valves malfunction

Ozone generation

Pressure transmitter,

. 2 Ozone analyzer, O2
(02) efficiency decrease .
analyzer, system trip
. B\ Pressure transmitter,
Valves malfunction Ozone injection
. 3 Ozone analyzer, ,
(ozone) efficiency decrease .
system trip
Ozone generator
. . Temperature sensor,
Valves malfunction overheating, .
3 system trip, Ozone

(chilled water)

Ozone generation

efficiency decrease

analyzer

Valves malfunction

(drive water)

Ozone injection
efficiency decrease and | 2

stop

Pressure transmitter,
Ozone analyzer, ozone
flowmeter, PT, alarm, O3

flowmeter

Valves malfunction

(cooling water)

Ozone generator
overheating
Ozone generation

efficiency decrease

Temperature sensor,
system trip, Ozone

analyzer
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Pressure
transmitter
. N/A 000
malfunction
(ozone)
Pressure
303 More flow transmitter
. . N/A 0 0 0
malfunction(drive
water)
Flowmeter N TRO analyzer, ozone
. Ozone injection increase
malfunction 3,25 control valve, flow
Ozone overdose .
(ozone) control, system trip
Check valve
304 | Reverse flow . N/A 0 0 0
malfunction
Discharge valve Check valve, Pressure
305 |More pressure N/A 0,00 .
closed transmitter
. O2 analyzer, pressure
. Ozone generation . .
306 | Less pressure | Pipe leakage (O2) . 3/ 1| 4| transmitter, warning,
efficiency decrease
system shutdown
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pipe
leakage(ozone)

Ozone leakage in ship
Human injure

(intoxication)

Ozone analyzer,

Automatic leakage test
Installation manual

Operating manual

Pipe & tank
leakage
(chilled water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
system trip, Ozone

analyzer

Pipe leakage
(drive water)

Ozone injection stop

Pressure transmitter,

system trip

Pipe & tank
leakage
(cooling water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,

ozone analyzer

Valves
malfunction(O2)

Ozone generation

efficiency decrease

O3 analyzer, pressure
transmitter , trip, O2

analyzer

Valves malfunction

(ozone)

Ozone generation

efficiency decrease

O3 analyzer, pressure

transmitter , trip,
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Valves malfunction
(chilled water)

Ozone generator

overheating,
Ozone generation

efficiency decrease

Temperature sensor,
ozone analyzer, system

trip

Valves malfunction

(drive water)

Ozone injection
efficiency decrease and

stop

Pressure transmitter,
Ozone analyzer, ozone

flow meter

Valves malfunction

(cooling water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
ozone analyzer, system

trip

307

More

temperature

Valves malfunction
(chilled water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
ozone analyzer, system

trip

Valves malfunction

(cooling water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
ozone analyzer, system

trip
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Pipe and tank
leakage (cooling

water)

Ozone generator

overheating,
Ozone generation

efficiency decrease

Temperature sensor,
ozone analyzer, system

trip

Valve blockage of
cooling water

valves

Ozone generator

overheating

Temperature sensor,
ozone analyzer, system

trip

308

No level

Valve blockage of
cooling water

valves

Ozone generator

overheating

Temperature sensor,
ozone analyzer, system

trip

Blockage of drive

water valve

Ozone injection stop

Pressure transmitter,

system trip

Drive water pump

malfunction

Ozone injection stop

Pressure transmitter,

system trip

Cooling water

pump malfunction

Ozone generator

overheating

Temperature sensor,

system trip
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309

Less level

Pipe & tank
leakage
(chilled water)

Ozone generator

overheating,
Ozone generation

efficiency decrease

Temperature sensor,
system trip, ozone

generator

Pipe leakage
(drive water)

Ozone injection stop

Pressure transmitter,

system trip

Pipe and tank
leakage

(cooling water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
system trip, ozone

generator

Valves malfunction
(chilled water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
system trip, ozone

generator

Valves malfunction

(drive water)

Ozone injection
efficiency decrease and

stop

Pressure transmitter,

ozone flow meter

Valves malfunction

(cooling water)

Ozone generator
overheating,
Ozone generation

efficiency decrease

Temperature sensor,
system trip, ozone

analyzer
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C.4 Ozone Injection Nozzle and Flow Line into WBT During Ballasting(Node 4)

Blockage of

seachest

Ballast pump
overheating and stop

Ballast pump alarm,

system trip

Blockage of

strainer

Ballast pump
overheating and stop

Ballast pump alarm,

system trip

Ballast pump

Ballast pump alarm,

Blockage of valves
401 No flow § overheating and stop system trip
Ballast pump stop N/A
Flowmeter error Ozone injection stop Alarm, system trip
Pipe rupture . .
. Engine room flooding Alarm
(ballast line)
Blockage of Ballast pump Ballast pump alarm,
seachest overheating and stop system trip
402 Less flow

Blockage of

strainer

Ballast pump
overheating and stop

Ballast pump alarm,

system trip
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Valves blockage

Ballast pump

overheating and stop

Ballast pump alarm,

system trip

Ballast pump

efficiency decrease

N/A

flowmeter error

Ozone injection stop

Ballast pump alarm,

system trip

Pipe rupture
(ballast line)

Engine room flooding

Alarm

Ozone concentration

overheating and stop

403 More flow Pump overrun Alarm, system trip
decrease
Valve operation
404 Reverse flow error N/A
(human error)
Pump over Ozone concentration .
405 |More pressure . Alarm, system trip
running decrease
Ballast pump Ballast pump alarm,
406 | Less pressure |Sea chest blockage

system trip
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Strainer blockage

Ballast pump

overheating and stop

Ballast pump alarm,

system trip

Valve partially
blockage

Ballast pump

overheating and stop

Ballast pump alarm,

system trip

Pipe leakage
(ballast line)

Engine room flooding | 4 | 1

Alarm
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C.5 WBT, Neutralizer Unit and Ballast Pump During De-ballasting(Node 5)

Valve closed due
to malfunction or No neutralization 3 TRO measurement
501 No flow mis-operation
Pump stopped 3 TRO measurement
Pipe rupture No neutralization 4 TRO measurement
Valve partially
closed due to No neutralization 3 TRO measurement
malfunction
502 Less flow Pipe leakage 4 TRO measurement
Chemical
Deposition on the 4 TRO measurement
pipe
Neutralizer pump .
503 More flow Neutralizer overdose | 3 TRO measurement
overrun
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Neutralizer pump

(-)Collection @ kmou

. Pump overrun 3 Alarm, system trip
malfunction
504 |More pressure
Valve partially .
Pump overrun 3 Alarm, system trip
closed
Neutralizer pump )
More . Neutralizer pump .
505 valve partially . 3 System trip
temperature overheating
closed
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