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Risk Assessment for Retrofitting a Ballast Water Treatment System

on an Exising Vessel

Jae-Hoon JEE + Cheol-OH*

(Korean Register of Shipping * "Korea Maritime and Ocean University)

Abstract

Since Ballast Water Management Convention has been adopted, Ballast Water Management Convention
is not effected yet. This convention will only enter into force 12 months after its ratification by 30 states,
collectively representing 35% of world merchant shipping tonnnage. Morocco, Indonesia and Ghana have
ratified this convention during last 29th IMO Assembly meeting which was held in November 2015. In
2016, Belgium, Fiji, Saint Lucia and Peru have become the latest countries to ratify the convention. As of
now, 51 states and 34.87% combined merchant fleets are being calculated. BWM convention will be
applied to not only new ships but also, existing ships after it is effected. Thus, existing vessel will be
retrofitted a Ballast Water Treatment System according to D-2 Requirement until first IOPP nenewal
survey after date of entry into force of the convention. Currently, about 65 BWTSs certified by
Administration will be reported to IMO, even type of BWTSs is very various. Thus, a risk of each
BWTS can be existed, and this existed risk can be also effected to ship's crew safety and protection of
ship's own property. Therefore, we have evaluated a risk assessment for an existing vessel retrofitting an
ultra violet type Ballast Water Treatment System which is mostly developed in the world. And we
described the procedure of selecting a sample vessel, consequently, bulk carrier is selected because this
vessel kind is mostly charged in the world. Especially, DWT 175K size is selected. Risk Assessment is
using a HAZID and HAZOP method, evaluation method is referred to IMO Document "Considerated test
of the QGuidelines for Formal Safety Assessment (FSA) for wuse in the IMO rule-marking
process(MSC/Circ.1203-MEPC/Circ.392)". The Risk Assessment Section is decided to 3 Nodes,
Consequently, total risks have evaluated 51 items.

Key words : Ballast Water Treatment System, Ultra Violet, Bulk Carrier, Risk Assessment
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<Table 1> Schedules for the fitting a BWTS on board according to Reg.B-3

Implementation
schedules for
fitting a BWTS

S?;(pe Zl CLo;lflt)mc(l:atllth Type of Ship and Capacity of Ballast Water(m?®) foArpr)“lltlt(i:ikg)leBssfl?S
On or after the date
of entry into force of New Ships B-3.5 All Ship's Delivery
the Convention
1,500m’ ~
B-3.1.1 5.000m’
Existing ships(ships less than
Constructed before 2009) B3.12 1,500m* or
7| greater than
5,000m’ .

Existing ships(ships FlrStl I(S)PP
before the date of | constructed in or after B.32 less than r?:)lﬁ‘:\i/in urt;/lzy
entry into force of |[2009 and before the date ’ 5,000m’ date of gentr

the Convention of entry into force . Y
Existing ships(ships 3 into force (.)f the
constructed in or after | B-3.3 5,000m™ or Convention
2009, but before 2012 fmore
Existing ships(ships
constructed in or after B-3.4 5,000m’ or
2012 and before the date ’ more
of entry into force

Source: www.google.com
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[Fig. 11 Number of BA and FA for BWTS by year.
(source : http://www.imo.org)

(Unit : No.)
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[Fig. 2] Distribution Ratio(%) by Treatment type for
Type Approved BWTS.
(source : http://www.imo.org)
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(Unit : No.)

Bulk Carrier
General Cargo Ship
Crude Oil Tanker
Container Ship
Chemical Tanker

Ro-Ro/Passenger Ship

Liquefied Natural Gas Tanker
2500 5000 7500 10,000 1250C 15,000 17,500 20,000
Number of Ships

[Fig. 3] Number of ships in world merchant fleet

by type.
(source : www.statista.com)
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T
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7
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<Table 2> Main data of DWT 175K Bulk Carrier
D.W.T 175,292 Delivery 12th April 2010
G.T 92,053 Generator Capacity(kW)
LBD(m) 282.2 x 45 x 24.75 W.B.T(m’) 51,969.5
Speed(knot) 14.91 Ballast Pump(m®/h) 2,500m*/hx2sets
Source : Korean Register of Shipping
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[Fig. 4] Typical General Arrangement of DWT
175K Bulk Carrier
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[Fig. 5] Typical Midship of DWT 180K Bulk Carrier
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[Fig. 7] Picture of Subject Bulk Carrier
(source : www.google.com)
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Agt AAlE Ak Aom, AdEe ki @tk YA 4 B717|RI(HAZID, Hazard Identification)
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Y BAE E9 99 YL Huaddh 3 A PYH PPPES olgstn ok ¥ =
w A4 7oz Fohfal AluetAlEEY A oM <Yy A4 2 (Hazard &
319 A7) Risk® EAsH FFAQ0 7| OE  Operability Study)”|HS o]gsfe] Aup HF3P4
Fokh At e, Ae) A Retrofite] ThE SIGRAE A3
Risk J24 84 71 Riske] Aty ok
FEI APLGFEA ] FoR YEhdn =, A
<Table 3> Risk Matrix
SI
1 2 3 4
FI | Frequency |/Ship year Minor Significant Severe Catastrophic
Minor Injury Severe Injury 1 fatality 10 fatalities
Equipment Damage|Mild Ship Damage| Severe Damage Total Loss
7 Frequent 10
6 10°
Reasonably -1
3 | " Probable 10
4 10”
3 Remote 107
2 10
Extremely -5
1 Remote 10

<Table 4> Definition of Frequency Level “L®

Level

Definition

1 Less than once per 100,000 years

Between once per 10,000 year and once per 100,000 year

Between once per 1,000 year and once per 10,000 year

Between once per 100 year and once per 1,000 year

Between once per 10 year and once per 100 year

Between once per 1 year and once per 10 year

NN || Ww N

More than once per year

<Table 5> Definition of Consequence Level “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 fatality / Total Loss
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<Table 6> Specification of UV type BWTS

Item Definition Specification
Capacity 2,500m*h x 2sets
Filter Use, mesh size 50um, 2sets

Power Consumption

131kW x 2sets

Size

9.83m” at Capacity 3,000m’/h

Max. Operating Pressure

10 bar

<Table 7> Specification of Nodes to Risk Assessment for UV type BWTS

Node Definition Specification Description
1 Flow line and Filteration Unit during Ballasting
2 UV Chamber and Flow line into Ballast Tank
3 UV Chamber and Flow line during De-ballasting
ez EAM g “J(ALARP, as low as reasonably practicable)" %
«X " 2220 RTEA O m=
A AL A A HYE A A o omeeepuble®d] FEE FYHSE I
175K Bulk Carrier? AAshgich e, gl (Aoceptance)’ LA T/ (Negligible)" ©. = 3EA]
pAE A A PUe ofle) Bge g L Aok mUASE EATE el ey
3 Z=saa). (ALARP, as low as reasonably practicable)" 1]
) Au WEa A ] Nodem o e FAIE SOl E7H(Unacceptable)”
A= |
TR U= HER Sl
LA = _ _ .
2) 913 E(Hazard)™= Guidewords@® g A3 & Eelds) AEE F7he 2007d MO
| L e} h= _
3) AP 9@ U9l (Cause) W 1] w}E A est FA “Considerated test of the Guidelines
-1 =0 =R Rl ES —
AH($] 828, Consequence)S 4] for Formal Safety Assessment (FSA) for use in the
o=, = 0

4 A(Cause) W o) WE ATHEGA,
Consequence)°l| st 7 =3}

Qo #(Safeguard)?}  th A= Counter
Measures) A|A|

6) Aol dist 7=

5)

7y A WA dist 1y 9 F7F EAUE
2
<Table 3>°|A] K= vie} o] SJFL9] A=
shE sk 22 e JPEE d&
(Acceptance)" H& F-Altl/d(Negligible)", "2 Tl

IMO  rule-marking process(MSC/Circ.1023-MEPC/
Circ.392)" A5 3o ® 3hoich FSA Saw
HelA v e AFA A% 249 2
Sl o AE7Fag ol AFAE
ol ot <l

al
74

Sheet(Risk Matrix)= FSA
2ttt AYEE Brlehs
453} 3= W2 “Logarithmic Scale”= ©]-8-3}

QoM SFT FHR)S TR T (Frequency) #k
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[Fig. 7] Result of Risk Assessment for UV type
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<Table 8> Flow line and Filteration unit Ballasting(Node 1)

Risk
No.| Guideword | Possible cause Consequence mafrix Safeguards Rec. Respon.
L{S|R
Valve closed N/A 0
Filter clogging N/A 0
101 No flow Level sensor, Bilge
. . . larm, 1
Pipe rupture Engine room flooding| 1 a a1.rm GS(Genera
service pump) pump
start
Valve partially open N/A 1 Manual st(.)p » System
trip
102| Less flow Level sensor, Bilge
Pipe leakage Wate.r spray, Electric 5 alar.m, GS (General
Equipment damage service pump) pump
start
Val i ti . .
103| More flow alve misoperation Pressure increase 0 Alarm. System trip
(two pumps)
Valve closed N/A 0
Filter clogging N/A 0
104 | More pressure
Valve misoperation N/A 0
(two pumps)
Wat Electri Level Bil;
Pipe leakage ater spray, Electric | o evel sensor, Bilge
Equipment damage alarm
Filter leakage Water spray, Electric 0 Level sensor, Bilge
(Housing damage) | Equipment damage alarm
105 | Less pressure Filter leakage Water spray, Electric 3 Human observe,
(misassembly) Equipment damage visual inspection
Drain valve open | Bilge well level up | 1 Bilge tank alarm
Level sensor, Bilge
Pipe rupture Engine room flooding | 1 alarm, GS (General

service pump) pump
start
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<Table 9> UV Chamber and Flow line into Ballast Tank(Node 2)

Risk
No) Guideword | Possible cause Consequence matrix Safeguards Respon.
L SIR
Valve Closed uv .Temperature 1 System trip
increase
201 No flow Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1 GS (General service
pump) pump_start
Other valve Manual stop, System trip,
partially open Pump damage ! sea chest change over
. Level sensor, Bilge alarm,
202| Less flow Pipe leakage Wate.r spray, Electric 5 GS (General service
Equipment damage
pump) pump_start
Frequent. back Flow down 6
flushing
Pressure increase
. . slightly .
203| More flow | Valve misoperation UV reactor efficiency 3 Alarm, System trip
down
Pressure increase
slightly
Valve misoperation | Quartz sleeve damage | 3 Alarm, System trip
UV reactor efficiency
204| More pressure P dov&_m
ressure increase
slightly
Valve Closed Quartz sleeve damage | 3 Alarm, System trip
UV reactor efficiency
down
Other Valve Flow decrease .
partially open afterward flow meter ! Manual stop, System trip
205| Less pressure Flow decrease Level sensor, Bilge alarm,
. afterward flow meter .
Pipe leakage =) GS (General service
Water spray, Electric mp) pump start
Equipment damage pump) pump
206 High UV reactor over | Temperature increase, 1 Temperature transmitter,
Temperature heating packing quality down switch, alarm, system trip
Valve closed uv Temperatme 1 System trip
increase
207 No level Level sensor, Bilge alarm,
Pipe rupture Engine room flooding | 1 GS (General service
pump) pump start
208 Less level Valve closed uv Temperatme 1 System trip
increase
Temperature increase Temperature transmitter,
Over heat . . 1 . ;
Packing quality down switch, alarm, system trip
Temperature.v sensor Overheating 1 Temperature sw1t_ch,
malfunction alarm, system trip
Temperature.swnch Overheating 1 Temperature transmltter,
malfunction alarm, system trip
209] UV reactor UV Transmitter Max power input 3 Circuit bre;l;er, system
Under current . .
detector Shutdown(System trip)| 3 Alarm, system trip
EPDM wiper motor UV reactor efficiency 5 Alarm
down
Wiper Limit switch Motor overheating 5 Circuit breaker, alarm

malfunction
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<Table 10> UV Chamber and Flow line into Ballas

SR

(=)
=

=

t Tank(Node 3)

Risk
No. Guideword | Possible cause Consequence matrix Safeguards Rec. Respon.
L[S R
Valve Closed uv Temp crature 1 System trip
increase
301 No flow Level sensor, Bilge
. . . alarm, GS(General
Pipe rupture Engine room flooding | 1 .
service pump) pump
start
Other valve Manual stop, System
. Pump damage 1 trip, sea chest change
partially open
over
302| Less flow Level sensor, Bilge
Pipe leakage WateT spray, Electric 5 alam, GS(General
Equipment damage service pump) pump
start
Pressure increase
. . slightly .
303| More flow | Valve misoperation UV reactor efficiency 3 Alarm, System trip
down
Pressure increase
slightly
Valve misoperation | Quartz sleeve damage | 3 Alarm, System trip
UV reactor efficiency
304| More pressure P dovs{n
ressure increase
slightly
Valve Closed Quartz sleeve damage | 3 Alarm, System trip
UV reactor efficiency
down
Other Valve Flow decrease Manual stop, System
. 1 trip, sea chest change
partially open afterward flow meter over
305| Less pressure Flow decrease
Pine leakage afterward flow meter 5 Level sensor, Bilge
P € Water spray, Electric alarm, GS pump start
Equipment damage
High UV Reactor over | Temperature. increase, Temperauug
306|Temperatureerat, . . 1 transmitter, switch,
heat Packing quality down .
ure alarm, system trip
Valve Closed uv Temperature 1 System trip
increase
307| No level Level sensor, Bilge
Pipe rupture Engine room flooding | 1 alarm, G/S pump
start
Valve Closed uv Temperature 1 System trip
increase
308| Less level _ Water spray, Electric Level sensor, Bilge
Pipe leakage . 5 alarm, G/S pump
Equipment damage
start
Recommend the
Unidentified Ballast pump damage, check cleaning
309| materials Dock retrofit work valve damage, 5 Bypass operating | in ballast tank
in ballast tank UV reactor damage after special
survey
Dirty ballast . Prepare the
. . Bulk carrier .
310| discharge in . Quartz sleeve damage | 5 Bypass operating manual and
operation . .
cargo warning_signal
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