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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. 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. 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). 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 probility of the accident and size of the accident and then quantifying the Risk Incidence and
finally taking measures. In this study, this method was carried out for Electrolysis treatment type on DWT
180K Bulk Carrier using “HAZOP Study” method among various methods. In the Electrolysis type, 63
hazardous elements were identified.
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<Table 1> Schedules for the fitting a BWTS on board according to Reg.B-3

Azl solol gt
FOH(KR, Technical

Ship's Construction
(Keel Laid) date

Type of Ship and Capacity of Ballast Water(m?®)

Applicable date
for fitting BWTS

Implementation
schedules for
fitting a BWTS

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 FlrStllgPP
before the date of constructed in or after B-32 less than refzﬁ\;v;ingugzy
entry into force of |[2009 and before the date ’ 5,000m’ date of entry

the Convention of entry into force into force of the

Existing ships(ships 3 .

. 5,000m” or Convention
constructed in or after | B-3.3
2009, but before 2012 more
Existing ships(ships
constructed in or after B34 5,000m’ or
2012 and before the date ’ more

of entry into force

Source: www .krs.co.kr
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[Fig. 1] Number of BA and FA for BWTS by year
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[Fig. 2] Distribution Ratio(%) by Treatment type
for Type Approved BWTS
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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) 720kW x 3sets
LBD(m) 2822 x 45 x 24.75 W.B.T(m?) 51,969.5

Speed(knot) 14.91 Ballast Pump(m®/h) 2,500m*h x 2sets

Source : Korean Register of Shipping

(Unit : No.)
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General Cargo Ship
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Container Ship
Chemical Tanker
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[Fig. 3] Number of ships in world merchant fleet
by type(source : www.statista.com)
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[Fig. 4] Typical General Arrangement of DWT
175K Bulk Carrier
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<Table 3> Definition of Frequency Level “L*

x|

]

Level Definition
1 Less than once per 100,000 years
2 Between once per 10,000 year and once per 100,000 year
3 Between once per 1,000 year and once per 10,000 year
4 Between once per 100 year and once per 1,000 year
5 Between once per 10 year and once per 100 year
6 Between once per 1 year and once per 10 year
7 More than once per year

<Table 4> 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

<Table 5> Risk Matrix

ST
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°
5 | Resonabty |1
4 107
3 Remote 107
2 10*
| Bty | o0
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<Table 6> Specification of Electrolysis type BWTS

Item Definition Specification
Capacity 2,600m°h x 2sets
Filter None
Power Consumption abt. 240kW

Size

1.4m* at Capacity 1,000m*/h only module

Max. Operating Pressure

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

Node Definition Specification 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
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<Table 8> Sea chest line before ballast pump(Node 1)

Risk matrix
No. Guide word Possible causes Consequence R d Responsibility
L[S |R
Valves closing due
to malfunction Pump overrun, Sensor failure
or to detect flow conductivity 4 |15 Maker Supply
mis-operation
Pump stopped Sensor facl(l)?]:jeu :gvietect flow 41115
101 No flow Y
Sea chest blockage
by foreign material Pump overrun, Sensor failure
.. 311 |4
or to detect flow conductivity
blanking device
Piping rupture Engine room flooding 2 |3 1|5
Valves partially
closing due to Pump overrun, Sensor failure
malﬁ(1)r§ct10n to detect flow conductivity 411 s Maker Supply
mis-operation
Pump malfunction Sensor ﬁ:(])lrllﬁl;gv?etea flow 4 |1 |5
102 Less flow o
Sea chest partial
blo.Ck by for‘elgn . Pump overrun, Sensor failure
material including ice . 2 (1|3
. to detect flow conductivity
debris
or bio fouling
Piping leakage Level up in bilge well 510 |5 Maker Supply
103 More flow Pump overrun Pump overrun 4 |1 |5
104 Reverse flow Valve mis-operation Instability of the ship 4 |1 |5
105 More press. Irrelevant - - -
Valves closing due
to malfunction or Sensor failure to detect flow
mis-operation while conductivity 4 1 5 Maker Supply
pump running
106 Less press. Sea chest block by
foreign material or Sensor failure to detect flow 30114
blanking device conductivity
while pump running
Piping leakage Level up in bilge well 510 |5 Maker Supply
107 More temp. Irrelevant - - -
108 Less temp. Low temp. while Insignificant 510 |5
winter
109 No level Piping rupture Engine room flooding 2 (3|5
110 More level Irrelevant - - -
111 Less level Irrelevant - - -
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<Table 9> Ballast pump line before Electrolysis Module(Node 2)

Risk matrix
No. Guide word Possible causes Consequence R d Responsibility
L S| R
Valves closing due
to malfunction or Pump overrun 4 1|5 Maker Supply
mis-operation
P topped
201 No flow ump stoppe 4 |04
T—stramer blOCk. by Pump overrun 4 |15
foreign material
Piping rupture Engine room flooding 2 |3|5
Valves partially
closing due to
malfunction or Pump overrun 4 |15 Maker Supply
mis-operation
202 Less flow Pump malfunction 4 [0 |4
T-strainer partial
block by foreign Pump overrun 4 1|5
material
Piping leakage Level up in bilge well 5105 Maker Supply
203 More flow Pump overrun Pump overrun 4 |15
204 Reverse flow Valve mis-operation De-ballast operation 4 [0 |4
Valves partially
closing due to
malfunction or Pump overrun 4 |1]|5 Maker Supply
mis-operation
205 More press. Pump malfunction 4 0| 4
T-strainer partial
blockage by foreign Pump overrun 4 15
material
206 Less press. Piping leakage Level up in bilge well 5 0|5 Maker Supply
207 More temp. Irrelevant - - -
208 Less temp. Low temp. while Insignificant 510|5
winter
209 No level Piping rupture Engine room flooding 2 |3]5
210 More level Irrelevant - - -
211 Less level Irrelevant - - -
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<Table 10> Electrolysis module and flow line into ballast tank(Node 3)

A ™=

Risk matrix
No. Guide word Possible causes Consequence R d Responsibility
L |[S|R
Valves closing due to
malfunction or Electrolysis module overrun 1 1|2 Maker Supply
301 No flow mis-operation
Piping rupture Engine room flooding 2 3|5
Valves partially closing
due to malfunction or Electrolysis module overrun | 1 1|2 Maker Supply
misoperation
Electrolysis module Electrolysis module decrease
partial block by in electrolysis leading to 2 0|2
foreign material overcurrent
302 Less flow H —
Piping leakage level up in bilge well 5 0|5 Maker Supply
Flow mis-distribution Temp. increase, decrease in 2 113
over the units electric consumption
303 More flow F]O‘gvglstfelsg;gg ton | plectric consumption increase | 3 1|4
Valve mis-operation De-ballast operation 4 0|4
Sudden pump stop
304 Reverse flow cause reverse from 4 0l 4
the ballast tank
around sea level
Valves partially
closing due to ;
malfunction or Electrolysis module overrun 1 112 Maker Supply
305 More press. mis-operation
Electrolysis module Electrolysis module decrease
partial block by in electrolysis leading to 2 (02
foreign material overcurrent
Level rise in Electrolysis
306 Less press. Piping leakage module, 5 0|5 Maker Supply
Level up in bilge well
Valves partially
frllglslllrxlr%ct(iigr? g; Electrolysis module overrun 1 1|2 Maker Supply
mis-operation
Electrolysis module Electrolysis module decrease
partial block by in electrolysis leading to 2 |02
307 More temp. foreign material overcurrent
Piping leakage Level up in bilge well 5 0|5 Maker Supply
Flow mis-distribution Temp. increase, Electric 2 113
over the units consumption decrease
Low temp. while Decrease in electrolysis
308 Less temp. mp- efficiency not leading to 5 0|5
winter
overcurrent
309 No level Piping rupture Engine room flooding 2 |35
310 More level Irrelevant - - -
Level up in Electrolysis
311 Less level Piping leakage module, Level up in bilge 5 0|5 Maker Supply
well
Unstable electric Not impact on residual
312 Less current supply oxydant concentration 4 04
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<Table 11> Flow line involved in air venting unit(Node 4)
Guid Risk matrix
No. e Possible causes Consequence Rec d Responsibility
word Lls |Rr
Valves closing due to
malfunction or Incorrect gas detection 4 |0 |4
mis-operation
Floating ball in air
401 No flow vent block by foreign Incorrect gas detection 4 |0 |4
material
L No gas detection,
Piping rupture Insignificant impact 410 4
Valves partially
frllgls ;Sr%ct(iigs g; Incorrect gas detection 4 |0 |4
mis-operation
402 Less flow Floating ball in air
vent partial block by Incorrect gas detection 4 |0 |4
foreign material
Piping leakage Level up in bilge well 510 |5 Maker Supply
High press. in the Seawater overflow, Gas
403 More flow upstream detector damage 51015
404 Reverse flow Irrelevant - - -
Valves partially
ggfg}fcggﬁ g; Incorrect gas detection 4 |0 |4
mis-operation
405 More pressure
Floating ball in air
vent partial block by Incorrect gas detection 4 (0 |4
foreign material
406 Less pressure Irrelevant - - -
407 More temp. Irrelevant - - -
408 Less temp. Low izﬁ:}t)e.rwhile Insignificant 5|05
409 No 1 .. No gas detection,
o level Piping rupture Insignificant impact 4 |0 |4
410 More level Irrelevant - - -
. No gas detection,
411 Less level Piping leakage Insignificant impact 51015
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