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Research of Risk Assessment for Retrofitting an Ozone Treatment Type
Ballast Water Treatment System on an Existing Vessel
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(Mokpo National Maritime University)

Abstract

Since the Ballast Water Management Convention was adopted in Feb. 2004, this convention has come
into effect on Sep. 8" 2017. This convention should be originally entered into force after twelve months
from the date satisfying effective conditions. However, various discussions have been held regarding the
timing of the effective date, and the time for the MEPC 71 meeting, which was held in Oct. 2017, was
confirmed. In case of new built ships, when the date of construction is later than the date of fermentation,
these vessels shall install the ballast water treatment system while proceeding. In case of the existing
ships, ballast water treatment system should be installed sequentially from Sep. 8" 2019 based on the
IOPP periodic inspection date. As of December 8" 2017, 67 countries have ratified the Ballast Water
Management Convention, and the world merchant vessel fleet is 74.91%. Currently, about 73 Ballast Water
Treatment System certified by Administration will be reported to IMO, even type of Ballast Water
Treatment System is very various. Thus, a risk of each Ballast Water Treatment System 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 Ozone type BWTS
which is existed generally dangerous risk 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 Guidelines for Formal Safety
Assessment (FSA) for use 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 43 items.
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<Table 1> Amended schedules to Retrofit a BWTS onboard in accordance with MEPC 71

Keel Laid date

Subject ships

Date to be
newly installed Date to be
BWTS retrofitted BWTS

On or after the date
of 8" September
2017(Eftecting

BWM Convention) 2017

ships constructed on or All
after 8" September

(International |Ship's Delivery -
voyage)

Schedules to
new-install /

8" September

Case that previous

IOPP renewal survey All
had been completed
retrofit BWTS| Before the date of | between 8" Sep. 2014
and 7" Sep. 2017

First IOPP
renewal Survey
following the date
of 8" September
2017

(International -
voyage)

2017(Eftecting
BWM Convention)

Case that previous
IOPP renewal survey All
had been completed
between 8" Sep. 2012

and 7" Sep. 2014

Second IOPP
renewal Survey
following the date
of 8" September
2017

(International -
voyage)

Source: www .krs.co.kr
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[Fig. 1] Status of Basic & Final Approval for

BWTS by year(source : www.imo.org)
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[Fig. 3] Status of Ships in World Merchant Fleet
(source : www.statista.com)
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<Table 2> Main Specification of D.W.T. 175K Bulk Carrier

Dead Weight Tonnage 175,292(ton)

Delivery Date 12" April 2010

Gross Tonnage 92,053

Generator Total

2,100
Output(kW)

Length(m) x Breath(m)
x Depth(m)

2822 x 45 x 24.75

Total Ballast Tank

3 51,969.5
Cap.(m”)

14.91

Ship’s Normal Speed(knot)

Ballast Pump Capacity(m’/h)

2,500m’°/hx2sets

Source : Korean Register of Shipping

ACCOM.

ey

Cargo Hold Cargo Hold

-

.

[Fig. 4] Schematic Design of General Arrangement
for DW.T. 175K Bulk Carrier
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[Fig. 5] Schematic Design of Midship for D.W.T.
175K Bulk Carrier
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[Fig. 6] Schematic Diagram of Ozone Type BWTS
in Engine Room
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<Table 3> Risk Matrix
Consequence(“S”)
1 2 3 4
FI Frequency(“L”) Minor Significant Severe Catastrophic
Minor Injury Severe Injury 1 fatality 10 fatalities
Equipment Damage|Mild Ship Damage| Severe Damage Total Loss
7 . . 10
—— Frequen
6 1 10°
5 Reasonably 10
4 Probable 102
3 10°
— Remote )
2 10
Extremely -5
1 Remote 10

<Table 4> Level of Frequency( “L” ) for “RISK”

Level Definition
1 Less than one time per 100,000 years
2 One time per 10,000 ~ per 100,000 year
3 One time per 1,000 year ~ per 10,000 year
4 One time per 100 year ~ 1,000 year
5 One time per 10 year ~ per 100 year
6 One time per 1 year ~ per 10 year
7 More than one time per year

<Table 5> Level of Consequence( “S” ) for “RISK™

Level Definition
1 Minor Injury and Equipment Damage concluded from minor case
2 Severe Injury and Mild Ship Damage concluded from significant case
3 1 fatality and Severe Damage concluded from severe case
4 Catastrophic and 10 fatality concluded from total loss case
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<Table 6> Data of Ozone type BWTS

Item Specification
Capacity 2,500m’h x lIset
Required Power abt. 452.9kW

Dimension

27.5m at Capacity 2,500m*/h total system

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

Node Specification
1 Oxygen generator and valve after oxygen receiver tank during ballasting
2 Ozone injection nozzle and flow line into W.B.T. during ballasting
3 W.B.T., neutralizer unit and ballast pump during de-ballasting

w =wolAe SdE Frks 20079 = AlEA
Z1goll A A Elst FA] “Considerated test of the
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use in the IMO rule-marking process(MSC/Circ.
1023-MEPC/ Circ.392)"5 wlg o2 $33}5 )
AHxe] AEsts oFale  “Logarithmic Scale”
el ola alatolt.

Risk = Frequency x Consequence -------------------- (1)
Log(Risk) = Log(Frequency) + Log(Consequence) - (2)
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<Table 8> Oxygen generator and valve after oxygen receiver tank during ballasting(Node 1)

Risk
No.| Guideword | Possible cause Consequence mafrix
L{S|R
Valve blockage O, generation stop | 3
101 No flow
Pipe rupture O, leakage 2
Pipe and tank |O, leak, O, generation 2
leakage stop
102| Less flow
Valve mal-function | O, generation stop | 2
P t itt
103 | More flow ressure ran§m1 . O, generation stop 2
mal-function
All system
shutdown and N/A 2
compressor check
valve failed
104 | Reverse flow
Valve control error| O, generation stop | 2
Pressure transmitter o . ‘ )
mal-function , generation stop
105 [More pressure| Control loop error | O, generation stop | 2
. Pressure increase of
Receiver tank valve .
receiver tank O, 2
closed .
generation stop
Leakage N/A 0
106 | Less pressure Valve partially
N/A 0
closed
107| More temp. N/A N/A 0
108| Less temp. N/A N/A 0

- 930

Safeguards

Rec.

Respon.

Pressure transmitter
alarm and system
stopped

Pressure transmitter,
O, detector, alarm,
system stopped

Pressure transmitter,
O, detector, alarm,
system stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped

Pressure transmitter
alarm and system
stopped




<Table 9> Ozone injection nozzle and flow line into W.B.T. during ballasting(Node 2)

HEMO| 2F HMz|La

e AYE g7t o7

Risk
. . matrix
No, Guideword | Possible cause Consequence Safeguards Respon.
L S|R
Blockage of Ballast pump 3 Ballast pump alarm and
seachest overheating and stop system trip
Blockage of strainer Balla:st pump 3 Ballast pump al.arm and
overheating and stop system trip
Ballast pump Ballast pump alarm and
201]  No flow | Blockage of valves overheating and stop 3 system trip
Ballast pump stop N/A 0
Flowmeter error | Ozone injection stop | 3 Alarm and system trip
Pipe rupture . .
(Ballast line) Engine room flooding | 4 Alarm
Blockage of Ballast pump 3 Ballast pump alarm and
seachest overheating and stop system trip
Blockage of strainer Balla.lst pump 3 Ballast pump al:drm and
overheating and stop system trip
Valve blockage Ballé}st pump 3 Ballast pump algrm and
overheating and stop system trip
202| Less flow
B.allast pump N/A 0
efficiency decrease
Flowmeter error | Ozone injection stop | 3 Ballast pump alg m and
system trip
Pipe rupture . .
(Ballast line) Engine room flooding | 4 Alarm
203 More flow Pump overrun Ozone concentration 3 Alarm and system
decrease stopped
Valve operation
204| Reverse flow error N/A 0
(human error)
205| More pressure | Pump over running Ozone concentration 3 Alarm and system
decrease stopped
Sea chest blockage Balla}st pump 3 Ballast pump al.arm and
overheating and stop system trip
strainer blockage Ball{ist pump 3 Ballast pump algrm and
overheating and stop system trip
206| Less pressure
Valve partially Ballast pump 3 Ballast pump alarm and
blockage overheating and stop system trip
Pipe leakage Engine room flooding | 4 Alarm

(Ballast line)
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<Table 10> W.B.T., neutralizer unit and ballast pump during de-ballasting(Node 3)

Risk
. . matrix
No. Guideword | Possible cause Consequence Safeguards Rec. Respon.
L|S R
Valve closed due to|
mal-function or No neutralization 3 TRO measurement
mis-operation
301 No flow
Pump stopped 3 TRO measurement
Pipe rupture No neutralization 4 TRO measurement
Valve partially
closed due to No neutralization 3 TRO measurement
mal-function
302 Less flow Pipe leakage 4 TRO measurement
Chemical deposﬁlon 4 TRO measurement
on the pipe
503| More flow Neutralizer pump Neutralizer overclose | 3 TRO measurement
overrun
Neutralizer pump Pump overrun 3 Alarm, system tri
mal-function P > SY P
504| More pressure
Valve partially .
closed Pump overrun 3 Alarm, system trip
Neutralizer pump .
505/ More temp. valve partially Neutralizer pump 3 System trip
overheating
closed
QEZFA AeA e Aupd A gAe] 4 v dibdoR wrE RS S 3AE
A AzEel i SWE WAk PG 374 v = s o] AP AFE 4 glon), B ko
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