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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

A ballast water management system (BWMS) using the electrolytic method applies a combination
of filtration (if applicable), electrolysis and a neutralization process to treat ballast water to meet
Regulation D-2 of the International Maritime Organization (IMO) BWM Convention[1?], or the ballast
water discharge standard (BWDS) requirements of port state administrations, e.g. the U.S. Coast Guard

(USCG)[211,

At the uptake of ballast water, the BWMS utilizes filtration (if applicable) and injection of active
substances (e.g. sodium hypochlorite) generated by an electrolysis process. The active substance can
be generatied within the full flow of the ballast pipe (full stream) or generated from a smaller fide
stream (either extracted from the ballast pipe or sourced from a brine tank) and then mixed with|the
full ballast{ flow. The active substance in the ballast pipe is measured as total residual oxidants (T[RO)
and the BWMS regulates the TRO level to ensure ballast water is treated to the threshold{evel. Dufing
discharge, |the residual TRO is monitored and neutralized prior to discharge overboard to endqure
that the amount of residual active substance entering the receiving environment ds, acceptable. [The

treatment

process is shown in Figure 1.

Sea chest

TRO monitoring [— -——¢s—— ————-——- _|

Electrolysis |

1

Key

Vi

-\ Filtration Electrolysis Ball N
_/ (if applicable) (full stream) allast tanks

(side stream)f; | . |
I TRO monitoring p——~-——- _‘ |
‘ |

Neutralization

or __ ___ _c.treatment flow

feedback signal

Eigure 1 — Overview of BWMS using the electrolytic method
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Ships and marine technology — Ballast water management
systems (BWMS) —

Part 2:

Ri

sk assessment and risk reduction of BWMS using

el

1

Thi
mef

ctrolyticmethods

Scope

5 document provides requirements and recommendations for designers of BWMS using ¢
hods to document the risk assessment and risk reduction process ‘over the lifecy

equiipment, and to support its approval for use on ships by administrations and classificatio
Sperifically, this document provides basic terminology, principlesand a methodology

and| subsequently minimize the risk of hazards in the design of BWMS using electrolytic methods. It
spefifies the procedures for risk assessment and risk reduction, following the guidance in
Risks considered include: human health and safety; marin€ environment related to cor
board; and ship installation, operation, maintenance and structural integrity.

Thif document does not address the methodology for the-risk assessment of corrosion effeg
and| ecotoxicity of active substances, relevant chemicals and/or other chemicals generat
by BWMS using electrolytic methods, which is evaluated by the IMO GESAMP-Ballast Wat
Group as prescribed in the document IMO GESAMP, Methodology for the Evaluation of Ba

Ma
Thi

Thd
con
und

ISO

3

For

agement Systems using Active Substances(26].

5 document does not address risks associated with the end of life disposition of the BWM

Normative references

following documents are _referred to in the text in such a way that some or all of th
Ktitutes requirements_of‘this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

12100:2010, Safety of machinery — General principles for design — Risk assessment and ris

Terms‘and definitions

theplirposes of this document, the terms and definitions given in ISO 12100 and the follo

lectrolytic
rcle of the
h societies.
to identify

[SO 12100.
ditions on

ts, toxicity
bd or used
er Working
last Water

Pir content
pplies. For
[s) applies.

k reduction

ving apply.

ISO

31

amdHEC mmaimtaim termminotogy databases for use i stamdardizatiomr at the fotowingadd

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

active substance
substance or organism, including a virus or fungus, that has a general or specific action on or against
harmful organisms and pathogens

esses:

Note 1 to entry: For BWMS (3.3) using electrolytic methods (3.8), it means reaction products that are generated by
the electrolytic method for the ballast water treatment.

[SOURCE: IMO G9]

©IS
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3.2
ballast wa

ter

water with its suspended matter taken on board a ship to control trim, list, draught, stability or stresses

of the ship

3.3
ballast wa
BWMS

ter management system

system that processes ballast water (3.2) such that it meets or exceeds the ballast water discharge
performance standard in Regulation D-2 of the BWM Convention

Note 1 to eptry: A BWMS includes ballast water treatment equipment, all associated control equipment,;pi

arrangemel|
sampling dd

Note 2 to e
pumps, etc.

Note 3 to e

ts within the BWMS as specified by the manufacturer, control and monitoring equipment,
vices.

htry: A BWMS does not include the ship's ballast water fittings, which can include piping, va
that would be required if the BWMS was not fitted.

(ETV)isco
[SOURCE:

34
dangerous
gas that ca

EXAMPLE

3.5
electrical
conductor

3.6

electrolys
unit that n
produce ad
for the saff
and electrg

3.7

electrolyt
chamber t
makes use
through it

3.8
electrolyt

b

sidered the same as BWMS.

0 BWMS Code]

5 gas
h develop an explosive and/or toxic atmosphere hazardous to the crew and/or the ship

Hydrogen (H,), hydrocarbon gas, ozone (03), chlorine (Cl,), chlorine dioxide (C10,).

distribution conductor
ntended for distributing the electricity, sa¢h as bus bars or conductors of insulated cablg

s unit
hainly consists of one or several/chambers making use of an electrolytic method (3.8]
tive substances (3.1) for the treatment of ballast water (3.2), including ventilation compong
 handling of dangerous gases (3.4) if applicable, as well as relevant piping, valves, electr
nic components

c chamber
hat contains,eng or several sets of electrodes and associated power connections, and
of the electralytic method (3.8) for the production of active substances (3.1) when water fl

cdmethod

bing
and

ves,

htry: A ballast water treatment system (BWTS) defined in Environmental Technology Verificdtion

LS

to
bnts
ical

that
DW'S

treatment
(3.1) when

39

pPTOCess 1N which water [1ows through a Set of special electrodes, producing active substa
an electric current is applied

flammable liquid
liquid having a flash point not exceeding 60 °C (closed cup test)

3.10

global integrated shipping information system

GISIS

ces

public integrated information database developed by the IMO, which is composed of several modules
that deal with ship particulars, maritime safety, chemicals associated with treated ballast water (3.2)
and other shipping-related information

© IS0 2021 - All rights rese
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3.11

life cycle

entire lifespan from the design, manufacturing, storage, installation, to operation and disposal of a
BWMS (3.3)

3.12

maximum allowable discharge concentration

MADC

maximum allowable concentration of active substances (3.1) during discharge of ballast water (3.2) as
defined by port state control or local regulation

3.1

neytralization unit
unif that mainly consists of neutralizing agent preparation and dosing equipment for-the purpose of
neuftralizing active substances (3.1) by adding neutralizing agent into the de-ballast'pipe so afs to reduce
TRQ (3.14) concentration to achieve compliance with the MADC (3.12)

31
total residual oxidant
TR
sun of the effect of oxidizing chemicals, such as hypochlorous acid (HCIO), hypochlorite (Cl(), chlorine
(Cl,}), hypobromous acid (HBrO), hypobromite (Br0O), bromine (B1), chloramine compounds, bromine
conppound

4 |Strategy for risk assessment and risk reduction

The process for risk assessment and risk reduction is based on guidance from ISO 12[100 and is
sunpmarized in Figure 2.

©1S0 2021 - All rights reserved 3
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Information for risk
assessment (see 5.2)

Determination of the
limits (see 5.3)

Hazard identification

(see 5.4)

Communication and
consultation

Risk-estimation

(see 5.5)

Risk evaluation

(see 5.6)

Documentation of risk
&~ assessment
(see Clause 7)

Figufre 2 — General procedure of risk assessment and risk reduction for BWMS using
the electrolytic method

5 Risk assessmentprocess

5.1 General

The risk agsessment for BWMS using the electrolytic method is comprised of risk analysis and [isk
evaluation'

Risk analysis consists of determining the limits, identifying the hazards, and estimating risk over the
whole lifespan of a BWMS, as considered in 5.3 to 5.5. Risk analysis provides the information required
for the risk evaluation (see 5.6), which in turn allows judgment to be made about whether or not risk
reduction (see Clause 6) is required.

5.2 Information for risk assessment

The information for the risk assessment of a BWMS using the electrolytic method shall consider the
documentation described in the following list.

a) System description:

4 © IS0 2021 - All rights reserved
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documents related to installation guidance; the operation, maintenance and safety manual
(OMSM); schematic diagrams; process flow diagrams; and applicable test reports.

Regulations, standards and other applicable documents:

ISO and IEC standards (e.g. IEC 60079), IMO regulations or circulars (e.g. BWM Convention[1?],

BWMS Codel21l, Procedure G9I201), IACS Unified requirements (e.g. IACS UR M74[27]),
administration rules (e.g. USCG 46 CFR 162.060[311), and classification society rules;

safety data sheets (SDSs) of the active substance, neutralizing agent, TRO measureme
and dangerous gas (e.g. hydrogen);

port state

nt reagent,

Thd

database of chemicals commonly associated with treated ballast water in the IMO GJISIS
Related to experience of use:

known accidents, incidents or malfunction history of the actual or similar electroc
systems (from database of marine incidents, e.g. GISIS):

the potential for adverse effects from human exposure (e.g. to active-substances);

the experience of users of similar system e.g. electrochlorinationsystem in power plant, w
etc.

information used in the risk assessment shall be updated throughout the design proce

modlifications to the BWMS are required.

5.3

5.3

Risl
phal
of 1

Determination of the limits

1 General

x assessment begins with the determination of the limits of the BWMS, taking into accc
ses over the lifespan of the BWMS. This means considering the characteristics and pet
oth subsystems and the overall'system as an integrated process. Characteristics of

Thd
par

5.3

Use
acc

inciﬁ
ter

ding its relationship with humans, the environment, and other products shall be id
s of the limits of the BWMS s given in 5.3.2 to 5.3.5.

purpose of this step is t0 identify all key parameters and their associated performance li1
hmeters pertain to installation, operation, maintenance, personnel and the environment

2 Use limits

limits include the intended use and the reasonably foreseeable misuse of the BWMS.
punt for.jn¢lude the following.

The anticipated levels of training, experience or ability of the people who carry out i

cdommissioning, operation, and maintenance of the BWMS, e.g. unexpected system shutd

hlorination

aterworks,

Ss or when

unt all the
formances
he system,
entified in

mits. These

[Aspects to

hstallation,
bwn can be

5.3.

activated due to MISUSE by an operator who 1s improperly trained or untamitiar with the BWMS.

Exposure of other persons to the hazards associated with the system that can be rea
predicted, e.g. crew for other duties, administration officer or service personnel for other
adjacent to the BWMS.

3 Space limits

sonably be
equipment

Aspects of space limits shall address the requirements for safe installation, operation, and maintenance
of the BWMS. Considerations shall include:

©IS

power supply and cabling;

cooling water or ventilation air;

02021 - All rights reserved
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operation and maintenance space;

space

space

for chemical storage (e.g. neutralizing agent, TRO measurement reagent);

for dangerous gas exhaust on open deck;

installation location (e.g. hazardous area).

5.3.4 Time limits

Aspects of time limits shall consider specific operating and maintenance factors, including:

life lim

efficiency affects performance capabilities (e.g. electrode);

recommended service and calibration intervals;

holding time (minimum for efficacy and maximum based on regrowth);

NOTE

The holding time can be dependent on water salinity, water temperature,arid TRO concentrat

TRO njeasurement reagent service life/neutralizing agent shelf life in both'solid (if applicable)

aqueo

Uis forms (stored in ready to use form).

5.3.5 Enypironmental limits

Environmgntal limits shall consider the range of uptake wate¥ chemistries to be treated, operati
limits of prfocess variables within the BWMS, limitations impéSed by the shipboard environment on
BWMS, hatardous by-products of the electrolytic processy)and any environmental constraints on
storage anf use of chemicals associated with the BWMS™ At a minimum, the following limits shall be

considered:

recommended minimum salinity and temperature of the ballast water;

recommended minimum salinity and niinimum and maximum temperature of the electrolytic
feed wiater;

recommended minimum inlet pfessure of the filtration unit (if applicable);

treatnlent rated capacity (TRC);

maxinmfum allowable diSeharge concentration (MADC), related to potential toxicity to the receiy
enviropment;

lower

upper

RO limitfor treatment efficacy;

TRO limit for the potential corrosive effects on ballast tanks;

it of parts that can wear due to corrosion, or life of critical components where a declinle in

ion.

and

nal
the
the

1nit

ring

ambientmarine environment related to locations on board;

potential flammable and explosive atmospheres that can be created on board the vessel;

potential health risks to personnel due to exposure to dangerous gas, and flammable and explosive
environments;

personnel exposure to active substances or other relevant chemicals;

TRO measurement waste (if applicable).

NOTE
identified as representative system design limitations (SDL) for a BWMS using the electrolytic method as per the
BWMS Codel21l,

The limits including water salinity, water temperature, holding time, and TRO concentration are

also

© IS0 2021 - All rights reserved
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Hazard identification

1 General

After determination of the limits of the BWMS, the next essential step is to identify the reasonably
foreseeable hazards (permanent hazards), unexpected hazards, hazardous situations, and hazardous
events during all lifecycle phases of the system, including:

design;

transportation, storage and installation;

Onl
Haz
BW
con
ope

In 4
haz

5.4
the

Ovd
can

maintenance or repair activities. Hazards-shall be considered for the following conditions o

a)
b)

)

commissioning;
operation;
maintenance.

¥ when hazards have been identified can steps be taken to eliminate-them or to re
ard identification shall identify the hazards associated with the operations to be perfor
MS and the tasks to be performed by persons who interact with.it“while considering th
ponents, mechanisms or functions of the system, and the environment in which the sys
rated.

ddition to general mechanical and electrical hazards;the designer of the BWMS sh
hrds specific to the electrolytic method while considering the items in 5.4.2 to 5.4.4.

2 Human interaction with the equipment over the entire life cycle of a BWMS usir
electrolytic method

r the course of building, installation, operation, maintenance and removal of a BWMS
be exposed to a number of hazards. These can be a result of normal operation, or conseg

Health effects due to contact with active substances or other relevant chemicals.
Start-up/shutdown of systemis (i.e. electrical shock, water hammer, etc.).

In the case of an operatort initiating emergency shutdown, hazards can be dependent on
for the shutdown and-the ballasting stage. Potential hazards include:

explosion, fire;'smoke, or ruptured piping due to dangerous gas accumulation;
treatment'failure;

potential toxicity to the environment;

Huce risks.
med by the
e different
tem can be

h1l identify

18

personnel
quences of
activities.

the reason

fire or smoke generation;

d)

e)
f)

g)

©IS

stored energy (i.e. electric or hydraulic).

Preparation of the neutralizing agent solution or TRO measurement reagent, if applicable

(e.g.injury

due to direct contact with chemicals such as neutralizing agents or TRO measurement reagents).

Incorrect mechanical connection or electrical wiring during installation and commissioning.

Incorrect operating sequences in manual/override and maintenance modes that ca
computer-based control safety devices and shutdowns.

Inappropriate maintenance or troubleshooting of the BWMS.

02021 - All rights reserved
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5.4.3 Possible states of BWMS using the electrolytic method

Both normal and abnormal states of equipment conditions should be considered during the identification
of reasonably foreseeable hazards. At a minimum, the following conditions should be considered.

a)
b)

‘)
d)

e)
f)

g)
h)

j)

k)

D)

Flooding from burst components due to water hammer or fire.

Potential respiratory hazards due to inhalation of toxic compounds from plastic components and
other materials involved in fires.

Potent

ial respiratory hazards due to inhalation of active substances.

Blocnge in filtration unit due to dirty load of ballast water or insufficient filter cleaning.

Corros

Dange
due to

High td

Explos
hazard

Inoper
ranges

Potent

NOTE 1
(or oth

Electri
tempe

Excess
NOTE 7

In the
hazard

treatm
residu
stored

seized

ion due to incorrect material selection.

Fous gas leakage from electrolysis unit and the piping where dangerous gasledn be pre
welding joint breaking or sealing failure, e.g. improper gasket sealing between the flangg

mperature arcing or sparking conditions created by improper or loose electrical connecti

ion or fire due to non-rated hazardous electrical equipmentZinstalled in designa
ous zones.

ability of the BWMS due to environmental conditions gutside of the intended opera
, including salinity, temperature, ballast pump capacity, etc.

ial release of dangerous gas into the ballast tank.

A hazardous condition exists any time the concentration of dangerous gas inside the ballast {
b1 potential gas release locations) exceeds the lower explosive limit (LEL).

cal and electronic component failure, due to shipboard environment (e.g. vibrat
rature).

ive electrical harmonics reflected to the ship's electrical distribution system.
See IACS UR E24I[28] and vesSsel-specific requirements by classification societies.

case of interruptions in ship's power supply (e.g. loss of power, electrical fault), poter
s include:

ent failure;
hl dangerous.gas in electrolysis unit and associated piping or duct;

energy (ie. electric or hydraulic) after shutdown of BWMS;

ent

DI1S.

ted

fion

ank

ion,

tial

(excee

Hing D-2 performance standard or excessive TRO);

valves allowing inadvertent discharge of non-compliant ballast water to the environnrent

failure

of performance of critical components for the handling of dangerous gas.

In the case of an automated shutdown, hazards can be dependent on the reason for shutdown and
the ballasting stage. Potential hazards include:

explosion, fire, smoke, or ruptured piping due to dangerous gas accumulation;

treatment failure;

potent

ial toxicity to the environment;

fire, smoke, or electric short due to water intrusion into the electric control or power supply;

stored

energy (i.e. electric or hydraulic) after automated shutdown;

© IS0 2021 - All rights reserved
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operator awareness to respond;

effect on active cargo operations and to stresses on ship.

Treatment capacity decreasing due to low salinity or low water temperature or excessively aged

electrode conditions.

Potential ingress of a flammable liquid into a non-hazardous space from a hazardous location.

5.4.4 Unintended behaviour of the operator or reasonably foreseeable misuse

Opé
uni
con

a)

b)

c)
d)

f)
5.5

5.5

Following the identification of specific hazards, an estimation of the risk associated with each|

situ
eler
pot

NOT
Thd

Tator controls Include provisions for maintenance and checkout of BWMS functions, whi
htended consequences if the operator conducts actions that fall outside the expected ¥

Dangerous gas accumulation due to faulty operation, safeguard failure or,po6r main
danger gas removal module (if applicable) in the electrolysis unit.

Loss of treatment performance due to bypass or overriding of the BWMS:
Loss of treatment performance due to improper maintenance of thefilter elements (if ag

Loss of instrument's utility due to improper maintenance-or calibration (e.g. TR
maintenance, calibration and maintenance of dangerous gas‘monitoring equipment).

Improper valve line up during ballast system operations that cause:

low flow rate through the electrolytic chamber;

high pressure in the electrolytic chamber or ether relevant equipment (e.g. TRO analyse
high temperature in the electrolytic chamber.

Fire/explosion at the dangerous gas.exhaust outlet at open deck.
Risk estimation

1 General

ation shall be detérxmined by assessing the elements of risk as defined in 5.5.2. When ass
nent of risk, thexaspects given in 5.5.3 shall be considered for each element. These aspec
bntial protectiveé measures and risk mediation strategies that can be available.

E SeeJS0 12100:2010, 5.5.1.

mands. Hazards resulting from such actions shall be considered, including the following.

h can have
equence of

tenance of

plicable).

D analyser

hazardous
bssing each
ks consider

putpose of this step is to determine the severity of harm and its probability occurrence

ra BWMS

usifgthe electrolytic method. The goal of the estimation is to evaluate possible scenarios, fr¢m low risk

and

low severity of harm to high risk and high severity of harm.

Methods for risk estimation can be qualitative (defining the level of risk such as "high", "medium" and
"low") and can incorporate consequence and probability to evaluate the resultant level of risk against
qualitative criteria. Several tools or models are available for risk estimation. An example of a risk

esti

mation tool is shown in Annex A.

5.5.2 Elements of risk

The risk associated with a particular hazardous situation depends on the following elements, as defined
in ISO 12100:2010, 5.5.2.

a)

Severity of harm.
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b)

Probability of occurrence of that harm, which is a function of:
persons exposed to the hazard,
occurrence of a hazardous event, and

technical and human possibilities to avoid or limit the harm.

5.5.3 Aspects to be considered during risk estimation

5.5.3.1 Persons exposed

Risk estimption shall account for reasonably foreseeable hazards during installation, commissiornling,

operation and maintenance of a BWMS to all personnel (operators and others) that use this équipm

5.5.3.2
A BWMS

disinfectioh treatment and neutralization, as well as electrical and hydraulic enengy hazards. Expos

to any of t
for a) all 1

shall accoyint for the need for access during ballasting or de-ballasting treatment, maintena

troublesho
weighted
conditions

NOTE1 1

The risk es
e.g. bypass
Crews.

NOTE2 |
identified fd

5.5.3.3 R

The relatid
hazardous
shall also &
based on a

ype, frequency and duration of exposure

ilizing the electrolytic method provides the potential for exposure to ehemicals used

ese can result in injury. Estimation of exposure to each of these hazards shall be evalug
hodes of operation, and b) during maintenance to the BWMSAIn particular, the anal

oting and chemical handling. When estimating risk of exposure to dangerous gases, t
iverage and short-term exposure limits shall be considered for both normal opera
and in the case of an emergency.

'he exposure limit to dangerous gas and chemicals canbe found in relevant SDSs.

ing the BWMS in case of emergencies on board the ship to ensure the safety of the ship

r BWMS in section 7.2.3 of IMO BWM;2/Circ.13/Rev.4.

elationship between expesure and effects

nship between an exposure to a hazard and its effects shall be taken into account for 6
situation considered"The effects of accumulated exposure and combinations of haz3
e considered. When considering these effects, risk estimation shall, as far as practicablg
ppropriate recognized data.

ee SO 12100:2010, 5.5.3.3.

fuman factors

bnt.

for
ure
ted
/Sis
hee,
ime
[ing

timation shall consider those tasks for which;itis necessary to suspend protective measujres,

and

ive human exposure scenarios to activie)substances, relevant substances and by-products have fjeen

ach
rds
, be

NOTE N
5.5.3.4 K
A BWMS u

- 4] 1l o cadaaclard 4] g Licakad 3ok FRPIA | 4 4] dos lodkod 4
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human activities. Risk estimation from human factors shall consider the following:

reagent preparation of the BWMS;

BWMS

10

stress-

)

related aspects, e.g. due to fire, bad weather, or other emergent situations;

fatigue aspects (e.g. on duty for continuous long-time ballasting/de-ballasting treatment); and

any

the interaction of a person(s) with the BWMS, e.g. operation, maintenance, troubleshooting and

interactions between persons, e.g. shift change during the operation and the maintenance of the

the capacity of persons to be aware of risks depending on their training, experience and ability;
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— aspects of limited abilities (e.g. unfamiliarity with BWMS due to lack of experience or training).

NOTE

5.5.

See IS0 12100:2010, 5.5.3.4.

3.5 Suitability of protective measures

Risk estimation of BWMS using the electrolytic method shall take into account the suitability of
protective measures and shall:

— identify the circumstances that can result in harm, e.g. using appropriate warning indication of
dangerous gas or chemical, activation of an alarm with suitable settings for detection of dangerous

Wh
affe
med

Pro
gas

NOT

5.5

For
pro
imp
the
can
inc

5.5

The
are
con

5.5

gas and active substances;

whenever appropriate, be carried out using quantitative methods to compare alternativg
measures, e.g. comparison rate of different materials that can be used in the BWMS, con
toxicity and corrosion characteristics of different neutralizing agents, which areused in

provide information that can assist with the selection of appropriate protective measu
SDSs of active substances, dangerous gases, and neutralizing agents, which are used or g
the BWMS.

bn estimating risk, special attention shall be paid to compopénts that increase risk
ct treatment performance in case of failure, such as critiecal monitoring instrument
isurement instrument, dangerous gas detectors, sensors for electrolysis reaction.

venting designs.
E See IS0 12100:2010, 5.5.3.5.
3.6 Feasibility of protective measures

the continued safe operation of the-BWMS using the electrolytic method, the feasib
fective measures shall be considéred. Protective measures that are inconvenient or
lement can be overridden or ignored by the operators. For example, a protective me
OMSM) to mitigate water_ hammers with slow opening or closing of manually opers
be overlooked by the créw;'during start-up or shutdown of the BWMS. This can be pr
rporating valves having an automated slow opening or closing function.

3.7 Sustainability of protective measures

risk estimation shall take account of the sustainability of protective measures to e
able to maintain the safe operation of the BWMS, e.g. automatic control to maintain t
centration/of active substances during ballasting or de-ballasting treatment is required.

3:8, * Information for use

protective
\parison of
the BWMS;

‘es, e.g. the

bnerated in

or directly
5, e.g. TRO

fection to ship and crew can be improved by implementing inherently safe chemical handling and

jlity of the
difficult to
asure (per
ted valves
bvented by

hsure they
he desired

Risk estimation shall consider the available information for use, e.g. installation guidance,
commissioning procedures, and operating and maintenance procedures per the OMSM. See also 6.4.

5.6

Risk evaluation

After completion of the risk estimation, risk evaluation shall be performed to determine whether risk
reduction is required.

Complete a risk evaluation according to ISO 12100:2010, 5.6.

©IS
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6

6.1

Risk reduction

General

Risk reduction simultaneously reduces the severity of harm and the probability of occurrence, and shall
follow protective measures as recommended by ISO 12100:

incorporate inherently safe design measures;

incorporate safeguards and complementary protective measures;

provide information for use.

Standardized methods shall be used when applicable. Use existing information about a protetypg or

existing system to aid in risk reduction. This makes it possible for the designer to:

6.2

6.2.1 Gejneral

estimdte the risk associated with the potential hazards;
evalu:Le the effectiveness of the protective measures implemented at the design’stage;

provide ship owners with quantitative information on potential hazards in the techrlical
documjentation;

provide operators with quantitative information on potential hazat'd in the information for use

Inhgrently safe design

and elimination of hazards during the design is the first and most important step in|the

risk reductlion process, and offers an opportunity for an inherently safe design. Specific to BWMS uging
electrolyti¢ methods, the designer shall address hazards following the guidance of ISO 12100 as ligted

12

Selection of piping and-materials that are suitable with respect to fire endurance and flammable

Utilizaftion of environmentally safe chemicals including, but not limited to, the neutralizer and TRO
measurement reagent.

Selection/of electrode materials with a long service life based on test results, public information, or
literatpire/e.g. per 1ISO 19097-2). T

Consideration of the expected dosage of the active substance and its effect on corrosion of materials
and coatings used in ballast piping and ballast tanks in accordance with recognized methods (e.g.
[SO 15711).

NOTE1 An additional methodology for corrosion effect evaluation of active substances is prescribed in
IMO G9 methodology (see BWM.2/Circ.13 and its revisions).

Evaluation of active substances used or produced by the BWMS as they relate to toxicity and
ecotoxicity.
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NOTE 2  This is previously evaluated in accordance with Procedure (G9) adopted by resolution
MEPC.169(57)[20] and the GESAMP BWWG Methodology (IMO technical circular BWM.2/Circ.13 and its
revisions). Following a risk assessment by the GESAMP BWWG, basic and final approval of a BWMS that
makes use of these chemicals can be approved by MEPC following a recommendation by the GESAMP BWWG.

NOTE3 The GESAMP BWWG Database of Chemicals provides physio-chemical, toxicological, and
ecotoxicological information related to chemicals commonly associated with ballast water treated by active
substances.

Selection of piping and materials that are structurally suitable against hydraulic shock (i.e. water
hammer) and physical damage (supports, expansion, etc.).

Automated controls to reduce valve speed and minimize water hammer effects as systellns are shut
down (i.e. plastic piping components).

Means to prevent water hammer effects during pump and valve operations.

Sufficient treatment capacity margin of BWMS for challenging situations.

3 Choice of appropriate technology

Selection of electrical equipment of suitable explosion-proof typé€ intended for use in|hazardous
areas on board the ship such as the pump room, e.g. intrinsically’safe type equipment in ¢ompliance
with IEC 60079.

Reliability of electrical and electronic components forithe marine environment in compliance with
relevant standards (see corresponding IEC standards.such as IEC 60068, [EC 60092, [EC|61000, and
IEC CISPR 16).

Marinizing electrical distribution conductorsi(i.e. DC bus bars, moderate and high anjpere cable
connections, etc.) to eliminate hazards caused by loosening connecting hardware cqusing high
impedance connections (i.e. overheating electrical connectors due to I2R losses).

Design considerations to avoid exeessive electrical harmonics imposed on the vessel's electrical
distribution system.

Proper dilution method for.dangerous gas to the level much less than the lower explosive|limit (LEL)
or threshold, if applicablé.

Seamless connectionsfor piping leading dangerous gas out of spaces where it is generatefd or passes
to avoid potential leakage of dangerous gas from the piping whenever possible.

Means to prevent accumulation of dangerous gas (e.g. ascending of vent pipe).

4  Applying inherently safe design measures to control systems

Safety alarms and shutdowns shall not be capable of being overridden, and control system self-

¢heckingshallbe performedbefore resuming operations. For example, critical sensors (i.eJdangerous

gas defector, pressure sensor) continue monitoring the parameters before the electrolysis process
can be restarted during ballasting.

Application software should not be reprogrammable by the user. Adequate evaluation and
verification shall be carried out for the software and hardware design of the control system in
compliance with recognized standards, e.g. ISO/IEC/IEEE 12207. The modification of software shall
be traceable and significant modification shall be verified by surveys and submitted for approval by
authorities, e.g. the modification of control for TRO dosing concentration in ballasting treatment.

Ability to override system software or hardware functions during standard operation shall be
minimized. For example, test and maintenance functions should limit run times to avoid leaving
pumps, valves, etc. in manual override for extended periods.
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6.3 Safeguarding and/or complementary protective measures

6.3.1 Gejneral

Automatic monitoring for critical operational parameters such as ballast water salinity and
temperature, process water temperatures (i.e. power supply cooling water if provided, and
electrolytic cell internal temperatures, etc.), pressures (i.e. electrolytic cell internal pressure, filter
internal and differential pressures, etc.), dangerous gas leakage, and active substance leakage, etc.
shall be used to ensure protective measures perform properly.

Internal and external critical alarms shall be operational in all modes, including automatic, manual
and stand-by modes.

A redundant ventilation fan as a fail-safe for dilution of dangerous gas shall be included. This
function shall provide automatic monitoring and switching due to failure of the primary ventilation
fan if gpplicable.

Sufficipnt extra running of the ventilation fan before the starting of electrolysis processyand alfter
finishipg the operation of the electrolysis unit shall be considered on the basis of the)eléctrolysis
capacify and on-board installation if applicable.

A ventjlation fan shall be connected to the emergency power on board or an uninterrupted pofwer
supply] (UPS) for safe ventilation of dangerous gas in case of loss of ship's powepif applicable.

Criticall alarms for the electrolysis process shall have independent shutdéwn functions, e.g. high
pressure or high temperature alarm.

Critical alarms for dangerous gas handling shall have indepéndent shutdown functions, [e.g.
dangerous gas high level alarm.

A computer-based control system is recommended to be coinected to a UPS with sufficient resgrve
powerf(to keep the control system from operating beyondthe automatic loss of power shutdown for
monit¢ring and logging of events including closing of discharge valves if necessary.

The velntilation fan in the space where the BWMSis'located shall be interlocked with the BWME so
that thie system cannot be operated unless theventilation system is in operation.

If it is not feasonably possible to elithinate the hazards or reduce the associated risk by the inherehtly
safe desigy] steps in 6.2, safeguarding and complementary protective measures shall be implemenfed.

Several approaches are identified in 6.3.2 and 6.3.3.

6.3.2 Safeguarding measures

Personal pfotective équipment (PPE) specific to SDSs shall be identified as appropriate for prepaf
and handlipg the>ehemicals (e.g. neutralizer, electrolytic cell cleaning chemicals).

6.3.3 Complementary protective measures

14

—e

ng

Emergency stop functions shall be provided and be independently wired to the computer-based
controls. These shall be highly visible and clearly labelled.

Isolation measures such as installing metallic isolation valves with fail-safe closing functions
shall be provided between plastic piping components of the BWMS and vessel's ballast system if
applicable (i.e. protection against flooding and ruptured plastic piping components).

Means shall be provided to ground stray electrical current impressed in conductive water streams
(i.e. electrolysis cell inlet and outlet piping systems).

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=8fe9f879508c99786733fb089abedbbd

1SO 23314-2:2021(E)

Means shall be provided to ground power supply equipment and the electrolytic chamber terminal
in case that maximum output voltage of power supply equipment exceeds 42,4V peak or 60VDC in
accordance with IEC 60950.

Temperature control can be required for side stream electrolysis feed water. This should include
safety features to prevent electrolytic chamber feed water from overheating. If electrical heaters
are used, provide adequate electrical isolation to prevent electric shock to operators, and if steam
heating is used, prevent over pressurization of the steam heater, etc.

Safety guards to protect personnel shall be provided on all rotating machinery components (e.g.
pump or motor shafts).

Marine water or preparation of saline water shall be stored as a water source for the's
unit under fresh water conditions, if necessary.

For a system with multiple electrolytic chambers in parallel, each chamber,should be
suitable alarm functions (e.g. temperature, pressure, etc.). Any series configration of ¢
chambers shall be consistent with the approval conducted per the»IMO G9 proce

lectrolysis

fitted with
blectrolytic
bdure. Any

configuration that exceeds the TRC approved under the G9 process must be:

1. tested according to BWM.2/Circ.13/Rev.4 (or above version).to demonstrate compliance with

the previous approval;

2. the configuration must be approved under G9.

Dangerous gas detectors shall be fitted at locations. where dangerous gas can be
accumulate. The relevant alarm shall be triggered with the proper value not exceeding t
in accordance with classification society rules, and'this triggering shall result in system|

present or
he LEL and
shutdown.

Suitable detection of active substances shall-be fitted and relevant alarms shall be triggered with
the proper value according to the exposuréthreshold and vessel classification society ryles.

An alarm shall activate when the TRO 'monitoring level is out of range during the uptake of ballast

water.

An alarm shall activate when the TRO monitoring level exceeds the MADC during ballast water
discharge.

An alarm shall activatelwhen the flow rate is beyond the TRC or design limit range of the BWMS, (i.e.

minimum or maximum).

wvater from
rate and be

The position of the bypass valve shall be monitored by the BWMS to prevent untreated
entering theballast tank or being discharged overboard, and the bypass alarm shall acti
recorded automatically by the control system.

NOTE This can require hazardous area rated electric valve position sensors for use in hazardous areas
whenyfor example, the pump room ventilation is off.

Acuctam chitdaan fiaanmotinny chall aotivgatn for anyg cvitinal oo ant fatlien vashich diva
SHOWH SHRY—€ e

Asystem-shutdewnfunetionshallactivatefor ritical-componentfatlure-which-directly affects

the treatment performance and safety of the BWMS, (e.g. TRO measurement instrument and
dangerous gas detector).

Clear audible and visual alarms shall be activated at suitable manned stations.

Means shall be provided to prevent reverse flow of dangerous gases into the dilution stream if
applicable (e.g. through use of dampers, all equipment explosion-proof type).

Residual from the TRO measurement shall be treated or neutralized before discharge if applicable.

Appropriate isolation shall be arranged for the interconnection of ballast piping between hazardous
area and non-hazardous area (e.g. two screw down check valves in series with a spool piece).
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6.4 Information for use

6.4.1 General

It is very important to convey sufficient information to the user as an integral part of the design of the
BWMS using the electrolytic method. The information shall cover storage, transportation, installation,
commissioning, operation, calibration and maintenance of the BWMS. The information shall also include
essential warning indication and the training plan and documentation on how to use the system.

6.4.2 Installation guide

The purpoge of installation guidance is to help the persons who install the BWMS to be acquainted
with all th¢ knowledge and specific information necessary for proper and correct installation'of BWMS
using the e¢lectrolytic method. In addition to generic installation information, the instatlation guyide
should alsq include, but not be limited to, the following items for the BWMS:

— BWMS§location and space requirement;

— total ppwer demand and energy consumption requirement of the BWMS;

— specific material requirement for piping for active substances of high doncentration;
— specific connection requirements for piping of dangerous gases;

— ventilqtion piping routing requirement from the electrolysis unit to the open deck;
— dangerous gas ventilation outlet location requirements;

— cooling requirement for the power supply unit of the electrolysis unit;

— wiringrequirements between the power supply-init and electrolysis unit;

— ventildtion requirement for the BWMS;

— specific distance requirement for TRO imgasurement;

— piping|interconnection requirements between safe and hazardous zones.

6.4.3 Commissioning procedure

The commj|ssioning procedure-Specifies the necessary guidance to validate the installation and verify
the BWM{ functions preperly. The commissioning documentation assumes procedures are carfied
out by qualified engineers from the BWMS manufacturer in accordance with its procedures after
completing installation. The commissioning procedures consist of verification of readiness, function
verificatiof, and a-method for demonstrating operation.

NOTE he discussion of commissioning in this document does not address the commissioning process u11der
IMO BWM.2/Cir'c,70[24]

The verification of readiness should include, but not be limited to, the BWMS location, piping material,
ventilation of the BWMS, piping routing and connection for dangerous gas, class type or product
certificate, sensor reagent and chemical preparation validity, and control software version check.

The function verification should include, but not be limited to, the verification of critical alarm functions,
e.g. low flow, high pressure, and high temperature for electrolysis, high level of dangerous gas, TRO high
level during de-ballasting, TRO outside the controlled range in ballasting treatment, dilution failure of
dangerous gas and system by-pass, independent shutdown function for dangerous gas ventilation and
electrolysis, and emergency shutdown function.
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The purpose of a demonstration operation test is to verify the BWMS is capable of automated,
uninterrupted operation for both ballasting and de-ballasting processes. The BWMS should be operated
automatically without activation of alarms in accordance with the commissioning procedure.

The vessel's flag administration or port state can require biological efficacy tests to validate compliance
with regulation D-2 of the BWM Convention[22] or port state rules. These tests should be coordinated
with all stakeholders (i.e. owner, operator, BWMS manufacturer, shipyard, flag, class society, and
biological testing service provider, etc.). The testing is addressed in IMO Resolution A.1140(31)[22] and

BWM.2/Circ.70[24],

6.4

The
BW
Rel
USd

In 3
and|
eled

6.4

Thd
of t

maintenance scheme of BWMS tan be integrated with shipboard planned maintenance systg

Thd

maintenance intervahoPgeneric marine components, e.g. piping, pumps, valves, and comm

e.g.

L g jon-mai Lsaf | OMSM)
OMSM specifies the guidance for the persons involved in the operation and mainten
MS to carry out all the actions properly and safely. See ISO 12100 for the content of

bvant regulations and rules are also applicable for the compiling of OMSM, e.g..BWMS
G 162.060-32[31] (as can be revised).

ddition to the description of the BWMS treatment technology, BWMSspécification, and
maintenance procedures, the following should be highlighted in~"OMSM for BWMS
trolytic method:

system design limitations, e.g. dosage of active substance, salifiity, temperature, TRC, ha
etc,;

proper storage and safe handling of active substances;dangerous gas, chemical and reag
generated or used by the BWMS, in addition to the amount of substances to be held on b

procedures to be followed for leakage of dangergus gas or spillage of active substances a
chemicals, and in the case of shipboard emergencies, e.g. fire or flooding on board the sh

procedures for the management of wastesthat can be generated during the operation of

5 Maintenance scheme
maintenance scheme specifies the guidance for the persons who carry out periodic m

he BWMS to keep it in goodswerking condition, avoid malfunction, and prolong the servi

maintenance scheme)of BWMS should also include the following information in addi

pressure and temperature sensors:

calibrationsschedule of critical sensors, e.g. the sensors for dangerous gas detection and
and senSors for TRO measurement;

hince of the
the OMSM.
Codel21] or

operation
using the

lding time,

bnt that are
bard ship;

nd relevant
ip;
the BWMS.

hintenance
ce life. The
m (PMS).

[tion to the

DIl SENSOTS,

rentilation,

neutralizing agent;

replacement schedule for the chemical or reagent, e.g. TRO measurement reagent (if applicable) and

— inspection schedule of the ventilation piping leading dangerous gas for corrosion and sealing

6.4.

condition.

6 Calibration manual

The calibration manual provides guidance to carry out the calibration of the essential sensors and
meters. These devices can measure critical process parameters that are used to control and automate
BWMS operations, therefore correct and accurate operations shall be ensured through periodic
calibration. The manual shall include, but not be limited to, the calibration procedure and calibration
interval, which can refer to sensor manuals or relevant regulations.
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6.4.7 Warning indication

In addition to warning of malfunctions of mechanical, electrical, hydraulic, and pneumatic components,

the BWMS

should also include the following warning information.

— Warning signs shall be displayed near any location where a) the active substance is generated (e.g.
by the electrolysis unit), and b) the neutralizer agent is stored or prepared (e.g. in the neutralizer
unit). Signage shall indicate the chemical hazard, potential danger, and first aid information.

NOTE

Warni

atthe

6.4.8 Training plan and documentation

The traini
maintenan
and maint
treatment
handling.
training is
documents
given in Ar

7 Docu

The documentation shall contain a record of the procedure and results of the risk assessment

risk reduct
accordancg

Annexes B
achieve rig
respective

q

NOTE

The piping conveying dangerous gas should be marked with distinct colour if applicable.
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hg signs indicating that the possible emission of dangerous gas shall be permanentlymour
Fentilation outlet of the electrolysis unit (see ISO 24409-2).

hg plan and documentation ensures the persons who perform BWMS operations
ce are acquainted with the knowledge and skills necessary for safe and correct opera
bnance of the BWMS. The training plan shall include, but not«be’limited to, the sys
process, BWMS operation, BWMS maintenance, instrument\calibration, and chem
[he training can be carried out on board or in a workshop by qualified engineers.

tion shall be available on board the ship for crew referernice. An example of a training pl3
nex E.

mentation of risk assessment

ion and can help examine the decisions.at a later time. Documentation shall be prepare
with ISO 12100:2010, Clause 7.

, C, and D give examples of risk’ assessment and corresponding protective measure
k reduction for the filtratioh unit (if applicable), electrolysis unit and neutralization v

y.

ee ISO/TR 14121-2 for/information on documentation.
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Annex A
(informative)

Example of a risk estimation matrix table in accordance with

ISO/TR 14121-2

TabJe A.T gives an example of the risk estimation tool in accordance with ISO/TR 14121-
mafrix assists the persons performing the risk assessment in estimating the risk levels

D. The risk
by scaling

the|severity of harm and probability of occurrence of harm. The severity level andprobgbility level

in Table A.1 are described is ISO/TR 14121-2:2012, 6.2.2.3 and 6.2.2.4. The risk level can
Table A.1 after the severity and probability are estimated. The risk level ftahking fro
indicates the risk from lowest level to the highest level, which aligns with the risk level d
ISOfTR 14121-2:2012, Table 1.

Table A.1 — Example of a risk estimation‘matrix

be derived
m L1 to L4
bscribed in

Probability of Severity ofharm

ocdurrence of harm Catastrophic Serious Moderate

Very likely

Likely
Unlikely
Remote
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Annex B
(informative)

Example of a risk assessment and risk reduction worksheet —
Filtration unit

This annek provides examples of hazard events and the corresponding protective measures

for

the filtratipn unit (if applicable) employed by the BWMS using the electrolytic method, to asSist|the
persons pefrforming risk assessment to identify related hazards and achieve risk reduction, as'showjn in

Table B.1.

The listed|hazard events and the corresponding protective measures provided by“this annex|are
not exhaugtive. In addition, risk estimation is usually subjective and not performed per this anhex;

it is rathe}

specificatipn of the filtration unit (see 5.5).

Table B.1 — Example of a risk assessment and risk reduction worksheet — Filtration unit

accomplished by the persons performing risk assessment based onlempirical data pnd

Risk estimation Safeguarding and
Inherently
ID Hazard Cause Prob S Risk safe design complementary Remarks
event roba- | Sever- 1S protective
bility ity level measures measures

1 Leakalge Flange TBD TBD TBD 1. Regular visual
connection inspection.
not properly 2. Pressure testing
secured . .

during commis-
sioning.

2 |Leakalge Sealleaks |TBD 1. Periodic sealing

replacement.

3 |Blockfge |Highdirt TBD 1. Using pressure
load on transmitter on
candles filter outlet.

2. Reduce filtration
flow when operat-
ing in entering high
dirt load water
voyage.

4 |Blockage |High TBD Choose suitable
pressure re- pipe size and
sistance on piping arrange-
drainline menttoreducethe

pressure loss after
back-flushing line.

5 |Blockage |Screenlack |TBD Fresh water filling
of mainte- after each opera-
nance tion and periodic

or emergent filter
screen cleaning.
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Table B.1 (continued)

1SO 23314-2:2021(E)

ID

Hazard
event

Cause

Risk estimation

Proba-
bility

Sever-
ity

Risk
level

Inherently
safe design
measures

Safeguarding and
complementary
protective
measures

Remarks

Corrosion

Corrosion

of the filter
screen and
filter body

TBD

1. Filter body
is coated both
inside and
outside.

2. Provide

Periodic inspection
of filter internal
and filter screen.

sacrificial
anode if pos-
sible.

3. Screen ma-
terial should
have excellent
anti-corrosion
characteristic.
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Annex C

(informative)

Example of a risk assessment and risk reduction worksheet —
Electrolysis unit

This anney
electrolysi
risk assess

The listed
not exhaug

hazard events and the corresponding protective measures provided by this” annex
tive. In addition, risk estimation is usually subjective and not performed per this anfex;

provides examples of hazard events and the corresponding protective measures for|the
5 unit employed by the BWMS using the electrolytic method, to assist the persons perforning
ment to identify related hazards and achieve risk reduction, as shown in Table C.1«

are

it is rather accomplished by the persons performing risk assessment based onfempirical data pnd
specificati¢n of the electrolysis unit (see 5.5).
Table C{1 — Example of a risk assessment and risk reduction worksheet — Electrolysis unjt
Risk estimation I Safeguarding and
nherently
D Hazard Cause . fe desien complementary Remark
event Prob- | Sever- | Risk | saleCeslg protective emarys
ability| ity level measures measures
1 |Highlevel |Leakageand/ |TBD |TBD TBD 1. Seamless 1. Dangerous gas
of darlger- |or accumula- c¢ennection detector is fitted
ous ggs tion of danger- for piping with high level
ous gas leading dan- |alarm.

gerous gas.
2. Proper
dilution
method for
dangerous gas
to the level
much lower
than LEL or
threshold if
applicable.
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