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Foreword

OCIMF and the Central Commission for the Navigation of the Rhine (CCNR) have worked,
together with other European organisations, to produce this latest revision of the
International Safety Guide for Inland Navigation Tank-barges and Terminals (ISGINTT). Despite
their individual roles in inland barging, all organisations recognise safety and environmental
improvements cannot be made by regulation alone; it is testimony to the good practices
adopted and constantly refined by the industry, and the dedication of the people it employs,
to continuously improve.

One of the main functions of the international associations that have prepared this publication
is to represent the industry’s interests at regulatory bodies such as the International Maritime
Organization (IMO) and the Central Commission for the Navigation of the Rhine (CCNR). The
European Chemical Industry Council (CEFIC), the European Barge Union (EBU), FuelsEurope, the
Federation of European Tank Storage (FETSA), OCIMF, the European Inland Waterway Transport
Platform (IWT) and the European Federation of Inland Ports all contribute to various extents to
the work of these regulatory bodies.

This commitment to continuous improvement is demonstrated by the industry’se orts to
develop the International Safety Guide for Inland Navigation Tank-barges and Terminals — or
ISGINTT, as it is known within the industry.

It therefore gives us great pleasure to introduce this second edition of the guide. OCIMF and
CCNR recognise ISGINTT as the principal industry reference manual on the safe operation of
inland tankers and the terminals that serve them.

This guide provides updated safety practices on the operation of tank-barges and terminals and
continues to embrace a risk-based control philosophy. By enhancing risk awareness, ISGINTT
seeks to foster an environment where the uncertainties associated with some shipboard
operations are reduced not solely by prescription, but also by encouraging barge and terminal
crew, as well as their employers, to identify the risks in everything they are doing and to then
implement fit-for-purpose risk reduction measures. This puts the focus on people and is,
therefore, entirely consistent with a strategy related to the human element which has had
increased focus in recent years.

We are confident that ISGINTT will not only contribute to the further improvement of the
industry’s excellent safety record but will also bring us closer to the goal of zero accidents to
which we all aspire. We, therefore, commend it to all interested parties.

Lucia Luijten
Secretary-General
Central Commission for the Navigation of the Rhine

Karen Davis
Managing Director
OCIMF
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Introduction

Safety is critical to the tank barging industry. The authors of the International Safety Guide

for Inland Tank-barges and Terminals (ISGINTT) hope that this revised guide will become the
standard reference work on the safe operation of inland tank-barges and the terminals they
serve. To do so, the guide must keep abreast of changes in tanker design and operating practice
and reflect the latest technology and legislation. This has been the purpose for developing and
introducing the revision to the industry.

The safety check-lists contained in the guide cover ship/shore as well ship/barge (and vice versa)
transhipment of cargo and slops. The authors hope that these check-lists comprehensively
reflect the individual and joint responsibilities of the tank-barge and the terminal and that the
check-lists will be adopted universally by ports and terminals.

The guide has been kept to the original structure for ease of use. It is divided into five sections:
“General Information”; “Tanker Information”; “Terminal Information”, the “Management of the
Tanker and Terminal Interface” and “Additional Information for the Handling of Liquefied Gases”.

All intellectual property rights, including copyright, in ISGINTT are protected (see the copyright
notice on page 2 of this document). Sections of the OCIMF and ICS International Safety Guide for
Oil Tankers and Terminals 6th Edition (ISGOTT6) and the SIGTTO Liquefied Gas Handling Principles
on Ships and In Terminals were used in the production of this document as recognised industry
best practice and to avoid any inconsistency of guidance at the ship/barge interface. Use of
OCIMF, ICS and SIGTTO publications in this document does not constitute a waiver of any of the
intellectual property rights in those OCIMF, ICS and SIGTTO publications.

The authors believe that ISGINTT will continue to provide the best technical guidance on inland
tank-barge and terminal operations. All operators are urged to ensure that the recommendations
in this guide are not only read and fully understood, but also followed.

OCIMF and CCNR established the Secretariat to support the development of the ISGINTT revision
and to ensure it is regularly updated in the future. The Secretariat encourages the users of
ISGINTT to transmit comments and suggestions for improvement for possible inclusion in future
editions. The ISGINTT website not only provides the latest information on ISGINTT, but serves
also as the communication link between users of ISGINTT and the experts and organisations that
participated in its development.

The ISGINTT website can be found at www.isgintt.org, the ISGINTT Secretariat can be reached by
email at secretariat@isgintt.org.

Central Commission for the Navigation of the Rhine (CCNR)
2, place de la République

67082 Strasbourg Cedex

France

WWW.cCCr-zKr.org

OCIMF

29 Queen Anne’s Gate
London SW1H 9BU
United Kingdom
www.ocimf.org

The European Chemical Industry Council (CEFIC)
Rue Belliard, 40

1040 Brussels

Belgium

www.cefic.org


http://www.isgintt.org
mailto:secretariat%40isgintt.org?subject=
https://www.ccr-zkr.org
http://www.ocimf.org
http://www.cefic.org
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European Barge Union (EBU)
Handelsplein 92

3071 PR Rotterdam

The Netherlands
www.ebu-uenf.org

FuelsEurope

Boulevard du Souverain 165 - 3rd Floor
1160 Brussels

Belgium

www.fuelseurope.eu

Federation of European Tank Storage (FETSA)
Boulevard Auguste Reyers, 80

1030 Brussels

Belgium

www.fetsa.eu

European Inland Waterway Transport Platform (European IWT Platform)
Avenue des Arts, 56

B-1000 Brussels

Belgium

www.inlandwaterwaytransport.eu

European Federation of Inland Ports (EFIP)
Treurenberg, 6

1000 Brussels

Belgium

www.inlandports.eu


http://www.ebu-uenf.org
http://www.fuelseurope.eu
http://www.fetsa.eu
http://www.inlandwaterwaytransport.eu
http://www.inlandports.eu
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Purpose and scope

The purpose of this guide is to improve safety of transport of dangerous goods at the interface of
inland tank-barge with other vessels or shore facilities (terminals). The guide is not intended to
create, to replace or to amend current legal requirements, but to provide additional guidelines
that should not be part of legal requirements.

The safety guide is recommended for implementation by the participating industry organisations
CEFIC, EBU, ESO, ESPO, EUROPIA, FETSA, IAPH, OCIMF, ICS and SIGTTO with the necessary
political and legal support of CCNR. This guide references the 2021 edition of the European
Agreement concerning the International Carriage of Dangerous Goods by Inland Waterways
(ADN). Users should always refer to the latest edition of this agreement.

This guide makes recommendations for inland tanker and terminal personnel on the safe
carriage and handling of such products that are normally carried in petroleum, chemicals or
liguefied gas inland tankers and terminals handling those inland tankers.

The purpose of the guide is also to provide operational advice to assist personnel directly
involved in inland tanker and terminal operations. It does not provide a definitive description of
how inland tanker and terminal operations are conducted. It does, however, provide guidance
on, and examples of, certain aspects of inland tanker and terminal operations and how they may
be managed. E ective management of risk demands processes and controls that can quickly
adapt to change. Therefore, the guidance given is, in many cases, intentionally non-prescriptive
and alternative procedures may be adopted by some operators in the management of their
operations. These alternative procedures may exceed the recommendations contained in

this guide.

When adopting alternative procedures, operators should follow a risk-based management
process that incorporates systems for identifying and assessing the risks and for demonstrating
how they are managed. This should be accompanied by a robust management of change
process. For shipboard operations, this course of action must satisfy the requirements of
relevant legislation.

It should be borne in mind that, in all cases, the advice given in the guide is subject to any local
or national terminal regulations that may be applicable, and those concerned should ensure
that they are aware of any such requirements.

It is recommended that a copy of the guide be kept and used on board every inland tanker and
in every terminal to provide advice on operational procedures and the shared responsibility for
operations at the inland tanker/shore interface.

Certain subjects are dealt with in greater detail in other publications issued by CCNR, OCIMF,
ICS or SIGTTO or by other inland navigation or maritime intergovernmental organisations or
industry organisations. Where this is the case, an appropriate reference is made, and a list of
these publications is given in the bibliography.

It is not the purpose of the guide to make recommendations on design or construction of inland
tankers. Information on these matters may be obtained from intergovernmental organisations,
national authorities and from authorised bodies such as classification societies active in the
field of inland navigation. Similarly, the guide does not attempt to deal with certain other safety
related matters, e.g. navigation and shipyard safety, although some aspects are inevitably
touched upon.

Finally, the guide is not intended to encompass floating installations including Floating
Production Storage and O loading Units (FPSOs) and Floating Storage Units (FSUs); operators
of such installations may, however, wish to consider the guidance given to the extent that good
tanker practice is equally applicable to their operations.
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Definitions

For the purpose of this guide, the following definitions apply:
Adiabatic Describes an ideal process undergone by a gas in which no gain or loss of heat occurs.
ALARP As low as reasonably practicable.

Antistatic additive A substance added to a petroleum product to raise its electrical conductivity
to a safe level above 50 picoSiemens/metre (pS/m) to prevent accumulation of static electricity.

Approved equipment Equipment of a design that has been tested and approved by an
appropriate authority, such as a government department or classification society. The authority
should have certified the equipment as safe for use in a specified hazardous area.

Auto-ignition The ignition of a combustible material without initiation by a spark or flame,
when the material has been raised to a temperature at which self-sustaining combustion occurs.

Barge See ‘inland tanker’

Boil-off Boil-0 is the vapour produced above the surface of a boiling cargo due to evaporation.
Itis caused by heat ingress or a drop in pressure.

Boiling point The temperature at which the vapour pressure of a liquid is equal to the pressure
on its surface (the boiling point varies with pressure).

Bonding The connecting together of metal parts to ensure electrical continuity.

Booster pump A pump used to increase the discharge pressure from another pump (such as a
cargo pump).

Bulk cargo Cargo carried as a liquid in cargo tanks and not shipped in drums, containers
or packages.

Carbamates A white powdery substance produced by the reaction of ammonia with
carbon dioxide.

Carcinogen A substance capable of causing cancer.

Cargo area That part of the inland tanker which contains the cargo containment system, cargo
pumps and compressor rooms, and includes the deck area above the cargo containment system,
co erdams, ballast tanks and void spaces at the a er end of thea ermost hold space or the
forward end of the forward.

Cargo Containment Systems The arrangement for containment of cargo including, where
fitted, primary and secondary barriers, associated insulations, interbarrier spaces and the
structure required for the support of these elements (refer to the Gas Codes for a more
detailed definition).

Cascade Reliquefaction Cycle A process in which vapour boil-o  from cargo tanks is
condensed in a cargo condenser in which the coolant is a refrigerant gas such as R22 or
equivalent. The refrigerant gas is then compressed and passed through a conventional sea
water-cooled condenser.

Cathodic protection The prevention of corrosion by electrochemical techniques. On inland
tankers, it may be applied either externally to the hull or internally to the surfaces of tanks. At
terminals, it is frequently applied to steel piles and fender panels.

Cavitation A process occurring within the impeller of a centrifugal pump when pressure at
the inlet to the impeller falls below that of the vapour pressure of the liquid being pumped.
The bubbles of vapour which are formed collapse with impulsive force in the higher pressure
regions of the impeller. Thise ect can cause significant damage to the impeller surfaces and,
furthermore, pumps may lose suction.
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Certificate of Fitness A certificate issued by a flag- or competent administration confirming
that the structure, equipment, fittings, arrangements and materials used in the construction

of a gas carrier comply with the relevant Gas Code or applicable legal requirements. Such
certification may be issued on behalf of the administration by an approved classification society.

Certified Gas Free A tank or compartment is certified to be gas-free when its atmosphere has
been tested with an approved instrument and found in a suitable condition by an independent
chemist. This means it is not deficient in oxygen and su iciently free of toxic or flammable gas
for a specified purpose.

Clingage Oil remaining on the walls of a pipe or on the internal surfaces of tanks a er the bulk of
the oil has been removed.

Closed operations Ballasting, loading or discharging operations carried out without recourse
to opening ullage and sighting ports. The aim of closed operations is to avoid any escape of
vapours to the atmosphere. During closed operations, seagoing and inland tankers will require
the means to enable closed monitoring of tank contents, either by a fixed gauging system or by
using portable equipment passed through a vapour lock.

CMR substance A substance that is carcinogenic, mutagenic or reprotoxic.
Cold work Work that cannot create a source of ignition.

Combustible (also referred to as ‘flammable’) Capable of being ignited and of burning. For
the purposes of this guide, the terms ‘combustible’ and ‘flammable’ are synonymous.

Condensate Reliquefied gases which collect in the condenser and are then returned to the
cargo tanks.

Craft Any vessel for auxiliary services such as a tug, mooring boat, work boat, supply vessel,
fire-fighting boat, rescue cra .

Company The owner of an inland tanker or any other organisation or person, such as the
manager or the bareboat charterer, who has assumed responsibility for the operation of the
inland tanker from the owner of the inland tanker, including the duties and responsibilities
imposed by the ISM Code.

Competent person A person who has been adequately trained to undertake the tasks they are
required to perform within their job description. For personnel in the shipping industry, they
should be able to demonstrate this competence by the production of certificates recognised by
the inland tankers administration.

Critical pressure The pressure at which a substance exists in the liquid state at its critical
temperature. (In other words, it is the saturation pressure at the critical temperature.)

Critical temperature The temperature above which a gas cannot be liquefied by
pressure alone.

Cryogenics The study of the behaviour of matter at very low temperatures.

Dangerous goods Hazardous/dangerous cargoes are defined according to the flowchart in
ADN 3.2.3.3.

Deepwell pump A type of centrifugal cargo pump. The prime mover is usually an electric
or hydraulic motor. The motor is usually mounted on top of the cargo tank and drives, via a
long transmission sha , through a double seal arrangement, the pump assembly located in
the bottom of the tank. The cargo discharge pipeline surrounds the drive sha and the sha
bearings are cooled and lubricated by the liquid being pumped.

Density The mass per unit volume of a substance at specified conditions of temperature and
pressure (see section 1.3).

Dew point The temperature at which condensation will take place within a gas if further
cooling occurs.

Dry chemical powder A flame inhibiting powder used in fire-fighting.
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Earthing The electrical connection of equipment to the main body of the ‘earth’ to ensure that
itis at earth potential. On board an inland tanker, the connection is made to the main metallic
structure of the inland tanker, which is at earth potential because of the conductivity of the sea.

Enclosed space A space that has limited openings for entry and exit, unfavourable natural
ventilation, and that is not designed for continuous worker occupancy. This includes cargo
spaces, double bottoms, fuel tanks, ballast tanks, pump rooms, co erdams, void spaces, duct
keels, inter-barrier spaces, engine crankcases and sewage tanks.

Endothermic A process which is accompanied by the absorption of heat.

Enthalpy Enthalpy is a thermodynamic measure of the total heat content of a liquid or vapour
at a given temperature and is expressed in energy per unit mass (kJoules per 1kg) from absolute
zero. Therefore, for a liquid/vapour mixture, it will be seen that it is the sum of the enthalpy of
the liquid plus the latent heat of vaporisation.

Entropy Entropy of a liquid/gas system remains constant if no heat enters or leaves while

it alters its volume or does work, but increases or decreases should a small amount of heat
enter or leave. Its value is determined by dividing the intrinsic energy of the material by its
absolute temperature. The intrinsic energy is the product of specific heat at constant volume
multiplied by a change in temperature. Entropy is expressed in heat content per mass per unit
of temperature. In the Sl system its units are therefore Joule/kg/K. It should be noted that in
areversible process in which there is no heat rejection or absorption, the change of entropy

is zero.

Entry permit A document issued by a Responsible Person allowing entry into a space or
compartment during a specific time interval.

Explosimeter See ‘combustible gas indicator”.

Explosion-proof (also referred to as ‘flame-proof ’) Electrical equipment is defined and
certified as explosion-proof when it is enclosed in a case that can withstand the explosion
within it of a hydrocarbon gas/air mixture or other specified flammable gas mixture. It must also
prevent the ignition of such a mixture outside the case either by spark or flame from the internal
explosion or as a result of the temperature rise of the case following the internal explosion.

The equipment must operate at such an external temperature that a surrounding flammable
atmosphere will not be ignited.

Explosive range See ‘flammable range’.

Flag- or competent administration Means the government of the state whose flag the inland
tanker is entitled to fly.

Flame arrester A permeable matrix of metal, ceramic or other heat-resisting materials which
can cool even an intense flame, and any following combustion products, below the temperature
required for the ignition of the flammable gas on the other side of the arrester.

Flame-proof See ‘explosion-proof’.

Flame screen A portable or fitted device incorporating one or more corrosion resistant wire-
woven fabrics of very small mesh, which is used for preventing sparks from entering a tank
or vent opening or, for a short time, preventing the passage of flame (not to be confused with
‘flame arrester’).

Flammable (also referred to as ‘combustible’) Capable of being ignited and of burning. For
the purposes of this guide, the terms ‘flammable’ and ‘combustible’ are synonymous.

Flammable gas monitors (also referred to as ‘explosimeter’) An instrument for measuring
the composition of hydrocarbon gas/air mixtures, usually giving the result as a percentage of the
Lower Flammable Limit (LFL).

Flammable range (also referred to as ‘explosive range’) The range of hydrocarbon gas
concentrations in air between the Lower and Upper Flammable Limits. Mixtures within this range
are capable of being ignited and of burning.
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Flashlight See ‘torch’.

Flashpoint The lowest temperature at which a liquid giveso su icient gas to form a flammable
gas mixture near the surface of the liquid. It is measured in a laboratory in standard apparatus
using a prescribed procedure.

Flow rate The linear velocity of flow of liquid in a pipeline, usually measured in metres per
second (m/s). The determination of the flow rates at locations within cargo pipeline systems is
essential when handling static accumulator cargoes.

Foam An aerated solution that is used for fire prevention and fire-fighting.

Foam concentrate (also referred to as ‘foam compound’) The full strength liquid received
from the supplier, which is diluted and processed to produce foam.

Foam solution The mixture produced by diluting foam concentrate with water before
processing to make foam.

Free fall The unrestricted fall of liquid into a tank.
From the top, or overall See ‘loading over the top’.

Gas-Dangerous Space or Zone A space or zone (defined by the Gas Codes) within an inland
tanker’s cargo area which is designated as likely to contain flammable vapour and which is not
equipped with approved arrangements to ensure that its atmosphere is maintained in a safe
condition at all times (refer to the Gas Codes for a more detailed definition).

Gas free A tank, compartment or container is gas free when su icient fresh air has been
introduced into it to lower the level of any flammable, toxic or inert gas to that required for a
specific purpose, e.g. hot work, entry, etc.

Gas free certificate A certificate issued by an authorised Responsible Person confirming that, at
the time of testing, a tank, compartment or container was gas free for a specific purpose.

Gas-freeing The removal of toxic, and/or flammable gas from a tank or enclosed space.

Gassing-up Gassing-up means replacing an inert atmosphere in a tank with the vapour from the
next cargo to a suitable level to allow cooling down and loading.

Halon A halogenated hydrocarbon used in fire-fighting that inhibits flame propagation.

Hazardous area An area on shore or on an inland barge which, for the purposes of the
installation and use of electrical equipment, is regarded as dangerous. Such hazardous areas are
graded into hazardous zones depending upon the probability of the presence of a flammable
gas mixture.

Hazardous task A task other than hot work which presents a hazard to the inland tanker,
terminal or personnel, the performance of which needs to be controlled by a risk assessment
process such as a permit to work system or a controlled procedure.

Hazardous zone See ‘hazardous area’.

Hot work Work involving sources of ignition or temperatures su iciently high to cause the
ignition of a flammable gas mixture. This includes any work requiring the use of welding, burning
or soldering equipment, blow torches, some power-driven tools, portable electrical equipment
which is not intrinsically safe or contained within an approved explosion-proof housing, and
internal combustion engines.

Hot work permit A document issued by a Responsible Person permitting specific hot work to be
done during a particular time interval in a defined area.

Hydrocarbon gas A gas composed entirely of hydrocarbons.

Inert condition A condition in which the oxygen content throughout the atmosphere of a tank
has been reduced to 8 percent or less by volume by the addition of inert gas.
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Inert gas A gas or a mixture of gases (most typically nitrogen gas) containing insu icient oxygen
to support the combustion of hydrocarbons.

Inert gas plant All equipment fitted to supply, cool, clean, pressurise, monitor and control the
delivery of inert gas to the cargo tank systems.

Inert Gas System (IGS) An inert gas plant and inert gas distribution system together with
means for preventing backflow of cargo gases to the machinery spaces, fixed and portable
measuring instruments and control devices.

Inerting The introduction of inert gas into a tank with the object of attaining the inert condition.

Inhibitor A substance (additive) used to prevent or retard cargo deterioration or a potentially
hazardous chemical self-reaction, e.g. polymerisation.

Inland tanker (or vessel) Any cargo vessel for the transport of bulk liquid cargoes for inland
and port navigation. This includes: self-propelled inland tanker, tank barge without propulsion
operated by tug boats (push or towing).

Inland tanker Master/crew Either the Master/crew of the self-propelled inland tanker or the
captain/crew of the tug boat when operating tank barges.

Insulating flange A flanged joint incorporating an insulating gasket, sleeves and washers to
prevent electrical continuity between inland tanker and shore.

Interface detector An electrical instrument for detecting the boundary between oil and water.

International Safety Management (ISM) Code An international standard for the safe
management and operation of ships and for pollution prevention. The code establishes safety
management objectives and requires a Safety Management System (SMS) to be established by
the company and audited and approved by the flag- or competent administration.

Intrinsically safe An electrical circuit, or part of a circuit, is intrinsically safe if any spark or
thermal e ect produced normally (i.e. by breaking or closing the circuit) or accidentally (e.g. by
short circuit or earth fault) is incapable, under prescribed test conditions, of igniting a prescribed
gas mixture.

Isothermal Descriptive of a process undergone by an ideal gas when it passes through pressure
or volume variations without a change of temperature.

Latent heat The heat required to cause a change in state of a substance from solid to liquid
(latent heat of fusion) or from liquid to vapour (latent heat of vaporisation). These phase changes
occur without change of temperature at the melting point and boiling point, respectively.

Latent heat of vaporisation Quantity of heat to change the state of a substance from liquid to
vapour (or vice versa) without change of temperature.

Liquefied gas A liquid which has a saturated vapour pressure exceeding 2.8 bar absolute at
37.8°C and certain other substances specified in the Gas Codes.

LNG This is the abbreviation for Liquefied Natural Gas, the principal constituent of which
is methane.

Loading over the top (also referred to as ‘loading overall’) The loading of cargo or ballast
through an open-ended pipe or by means of an open-ended hose entering a tank through a deck
opening, resulting in the free fall of liquid.

Loading rate The volumetric measure of liquid loaded within a given period, usually expressed
as cubic metres per hour (m3/h) or barrels per hour (bbls/h).

Lower Flammable Limit (LFL) The concentration of a hydrocarbon gas in air below which there
isinsu icient hydrocarbon to support and propagate combustion. Sometimes referred to as the
Lower Explosive Limit (LEL).

LPG This is the abbreviation for Liquefied Petroleum Gas. This group of products includes
propane and butane which can be shipped separately or as a mixture. LPGs may be refinery
by-products or may be produced in conjunction with crude oil or natural gas.
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MOC - Management of Change To establish procedures for evaluating and managing changes
to operations, procedures, equipment or personnel to ensure that all risks are identified and
mitigated prior to implementing change.

MARVS Maximum Allowable Relief Valve Setting on an inland tanker cargo tank — as stated on
the inland tanker’s Certificate of Fitness or equivalent.

Mercaptans A group of naturally occurring organic chemicals containing sulphur. They are
present in some crude oils and in pentane plus cargoes. They have a strong odour.

Naked lights Open flames or fires, lighted cigarettes, cigars, pipes or similar smoking materials,
any other unconfined sources of ignition, electrical and other equipment liable to cause sparking
while in use, unprotected light bulbs or any surface with a temperature that is equal to or higher
than the auto-ignition temperature of the products handled in the operation.

Non-standard operation (non-routine operation) A non-standard operation is one that is not
covered by standard company procedures and therefore the risks involved in carrying out the
task have not been comprehensively assessed and addressed.

Non-volatile cargo Cargoes having a flashpoint of 60°C or above, as determined by the closed
cup method of test.

Odour threshold The lowest concentration of vapour in air that can be detected by smell.

Oxygen analyser or oxygen meter An instrument for determining the percentage of oxygen in
a sample of the atmosphere drawn from a tank, pipe or compartment.

Occupational health Occupational health deals with all aspects of health and safety in the
workplace and has a strong focus on primary prevention of hazards. The health of the workers
has several determinants, including risk factors at the workplace leading to cancers, accidents,
musculoskeletal diseases, respiratory diseases, hearing loss, circulatory diseases, stress related
disorders and communicable diseases and others. (World Health Organisation).

Packaged cargo Petroleum or other cargo in drums, packages or other containers.

Pellistor An electrical sensor unit fitted in a flammable gas detector for measuring hydrocarbon
vapours and air mixtures to determine whether the mixture is within the flammable range.

Permit (to work) A document issued by a Responsible Person which allows work to be
performed in compliance with the inland tanker’s Safety Management System.

Permit to work system A system for controlling activities that expose the inland tanker, the
terminal, personnel or the environment to hazard. The system will provide risk assessment
techniques and apply them to the varying levels of risk that may be experienced. The system
should conform to a recognised industry guideline.

Petroleum Crude oil and liquid hydrocarbon products derived from it.

Petroleum gas A gas evolved from petroleum. The main constituents of petroleum gases are
hydrocarbons, but they may also contain other substances, such as hydrogen sulphide or lead
alkyls, as minor constituents.

Phases of oil Oil is considered to have three phases in which it can exist depending on the grade
of oil and its temperature. The three phases are the solid phase, the liquid phase and the vapour
phase. The phases do not exist in isolation and operators must manage the carriage of oil with
an understanding of the combinations of the phases of oil in the cargo being carried.

Polymerisation The chemical union of two or more molecules of the same compound to form
a larger molecule of a new compound called a polymer. By this mechanism, the reaction can
become self-propagating causing liquids to become more viscous and the end result may even
be a solid.

Pour point The lowest temperature at which a product will remain fluid.

Pressure surge A sudden increase in the pressure of the liquid in a pipeline brought about by an
abrupt change in flow rate. See ‘surge pressure’.
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Pressure/vacuum relief valve (P/V valve) A device that provides for the flow of the small
volumes of vapour, air or inert gas mixtures caused by thermal variations in a cargo tank.

Pump purging The operation of clearing liquid from submerged pumps.

Purging The introduction of inert gas into a tank already in the inert condition with the object
of further reducing the existing oxygen content and/or reducing the existing hydrocarbon

gas content to a level below which combustion cannot be supported if air is subsequently
introduced into the tank.

Receiver The consignee according to the contract for carriage. If the consignee designates a
third party in accordance with the provisions applicable to the contract for carriage, this person
shall be deemed to be the consignee. If the transport operation takes place without a contract
for carriage, the enterprise which takes charge of the dangerous goods on arrival shall be
deemed to be the consignee.

Reid Vapour Pressure (RVP) The vapour pressure of a liquid determined in a standard manner
in the Reid apparatus at a temperature of 37.8°C and with a ratio of gas to liquid volume of 4:1.
Used for comparison purposes only. See ‘True Vapour Pressure’,

Relative liquid density The mass of a liquid at a given temperature compared with the mass of
an equal volume of fresh water at the same temperature or atadi erent given temperature.

Relaxation time The time taken for an electrostatic charge to relax or dissipate from a liquid.
This time is typically half a minute for static accumulator liquids. Not to be confused with
‘settling time’ — see definition.

Responsible officer (or person for loading or unloading) A person appointed by the company
or the Master of the inland tanker and empowered to take all decisions relating to a specific task,
and having the necessary qualifications, knowledge and experience for that purpose.

Resuscitator Equipment to assist or restore the breathing of personnel overcome by gas or lack
of oxygen.

Rollover The phenomenon where the stability of two stratified layers of liquid of di ering
relative density is disturbed resulting in a spontaneous rapid mixing of the layers accompanied
in the case of liquefied gases, by violent vapour evolution.

Safety Data Sheet (SDS) A document identifying a substance and all its constituents. It
provides the recipient with all necessary information to manage the substance safely. Guidance
on the format and content of an SDS are given in the European Globally Harmonized System of
Classification and Labelling of Chemicals (GHS).

Safety Management System (SMS) A formal, documented system required by the ISM Code,
compliance with which should ensure that all operations and activities on board an inland
tanker are carried out in a safe manner.

Seagoing tanker-to-inland tanker transfers Transfer of cargo from/to a seagoing tanker to/
from and inland tanker.

Secondary barrier The liquid-resisting outer element of a cargo containment system designed
to provide temporary containment of a leakage of liquid cargo through the primary barrier and
to prevent the lowering of the temperature of the inland tanker structure to an unsafe level.

Self-stowing mooring winch A mooring winch fitted with a drum on which a mooring wire or
rope is made fast and automatically stowed.

Settling time The time it takes for tank contents to stop moving once filling has stopped, and
therefore the cessation of further static electricity generation. Typically, this time is 30 minutes.
Not to be confused with ‘relaxation time’ — see definition.

Slops A mixture of cargo residues and washing water, rust or sludge which is either suitable or
not suitable for pumping.

SOLAS The International Convention for the Safety of Life at Sea 1974 and its Protocol of 1988,
as amended.
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Sounding pipe A pipe extending from the top of the tank to the bottom through which the
contents of the tank can be measured. The pipe is usually perforated to ensure the level of liquid
in the pipe is the same as the level of liquid in the body of the tank and to prevent the possibility
of spillages. The pipe should be electrically bonded to the inland tanker’s structure at the deck
and at its lower end.

Sour crude oil or products A term used to describe crude oil or products containing
appreciable amounts of hydrogen sulphide and/or mercaptans.

Spontaneous combustion The ignition of material brought about by a heat producing
(exothermic) chemical reaction within the material itself without exposure to an external source
of ignition.

Spread loading The practice of loading a number of tanks simultaneously to avoid static
electricity generation when loading static accumulator cargoes.

Static accumulator liquid cargo A liquid cargo with an electrical conductivity of less than 50
picoSiemens/metre (pS/m), so that it is capable of retaining a significant electrostatic charge.

Static electricity The electricity produced by movement between dissimilar materials through
physical contact and separation.

Static non-accumulator oil A liquid cargo with an electrical conductivity greater than 50
picoSiemens/metre (pS/m), so that it is incapable of retaining a significant electrostatic charge.

Stripping The final operation in draining liquid from a tank or pipeline.
Submerged Pump See ‘deepwell pump’.

Supplier (as in consignor or sender) The enterprise which consigns dangerous goods either
on its own behalf or for a third party. If the transport operation is carried out under a contract
for carriage, consignor means the consignor according to the contract for carriage. In the case
of a tank vessel, when the cargo tanks are empty or have just been unloaded, the boat master is
considered to be the consignor for the purpose of the transport document.

Surge pressure A phenomenon generated in a pipeline system when there is a change in the
rate of flow of liquid in the line. Surge pressures can be dangerously high if the change of flow
rate is too rapid and the resultant shock waves can damage pumping equipment and cause
rupture of pipelines and associated equipment.

Tank cleaning The process of removing last cargo residues and vapours from cargo tanks.
Usually carried out so that tanks can be entered for inspection or hot work or to avoid
contamination between grades.

Tanker (general) A ship or inland tanker designed to carry liquid petroleum, chemical or gas
cargo in bulk.

Terminal A place where tankers are berthed or moored for the purpose of loading or discharging
liquid or gas cargo.

Terminal Representative A person designated by the terminal to take responsibility for an
operation or duty.

Threshold Limit Value (TLV) Airborne concentrations of substances under which it is believed
that nearly all workers may be exposed day a er day with no adverse e ect. TLVs are advisory
exposure guidelines, not legal standards, and are based on industrial experience and studies.
There are three di erent types of TLVs:

« Time Weighted Average (TLV-TWA) — The airborne concentration of a toxic substance
averaged over an 8 hour period, usually expressed in parts per million (ppm).

» Short Term Exposure Limit (TLV-STEL) — The airborne concentration of a toxic substance
averaged over any 15 minute period, usually expressed in parts per million (ppm).

» Ceiling (TLV-C) — The concentration that should not be exceeded during any part of the
working exposure.
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Topping-off The operation of completing the loading of a tank to a required ullage.

Topping-up The introduction of inert gas into a tank that is already in the inert condition with
the object of raising the tank pressure to prevent any ingress of air.

Torch (also referred to as ‘flashlight’) A battery operated hand lamp. An approved torch is
one that is approved by a competent authority for use in a flammable atmosphere.

Toxicity The degree to which a substance or mixture of substances can harm humans, animals
or the aquatic environment.

« Acute toxicity involves harmful e ects to an organism through a single short term exposure.

« Chronic toxicity is the ability of a substance or mixture of substances to cause harmful e ects
over an extended period, usually upon repeated or continuous exposure, sometimes lasting
for the entire life of the exposed organism.

Toxic cargo Cargos classified as toxic are listed in the relevant publication (for example ADN, IBC
Code, IGC Code).

True Vapour Pressure (TVP) The absolute pressure exerted by the gas produced by evaporation
from a liquid when gas and liquid are in equilibrium at the prevailing temperature and the gas
liquid ratiois e ectively zero. See ‘Reid Vapour Pressure’.

Ullage The space above the liquid in a tank, conventionally measured as the distance from the
calibration point to the liquid surface.

Upper Flammable Limit (UFL) The concentration of a hydrocarbon gas in air above which
there isinsu icient oxygen to support and propagate combustion. Sometimes referred to as
Upper Explosive Limit (UEL).

Vapour Gas suspended in air (a mixture of gas from the cargo and the atmosphere).
Vapour Emission Control System (VECS) An arrangement of piping and equipment used to

control vapour emissions during inland tanker operations, including inland tanker and shore
vapour collection systems, monitoring and control devices and vapour processing arrangements.

Vapour lock system Equipment fitted to a tank to enable the measuring and sampling of
cargoes without release of vapour or inert gas pressure.

Void space An enclosed space in the cargo area external to a cargo containment system, other
than a hold space, ballast space, fuel oil tank, cargo pump or compressor room or any space in
normal use by personnel.

Volatile petroleum Petroleum having a flashpoint below 60°C as determined by the closed cup
method of test.

Water fog A suspension in the atmosphere of very fine droplets of water usually delivered at a
high pressure through a fog nozzle for use in fire-fighting.

Water spray A spray of water divided into coarse drops by delivery through a special nozzle for
use in fire-fighting.



PART 1:
GENERAL INFORMATION
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1 Basic properties of bulk liquids

This chapter describes the physical and chemical properties that have the greatest bearing
on the hazards arising from handling bulk liquids. These properties are vapour pressure, the
flammability of the gases evolved from the liquids, and the density.

1.1 Vapour pressure

1.11 True Vapour Pressure

All crude oils, petroleum products and chemical products are essentially mixtures of a wide
range of di erent compounds. The boiling points of these compounds range from -162°C
(methane) to well in excess of +400°C. The volatility (i.e. the tendency to produce gas) of any
particular mixture of compounds depends primarily on the quantities of the more volatile
constituents (i.e. those with a lower boiling point).

The volatility is characterised by the vapour pressure. When a product is transferred to a gas-free
tank or container, it starts to vaporise, liberating gas into the space above it.

There is also a tendency for this gas to redissolve in the liquid, and equilibrium is reached when
a certain amount of gas is evenly distributed throughout the space. The pressure exerted by
this gas is called the equilibrium vapour pressure of the liquid, usually referred to simply as the
vapour pressure.

The vapour pressure of a pure compound depends only upon its temperature. The vapour
pressure of a mixture depends not only on its temperature, but also on its constituents and the
volume of the gas space in which vaporisation occurs —i.e. it depends upon the ratio of gas to
liquid by volume.

The True Vapour Pressure (TVP), or bubble point vapour pressure, is the pressure exerted by
the gas produced from a mixture when the gas and liquid are in equilibrium at the prevailing
temperature. Itis the highest vapour pressure that is possible at any specified temperature.

As the temperature of a product increases, its TVP also increases. If the TVP exceeds atmospheric
pressure, the liquid starts to boil.

The TVP of a product provides a good indication of its ability to give rise to gas. Unfortunately,
this is a property that is di icult to measure, although it can be calculated from a detailed
knowledge of the composition of the liquid. Reliable correlations exist for deriving TVP from the
more readily measured Reid Vapour Pressure (RVP) and temperature.

1.1.2 Reid Vapour Pressure

The RVP test is a simple, generally used method for measuring the volatility of bulk liquids. It is
conducted with standard apparatus and in a closely defined way.

A sample of the liquid is introduced into the test container at atmospheric pressure, so that the
volume of the liquid is one fi h of the total internal volume of the container. The container is
sealed and immersed in a water bath where it is heated to 37.8°C. A er the container has been
shaken to bring about equilibrium conditions, the rise in pressure due to vaporisation is read on
an attached pressure gauge. This reading gives a close approximation to the vapour pressure, in
bars, of the liquid at 37.8°C.

RVP is useful for comparing the volatilities of a wide range of products in a general way. However,
itis of little value in itself as a means of estimating the likely gas evolution in specific situations,
mainly because the measurement is made at the standard temperature of 37.8°C and at a fixed
gas/liquid ratio, but instead TVP is much more useful for this.
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1.2 Flammability

1.2.1 General

In the process of burning, product gases react with oxygen in the air. The reaction gives su icient
heat to form a flame, which travels through the mixture of product gas and air. When the gas
above the liquid is ignited, the heat produced is usually enough to evaporate enough fresh gas to
maintain the flame. The liquid might be said to burn, though in fact it is the gas that is burning as
it is being continuously replenished from the liquid.

1.2.2 Flammable limits

A mixture of product gas and air cannot be ignited and burned unless its composition lies within
arange of gas-in-air concentrations known as the flammable range. The lower limit of this range,
the Lower Flammable Limit (LFL), is that product concentration below which there is insu icient
product gas to support and propagate combustion (too lean). The upper limit of the range, the
Upper Flammable Limit (UFL), is that product concentration above which there isinsu icient air
to support and propagate combustion (too rich).

The flammable limits vary for di erent hydrocarbon gases and for gas mixtures derived from

di erent petroleum liquids. For practical purposes, the gas mixtures from motor or aviation
gasolines and natural gasoline products can be represented by the pure hydrocarbon gases
propane, butane and pentane. Table 1.1 gives the flammable limits for these three gases and the
dilution needed for each to bring a mixture of 50% by volume in air down to the LFL. This shows
that vapours will disperse with ease to a non-flammable concentration in the atmosphere.

In practice, and for general purposes, the LFL and UFL of petroleum products can be taken as 1%
and 10% by volume, respectively.

Flammable limits % volume Number of dilutions with

Gas hydrocarbon in air same volume of air to reduce

a mixture of 50% by volume
Upper Lower to LFL

Propane 9.5 2.2 23

Butane 8.5 1.9 26

Pentane 7.8 15 33

Table 1.1: Flammable limits of propane, butane and pentane
1.2.3 E ectof inert gas on flammability

When an inert gas (IG) — for example, nitrogen —is added to a product gas/air mixture, the oxygen
content is reduced and the result is to increase the LFL concentration and to decrease the UFL
concentration. These e ects are shown in figure 1.1.
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Figure 1.1: Flammability composition diagram for a hydrocarbon gas/air/inert gas mixture

(This diagram is illustrative only and should not be used for deciding acceptable gas
compositions in practical cases.)

Every point on the diagram represents a hydrocarbon gas/air/IG mixture in terms of its
hydrocarbon and oxygen content. Hydrocarbon gas/air mixtures without IG lie on the line AB, its
slope reflecting the reduction in oxygen content as the hydrocarbon content increases. Points
tothe le of the line AB represent mixtures with their oxygen content further reduced by the

addition of 1G.

The points C and D represent the lower and upper flammability limit mixtures for hydrocarbon
gas in air. As the IG content increases, the flammable limit mixtures change as indicated by the
lines CE and DE, which converge at the point E. Only those mixtures in the shaded area within
the loop CED can burn.

On this diagram, the addition of either air or IG is represented by movements along straight
lines directed either towards the point A (pure air) or a point on the oxygen content axis
corresponding to the composition of the added IG. Such lines are shown for the gas mixture

represented by the point F.

Figure 1.1 demonstrates that as IG is added to the hydrocarbon gas/air mixtures, the flammable
range decreases until the oxygen content reaches a level, generally about 11% by volume, when
no mixture can burn. This guide specifies a margin beyond this value, of a safely inerted gas
mixture of 8% by volume of oxygen.

When an inerted mixture like that at point F is diluted by air, its composition moves along the
line FA and enters the shaded area of flammable mixtures. This means that all inerted mixtures
in the region above the line GA go through a flammable condition as they are mixed with air, e.g.
during a gas freeing operation.

Those mixtures below the line GA, like that at point H, do not become flammable on dilution.
Note that itis possible to move from a mixture like F to one like H by dilution with additional IG,
i.e. by purging to remove hydrocarbon gas.
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1.2.4 Tests for flammability

Since product gas/air mixtures are flammable within a comparatively narrow range of
concentrations of product gas in air, and concentration in air is dependent upon vapour pressure
it should be possible to evolve a test for flammability by measuring vapour pressure. In practice,
the wide range of petroleum products, and the range of temperatures over which they are
handled, has prevented the development of one simple test.

Instead, the oil industry makes use of two standard methods. One is the RVP test (see section
1.1.2) and the other is the flashpoint test (see section 1.2.5), which measures flammability
directly. However, it has been shown with some residual fuel oils that the flashpoint test will not
always provide a direct indication of flammability (see section 2.7.3).

1.2.5 Flashpoint

In this test, a sample of the liquid is gradually heated in a special pot and a small flame is
repeatedly and momentarily applied to the surface of the liquid. The flashpoint is the lowest
liquid temperature at which the small flame initiates a flash of flame across the surface of the
liquid, thereby indicating the presence of a flammable gas/air mixture above the liquid.

For all oils, except some residual fuel oils, this gas/air mixture corresponds closely to the
LFL mixture.

There are many di erent forms of flashpoint apparatus but they fall into two classes. In one, as
the liquid is heated the surface is permanently open to the atmosphere — the result of such a

test is known as an ‘open cup flashpoint’. In the other, the space above the liquid is kept closed
except for brief moments when the initiating flame is introduced through a small port. The result
of this class of test is a ‘closed cup flashpoint’.

Because of the greater loss of gas to atmosphere in the open cup test, the open cup flashpoint
of a petroleum liquid is always a little higher (by about 6°C) than its closed cup flashpoint. The
restricted loss of gas in the closed cup apparatus also leads to a much more consistent result
than with open cup testing. For this reason, the closed cup method is more generally favoured
and is used in this guide when considering the classification of petroleum. However, open

cup test figures may still be found in the legislation of various national administrations, in
classification society rules and in other such documents.

1.2.6 Flammability classification

There are many schemes for dividing the complete range of bulk liquids into di erent
flammability classes based on flashpoint and vapour pressure, and these schemes vary
considerably between countries. Usually, the basic principle is to consider whether a flammable
equilibrium gas/air mixture can be formed in the space above the liquid when the liquid is at
ambient temperature.

Generally, in this guide it has been su icient to group bulk liquids into two categories,
non-volatile and volatile, defined in terms of flashpoint:

Non-volatile

Flashpoint of 60°C or above, as determined by the closed cup method of testing. At any normal
ambient temperature, these liquids produce equilibrium gas concentrations below the LFL. They
include distillate fuel oils, heavy gas oils and diesel oils. Their RVPs are below 0.007 bar and are
not usually measured.

Volatile

Flashpoint below 60°C, as determined by the closed cup method of testing. A few petroleum
liquids in this category are capable of producing an equilibrium gas/air mixture within the
flammable range when in some part of the normal ambient temperature range, while the rest
give equilibrium gas/air mixtures above the UFL at all normal ambient temperatures.

The choice of 60°C as the division between non-volatile and volatile liquids is to some extent
arbitrary. Since less stringent precautions are appropriate for non-volatile liquids, it is essential
that under no circumstances is a liquid capable of giving a flammable gas/air mixture ever
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inadvertently included in the non-volatile category. Therefore, the dividing line must allow for
such factors as misjudged temperature, inaccuracy in the flashpoint measurement and the
possibility of minor contamination by more volatile materials. The closed cup flashpoint figure
of 60°C makes ample allowance for these factors and is also compatible with the definitions
adopted by a number of regulatory bodies around the world.

1.3

Density of hydrocarbon gases

Itis important to know if the density of a gas is greater or less than the density of air. If the gas
density is higher than the density of air, the gas will spread over the bottom of a compartment
or, in a terminal, stay close to the ground. In cargo-handling operations, layering e ects can be
encountered and may give rise to hazardous situations.

Table 1.2 gives the gas densities relative to air for a few products.

Density relative to air
Gas 50% by volume
Pure hydrocarbon hydrocarbon/ LFL mixture
50% by volume air
Propane 1.55 1.25 1.0
Butane 2.0 15 1.0
Pentane 2.5 1.8 1.0

Table 1.2: Propane, butane and pentane: densities relative to air

High densities, higher than air, and the layering e ects that result from them, are only significant
while the gas remains concentrated. As it is diluted with air, the density of the gas/air mixture
from all three types of cargo approaches that of air. At the LFL, is indistinguishable from air.

1.4

Corrosiveness

Tanks, pipelines, hoses and associated equipment, such as pumps, gaskets, instruments and
fittings, must be made of materials which have either a:

» Good mechanical and chemical resistance against the product.
« Suitable coating to protect against the properties of the product.
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2 Hazards of bulk liquids

To appreciate the reasons for the practices adopted to ensure safety in tanker and terminal
operations, all personnel should be familiar with the flammable properties of products, the
e ects of the density of the gases and their toxic properties. These are described in this chapter.

Specific issues, including the handling of high vapour pressure cargoes and the particular hazards
associated with the handling, storage and carriage of residual fuel oils, are also discussed.

The chapter also describes the principles, uses and limitations of gas-detection equipment and
addresses issues relating to gas evolution and dispersion.

2.1 Flammability

The volatility (i.e. the tendency of a product to produce gas) is characterised by the vapour
pressure. When a product is transferred to a gas free tank or container, it starts to vaporise —i.e. it
liberates gas into the space above it.

Flammability is a primary risk in the handling of petroleum: this creates an ever-present hazard.

For detailed information on flammability, see section 1.2.

2.2 Density

The gases from bulk liquids can be heavier than air and handling of cargoes should take account
of the hazard that this presents.

Information on the density of these gases is given in section 1.3.

2.3 Toxicity

2.3.1 Introduction

Toxicity is the degree to which a substance or mixture of substances can harm humans. Toxic
means the same as poisonous.

Toxic substances can harm humans in three main ways: by being swallowed (ingestion), through
skin contact (absorption), and through the lungs (inhalation). Toxic substances can have local

e ects, such as skin or eye irritation, but can also a ect other, more distant parts of the body
(systemic e ects).

The purpose of this section is to describe the adverse e ects associated with toxic substances
to which personnel engaged in tanker operations are most likely to be exposed, to indicate

the concentrations at which those adverse e ects are expected to occur in humans through a
single or repeated exposure, and to describe procedures for reducing the risks of such exposure.
Although not strictly a matter of toxicity, the e ects of oxygen deficiency are also described.

Products and product vapours can have various e ects. They can be carcinogenic (causing
cancer), reprotoxic (e ecting reproduction), and can cause chemical burns, eczema, asthma,
damage to organs, etc. These e ects will be described in the Safety Data Sheet (SDS) for

the product.

2.3.2 Bulk liquids

2.3.2.1 Ingestion

The oral toxicity of chemical products varies widely, and the SDS should be checked for the
specific information on the product and for the measures that have to be taken when a person
swallows it. The SDS will also describe the required Personal Protective Equipment (PPE).

Petroleum has low oral toxicity, but when swallowed it causes acute discomfort and nausea.
There is then a possibility that, during vomiting, liquid petroleum may be drawn into the lungs
and this can have serious consequences, especially with higher volatility products, such as
gasolines and kerosene.
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2.3.2.2 Absorption

For chemical products the e ect of absorption can vary considerably. Products can have acute
e ects (unconsciousness, dizziness, chemical burns, organ failure, death) or chronic e ects
(cancer, organ damage, reprotoxic).

The SDS should be checked for the specific information on the product and for the measures
that have to be taken when a person has skin contact with it.

When many petroleum products, especially the more volatile ones, come into contact with the
skin they can cause irritation and remove essential oils, possibly leading to dermatitis. They can
also cause irritation to the eyes. Certain heavier oils can cause serious skin disorders on repeated
and prolonged contact. Direct contact with petroleum should always be avoided by wearing the
appropriate protective equipment, especially impermeable gloves and goggles.

The SDS should be consulted for information on the appropriate PPE to be worn.

2.3.3 Product vapours

2.3.3.1 Inhalation

The e ects of inhaling product gases can vary considerably. Gases can have acute
(unconsciousness, dizziness, chemical burns, organ failure) or chronic (cancer, organ damage,
reprotoxic) e ects. Of importance is the risk of pulmonary oedema. Liquid in the lungs can cause
serious shortness of breath and o en occurs hoursa er the inhalation.

The SDS should be checked for the specific information and for the measures that have to be
taken when a person has inhaled the product vapour. The SDS will also describe the required PPE.

The absence of smell should never be taken to indicate the absence of gas.

In general, the danger of the product increases when the vapour pressure is high and the
Occupational Exposure Limits (OELSs) is low.

Comparatively small quantities of product gas, when inhaled, can cause symptoms of
diminished responsibility and dizziness similar to intoxication, with headache and irritation
of the eyes. The inhalation of an excessive quantity can be fatal. This depends mainly on the
product, for which information should be sought from the SDS.

These symptoms can occur at concentrations well below the Lower Flammable Limit (LFL).
However, petroleum gases vary in their physiological e ects and human tolerance to these

e ects also varies widely. It should not be assumed that because conditions can be tolerated the
gas concentration is within safe limits.

The smell of product gas mixtures is variable and in some cases the gases may dull the sense
of smell. The impairment of smell is especially likely, and particularly serious, if the mixture
contains hydrogen sulphide.

2.3.3.2 Exposure limits
The exposure limits are always described in the SDS.

Exposure limits set by international organisations, national administrations or by local
regulatory standards should not be exceeded.

Industry bodies and oil companies o en refer to the American Conference of Governmental
Industrial Hygienists, which has established guidelines on limits that are expected to protect
personnel against harmful vapours in the working environment. The values quoted are
expressed as OELs in parts per million (ppm) by volume of gas in air.

Best practice is to maintain concentrations of all atmospheric contaminants as low as
reasonably practicable (ALARP).

In the following text, the term OEL-Time Weighted Average (TWA) is used. Because they are
averages, TWAs assume short-term exposures above the OEL-TWA that are not high enough to
cause injury to health and that are compensated by equivalent exposures below the OEL-TWA
during the conventional eight-hour working day.
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To avoid the damage to health, exposure peaks have to be limited (see SDS or similar).

2.3.3.3 E ects
The e ects of exposure to vapours can vary depending on the type of product and information
should be obtained from SDS for the product.

2.3.4 Safety Data Sheets

To help ship’s crews prepare for toxic cargoes, the International Maritime Organization (IMO)
has urged governments to ensure that ships are supplied with, and carry, SDS for significant
cargoes. The SDS should indicate the type and probable concentrations of hazardous or toxic
components in the cargo to be loaded, particularly hydrogen sulphide and benzene. The

SDS should be United Nations Globally Harmonized System of Classification and Labelling of
Chemicals (UN GHS) compliant.

The supplier should provide the relevant SDS to a tanker before it starts loading the products.
The tanker should provide the receiver with an SDS for the cargo to be discharged. The tanker
should also advise the terminal and any tank inspectors or surveyors whether the previous cargo
contained any toxic substances.

Provision of an SDS does not guarantee that all of the hazardous or toxic components of the
particular cargo or bunkers being loaded have been identified or documented. Absence of an
SDS should not be taken to indicate the absence of hazardous or toxic components. Operators
should have procedures in place to determine whether any toxic components are present in
cargoes that may contain them.

UNECE and EU regulations do not require that tankers carry SDS. Instead, tankers need to be
issued with ‘Instructions in Writing’. However, as these instructions contain fewer and more
general information, it is strongly recommended that UN GHS compliant SDS are available for all
products carried on board as they will be of help during cargo-related emergencies.

2.3.5 Benzene, other carcinogenic, mutagenic and reprotoxic products,
and other aromatic hydrocarbons

2.3.5.1 Aromatic hydrocarbons

The aromatic hydrocarbons include benzene, toluene and xylene. These substances are

components, in varying amounts, in many petroleum cargoes such as gasolines, gasoline

blending components, reformates, naphthas, special boiling point solvents, turpentine

substitute, white spirits and crude oil.

The supplier should advise the tanker of the aromatic hydrocarbon content of the cargo to be
loaded (see section 2.3.4 above).

2.3.5.2 Benzene and other carcinogenic, mutagenic and reprotoxic products

Exposure to concentrations of benzene vapours of only a few parts per million in air may a ect bone
marrow and may cause anaemia and leukaemia.

Exposure limits

IMO gives the OEL-TWA for benzene as 1ppm over a period of eight hours. However, working
procedures should aim at ensuring the lowest possible gas concentrations are achieved in
work locations.

Personal Protective Equipment
Personnel should be required to wear respiratory protective equipment under the following
circumstances:

« Whenever they are at risk of being exposed to benzene vapours in excess of the OEL-TWA.

« When OEL-TWAs specified by national or international authorities are likely to be exceeded.
« When monitoring cannot be carried out.

Tank entry

Before entering a tank that has recently carried products containing benzene and/or other
carcinogenic, mutagenic and reprotoxic products, the tank should be tested for these
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concentrations. This is in addition to the requirements for enclosed space entry detailed in
chapter 10.

2.3.6 Hydrogen sulphide

Hydrogen sulphide (H.S) is a very toxic, corrosive and flammable gas. It has a very low odour
threshold and a distinctive odour of rotten eggs. Hydrogen sulphide is colourless, is heavier than
air, has a relative vapour density of 1.189, and is soluble in water.

2.3.6.1 Sources of hydrogen sulphide

Many crude oils come out of the well with high levels of hydrogen sulphide, but a stabilisation
process usually reduces this level before the crude oil is delivered to the tanker. However, the
amount of stabilisation may be temporarily reduced at times and a tanker may receive a cargo
with a hydrogen sulphide content higher than usual or expected. In addition, some crude oils are
never stabilised and always contain high levels of hydrogen sulphide.

Hydrogen sulphide can also be encountered in refined products such as naphtha, fuel oil, bunker
fuels, bitumens and gas oils.

Cargo and bunker fuels (as cargo) should not be treated as free of hydrogen sulphide untila er
they have been loaded and the absence of hydrogen sulphide has been confirmed by the results
of monitoring and the relevant SDS information.

2.3.6.2 Expected concentrations
It is important to distinguish between concentrations of hydrogen sulphide in the atmosphere,
expressed in ppm by volume, and concentrations in liquid, expressed in ppm by weight.

It is not possible to predict the likely vapour concentration from any given liquid concentration
but, as an example, a crude oil containing 70ppm (by weight) of hydrogen sulphide has been
shown to produce a concentration of 7,000ppm (by volume) in the gas stream leaving the

tank vent.

During transit, the concentration of hydrogen sulphide vapours may increase significantly and
therefore has to be monitored.

Attention should be given to the possibility of previous cargoes containing hydrogen sulphide
with respect to the release of contaminated vapours during loading, particularly when heated
cargoes are being loaded.

Attention should be also be given to the potential deviation of hydrogen sulphide analysers
which may be in the order of 0-3ppm by weight.

Precautions against high hydrogen sulphide concentrations are normally considered necessary
if the hydrogen sulphide content in the vapour phase is 5ppm by volume or above. However,
national and international legislation may be more stringent than this level.

The e ects of hydrogen sulphide at various increasing concentrations in air are shown in
table 2.1.

The hydrogen sulphide concentration in vapour will vary greatly and is dependent upon factors
such as:

« Liquid hydrogen sulphide content.

« Amount of air circulation.

» Temperature of air and liquid.

« Liquid level in the tank.

» Amount of agitation.

2.3.6.3 Exposure limits

For many countries, the OEL-TWA for hydrogen sulphide is 5ppm over a period of eight

hours. However, national and international legislation may be more stringent. Working

procedures should aim at ensuring that the lowest possible gas concentrations are achieved
in work locations.
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2.3.6.4 Procedures for handling cargo and bunkers containing hydrogen sulphide

The following precautions should be taken when handling all cargoes and bunker fuels likely
to contain hazardous concentrations of hydrogen sulphide. They should also be taken when
ballasting, cleaning or gas-freeing tanks which previously contained a cargo with an hydrogen
sulphide content. Practical guidance on operational measures to minimise the risks associated
with loading cargoes containing hydrogen sulphide is given in section 11.1.9.

Hydrogen sulphide (H.S)
concentration Physiological e ects
(ppm by volume in air)

0.1-0.5ppm First detectable by smell
10ppm May cause some nausea, minimal eye irritation
25ppm Eye and respiratory tract irritation. Strong odour.

Sense of smell starts to break down.

50-100ppm Prolonged exposure to concentrations at 100ppm induces a
gradual increase in the severity of these symptoms and death may
occur a er4-48 hours’ exposure

150ppm Loss of sense of smell in 2-5 minutes

350ppm Could be fatal a er 30 minutes’ inhalation

Rapidly induces unconsciousness (few minutes) and death.
700ppm Causes seizures, loss of control of bowel and bladder. Breathing
will stop and death will result if not rescued promptly.

700+ ppm Immediately fatal

Note: » Anybody over-exposed to H.S vapour should be removed to clean air as soon as possible.

» The adverse e ects of H,S can be reversed and the probability of saving the person’s life
improved if prompt action is taken.

Table 2.1: Typical e ects of exposure to hydrogen sulphide

Vapour monitoring
Exposure levels in all work locations should be monitored by using suitable instrumentation for
detecting and measuring the concentration of the gas.

High concentrations of hydrogen sulphide and the corrosive nature of the gas can have a
damaging e ect on many electronic instruments. Low concentrations over time can also have
adamaging e ecton electronic instruments. Detector tubes should therefore be used if it
becomes necessary to monitor a known high concentration.

The use of personal hydrogen sulphide gas-monitoring instruments for personnel engaged in
cargo operations is strongly recommended. These instruments may provide either a warning
alarm at a pre-set level or a hydrogen sulphide reading and an alarm. It is further recommended
that the alarms be set at a value of the maximum OEL-TWA. Personnel should always carry
personal monitors when working in enclosed spaces, gauging, sampling, entering a pumproom,
connecting and disconnecting loading lines, cleaning filters, draining to open containments and
mopping up spills if hydrogen sulphide concentrations could exceed the OEL-TWA.

Passive sampling badges provide an immediate visual indication of when a specific chemical
hazard is detected or when an established safe exposure level to such a chemical is exceeded.
They should only be used for industrial hygiene purposes such as area sampling and for
determining exposure of personnel over a period of time. They should never be used as an item
of PPE.

Personal Protective Equipment
Procedures should be defined for the use of respiratory protective equipment when
concentrations of vapour may be expected to exceed the OEL-TWA.
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Consideration should be given to providing emergency-escape breathing devices to personnel
working in hazardous areas. These are very portable and can be donned quickly should gas

be detected.

Personnel should be required to wear respiratory equipment under the following circumstances:

« Whenever they are at risk of being exposed to hydrogen sulphide vapours in excess of the
OEL-TWA.

» When OEL-TWAs specified by national or international authorities are exceeded or are likely to
be exceeded.

» When monitoring cannot be carried out.
» When closed operations cannot be conducted for any reason and hydrogen sulphide
concentrations could exceed the OEL-TWA.

Company and terminal procedures

The tanker’s Safety Management System (SMS) and the terminal’s operations manual should
contain instructions and procedures to ensure safe operations when handling cargoes that are
likely to contain hydrogen sulphide. The functional requirements should include, but not be
limited to, the following:

« Training of all crew members in the hazards associated with hydrogen sulphide and the
precautions to be taken to reduce the risks to acceptable levels.

« Safe procedures for all operations.

« Gas-testing and atmosphere-monitoring procedures.

« Maintenance procedures for cargo-related systems.

« PPE requirements.

« Emergency response measures.

« Measures to protect visitors from exposure.

2.3.6.5 Additional procedures when handling cargoes with very high concentrations
of hydrogen sulphide

Companies and terminals should develop additional procedures for use when handling

cargoes with very high levels of hydrogen sulphide (100ppm in the vapour space is considered a
reasonable threshold).

To prevent exposure to high concentrations of hydrogen sulphide, crew members on deck should
wear a personal hydrogen sulphide alarm meter. When this gives an alarm the following actions,
as a minimum, should be taken immediately:

» Stop cargo operations.

o Inform other crew members.

« Inform jetty personnel.

« Inform other adjacent tankers (especially those at leeward side).

« Inform the tanker’s operator.

» Ask the terminal to perform a measurement.

« Discuss, in close cooperation with the terminal and operator, how to proceed with the
transfer operation.

Try to stay at windward side and do not stay on deck unnecessarily.

2.3.6.6 Corrosion
Hydrogen sulphide is very corrosive, so enhanced inspection and maintenance regimes should
be putin place if it is likely to be present in high concentrations.

Pressure/vacuum valve seats made of brass are more likely to fail than stainless steel seats.

Mechanical tank gauges are more likely to fail since hydrogen sulphide has a damaging e ecton
stainless steel tension springs and on metals such as brass and bronze. An increase in the spare
parts inventory may be necessary.
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Computer and instrument components made of silver and gold are highly a ected by even low
hydrogen sulphide concentrations.

2.3.6.7 General nuisances

As well as being a health hazard, the hydrogen sulphide odour is considered a public

nuisance. Most local environmental regulations limit or ban the release of hydrogen sulphide
concentrations to the atmosphere. In any case, this is good practice. It is therefore necessary to
maintain cargo tank pressures within acceptably low limits.

The tank vapour pressure will increase rapidly if the vapour space is exposed to heat or the
product is agitated.

2.3.7 Mercaptans

Mercaptans are colourless, odorous gases generated naturally by the degradation of natural
organisms. Their smell has been likened to rotting cabbage. They can also be found in water
treatment plants and ballast treatment facilities.

Mercaptans are also present in the vapours of pentane-plus cargoes and in some crude oils. They
are also used as an odorising agent in natural gas.

Mercaptans can be detected by smell at concentrations below 0.5ppm, although health e ects
are not experienced until the concentration is several times higher than this.

The initial e ects of mercaptans on people are similar to those caused by hydrogen sulphide
exposure, i.e. irritation to the lungs, eyes, nose and throat. If the concentration is very high,
unconsciousness may occur, and it may be necessary to administer oxygen.

2.3.8 N/A

2.3.9 Inert gas

2.3.9.1 General

Inert gas is principally used to control cargo tank atmospheres, and so prevent the formation
of flammable mixtures. The primary requirement for an inert gas is low oxygen content. Its
composition can, however, be variable.

2.3.9.2 Toxic constituents

The main hazard associated with inert gas is its low oxygen content. However, some inert gases
might contain trace amounts of various toxic gases that may increase the hazard to personnel
exposed to them.

Precautions prior to tank entry do not include requirements for the direct measurement of
the concentration of the trace constituents of inert gas. This is because the gas-freeing activity
required for tank entry is su icient to reduce these toxic constituents to below their OEL-TWA.

2.3.9.3 N/A
2.3.94 N/A
2.3.9.5 N/A

2.3.10  Oxygen deficiency

The oxygen content of the atmosphere in enclosed spaces may be low for several reasons. The
most obvious one is if the space is in an inert condition, and the oxygen has been displaced by
the inert gas. Oxygen may also be removed from an atmosphere by chemical reactions, such as
rusting or the hardening of paints or coatings.

As the amount of available oxygen decreases below the normal 21% by volume, breathing tends
to become faster and deeper. Symptoms indicating that an atmosphere is deficient in oxygen
may give inadequate notice of danger. Most people would fail to recognise the danger until they
were too weak to be able to escape without help. This is especially so when escape involves the
exertion of climbing.

While individuals vary in susceptibility, all will su er if the oxygen level falls to 16% by volume.

Exposure to an atmosphere containing less than 10% oxygen content by volume inevitably
causes unconsciousness. The rapidity of onset of unconsciousness increases as the availability
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of oxygen diminishes, and death will result unless the victim is removed to the open air
and resuscitated.

An atmosphere containing less than 5% oxygen by volume causes immediate unconsciousness
with no warning other than a gasp for air. If resuscitation is delayed for more than a few minutes,
irreversible damage is done to the brain, even if life is subsequently saved.

2.3.11 Fatty acid methyl ester

Fatty acid methyl ester is used as a bio component to blend in middle distillate bio fuels. The
molecules are primarily obtained from vegetable oils by transesterification (the process of
exchanging the alcohol group of an ester compound with another alcohol). When shipped, care
needs to be taken to avoid contamination with noxious materials that could a ect the safety of
the final product and e ect the processing of the oleochemical itself. Methyl esters in the range
C8-C18 are practically non-toxic.

The resistance of cargo tank coatings and synthetic or rubber parts of cargo equipment to
methyl esters should be considered.

2.3.12 Methyl tertiary butyl ether and ethyl tertiary butyl ether

These (MTBE and ETBE) are highly flammable liquids with a distinctive disagreeable odour. They
are made from blending chemicals such as isobutylene and methanol, and have been used as
an oxygenate gasoline additive in the production of gasoline. MTBE/ETBE quickly evaporates
and small amounts may dissolve in water. MTBE/ETBE may stick to particles in water, which will
cause it to eventually settle to the bottom sediment.

Consideration should be given to the environmental hazards associated with mixtures of water
and MTBE/ETBE in cargo and slop tanks. It is recommended that MTBE/ETBE is only carried in
tankers that have a segregated ballast system.

It is recommended that tankers carrying MTBE/ETBE are fitted with low-emission
sampling points.

ETBE is commonly used as an oxygenate gasoline additive. MTBE/ETBE vapours are heavier than
air sowill naturally dri  towards the river water surface. Thus, in transit, ideally vapours should
not be vented.

Ballasting should always be restricted to dedicated ballast tanks. Any cleaning of cargo tanks,
as well as the disposal of any product residues and wash waters, must be done in a controlled
manner at authorised disposal facilities and according to the applicable local law.

2.3.13 Ethanol
Ethanol (ethyl alcohol, grain alcohol) denatured is a clear, colourless liquid with a characteristic,
agreeable odour and is used as a blend component in bio fuels.

Ethanol is denatured to prevent its use as a beverage. Denatured ethanol can contain small
amounts, 1-2% each, of several di erent unpleasant or poisonous substances.

Consideration should be given to mixtures of water and ethanol in cargo and slop tanks and
related flammability. A separate ballast cargo tank system, as well as vapour-return and e icient
stripping facilities is preferred. Attention should be given to the wide flammable range (3.4-19%
by volume in air) of product vapours, and ballasting should always be restricted to dedicated
ballast tanks. Any cleaning of cargo tanks, as well as the disposal of any product residues

and wash waters, must be done in a controlled manner at authorised disposal facilities and
according to the applicable local law.
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2.4 Gas measurement

2.4.1 Introduction

This section describes the principles, uses and limitations of portable instruments for measuring
concentrations of hydrocarbon gas (in inerted and non-inerted atmospheres), other toxic gases
and oxygen. Certain fixed installations are also described. For detailed information on the use
of all instruments, reference should always be made to the manufacturer’s instructions and the
product’s SDS.

It is essential that any instrument used is:

« Suitable for the test required.

« Accurate enough for the test required.

» Of an approved type.

Correctly maintained.

Frequently checked against standard samples.

2.4.2 Measurement of product concentration

There are a number of di erent portable instruments available to detect product concentrations
and hazardous atmospheres, toxic gases and oxygen. In the light of the di erences in instrument
sensitivity and limitations, reference should be made to guidance contained in manufacturer’s
literature and SDSs when selecting an instrument for a particular task.

The measurement of hydrocarbon vapours on tankers and at terminals falls into two categories:

1. The measurement of hydrocarbon gas in air at concentrations below the LFL.
This is to detect the presence of flammable (and potentially explosive) vapours and to detect
concentrations of hydrocarbon vapour that may be harmful to personnel. These readings are
expressed as a percentage of the LFL and are usually recorded as % LFL. The instruments used
to measure % LFL are catalytic filament combustible gas indicators, which are usually referred
to as flammable gas monitors or explosimeters. Such an indicator should not be used for
measuring hydrocarbon gas in inert atmospheres.

2. The measurement of hydrocarbon gas as a percentage by volume of the total
atmosphere being measured.
On board a tanker, this is usually carried out to measure the percentage of hydrocarbon
vapour in an oxygen deficient (inerted) atmosphere. Instruments used to measure
hydrocarbon vapours in an inert gas atmosphere are specially developed for this purpose. The
readings obtained are expressed as the percentage of hydrocarbon vapour by volume and are
recorded as % volume.

The instruments used to measure percentage hydrocarbon vapours in inert gas are the non-
catalytic heated filament gas indicators (usually referred to as tankscopes) and refractive
index meters. Modern developments in gas detection technology have resulted in the
introduction of electronic instruments using infrared sensors that can perform the same
function as the tankscope.

2.4.3 Flammable gas monitors

Modern flammable gas monitors (explosimeters) have a poison resistant flammable pellistor

as the sensing element. Pellistors rely on the presence of oxygen (minimum 11% by volume) to
operate e iciently and for this reason flammable gas monitors should not be used for measuring
hydrocarbon gas in inert atmospheres.

243.1 Operating principle
A simplified diagram of the electrical circuit incorporating a pellistor in a Wheatstone bridge is
shown in figure 2.1.

Unlike early explosimeters, the pellistor unit balances the voltage, and zeros the display
automatically when the instrument is switched on in fresh air. In general, it takes about

30 seconds for the pellistor to reach its operating temperature. However, the operator should
always refer to the manufacturer’s instructions for the start-up procedure.
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A gas sample may be taken in several ways:

« Di usion.

« Hose and aspirator bulb (one squeeze equates to about one metre of hose length).
« Motorised pump (either internal or external).

Flammable vapours are drawn through a sintered filter (flashback arrestor) into the pellistor
combustion chamber. Within the chamber are two elements, the detector and the compensator.
This pair of elements is heated to between 400 and 600°C.

When no gas is present, the resistances of the two elements are balanced and the bridge will
produce a stable baseline signal. When combustible gases are present, they will catalytically
oxidise on the detector element causing its temperature to rise. This oxidation can only take
place if there is su icient oxygen present. The di erence in temperature compared to the
compensator element is shown as % LFL.

The reading is taken when the display is stable. Modern units will indicate on the display when
the gas sample has exceeded the LFL.

Typical values
R1 =1k
R2 =1k
RV1 = 50k
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o
Bridge supply RV1
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Figure 2.1: Simplified diagram of a flammable gas monitor incorporating a pellistor
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Care should be taken to ensure that liquid is not drawn into the instrument. The use of an
in-line water trap and a float probe fitted to the end of the aspirator hose should prevent this
occurrence. Most manufacturers o er these items as accessories.

Only cotton filters should be used to remove solid particles or liquid from the gas sample when
hydrocarbons are being measured. Water traps may be used to protect the instrument where the sampled
gas may be very wet. Guidelines on the use of filters and traps will be found in the operating manual for the
instrument (also see section 2.4.13.3).

2.4.3.2 Cautions
Poisons and inhibitors
Some compounds can reduce the sensitivity of the pellistor:

» Poisons — these are compounds that can permanently a ect the performance of the pellistor
and include silicone vapours and organic lead compounds.

« Inhibitors — these compounds act in a very similar way to poisons, except that the reaction
is reversible. Inhibitors include hydrogen sulphide, freons and chlorinated hydrocarbons.
If the presence of hydrogen sulphide is suspected, this should be tested for before any
measurements of hydrocarbon vapours are carried out (see section 2.3.6).

Pressure
Pellistor type instruments should not have their sensors subjected to pressure as this will
damage the pellistor.

Such pressurisation may occur when testing for gas in the following conditions:

« Inert gas under high pressure or at high velocity, such as from a purge pipe or high
velocity vent.

» Hydrocarbon gas mixtures at high velocity in vapour lines or from a high velocity vent.

The above is also relevant when using multi-gas instruments. For example, when an infrared
sensor is being used to take a % volume gas reading, any pellistor sensor in the instrument may
su er damage if the inlet gas stream into the instrument is at a pressure or has a high velocity.

Condensation

The performance of pellistors may be temporarily a ected by condensation. This can occur
when the instrument is taken into a humid atmosphere a er it has been in an air-conditioned
environment. Time should be allowed for instruments to acclimatise to the operating
temperature before they are used.

Combustible mists
Pellistor instruments will not indicate the presence of combustible mists (such as lubricating
oils) or dusts.

2.4.3.3 Instrument calibration and check procedures

The instrument is set up in the factory to be calibrated using a specific hydrocarbon gas/
air mixture. The hydrocarbon gas that should be used for calibration and testing should be
indicated on a label fixed to the instrument.

Guidance on calibration and on operational testing and inspection of gas measuring instruments
is given in sections 8.2.6 and 8.2.7 respectively.

2434 Precision of measurement

The response of the instrument depends upon the composition of the hydrocarbon gas being
tested. In practice, this composition is not known. By using propane or butane as the calibration
gas for an instrument being used on tankers carrying stabilised crude oil or petroleum products,
the readings provided may be slightly in error by giving a slightly high reading. This ensures that
any reading indicated will be on the safe side (also see section 8.2.6).

Factors that can a ect the measurements are large changes in ambient temperature and
excessive pressure of the tank atmosphere being tested, leading to high flow rates which in turn
a ectthe pellistor temperature.
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The use of dilution tubes, which enable catalytic filament indicators to measure concentrations
in over-rich hydrocarbon gas/air mixtures, is not recommended.

2.4.3.5 Operational features

Older instruments are fitted with flashback arresters in the inlet and outlet of the detector
filament chamber. The arresters are essential to prevent the possibility of flame propagation
from the combustible chamber, and a check should always be made to ensure that they are in
place and fitted properly. Modern pellistor type instruments have sintered filters usually built
into the pellistor body.

Some authorities require, as a condition of their approval, that PVC covers be fitted around
meters with aluminium cases to avoid the risk of incendive sparking if the case strikes rusty steel.

2.4.4 Non-catalytic heated filament gas indicators (tankscopes)

2.4.4.1 Operating principle

The sensing element of this instrument is usually a non-catalytic hot filament. The composition
of the surrounding gas determines the rate of loss of heat from the filament, and hence its
temperature and resistance.

The sensor filament forms one arm of a Wheatstone bridge. The initial zeroing operation
balances the bridge and establishes the correct voltage across the filament, thus ensuring the
correct operating temperature. During zeroing, the sensor filament is purged with air or inert
gas that is free from hydrocarbons. As in the explosimeter, there is a second identical filament
in another arm of the bridge which is kept permanently in contact with air and acts as a
compensator filament.

The presence of hydrocarbon changes the resistance of the sensor filament and this is shown by
a deflection on the bridge meter. The rate of heat loss from the filament is a non-linear function
of hydrocarbon concentration and the meter scale reflects this non-linearity. The meter gives a
direct reading of % volume hydrocarbon.

When using the instrument, the manufacturer’s detailed instructions should always be followed.
A erthe instrument has been initially set at zero with fresh air in contact with the sensor filament,
asample is drawn into the meter by means of a rubber aspirator bulb. The bulb should be
operated until the meter pointer comes to rest on the scale (usually within 15-20 squeezes) then
aspirating should be stopped and the final reading taken. It is important that the reading should
be taken with no flow through the instrument and with the gas at normal atmospheric pressure.

The non-catalytic filamentis nota ected by gas concentrations in excess of its working scale.
The instrument reading goes o  the scale and remains in this position as long as the filament is
exposed to the rich gas mixture.

2.4.4.2 Instrument check procedures
The checking of a non-catalytic heated filament instrument requires the provision of gas
mixtures of a known total hydrocarbon concentration.

The carrier gas may be air, nitrogen or carbon dioxide or a mixture of these. Since this type of
instrument may be required to measure accurately either low concentrations (1-3% by volume)
or high concentrations (greater than 10% by volume) it is desirable to have either two test
mixtures, say 2% and 15% by volume, or one mixture between these two numbers, say 8% by
volume. Test gas mixtures may be obtained in small aerosol type dispensers or small pressurised
gas cylinders, or they may be prepared in a special test kit.

2.4.4.3 Precision of measurement

Correct response from these instruments is achieved only when measuring gas concentrations
in mixtures for which the instrument has been calibrated and which remain gaseous at the
temperature of the instrument.

Relatively small deviations from normal atmospheric pressure in the instrument produce
significant di erences in the indicated gas concentration. If a space that is under elevated
pressure is sampled, it may be necessary to detach the sampling line from the instrument and
allow the sample pressure to equalise with the atmosphere pressure.
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2444 Instruments with infrared sensors

When selecting an instrument that uses an infrared sensor for measuring the % by volume of
hydrocarbon in an inert gas atmosphere, care should be taken to ensure that the sensor will
provide accurate readings over the spectrum of gases likely to be present in the atmosphere to
be measured. It may be prudent to make comparison readings with a tankscope to verify the
acceptability of the readings provided by the instrument under consideration.

2.4.5 Inferometer (refractive index meter)

2451 Operating principle
An inferometer is an optical device that utilises the di erence between the refractive indices of
the gas sample and air.

In this type of instrument, a beam of light is divided into two and these are then recombined
at the eyepiece. The recombined beams exhibit an interference pattern that appears to the
observer as a number of dark lines in the eyepiece.

One light path is via chambers filled with air. The other path is via chambers through which the
sample gas is pumped. Initially, the latter chambers are filled with air and the instrument is
adjusted so that one of the dark lines coincides with the zero line on the instrument scale. If a
gas mixture is then pumped into the sample chambers, the dark lines are displaced across the
scale by an amount proportional to the change of refractive index.

The displacement is measured by noting the new position on the scale of the line that was used
initially to zero the instrument. The scale may be calibrated in concentration units or it may be
an arbitrary scale whose readings are converted to the required units by a table or graph.

The response of the instrument is linear and a one-point test with a standard mixture at a known
concentration is su icient for checking purposes.

The instrument is normally calibrated for a particular hydrocarbon gas mixture. As long as
the use of the instrument is restricted to the calibration gas mixture, it provides accurate
measurements of gas concentrations.

The measurement of the concentration of hydrocarbon gas in an inerted atmosphere is

a ected by the carbon dioxide present when flue gas is used for inerting. In this case, the use
of soda lime as an absorbent for carbon dioxide is recommended, provided the reading is
corrected appropriately.

The refractive index meter is nota ected by gas concentrations in excess of its scale range. The
instrument reading goes 0  the scale and remains in this position as long as the gas chambers
are filled with the gas mixture.

2.4.5.2 Instrument check procedures

A mixture of known hydrocarbon, e.g. propane in nitrogen at a known concentration, should be
used to check the instrument. If the hydrocarbon test gas di ers from the original calibration
gas, the indicated reading should be multiplied by the appropriate correction factor before
judging the accuracy and stability of the instrument.

2.4.6 Infrared instruments

2.46.1 Operating principle
The infrared sensor is a transducer for the measurement of the concentration of hydrocarbons in
the atmosphere, by the absorption of infrared radiation.

The vapour to be monitored reaches the measuring chamber by di usion or by means of a
pump. Infrared light radiation from the light source shines through a window into the chamber,
is reflected and focused by the spherical mirror, and then passes through another window

and hits the beam splitter. The portion of the radiation that passes through the beam splitter
passes through a broadband interference filter (measuring filter) into the housing cover of the
measuring detector, and it is then converted into an electric signal.

The portion of the radiation reflected by the beam splitter passes through the reference filter to
reach the reference detector.
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If the gas mixture in the chamber contains hydrocarbons, a part of the radiation is absorbed
in the wavelength range of the measurement filter, and a reduced electric signal is given. At
the same time, the signal of the reference detector remains unchanged. Gas concentration
is determined by comparing the relative values of the reference detector and the

measuring detector.

Di erences in the output of the infrared light source, dirt on mirrors and windows as well
as dust of aerosols contained in the air have an identical e ect on both detectors and are
therefore compensated.

2.4.6.2 Instrument check procedures

This instrument should be checked using a check gas of a known mixture of hydrocarbons. The
infrared sensor does not require the presence of air or inert gas in the gas concentration, as it is
reliant solely on the hydrocarbon molecules. In general, these instruments are very stable and
require little maintenance. Calibration should be checked frequently in accordance with the
manufacturer’s instructions and ship’s SMS procedures (also see section 2.4.4.4).

Infra-red source
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Figure 2.2: Infrared sensor
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2.4.7 Measurement of low concentrations of toxic gases

2.4.7.1 Chemical indicator tubes
Probably the most convenient and suitable equipment for measuring very low concentrations of
toxic gases on board tankers are chemical indicator tubes.

Measurement errors may occur if several gases are present at the same time, as one gas can interfere with
the measurement of another. The instrument manufacturer’s operating instructions should always be
consulted prior to testing such atmospheres.

Chemical indicator tubes consist of a sealed glass tube containing a proprietary filling, which is
designed to react with a specific gas and to give a visible indication of the concentration of that
gas. To use the device, the seals at each end of the glass tube are broken, the tube is inserted in

a bellows-type fixed-volume displacement hand pump, and a prescribed volume of gas mixture
is drawn through the tube at a rate fixed by the rate of expansion of the bellows. A colour change
occurs along the tube; the length of discoloration, which is a measure of the gas concentration, is
read o ascale integral to the tube.

In some versions of these instruments, a hand-operated injection syringe is used instead of a
bellows pump.

Itis important that all the components used for any measurement should be from the same
manufacturer. It is not permissible to use a tube from one manufacturer with a hand pump from
another manufacturer. It is also important that the manufacturer’s operating instructions are
carefully observed.

Since the measurement depends on passing a fixed volume of gas through the glass tube, any
use of extension hoses should be in strict accordance with the manufacturer’s instructions.

The tubes are designed and intended to measure concentrations of gas in the air. As a result,
measurements made in a ventilated tank, in preparation for tank entry, should be reliable.

For each type of tube, the manufacturers must guarantee the standards of accuracy laid down in
national standards. Tanker operators should consult the ship’s flag- or competent administration
for guidance on acceptable equipment.

2.4.7.2 Electrochemical sensors

Electrochemical sensors are based on the fact that cells can be constructed that react with the
measured gas and so generate an electric current. This current can be measured, and the amount
of gas determined. The sensors are low cost and small enough to allow several to be incorporated
into the same instrument, making them suitable for use in multi gas detection systems.

There are numerous electrochemical sensors available covering a number of gases that may be
present in the shipboard environment, such as ammonia, hydrogen sulphide, carbon monoxide,
carbon dioxide and sulphur dioxide.

Electrochemical sensors can be used in standalone instruments, which may provide a warning
at a predetermined concentration of vapour, or they can be fitted in a multi-sensor instrument to
provide a reading of the concentration of the vapour, usually in ppm.

These sensors may give erroneous readings due to cross-sensitivity. This occurs, for example,
when measuring toxic gases with hydrocarbon gases present, for example hydrogen sulphide in
the presence of nitric oxide and sulphur dioxide.

2.4.8 Fixed gas detection systems

Fixed gas detection systems are used on some tankers to monitor the flammability of the
atmosphere in spaces such as double-hull spaces, pumprooms, double bottoms, engine rooms,
boiler rooms, wheel house and accommodation.

Three general arrangements have been developed for fixed monitoring installations, as follows:

» Sensing devices distributed throughout the spaces to be monitored. Signals are taken
sequentially from each sensor by a central control.

» A gas-measurement system installed in the central control panel.
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« Infrared sensors located in the space being monitored, and the electronics necessary for
processing the signals located in a safe location.

Fixed gas-detection units are usually fitted as a means of detecting leaks and not for gas-testing
prior to entry. Gas-testing for entry should only be carried out using equipment that has been
calibrated and tested and that has appropriate indicator scales. Some fixed gas-detection units
do meet these criteria (see section 10.10.2).

2.4.9 Measurement of oxygen concentrations

Portable oxygen analysers are normally used to determine whether the atmosphere inside an
enclosed space (cargo tank for example) may be considered fully inerted or safe for entry. Fixed
oxygen analysers are used for monitoring the oxygen content of the boiler uptakes and the inert
gas main.

The following are the most common types of oxygen analysers in use:
« Paramagnetic sensors.
« Electrochemical sensors.

All analysers, regardless of type, should be used strictly in accordance with the manufacturer’s
instructions. If so used, and subject to the limitations listed below, the analysers may be
regarded as reliable.

2.4.10  Use of oxygen analysers

2.4.10.1 Paramagnetic sensors

Oxygen is strongly paramagnetic (i.e. it is attracted by the poles of a magnet but does not retain
any permanent magnetism) whereas most other common gases are not. This property means
that oxygen content can be measured in a wide variety of gas mixtures.

One commonly used oxygen analyser of the paramagnetic type has a sample cell in which a
lightweight body is suspended in a magnetic field. When sample gas is drawn through the cell,
the suspended body experiences a torque proportional to the magnetic susceptibility of the gas.
An electric current passing through a coil wound around the suspended body produces an equal
and opposing torque. The equalising current is a measure of the magnetic force and is thus a
measure of the magnetic susceptibility of the sample, i.e. related to its oxygen content.

Before use, the analyser should be tested with air for a reference point of 21% oxygen and with
nitrogen or carbon dioxide for a 0% oxygen reference point.

Releasing nitrogen or carbon dioxide in a confined or unventilated area can lower the concentration of
oxygen to a level that is immediately dangerous to life or health. Calibration should therefore only be
carried out in well ventilated areas.

The analyser readings are directly proportional to the pressure in the measuring cell. The

unit is calibrated to a specific atmospheric pressure and the small error due to atmospheric
pressure variations can be corrected if required. Continuous samples should be supplied to the
instrument by positive pressure. They should not be drawn through the analyser by negative
pressure as the measuring pressure then becomes uncertain.

The filter should be cleared or replaced when an increase in sample pressure is required to
maintain a reasonable gas flow through the analyser. The same e ect is produced if the filter
becomes wet due to insu icient gas drying. The need for filter cleaning or replacement should be
checked regularly.

2.4.10.2  Electrochemical sensors

Analysers of this type determine the oxygen content of a gas mixture by measuring the output of
an electrochemical cell. In one commonly used analyser, oxygen di uses through a membrane
into the cell, causing current to flow between two special electrodes separated by a liquid or

gel electrolyte.

The current flow is related to the oxygen concentration in the sample and the scale is arranged
to give a direct indication of oxygen content. The cell may be housed in a separate sensor head
connected by cable to the read-out unit.
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The analyser readings are directly proportional to the pressure in the measuring cell, but only
small errors are caused by normal variations in atmospheric pressure.

Certain gases may a ect the sensor and give rise to false readings. Sulphur dioxide and oxides
of nitrogen interfere if they are present in concentrations of more than 0.25% by volume.
Mercaptans and hydrogen sulphide can poison the sensor if their levels are greater than 1%
by volume. This poisoning does not occur immediately but over a period of time; a poisoned
sensor dri s and cannot be calibrated in air. In such cases, reference should be made to the
manufacturer’s instructions.

2.4.10.3 Maintenance, calibration and test procedures
As these oxygen analysers are of vital importance, they should have a valid calibration certificate
and should be tested strictly in accordance with the manufacturer’s instructions before use.

It is essential that each time an instrument is to be used a check is made of batteries (if fitted)
and zero point (21% oxygen) setting. During use, frequent checks should be made to ensure
accurate readings are obtained at all times.

Testing is simple on all analysers using atmospheric air to test the reference point (21% oxygen)
and an inert gas to test the 0% oxygen reference point (nitrogen or carbon dioxide) (also see
sections 8.2.6 and 8.2.7).

2.4.11  Multi-gas instruments

Multi-gas instruments are now widely used and are usually capable of housing four di erent
sensors. A typical configuration would comprise sensors for measuring:

Hydrocarbon vapour as a % LFL (explosimeter function using a pellistor sensor).

Hydrocarbon vapour in inert gas as a % volume (tankscope function using an infrared sensor).

Oxygen (using an electrochemical sensor).

Hydrogen sulphide (using an electrochemical sensor).

Multi-gas instruments should be tested at regular intervals in accordance with the
manufacturer’s instructions.

Multi-gas instruments may be supplied for gas measurement use and be fitted with a data
logging capability, but without an alarm function.

Care should be taken when using multi-gas instruments to check for hydrocarbons in an inerted
atmosphere under pressure as the pellistor within the instrument could be damaged if subjected
to pressure (see section 2.4.3.2).

2.4.12  Personal gas monitors

Multi-gas instruments may be supplied as compact units fitted with an alarm function for
personal protective use during tank entry. These personal monitors are capable of continuously
measuring the content of the atmosphere by di usion. They usually employ up to four
electrochemical sensors and should automatically provide an audible and visual alarm when the
atmosphere becomes unsafe, thereby giving the wearer adequate warning of unsafe conditions.

Disposable personal gas monitors are now available. They usually provide protection against a
single gas and are available for low oxygen levels, and high concentrations of hydrocarbons and
other toxic vapours. The units should provide both audible and visual warning at specified levels
of vapour concentration, which should be at or below the OEL-TWA for the monitored vapour.
These monitors typically weigh less than 100g and have a life of about two years.

2.4.13  Gas sample lines and sampling procedures
2.4.13.1  Gassample lines
The material and condition of sample lines can a ect the accuracy of gas measurements.

Metal tubes are unsuited to most cargo tank gas measurements, so flexible lines should be
used instead.
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The gases from crude oils and many petroleum products are composed essentially of para inic
hydrocarbons and there are a number of suitable materials available for flexible sample tubing.
The problem of material selection is more di icult for those gases containing substantial
proportions of aromatic hydrocarbons, in particular xylene. It is recommended that in such cases
suppliers of sample tubing should be asked to provide test data showing the suitability of their
product for the purposes for which it will be employed.

Sample tubing should be resistant to hot wash water.

Sample tubing that is cracked or blocked, or has become contaminated with cargo residues,
greatly a ectsinstrument readings. Users should check the condition of the tubing regularly and
replace any found to be defective.

To prevent liquid from being drawn up the gas sampling line and causing contamination of the
line, manufacturers provide a float termination or a probe termination to prevent the ingress of
liquid. Operators should consider using these fittings but should also be aware of any limitations
on their use to avoid static hazards.

2.4.13.2  Sampling procedures

Every tank has dead spots where the rate of change of gas concentration during ventilation or
purging is less than the average in the bulk of the tank. The location of these dead spots depends
on the positions of the inlet and outlet through which ventilating air or inert gas is admitted and
expelled, and also on the disposition of the structural members in the tank. Generally, but not
invariably, the dead spots are to be found within the tank bottom structure. The sample line
should be long enough to permit sampling in the bottom structure.

Di erences in gas concentration between the bulk volume of the tank and the dead spots vary
depending on the operating procedures in use. For example, the powerful water jets produced by
fixed washing machines are excellent mixing devices which tend to eliminate major di erences
in gas concentration between one location in the tank and another. Similarly, the introduction

of ventilating air or inert gas as powerful jets directed downwards from the deckhead produces
good mixing and minimises variations in concentration.

Because of the hazards associated with these dead spots, it is important to refer to chapter 10
before entering any cargo tank or other enclosed space.

2.4.13.3  Filtersinsample lines

Cotton filters are used to remove water vapour in some hydrocarbon gas meters, of either
the catalytic or non-catalytic filament types, and additional filters are not normally needed.
In extremely wet conditions, e.g. during tank washing, excessive water can be removed from
the gas sample using materials that retain water but do not a ect the hydrocarbons. Suitable
materials are granular anhydrous calcium chloride or sulphate. If required, soda asbestos
selectively retains hydrogen sulphide withouta ecting the hydrocarbons. However, it also
retains carbon dioxide and sulphur dioxide and should not be used in tanks inerted with
scrubbed flue gas.

Water traps are 0 en used in modern gas measurement instruments. These utilise a
polytetrafluoroethylene (PTFE) membrane that prevents liquid and moisture passing onto
the sensors.

The use of water-retaining filters is essential with oxygen meters, particularly of the
paramagnetic type, because the presence of water vapour in the sample can damage the
measuring cell. Only the manufacturer’s recommended filters should be used.

2.5 Product gas evolution and dispersion

251 Introduction

During many cargo-handling and associated operations, gas is expelled from cargo tank vents in
su icient quantity to give rise to flammable gas mixtures in the atmosphere outside the tanks.
In this guide, a major objective is to avoid such a flammable gas mixture being exposed to a
source of ignition. In many cases, this is achieved either by eliminating the source of ignition or
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by ensuring that there are suitable barriers, such as closed doors and ports, between the gas and
unavoidable potential sources of ignition.

However, it is impossible to cover every possibility of human error and every combination of
circumstances. An additional safeguard is introduced if operations can be arranged so that gas
issuing from vents is dispersed su iciently well to prevent flammable gas mixtures reaching
those areas where sources of ignition may exist.

If gases are denser than air, this has an important bearing on how they behave, both inside and
outside the tanks (see section 1.3).

The vented gas is formed within the tanks, and the way in which itis formed a ects both

the concentration when vented and the length of time it takes to vent a high concentration.
Situations that lead to gas evolution include loading, standing of cargo in full or part-filled tanks
(including slop tanks), and evaporation of tank residues a er discharge.

The initial tank atmosphere, whether air or inert gas, has no bearing on gas evolution or venting.

2.5.2 Gas evolution and venting

25.2.1 Evolution during loading

As a high vapour pressure cargo enters an empty gas-free tank, there is a rapid evolution of

gas. The gas forms a layer at the bottom of the tank that rises with the product surface as the
tank is filled. Once it has been formed, the depth of the layer increases only slowly over the
period of time normally required to fill a tank, although ultimately an equilibrium gas mixture is
established throughout the ullage space.

The amount and concentration of gas forming this layer at the beginning of loading depend
upon many factors, including:

« TVP of the cargo.

Amount of splashing as the product enters the tank.

« Time required to load the tank.

« Occurrence of a partial vacuum in the loading line.

The product gas concentration in the layer varies with distance above the liquid surface. Very
close to the surface, it has a value close to that corresponding to the TVP of the adjoining liquid.
For example, if the TVP is 0.75 bar, the product gas concentration just above the surface is
about 75% by volume. Well above the surface, the hydrocarbon gas concentration is very small,
assuming that the tank was originally gas free. In order to consider further the influence of gas
layer depth, it is necessary to define this depth in some way.

When considering dispersion of gases outside cargo tanks, only high gas concentrations in the
vented gas are relevant. Therefore, for this purpose the gas layer depth will be taken as the
distance from the liquid surface to the level above it where the gas concentration is 50% by
volume. It should be remembered that product gas will be detectable at heights above the liquid
surface several times the layer depth defined in this way.

Most high vapour pressure cargoes give rise to a gas layer with a depth in these terms of less
than one metre. Its precise depth depends upon the factors listed above and most of the advice
with respect to vented gas given in this guide is intended for such cargoes. However, gas layers
greater than one metre in depth may be encountered if the cargo TVP is great enough. Cargoes
giving rise to these deeper gas layers may require special precautions (see section 11.1.8).

2.5.2.2 Venting during the loading of cargo

Once the dense product gas layer has formed above the surface of the liquid, its depth,

as defined in section 2.5.2.1, increases only very slowly. As the liquid rises in the tank, the
hydrocarbon gas layer rises with it. Above this layer, the atmosphere originally present in the
tank persists almost unchanged and it is this gas that enters the venting system in the early
stages of loading. In an initially gas-free tank, the gas vented at first is therefore mainly air (or
inert gas) with a product concentration below the LFL. As loading proceeds, the product content
of the vented gas increases.
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Concentrations in the range 30-50% by volume of product gas are quite usual in the vented gas
towards the end of loading, although the very high concentration immediately above the liquid
surface remains in the final ullage space on completion of loading.

Subsequently, evaporation continues until an equilibrium hydrocarbon gas concentration is
established throughout the ullage space. This gas is only vented by breathing of the tank, and
thus only intermittently. When the product is discharged, a very dense gas mixture travels to
the bottom of the tank with the descending liquid surface and may contribute to the gas vented
during the next operation in the tank.

If the tank is not initially gas free, the product gas concentration in the vented gas during loading
depends upon the previous history of the tank. Before loading with adi erent product, the
compatibility with the previous products must be checked to prevent any hazardous reactions.

The following provides examples of typical gas concentrations:

» Shortlya er the discharge of a motor or aviation gasoline cargo, there is a layer at the
bottom of the tank where concentrations of 30-40% by volume of hydrocarbons have been
measured. If loaded at this stage, the gas enters the venting system immediately ahead of the
concentrated layer formed by the next cargo.

« In motor or aviation gasoline tanks that have been battened down a er discharge and not gas
freed, uniform hydrocarbon gas concentrations as high as 40% by volume have been measured
throughout the tanks. This concentration is expelled to the vent system throughout the next
loading until the concentrated layer above the liquid surface approaches the top of the tank.

Note that in all loading operations, whether the tank is initially gas free or not, very high gas
concentrations enter the venting system towards completion of loading.

2.5.2.3 Ballasting into a cargo tank

The atmosphere in cargo tanks before ballasting will be similar to that before the loading of the
cargo, given a similar tank history. The gas concentration expected to enter the venting system
during ballasting will therefore be comparable to that in the examples given above.

2524 Inert gas purging

If inert gas purging is being carried out by the displacement method (see section 7.1.4), any
dense concentrated hydrocarbon layer at the bottom of the tank is expelled in the early stages,
followed by the remainder of the tank atmosphere as it is pressed downwards by the inert gas.
If there is a uniformly high concentration throughout the tank, e.g. a er product washing, the
product concentration of the vented gas remains high throughout the purging process until the
inert gas reaches the bottom of the tank.

If inert gas purging is being carried out by the dilution method (see section 7.1.4), the gas
concentration at the outlet is highest at the beginning of the operation and falls continuously as
it proceeds.

2.5.25 Gas freeing

In a gas-freeing operation, air is delivered into the tank where it mixes with the existing

tank atmosphere and where it also tends to mix together any layers that may be present.

The resultant mixture is expelled to the outside atmosphere. Because the process is one of
continuous dilution with the air, the highest product concentration is vented at the beginning

of gas freeing and decreases therea er. For example, on a non-inerted tanker, gas freeing of a
motor gasoline tank that has been battened down can give initial concentrations as high as 40%
by volume, but in most circumstances the concentration in the vented gas is much lower, even at
the start of the operations.

Oninerted tankers, a er purging to remove product vapour before gas freeing, the initial
concentration will be as low as 2% by volume or less.

In specific cases, gas-freeing operations are regulated by legislation and require permits by
competent authorities.
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2.5.3 Gas dispersion

Whether the product gas at the outlet is mixed with air or with inert gas will have no bearing on
the dispersion of the gasa erithasle the outlet.

As the product gas displaced during loading, ballasting, gas freeing or purging issues from the
vent or vents on the tanker, it immediately starts to mix with the atmosphere.

The product concentration is progressively reduced until, at some distance from the vent, it
passes below the LFL. At any point below the LFL, it ceases to be of concern as a flammability
hazard because it cannot be ignited. However, there exists in the vicinity of any vent a flammable
zone within which the gas concentration is above the LFL.

There is a potential danger of fire and explosion if this flammable zone reaches any location
where there may be sources of ignition, such as:

» Accommodation blocks into which the gas can enter through doors, ports or
ventilation intakes.

» The cargo deck, which, although usually regarded as free of sources of ignition, is a work area
and thoroughfare.

« An adjacent jetty, which, although usually regarded as free of sources of ignition, is a work area
and thoroughfare.

« Adjacent vessels.

2.5.4 Variables a ecting dispersion

2541 The dispersion process

A mixture of product gas and air (or inert gas) issuing vertically from an outlet rises under its
own momentum as a plume above the outlet. If there is no wind, the plume remains vertical, but
otherwise it is bent over in the downwind direction. The rise of the plume due to its momentum
is opposed by a tendency to sink if its density is greater than that of the surrounding air.

The flow velocity of the issuing gas is at its maximum as it passes through the outlet but
decreases as air is drawn into the plume. This air decreases the product gas concentration and
hence the gas density in the plume. The progressive decreases in velocity, product concentration
and density, together with the wind speed and other meteorological factors, determine the final
shape of the plume and hence of the flammable zone.

The type of vent being used a ects the dispersion of the gas plume. During normal loading
operations, the venting will be either via:

« A high velocity vent installed at a minimum height of 2m above the deck, which causes the
vapour to be vented at a speed of 30m/sec irrespective of the loading rate of the cargo.

« Avent riser with a minimum height of 6m above the deck.

These high-velocity vents and risers may not be placed closer than 10m to any accommodation
house vent, to ensure that cargo vapours will be safely dispersed before they reach these locations.

2.5.4.2 Wind speed

For many years, it has been recognised that the dispersion of product gas/air mixtures is
inhibited by low wind speeds. This recognition is based upon experience on tankers, and little
experimental work has been done to obtain quantitative information on the e ect of wind
speed. Much depends upon the quantity of gas being vented and how it is vented, but experience
at terminals seems to suggest that at wind speeds above about 5m/sec (10kn) dispersion is

su icient to avoid any flammability risk.

2.54.3 Rate of flow of gas

As the rate of flow of a product gas/air mixture of fixed composition is increased through a given
opening, several e ects come into play. In the first place, the rate of emission of the product
constituent increases in proportion to the total gas flow rate and therefore the distance the
plume travels before it is diluted to the LFL should be greater. On the other hand, the higher

the velocity, the more e icient is the mixing of the initially product-rich gas with the air and this
tends to counterbalance the firste ect.
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Figures 2.3 (a) and (b): Indicative e ect of gas flow rate on flammable zone
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c) Total gas flow 46 cubic metres/minute. Approximate loading rate 2300 tonnes/hour.
The above illustration shows a vent riser 6 metres above the deck.

The plumes are based upon wind tunnel data of:

Gas mixture 50% by volume propane in the air
Diameter of opening 254 millimetres
Wind speed 1.1 metres/second

Figure 2.3 (¢): Indicative e ect of gas flow rate on flammable zone

In addition, at low rates of total gas flow, the initial momentum of the plume may not be enough
to counteract the tendency of the plume to sink if it has a high density.

The results of the interaction of these di erent processes at low wind speed are illustrated in
figure 2.3. The gas mixture used in obtaining these diagrams was 50% by volume propane and
50% by volume air. At the lowest flow rate (figure 2.3 (a)) the density e ect predominates and
the gas sinks back towards the deck. At the highest flow rate (figure 2.3 (c)) mixing is far more
e icientand there is no tendency for the plume to sink.

2.5.4.4 Concentration of product gas

With a constant total rate of flow of gas, changes in product concentration have two e ects. The
rate of emission of hydrocarbon gas increases in proportion to the concentration so that, other
things being equal, the extent of the flammable zone increases. Also, the initial density of the gas
mixture as it issues from the opening becomes greater so that there is a greater tendency for the
plume to sink.

At low concentrations, therefore, a flammable zone similar in outline to that shown in figure
2.3(c) is to be expected, but it is likely to be small because of the relatively small amount of
hydrocarbon gas. As the concentration increases, the flammable zone tends to assume such
shapes as depicted in figures 2.3 (b) and 2.3 (a) as the increasing density exerts its influence.
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In addition, the overall size of the zone becomes greater due to the greater rate of emission of
hydrocarbon gas.

2.5.4.5 Cross-sectional area of the opening

The area of the opening through which the product gas/air mixture issues determines, for a given
volumetric rate of flow, the linear flow velocity and hence the e iciency of the mixing of the
plume with the atmosphere (e.g. e ects of this kind occur in gas freeing). If fixed turbo-blower
fans are used, the mixture is usually vented through a standpipe with a cross-sectional area
small enough to give a high velocity and to encourage dispersion in the atmosphere. When using
small portable blowers, which normally have to be operated against a low back-pressure, it is
usual to exhaust the gas through an open tank hatch. The outflow velocity is then very low with
the outlet close to the deck; circumstances that encourage the gas to remain close to the deck.

2.5.4.6 The design of the vent outlet
The design and position of a vent outlet must comply with current applicable national and
international legislation.

In certain operations, such as gas freeing, vapour may be vented from the tank through
apertures other than these designated tank vents.

2.5.4.7 Position of the vent outlet

If vent outlets are situated near structures such as accommodation blocks, the shape of

the flammable zone is influenced by turbulence produced in the air as it passes over the
superstructure. An illustration of the kind of eddies formed is given in figure 2.4. This shows how,
on the upwind side, there are downward eddies below a level indicated by the line X-X, and how,
above and in the lee of the structure, there is a tendency for turbulent air to form eddies close to
the structure.

These movements can adversely a ect the e icient dispersion of product gas.

If the exit velocity from an opening near a structure is high, it can overcome the influence
of eddies.

Figure 2.5 (a) shows the flammable zone from a tank opening situated only about 1.5m
upwind of an accommodation block. The plume is almost vertical and only just touches the
accommodation block. However, a somewhat lower rate of venting would have resulted in
serious impingement of the zone upon the accommodation block.

Figure 2.5 (b) illustrates the e ect of an additional opening that doubles the amount of gas
released. Partly as the result of eddies and partly due to the denser combined plume, the
flammable zone is in close contact with the top of the accommodation block.
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Figure 2.4: Typical pattern of airflow around an accommodation block

2.5.5 Minimising hazards from vented gas

The objective of venting arrangements and their operational control is to minimise the
possibilities of flammable gas concentrations entering enclosed spaces containing sources of
ignition, or reaching deck areas where, notwithstanding all other precautions, there might be

a source of ignition. Previous sections have described means of promoting rapid dispersion of
gas and minimising its tendency to sink to the deck. Although this section is concerned with
flammability, the same principles apply to dispersion of gas down to concentrations that are safe
to personnel.

The following conditions should be taken into account for any operation where flammable
mixtures are displaced to the atmosphere or where mixtures are displaced which could become
flammable on dilution with air, such as on inerted tankers:

« Anunimpeded vertical discharge at a high e lux velocity.

« Positioning the outlet high enough above the deck.

« Placing the outlet at an adequate distance from the superstructure and other enclosed spaces.

When using a vent outlet of fixed diameter, usually designed for 125% of the maximum cargo
loading rate, the e lux velocity will drop at lower loading rates. Vent outlets with automatically
variable areas (high velocity vent valves) may be fitted to maintain a high e lux velocity under all
loading conditions.
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Figure 2.5: Flammable zone from apertures near an accommodation block
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The venting arrangements should always be used during cargo loading operations and during
any ballasting into non-gas-free cargo tanks.

When gas freeing by fixed mechanical blower or purging with inert gas, either by displacement
or dilution through designated outlets, high-enough e lux velocities should be maintained to
ensure rapid gas dispersion in any conditions.

When gas freeing by portable blowers, it may be necessary to open a tank hatch lid to act as

a gas outlet, with a resulting low gas outlet velocity. Vigilance is then required to ensure that

gas does not accumulate on deck. If an inerted tank is being gas freed through the open hatch,
there may be localised areas where the atmosphere is deficient in oxygen. If practicable, it is
preferable to gas-free through a small diameter opening, such as a tank cleaning opening, with a
temporary standpipe rigged.

In all operations where gas is being vented, great vigilance should be exercised, especially under
adverse conditions (e.g. if there is little or no wind). Under such conditions, it may be prudent to
stop operations until conditions improve.

2.5.6 N/A
2.6 N/A
2.7 The hazards associated with handling, storing and

carrying residual fuel oil products

2.7.1 General

The first part of this section deals with the flammability hazards associated with residual fuel
oils and provides information on flashpoint and vapour composition measurement, together
with recommended precautionary procedures to be adopted when handling, storing or carrying
residual fuel oils.

It should be noted that this guidance refers only to residual fuel oils and not to distillate fuels.

Refer to section 11.8.2 for the precautions to be taken when measuring and sampling in non-
inerted tanks when there is any possibility that a flammable gas/air mixture may be present.

The last part of this section refers to the hydrogen sulphide hazard associated with fuel oil (also
see section 2.3.6).

2.7.2 Nature of hazard

Residual fuel oils are capable of producing light hydrocarbons in the tank headspace, such that
the vapour composition may be near to or within the flammable range. This can occur even
when the storage temperature is well below the measured flashpoint. This is not normally a
function of the origin or manufacturing process of the fuel, although fuels containing cracked
residues may show a greater tendency to generate light hydrocarbons.

Although light hydrocarbons may be present in the headspaces of residual fuel oil tanks, the
risk associated with them is small unless the atmosphere is within the flammable range and an
ignition source is present. In such a case, an incident could result. It is therefore recommended
that residual fuel oil headspaces be regarded as being potentially flammable.

2.7.3 Flashpoint and headspace flammability measurement

2.7.3.1 Flashpoint

Fuel oils are classified for their safety in storage, handling and transportation by reference to
their closed cup flashpoint (also see section 1.2.5). However, information on the relationship
between the calculated flammability of a headspace atmosphere and the measured flashpoint
of the residual fuel oil has shown that there is no fixed correlation. A flammable atmosphere
can therefore be produced in a tank headspace even when a residual fuel oil is stored at a
temperature below its flashpoint.
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2.7.3.2 Headspace flammability

Traditionally, gas detection systems such as explosimeters have been used to check that
enclosed spaces are gas free, and they are entirely suited to this purpose (see section 2.4.3).
They have also been used to measure the flammability of headspaces in terms of percentage of
the LFL. Such detectors rely on a calibration carried out normally on a single hydrocarbon, such
as methane, which may have LFL characteristics that are far removed from the hydrocarbons
actually present in the headspace. When using an explosimeter to assess the degree of hazard
in non-inerted residual fuel oil tank headspaces, it is recommended that the instrument is
calibrated with a pentane/air or hexane/air mixture. This will result in a more conservative
estimate of the flammability, though the readings should still not be regarded as providing a
precise measurement of the vapour space condition.

When taking measurements, the manufacturer’s operating instructions for the instrument
should be closely followed and the instrument’s calibration should be checked frequently as
oxidation catalyst detectors (pellistors) are likely to be susceptible to poisoning when exposed to
residual fuel oil vapours. For information on poisoning of pellistors, see section 2.4.3.2.

In view of the problems associated with obtaining accurate measurements of the flammability
of residual fuel tank headspaces using readily available portable equipment, the measured %
LFL only ranks fuels broadly in terms of relative hazard. Care should be exercised therefore in
interpretation of the figures obtained by such gas detection systems.

2.7.4 Precautionary measures

2.7.4.1 Storage and handling temperatures
When carried as fuel, temperatures of the residual fuel oil in the fuel system should conform to
relevant codes of practice at all times and excessive local heating should be avoided.

2.7.4.2 Filling and venting

When tanks are being filled, tank headspace gas will be displaced through vent pipes. Particular
care should be taken to ensure that flame screens or traps are in good condition and that there
are no ignition sources in the area immediately surrounding the venting system.

When filling empty or near empty tanks, the heating coils should be shut down and cool.
Fuel oil contacting hot, exposed heating coils could lead to the rapid generation of a
flammable atmosphere.

2.7.4.3 Headspace classification
All residual fuel oil tank headspaces should be classified as hazardous and suitable precautions
taken. Electrical equipment within the space must meet the appropriate safety standards.

2.74.4 Hazard reduction
The flammability of the headspace of residual fuel oil tanks should be monitored regularly.

If a measured value in excess of recommended levels is detected (IMO Resolution A.565(14)
refers to a level in excess of 50% LFL), action should be taken to reduce the vapour concentration
by purging the headspace with low pressure air. Gases should be vented to a safe area with no
ignition sources in the vicinity of the outlet. On completion of venting, gas concentrations within
the tank should continue to be monitored and further venting undertaken if necessary.

When residual fuel oil is carried as cargo on board tankers fitted with inert gas, it is recommended
that the inert gas is used and that the headspace is maintained in an inert condition.

2.7.4.5 Ullaging and sampling
All operations should be conducted such as to take due care to avoid the hazards associated
with static electrical charges (see section 11.8.2).

2.7.5 Hydrogen sulphide hazard in residual fuel oils

Bunker fuels containing high hydrogen sulphide concentrations may be supplied without
advice being passed to the tanker beforehand. The tanker’s personnel should always be alert
to the possible presence of hydrogen sulphide in bunker fuel and be prepared to take suitable
precautions if it is present.
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Before loading bunkers, the tanker should communicate with the supplier to ascertain whether
the fuel to be loaded is likely to have any hydrogen sulphide content.

The design of bunker tank vents and their location makes managing the exposure to personnel
more di icult, as closed loading and venting cannot usually be implemented.

If bunkering with fuel containing hydrogen sulphide above the OEL-TWA cannot be avoided,
procedures should be in place to monitor and control the access of personnel to exposure areas.

Ventilation to lower the concentration of vapour in the ullage space and in specific areas where
vapours may accumulate should be carried out as soon as practicable.

Evena erthe tank has been ventilated to reduce the concentration to an acceptable level,
subsequent transfer, heating and agitation of the fuel within a tank may cause the concentration
to reappear.

Periodic monitoring of the concentration of hydrogen sulphide should be continued until the
bunker tank is refilled with a fuel oil not containing hydrogen sulphide.
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3 Static electricity

This chapter describes hazards associated with the generation of static electricity during
the loading and discharging of cargo and during tank cleaning, dipping, ullaging and
sampling. Section 3.1 introduces some basic principles of electrostatics in order to explain
how objects become charged and to describe the e ect of those charges on other objects in
close surroundings.

The risks presented by static electricity discharges occur where a flammable atmosphere is
likely to be present. The main precaution for tankers against electrostatic risks is to conduct
operations with the cargo tanks protected by inert gas. Section 3.2 describes, in general terms,
precautions against electrostatic hazards in tanks that are not protected by inert gas — these are
discussed in more detail in chapter 11 (Shipboard operations). Section 3.3 considers other likely
sources of electrostatic hazards in tanker and terminal operations.

3.1 Principles of electrostatics

3.1.1 Summary

Static electricity presents fire and explosion hazards during the handling of flammable liquids
and during other tanker operations such as tank cleaning, dipping, ullaging and sampling.
Certain operations can give rise to accumulations of electric charge that may be released
suddenly in electrostatic discharges with enough energy to ignite flammable product gas/air
mixtures. There is, of course, no risk of ignition unless a flammable mixture is present. There are
three basic stages leading up to a potential electrostatic hazard:

» Charge separation.
» Charge accumulation.
« Electrostatic discharge.

All three of these stages are necessary for an electrostatic ignition of a flammable atmosphere.

Electrostatic discharges can occur as a result of accumulations of charge on:

« Liquid or solid non-conductors, e.g. a static accumulator oil (such as kerosene) pumped into a
tank, or a polypropylene rope.

« Electrically insulated liquid or solid conductors, e.g. mists, sprays or particulate suspensions in
air, or an unbonded metal rod hanging on the end of a rope.

The principles of electrostatic hazards and the precautions to be taken to manage the risks are
described fully below.

3.1.2 Charge separation
Whenever two dissimilar materials come into contact, charge separation occurs at the interface.

The interface may be between two solids, between a solid and a liquid or between two
immiscible liquids. At the interface, a charge of one sign (say positive) moves from material A to
material B so that materials A and B become respectively negatively and positively charged.

While the materials stay in contact and immobile relative to one another, the charges are
extremely close together. The voltage di erence between the charges of opposite sign is then
very small, so no hazard exists. However, when the materials move relative to one another the
charges can be separated and the voltage di erence increased.

The charges can be separated by many processes. For example:

» The flow of liquid product through pipes.

« Flow through fine filters (less than 150 microns) that have the ability to charge products to a
very high level, as a result of all the product being brought into intimate contact with the filter
surface where charge separation occurs.

« Contaminants, such as water droplets, rust or other particles, moving relative to the product
as aresult of turbulence in the product as it flows through pipes.
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« The settling of a solid or an immiscible liquid through a liquid (e.g. water, rust or other
particles through the product). This process may continue for up to 30 minutesa er
completion of loading into a tank.

» Gas bubbles rising up through a liquid (e.g. air, inert gas introduced into a tank by the blowing
of cargo lines or vapour from the liquid itself, released when pressure is dropped). This process
may also continue for up to 30 minutes a er completion of loading.

« Turbulence and splashing in the early stages of loading product into an empty tank. This is a
problem in the liquid and in the mist that can form above the liquid.

» The ejection of particles or droplets from a nozzle (e.g. during steaming operations or injection
of inert gas).

» The splashing or agitation of a liquid against a solid surface (e.g. water washing operations or
the initial stages of filling a tank with product).

« The vigorous rubbing together and subsequent separation of certain synthetic polymers
(e.g. the sliding of a polypropylene rope through gloved hands).

When the charges are separated, a large voltage di erence can develop between them. A voltage
distribution is also set up throughout the neighbouring space and is known as an electrostatic
field. Examples of this are:

» The charge on a charged liquid in a tank produces an electrostatic field throughout the tank,
both in the liquid and in the ullage space.

» The charge on a water mist formed by tank washing produces an electrostatic field throughout
the tank.

If an uncharged conductor is present in an electrostatic field, it has approximately the same
voltage as the region it occupies. Furthermore, the field causes a movement of charge within the
conductor; a charge of one sign is attracted by the field to one end of the conductor and an equal
charge of the opposite signisle at the opposite end. Charges separated in this way are known
as ‘induced charges’ and, as long as they are kept separate by the presence of the field, they are
capable of contributing to an electrostatic discharge.

3.1.3 Charge accumulation

Charges that have been separated attempt to recombine and to neutralise each other. This
process is known as ‘charge relaxation’. If one or both of the separated materials carrying
charge is a very poor electrical conductor, it impedes recombination and the material retains
or accumulates the charge upon it. The period for which the charge is retained is characterised
by the relaxation time of the material, which is related to its conductivity: the lower the
conductivity, the greater the relaxation time.

If a material has a comparatively high conductivity, the recombination of charges is very

rapid and can counteract the separation process. Consequently little or no static electricity
accumulates on the material. Such a highly conductive material can only retain or accumulate
charge ifitis insulated by means of a poor conductor. The rate of loss of charge is then
dependent upon the relaxation time of this lesser conducting material.

The important factors governing relaxation are therefore the electrical conductivities of
the separated materials, of other conductors nearby, such as tanker’s structure, and of any
additional materials that may be interposed between them a er their separation.

3.1.4 Electrostatic discharge

Electrostatic discharge occurs when the electrostatic field becomes too strong and the electrical
resistance of an insulating material suddenly breaks down. When breakdown occurs, the
gradual flow and charge recombination associated with relaxation is replaced by a sudden flow
recombination that generates intense local heating (e.g. a spark) that can be a source of ignition
in a flammable atmosphere. Although all insulating media can be a ected by breakdowns and
electrostatic discharges, the main concern for tanker operations is to prevent discharges in air or
vapour and so avoid sources of ignition.
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Electrostatic fields in tanks or compartments are not uniform because of tank shape and the
presence of conductive internal protrusions, such as probes and structure. The field strength
is enhanced around these protrusions and, consequently, that is where discharges occur. A
discharge may occur between a protrusion and an insulated conductor or solely between a
conductive protrusion and the space in its vicinity, without reaching another object.

3.14.1 Types of discharge
Electrostatic discharge can take the form of a corona, a brush discharge, a spark or a propagating
brush discharge, as described below:

Acoronaisadi use discharge from a single sharp conductor that slowly releases some of the
available energy. A corona on its own is incapable of igniting a gas.

Abrush discharge is a di use discharge from a highly charged non-conductive object to a single
blunt conductor that is more rapid than a corona and releases more energy. It is possible for a
brush discharge to ignite gases and vapours. Examples of a brush discharge are:

« Between a conductive sampling apparatus lowered into a tank and the surface of a
charged liquid.

« Between a conductive protrusion (e.g. fixed tank washing machine) or structural member and
acharged liquid being loaded at a high rate.

A spark is an almost instantaneous discharge between two conductors where almost all of the
energy in the electrostatic field is converted into heat that is available to ignite a flammable
atmosphere. Examples of sparks are:

» Between an unearthed conductive object floating on the surface of a charged liquid and the
adjacent tank structure.

» Between unearthed conductive equipment suspended in a tank and the adjacent
tank structure.

» Between conductive tools or materials le behind a er maintenance when insulated by a rag
or piece of lagging.

Sparks can be incendive if various requirements are met. These include:

« Adischarge gap short enough to allow the discharge to take place with the voltage di erence
present, but not so short that any resulting flame is quenched.

« Enough electrical energy to supply the minimum amount of energy to initiate combustion.

A propagating brush discharge is a rapid, high-energy discharge from a sheet of material of high
resistivity and high dielectric strength with the two surfaces highly charged but of opposite
polarity. The discharge is initiated by an electrical connection (short circuit) between the two
surfaces. The bipolar sheet can be in ‘free space’ or, as is more normal, have one surface in
intimate contact with a conducting material (normally earthed).

The short circuit can be achieved:

« By piercing the surface (mechanically or by an electrical break-through).

» By approaching both surfaces simultaneously with two electrodes electrically connected.

« When one of the surfaces is earthed, by touching the other surface with an earthed conductor.

A propagating brush discharge can be highly energetic (one joule or more) and so will readily
ignite a flammable mixture.

Scientific studies have shown that epoxy coatings greater than 2mm thick on tanks, filling
pipes and fittings may give rise to conditions where there is a possibility of a propagating
brush discharge. In these cases, there would be a need to seek expert advice on requirements
to explicitly earth the cargo. However, on most tankers, the thickness of epoxy coatings is not
greater than 2mm.

3.1.4.2 Conductivity

Materials and liquid products that are handled by tankers and terminals are classified as
non-conductive, semi-conductive (in most electrostatic standards the term ‘dissipative’ is now
preferred to ‘semi-conductive’) or conductive.
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Non-conductive materials (or non-conductors)

These materials have such low conductivities that once they receive a charge they retain it for
avery long time. Non-conductors can prevent the loss of charge from conductors by acting as
insulators. Charged non-conductors are of concern because they can generate incendive brush
discharges to nearby earthed conductors, and because they can transfer a charge to, or induce a
charge on, neighbouring insulated conductors that may then give rise to sparks.

Liquids are considered to be non-conductors when they have conductivities less than 50pS/m
(pico Siemens/metre). Such liquids are o en referred to as static accumulators. Refer to a
product’s SDS to ascertain its conductivity.

The solid non-conductors include plastics, such as polypropylene, PVC, nylon and many types
of rubber. They can become more conductive if their surfaces are contaminated with dirt or
moisture (the precautions to be taken when loading static accumulator oils are covered in
section 11.1.7).

Semi-conductive materials (or dissipative materials or intermediate conductors)

The liquids in this intermediate category have conductivities exceeding 50pS/m and, along with
conductive liquids, are o en known as static non-accumulators. The solids in this intermediate
category generally include such materials as wood, cork, sisal and naturally occurring organic
substances. They owe their conductivity to their ready absorption of water and they become
more conductive as their surfaces are contaminated by moisture and dirt. However, when new
or thoroughly cleaned and dried, their conductivities can be low enough to bring them into the
non-conductive range.

If materials in the intermediate conductivity group are not insulated from earth, their
conductivities are high enough to prevent accumulation of an electrostatic charge. However,
their conductivities are normally low enough to inhibit production of energetic sparks.

For materials with intermediate conductivities, the risk of electrostatic discharge is small,
particularly if the practices in this guide are adhered to, and their chance of being incendive
is even smaller. However, caution should still be exercised when dealing with intermediate
conductors because their conductivities are dependent upon many factors, so their actual
conductivity is not known.

Conductive materials

In the case of solids, these are metals. In the case of liquids, it is the whole range of aqueous
solutions, including sea water. The human body, consisting of about 60% water, ise ectively a
liquid conductor. Many alcohols are conductive liquids.

The important property of conductors is that they are incapable of holding a charge unless
insulated. Also, if they are insulated, charged and an opportunity for an electrical discharge
occurs, all the charge available is almost instantaneously released into the potentially
incendive discharge.
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Table 3.1 provides information on the typical conductivity value and classification for a range

of products:

Product

Typical conductivity (pS/m)

Classification

Non-conductive

Between 0-50

Benzene 0.005
Xylene 0.1
Gasoline (straight run) 0.1tol
Diesel (ultra-low sulphur) 0.1to2
Lube oil (base) 0.1to 1,000*
Accumulator
Commercial jet fuel 0.2to 50
Toluene 1
Kerosene 1to 50
Diesel 1to 100*
Cyclohexane Less than 2
Motor gasoline 10 to 300*

Semi-conductive

Between 50-10,000

Fuel with anti-static additive 50 to 300
Heavy black fuel oils 50 to 1,000 Non-accumulator
Semi-conductive crude oil Less than 10,000
Bitumen More than 1,000
Conductive More than 10,000
Conductive crude oil More than 10,000
Alcohols More than 100,000
Non-accumulator
Ketones 100,000
Distilled water 1,000,000,000
Water 100,000,000,000

* Some additives used for performance improvement can increase conductivity significantly.

Table 3.1: Typical conductivity of products

3.1.5 Electrostatic properties of gases and mists

Under normal conditions, gases are highly insulating, which has important implications for mists
and particulate suspensions in air and other gases. Charged mists are formed during the ejection
of liquid from a nozzle, for example:

» Products entering an empty tank at high velocity.
» Wet steam condensing.
» Water from tank washing machines.

Although the liquid, e.g. water, may have a very high conductivity, the relaxation of the charge
on the droplets is hindered by the insulating properties of the surrounding gas. Fine particles in
inert flue gas, or created during discharge of pressurised liquid carbon dioxide, are frequently
charged. The gradual charge relaxation, which does occur, is the result of the particles or
droplets settling and, if the field strength is high, of corona discharge at sharp protrusions. Under
certain circumstances, discharges with enough energy to ignite product gas/air mixtures can
occur (see also section 3.3.4).



77 - International Safety Guide for Inland Navigation Tank-barges and Terminals

3.2 General precautions against electrostatic hazards

3.2.1 Overview

Whenever a flammable atmosphere could potentially be present, the following measures must

be taken to prevent electrostatic hazards:

» The bonding of metal objects to the metal structure of the tanker to eliminate the risk of spark
discharges between metal objects that might be electrically insulated. This includes metallic
components of any equipment used for dipping, ullaging and sampling.

» The removal from tanks or other hazardous areas of any loose conductive objects that cannot
be bonded.

« Restricting the linear velocity of the cargo to a maximum of 1m/sec at the individual tank inlets
during the initial stages of loading, i.e. until:

a. Thefilling pipe and any other structure on the base of the tank has been submerged to
twice the filling pipe diameter so that all splashing and surface turbulence has ceased.

b. Any water collected in the pipeline has been cleared. It is necessary to load at this restricted
rate for 30 minutes or until two pipeline volumes (i.e. from shore tank to ship’s tank) have
been loaded into the tank, whichever is the lesser.

Minimum diameter of piping* (mm) Approx. flow rate (m3/hr)
80 17
100 29
150 67
200 116
250 183
305 262
360 320
410 424
460 542
510 676
610 987
710 1,354
810 1,782

Table 3.2: Loading rates equivalent to flow velocity of 1m/sec (initial stage of loading)
Also see sections 7.3.3.2and 11.1.7.3

« Continuing to restrict the product flow to a maximum of 1m/sec at the tank inlet for the
whole operation unless the product is ‘clean’. A ‘clean’ product within this context is one
that contains less than 0.5% by volume of free water or other immiscible liquid and less than
10mg/¢ of suspended solids.*

« Avoiding splash filling by employing bottom entry using a fill pipe terminating close to the
bottom of the tank.

The following additional precautions should be taken against static electricity during ullaging,
dipping, gauging or sampling of static accumulator products:

» Banning the use of all metallic equipment for dipping, ullaging and sampling during loading
and for 30 minutes a er completion of loading. A er the 30-minute wait, metallic equipment

1 CENELEC Technical Report CLC/TR 50404, Electrostatics — Code of Practice for the Avoidance of Hazards Due
to Static Electricity, June 2003.
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may be used but it must be e ectively bonded and securely earthed to the structure of the
tanker before it is introduced into the tank, and must remain earthed untila er removal.

« Banning the use of all non-metallic containers of more than 12 capacity for dipping, ullaging
and sampling during loading and for 30 minutes a er completion of loading.

Non-metallic containers of less than 1€ capacity may be used for sampling in tanks at any time,
provided that they have no conducting components and they are not rubbed prior to sampling.
Cleaning with a high conductivity proprietary cleaner, a solvent such as 70:30 IPA/toluene mix, or
soapy water, is recommended to reduce charge generation. To prevent charging, the container
should not be rubbed dry a er washing.

Operations carried out through a correctly designed and installed sounding pipe are permissible
at any time. Itis not possible for any significant charge to accumulate on the surface of the liquid
within the sounding pipe and therefore no waiting time is required. However, the precautions to
be observed against introducing charged objects into a tank still apply and if metallic equipment
is used it should be bonded before being inserted into the sounding pipe.

Detailed guidance on precautions to be taken during ullaging, dipping and sampling of static
accumulator oils is given in section 11.8.2.3. These precautions should be rigidly adhered to in
order to avoid hazards associated with the accumulation of an electrical charge on the cargo.

3.2.2 Bonding

The most important countermeasure that must be taken to prevent an electrostatic hazard is to
bond all metallic objects together to eliminate the risk of discharges between objects that might
be charged and electrically insulated. To avoid discharges from conductors to earth, it is normal
practice to include bonding to earth (‘earthing’ or ‘grounding’). On tankers, bonding to earth

ise ectively accomplished by connecting metallic objects to the metal structure of the tanker,
which is naturally earthed through the water.

Some examples of objects which might be electrically insulated in hazardous situations and
must therefore be bonded are:

« Ship/shore hose couplings and flanges, except for the insulating flange or single length of
non-conducting hose required to provide electrical isolation between the ship and shore (see
section 17.5).

« Portable tank washing machines.

« Manual ullaging and sampling equipment with conducting components.

« The float of a permanently fitted ullaging device if its design does not provide an earthing path
through the metal tape.

The best method of ensuring bonding and earthing will usually be a metallic connection
between the conductors. Alternative means of bonding are available and have proved

e ective in some applications, e.g. semi-conductive (dissipative) pipes and ‘O’ rings, rather
than embedded metallic layers, for glass fibre reinforced plastic (GRP) pipes and their
metal couplings.

Any earthing or bonding links used as a safeguard against the hazards of static electricity
associated with portable equipment must be connected whenever the equipment is set up and
not disconnected until a er the equipment is no longer in use.

3.2.3 Avoiding loose conductive objects

Certain objects may be insulated during tanker operations, for example:

» A metal object, such as a can, floating in a static accumulating liquid.

» Aloose metal object while it is falling in a tank during washing operations.

« Ametallic tool le on a piece of old lagging a er maintenance.

Every e ortshould be made to ensure that such objects are removed from the tank since there

is evidently no possibility of deliberately bonding them. This necessitates careful inspection of
tanks, particularly a er shipyard repairs.
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3.3 Other sources of electrostatic hazards

3.3.1 Filters
Three classifications of filter may be used:

Coarse (greater than or equal to 150 microns)
These do not generate a significant amount of charge and require no additional precautions
provided that they are kept clean.

Fine (less than 150 microns, greater than 30 microns)

These can generate a significant amount of charge and so require enough time for the charge
to relax before the liquid reaches the tank. It is essential that the liquid spends a minimum

of 30 seconds (residence time) in the piping downstream of the filter. Flow velocity should be
controlled to ensure that this residence time is met.

Microfine (less than or equal to 30 microns)

To allow enough time for the charge to relax, the residence time a er passing through microfine
filters must be a minimum of 100 seconds before the product enters the tank. Flow velocity
should be adjusted accordingly.

3.3.2 Fixed equipment in cargo tanks

A metal probe, remote from any other tank structure but near a highly charged liquid surface,
will have a strong electrostatic field at the probe tip. Protrusions of this type may be associated
with equipment mounted from the top of a tank, such as fixed washing machines or high-level
alarms. During the loading of static accumulator oils, this strong electrostatic field may cause
electrostatic discharges to the approaching liquid surface.

Metal probes of the type described above can be avoided by installing the equipment adjacent to
a bulkhead or other tank structure to reduce the electrostatic field at the probe tip. Alternatively,
a support can be added running from the lower end of the probe downward to the tank structure
below, so that the rising liquid meets the support at earth potential rather than the insulated

tip of a probe. In some cases another possible solution is to construct the probe-like device
entirely of a non-conductive material. These measures are not necessary if the tanker is limited
to conductive products or if the tanks are inerted.

3.3.3 Free fall in tanks

Loading or ballasting over the top (overall) delivers charged liquid to a tank in such a manner
that it can break up into small droplets and splash into the tank. This may produce a charged
mist as well as an increase in the product gas concentration in the tank. Restrictions upon
loading or ballasting overall are given in section 11.1.12.

3.34 Water mists

Spraying water into tanks, for instance during water washing, gives rise to electrostatically
charged mist. This mist is uniformly spread throughout the tank being washed.

The electrostatic levels vary widely from tank to tank, both in magnitude and in sign.

When washing is started in a dirty tank, the charge in the mist is initially negative, reaches a
maximum negative value, then goes back through zero, and finally rises towards a positive
equilibrium value. It has been found that among the many variables a ecting the level and
polarity of charging the characteristics of the wash water and the degree of cleanliness of the
tank have the most significant influence. The electrostatic charging characteristics of the water
are altered by re-circulation or by the addition of tank cleaning chemicals, either of which may
cause very high electrostatic potentials in the mist. Potentials are higher in large tanks than

in small ones. The size and number of washing machines in atank a ect the rate of change of
charge but they have little e ect on the final equilibrium value.

The charged mist droplets created in the tank during washing give rise to an electrostatic field,
which is characterised by a distribution of potential (voltage) throughout the tank space. The
bulkheads and structure are at earth (zero) potential and the space potential increases with



80 - International Safety Guide for Inland Navigation Tank-barges and Terminals

distance from these surfaces and is highest at points furthest from them. The field strength, or
voltage gradient, in the space is greatest near the tank bulkheads and structure, more especially
where there are protrusions into the tank. If the field strength is high enough, electric breakdown
occurs into the space, giving rise to a corona. Because protrusions cause concentrations of

field strength, a corona occurs preferentially from such points. A corona injects a charge of the
opposite sign into the mist and is believed to be one of the main processes limiting the amount
of charge in the mist to an equilibrium value. The corona discharges produced during tank
washing are not strong enough to ignite any hydrocarbon gas/air mixtures that may be present.

Under certain circumstances, discharges with enough energy to ignite product gas/air mixtures
can occur from unearthed conducting objects already within, or introduced into, a tank filled
with charged mist. Examples of such unearthed conductors are a metal sounding rod suspended
on a rope or a piece of metal falling through the tank space.

An unearthed conductor within a tank can acquire a high potential, primarily by induction,
when it comes near an earthed object or structure, particularly if the latter is in the form of a
protrusion. The unearthed conductor may then discharge to earth giving rise to a spark capable
of igniting a flammable product gas/air mixture.

The processes by which unearthed conductors give rise to ignitions in a mist are fairly complex. A
number of conditions must be satisfied simultaneously before an ignition can occur.

These conditions include the size of the object, its trajectory, the electrostatic level in the tank
and the geometrical configuration where the discharge takes place.

As well as solid unearthed conducting objects, an isolated slug of water produced by the washing
process may similarly act as a spark promoter and cause an ignition. Experiments have shown
that high-capacity, single-nozzle, fixed washing machines can produce water slugs which, owing
to their size, trajectory and duration before breaking up, may satisfy the criteria for producing
incendive discharges. However, there is no evidence that portable types of washing machine can
produce water slugs capable of creating incendive discharges. This can be explained by the fact
that, if the jet is initially fine, the length of slugs produced are relatively small, so they have a
small capacitance and do not readily produce incendive discharges.

Following extensive experimental investigations and using the results of long-term experience,
the tanker industry has drawn up the tank washing guidelines set out in section 11.3. These
guidelines are aimed at preventing excessive charge generation in mists and controlling the
introduction of unearthed conducting objects when there is charged mist in the tank.

3.35 Inert gas

Small particulate matter carried in inert gas can be electrostatically charged. The charge
separation originates in the combustion process and the charged particles are capable of being
carried through the scrubber, fan and distribution pipes into the cargo tanks. The electrostatic
charge carried by the inert gas is usually small, but levels of charge have been observed well
above those encountered with the water mists formed during washing. Because the tanks are
normally in an inert condition, the possibility of an electrostatic ignition has to be considered
only if it is necessary to inert a tank that already contains a flammable atmosphere or if a tank
already inerted is likely to become flammable because the oxygen content rises as a result

of ingress of air. Precautions are then required during dipping, ullaging and sampling (see
section 11.8.3).

3.3.6 Discharge of carbon dioxide

During the discharge of pressurised liquid carbon dioxide, the rapid cooling that takes place can
result in the formation of particles of solid carbon dioxide that become charged on impact and
contact with the nozzle. The charge can be significant with the potential for incendive sparks.
Liquefied carbon dioxide should not be used for inerting, and should not be injected for any
other reason into cargo tanks or pump rooms that may contain flammable gas mixtures.
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3.3.7 Clothing and footwear

People who are insulated from earth by their footwear or the surface on which they are standing
can become electrostatically charged. This charge can arise from physical separation of
insulating materials caused, for instance, by walking on a very dry insulating surface (separation
between the soles of the shoes and the surface) or by removing a garment.

3.3.8 Synthetic materials

An increasing number of items manufactured from synthetic materials are being o ered for
use on tankers. It is important that those responsible for providing items to tankers should be
satisfied that if the materials are to be used in flammable atmospheres they will not introduce
electrostatic hazards.
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4 General hazards for inland tanker and
terminal

This chapter deals primarily with general hazards on board an inland tanker and/or at a
terminal and the precautions to be taken to mitigate them. Refer to the appropriate chapters
for precautions relating to specific operations such as cargo handling, ballasting, tank cleaning,
inerting or entry into enclosed spaces.

4.1 General principles

To eliminate the risk of fire and explosion on an inland tanker, it is necessary to prevent a source
of ignition and a flammable atmosphere being present in the same place at the same time. Itis
not always possible to exclude both these factors simultaneously and precautions are therefore
directed towards excluding or controlling one of them.

In the case of cargo compartments, pumprooms and at times the tank deck, flammable gases
are to be expected and the strict elimination of all possible sources of ignition in these locations
is essential.

Spaces within the accommodation block inevitably contain ignition sources such as electrical
equipment, matches and/or electric cigarette lighters. While it is sound practice to minimise and
control such sources of ignition, e.g. by designation of approved smoking rooms, it is essential to
avoid the entry of flammable gas.

Air intakes must be set to ensure that the atmospheric pressure inside the accommodation is
greater than that of the external atmosphere. In engine and boiler rooms, ignition sources such
as those arising from boiler operations and electrical equipment cannot be avoided (see section
4.2.4). Itis essential therefore to prevent the entry of flammable gases into such compartments.
Fuels may present a flammability hazard (see section 2.7) and the routine checking of bunker
spaces for flammability by inland tanker and terminal personnel is to be encouraged.

Itis possible, by good design and operational practice, for both flammable gases and ignition
sources to be safely controlled in workshops, store rooms, etc. However, the means for such
control must be rigorously maintained and may be subjected to local regulation.

Although the installation and the correct operation of an inert gas system provide an added
measure of safety, it does not preclude the need for close attention to the precautions set out in
this chapter.

Oil spills and leaks present a fire hazard and can lead to pollution. They can also cause slips and
falls. Spills and leaks should therefore be avoided. If they occur, immediate attention should be
given to stopping the source and to cleaning contaminated areas.

4.2 Control of potential ignition sources

4.2.1 Naked lights

Naked lights must be prohibited on the tank deck, in the terminal and in any other place where
there is a risk that flammable gas may be present.

4.2.2 Smoking

Smoking presents significant risks on board inland tankers and therefore requires careful
management. While the text of this section refers explicitly to smoking, the controls should
also be applied to the burning of other products, e.g. incense and joss sticks, electric cigarettes
and other smoking devices. As with tobacco products, smouldering smoke-producing products
should never be le unattended or allowed near bedding or other combustible materials.

4.2.2.1 Smoking while an inland tanker is under way
While an inland tanker is under way, smoking should be permitted only at times and in places
specified by the inland tanker’s Master. Personnel on board inland tankers should only smoke



83 - International Safety Guide for Inland Navigation Tank-barges and Terminals

in the dedicated smoking room, if one is available. Smoking should be prohibited on the tank
deck or any other place where flammable gas may be present. Criteria that should be considered
when determining the location of designated smoking places are listed in section 4.2.2.3.

4.2.2.2 Smoking in port and controlled smoking

Smoking in port should only be permitted under controlled conditions and in designated
smoking areas and not during cargo operations, ballasting and gas freeing. Di iculties perceived
in introducing a restrictive smoking policy, including a total ban, should not impede the
implementation of such a policy if it is in the interest of safe operations. Appropriate measures
should be in place, on the ship and the shore, to ensure full compliance.

Smoking should be prohibited in the restricted area around all tankers and berths and onboard
any tanker while at a berth, except in designated places. Smoking onboard barges and other
small cra should be prohibited while they are alongside the tanker or terminal. Attention
should be given to local (port) regulations.

Certain cra , such as barges designed without a permanent propulsion system, may have an
accommodation block or lesser structure a ixed directly to the tank deck. The spaces beneath
such a structure may be designed for the carriage of non-explosive and non-flammable
products, but this does not guarantee that such spaces remain gas free.

Some conventional vessels, typically smaller barges and inland watercra are similarly at risk
through their inability to maintain positive pressure in the accommodation block and other
spaces. In such cases, the inherent di iculty in maintaining a gas-free environment either within,
immediately outside or below such an accommodation block or lesser structure makes the
provision of a safe smoking area impossible. Smoking on board such cra should be strictly
prohibited while they remain alongside the terminal or facility.

4.2.2.3 Location of designated smoking places

The designated smoking places on shore should be agreed in writing between the Responsible
Person and the Terminal Representative before operations start. The Responsible Person
should ensure that all the people on board the inland tanker are informed of the selected places
for smoking.

Criteria for designating smoking places on shore include:
« Smoking places should be confined to locations within the buildings.?
» Smoking places should not have doors or windows that open directly onto open spaces.

» Account should be taken of conditions that may suggest danger, such as an indication of
unusually high petroleum gas concentrations, particularly in the absence of wind, and when
there are operations on adjacent inland tankers or on the jetty berth.

While the inland tanker is moored at the terminal, even when no operations are in progress,
smoking can only be permitted in designated smoking places and a er prior agreement in
writing between the Responsible Person and the Terminal Representative, in any other closed
accommodation, subject to local (port) regulations.

4.2.2.4 Matches and cigarette lighters
Safety matches or fixed (car-type) electrical cigarette lighters should be provided in approved
smoking locations.

All matches used on board inland tankers should be of the safety type. The use of matches and
cigarette lighters outside the accommodation should be prohibited. Matches and cigarette
lighters should not be carried on the tank deck or in any other place where flammable gas may
be present.

The use of all mechanical lighters and portable lighters with electrical ignition sources should be
prohibited on board inland tankers.

Disposable lighters present a significant risk as an uncontrolled ignition source. The unprotected
nature of their spark-producing mechanism allows them to be easily activated accidentally.

2 Local legislation may prohibit having a smoking location within buildings. A formal risk assessment should
be in place to ensure an acceptable safety standard.
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The carriage of matches and lighters through terminals should be prohibited. Severe penalties
may be levied under local regulations for non-compliance.

4.2.2.5 Notices

Portable and permanent notices prohibiting smoking and the use of naked lights should
be displayed conspicuously on the inland tanker and at the exits from the accommodation
area. Within the accommodation area, instructions concerning smoking should be
displayed conspicuously.

The existing smoking rules also apply to the use of electronic or e-cigarettes.

4.2.3 Galley stoves and cooking appliances

The use of galley stoves and other cooking appliances that employ naked flames should be
prohibited while an inland tanker is at the terminal.

It is essential that personnel be instructed in the safe operation of galley equipment.
Unauthorised and inexperienced personnel should not be allowed to use such facilities.

A frequent cause of fires is the accumulation of unburnt fuel or fatty deposits in galley ranges,
within flue pipes and in the filter cowls of galley vents. Such areas require frequent inspection to
ensure that they are clean. Oil and deep fat fryers should be fitted with thermostats to cuto the
electrical power and so prevent accidental fires.

The crew should be trained in handling fire emergencies and appropriate responses. Appropriate
fire extinguishers and fire blankets should be readily available, regularly inspected and maintained.

The use of portable stoves and cooking appliances on board inland tankers should be controlled
and, when in port, their use should be prohibited.

Cookers and other equipment heated by steam may be used at all times.

4.2.4 Engine and boiler rooms

4.2.4.1 Combustion equipment

As a precaution against funnel fires and sparks, burners, tubes, uptakes, exhaust manifolds
and spark arresters should be kept in good working condition. If there is a funnel fire or sparks
are emitted from the funnel when sailing, the inland tanker should take measures as soon

as possible to avoid sparks falling on the tank deck. Any cargo, ballasting or tank-cleaning
operations in progress must be stopped and all tank openings closed.

4.2.4.2 N/A

4.3 Portable electrical equipment
4.3.1 General

All portable electrical equipment, including lamps, for operation in hazardous areas must be of an
approved type. Before use, portable equipment should be examined for possible defects such as
damaged insulation, and a check made that cables are securely attached and that they will remain so
throughout the work. Special care should be taken to prevent any mechanical damage to flexible cables
or wandering leads.

Portable and fixed electrical and electronic equipment present similar ignition hazards. The
electrical energy is, typically, lower in portable equipment, but there are more risks from the use
of batteries and an increased likelihood of equipment or cable damage.

Portable electrical and electronic devices should not be brought into a potentially flammable
atmosphere unless they are certified as suitable. Certification should be checked for:

Method of protection.

Gas group.
Temperature class.

« ZOne.

Special conditions — marked with an X at the end of the certificate number.



85 - International Safety Guide for Inland Navigation Tank-barges and Terminals

Selected general purpose Portable Electronic Product (PEP) can only be used in hazardous
areasif:

« Itisintended to be worn directly or supported by a person’s body, or handheld, i.e. supported
by one hand during normal use.

« Itis battery powered or photovoltaic powered.

« It has been approved for use by both the owner/operator of the hazardous area and the
authority having jurisdiction over site.

Some PEPs can be used in hazardous areas without meeting the above requirements, as long

as they are incapable of causing an ignition under normal conditions and are used for their
intended purpose. Examples include electronic wrist watches and hearing aids. However, this
exception does not extend to more sophisticated electronic devices, e.g. rechargeable fitness
wristbands and smart watches, as they are typically powered by higher risk lithium ion cells that
have a greater risk of becoming an ignition source (see section 4.3.7).

More guidance on PEP and the requirements for suitability assessment and classification in
hazardous locations, as well as the standard criteria for equipment to meet for acceptance, can
be found in the American National Standards Institute (ANSI)/ISA 12.12.03 Standard for Portable
Electronic Products Suitable for Use in Class | and II, Division 2, Class | Zone 2 and Class Ill, Division 1
and 2 Hazardous (Classified) Locations.

Portable and battery powered equipment frequently undergo in-service product upgrades,
resulting in potential changes in operating parameters that could a ect any prior testing
and approval.

Testing of equipment for classification in hazardous environments is time consuming, resulting
in a limited range of equipment that can be certified and labelled for use in hazardous
environments and may periodically require re-testing to maintain certification.

ISGINTT2 does not recommend the use of PEP in hazardous locations except under strictly
controlled and normal operating conditions as described in this section. Thiswill o en require
PEP to be used only under the conditions of a gas free or hot work permit under the control of
the owner/operator of the site.

Before use, portable equipment should be inspected for possible defects, e.g. damaged casings
and cables, and to make sure cables are securely attached and will stay attached throughout the
work. Special care should be taken to prevent any mechanical damage to flexible cables.

Inspection and maintenance of all portable electrical equipment should be included in the
Planned Maintenance System (PMS).

4.3.2 Lamps and other electrical equipment on flexible cables
(wandering leads)

The use of portable electrical equipment on wandering leads should be prohibited within cargo
tanks and adjacent spaces or over the tank deck, unless the:

» Compartments within which, or over which, the equipment and the leads are to be used are
safe for hot work (see section 9.4).

« All the equipment, including wandering leads, is intrinsically safe.

» Orthe equipment is contained within an approved explosion-proof housing. Any flexible
cables should be approved for extra-hard usage, have an earth conductor, and be permanently
attached to the explosion-proof housing in an approved manner.

Certain types of equipment are approved for use over the tank deck only.

The foregoing does not apply to the proper use of flexible cables used with signal or navigation
lights or with approved types of telephones.
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4.3.3 Air-driven lamps

Air-driven lamps of an approved type may be used in hazardous areas. To avoid the
accumulation of static electricity at the appliance, the following precautions should
be observed:

« The air supply should be fitted with a water trap.
» Supply hose should be of a low electrical resistance.

Permanently installed units should be earthed.

4.3.4 Torches (flashlights), lamps and portable battery power

Only torches that have been approved by a competent authority for use in flammable
atmospheres may be used on board inland tankers.

Handheld UHF/VHF portable transceivers must be of an intrinsically safe type.

Small, battery-powered, personal medical items e.g. miniature hearing aids and heart
pacemakers, are not considered significant ignition sources and can be used without
certification in some hazardous areas subject to national standards and risk assessment.

Unless approved for use in a flammable atmosphere, portable radios, tape recorders, electronic
calculators, cameras containing batteries, photographic flash units, portable telephones

and radio pagers, must not be used on the tank deck or in areas where flammable gas may

be present.

Trimode gauging tapes are battery-operated electronic units and should be certified as being
suitable for use in flammable atmospheres.

4.3.5 Cameras

There is a wide range of photographic equipment available. Inland tankers and terminals may
encounter various types of camera in di erent situations — film crews with complex professional
equipment and large batteries or personal still or video equipment. The following general
guidelines should be considered when deciding whether or not it is safe to use a particular
camera. This guidance refers only to ignition hazards and does not consider security concerns
that may require other restrictions on the use of cameras in some ports.

Camera equipment that contains batteries may produce an incendive spark from the flash or the
operation of electrically powered items, such as aperture control and film winding mechanisms.
This equipment should therefore not be used in a hazardous area (see section 4.4.2) unless

itis certified as being suitable for use in a hazardous area. Disposable cameras are available
with a built-in flash capability and care must be taken to ensure that these are not used in
hazardous areas.

Photographic equipment is available which does not have a flash, or any battery or power
operated parts, such as the non-flash plastic disposable types. These cameras can be considered
safe for use in hazardous areas.

Cameras that are operated by a clockwork mechanism, or with direct mechanical devices for
aperture setting and film winding, are also available and can be considered safe for use in a
hazardous area.

4.3.6 Other portable electrical equipment
For guidance on the use of mobile telephones and pagers, see sections 4.8.6 and 4.8.7.

Any other electrical or electronic equipment of non-approved type, whether mains or battery
powered, must not be active, switched on or used within hazardous areas. This includes, but is
not limited to, radios, calculators, games consoles, photographic equipment, laptop computers,
handheld computers, smart watches, fitness wristbands, E-cigarettes, remote controlled devices
e.g. drones, CD and DVD players, tape recorders and digital music players and any other portable
equipment or wearable technology that is electrically powered but not approved for operation in
hazardous areas.
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In view of the ready availability and widespread use of such equipment, appropriate measures
should be taken to prevent its use within hazardous areas. Personnel must be advised of the
prohibition of non-approved equipment, and terminals should have a policy for informing
visitors of the potential dangers associated with the use of portable electrical equipment.

Terminals should also reserve the right to require any non-approved items of equipment to be
deposited at the entrance to the port area or other appropriate boundary within the terminal.

4.3.7 Lithium batteries

Lithium batteries are used in a wide variety of industrial and personal electrical equipment.
There are two main types of lithium battery: primary (non-rechargeable) and secondary
(rechargeable). All lithium batteries are high energy power sources. They can cause fire or
explode, especially if they are damaged, exposed to fire, short circuited, overcharged or exposed
to water. Used lithium batteries should be stored separately in dry conditions until landed for
formal disposal.

The following precautions should be taken:

« Only use lithium batteries that are designed for the equipment being charged, incorporate the
necessary safety features and are lithium ion.

« Do not crush, break open or damage lithium batteries or the equipment that contains them.

« Avoid short circuiting. For example, take care when moving the lithium batteries from an
air-conditioned environment to a warm moist area, which may cause internal condensation
leading to a short circuit.

4.4 Management of electrical equipment and installations in
hazardous areas

4.4.1 General

This section describes the di erent approaches to the classification of hazardous areas on
board inland tankers and of hazardous areas in terminals with regard to electrical installations
and equipment. General guidance is given on the safety precautions to be observed during
maintenance and repair of electrical equipment. Note that the standards for electrical
equipment and its installation are considered to fall outside the scope of this guide.

442 Hazardous areas

44.2.1 Hazardous areas on an Inland tanker

In an inland tanker, certain areas/spaces are defined by international convention, flag- or
competent administration, legislation and classification societies as being hazardous for the
installation or use of electrical equipment either at all times or during specific periods such as
loading, ballasting, tank-cleaning or gas-freeing operations.

Definitions of hazardous areas on inland tankers, detailed in the classification society rules, are
derived from recommendations by the International Electrotechnical Commission (IEC) as to the
types of electrical equipment that can be installed in them. It should be noted that for terminals
the IEC definitions follow a rigid classification based on a zonal concept (see section 4.4.2.2).

4422 Hazardous areas at a terminal

At a terminal, account is taken of the probability of a flammable gas mixture being present by
grading hazardous areas into three zones. The IEC classifies hazardous areas into zones based
upon the frequency of the occurrence and duration of an explosive gas atmosphere:

e Zone O
A place where an explosive atmosphere consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is present continuously, for long periods
or frequently.

« Zonel
A place where an explosive atmosphere consisting of a mixture of air and flammable substances
in the form of gas, vapour or mist is likely to occur in normal operation occasionally.
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e Zone 2
A place where an explosive atmosphere consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is not likely to occur in normal operation but, if it
does occur, will persist only for a short period.

4423 Application of hazardous area classifications to an inland tanker at a berth
When an inland tanker is at a berth, it is possible that an area in the tanker that is regarded as safe
may fall within one of the hazardous zones of the terminal. If such a situation arises and, if the
area in question contains unapproved electrical equipment, then such equipment may have to be
isolated while the tanker is at the berth. During cargo, bunkering, ballasting, tank-cleaning, gas-
freeing, purging or inerting operations, all unapproved electrical equipment should be isolated.

4.4.3 Electrical equipment

4.43.1 Fixed electrical equipment

Fixed electrical equipment in hazardous areas, even where a flammable atmosphere is to
be infrequently expected, must be of an approved type. This equipment should be properly
maintained so as to ensure that neither the equipment nor the wiring become a source

of ignition.

4.4.3.2 Closed circuit television

If closed circuit television is fitted on an inland tanker or on a jetty, the cameras and associated
equipment must be of an approved design for the areas in which they are located. If they are of
an approved design, there is no restriction on their use. When an inland tanker is at a berth, any
servicing of this equipment should be subject to prior agreement between the inland tanker’s
Responsible Person and the Terminal Representative.

4.4.3.3 Electrical equipment and installations on board an inland tanker

Fixed electrical equipment and installations in inland tankers will be in accordance with
classification society or national requirements, based on the recommendations of the IEC.
Additional recommendations in respect of the use of temporary electrical installations and
portable electrical equipment are given in sections 4.3 and 10.9.4.

4.4.3.4 Electrical equipment and installations at terminals
At terminals, the types of electrical equipment and methods of installation will normally be
governed by national requirements and, where applicable, the recommendations of the IEC.

4.4.4 Inspection and maintenance of electrical equipment

4.4.4.1 General
All apparatus, systems and installations, including cables, conduits and similar equipment,
should be kept in good condition. To this end, they should be inspected regularly.

Correct functional operation does not necessarily imply compliance with the required standards
of safety.

4.4.4.2 Inspections and checks

All equipment, systems and installations should be inspected when first installed. Following
any repair, adjustment or modification, those parts of the installation that have been disturbed
should be checked in accordance with national requirements.

If the area classification or the characteristics of the flammable material handled at a terminal
ever change, a check should be made to ensure that all equipment is of the correct group

and temperature class, and that it continues to comply with the requirements for the revised
area classification.

4.4.4.3 Maintenance of electrical equipment

Incorrect maintenance procedures may compromise the integrity of the protection a orded by
the design of explosion-proof or intrinsically safe electrical equipment. Even the simplest repair
and maintenance operation must be carried out in strict compliance with the manufacturer’s
instructions and national requirements in order to ensure that such equipment remainsin a
safe condition.
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This is particularly relevant with explosion-proof lights, where incorrect closing a er changing a
bulb could compromise the integrity of the light.

To assist with routine servicing and repair, inland tankers should be provided with detailed
maintenance procedures and/or manuals for the specific systems and arrangements fitted on
board. All repairs and maintenance should comply with the manufacturer’s instructions and only
qualified and competent electrical personnel should work on critical safety equipment,

e.g. explosion-proof fittings.

Repair methods for electrical equipment in hazardous areas are described in the IEC 60079-19
Explosive Atmospheres — Part 19: Equipment Repair, Overhaul and Reclamation.

4.4.4.4 Insulation testing
Insulation testing should only be carried out when no flammable gas mixture is present.

4.4.45 Alterations to the terminal’s or inland tanker’s equipment, systems

and installations
No modification, addition or removal should be made to any approved equipment, system
or installation at a terminal or on an inland tanker without the permission of the appropriate
authority, unless it can be verified that such a change does not invalidate the approval.

No modification should be made to the safety features of equipment that relies on the
techniques of segregation, pressurising, purging or other methods of ensuring safety, without
the permission of the Responsible Person.

When equipment in a hazardous zone is permanently withdrawn from service, the associated
wiring should be removed from the hazardous zone or should be correctly terminated in an
enclosure appropriate to the area classification.

When equipment in a hazardous zone is temporarily removed from service, the exposed
conductors should be correctly terminated as above, or adequately insulated, or solidly bonded
together and earthed.

The cable cores of intrinsically safe circuits should either be insulated from each other or bonded
together and insulated from earth.

4.4.4.6 Periodic mechanical inspections
During inspections of electrical equipment or installations, particular attention should be paid to
the following:

» Cracks in metal, cracked or broken glasses, or failure of cement around cemented glasses in
flame-proof or explosion-proof enclosures.

« Covers of flame-proof enclosures, to ensure that they are tight, that no bolts are missing, and
that no gaskets are present between mating metal surfaces.

« Each connection, to ensure that it is properly connected.
« Possible slackness of joints in conduit runs and fittings.
» Clamping of cable armouring.

« Stresses on cables that might cause fracture.

4.4.5 Electrical repairs, maintenance and test work at terminals

4.45.1 General

All maintenance work on electrical equipment should be carried out under the control of a
permit or an equivalent safety management system, with procedures that ensure electrical and
mechanical isolations are e ectively managed.

The use of mechanical LO/TO devices and safety tags is strongly recommended.

4.45.2 Cold work

Cold work should not be carried out on any apparatus or wiring, nor should any flame-proof

or explosion-proof enclosure be opened, nor the special safety characteristics provided in
connection with standard apparatus be impaired, until all electrical power has been cut o

from the apparatus or wiring concerned. The electrical power should not be restored until work
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has been completed and the above safety measures have been fully reinstated. Any such work,
including changing lamps, should only be done by an authorised person.

4.45.3 Hot work

For repairs, modifications or testing, the use of soldering apparatus or other means involving

a flame, fire or heat, and the use of industrial-type apparatus, is permitted in a hazardous area
within a terminal provided it has been made safe and certified gas-free by an authorised person,
and is maintained as long as the work is in progress. When hot work is necessary on a berth
where an inland tanker is alongside, or on the berthed inland tanker, the joint agreement of the
Terminal Representative and the Responsible Person should first be obtained, and a hot work
permit issued.

Itis also permissible to restore voltage to apparatus for testing during a period of repair or
alteration, subject to the same conditions.

Before undertaking any hot work, refer to section 9.4.

4.5 Use of tools

45.1 Grit blasting and mechanically powered tools

It should be noted that grit blasting and the use of mechanically powered tools are not normally
considered to fall within the definition of hot work in the shipping industry. However, these
activities have a significant potential for producing sparks and should be carried out under the
control of a permit-to-work system or of the inland tanker’s SMS.

The following precautions should be observed:

» The work area should not be subject to vapour release or a concentration of combustible
vapours and be free of combustible material.

» The area should be gas-free. Tests with a combustible gas indicator should give a reading of
not more than 1% LFL.

« Mechanical tools should not be used when the inland tanker is alongside a terminal, unless the
express permission of the Terminal Representative has been granted.

« There must be no cargo, bunkering, ballasting, tank cleaning, gas freeing, purging or inerting
operations in progress.

« Adequate fire-fighting equipment must be laid out and ready for immediate use.

The hopper and hose nozzle of a grit-blasting machine should be electrically bonded and
earthed to the deck or fitting being worked on.

There is a risk of perforation of pipelines when grit blasting or chipping, so great care must be
taken when planning such work. Before starting work on cargo lines on deck, they should be
flushed. Cargo line valves should be closed and filled with water or inerted. The atmosphere
inside the section to be worked on should be confirmed as either inerted to less than 5% oxygen
by volume or gas-free to not more than 1% LFL. Similar precautions should be adopted for

e icient stripping, vapour return, inert gas and crude oil washing lines or tank washing lines,

as appropriate.

452 Hand tools

The use of hand tools such as chipping hammers, scrapers and scouring equipment for steel
preparation, maintenance and painting may be permitted without a hot work permit. However,
they must be restricted to deck areas and fittings not connected to the cargo system.

The work area should be gas-free and clear of combustible materials. The inland tanker
must not be engaged in any cargo, bunker, ballasting, tank-cleaning, gas-freeing, purging or
inerting operations.

Non-ferrous, so-called non-sparking, tools are only marginally less likely to give rise to an
incendive spark and, because of their comparative so ness, are notas e icient as their ferrous
equivalents. Particles of concrete, sand or other rock-like substances are likely to become
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embedded in the working face or edge of such tools and can then cause incendive sparks
on impact with ferrous or other hard metals. The use of non-ferrous tools is therefore not
recommended. Chrome vanadium tools may provide an acceptable alternative.

4.6 Equipment made of aluminium

Aluminium equipment should not be dragged or rubbed across steel since it may leave a smear
which, if subsequently struck by a hammer or falling object, can cause an incendive spark. It

is recommended that the undersides of aluminium gangways, step ladders and other heavy
portable aluminium structures are protected with a hard plastic or wooden strip to prevent
smears being transferred to steel surfaces.

The use of other aluminium equipment in cargo tanks and on cargo decks should be subjected to
arisk assessment and carefully controlled where necessary.

4.7 Cathodic protection anodes in cargo tanks
Various materials are used for cathodic protection, including magnesium, aluminium and zinc.

Magnesium anodes are very likely to cause an incendive spark if they strike rusty steel, so they
should not be fitted in tanks that may contain flammable gases.

Aluminium anodes spark when they are hit hard. They should only be installed at approved
locations in cargo tanks and should never be moved to another location without proper
supervision. Because aluminium anodes can easily be mistaken for zinc anodes, they can
accidentally be installed in hazardous locations. It is recommended that only aluminium anodes
are used in permanent ballast tanks.

Zinc anodes do not generate an incendive spark if they strike rusty steel and are not subject to
the above restrictions.

The location, securing and type of anode installed in cargo tanks are subject to approval by the
appropriate authorities. Their recommendations should be observed and inspections made as

0 en as possible to check the anodes and mountings are secured. Anodes are easily damaged by
high capacity tank washing machines.

4.8 Communications equipment

481 General

Unless certified as intrinsically safe, or of another approved design, all communications
equipment on board inland tankers, such as telephones, talk-back systems, signalling lamps,
search lights, loud hailers, closed circuit television cameras and electrical controls for whistles,
should neither be used nor connected or disconnected when the areas where they are
positioned come within the boundary of a shore hazardous zone.

4.8.2 An inland tanker’s radio equipment

The use of an inland tanker’s radio equipment during cargo or ballast handling operations is
potentially dangerous.

4.8.2.1 N/A

4.8.2.2 VHF/UHF equipment

The use of permanently and correctly installed VHF and UHF equipment during cargo, bunkering,
ballasting, tank-cleaning, gas-freeing, purging or inerting operations is considered safe.
However, it is recommended that the transmission power be set to low power (one watt or less)
when used in port operations.

Only portable VHF/UHF radios that are certified and maintained to intrinsically safe or explosion-
proof standards and have a power output of one watt or less should be used on board and
within the terminal.
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The use of VHF/UHF radio equipment as a means of communication between inland tanker and
shore personnel should be encouraged.

4.8.2.3 Satellite communications equipment

This equipment normally operates at 1.6GHz and the power levels generated are not enough
to pose an ignition hazard. Satellite communications equipment may be used to transmit and
receive messages while the inland tanker is in port.

4.8.3 An inland tanker’s radar equipment

Marine radar systems operate in the high radio frequency and microwave range. Radiation from
the scanner fans out in an almost horizontal narrow beam as the scanner rotates. In port, it will
pick up cranes, loading arm gantries and other such structures, but it will not normally spread
down to the inland tanker’s deck or jetty.

Radar sets operating on 3cm and 10cm wavelengths are designed with a peak power output of
30kW and, if properly sited, present no radio ignition hazard due to induced currents.

High frequency radiation does not penetrate the human body, but at short ranges (up to
10m) can cause heating of skin or eyes. Assuming sensible precautions are taken, such as not
looking directly into the scanner at close range, there is no significant health risk from marine
radar emissions.

Radar scanner motors are not rated for use in hazardous areas. On smaller vessels they may be
situated within shore hazardous zones. Caution should therefore be exercised should radars
require testing alongside a terminal. The radar should be switched o or placed on standby and
the terminal should be consulted before testing radar equipment during cargo operations.

4.8.4 Automatic Identification Systems

On most inland waterways, the Automatic Identification System (AIS) is required to be operating
while an inland tanker is under way or at anchor. Some port authorities may request that the
AlS is kept on when an inland tanker is alongside. The AIS operates on a VHF frequency and
transmits and receives information automatically. The output power ranges between 2 and

12.5 watts. Automatic polling by another station (e.g. by port authority equipment or another
inland tanker) could cause equipment to transmit at the higher (12.5 watts) level even when it is
set to low power (typically 2 watts).

When alongside a terminal or port area where hydrocarbon gases may be present, either the AIS
should be switched o or the aerial isolated and the AIS given a dummy load. Isolating the aerial
preserves manually input data that may be lost if the AIS is switched o . If necessary, the port
authority should be informed.

When alongside a terminal or port areas where no hydrocarbon gases are likely to be present,
and if the unit has the facility, the AIS should be switched to low power.

If the AIS is switched o or isolated while alongside, it must be reactivated upon leaving
the berth.

The use of AIS equipment may a ect the security of the inland tanker or the terminal where
itis berthed. In such circumstances, the use of AIS may be determined by the port authority
depending on the security level.

4.8.5 Telephones

When there is a direct telephone connection from the inland tanker to the shore control room or
elsewhere, telephone cables should preferably be routed outside the hazardous area.

When this is not feasible, the cable should be routed and fixed in position by qualified shore
personnel and should be protected against mechanical damage so that no danger can arise from
its use.
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4.8.6 Mobile telephones

Most mobile phones are not intrinsically safe and are only considered safe for use in non-
hazardous areas. Mobile phones should only be used on board an inland tanker with the Master’s
permission. Unless certified as being intrinsically safe (see below), their use should be restricted
to designated areas of the accommodation space where they are unlikely to interfere with the
inland tanker’s equipment.

Although transmission power levels of non-intrinsically safe mobile telephones are not enough
to cause problems with sparking from induced voltages, the batteries can have enough power
to create an incendive spark if damaged or short circuited. If switched on, equipment such as
mobile telephones and radio pagers can be activated remotely and a hazard generated by the
alerting or calling mechanism and, in the case of telephones, by the natural response to answer
the call. When taken through a terminal, or on or o aninland tanker, they should be switched
o and should only be re-commissioned once they are in a non-hazardous area, such as inside
the inland tanker’s accommodation or clear of the terminal.

Intrinsically safe mobile telephones are available and may be used in hazardous areas. These
telephones must be clearly identified as being intrinsically safe for all aspects of their operation.
Terminal sta going on board an inland tanker, and inland tanker’s sta going into the terminal,
carrying mobile telephones that are intrinsically safe should be prepared to demonstrate
compliance if requested by the other party. Other visitors to the inland tanker or terminal should
not use mobile telephones unless prior permission has been obtained from the inland tanker

or terminal.

4.8.7 Pagers

Not all pagers are intrinsically safe. Non-intrinsically safe pagers are considered safe for use
only in non-hazardous areas. When taken through a terminal, or on or o an inland tanker, they
should be switched o and only be re-commissioned once they are in a non-hazardous area,
such as inside the inland tanker’s accommodation.

Intrinsically safe pagers may be used in hazardous areas. These pagers must be clearly identified
as being intrinsically safe for all aspects of their operation. Terminal sta going on board

an inland tanker, and inland tanker’s sta going into the terminal, carrying pagers that are
intrinsically safe should be prepared to demonstrate compliance if requested by the other party.
Other visitors to the inland tanker or terminal should not use pagers unless prior permission has
been obtained from the inland tanker or terminal.

4.9 Spontaneous combustion

Some materials when damp or soaked with oil, especially vegetable-based oil, are liable to ignite
without the external application of heat as the result of gradual internal heating produced by
oxidation. The risk of spontaneous combustion is smaller with petroleum oils, but it can still
occur, particularly if the material is kept warm, e.g. by proximity to a hot pipe.

Cotton waste, rags, canvas, bedding, jute sacking, sawdust or any similar absorbent material
should therefore not be stowed in the same compartment as oil, paint, etc and should not be

le lying on the jetty, on decks, on equipment or next to pipelines, etc. If such materials become
damp, they should be dried before being stowed away. If soaked with oil, they should be cleaned
or destroyed.

Certain chemicals used for boiler treatment are also oxidising agents. Although carried in diluted
form, they are capable of spontaneous combustion if allowed to evaporate.
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4.10  Auto-ignition

When heated su iciently, petroleum liquids will ignite without the application of a naked flame.
This process of auto-ignition is most common where fuel or lubricating oil under pressure
sprays onto a hot surface. It also occurs when oil spills onto lagging, vaporises and bursts into
flame. Both instances have been responsible for serious fires. Oil-feeder lines require particular
attention to avoid oil being sprayed from leaks. Oil-saturated lagging should be removed, and
personnel protected from any ignition or re-ignition of vapours during the process.

4.11 Asbestos

The disturbance or removal of asbestos should be carried out by specialist contractors if
possible. In cases where crew members are involved in urgent repair work, measures should be
in place to ensure they are adequately protected from asbestos exposure. IMO MSC Circular 1045
provides the necessary guidance on how to handle asbestos safely on vessels and barges.
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5 Fire-fighting

This chapter describes the types of fire that may be encountered on an inland tanker or at a
terminal, and the means of extinguishing them. Descriptions of fire-fighting equipment to be
found on inland tankers and in terminals are provided in chapters 8 and 19.

5.1 Theory of fire-fighting

Fires are a combination of fuel, oxygen, a source of ignition and a continuous chemical reaction,
commonly referred to as combustion.

They are extinguished by removing the heat, fuel or air, or by interrupting the chemical reaction
of combustion. The main objective of fire-fighting is to reduce the temperature, remove the fuel,

exclude the supply of air or interfere chemically with the combustion as quickly as possible.

5.2

Types of fire and appropriate extinguishing agents

The classification of fires in table 5.1 conforms to those in the current ISO Standards and the
IMO’s International Code for Fire Safety Systems (FSS Code).

Type Material Extinguishing Extinguishing agents
methods
Class A Solid materials usually Cooling Water —in large quantities,
organic, e.g. wood, paper, Smothering continued cooling of the source of
cardboard, cloth, plastic, etc. Flame inhibition the flames anpl SL_Jr_rounding area
to prevent re-ignition
Foam
Dry chemical
Class B Flammable and combustible Removal of fuel Foam — Low expansion foam,
hydrocarbon liquids. Fires source discussed in section 5.3.2.1, isan
occur in the vapour/air mixture | smothering e ective agent for extinguishing
over the surface of flammable Flame inhibition most hydrocarbon liquid fires
and combustible hydrocarbon CO,
gfqglfIgigg;?ﬁggig:ﬁé?“ds’ E_ry chemical - Volatile liquid
petrochemicals, fuel and Ires of Ilm!ted size can.be
lubricating oils, tars, etc. rapidly extinguished with dry
) ) chemical agents but are subject to
An aspect to consider with re-ignition when hot surfaces are
liquid petroleum is the risk of in contact with flammable vapour
re-ignition, a continuing watch Water mist — Water should onl
should be maintained a er the b lied i1 fi nly
fire has been extinguished e applied to oil fires as a mist.
o o . The use of a water jet may spread
Class B liquids are divided into the burning oil by splashing or
two broad categories of non- overflow
volatile and volatile
Class C Flammable gases, e.g. Removal of fuel Dry chemical
propane, butane, methane source
and hydrogen, are volatile Smothering
materials that typically
have flashpoints at
temperatures at or below
the ambient temperature
range. Flammable gases
have relatively high vapour
pressures, when in the liquid
state, compared to flammable
(volatile) liquids
Class D Metals, e.g. magnesium, Smothering Specialist dry powder,
titanium, lithium, zirconium, extinguishing agents for Class D
sodium and potassium. fires are not of a multi-purpose
These metals burn at high rating and must match the type of
temperatures and react metal involved
violently with water, air and/or
other chemicals
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ClassE Energised electrical equipment | De-energise CO2

fires may be caused by ashort | Smothering Dry chemical Clean agents
circuit, overheating of circuits | Flame inhibition
or equipment, lightning or fire
spread from other areas

The immediate action is to
de-energise the electrical
equipment. Once de-energised,
a non-conductive extinguishing
agent, e.g. CO. should be used.
Dry chemical isan e ective
non-conductive extinguishing
agentbutisdi icultto clean up
a eruse. If the equipment cannot
be de-energised, it is vital that a
non-conductive agent be used.

ClassF Cooking oils and fats, Smothering Wet chemical
(or Class | generally at a temperature
K) higher than 360°C

Table 5.1: Classification of fires

5.3 Extinguishing agents

Extinguishing agents act by heat removal (cooling), smothering (oxygen exclusion) or flame
inhibition (interfering chemically with the combustion process).

5.3.1 Cooling agents

5.3.1.1 Water

The direct application of a water jet onto afire isan e ective fire-fighting method for Class A fires
only. A wetting agent added to water may reduce the amount of water needed to extinguish fires
in tightly packed Class A materials as itincreases the e ective penetration of water by lowering
its surface tension.

For fires involving hydrocarbon liquids, water is used primarily to minimise escalation by cooling
exposed surfaces. Water spray and water fog may be used for making a heat screen between the
fire and fire-fighting personnel and equipment. If foam is not available, a water mist can be used
to extinguish fires involving shallow pools of heavy oil.

Water in any form should not be applied to fires involving hot cooking oil or fat since it may
cause the fire to spread.

Concentrated water streams should not be directed at fires involving liquefied gas as this will
increase the hazard by increasing the size of the vapour cloud as more cargo liquid is vaporised.
However, water spray or water fog can be used on liquefied gas fires and spills. It will cool the
area, control the fire intensity and enhance dispersion of the vapour cloud.

Water jets should not be directed at energised electrical equipment as this could provide a path
for electricity from the equipment, creating a danger of electric shock to fire-fighting personnel.
When using water in large quantities or for extended periods of time for firefighting, cooling

or personnel protection, vessel stability should be monitored. Large amounts of water, in a
damaged vessel, can reduce stability. De-watering of the vessel must be a consideration.

5.3.1.2 Foam
Foam has a limited heat-absorbing e ect and should not normally be used for cooling.

5.3.2 Smothering agents

5.3.2.1 Foam

The primary extinguishing action of foam is smothering. Foam is an aggregation of small
bubbles, lower in specific gravity than oil or water, that flows across the surface of a burning
liquid and forms a coherent smothering blanket. A good foam blanket seals against flammable
vapour loss, provides some cooling of the fuel surface by the absorption of heat, isolates the fuel
surface from the oxygen supply, and separates the flammable vapour layer from other ignition
sources (e.g. flames or extremely hot metal surfaces), thereby eliminating combustion. A good
foam blanket will resist disruption due to wind and draught, or heat and flame, and will reseal
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when its surface is broken or disturbed. Foam is an electrical conductor and should not be
applied to energised electrical equipment.

Two categories of foam concentrate are currently in use.

Protein Foam (P) concentrates are used at 3-6% by volume concentration in water. They include:
« P made from hydrolysed protein materials.
« Fluoroprotein Foam (FP) with added fluorinated surface-active agents.

« Alcohol Resistant Fluoroprotein Foam (FPAR), which is resistant to break down when applied
to the surface of alcohol or other solvents.

Synthetic foam concentrates are used at 1-6% by volume concentration in water. They include:

« Aqueous Film Forming Foam (AFFF), based on a mixture of hydrocarbon and fluorinated
surface-active agents.

« Alcohol Resistant Aqueous Film Forming Foam (AR-AFFF) for use with alcohols and fuels
blended with large amounts of alcohol.

Tankers that handle biofuel or blends containing ethyl alcohol should use alcohol
resistant foams.

AR-AFFF creates a physical, polymer-membrane barrier between the foam blanket and the fuel
surface. AR-AFFF suppresses Class B hydrocarbon fires (diesel, gasoline, kerosene, etc.) and polar
solvent/water-miscible fuel fires (alcohol, e.g. methanol, ethanol; ketones and ethers, e.g. MTBE/
ETBE products). In addition, AR-AFFF suppresses the hazardous vapours emitted from fires or
spills of these materials.

High-expansion foam, made from hydrocarbon surfactant concentrates, is available in expansion
ratios from about 200:1 to 1,000:1. A foam generator, which may be fixed or mobile, sprays

foam solution onto a fine mesh net that has air driven through it by a fan. High-expansion foam
has limited uses. Itis most 0 en used to rapidly fill an enclosed space to extinguish a fire by
displacing free air in the compartment. High-expansion foam is generally unsuitable for use
outside as it cannot readily be directed onto a hot unconfined spill fire and is quickly dispersed
in light winds.

High-expansion foam systems are being enhanced with the introduction of a new development
called ‘*hot foam’, which is now being increasingly used on inland tankers as a replacement for
halon. These systems draw hot air from inside the space and have expansion ratios of 250:1 to
1,000:1. When activated, the systems release high expansion foam to flood the area, cooling the
fire and displacing air.

Medium-expansion foam has an expansion ratio from about 20:1 to 250:1. It is made from the
same concentrates as high-expansion foam, but its aeration does not require a fan. Portable
applicators can be used to deliver considerable quantities of foam onto spill fires, but they have
limited throw and the foam is liable to be dispersed in moderate winds.

Low-expansion foam has an expansion ratio from about 3:1 to about 15:1. It is made from
protein-based or synthetic concentrates and can be applied to spill or tank fires from fixed
monitors or portable applicators. Good throw is possible, and the foam is resistant to wind.

Foam applicators should be directed away from liquid petroleum fires until any water in the
system has been flushed clear.

The various foam concentrates are basically incompatible with each other and should not

be mixed in storage. However, some foams separately generated with these concentrates

are compatible when applied to a fire in sequence or simultaneously. The majority of foam
concentrates can be used in conventional foam-making devices suitable for producing protein
foams. The systems should be thoroughly flushed out and cleaned before changing agents, as
the synthetic concentrates may dislodge sediment and block the proportioning equipment.

Some of the foams produced from concentrates are compatible with dry chemical powder
and are suitable for combined use. The degree of compatibility varies between the foams,
and between the di erent foams and dry chemical agents, and should be established by
suitable tests.
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Check the compatibility of foam compounds when considering joint operations with other
fire-fighters.

Foam concentrates may deteriorate with time depending on the storage conditions. Storage
at high temperatures and in contact with air will cause sludge and sediment to form. This may
a ect the extinguishing ability of the expanded foam. Samples of the foam concentrate should
therefore be returned periodically to the manufacturer for testing and evaluation.

5.3.2.2 Carbon dioxide

Carbon dioxide is an e ective smothering agent for extinguishing fires in enclosed spaces where
it will not be widely di used and where personnel can be evacuated quickly (e.g. machinery
spaces, pumprooms and electrical switchboard rooms). Carbon dioxide is comparatively

ine ective on an open deck or jetty area.

Carbon dioxide will not damage delicate machinery or instruments and, being a non-conductor,
can be used safely on or around electrical equipment even when it is energised.

Due to the possibility of static electricity generation, carbon dioxide should not be injected into
any space containing an unignited flammable atmosphere.

Carbon dioxide is asphyxiating and cannot be detected by sight or smell. All personnel should
therefore evacuate the area before carbon dioxide is discharged. No one should enter confined
or partially confined spaces where carbon dioxide has been discharged unless supervised and
protected by suitable breathing apparatus and a lifeline. Canister-type respirators should not be
used. Any compartment that has been flooded with carbon dioxide must be fully ventilated and
checked for enough oxygen before entry without breathing apparatus.

5.3.2.3 Steam

Steam is ine icient as a total smothering agent because of the substantial delay that may

occur before enough air is displaced from an enclosure to render the atmosphere incapable of
supporting combustion. Steam should not be injected into any space containing an unignited
flammable atmosphere due to the possibility of static electricity generation. However, steam can
be e ective for fighting flange or similar fires when discharged from a lance-type nozzle directly
at a flange or joint leak, or a vent or similar fire.

5.3.2.4 Sand
Sand is relatively ine ective as an extinguishing agent and is only useful for small fires on hard
surfaces. Its primary use is to dry up small spills.

5.3.3 Flame inhibiting agents

Flame inhibitors are materials that interfere chemically with the combustion process and so
extinguish the flames. However, cooling and removal of fuel is also necessary if re-ignition is to
be prevented.

5.3.3.1 Dry chemical

Dry chemical as a flame inhibitor interferes chemically with the combustion process. Dry
chemicals have a negligible cooling e ect and, if re-ignition due to the presence of hot metal
surfaces is to be prevented, the fuel must be removed or cooled using water.

Certain types of dry chemical can cause the breakdown of a foam blanket and only those
labelled as being foam compatible should be used in conjunction with foam.

Dry chemical may be discharged from an extinguisher, a hose reel nozzle, a fire truck monitor,
or a fixed system of nozzles as a free-flowing cloud. Itis most e ective in dealing with a fire
resulting from an oil spill by providing rapid fire knock-down. It can also be used in confined
spaces where protection against the inhalation of powder may be necessary. It is especially
useful on burning liquids escaping from leaking pipelines and joints. It is a non-conductor and is
suitable for dealing with electrical fires. It must be directed into the flames.

Dry chemical clogs and becomes unusable if it is allowed to become damp when stored or when
extinguishers are being filled.
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Dry chemical is prone to settlement and compaction caused by vibration. Maintenance
procedures should include a schedule for inverting or rolling the extinguishers to keep the dry
chemical powder in a free-flowing state.

5.3.3.2 Vaporising liquids
Vaporising liquids, in the same way as dry chemical powder, have a flame inhibiting and slight
smothering e ect.

5.3.3.3 New fire-fighting technologies

New fire-fighting technology is regularly introduced for use on board vessels and at terminals.
Companies should look at their local, regional or international fire prevention services for new
technology that has been approved for use on board or at terminal. Crew members and terminal
personnel should be trained to guarantee safe and correct use.

54 Fire detection systems

Fixed fire detection systems in combination with an alarm station are recommended and should
be tested on a regular basis. Also see chapter 8 and chapter 19.

5.5 General precautions

For the use of fixed fire gas extinguishing systems, the following precautions are recommended:
« All personnel have to be evacuated from the space where the fire is.

» Before activating the system, ventilators must be stopped.

« All ventilation inlets must be closed.

Any fixed fire gas extinguishing system can be used only once.

Take time before opening any space a er the fire is extinguished. Once air has been re-introduced into the
space, re-ignition of the fire is possible.

A er the use of fixed fire gas extinguishing systems, the following precautions are recommended:
» Ensure su icient ventilation before entering the space.

» Oxygen concentration should be tested.

« Any significant presence of toxic gases should be tested.

« Procedures for entry into enclosed spaces must be followed.

Inland tanker crews should be familiar and trained in the use of fixed fire gas extinguishing

systems and the system should be subject to periodical testing. The system should be
periodically examined by a competent and certified company.
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6 Security

Inland tankers and barges o en load or unload at facilities where seagoing tankers are being
handled and so the International Ship and Port Facility Security Code is applicable. This chapter
provides a summary of the major provisions of the Code.

6.1 General

International seagoing tankers and the terminals handling such tankers are required to take
measures to enhance marine security and comply with the provisions of the International Ship
and Port Facility Security (ISPS) Code, Parts A & B. The Code is detailed in chapter XI-2 of the
International Convention for the Safety of Life at Sea (SOLAS).

Terminals should note that this is the first occasion on which the SOLAS Convention has been
applied to shore-based facilities in states that are party to the Convention.

It is recommended that all seagoing tankers and terminals should have a security plan with
procedures to address all security aspects identified from an assessment. Tankers and terminals
that are not required to comply with SOLAS and the ISPS Code are encouraged to consider the
provisions of both when developing their security plans.

Legislation may require inland tankers and terminals to apply specific security measures. It is
recommended that when inland tanker barges visit terminals and facilities where the ISPS Code
is mandatory, or where legislation regulates security measures, these measures harmonise with
the requirements of the ISPS Code to avoid gaps in security.

6.2 Security assessments

The security assessment for terminals and inland tankers should include a risk analysis of all
aspects of the tanker’s and terminal’s operations in order to determine which parts of them

are more susceptible and/or more likely to have a security incident. The risk is a function of the
threat of a security incident, coupled with the vulnerability of the target and the consequences of
the incident. As a minimum, the security assessment should examine:

« Existing security measures, procedures and operations on board the tanker or at the terminal.

Key assets and infrastructure it is important to protect.
Perceived threats to the tanker or terminal facility and their likely occurrence.

Potential vulnerabilities and consequences of potential incidents to tankers, terminals, berths
and tankers at the berths.

Any weaknesses (including human factors) in the infrastructure, policies and procedures.

6.3 Responsibilities under the ISPS Code

For a terminal, responsibility for the security plan rests with the terminal management and they
must appoint a designated Port Facility Security O icer (PFSO) who has the skills and training to
ensure full implementation of the security measures at the terminal.

For inland tankers and barges, the carrier, consignor and other participants engaged in the
carriage of dangerous goods shall adopt, implement and comply with a security plan that
addresses at least the elements such as specified in the European Agreement concerning the
International Carriage of Dangerous Goods by Inland Waterways (ADN) 1.10.3.2.2.
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6.4 Security plans in compliance with SOLAS and
the ISPS Code

Security plans will vary from terminal to terminal and from tanker to tanker depending on the
particular circumstances identified by the security assessment, requirements for compliance
with SOLAS and the ISPS Code, and local and national security considerations. The plan
should describe:

» Who is responsible for carrying out security measures.

» The security organisation on board the inland tanker or at the terminal and port.

« Security training and drills.

« Basic security measures for normal operation and additional measures that will allow the
inland tanker and terminal to progress, without delay, to increased or lowered security levels
as the threat changes.

» Additional measures that will allow the inland tanker and terminal to respond quickly to
changes in threats, e.g. by reducing or increasing the level of security.

» Procedures for interfacing the security activities of seagoing tankers and terminals with those
of local port authorities, other tankers, terminals and dock facilities in the region and other
local authorities and agencies (e.g. police and coast guard).

« Arrangements for regular reviews of the security plan and for amendments based upon
experience or changing circumstances.

» Measures designed to prevent unauthorised access to the inland tanker and terminal, in
particular measures to restrict access to vulnerable areas of a terminal and to restrict access
to tankers when moored at the terminal, including the identification of tanker and terminal
personnel (e.g. by identity documents or identification badges).

» Measures designed to prevent unauthorised weapons, dangerous substances or devices
intended for use against people, tankers or terminals from being taken on board the tanker or
introduced to the terminal.

« Procedures for responding to security threats or breaches of security, which may
include evacuation.

6.5 Security plans for inland tankers

When carrying high consequence dangerous goods, carriers, consignors and other participants
shall adopt, implement and comply with a security plan based on ADN section 1.10.3.2.
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6.6

Declaration of Security (DoS)

Based on ISPS legislation, a Declaration of Security may be completed by the seagoing tanker
and the inland tanker. The declaration describes detailed information about mutually agreed
security measures taken. The following is an example of the content of a DoS:

Declaration of Security
Between a ship and other ship it interfaces with

Name of ship

Name of inland tank barge

Port/country of registry

Port/country of registry

Registered number (for example IMO, ENI, VIN, etc.)

Registered number (for example IMO, ENI, VIN, etc.)

This declaration of security is valid from ...................
for the following activities ...........ccccovvviiinnicennn,

Security level(s) for the ship

Security level(s) for the other ship

The ship and the other ship agree to the following security measures and responsibilities (as applicable)
to ensure compliance with the requirements of Part A of the International Code for the Security of Ships

and of Port facilities.

The a ixing of the initials of the master or SSO
under these columns indicates that the activity
will be done, in accordance with the relevant
approved plan, by:

Activity

The ship The other ship

Ensuring the performance of all security duties

Monitoring restricted areas to ensure that only
authorised personnel have access

Controlling access to the ship

Controlling access to the other ship

Monitoring of the areas surrounding the ship

Monitoring of the areas surrounding the other ship

Handling of cargo

Delivery of ship's stores

Handling of unaccompanied baggage

Controlling the embarkation of persons and their
e ects

Ensuring that security communication is readily
available between the ships
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The signatories to this agreement certify that security measures and arrangements for both ships
during the specified activities meet the provisions of chapter XI-2 and part A of the Code that will be
implemented in accordance with the provisions already stipulated in their approved plan or the specific
arrangements agreed to and set out in the attached annex.

DAted @t .....ccovviiireiiiice e ONTNE e
Signed for and on behalf of
The ship The other ship
(Signature of master or ship security o icer) (Signature of master or ship security o icer)

Name and title of person who signed

Name Name

Title Title

Contact details

Master Master

Ship security o icer Ship security o icer
Company Company

Company security o icer Company security o icer
Telephone number Telephone number
Radio channels Radio channels




PART 2:
TANKER INFORMATION
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7 Shipboard systems

This chapter describes the principal tanker systems that are used during cargo and ballast
operations in port.

7.1 Fixed inert gas systems

This section describes in general terms the operation of a fixed inert gas system that is used
to maintain a safe atmosphere within a ship’s cargo tanks. It also covers the precautions to be
taken to avoid hazards to health resulting from the risks associated with operating inert gas
plants. It should be noted that nitrogen is normally used on inland tankers as an inert gas.

Refer to the tanker’s operations manual and the manufacturer’s instructions and installation
drawings for details on the operation of a particular system.

7.1.1 General

Flammable gases in inland tankers cannot burn in an atmosphere containing less than
approximately 11% oxygen by volume. Accordingly, one way to provide protection against fire or
explosion in the vapour space of cargo tanks is to keep the oxygen level below that figure. This
can be achieved by adding inert gas to each cargo tank in order to reduce the air content, and
hence the oxygen content, and render the tank atmosphere non-flammable.

See section 1.2.3 (and figure 1.1) for detailed information on IG and flammability.

7.1.2 Sources of inert gas

Typical sources of inert gas on inland tankers are:

< Anindependent inert gas (nitrogen) generator.

« Inert gas (nitrogen) supplied at terminal facilities.
« Inert gas (nitrogen) stored on board.

7.1.3 Composition and quality of inert gas

Inert gas systems should be capable of delivering inert gas with an oxygen content in the inert
gas main of not more than 5% by volume at any required rate of flow. Systems should also be
able to maintain a positive pressure in the cargo tanks at all times with an atmosphere having
an oxygen content of not more than 8% by volume except when it is necessary for the tank to be
gas-free.

When an independent inert gas generator is fitted, the oxygen content can be automatically
controlled within finer limits, usually within the range 1.5-2.5% by volume.

In certain ports, the maximum oxygen content of inert gas in the cargo tanks may be set at 5% to
meet particular safety requirements, such as the operation of a vapour emission control system.

7.1.4 Methods of replacing tank atmospheres

If the entire tank atmosphere could be replaced by an equal volume of inert gas, the resulting
tank atmosphere would have the same oxygen level as the incoming inert gas. In practice,
this is impossible to achieve and a volume of inert gas equal to several tank volumes must be
introduced into the tank before the desired result can be achieved.

The replacement of a tank atmosphere by inert gas can be achieved by inerting or purging. In
either of these methods, one of two distinct processes, dilution or displacement, will dominate.

Dilution takes place when the incoming inert gas mixes with the original tank atmosphere

to form a homogeneous mixture throughout the tank so that, as the process continues, the
concentration of the original gas decreases progressively. It is important that the incoming inert
gas has enough entry velocity to penetrate to the bottom of the tank. To ensure this, a limit must
be placed on the number of tanks that can be inerted simultaneously. Where this limit is not
clearly stipulated in the operations manual, only one tank should be inerted or purged at a time
when using the dilution method.
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Displacement depends on the fact that inert gas is slightly lighter than hydrocarbon gas, so
while the inert gas enters at the top of the tank, the heavier hydrocarbon gas escapes from the
bottom through suitable piping. When using this method, it is important that the inert gas has a
very low velocity to enable a stable horizontal interface to be developed between the incoming
and escaping gas. In practice, some dilution inevitably takes place owing to the turbulence
caused in the inert gas flow. Displacement generally allows several tanks to be inerted or
purged simultaneously.

Whichever method is used, and whether inerting or purging, it is vital that oxygen or gas
measurements are taken at several heights and horizontal positions within the tank to check the
e iciency of the operation. A mixture of inert gas and flammable gas, when vented and mixed
with air, can become flammable. The normal safety precautions taken when flammable gas is
vented from a tank should not be relaxed.

7.1.5 Cargo tank atmosphere control

7.15.1 Inert gas operations
Inland tankers using an inert gas system should maintain their cargo tanks in a non-flammable
condition at all times. It follows that:

» Tanks should be kept in an inert condition at all times, except when it is necessary for them
to be gas-free for inspection or work, i.e. the oxygen content should be not more than 8% by
volume and the atmosphere should be maintained at a positive pressure.

» The atmosphere within the tank should make the transition from the inert condition to the
gas-free condition without passing through the flammable condition.

7.1.5.2 Inert gas system maintenance
It is emphasised that the protection provided by an inert gas system depends on the proper
operation and maintenance of the entire system.

Itis particularly important to ensure that non-return barriers function correctly, especially block
and bleed valves, so that there is no possibility of product gases or liquids passing back to the
machinery spaces.

To demonstrate that the inert gas plant is fully operational and in good working order, a
record of inspection of the inert gas plant, including defects and their rectification, should be
maintained on board.

7.1.5.3 Degradation of inert gas quality
Tanker personnel should be alert to the possible degradation of inert gas quality within tanks as
aresult of inappropriate operation of the inert gas systems. For instance:

» Not topping up the inert gas promptly if the pressure in the system falls due to temperature
changes at night.

» Prolonged opening of tank apertures for tank gauging, sampling and dipping.

7.1.6 Application to cargo tank operations

Before the inert gas system is put into service, the tests required by the operations manual
or manufacturer’s instructions should be carried out. The fixed oxygen analyser and recorder
should be tested and proved to be in good order. Portable oxygen and hydrocarbon meters
should also be prepared and tested.

7.16.1 Inerting of empty tanks

When inerting empty tanks that are gas-free, e.g. following a dry docking or tank entry, inert
gas should be introduced through the distribution system while venting the air in the tank to
the atmosphere. This operation should continue until the oxygen content throughout the tank
is not more than 8% by volume. The oxygen level will not then increase if a positive pressure is
maintained by using the inert gas system to introduce additional inert gas when necessary.

If the tank is not gas-free, the precautions against static electricity given in section 7.1.6.8 should
be taken until the oxygen content of the tank has been reduced to 8% by volume.
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When all tanks have been inerted, they should be kept common with the inert gas main and the
system pressurised with a minimum positive pressure. If individual tanks have to be segregated
from a common line (e.g. for product integrity), the segregated tanks should be provided with an
alternative means of maintaining an inert gas blanket.

7.1.6.2 Loading cargo or ballast into tanks in an inert condition

When loading cargo or ballast, the inert gas plant, if applicable, should be shut down and the
tanks vented through the appropriate venting system. On completion of loading or ballasting,
and when all cargo measurements are completed, the tanks should be closed, then the inert
gas system restarted and re-pressurised. The system should then be shut down and all safety
isolating valves secured.

Local regulations may prohibit venting a er unloading.

7.1.6.3 Simultaneous cargo and/or ballast operations

In the case of simultaneous loading and discharge operations involving cargo and/or ballast,
venting to the atmosphere should be minimised or possibly avoided. Depending on the relative
pumping rates, pressure in the tanks may be increased or a vacuum drawn, and so it may be
necessary to adjust the inert gas flow to maintain tank pressures within normal limits.

Particular attention should be paid to the potential impact of free surface e ects when
undertaking ballast operations during loading or unloading (see section 11.2.2).

7.1.6.4 Vapour balancing

Vapour balancing is used to avoid the release of any gases to the atmosphere through vents and
to minimise the use of the inert gas systems when transferring cargo from tanker-to-tanker. As a
minimum, follow these recommendations:

Before starting the cargo transfer:

» Equipment should be provided on at least one of the tankers to enable the oxygen content of
the vapour stream to be monitored.

» The oxygen content of the vapour space of each tank should be checked and confirmed to be
less than 8% by volume.

During the cargo transfer:

» The inert gas system on the discharging tanker, if applicable, should be kept operational and
on standby.

« Cargo tank pressure on both tankers should be monitored and each tanker advised of the
other’s pressure on a regular basis.

« No air should be allowed to enter the cargo tanks of the discharging tanker.

« Transfer operations should be suspended if the oxygen content of the vapour stream exceeds
8% by volume and should only be resumed once the oxygen content has been reduced to 8%
or less by volume.

« The cargo transfer rate must not exceed the design rate for the vapour balancing system.

7.1.6.5 Loaded passage

A positive pressure of inert gas should be maintained in the ullage space at all times during the
loaded passage in order to prevent the possible ingress of air (see section 7.1.5.3). If the pressure
falls below the established low-pressure level or alarm level, it will be necessary to start the
supply of inert gas to restore an adequate pressure in the system.

Loss of pressure is normally associated with leaks from tank openings and falling air and water
temperatures. In the latter cases, it is all the more important to ensure that the tanks are gas
tight. Gas leaks are usually easily detected by their noise and every e ort must be made to
eliminate leaks at tank hatches, ullage lids, tank washing machine openings, valves, etc.

Leaks that cannot be eliminated should be marked and recorded, based on the toxicity or
hazards created, for sealing during the next ballast passage or at another suitable opportunity.

Certain oil products, principally aviation turbine kerosene and diesel oil, can absorb oxygen
during the refining and storage process. This oxygen can later be liberated into an oxygen
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deficient atmosphere such as the ullage space of an inerted cargo tank. Although the recorded
incidence of oxygen liberation is low, cargo tank oxygen levels should be monitored so that any
necessary precautionary measures can be taken before starting the discharge.

7.1.6.6 Discharge of cargo from tanks in an inert condition

The inert gas supply must be maintained throughout cargo discharge operations to prevent air
entering the tanks. If a satisfactory positive inert gas pressure can be safely maintained without
a continuous supply of inert gas, then it is acceptable to re-circulate or stop the supply of inert
gas provided that the inert gas plant is kept ready for immediate operation.

Throughout the discharge of cargo, the oxygen content of the inert gas supply must be carefully
monitored. Additionally, both the oxygen content and pressure of the inert gas main should be
monitored during discharge. For action to be taken in the event of failure of the inert gas plant
during discharge from inerted tanks, see section 7.1.12.

If hand dipping of a tank is necessary, the pressure may be reduced while dipping ports are open
but take care not to allow a vacuum to develop since this would pull air into the tank. To prevent
this, it may be necessary to reduce the cargo pumping rate. Stop the discharge immediately if
there is a danger of the tanks coming under vacuum.

7.1.6.7 Ballast passage

During a ballast passage, cargo tanks other than those required to be gas-free should remain
in the inert condition and under positive pressure to prevent ingress of air. Whenever pressure
falls to the low-pressure alarm level, restart the inert gas plant to restore the pressure, and pay
attention to the oxygen content of the inert gas delivered.

7.1.6.8 Static electricity precautions

In normal operations, the presence of inert gas prevents the existence of flammable gas
mixtures inside cargo tanks. However, hazards due to static electricity may arise, mainly in
the case of a failure of the inert gas system. To avoid these hazards, the following procedures
are recommended:

« If the inert gas plant breaks down during discharge, suspend operations (see section 7.1.12).
If air has entered the tank, no dipping, ullaging, sampling or other equipment should be
introduced into the tank until at least 30 minutes a er the injection of inert gas ceased. A er
this period, equipment may be introduced provided that all metallic components are securely
earthed. This requirement for earthing should be applied for at least five hours a er the
injection of inert gas ceased.

« During any necessary re-inerting of a tank following a failure and repair of the inert gas
system, or during initial inerting of a non-gas-free tank, no dipping, ullaging, sampling or
other equipment should be inserted until the tank is in an inert condition, as established
by monitoring the gas vented from the tank being inerted. However, should it be necessary
to introduce a gas sampling system into the tank to establish its condition, leave at least 30
minutes a er stopping the injection of inert gas before inserting the sampling system. Metallic
components of the sampling system should be electrically continuous and securely earthed
(see chapter 3 and section 11.8).

7.1.6.9 Tank washing

Before each tank is washed, the oxygen content must be determined, at a point one metre below
the deck and at the middle level of the ullage space. At neither of these locations should the
oxygen content exceed 8% by volume. Monitor the oxygen content and pressure of the inert gas
being delivered during the washing process.

If, during washing, the oxygen content in the tank exceeds 8% by volume or the pressure of the
atmosphere in the tanks is no longer positive, stop washing until satisfactory conditions are
restored (see section 7.1.12).

7.1.6.10  Purging

When a tank needs to be gas-free a er washing, it should first be purged with inert gas to reduce
the hydrocarbon content to 2% or less by volume. This is to ensure that during the subsequent
gas-freeing operation no portion of the tank atmosphere is brought within the flammable range.
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The hydrocarbon content must be measured with an appropriate meter designed to measure
the percentage of flammable gas in an oxygen-deficient atmosphere. The usual flammable gas
indicator is not suitable for this purpose (see section 2.4).

If the dilution method of purging is used, it should be carried out with the inert gas system set for
maximum capacity to give maximum turbulence within the tank. If the displacement method is
used, the gas inlet velocity should be lower to prevent undue turbulence (see section 7.1.4).

7.1.6.11  Gas-freeing

Before starting to gas-free, isolate the tank from other tanks. When fixed fans connected to the
cargo pipeline system are used to introduce air into the tank, isolate the inert gas inlet. If the
inert gas system fan is employed to draw air into the tank, isolate both the line back to the inert
gas source and the inert gas inlet into each tank that is being kept inerted.

7.1.6.12  Preparation for tank entry
For general advice on entry into enclosed spaces see chapter 10.

7.1.7 Precautions to be taken to avoid health hazards

7.1.7.1 Inert gas on deck

Certain wind conditions may bring vented gases back down onto the deck, even from specially
designed vent outlets. Also, if gases are vented at low level from cargo hatches, ullage

ports or other tank apertures, the surrounding areas can contain levels of gases in harmful
concentrations and may be oxygen deficient. In these conditions, stop all non-essential work.
Only essential personnel should remain on deck, taking all appropriate precautions.

When the last cargo carried contained hydrogen sulphide, tests should be made for the gas. If
these detect a level in excess of 5ppm, no personnel should be allowed to work on deck unless
they are wearing suitable respiratory protection (see sections 2.3.6 and 11.1.9). Note that
national and international legislation may be more stringent with regard to the level detected
and actions to take.

7.1.7.2 Ullaging and inspecting tanks from cargo hatches
The low oxygen content of inert gas can cause rapid asphyxiation. Therefore, take care to avoid
standing in the path of vented gas (see section 11.8.3).

7.1.7.3 Entry into cargo tanks

Entry into cargo tanks should be permitted only a er they have been gas-freed, as described in
sections 7.1.6.10 and 7.1.6.11. Observe the safety precautions set out in chapter 10 and consider
using personal oxygen deficiency alarms. If the hydrocarbon and oxygen levels specified in
section 10.3 cannot be achieved, permit entry only in exceptional circumstances and when there
is no practicable alternative. Carry out a thorough risk assessment and put in place appropriate
risk mitigation measures. As a minimum, personnel must wear breathing apparatus under such
circumstances (see section 10.7).

Cargo and ballast tanks under inert gas should be identified with warning signs placed next to
tank hatches. Examples of warning signs:

y

NIET BETREDEN : STIKSTOF
NICHT BETRETEN : STICKSTOFF
E : ROGEN

: NITI
N'ENTREZ PAS : AZOTE
PROHIVIDO ENTRAR : NITROGENO

Josullgaion 1 Guzgyas

Figure 7.1: Examples of warning signs
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7.1.7.4 N/
7.1.8 Cargo tank protection against over/under-pressure

Serious incidents have occurred on oil tankers due to cargo tanks being subjected to extremes
of over or under-pressure. It is essential that venting systems are thoroughly checked to ensure
that they are correctly set for the intended operation. Once operations have started, make
further checks for any abnormalities, such as unusual noises of vapour escaping under pressure
or pressure/vacuum valves li ing (see section 7.2.2 for detailed information on the likely causes
of tank over-pressurisation and under-pressurisation and the precautions to avoid them).

The tanker’s personnel should be provided with clear, unambiguous operating procedures
for the proper management and control of the venting system and should fully understand
its capabilities.

7.1.8.1 N/A

7.1.8.2 Pressure/vacuum valves

These are designed to provide for the flow of the small volumes of tank atmosphere, caused by
thermal variations, in a cargo tank. The pressure/vacuum valves should be kept in good working
order by regular inspection and cleaning.

7.1.8.3 Full flow pressure/vacuum venting arrangements

In inert gas systems fitted with tank isolating valves, secondary protection from over and
under-pressurisation of the cargo tanks may be provided by using high-velocity vent and
vacuum valves as the full flow protection device. Where this is the case, pay particular attention
to ensuring that the valves operate at the required pressure and vacuum settings. Planned
maintenance procedures should be established to maintain and test these safety devices. See
section 7.2.1 for details.

7.1.8.4 Individual tank pressure monitoring and alarm systems

In inert gas systems fitted with tank isolating valves, indication of the possible over and under-
pressurisation of the cargo tank is provided by using individual tank pressure sensors connected
to an alarm system. Where such systems are used, planned maintenance procedures should

be established to maintain and test these sensors and to confirm that they are providing
accurate readings.

7.1.9 N/A
7.1.10 N/A

7.1.11  Cold weather precautions for inert gas systems

The inert gas system may be subject to operational faults when operating in extreme cold
weather conditions.

7.1.11.1  Condensation in inert gas piping

The piping system should be designed to prevent accumulation of cargo or water in the pipeline
under all normal conditions. However, in extreme cold weather, residual water in the inert gas
may freeze in the inert gas main. Operators should be aware of this and should therefore operate
the system to minimise residual water and closely monitor the system'’s operation.

7.1.11.2  Control air

Air-operated control valves fitted to the inert gas system outside the engine room may not
operate correctly when exposed to extremely low ambient temperatures and the control air has
a high water vapour content.

Water separators in control air systems should be drained frequently and the control air dryers
should be checked regularly for e icient operation.

7.1.11.3  Safety devices
In extremely cold weather, ice may prevent the pressure/vacuum valves from operating and may
block the flame screens on the pressure/vacuum valves and mast risers.

7.1.11.4 N/A
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7.1.12  Inert gas system failure

Each tanker fitted with an inert gas system should be provided with detailed instruction
manuals. These should cover operations, safety and maintenance requirements, and the
occupational health hazards relevant to the installed system and its application to the cargo
tank system. The manual must include guidance on procedures for dealing with a fault or failure
of the inert gas system.

7.1.12.1  Action to be taken on failure of the inert gas system

If the inert gas system fails to deliver the required quality and quantity of inert gas, or to
maintain a positive pressure in the cargo tanks, take immediate action to prevent any air being
drawn into the tanks. Stop all cargo or ballast discharge from inerted tanks, close the inert gas
deck isolating valve, open the vent valve between it and the gas pressure regulating valve (if
provided), and repair the inert gas system immediately.

National and local regulations may require the failure of an inert gas system to be reported to
the harbour authority, terminal operator and to the port and Flag State administrations.

Section 11.1.7 gives guidance on special precautions to be taken should the inert gas system fail
while loading static accumulator oils into inerted cargo tanks.

7.1.12.2 N/A

7.1.12.3  Follow-up action on tankers with coated cargo tanks

The cargo tanks of tankers usually have coatings that inhibit the formation of pyrophors. If it

is considered totally impracticable to repair the inert gas system, discharge may therefore be
resumed with the written agreement of all interested parties, provided that an external source of
inert gas is provided, or detailed procedures are established to ensure the safety of operations.
The following precautions should be taken:

« The manual referred to in section 7.1.12 above should be consulted.

« Devices to prevent the passage of flame, or flame screens (as appropriate), should be in place
and checked to ensure that they are in a satisfactory condition.

« Special attention should be given to ensuring that the amount of supplied inert gas is in
balance with the discharge rate. In any case, a positive pressure inside the cargo tanks should
be carefully regulated and monitored to prevent the potential opening of P/V valve(s) due to
over or under pressure.

« No free fall of water or slops is permitted.

« No dipping, ullaging, sampling or other equipment is introduced into the tank unless essential
for the safety of the operation. If it is necessary for such equipment to be introduced into the
tank, it should be done at least 30 minutes a er the injection of inert gas has stopped (see
section 7.1.6.8 for static electricity precautions relating to inert gas and section 11.8 for static
electricity precautions when dipping, ullaging and sampling).

« All metal components of any equipment to be introduced into the tank should be securely
earthed. This restriction should be applied for at least five hoursa er the injection of inert gas
has stopped.

7.1.13 Inertgas plant repairs

As inert gas causes asphyxiation take great care to avoid the escape of inert gas into any
enclosed or partly enclosed space.

Before opening the IG system, it should, if possible, be gas-freed and any enclosed space in
which the system is opened up should be ventilated to avoid any risk of oxygen deficiency.

Continuous positive ventilation must be maintained before and during the work.
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7.2 Venting systems

7.2.1 General

Itis important that venting systems are operated to meet their design intent and are
properly maintained.

To help dilute the flammable vapours into the atmosphere and clear of the tanker’s deck,
venting systems allow vapours to be released either:

» At alow velocity, high above the deck from a vent riser, if present.
« At high velocity from a high-velocity valve closer to the deck.

Vents are sited in selected locations to prevent the accumulation of a flammable atmosphere on
the tank deck or around any accommodation or engine room housings (see section 2.5.4).

The tanker’s personnel should be fully conversant with the operation and maintenance of all
components of the venting system and should be aware of its limitations in order to prevent over
or under-pressurisation of the tank(s) the system is serving (see section 7.2.2 below).

7.2.2 Tank over-pressurisation and under-pressurisation

7.2.2.1 General

Over-pressurisation of cargo and ballast tanks is due to compression of the ullage space by

the inadequate release of vapour or the overfilling of the tank. Under-pressurisation can be
caused by not allowing inert gas vapour or air into the tank when liquid is being discharged. The
resulting over or under-pressure in the tank may result in serious deformation or catastrophic
failure of the tank structure and its peripheral bulkheads. This can seriously a ect the structural
integrity of the tanker and could lead to fire, explosion and pollution (see section 7.1.8).

To guard against over and under-pressurisation of tanks, owners/operators should give serious
consideration to the fitting of protection devices as follows:

« Individual pressure sensors with an alarm for each tank.
« Individual full flow pressure/vacuum release devices for each tank.

7.2.2.2 Tank over-pressurisation — causes
Over-pressurisation usually occurs during ballasting, loading or internally transferring cargo or
ballast. It can be caused by one of the following:

« Overfilling the tank with liquid.

« Incorrect setting of the tank’s vapour or inert gas isolating valve to the vapour line or inert
gas line.

« Failure of an isolating valve to the vapour line or inert gas line.
« Failure or seizure of the venting valve or high-velocity valve.
« A choked flame arrester or screen.

« Loading or ballasting the tank at a rate which exceeds the maximum venting capacity
(see section 7.3.3.1).

« Ice forming on the vents, the pressure/vacuum or high-velocity valves freezing, or ice on the
surface of the ballast (see section 7.1.11.3).

« Restriction in the vapour lines caused by wax, residues or scale.

7.2.2.3 Tank over-pressurisation — precautions and corrective actions
The major safeguard against tank over-pressurisation are good operating procedures. These
should include:

« On tankers without an inert gas system, a procedure to control the setting of the isolating
valves on the vapour lines. This should include methods to record the current position of the
isolating valves and to prevent them being incorrectly or casually operated.

» On tankers with inert gas systems where isolating valves are fitted to the branch line to each
tank, it is recommended these valves be “provided with locking arrangements which shall be
under the control of the responsible o icer”. This statement should be taken to mean that the
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valves must be locked to prevent the possibility of any change in the valve setting, and only
the Responsible Person can provide the means of releasing the locking system on the valve.

« A method to record the status of all valves in the cargo system and to prevent them being
incorrectly or casually operated.

» Asystem for setting the valves in the correct position for the operation and monitoring that
they remain correctly set.

« Restricting the operation of the valves to authorised personnel only.

» A process of regular maintenance, pre-operational testing and operator awareness of
isolating valves, pressure/vacuum valves or high-velocity vents can guard against failure
during operation.

To protect against over-pressurisation through filling tanks too quickly, all tankers should
have maximum filling rates for each individual tank, which should be available for reference
by all personnel (see also section 7.3.3). Tank vents should be checked to ensure that they are
clear when the operation starts. During freezing weather conditions, they should be inspected
regularly throughout the operation.

Where over-pressurisation of a tank or tanks is suspected, the situation requires appropriate
corrective action. Stop loading liquid immediately.

7.2.2.4 Tank under-pressurisation — causes

The causes of under-pressurisation are similar to those of over-pressurisation:

« Incorrect setting of the tank’s isolating valve to the vapour line or inert gas line.
Failure of an isolating valve on the vapour line or inert gas line.

Failure in one of the inert gas supply valves.

A choked flame screen on the vapour inlet line.

Ice forming on the vents of ballast tanks during cold weather.

Unloading or deballasting the tank at a rate that exceeds the maximum venting capacity
(see section 7.3.3.1).

7.2.2.5 Tank under-pressurisation — precautions and corrective actions
The precautions to guard against under-pressurisation are the same as those relating to over-
pressurisation (see section 7.2.2.3).

Where under-pressurisation of a tank or tanks is suspected, the situation requires corrective
action. Stop discharging liquid immediately.

The methods of reducing a partial vacuum in a tank are either to raise the liquid level in the tank
by running or pumping cargo or ballast into the a ected tank from another tank, or to admit
inert gas or air into the tank ullage space.

Cautions
On a tanker with an inert gas system, the quality of the inert gas may be compromised by air leaking past
the seals in the tank access locations.

Admitting inert gas at a high velocity to return the tank to a positive pressure could cause an
electrostatic hazard.
The precautions set out in section 11.8.3 should be observed when measuring and sampling.

On tankers without an inert gas system, so it is not possible to reduce the partial vacuum by raising the
liquid level, take care to ensure that the rush of air does not draw into the tank foreign objects that pose an
ignition risk, e.g. rust.
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7.3 Cargo and ballast systems

This section describes the pipelines and pumps used for loading and discharging cargo and
ballast. For the purposes of this guide, the cargo heating system, where fitted, is considered part
of the cargo system.

The cargo system is one of the prime locations where breaching a cargo containment may occur,
SO take care not to over-pressurise sections of the system or to subject it to shock loads.

Operation of the cargo and ballast systems should only be carried out by personnel who are
familiar with the correct operation of the pumps and associated systems, as described in the
operation manual.

7.3.1 Operation manual

The tanker’s personnel should have access to up-to-date drawings and information on the cargo
and ballast systems, and be given an operation manual describing how the systems should
be operated.

7.3.2 Cargo and ballast system integrity

The cargo and ballast systems are subjected to many conditions that may ultimately lead to
failure, resulting in loss of containment. These include the following:

» Turbulence in the flow caused by poor pipeline design or excessive flow rates, and abrasion
caused by solid particulates in the cargo or ballast, can result in local erosion and pitting in
the pipelines.

« The main fore and a pipeline runs are usually located at the bottom of the tanks and on
the main deck where the e ects of hogging, sagging and the cyclical motions of a tanker
in a seaway are most pronounced. These movements may result in damage to pipeline
connections and bulkhead penetrations, and to local external damage at pipeline supports.

» Handling cargoes for which the system has not been designed. Particular care should
be taken to prevent damage to cargo valve seals and pump seals that are not suited to
aggressive cargoes.

« Corrosion caused by oxidation (rusting) when pipe systems are used for both water and
oil service.

Preferential corrosion is found where internal coatings have failed, with the corrosion
concentrated in a small area. This localised corrosion may be accelerated when water is allowed
to lie in the bottom of pipelines, along with sulphurous products from cargo, or if electrolytic
corrosion cells are set up when pipeline connections are not securely bonded.

The presence of any latent defect in the cargo system will usually reveal itself when the system
is pressurised during the discharge operation. It is good practice to pressure test cargo lines
periodically, depending on the trade of the tanker. Although these pressure tests may provide
an indication of the system’s condition at the time of the test, they should not be considered

a substitute for regular external inspection of the pipeline system and periodic internal
inspections, particularly at known failure points, such as pump discharge bends and stub

pipe connections.

The presence of any latent defect in the ballast system will usually reveal itself when the system
is being used during the de-ballasting operation. The inability to fully discharge or drain ballast
tanks may result in stability problems on double bottom or double hull tankers and could in
some instances result in the tanker being overloaded. Where a single ballast pump is fitted,
company procedures should address use of alternative means of ballasting/de-ballasting.

7.3.3 Loading rates

Tanker Masters should be provided with information on maximum permissible loading rates for
each cargo and ballast tank and, where tanks have a combined venting system, for each group of
cargo or ballast tanks. This requirement is aimed at ensuring that tanks are not over or under-
pressurised by exceeding the capacity of the venting system, including any installed secondary
venting arrangements.
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Other considerations also need to be taken into account when determining maximum loading
rates for oil tankers. Precautions against static electricity hazards and pipeline erosion are
described in section 7.3.3.2.

7.3.3.1 Venting arrangements
Venting capacity is based on the maximum volume of cargo entering a tank plus an approximate
25% margin to account for gas evolution (vapour growth).

When loading cargoes have a very high vapour pressure, gas evolution may be excessive and

the allowance of 25% may prove insu icient. Actions to consider to ensure the capacity of the
venting system is not exceeded include closely monitoring that vapour line pressures on inerted
tankers and limiting the loading rates on non-inerted tankers throughout the loading period.
Note that the vapour growth increases when the liquid levels in the tank are above 80%. On
inerted tankers, closely monitor inert gas system pressures, particularly when topping-o during
loading operations.

When calculating loading rates, a maximum venting line velocity of 36m/sec should be
considered. This flow rate should be calculated for each diameter of line used. The volume
throughputs may be aggregated where a common vent riser is used, but the maximum flow rate
should not be exceeded anywhere within the system.

7.3.3.2 Flow rates in loading lines

Depending upon the trade of the tanker, a number of loading rates need to be determined for
each cargo tank. These loading rates will depend on the maximum flow rates in the cargo lines
for di erent products and loading operations. In general, the following flow rates may need to be
calculated for each section of the cargo system:

« Aloading rate based on a linear velocity of Im/sec at the tank inlet for the initial loading rate
for static accumulator cargoes into non-inerted tanks.

« Aloading rate based on a linear velocity of 7m/sec for bulk loading static accumulator cargoes
into non-inerted tanks.

» Aloading rate based on a linear velocity of 12m/sec for loading non-static accumulator
cargoes and for loading static accumulator cargoes into inerted tanks. This velocity is provided
for guidance only and is generally considered a rate above which pipeline erosion may occur at
pipe joints and bends.

Where a number of tanks are loaded through a common manifold, the maximum loading rate may
be determined by the flow rate through the manifold or drop lines. For this reason, it is important
that a constant check is kept on the number of cargo tank valves that are open simultaneously
and that a suitable loading rate is determined for the particular loading operation.

7.3.3.3 Rate of rise of liquid in the cargo tank

Small tanks may have larger filling or suction valves than their size normally requires in order to
accommodate certain operations. In such instances, the limiting factors of the venting flow rate
and the liquid line flow rate may not be suitable for assessing maximum loading rates. It is then
necessary to consider the rate of rise of the liquid in the tank to avoid overfilling.

To exercise control over the rate of liquid rise in any cargo tank, it may be appropriate to set the
loading rate to limit the rate of rise of liquid in a cargo tank.

7.3.3.4 Loading rates for ballast tanks

Loading rates for ballast tanks should be determined in the same manner as cargo tanks, taking
into account the size of vent outlets using a vent velocity of 36m/sec. Liquid filling rates can be
calculated using a pipeline flow rate of 12m/sec, and a similar rate of rise as in section 7.3.3.3
should also be considered where practical.

7.3.4 Monitoring void and ballast spaces

Void and ballast spaces within the cargo tank block should be routinely monitored to check that
no leak has occurred from adjacent tanks. Monitoring should include regular atmosphere checks
for flammable content and regular sounding/ullaging of the empty spaces (see sections 11.7

and 11.8).
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7.4 Power and propulsion systems

While a tanker is berthed at a terminal, its main engines, steering machinery and other
equipment essential for manoeuvring should normally be kept ready so the tanker can move
away from the berth in the event of an emergency. See section 22.7.1.1 for advice about
planned immobilisation.

A terminal may allow some degree of immobilisation of the propulsion plant while the tanker
is alongside. However, the tanker must obtain permission from the Terminal Representative or
local authority before taking any action a ecting the readiness of the tanker to move under its
Oown power.

Any unplanned condition that results in the loss of operational capability, particularly to any
safety system, should be immediately communicated to the terminal.

7.5 N/A

7.6 N/A
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8 Ship’s equipment

This chapter describes equipment that is provided on board tankers for fire-fighting purposes,
for gas measurement and for li ing operations. Reference is also made to the need for testing
and maintenance procedures for this equipment.

8.1 Shipboard fire-fighting equipment

8.1.1 General

The requirements for tankers’ fire-fighting equipment are laid down by the regulations of the
particular country where the tanker is registered.

The theory of fire-fighting and the types of fire that may be encountered are discussed in
chapter 5.

8.1.2 Tanker fixed fire-fighting installations - cooling

All tankers are provided with a water fire-fighting system consisting of pumps with a permanent
underwater connection, a fire-main with hydrant points, fire hoses and couplings, and jet
nozzles (or preferably jet/spray nozzles). Enough hydrants are provided and located to ensure
that two jets of water can reach any part of the tanker.

In cold weather, prevent the freezing of fire-mains and hydrants by continuously bleeding water
overboard from hydrants at the extreme end of each fire-main. Alternatively, all low points of the
fire-main may be kept drained.

8.1.3 Tanker fixed fire-fighting installations — smothering

One or more of the di erent smothering systems listed below may be installed on board tankers
(also see section 5.3).

8.1.3.1 Carbon dioxide flooding system

This system is designed to fight fires in the engine room, boiler room and pumproom. The
system normally consists of a battery of large carbon dioxide cylinders. The carbon dioxide

is piped from the cylinder manifold to suitable points with di using nozzles. An alarm should
be activated in the compartment before the carbon dioxide is released to give personnel time
to evacuate.

8.1.3.2 Foam systems

Foam systems are used for fighting fire in the cargo spaces, on the cargo deck, in the pumproom
or in the engine spaces. A foam system has storage tanks containing foam concentrate.

Water from the fire pumps picks up the correct proportion of foam concentrate from the tank
through a proportioner. The foam solution is then conveyed through permanent supply lines

to o take points, fixed foam monitors or, in the case of engine room installations, to fixed
dispersal nozzles.

8.1.3.3 Water fog

A water fog system consists of high-pressure water lines and special fog nozzles. A ring of nozzles
around the inside of the tank opening e ectively blankets a cargo tank hatch fire. Some tankers
are also fitted with fixed pressurised water fog systems for protecting specific parts of the

engine room, such as oil fuel treatment spaces, boiler firing platforms, small machinery spaces
and pumprooms.

8.1.3.4 Water curtain
Some tankers have a fixed system to give a protective water curtain between the cargo deck and
the superstructure.

8.1.3.5 Inert gas system

The purpose of an inert gas system is to prevent cargo tank fires or explosions. It is not a fixed
fire-fighting installation, but in the event of a fire the system may be useful in controlling the fire
and preventing explosions.
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8.1.4 Portable fire extinguishers

All tankers are provided with a range of portable fire extinguishers to meet the requirements of
the respective legislation.

All fire extinguishers should be in permanent good order and available for immediate use. As
aminimum, all fire extinguishers should be formally checked every year for proper location,
charging pressure and condition.

Consider providing portable extinguishers, suitable for use on Class A fires (see table 5.1) and
dedicated to deployment at the tanker’s manifold when in port.

8.1.4.1 Types of portable fire extinguisher

In addition to fire hose reels for water extinguishing of Class A fires involving combustible
materials such as wood, paper and fabrics, all tankers are provided with a range of portable fire
extinguishers. Table 8.1 gives an overview of the types of extinguisher likely to be found on a
tanker and their uses. Class D fires are included mainly for completeness (see section 5.2 Types
of fire and appropriate extinguishing agents).

Type of fire
and fire- ClassF
extinguishing Class A Class B ClassC Class D ClassE (ORK)
mediums
Fires Fires Fires Fires Fires Fires
involving involving involving involving involving involving
solid liquids or gases metals energised cooking oils
materials, liquefiable electrical
usually of solids equipment,
an organic where the
nature, electrical
in which non-
combustion conductivity
normally of the
takes place extinguishing
with the medium is of
formation importance*
of glowing
embers
Water/
water with
additives
Foam *
Dry powder/
dry chemical
(standard
Classes B, C)
Dry powder/
dry chemical
(multiple
or general
purpose/
Classes A,
B, C)
Dry powder/
dry chemical
(metal)
CO. gas
Wet chemical
Fire blanket

*When electrical equipment is de-energised, extinguishers for Class A or B fires may be used safely.

Table 8.1: Portable fire extinguishing media and their uses
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8.2 Gas testing equipment

8.2.1 Introduction

This section provides operational guidance on the use of the gas-measuring instruments
described in section 2.4.

The safe management of operations on tankers o en depends on the crew’s ability to determine
the composition of the ambient atmosphere or the atmosphere in an enclosed space.

Tanker personnel need to measure the oxygen, flammable and toxic gas concentrations in
an atmosphere. This will enable them to detect the presence of any explosive mixtures, toxic
vapours or oxygen deficiency that may present a risk of explosion or hazard.

Tankers fitted with an inert gas system have the additional need to measure the oxygen content
of inert gas as part of the safe management of cargo tank atmospheres.

8.2.2 Summary of gas testing tasks

8.2.2.1 Atmosphere monitoring
The external atmosphere should be monitored for:

» Flammable vapour when undertaking hot work (see 9.4 for important restrictions on
performing hot work). This is achieved by using a flammable gas indicator, capable of
measuring gas to the LFL and with the scale graduated as a percentage of this limit.

« Toxic vapours when loading cargoes containing toxic components and when undertaking
gas-freeing operations following the carriage of such cargoes. This is achieved by using an
instrument capable of measuring concentrations of toxic gases in the human toxicity range,
usually calibrated in ppm.

8.2.2.2 Enclosed space monitoring

Before permitting entry into an enclosed space, measurements must be taken to detect the
presence of hydrocarbon gas, to confirm normal oxygen levels and to detect the presence of any
toxic vapours (for a full description of the required tests, see section 10.3).

Measurement to ensure that the atmosphere is free of harmful hydrocarbon vapour is
undertaken using a flammable gas indicator capable of measuring gas to the LFL and with the
scale graduated as a percentage of this limit (% LFL). For tank entry this reading should be below
1% of the LFL.

An oxygen analyser is used to determine that the normal level of oxygen in air of 21% by volume
is present.

Where toxic vapour may be present in the space to be entered, the atmosphere should be tested
with an instrument capable of measuring concentrations of toxic gases in the human toxicity
range, usually calibrated in ppm. The level of any toxic vapours and gases should not be more
than 50% of the OEL.

8.2.2.3 Inert gas atmosphere management

Tankers fitted with an inert gas system should be equipped with an oxygen analyser for
determining the quality of the inert gas and for measuring the levels of oxygen in the cargo tanks.
See section 7.1 for further information on inert gas management.

A gas indicator capable of measuring the percentage of flammable gas by volume in an inerted
atmosphere is also required for safe management of operations that include the purging and
gas-freeing of cargo tanks.

8.2.3 The provision of gas measuring instruments

It is recommended that a tanker carrying cargoes that are likely to emit a toxic or flammable gas,
or to deplete the oxygen in a cargo space, should carry an appropriate instrument for measuring
the concentration of gas or oxygen in the air, together with detailed instructions for its use.

Implicit in this recommendation is the requirement that the tanker operator provides the correct
instrument for each gas test required. Note that the di erent gas-testing functions can be
incorporated into a multi-function gas measuring instrument.
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The gas measurement instrumentation on a tanker should form a comprehensive and integrated
system that addresses all the necessary applications identified by the operator. The instruments
should be fit for the task to which they are applied, and users should be made aware of the
particular applications and limitations of each instrument.

Users of gas measuring instruments should be trained in the proper use of the equipment, to a
level suited to their work duties.

8.2.4 Alarm functions on gas measuring instruments

Alarms should only be fitted to instruments that are to be used where an audible warning is
necessary, such as a personal gas alarm monitor. Analytical instruments that are used to provide
numerical values for gases and vapours for dangerous space entry certification do not need to
have an alarm function.

Instruments with an alarm capability should be designed so that the alarm-inhibit and activate
function cannot be changed by the operator. This is to avoid the possibility of inappropriate or
accidental inhibition of the function.

The use of di erent instruments for testing atmospheres for entry certification, and for
monitoring atmospheres with a personal monitor during the entry operation, reduces the
probability of an accident caused by an instrument malfunction. It is therefore recommended
that the testing instrument is not used as the personal alarm during the entry operation.

8.2.5 Sampling lines

If fitted, sampling lines should be suitable for the intended service and be impervious to the
gases present in the atmospheres being monitored. They should also resist the e ects of hot
wash water. They should be regularly inspected and cleaned.

8.2.6 Calibration
Calibration should not be confused with operational testing (see section 8.2.7).

The accuracy of measurement equipment should be in accordance with the manufacturer’s
stated standards. On initial supply, equipment should have a calibration certificate, traceable
where possible to internationally recognised standards. Therea er, procedures for management
of the calibration certification process should form part of the SMS. These procedures may
include on board calibration in line with the manufacturer’s guidelines and/or equipment being
periodically landed to a recognised testing facility for calibration, either on a timed basis, or
during the tanker’s refit, or when the accuracy of the equipment is considered to be outside the
manufacturer’s stated standards.

Calibration certificates, showing the instrument’s serial number, the calibration date and the
calibration gas or the method of calibration, together with reference to applicable standards,
should be retained on board.

Instruments are typically calibrated using a calibration gas consistent with the use of the
instrument, such as propane or butane. The calibration gas used should be marked on
the instrument.

The use of an inappropriate gas for calibration could result in erroneous readings during
operation, even though the instrument appears to be operating correctly.

Instruments should only be dismantled by people qualified and certified to carry out such work.

8.2.7 Operational testing and inspection

Gas measuring instruments should be tested in accordance with the manufacturer’s instructions
before starting operations that require their use. Such tests are designed only to ensure that

the instrument is working properly. They should not be confused with calibration (see section
8.2.6 above).

Instruments should only be used if the tests indicate that the instrument is giving accurate
readings, and that alarms, if fitted, are operating at the pre-determined set points.
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Physical checks should include (if applicable):

« Hand pump.

» Extension tubes.

« Tightness of connections.

« Batteries.

« Housing and case.

Instruments not passing these operational tests should be re-calibrated before they are returned

to operational use. If this is not possible, they should be removed from service and clearly
labelled to say that they are not to be used.

During operations, occasionally check the instrument and sample lines for leaks, since the
ingress of air will dilute the sample and give false readings. Leak testing may be carried out
by pinching the end of the sample line and squeezing the aspirator bulb. The bulb should not
expand as long as the sample line is pinched.

During extended operations, the tanker operator should determine the frequency at which
operational checks should be made. The results of the tests and inspections should be recorded.

These procedures should be documented in the SMS (see section 9.1).

8.2.8 Disposable personal gas monitors
Disposable personal gas monitors should be periodically tested in accordance with the
manufacturer’s recommendations to confirm that they are operating correctly.

Disposable gas detection monitors, which cannot be re-calibrated, should be safely disposed
of when the calibration expiry date is reached. For this reason, it isimportant to record the date
when disposable instruments are first commissioned in order to establish their expiry date.

8.3 Li ing equipment

8.3.1 Inspection and maintenance

All shipboard li ing equipment, such as that used to handle cargo transfer equipment and/or
gangways, should be examined at intervals not exceeding one year and load tested at least every
five years unless local, national or company regulations require more frequent examinations.

Li ing equipment includes:

» Cargo hose handling cranes, derricks, davits and gantries.

» Gangways and associated cranes and davits.

« Store cranes and davits.

Chain blocks, hand winches and similar mechanical devices.

Personnel li s and hoists.

Strops, slings, chains and other ancillary equipment.

All equipment should be tested by suitably qualified individuals or authorities and be clearly
marked with its safe working load, serial number and test date.

All maintenance of li ing equipment should be carried out in accordance with manufacturer’s
guidelines. Routine checks should be included with the tanker’s planned maintenance system.

All records of tests and inspections should be recorded in the li ing equipment register. These
records should be available for inspection by Terminal Representatives when their personnel are
involved in li ing operations using tanker’s equipment.

8.3.2 Training

Li ing equipment should only be operated by personnel who are trained and proven to be
competent in its operation.
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9 Management of safety and
emergencies

Carrying dangerous goods requires measures appropriate to the nature and extent of
foreseeable dangers in order to avoid damage or injury and, if necessary, to minimise their

e ects. To control the health and safety aspects associated with handling dangerous goods, it is
recommended that a Safety Management System (SMS) is in place aimed at minimising the risks.
When transporting dangerous goods by inland waterways, the ISM Code for seagoing vessels
may be used should no equivalent code be available.

This chapter provides guidance on SMSs and introduces a risk-based approach to planning and
carrying out hazardous work.

It also provides guidance on risk-assessment and risk-management processes and provides
information on the practical application of these processes when managing hot work and other
hazardous tasks on board.

Safety on board inland tankers extends to the work of contractors and repair teams. This chapter
also addresses the safe management of contractors and repair work outside a shipyard.

Finally, it provides advice on e ective management structures and organisation during
shipboard emergencies.

9.1 Safety Management Systems

A management system is a defined method to ensure that stated objectives are achieved. The
system is documented and includes the following elements:

« Scope and objectives.

» Procedures.

« Resources responsible and accountable for implementation and execution.

A verification and measurement process to determine whether the desired results are
being achieved.

A feedback mechanism to provide a basis for further improvement.

The SMS enables the operator’s health, safety and environmental protection policy to be
implemented e ectively. The SMS is regularly audited to verify its suitability and to confirm that
itise ective and that stated procedures are being followed.

Although ISGINTT specifies a range of safety management topics, the operator should develop
the content and form of its SMS. The SMS must demonstrate that acceptable levels of safety
management are in place to protect the inland tanker, personnel and the marine environment.

To deliver the required levels of safety, the SMS needs to address all activities undertaken in the
operation of the tanker and the possible situations that could a ect the safety of the tanker or
its operation.

These activities and situations will involve varying degrees of hazard to the tanker, its personnel
and the environment. Careful assessment of these hazards, and the probability of their
occurrence, will determine the severity of the risks. Risk management tools are then applied

to accomplish safe completion of the work, ensure compliance with the SMS and provide the
objective evidence needed for verification, such as:

« Documented policies, procedures and instructions.
« Documentation of the verification carried out by the Responsible Person of day-to-day
operation, when relevant to ensure compliance.

The result of an e ective SMS is a safe system of work.
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9.2 Risk Management

9.2.1 General

Tankers and terminals should have a risk management process. It should include procedures
to identify hazards, assess associated risks and ensure risks are either eliminated or reduced to
ALARP through preventative and mitigating measures or controls.

All activities, including those of contractors, should be included in the risk management process.

9.2.2 Risk assessment

Akey tool used by the industry, and a function of all SMSs for managing risks, is the process
of a risk assessment. A risk assessment can identify potential hazards, i.e. anything that may
cause harm, and analyse the likelihood and severity of a hazard arising and the consequence
of it happening. A risk assessment is, typically, a five step process, the results of which may be
expressed in a quantitative or qualitative fashion:

1. Identify the hazards.

2. Decide who might be harmed and how.

3. Evaluate the risks and decide on preventative and mitigating measures or controls.

4. Record significant findings.
5

. Review the assessment and update following the International Safety Management (ISM) Code
or the operator’s SMS.

Risk assessments should provide the basis for developing policies and procedures that cover all
tanker and terminal operations.

All new or non-routine activities not covered by existing procedures should be risk assessed
before starting, e.g. emergency repairs.

Risk assessments should consider the possibility of human error introducing a hazard or a
control failure. In this situation, Safety Critical Task Analysis may be used to help prevent, detect
or respond to human error.

To ensure all hazards are identified, risk assessments should be completed by a team of
suitably trained and experienced personnel. They should, preferably, not be completed by a
single person.

Unintended changes in conditions during a previously assessed event (e.g. worsening weather,
loss of a person due to work limits or illness, course changes that increase the vessel’s motion)
can trigger the need for reassessment. This is more important for lengthy projects or work tasks.

9.2.3 Hierarchy of controls

Table 9.1 provides a recommended order of priority for selecting preventative measures or
controls. This is known as the hierarchy of controls.

1. Elimination Remove the cause of the hazard completely, e.g. by not
performing a proposed operation.

2. Substitution Replace the proposed procedure with a less hazardous one.

3. Engineering controls Separate personnel from the hazard by physical means, e.g. fitting

guards at dangerous items of equipment, rigging barriers around
open hatchways or using Lock-out/Tag-out (LO/TO) equipment.

4. Administration controls Use procedures to perform tasks safely, e.g. hot work permits,
enclosed space entry permits, hazard identification tools, risk
assessments and duty rosters to minimise exposure to hazards.

5. PPE Use PPE to protect the person carrying out the operation, e.g.
safety glasses. PPE should only be considered when all the above
measures have been found to be ine ective at controlling the
risks to a reasonable practical level. Select PPE to mitigate against
the identified hazard. Train personnel how to use it correctly,
including how to check it is still fit for the intended purpose.

Table 9.1: Risk assessment hierarchy of controls
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9.2.4 Marine interface risks

Activities at the marine interface that should be risk assessed include:
« Mooring and berthing operations.

« Cargo transfer operations.

« Double banking operations (including multiple banking).

« Discharging or loading over the tide.

« Tug and towing operations.

« Non-cargo related operations, including tank cleaning, bunkering, storing, hot work and
repairs while alongside the berth.

» Tank measurement and sampling.

Risk assessments can also be used to develop the following:

« Security plans.

« Emergency response plans.

Oil spill response plans.

Terminal safety exclusion zones.

« Non-standard terminal firefighting and protection arrangements.

« Critical equipment and systems identification.

Regularly review existing risk assessments and associated controls to make sure they are still
valid. A periodic inspection procedure should be in place for both tanker and terminal facilities
and operations. This should be used to identify new hazards and to decide whether a revised risk
assessment is needed.

9.2.5 Management of Change
The risk management process should include a Management of Change (MOC) procedure.

MOC is the process of bringing controlled and planned change, either temporary or permanent,
to operations, procedures, equipment or personnel to meet a defined goal.

The MOC procedure should ensure that safety and/or environmental standards are not
compromised a er the change.

MOC should be documented and supported by risk assessment, following on from any initial risk
assessments where available.
Changes that might need a MOC procedure include:

» Changes to standard operating procedures in the SMS, e.g. because of changes in regulations
and standards.

Modifications to existing equipment.

Installation of new equipment.

Changes to tanker or terminal manning arrangements.

New cargo products being handled.

Adi erenttype or size of tanker calling at a terminal.

9.3 Permit to work systems

9.3.1 General

While operators will develop their own procedures for managing all aspects of operations and
tasks undertaken, to manage hazardous tasks many choose to include a permit to work system
in their SMS.

A permit to work system is a formal written system that is used to control certain types of work.
It delivers a risk-based approach to safety management and requires personnel to undertake
and record risk assessments in the development of a safe system of work.
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Guidance for establishing a permit to work system is contained in a number of publications
issued by industry organisations and national safety bodies.

The permit to work system may include one or more of the following documents to control
hazardous activities:

» Work instruction.

« Maintenance procedure.

Local procedure.

Operational procedure.

Checklist.

o Permit.

The measures to be employed when carrying out a particular task are determined by a risk
assessment and recorded in the permit to work.

9.3.2 Permit to work systems: structure

The structure of the system and the processes employed have an important role in ensuring that
the system delivers the necessary level of safety and operational integrity.

The permit to work system should define:

« Company responsibility.

» Responsibilities for all personnel operating the system.

« Training in the use of the system.

» A measure of the competency of personnel.

» Types of permit and their application.

« Levels of authority.

« Isolation processes.

» Permit issuing procedures.

» Permit cancelling procedures.

» Emergency actions.

» Record keeping.

« Auditing.

» System updating.

The system will determine the appropriate controls to manage the risk associated with each
task, and the appropriate management tool to manage the task, as in section 9.3.1 above.

The system need not require that all tasks are carried out under the control of a formal permit.
However, it is important that the work instruction, procedure or permit used for managing a task
is appropriate to the work and that the process is e ective in identifying and managing the risks.

9.3.3 Permit to work systems: principles of operation

A permit to work system should comprise the following steps:

« ldentify the task and location.

« ldentify the hazards and assess the risks.

« Ensure appropriate competency of personnel who will carry out the work.
« Define the risk control measures — state the precautions and PPE needed.
« Determine communication procedures.

« ldentify a procedure and initiate a permit to work.

« Obtain formal approval to perform the work.

« Carry out a pre-work briefing.

« Prepare the work.

« Carry out the work to completion.

























































































































































































































