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Foreword

Foreword

| am very pleased to introduce the revised Sixth Edition of the infernational Safety Guide for Qi Tankers and
Terminals, or ISGOTT as it is generally known throughout the global tanker industry and amongst the Member
States of the UN International Maritime Organization (MO0,

I5GOTT, first published in 1978, is now widely recognised as the definitive best practice guidance on tanker
safety and pollution prevention, and is a perfect example of the good cooperation that exists between the IMO
and the shipping industry the Organization regulates. The authors of this major publication — the Internalional
Charmber of Shipping {IC5}, the Gil Companies International Marine Forum (QOCIMF) and the International
Association of Ports and Harbors (IAPH) - all enjoy consultative status with the MO and contribute
significantly to its work through their active participation at IMO meetings.

| believe that a reason why ISGOTT has endured, and is so highly regarded, is the vital complementary role it
plays in working alongside the comprehensive framework of global shipping regulation that has been adopted
by the IMO to help ensure safe and pollution-free ship operations.

Global maritime regulations, enforced by Flag States, are vital for ensuring that all ships, regardless of flag, can
operate safely and efficiently wherever in the world they are trading. However, further detailed guidance on
best operational practice is leveraged from the vast experience of industry professionals. Industry publications
such as ISGOTT are therefore crucial for ensuring that the aims and objectives of IMO instruments, such as the
MARPOL and SOLAS Conventions, are achieved in real life,

The safety record and the ervirormental performance of the tanker industry has improved substantially since
the adoption by the IMO of its many Conventions and Codes. This impressive improvement in performance

has not been delivered by regulation alone. It is a testimony to the good practices deployed, and constantly
refined, by the industry itself and the dedication and huge professionalism of the seafarers and other personnel
it emnploys.

This firm cormmitment by the industry to continuous improvement is a concept fully embraced by the IMO's 1SM
Code, and | believe this is clearly demonstrated by the industry’s ongoing efforts to keep I5GOTT updated.

| fully support the industry-wide collabaration that kas made this new edition of ISGOTT possible. This is
crucial to ensuring that the maritime industry will not only contribute to maintaining and further improving its
excellent safety record and reducing its environmental impact, but will alse bring us ever closer to the ultimate
goal of zero accidents.

Kitack Lim
Secretary-General
International Maritime Organization



Infreduction o the Sixth Edition

Introduction to the Sixth Edition

Effective management of health, safety and environmental protection is critical to the tanker and terminal
industry and the internofional Safely Guide for il Tankers and Terminals (5GOTT) has become the standard
reference on the safe operation of oil tankers and the terminals they serve.

ISGOTT was first published in 1978 by combining the contents of the Tanker Safefy Guide (Petrofeurm) published
by the International Chamber of Shipping (IC5) and the infernational Ol Tanker and Terminal Safely Guide
published on behalf of the Oil Companies International Marine Farurm (OCIMF), This revision of ISGOTT updates
and replaces the prior Fifth Edition that was published in 2006 and has been reviewed by OCIMF and 1C5
together with the International Association of Ports and Harbors (IAPH). In addition, supgort has also been
provided by other industry associations including the International Association of Independent Tanker Qwners
(INTERTANKO), the Society of International Gas Tanker and Terminal Operators (SIGTTCH and the Society for
Gas as a Marine Fuel (SGMF), as well as specialists in topics such as human factors,

Through the combined effort of multidisciplinary subject matter experts from these industry leading
organisations, this publication has been enhanced to ensure that it continues to reflect current best practice
and legizlation and, as a result, will maintain its position as a definitive reference for the safe operation of oil
tankers and the marine terminals they visil.

This Sixth Edition encompasses the latest thinking on 2 range of topical issues including gas detection, the
toxicity and the toxic effects of petroleumn products (including benzene and hydrogen sulphide), the generation
of stalic electricity and stray currents, fire protection and the growing use of mobile elecirenic technology,

In addition, the opportunity was taken to include new topics or to significantly reappraise topics previously
covered that have undergone a shift in emphasis since the Filth Edition. These include:

e Enclosed space entry,
o  Human factors.

o Safety Management Systems (SMSs), including complementary tools and processes such as permits to
work, risk assessment, Lock-out/Tag-out (LO/TO), Stop Work Authority (SWA) and their linkage fo the
underlying principles of the lnternational Safety Monagernent (ISM} Code.

»  Marine terminal administration and the critical importance of the tanker/terminal interface,

s Alternative and emerging technaologies.

= Bunkering operations, including the use of alternative fuels such as Liquefied Natural Gas (LNG)

o Cargo inspectors,

o Alignment with OCIMF's recently revised Moaring Equipment Guidelines.

o Maritime security and linkage to both the Infernational Ship and Port Facility Securify (I5P5) Code and
industry’s maritime security Sest Managernent Practices (BMP),

The Ship/Shore Safety and Bunkering Operations Checklists have also been completely revised to reflect
changes in the understanding of the impact of hurman factors in their effective use. The importance of ensuring
that individual and joint responsibilities for the tanker and the terminal are clearly cornmunicated before arrival,
as well as when alongside, is central to this chjective,

The Sixth Edition of (SG0TT retains the four section format of:

Part 2 Tan

Part 3 Marins Terminat information

Fartd :Si_'uil.r_:_."'Eal'nmrE:- iTanker/ Terminal} Interface



P07 Sixth Edition

Care has been taken 1o ensure that where the guidance given in previous editions is stili refevant and accurate,
ary amendments, changes or detetions have only enhanced the content and not diminished the ethos of
ensusing the health, safety and caviranmental profection of those who use the guide.

The authors believe that ISGOTT Sixdf Editior continues to provide the best tnchnical guidance on of tanker
and ter minal operations. All operators are urged to ensure that the recornemendations in this guide are rot only
read and fuliy understoad, but are also followed through their 54 Ss and procedures.

¥i



Furpnss and Soops

Purpose and Scope

The primary purpose of the Internafional Safely Guide for Oil Tankers and Terminals (15GOTT) is to provide
operational advice to assist personnel directly involved in tanker and terminal operations. |t makes
recommendations for tanker and lerminzal personrel on the safe carriage and handling of crude oil and
petroleumn products on tankers and at terminals. It does not, however, provide a defimitive deseription of how
tanker and terminal operations are conducted.

To achieve ils purpose (SGOTT provides guidance on, and examples of, certain aspects of tanker and terminal
operations and how they may be managed. Effective management of risk demands SMSs, proceszes and
controls and procedures that can quickly adapt to change. Therefore, the guidance given is, in many cases,
intentionally non-prescriptive and alternative procedures may be adopted by operators in the management of
their operations, These alternative procedures may exceed the recormmendations contained in this guide and
are strongly encouraged where they will further enhance the safety objective.

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 safely
managed. Guidance in the Sixth Edition is aimed at further assisting operators of tankers and marine terminals
in these principles of safe management. For shipboard operations, this course of action must satisfy the
regquirerments of the |SM Code.

I all cases, the advice given in ISGOTT is subject to any international, national or lecal regulations that may be
applicable and is intended only to complernent or strengthen those requirements. Companies responsible for
the operation of tankers and terminals should ensure that they are aware of any such requirements and ensure
full compliance.

It is recormmended that a copy of ISGOTT is kept and used on board every tanker and in every marine
terminal to provide advice on operational procedures and the shared responsibility for operalions at the
ship/shore interface.

Certain subjects are dealt with in greater detail in other publications issued by the IMO, IC5 or OCIMF or by
other maritime 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 tankers. Information
on these matters may be obtained from national authorities and from authorised bodies such as Classification
Societies. Similarly, the guide does not attemnpt to deal with certain other safety related matters, e.g.
navigation, helicopter operations and shipyard safety, although some aspects are inevitably touched upon.

It should also be noted that the scope of I5GOTT relates only to cargoes of crude oif and petroleum products
that are carried in oil tankers, chemical tankers, gas carriers and combination carriers certified for the carriage
of petroleum products. Therefore, it does not cover the carriage of chemicals or liguefied gases other than

in the context of where they may be used on board oil tankers, e.g. LNG as a marine fuel. The carriage of
chemicals and gases as cargo are the subject of other industry guides.

Industry guidance such as ISGOTT is based on the best knowledge and information available to the authors.
Irrespective of this and the subject matter, or how strong and important the information provided, the industry
is not in a position to mandate its own advice. For this reason, industry guidance in ISGOTT is characterised
by the word “should’. IMO regulations implemented by national administrations are legally enforceable and,
therefore, when ISGOTT references such regulations or their implications the term used is ‘must’,

Finally, the guide is not intended to encompass offshore facilities such as Floating Production Storage and
Offloading Units (FPS0s) and Floating Storage Units (FSUs); operatars of such units may, however, wish to
consider the guidance given fo the extent that good fanker practice is equally applicable to their operations.

Wil
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Comments and sugsestions for improvement are always welcame for possible inclusion in future editions.
They may ba addressed $0 any of the three sponsering organisations as follaws:

International Chamber of Shipping
38 5t Mary Axe

Lordearn

EC3A 8BH

United Kingdom

wih: v ics-shipping.ore

il Companies International Marine Forum
29 Cueen Anne's Gate

Losdarn

SWIH 98U

United Kinpdom

wzhy: vy ocimf.ore

International Association of Ports and Harbors
Tth Ftoor

South Towwar Mewe Pier Takeshiba

1-16-1 Kakgan

Minato-ku

Tokyo 105-0022

Japan

web: www.iaphworldports.org
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Glossary

Adjacent spaces

Administration

Anti-static additive

Approved equipment

Auto-ignition

Ballast

Barge
Berthing

Best practice

Bonding
Burst pressure

Cargo transfer

Cathodic protection

Charterers

Clingage

)

5
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[alos

by

iry

Spaces bordering another space.

As used in international conventions, the government of the State whose
flag the ship is flying.

A substance added to a petroleumn product to raise its clectrical conductivity
to a safe level, above 50 picoSiernens/metre (pS/m), to prevent accurulation
of static electricity.

Cquipment of a design that has been tested and approved by an appropriate
authority, such as a government departrment or Classification Society. The
autharity should have certified the equipment as safe for use in a specified
hazardous or dangerous area.

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

Water ballast carried in ships” tanks designated for this purpose.

Barges can be self-propelled, towed or pushed, and may be used to carry or
stare liquid hydrocarbons, chemicals or liquefied gases in bulk. They may be
employed in inland waterways or at sea outside port limits.

Bringing a ship ta her berlh until the ship is made fasl. A berth could be any
facility where a ship moors alongside ar anchors, including a quay, jetly,
offshare buoy or facility,

A method of working, or procedure, to aspire to as part of continuous
improvement.

The connecting together of metal parts to ensure electrical confinuity.
The actual pressurc at which a prototype hosc fails.

Operation when crude oil, Liquefied Petroleum Gas (LPG) or other
hydrocarbon products are moved from either a ship to another ship, a ship
to a terminal or a terminal to a ship, by means of pumping.

The prevention of corrasion by clectrochemical, impressed current or
cathodic protection technigues. On 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.

An organisation/a company entered into a contract with owners for the use
of a ship. May take the form of a demise or bareboat charter under which
the charterer has the use of the ship and engages their own crew, or where
the ship is let out to the charterer for either a defined period of time {time
charler) or a specific voyage (voyage charter),

Oil remaining on the walls of a pipe or on the internal surfaces of tanks after
the bulk of the oil has been removed.
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Closed operations
Cold work
Combination carrier (also

referred to as Oil/Bulk/Ore
(0BO), Gil/Ore (O/O))

Combustible (also referred to
as 'Flammable)

Combustible gas detector (also

referred to as 'Explosimeter”)

Company

Competent Person

Conventional tanker

Crude oil

Crude Oil Washing (COW)

Cryogenic

Dangerous area

Deadweight

Designated area

Displacement

Dry chemical powder
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Ballasting, loading or discharging operations carried out without recourse to
opening ullage and sighling porls,

Work that cannot create a source of ignition.

A ship that is designed to carry either a petroleurn cargo or a dry bulk cargo
on separate voyages.

Capable of being casily ignited and of burning. For the purposes of this
guide, the terms “combustible” and “flammable” are synanymous,

An instrument for measuring the composition of hydrocarbon gas/air
mixtures, usually giving the result as a percentage of the Lower Flammable
Lirmit {LFL).

The owner of the ship or any other organisation or person such as the
manager, or the bareboat charterer, who has assumed the responsibility
for operation of the ship from the shipowner and whao, on assuming such
responsibility, has agreed to take over all the duties and responsibility
imposed by the International Safety Management (ISM} Code.

A person who has adequate training and experience lo undertzke the tasks
they are required ta 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 ship’s administration.

An ail tanker equipped for regular trading and not specially designed or
adapled for loading al offshore terminals requiring specialised mooring or
bow loading equipment.

A liguid, occurring naturally in the carth and composed mainly of mixtures of
chemical compounds of carbon and hydrogen.

A systern whereby the tanks of a crude oil tanker are cleaned with
processed crude oil.

Cryogenic liquids arc ligucficd gases that are kept in their liquid state at very
low temperatures.

An area on a tanker which, for the purposes of the installation and use of
clectrical equipment, is regarded as dangerous due to the likelihood for an
oxplosive atmosphere to be present, (Far lerminal, see 'Hazardous area’.}

Deadweight is the difference between the displacement and the mass of the
empty ship (lightweight}. [t may be defined for any load waterline from the
ship's tables, but is normally referenced for ship comparative purposes lo
the summer deadweight.

An area or space that has been identified and dedicated for a
specific purpose,

The mass of waler in lonnes displaced by a ship at a given draught.

A flame inhibiting powder used in firefighting.
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Earthing (also referred to as
"Grounding’}

Elasticity

Emergency Release System
(ERS)

Enclosed space

Entry permit

Explosimeter

Explosion-proof {also referred

to as ‘Flame-proof’)

Fatigue

Fibre

Flame arrester (also referred
to as a ‘flame trap’}

Flame-proof

Glossary

The electrical connection of cquipment to the main body of the ‘earth’ to
ensure that it is at earth potential. On board ship, the connection is made to
the main metallic structure of the ship, which is at earth potential because of
the conductivity of the sea,

The elastic (non-permanent} elongation of a unit length of an elemenl
caused by a unil load. May refer to a material or a composite structure such
as & moaring line,

A system for quickly and safely disconnecting the cargo transfer connection
{e.g. loading arm or hose) from a ship with minimal product spillage.

It consists of an emergency release coupler between two interlocked

block valves.

M space thal has limited apenings for entry and exit, unfavourable natural
ventilation, and where it is foreseeable that a risk of death or serious injury
may exist making it unsuilable for continuous worker occupancy. It is not
possible to include a comprehensive list but includes cargo spaces, double
bottoms, fuel tanks, ballast tanks, pumprooms, cofferdams, vaid spaces, duct
keels, inter-barrier spaces, engine crankcases and sowago tanks.

A documend issued by a Responsible Person on completion of all required
preparation and testing allowing enfry into a space or compartment during a
specific time inlerval,

See 'Combustible pas detector’.

Electrical equipment is defined and certified as explosion-proof when it is
enclosed in a case that is capable of withstanding 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 resull of the temperature
rise of the case following the internal explosion. The equipment must
operate at such an cxternal temperature that a surrounding flarmmable
atmosphere will not be ignited.

A, state of physical and/or mental impairment resulting from factors such
as inadequate sleep, extended wakefulness, work/rest requirements out

of sync with circadian rhythms and physical, mental or emotional exertion
that can impair aleriness and the ability to safely operate a ship or perform
safety related dutics.

A long, fine, very flexible structure that may be woven, braidod, stranded or
twisted into a variety of fabrics, twine, cordage or rape.

A permeable matrix of metal, ceramic or other heat-resisting rmaterials that
allow gas lo pass through but stop the propagation of flame through cocling
ol the combustion products to below the temperature required for the
ignition of the flammable gas on the other side of the arrester.

See ‘Explosion-proaf.
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Flame screen

Flammable (also referred to as

‘Combustible’}

Flammable atmosphere

Flammable range

Flashlight

Flashpoint

Flow rate

Foam (also referred to as
‘Froth'}

Foam concentrate

(also referred to as
'Foam compound')

Foam solution

Free fall

Freeboard

From the top (or overall)

Gas free

Gas free certificate

Grounding
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M partable or filled device incorporaling one or more corrosion resistant
wire-waoven fabrics of very small mesh, which is used for preventing sparks
from enlering a lank or venl opening ar, far a short lime, preventing the
passage of flame. (Mot to be confused with "Flame arrester’.)

Capable of being ignited and of burning. For the purposes of this guide, the
terms ‘flammable’ and ‘combustible’ are synonymous.

An atmosphere that contains 10% or more of the Lower Flammable Limit
(LFL) of a substance that is capable of ignition and burning.

The range of hydrocarbon gas concentrations in air between the Lower and
Upper Flammable {Explosive) Limits. Mixtures within this range are capable
of being ignited and of burning.

Seo Torch',

The lowest ternperature at which a liquid gives off sufficient vapour 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.

The linear velocily of flow of liquid in a pipeline, usually measured in
metres per second (m/sec). The delermination of the flow rates at
locations within cargo pipeline systems is essenlial when handling static
accumulator cargoes.

An aerated solution that is used for fire prevention and firefighting.

The full strength liquid received from the supplier, which is diluted and
processed to produce foam.

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

An unrestricted fall,

The vertical distance between the ship’s deck and the waterline at the
amidships location. On ships with manifolds not amidships, it may also be
provided separately for the manifold location.

See ‘Loading over the lop”.

A tank, compartment or container is gas free when it has been adeguately
cleaned and sufficient 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 waork, entry etc.

A certificale issued by an authorised Respansible Persan confirming that,
al the time of testing, a lank, compartment or condainer was gas free for a

specific purpose,

Sce 'Earthing”
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Guidance

Halon

Hazard

Hazardous area

Hazardous situation

Hazardous tash

Hazardous zone

High Modulus Synthetic
Fibre (HMSF)

Hot work

Hot work permit

Hydrocarbon gas

Incident

Inert condition

Inert Gas (1G)

Inert gas plant

Glossary

Provision of advice or informatian by OCIMF/ICS/IAPH.

A halogenated hydrocarbon used in firefighting that inhibits flame
propagation.

Any event/object that could cause harm.

Any place in which a sufficicnily cxplosive atmosphere may occur ta
require special precautions to protect the safety of workers (for ships, see
‘Dangerous area’),

A situation that may directly cause an accident that causes harm to poople
or lhe environment.

A task other than hot work that presents a hazard Lo the ship, terminal
or personnel, the performance of which needs to be controlied by

a risk assessment process such as a permit to work system or a
controlled procedure.

A hazardous zone is a classification designation found within a hazardous
area and is determined by an assessment based upon the frequency of the
occurrence and duration that an explosive gas almosphere may be present.

Manmade, continuous filament synthetic fibre with modulus in the range of
50-150Pa.

Work involving sources ol ignition or lemperatures sufficiently high to cause
the ignition of a flammable gas mixlure. This includes any work requiring
the use of welding, burning or soldering cquipment, blow lorches, some
power driven tools, portable electrical equipment that is not intrinsically
safe or contained within an approved explosion-proof housing and internal
combustion engines.

A document issued by a Responsible Person on completion of all required
preparation and lesting that permits specific hot work to be done during a
particular time interval in a defined area.

An organic chemical gas compound composed cnlirely of hydrogen and
carban atoms.

Any unplanned evend, including accidents or near-misses, that may resuit in
injury or ill health of people, damage or loss o property, plant, materials or
the environment.

A condition in which the oxygen content throughout the atmosphere of a
tank has been reduced to 8% or less by volume by the addition of inert gas.

M gas or a mixlure of gases, such as exhaust flue gas or nitrogen, containing
insufficient oxygen to support the combustion of hydrocarbons.

All equipment fitted to supply, cool, clean, pressurise, monilor and cantrol
the delivery of inert gas to the cargo lank systems,
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Inert gas system

Inerting

Insulating flange

Interface detector

International Safety
Management (ISM) Code

Intrinsically safe

Loading over the top
(or loading overall)

Loading rate

Lower Flammable Limit (LFL)

Manifald

Marine terminal (or terminal)

Marine terminal manager

Master

Material Safety Data Sheei
(MSDS)
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An inert gas plant and inert gas distribution system together with means
for preventing backflow of carao gases to the machinery spaces, fixed and
portable measuring instruments and control dovices.

The process of introducing inert gas into a tank with the object of atlaining
the inert condition,

A flanged joint incorporating an insulating gaskel, sleeves and washers fo
prevent electrical continuity botween pipelines, hose strings and Marine
Loading Arms (MLAS].

An electrical instrument for delecting the boundary between oil and water.

The International Management Code for the Safe Operation of Ships and for
Pollution Prevention.

An clectrical creuil, or parl of a circuit, is intrinsically safe if any spark or
thermal effect produced normeally {i.e. by breaking or closing the circuit)
or accidentally {e.g. by shorl circuit or earth fault) is incapable, under
prescribed test conditions, of igniting a prescribed gas mixture,

The loading of cargo or ballast through an open-cnded pipe ar by means
of an open-ended hose entering a tank through a hatch or deck opening,
resulting in the free fall of liquid.

The volumetric measure of liquid loaded within a given period, usually
expressed as cubic metres per hour (m*/hr} or barrels per hour (bbls/hr).

The concentration of a hydrecarbon gas in air below which there is
insufficient hydrocarbon to support and propagate combustion. Somelimes
reforred o as Lower Explosive Limit (LELD.

The flanged pipe asscmbly mounted on board ship to which the presentation
flange of the Marine Loading Arm (MLA} o spoal piece connects.

For the purposes of this publication, a marine terminal is defined as a place
where ships are berthed or moored for loading or discharging cargoes that
include crude oil and products, chemicals and liqueficd gascs.

The person, or management leam, having overall responsibility for the safe
and efficient operation of a marine terminal.

The Master is responsible for the safe and efficient operation of the

ship {including ils seawarthiness, safety and security, cargo operations,
navigation, crew management, and legal compliance) and for tho persans
and cargo on board.

A docurnent identifying a substance, and all its constituents, and
occupational health and safety information. It pravides the recipient with
all necessary information to manage the substance safely. The format
and content of an M3D0S for Internationol Convention for the Prevention of
Pollution from Ships (MARPOL) Annex | Cargoes and Marine Fuel Oils are
prescribed by the IMO and follow the Globally Harmaonized System (GHS),
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tercaptans

Metacentric height

Mooring buoy

Mooring hoolk

Meooring Master

Multi Buoy Mooring (MBM)

Naked lights

Mon-volatile petroleum

Odour threshold

Oil/Bull/Ore (OBO)

Oxygen analyser {or oxygen
meter)

Pachkaged cargo

Glossary

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.

The vertical distance between the centre of gravity (the point through which
the force of gravity is considered to act verlically downwards) and the
metacentre (the point at which the force of buoyancy will cut the centreline
al a given angle of heel),

A floating cylinder or drum, anchored 1o the seabed, to which mooring lines
are attached. The moaoring buoy may serve only as a float with the anchor
chain passing through the buoy directly lo the maoring hook, in which case
none of the tension loads are transforred Lo the buoy. Alternatively, the buoy
rnay be used as a tension member whereby loads are transferred from the
rnooring lines via the buoy to the anchor system. In this case, the mooring
buoy is a structural member of the mooring system.

& device for connecting a ship's mooring line to a guay, jetty, offshore buoy
or facility, which is often fitted with a quick release system.

A suilably qualified marine representative placed on board ships o advise
the Master during navigation of the ship to/from the facility. The Mooring
Master may also assist with, or undertake, ship handling, hose handling,
cargo operations and documentation duties.

A facility where a tanker is usually moored by an array of mooring buays,
typically between three and seven, pasitioned at some distance from the
lanker, or a combination of mooring buoys and one or more ship’s anchors,
{o moor the ship on a fixed heading.

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. This also includes
unprotected light bulbs or any surface with a temperature that is equal to
ar higher than the auto-ignition termperature of the products handled in
the operation.

Petroleum having a flashpoint of 60°C or above, as determined by the closed
cup method of tesl,

The lowest concentration of vapour in air thal can be detected by the human
sense of smell.

Sere "Combination carrier”.

An instrument for determining the percentage of oxygen in a sample of the
atmasphere drawn from a tank, pipe or compartrment.

Petroleum or other cargo in drums, packages or ather containers. Depending
on the nature of the goods the relevant provisions of the infernational
Maritirne Dangerous Goods (IMDG) Code and MARPOL may apply.
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Permit to work

Permit to work system

Petroleum

Petroleum gas

Phase of oil

Pigging

Port authority

Portable tank

Pour point

Presentation flange

Pressure surge

Pressure/Vacuum relief valve

(P/V valve)

Product

Public Relations Officer
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A document issued by a Responsible Person on completion of all required
preparation and testing, which allows work to be performed in compliance
with the ship's Safety Management System (SMS).

A documented system for controlling activities that expose the ship, the
terminal, personnel or the environment to hazard. The system will use
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.

Crude il and liguid hydrocarbon products derived from it.

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

Qil is considered to have three phases in which it can exist depending on
the grade of cil and its temperature. The three phases are the solid phase,
the: liguid 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.

A form af line clearance where a cylindrical object (known as a 'pig’)

is propelled along a line by liquid or compressed gas. Figging may also
be undertaken during line maintenance functions, such as line integrity
checks, using a so called 'intelligent pig’ to measure the thickness of the
pipeline wall,

The organisation that is responsible for the safe and efficient aperation and
management of a specific part.

A tank used for the storage and transportation of liguids, including liquefied
gases, that can be moved. Also known as UN portable tanks, 150 tank
containers, bulk or inlermadal lanks,

The lowest temperature at which a petroleum oil will flow under
standard conditions.

l.oading arm flange for connection fo either the ship’s manifold or
spool piece.

& sudden increase in the pressure of the liguid in a pipeline brought about
by an abrupt change in flow rate.

A device that enables a tank to ‘breathe’, keeping a tank over pressure or
under pressure within approved limits by providing for the flow of the small
volumes of vapour, air or inert gas mixtures caused by thermal variations in
a cargo tank.

Any substance that flows through a Marine Loading Arm (MLAY. This
includes, but is not limited to, crude oil, refined and chemical products,
liquefied gases, vapour and ballast water.

Persan who relays information to the public, other port users and all
involved groups.
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Purging

Pyrophoric iron sulphide

Quick Connect/Disconnect
Coupling (QC/DC)

Recommendations

Reid Vapour Pressure (RVP)

Relaxation time

Responsible Officer
{or Person)

Resuscitator

Risk

Risk assessment

Safety Management System
(SMS)

Safety of Life at Sea (SOLAS)

Sea chest

Self-stowing mooring winch

Glossary

The introduction of incrt gas into a lank already in the inert condition with
the object of further reducing the exisling axygen content and/or reducing
the existing hydrocarbon gas content ta a level below which combustion
cannot be supported if air is subsequently introduced into the tank.

Iron sulphide capable of a rapid exothermic oxidation causing incandescence
when exposed o air and potential ignition of flammable hydrocarbon
gas/fair mixlures,

The manual or hydraulic mechanical device used to clamp the presentation
flange to the ship’s manifold withaut the usc of bolis.

OCIMFICS/IAPH support and endorse a particular method of working
or procedure.

A cormmon measure of volatility and defined as the absolule vapour pressure
exerted by the vapour of a hydrocarbon liquid and any dissolved gases at
37.8°C under specified conditions. Sce True Vapour Pressure’.

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. Mot to be
confused with ‘Settling time’ - see definition,

A person appointed by the company or the Master af the ship and
empowered fo take all decisions relating to a specific task and having the
necessary knowledge and experience for that purpose.

A dovice using positive pressure Lo assist or restore the breathing of a
person overcome by gas or lack of axygen,

The exposure to a hazard.

The process thal collects information and assigns values to risks for
informing priorilies, developing or comparing courses of action, and
infarming decision making.

A formal, documented system or framewaork designed o manage safety
in the waorkplace on shore or on a ship. An SMS will include policies,
objectives, plans and procedures, as well as organisational responsibilities
for those involved in ensuring the system is effectively implemented. For
ship aclivities, an SMS3 is a requirement of the IS5 Code.

The International Convention for the Salely of Lile at Sea 1974, as amended.

Underwater opening within the shell plating through which sca water is
drawn in or discharged, for example, for cooling of machinery syslems,

M mooring winch fitted with a drurm on which a moaring wire or rope is
made fast and automatically stowed. They may be split drum (where the
wire or rope |5 stored separately to the warking/tension drum) or a single
undivided drum.
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Setiling time

Ship

Single Point Mooring (SPM)

Sounding pipe

Sour crude oil or products

Spiked crude oil

Spontaneous combustion

Spread loading

Stakeholders

Static accumulator oil

Static electricity

Stafic non-accumulator oil

Stripping

Surge pressure

ISGEOTT Sixth Editinn

The time il lakes for tank contents to stop moving once filling has stopped,
and therefore the cessation of further static electricity generation. Typically,
this tirme is 30 minutes. Nat to be confused with 'Relaxation time' —

soe definition.

Any vessel, including barges, that is designed 1o carry oil, liquefied gases or
chermicals in bulk.

An integrated mooring arrangement for bow mooring a conventional

tarker. An SPM includes Catenary Anchor Leg Mooring (CALM) buay,
Single Anchor Leg Mooring (SALM), Single Buoy Mooring (SBM), Floating
Production Storage and Offloading Unit (FPS0} and a turret type mooring to
a spar or similar structure.

A pipe extending from the top of the tank to the bottorn through which the
contents of the tank can be measured. The pipc is usually perforated to
ensure the level of liquid in the pipe is the same as the lovel of liquid in
the body of the tank and to prevent the possibility of spillages. The pipe
should be clectrically bonded to the ship’s structure at the deck and at its
lower end.

A crude oil or product containing appreciable amounts of hydrogen
sulphide and/or mercaptans. They will often be associated with a strong
pungent odour.

A crude oil blended with a liquefied gas or condensate.

The ignition of material brought about by a heat producing {exothermic)
chemical reaction within the material itsclf wilhout exposure to an external
source of ignition.

The practice of loading a nurmber of tanks simultaneously to reduce the Tlow
rate of oil or product into a tank o reduce static electricity generation when
loading static accurmulator cargoes.

Individuals, groups or organisations that have an interest in or are affected
by the activity of a business.

An oil with an clectrical conductivity of less than 50 picoSiemens/metre
(pS/m}, capable of retaining a significant electrostatic charge.

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

An ail with an electrical conductivity greater than 50 picoSicmens/metre
{pS/m), incapable of retaining a significant electrostatic charge.

The final operation in draining liquid from a tank or pipeline.

A sudden increase in the pressurc of the liquid in a pipeline, brought about
by an abrupt change in flow velocity o.g. through the slarting or stopping
af a pump, a rapid closure or opening of a valve or a reduction of pipeline
diameler. The pressure surge may cause a rupture of the piping and an
exlensive oil spill.
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Tank breathing {see also
PV valve')

Tank cleaning

Tanker

Telernetry

Tension winch {automated
or self-tensioning

mooring system)

Terminal

Terminal Representative
Threshoeld Limit Value (TLV)
Topping-off

Topping-up

Torch (also referred to as
'Flashlight’)

Toxicity

True Vapour Pressure {TVP)

Ullage

Under Keel Clearance (UKC)

Glossary

The ahility of a tank to maintain over pressure or under pressure within
approved limits by providing for the flow of the small volumes of vapour, air
or inerl gas mixiures caused by thermal variations in a cargo tank,

The process of remaving hydrocarbon vapaours, liquid or residue from tanks.
Usually carried out so that tanks can be entered for inspection or hot work
or to avoid contamination between grades.

A ship designed to carry liguid petroleum cargo in bulk, including a
combination carricr when being used for this purpose.

A systemn of two-way radio communication thal inlerlinks data between ship
and installation. This data is often related to Emergency Shutdown (ESD)
and emergency release activities, but can also include information on

valve positions.

A mooring winch designed and fitted with a device that can maintain the
tension on & mooring line automatically to a certain pre-set value,

& place where tankers are berthed or moored for the purpose of loading or
discharging petroleurn cargo.

A porson designaled by the terminal to take responsibility for an operation
or duty.

Airborne concentrations of substances under which it is believed that nearly
all workers may be exposed day after day with no adverse eflecl,

The operation of completing the loading of a tank to a required ullage.

The introduction of inert gas into a tank that is already in the inert condition
with the object of raising the tank pressure to ensure the minimum tank
pressure is maintained and to prevent any ingress of air.

A battery operated hand lamp. An approved torch is one that is approved by
a competent authorily for use in a flammable atmosphere.

The degree to which a substance or mixiure of substances can harm
humans or animals. Acute toxicity invalves harmiul effects to an organism
through a single short term exposure. Chronic toxicily is the ability of

a subslance or mixture of substances to cause harmful effecis over an
extended period, usually upon repeated or continuous exposure, somelimes
lasting for the enlire life of the exposed organism.

The absolute pressure cxerled by the gas produced by evaporation from a
liquid when gas and liquid are in equilibriur at the prevailing temperature
and the gas liquid ratio is effectively zero. See 'Reid Vapour Pressure.

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

Thee verlical distance between the ship's bottom, at its decpest point af
immersion, and the seabed or any objects resting on the seabed (for
example, submarine pipclines, manifolds or conerete clumps).
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Upper Flammable Limit (UFL}

Vacuum breaker
Vapour
Vapour Emission Conirol

System (VECS)

Vapour lock system

Volatile petroleum

Water fog

Water spray
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The concentration of a hydrocarbon gas in air ahove which there is
insufficient oxygen to support and propagate combustion. Sometimes
referred to as Upper Explosive Limit {(UELY,

Avalve in the apex which, when opened to atmosphere, breaks the internal
vacuum and expediles gravity draining of the outboard arm,

A pas below its critical temperature.

An arrangement of piping and equipment used to control vapour emissions
during tanker operations, including ship and shorc vapour collection systems,
manitaring and control devices and vapour processing arrangcments.

Equipment fitted to a tank to enable the measuring and sampling of cargoes
without release of vapour or inert gas pressure. They are frequently fitted to
sounding pipes, particularly on ships not fitted wilh inert gas systems.

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

A suspension in the atmosphere of very fine droplels of water, usually
delivered at a high pressure through a fog nozzle for use in firefighting.

A spray of water divided into coarse drops by delivery through a special
nozzle for use in firefighling.
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Abbreviations

Abbreviations

ABM All Buoy Mooring

AC Alternating Currcnt

AFFF Agueous Film Forming Foam
AlS Automatic ldentification System

ALARP As Low As Reasonably Practicable
ANSI American National Standards Institute
API Arnerican Petroloum Instilute

AR-AFFF  Alcohol Resistant Aqueous Film Forming Foam

ASME American Sociely of Mechanical Engineers
AUV Autonomous Underwater Vehicles

BCM Bow ta Centre of Manifold

BMP Best Management Practices

BOG Boil-Off Gas

BWM Ballast Water Managerment

CBM Conventional Buoy Maoring

CH=0H Methanol

CHs Methane

CO: Carbon Dioxide

COSWF Code of Safe Working Practices for Merchant Scafarers
cow Crude Oil Washing

DFDE Dual Fuct Diesel Engine

EEBD Emergency Escape Breathing Device
EPS5 Emergency Power Supply System
ERS Emergency Release System

ESD Emergency Shutdown

FAME Fatty Acid Methyl Esters

FP Fluoraprotein Foam

FPAR Alcohol Resistant Fluoroprotein Foam
FPSO Floating Production Storage and Offloading Unit
GCU (Gas Combustion Unit

GHS Globally Harmonized System

GM Transverse Meotacentric Height

H:5 Hydrogen Sulphide

HAZID Hazard |dentification Studies

HAZOP Hazard and Operability Sludies

HFO Heavy Fuel Ol
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HMSF High Modulus Synthelic Fibre

HP High Pressurc

IACS International Association of Classification Societies
IAPH Irternational Association of Ports and Harbors

IBC Code  International Code for the Construction and Equipment of Ships Carrying Dangerous Chemicals

in Bulk
ICs International Chamber of Shipping
IEC International Electrolechnical Commission
IECEx Iinternational Electrotechnical Cornmission System for Certification to Standards Relating to

Equipment for Use in Explosive Almospheres
IG tnert Gas

IGC Code  International Code of the Construction and Equipment of Ships Carrying Liguefied Gases in
Bulk Code

IGF Code International Code of Safely for Ships Using Gases or Other Low-flashpoint Fuels Code

IMDG Code International Maritime Dangerous Goods Code

IMO International Maritime Organization

I0GP  International Assaciation of Oil & Gas Producers

IPIECA International Petroleumn Industry Environmental Conservation Association
IR Infrarcd

ISM Code  International Safely Management Code
IS0 International Organization for Standardization

ISPS Code International Ship and Port Facilily Security Code

IT Infarmation Technology

LFL Lower Flammable Limil

LNG Ligueficd Malural Gas

LO/TO Lack-out/ Tag-out

LOA Lenath Overall

LPG Liquefied Petroleum Gas

LRIT Lang Range Identification and Tracking
MARPFOL International Convention for the Prevention of Pollution from Ships
MASS Marine Aulonomous Surface Ships
MAWP Maximum Allowable Working Pressure
MBL Minirnum Breaking Load

MBM Multi Buoy Mooring

MBR Minirnum Bend Radius

MCA Maritime and Coastguard Agency

MDO Marine Diesel Oil

MLA Marinc Loading Arm

MOC Management of Change
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Abbreviations

MSC Marine Safety Commitice

Ms3DS Material Safcty Data Sheet

MSMP Mooring System Management Plan
MTIS Marine Terminal Information System

MTMSA Marine Terminal Management and Self Assessment

MTOCT Marine Terminal Operalor Competence and Training
MTPQ Marine Terminal Particulars Questionnaire
MWP Maximum Working Pressure

NEC Mational Electric Code

NFPA Mational Fire Protection Association

NHs Ammonia

NO Mitric Oxide

NOz Mitrogen Dioxide

NORM MWaturally Oceurring Radioactive Material
NRV Man-Return Valve

OBO Oil/Bulk/Ore

OCIMF 0il Companics International Marine Forum
OEL Occupational Exposure Limit

OEL-5TEL  Occupalional Exposure Limit - Short-term Exposure Limit
OEL-TWA  Occupational Exposure Limit - Time Weighted Average

OSHA Occupational Safety and Health Administration
05RO (il Spill Response Organisation

oT Operational Technology

P Frotein Foam

B/v Pressure/Vacuum

PBL Parallel Body Length

PEP Portable Electronic Product

PERC Powered Emergency Release Coupling

PFD Perzonal Flotation Device

PFOA Perfluorooctanoic Acid

PFOS Perfluorooctane Sulfonate

PFSO Port Facility Security Officer

PIANC World Association far Watcrborne Transporl Infrastructure
PIC Person In Charge

PID Photoionisation Detector

PLEM Pipeline End Manifold

PMS Planned Maintenance System

PP Palypropylene

i



ISGCTT Sixth Edition

PPE Personal Protective Equipment

ppm parts per million

PSC Port State Conlrol

PTFE Paolytetrafluorocihylene

Qc/DC Quick Connect/Disconnect Coupling
GRA Cuantitative Risk Assessment

RF Radio Frequency

RPE Respiratory Protective Cquipment
RVP Reid Vapour Pressure

RWP Rated Working Pressure

SCBA Self-Contained Breathing Apparatus
SCM Stern to Centre of Manifold

SCT Safely Critical Tasks

SCTA Safcty Critical Task Analysis

sSDs Safety Data Sheel

SGMF Socicty for Gas as a Marine Fuel
SIGTTO Society of International Gas Tanker and Terminal Operators

SIMOPS Simullaneous Operations

SIRE Ship Inspection Report Programme

SMPEF Shipboard Marine Pollution Prevention Emergency Plan
SMS Safcty Management Systemn

S0OLAS International Convention for the Safety of Life at Sea

SOPEP Ship Oil Pollution Emergency Plan

S5PM Single Point Mooring

550 Ship Security Officer

S5SCL Ship/Shore Safely Checklist

STCW Standards of Training, Certification and Watchkecping for Seafarers
STS Ship to Ship

sVG Site Verification Guideline

SWA Slop Work Authority

SWL Safe Working Load

TEL Tetraethyl Lead

TIB Terminal information Booklet

TIC Testing, Inspection and Certification

TLV Thresheld Limit Value

TML Tetrarmethyl Lead

TMSA Tanker Management and Self Assessment
TOL Terminal Operating Limit
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TVP
UFL
UHP
UKC

UN GHS
UsCaG
VECS
VHF/UHF
voc
VOCON
VoL
VPQ
VRL

WG

Abtnevialions

True Vapour Pressure

Wpper Flamrnable Limit

Ultra High Pressure

Under Keel Clearance

United Mations Globally Harmonized System of Classification and Labelling of Chemicals
United States Coasl Guard

Vapour Emission Control System

Very High Frequency/Ultra High Frequency
Volatile Organic Compound

Wolatile Organic Compound Control Valve
Volime

Voessel Parliculars Questionnaire

Vapour Return Line

Waler Gauge
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Basic Properties and
Hazards of Petroleum
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1.1 Vapour pressure

1.2 Flammability

1.3 Densily of hydrocarbon gases
1.4 Toxicily

1.5  Pyropharic iron sulphide

1.6 I'hee hazards associated with handling, storing and carrying residual fuel oils

This chapter looks at the physical and chemical characteristics of petroleum liquids that pose a
risk during handling operations. These are the flammability of petroleum, the effects of the density
and vapour pressure of petroleurn gases, and vapours and their toxic properties.

Other issues covered include pyrophoric iron sulphides forming in cargo tanks and the hazards
associated with handling, storing and carrying residual fuel oils.

Practical guidance for gas testing operations is in chapter 2, which also addresses gas evolution
and dispersion.

1.1 Vapour pressure

111 True Vapour Pressure

Crude oils and petroleurn products are mixtures of a wide range of hydrocarbons, i.e. chemical
compounds af hydrogen and carbon. The boiling points of these compounds range widely, Their
volatility depends, primarily, on the relative quantities of the maore volatile constituents, Le. those
with & lower boiling point.

Volatility is the tendency of a crude oil or petroleumn product to produce gas and is characterised
by the vapour pressure. When a petroleum mixture is transferred to an empty tank or container it
starts {o vaporise, so gas forms in the space above it.

This gas tonds Lo re-dissolve in the liguid until it reaches an equilibrium, with a certain amount
of gas cvenly distributed throughout the space. The pressure this gas exerts is the equilibrium
vapour pressure of the liquid, usually known simply as the vapour pressure.
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The vapour pressure of a pure compound depends on its ternperature alone. The vapour pressure
of a mixture depends on its temperalure, conslituents and volume of the gas in the vaporisation
space. In other words, it depends on the ratio of gas to liguid by volume.

The pressure exerted by a gas produced from a mixlure when the gas and liquid are in equiliorium
at the prevailing ternperature is the True Vapour Pressure (TVP), or vapour pressure at the bubble
point. It is the highest possible vapour pressure at any specilied lemperature.

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

The TVFP of a petroleum mixture indicates its ability to produce gas. The TVE is exlremely
diflicull to measure, although it can be calculated from a detailed knowledge of the composition
af the liquid. Far erude ails, it can be estimated from the stabilisation conditions, allowing

for any subsequent changes of temperature or compasition. In the case of products, reliable
correlations exist for deriving TVP from the more readily measured Reid Vapour Pressure (RVF)
and temnperature.

Reid Vapour Pressure

The RVP test is a simple, widely used method for measuring the volatility of petroleumn liguids.

Itis conducted with standard equipment and in a closely defined way. A sample of the liquid is
introduced into the test conlainer al atmospheric pressure so that the volume of the liquid is onc
fifth 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. Aflter the container has been shaken to produce equilibrium
conditions, the pressure, now increased due o vaporisation, can be seen on an attached pressure
gauge. This reading is a close approximation 1o the absolute vapour pressure of the liquid at 37.8°C.

RVP is useful for comparing the volatilitics of a wide range of petroleurn liquids in a general way.
However, because it measures at the standard temperature of 37.8°C and at a fixed gas/liquid
ratio, it is of little value in estimating the likely gas evalution in specific situations. For this purpose,
TVYF is much more useful.

Flammability

General
Flarnmability is the primary and always present risk when handling petroleum.

When hydrocarbon gases burn, they rcact with the axygen in the air to produce carbon dioxide
(C02) and water. The reaction produces enough heat to form a flame that travels through he
mixture of hydrocarbon gas and air. When the gas above a liquid hydrocarbon is ignited, the heat
is usually cnough lo evaporate enough fresh gas to maintain the flame. While 1t looks as though
the liquid is on fire, il is in fact the gas that is burning, being continuously replenished from

the liquid.

Flammable limits

A mixture of hydrocarbon gas and air cannot ignile and burn unless its gas-in-air concentration
lies within the flammable range. The lower limit of this range, known as the Lower Flammable
Limit (LFL}, is the hydrocarbon concentration below which there is nol enough gas to support
cornbustion (too lean). The upper limit, known as the Upper Flammable Limit (UFL), is the
concentration above which there is not enough air to supporl combustion (too rich).

The flammable limits vary for different pure hydrocarbon gases and far the gas mixtures derived
frorn different petroleum liquids. For practical purposcs, the gas mixtures from crude oils, motor
or aviation gasolines and natural gasoline products can be represented by the pure hydrocarbon
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gases propane, butane and pentane, Table 1. gives the flarmable limits for these three gases and
the dilution needed for each to bring a mixture of 50% by volurne in air down to the LEL. This
shows that vapours will disperse with ease lo a non-flammable concentration in the atmosphere.
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In practice, and for general purposcs, the |LFL and UFL of crude oil and petroleum products can be
taken as 1% and 10% by volume, respoctively.
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| Flammable limits % volume hydrocarbon | Nymber of dilutions with same |
. Gas in air | velume of air to reduce a mixlure
| Upper Ediins of 50% by volume to LFL
Propane 95 22 ' 23

Butans B.S 19 26
Pentans T8 15 i3

Table 1.1: Flarnmable limits of propane, butane and pentanc

1.2.3 The effect of Inert Gas on flammability

When Inert Gas (1G) is added lo a hydrocarbon gas/air mixture, the result is to increase the LFL
hydracarbon concentration and to decrease the UFL concentration. These offects are shown in

figure 1.1.
B
| L S
E
‘%" F
iy ,‘\ i
8 10 LT
Bt
= ] \'pp-w?"ﬁa,l;..
& (L | ~
2 E i H\.
i i o
] ﬂ" LS
o =2y s
e = 1 B
o [} i e
a LY
8 55— i i Flammable
G- L 2 mixtures
- I = _J:Gﬂ'l-';'fh e
H""D'iu-tfnimrhafr‘h T E =
i ‘__'-‘-F"--—_.____ A el e s £
i ‘__"—_""—..H_""-. ol
| e et
i | ] | ST A
0 L} 10 15 20 AN

Oxygen - percentage by volume
Figure 1.1: Flammability compaosition diagram for a hydrocarbon gas/air/IG mixture

(This diagram is illustrative anly and should not be used for deciding acceptable gas compositions
in practical cases.)
Every point on the diagram represents a hydrocarbon gas/air/1G mixture in terms of its

hydracarbon and oxyzen content. Hydrocarbon gas/air mixtures without 1G lic on the line AB, its
slope reflecting the reduction in oxygen content as the hydrocarbon content increases. Points



o
)
e
4,
E
L
{0
L A
Qi
k)

G

PART 1

1.2.4

1.2.5

I5G0OTT Sixth Edition

to the left 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 flamrmability limit mixtures for hydrocarbon gas
in air. A&s the IG content increases, the flammable limit mixtures change as indicated by the lines
CC and DE, which converge al 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 |G is represented by movements along straight lines
directed either towards the point A {pure air) or a point on the oxygen content axis corresponding
lo the composition of the added IG. Such lines are shown for the gas mixture represented by the
paint F.

Figure 11 demanstrates that as |G is added 1o hydrocarbon gas/air mixtures, the flammable range
decreases until the oxygen content reaches a level, generally abaut 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 composilion moves along the line
FA and enters the shaded arca of flammable mixtures. This means that all inerted rixtures 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 thal al point H, do not become flammable on dilution. Note
that it is possible to maove from a mixture like F o ane like H by dilution with additional 1G, i.e. by
purging lo remaove hydrocarbon gas.

Tests for flammability

Since hydrocarbon gas/air mixtures are flammable within a comparalively narrow range of
concentrations of hydrocarbon gas in air, and concentration in air depends on vapour pressure, in
principle it should be possible to test for flarnmability by measuring vapour pressure. In practice,
the wide range of petroleum praducts, and the range of temperatures they are handled at, has
prevented the development of one simple lesl.

Instead, the oil industry uses twa standard methads. One is the RYP test (sce section 11.2)
and the other is the flashpoint test, which measures flammability directly. However, with some
residual fuel oils, the flashpoint test will not always provide a direct indication of flammability
{see section 1.6.2),

Flashpoint

In this test, a sample of the liguid is gradually heated and a small flame repeatedly and briefly
applied to the surface of the liquid. The flashpoint is the lowest liquid temperature at which the
small flame initiates a flash of Aame across the surface of the liquid, indicating the presence of a
flarnmable gas/air mixture above the liquid. For all oils, except some residual fuel oils, this gas/air
mixture corresponds closely to the LFL mixture.

Flashpoint equipment falls into two classes. In one, as the liquid is heated, the surface is
permanently apen to the atmosphere. The result of this test is an open cup flashpaoint. In the other
class, the liquid is kept enclosed except when the initiating flame is briefly introduced through a
small port. The result of this test is a closed cup flashpoint.

The greater loss of gas to atmosphere in the open cup lest means the open cup flashpaint of

a petroleum liguid is always a little higher (by about 6°C) than its closed cup flashpaint. The
restricted loss of gas in the closed cup equipment also produces a much more consistent
result. For this reason, the closed cup method is gencrally favoured and used in this guide when
considering the classification of petroleurn. However, open cup test figures may still be found in
some national legislation, in Classification Society rules and other similar documents.
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1.2.6 Flammability classification of petroleum

Many schemes exist for dividing the complete range of petroleum liguids into different flammability
classes based on flashpaint 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.

')
]

This guide generally groups petroleum liquids into two categories, non-volatile and volatile, defined
in terms of flashpoint as:

LG ELLLL

Non-volatile

A flashpaint of 60°C or above, based on closed cup testing. At any normal ambicnt ternperature
these liguids produce equilibrium gas concentrations below the LEL. They include distillate fuel
gils, heavy gas oils and diesel oils. Their RVPs arc below 00.007 bar and are not usually measured.

Volatile

A Hashipoint below 60°C, based on closed cup testing. In some part of the normal ambicnt
femperalure range, some petroleum liquids in this category can produce an equilibrium gas/air
rixture within the flammable range. At all normal ambient temperatures, the majarity give
equilibrium gas/air mixtures above the UFL. Examples of the former are jet fuels and kerosenes.
Examples of the latter arc gasolines and most crude oils. In practice, gasolines and erude oils are
frequently handled before reaching equilibriurn conditions, so gas/air mixtures in the: flammable
range may be present.

The choice of 60°C as the flashpoint division between non-volatile and volatile liquids is, to an
extent, arbitrary. Less stringent precautions are applied to non-volatile liquids, so it is vital that

no liquid capable of producing a flammable gas/air mixture is ever included in the non-volatile
category. The dividing line should allow for factors such as misjudging the temperature, inaccurate
flashpoint measurement and minor contamination by more volalile malterials. The closed cup
flashpaint figure of 60°C allows for these and is compatible with international definitions.

1.3 Density of hydrocarbon gases

The densities of the gas mixtures evolved from the normal petroleum liquids, when undiluted wilh
air, arc all greater than the density of air. Layering effects are therefore encountered in cargo
handling operations and can give rise to hazardous situations. This means that layering effects are
possible during cargo handling, which can create hazards.

Table 1.2 shows the gas densities relative to air for the three pure hydrocarbon gases, propane,
butane and pentane, which roughly represent the gas mixtures produced by crude oils, motor
or aviation gasolines and natural gasolines. These figures do not change greatly when IG is
substituted for air.

Density relative to air

Gas 50% by volume |
Pure hydrocarbon hydrocarbon/50% by | LFL mixture
| _ volume air mixiure '
| Propane 155 125 | 10 .

Butane 2.0 15 1.0

l Pentane 25 l 1.8 1.0

Table 1.2: Propane, bulane and pentane — densities relative to air
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The density of the undiluted gas from a product (e.g. motor gasoline) is likely to be about twice
that of air and from a typical crude oil it is about 1.5 times. These high densities and their resulting
layering effects arc only significant while the gas remains concentrated, As it is diluted, the
density of the gas/air mixlure from all three types of cargo approaches that of air. At the LFL it is
indistinguizhable from air.

Toxicity

Introduction

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

Toxic substances can enter the human bady in three main ways:

¢+ Swallowed (ngestiond.
¢ Skin contact (absorption}.
« ‘iathe lungs {inhalation).

Taxic substances may have local cffects, e.g. skin or eye irritation, and may also affcct other, more
widespread parts of the body, known as systemic effects.

This section describes the effects of the toxic substances that tanker and terminal personnel are
most likely to encounter. It looks at what happens with both a single and a repeated exposure, and
how to reduce the risks, It also covers the effects of oxygen deficiency, although this is not strictly
a case of toxicity.

Liquid petroleum

1.4.21 Ingestion

Potrolewm has low oral toxicity, but when swallowed causes acute discomfort and nausea, When
vomiting, liquid pelroleum may be drawn into the lungs, which can have serious consequences,
especially with more volatile products such as gasoline and kerosene.

14.2.2  Absorption

Many petraleum products, especially the more volatile ones, cause irritation when they come in
contact with the skin. They remove essential oils and can cause dermaltilis. They can also cause
irritation to the eyes. Repeated and prolonged contact with certain heavier oils can cause serious
skin disorders.

Awoid direct contact with petroleumn at all times by wearing the appropriate Personal Protective
Equipment (PPE), especially impermeable gloves and goggles.

Petroleum gases

1.4.3.1 Inhalation

When inhaled, even small quantities of petroleumn gas can cause symptoms of diminished
responsibility and dizzincss similar to intoxication, along with headaches and irritation to the eyes.
It can be fatal if inhaled in sufficient quantities.

These symptoms can occur at concentrations well below the LFL. However, petroleum gases vary
in their effects and people vary in their tolerance of those effects. Even if the conditions can be
tolerated, do not assume the gas concentration is within safe limits.



Chapter 1 Basic Properlies and Hazards of Potroleum

The smell of petroleum gas mixtures is variable and in some cases may dull the sense of
smell, This is especially likely, and scrious, if the mixture contains hydrogen sulphide (Hz25)
(zee section 1.4.6).

O

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

1.43.2  Exposure limits

The taxic hazards personnel are exposed ta in tanker and terminal operations arise almost entirely
from liquids, gases or vapours of various kinds. Many of these substances have Occupational
Exposure Limits (OELs). These limits protect personnel against harmful exposures in the

working cnvirenment.

Exposure limits are set by international organisalions, national administrations ar by local
regulatory bodies and should never be exceeded. The limits set by different organisations may
differ and operators should adopt those set by their flag or appropriate administration. The limits
should be detailed in the Salely Management System (SMS). Where they are not available, adopt
those from a country with an inlernationally recognised occupational hygiene institute or society.

OELs are expressed in parts per million (pprn) by volume of gas in air or milligrams per cubic
metre (mg/m?). There are three main lypes of OEL:

s Time Weighted Average (TWAY TWA values are calculated by taking the sum of exposure
during a working day to a toxic contaminant in terms of ppm-hours and dividing by an
eight hour period. As averages, TWAs assume short-term exposures above the OEL-TWA that
are not high enough to damage health and are compensated by equivalent cxposures below
the OEL-TWA during the conventional cight hour warking day.

= Shart-Term Exposure Limits (STELY): these arc assigned to substances that cause acule
effects. They are higher than the eight hour TWA. The STEL s the maximum average
concentration an unprotected warker may be exposed to in any 15 minute interval during the
day. Where no specific STEL is available, use a figure three times the long-term (OEL-TWA)
exposure limit.

» Ceiling value: this is the concentration of an airborne toxic substance that should not be
exceeded at any time during the working day.

OELs protect the health of workers. They are not safe working limits, so exposure should
be kept below the limit wherever possible. Best practice is fo reduce exposure of all
contaminants to As Low As Reasonably Practicable (ALARP).

1.4.3.3 Effects

The main effects of low concentrations of petroleum gas on personnel are headaches and
oye irritation, with diminished respansibility and dizziness similar to intoxication. At high
concentrations, it can lead to paralysis, unconsciousness and death.

The toxicity of petroleumn gases and vapours varies widely depending on their different
hydrocarbon constituents. Toxicity can be greatly increased by the presence of some minor
components such as aromatic hydrocarbons, e.g. Hz25 and benzene. Cornpliance with the OEL of
a ‘lotal’ hydrocarbon, such as gasoline, docs nat ensure compliance with the individual OELs of
potertiatly hazardous constituents, such as HzS or benzene.
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Safety Data Sheets

The Safety Data Sheets (SDSs) should indicate the type and probable concentrations of
hazardous or toxic components in the cargo or bunkers to be loaded, particularly H25 and
benzene. The SOS should be United Nations Globally Harmonized Systemn of Classification and
Labeliing of Chemicals (UN GHS) compliant.

The supplier is respansible for providing the relevant SD5 to a tanker before it starts loading an
oil cargo or bunker fuel, The tanker is responsible for providing the receiver with an 503 for the
cargo to be discharged. The tanker should also advise the terminal, and any tank inspectors or
surveyors, whether the previcus cargo contained any toxic substances (see section 25.4).

An S0S does not guarantee that all the hazardous or toxic components of the cargo or bunkers
being loaded have been identified or documented. An S0S can be generic and may not directly
reflect the specific composition of the cargo or fuel described. Tanker and terminal operators
should have procedures and equipment ta verify the actual levels of toxic components present in
cargoes and/or bunkers loaded or discharged.

For International Canvention for the Prevention of Pollution from Ships (MARPOL) Annex |
cargoes, the term Material Safety Data Sheets (MSD5s) may still be used and referenced in
industry documents,

Benzene and other aromatic hydrocarbons

1.4.5.1 Aromatic hydrocarbons

The aromatic hydrocarbons include benzene, toluene and xylene. They are components, in varying
amounts, in many petroleumn cargoes, e.g. gasoling, gasoline-blending components, reformate,
naphtha and crude oil.

Personnel engaged in cargo operations invelving products containing aromatic hydrocarbons
should follow the precautions and procedures in sections 121.6.6 (closed loading) and 12.8.4
{measuring and sampling) in order to minimise their exposure during cargo handling operations,
The OEL of an aromatic hydrocarbon vapour is generally lower than other hydrocarbons.

1.4.5.2 Benzene

Exposure to concentrations of benzene vapours of only a few ppm in air can affect bone
marrow and cause anaemia and leukaemia.

The International Maritime Organization (IMO) has established minimum standards for ships
carrying liguids in bulk with a benzene cantent of 0.5% or more: see MSC/Circ1095 Revised
Minimum Safety Standards for Ships Carrying Liguids in Bulk Containing Benzene, These
standards cover requirements for transferring information on the cargo by SDS, OELs, air
quality monitoring, PPE and its maintenance, medical monitoring and precautions during
cargo aperations.

There is some crossover between cargoes containing benzene in MARPOL Annex | and some of
the precautions to be followed as defined by MARPOL Annex i and the associated International
Code for the Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk (1BC Code}
and the Code for the Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk
(BCH Code). The following guidance provides general advice on precautions to be adapted by oil
tankers carrying cargoes containing benzene at concentrations of less than 0.5%.

Benzene primarily presents an inhalation hazard. It provides little warning as its odour threshold
is above the OEL levels. Benzene is heavier than air, with a relative vapour density of 2.8 that
means it may accumnulate in low level areas,

10
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Exposure to concentrations over 1,000ppm can lead to unconsciousness and even death. Benzene
can also be absorbed through the skin and is toxic if ingested.

For practical guidance on measures to minimise the risks associated with loading cargoes
containing benzene, see section 12.1.10.1,

Operators should refer to their Flag State or national authority to confirm applicable OELs
for benzene.

Benzene is a carcinogen, so exposure should always be reduced to below the OEL or
respiratory protection provided, following the hierarchy of control principle (see section

4.2.3)

Personal Protective Equipment
Personnel should wear Self-Contained Breathing Apparatus (SCBA) when:

s+ They are at risk of being exposed to unknown concentrations of benzene vapours or levels that
exceed the OEL-TWA.

» Mational or internationally specified OEL-TWAs are likely to be exceeded.
s Monitoring cannot be carried out.

= Closed operations cannot be carried out for any reasan,

The tanker operator should decide what other Respiratory Protective Equipment (RPE) should
be worn, but this should not fail below the regulations or guidance required by the IMO. Local
regulations or company procedures may extend the need to use RPE to personnel not directly
involved in cargo operations {see section 1013,

Operatars should be aware of the stated lower limit of detection and accuracy range of gas
detection equipment used, and that portable gas measuring equipment can only provide spot
readings. Personnel may also find concentrations of vapour that exceed the readings, so carefully
consider the type of RPE used for specific lasks.

Operators should keep records of all employees engaged in handling cargoes that contain
benzene, Personnel carrying out tasks, e.g. cargo gauging and sampling, or disconnecting carge
hoses after transfer, should be made aware of the hazards of benzena.

Tank entry

Before anybody enters a tank that has recently contained petraleum, the tank should be tested for
benzene concentrations. This is in addition to the requirements for entering enclosed spaces given
in chapter 10,

Hydrogen sulphide

Hydrogen sulphide (HzS) is a toxic, corrosive and flammable gas. It has a very low odour threshold
and distinctive rotten egg smell. H25 is colourless, heavier than air with a relative vapour density
of 1189 and is soluble in water.

1.4.6.1 Sources of hydrogen sulphide

Many crude oils come out of the well with high levels of HzS, but a stabilisation process usually
reduces this level before the crude oil is delivered to the tanker. However, the level of stabilisation
may be reduced at times and a tanker may receive a cargo with an HzS content higher than usual
or expected. Some crude oils are never stabilised and always contain high levels of Hz25.

il
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Hz5 can also be found in refined products, e.g. naphtha, gas oil, bitumen and fuel oil, carried on
board either as cargo or marine bunker fuel.

As a by-product of the refining process, fuel oil is a mixture of different types of residues, both
from the crude distillation units (straight run residues) and from the conversion units
{cracked/converted residues). The mixture of less stable residues can mean Ha3 is slowly
released even though testing at the time of production indicated no Hz5 present.

Far residual marine fuels typically used as bunker fuel, the applicable International Organization
for Standardization (1500 Standard (currentiy 150 8217-2017) defines an HzS limit of 2mg/ke
(2ppr by weight). This limit can still lead to high accumulations of HzS in the vapour space of
bunker tanks. Applying heat 1o the fuel oil will also promote the release of HzS from the liquid into
the vapour phase.

H:S scavengers based on nitrogen-based compounds (triazines) or oxygen-based compaounds

(aldehydes) can be used as additives to depress HzS in final products, but overdosage can create
issues with sediments and adour.

Cargo and bunker fuels should not be treated as free of Hz5 until after they have been loaded and
the absence of H2S has been confirmed by the results of initial and ongoing monitoring and by the
information in the relevant S0OS.

1.4.6.2  Expected vapour concentrations

It is important to distinguish between concentrations of Hz2S in the atmosphere, expressed in ppm
by volume, and concentrations in liquid, expressed in ppm by weight.

Predicting the likely vapour concentration from any given liquid concentration is not possible but,
as an example, a crude oil containing Hz25 at TOppm (by weight) has been shown to produce a
concentration of 7,000ppm (by volume) in the gas stream leaving the tank vent.

Precautions against high HzS concentrations are normally necessary if the Hz25 content in
the vapour phase is 5ppm by volume or above.

The effects of H2S at various increasing concentrations in air are shown in table 1.3,
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HzS concentration | i
{ppm by vol in air) i SypplansiE

0.000M-0.00033 Typical background concentrations

0.01-15 | Odour threshold twhen the rotten egg smell is first noticeable to some). Odour
becomes more offensive at 3-Sppm. Above 30ppm, odour described as sweal or
sickeningly sweel

2-5 Prolonged exposure may cause nausea, tearing of the eyes, headaches or loss of
sleep, Airway problems (bronchial constriction) in seme asthma patients

g 20 Possible aligue, loss of appetite, headache, irritability, poor memaery, dizziness

50-100 Slight conjunctivitis (gas eyel and respiratory tract irritation after ong hour, May
cause digestive upsel and loss of appelite

| 100 Coughing, eye irrilation, loss of sense of smell after 2-15 minutes (olfactory
, fatigue). Altered breathing, drowsiness after 15-30 minutes, Throat irrilation
| after one hour, Gradual increase in severity of symptoms over several hours,
; Death may occur after 48 hours

100150 | Loss of sense of smell (olfactory latigus or paralysis)

200-300 Marked conjunctivitis and respiratory tract irritation after one hour, Pulmanary
| edema may cocur from prolonged exposure

B00-700 Staggering then collapse in five minutes. Serious damage to the eyes in
30 minutes. Death after 30-a0 minutes

700,000 Rapid unconsciousness, ‘knockdown’ or immediate collapse within one to two
breaths, brezthing stops, death within minules

1.000-2,000 Mearly instant death

Table 1,3: Typical effects of exposure to Hz5 (Source - Occupational Safety and Health
Administration (OSHAY

The HeS concentration in the vapour space will vary greatly and depends on factors such as:

» Liguid Hz5 content.

= Amount of air circulation.

e Temperature of air and liquid.
o Liguid level in the tank.

¢  Amount of agitation.

1.4.6.3  Guidance for handling cargo and bunkers containing hydrogen sulphide

Take the following precautions when handling all cargoes and bunker fuels likely to contain
hazardous concentrations of HzS. Also take them when ballasting, cleaning or gas freeing tanks
that previously contained a carge with H2S content, Practical guidance on operational measures to
minimise the risks associated with loading cargoes containing HzS is in section 12.1.9.

14.6.31  Vapour monitoring

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

High concentralions and the corrosive nature of the gas can damage electronic gas detection
instruments, Low concentrations of HzS can have a similar effect over time. Some portable gas
monitoring equipment may have a dedicated channel for high Hz5 so that other sensors are

not damaged. Gas detection tubes, or similar eguipment, should be used if it is necessary to
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monitor high concentrations. Operators should be aware of the stated lower limit of detection and
accuracy range of the gas detection equipment used.

The Energy Institute's HM 69, Procedures for determining HzS concentration in cargo tank head
spaces summarises good practice used within the industry. It recommends suitable vapour space
sampling equipment that allow a closed sampling arrangement, minimising the operator’s potential
exposure to the vapour lested.

Bunker fuel tanks should be monitored before, during and after bunkering. If HzS has been
detected, the bunker tank should be regularly tested. Gas testing bunker tank vapour spaces
shoufd be risk assessed, considering the design of the bunker tanks, and appropriate measures
taken to ensure the safety of personnel.

If HzS might be present, bridge, contral room, accommaodation and engine spaces should

be monitored. Ventilation systems should be operated to prevent Hz5 vapours entering the
accormnmodation and engine spaces. Low concentrations of H25 aver time can cause discomfort
to personnel,

Personal measuring equipment

Personal HzS 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 an
HzS reading and an alarm, The alarms should be set at a value of Sppm.

Personnel should always carry personal monitors whenever HeS concentrations could exceed the
OEL-TWA. Examples of these occasions include but are not limited to:

s Gauging,

s Sampling.

o Entering & purnproom.

» Connecting and disconnecting lines/hoses,

» (Cleaning filters.

= Draining to open conlainment.

+ Mopping up spills.

Personal gas monitors normally have an instantaneous alarm that activates when concentrations
of HzS exceed a set threshold, but may also have time-weighted alarms that trigger when the

average conceniration over the measurement period (typically 15 minutes or eight hours) exceeds
other thresholds, e.z, OEL-STEL or OEL-TWA.

Unless the personal gas monitor has the functionality of raising alarms simultaneously for
QEL-TWA and pre-set instantaneous readings, then instantaneous alarms should be selected
rather than OEL-TWA alarms.

As an instrument may have several programabile alarm limils, the safest approach to any alarm
activation is to vacate the area and confirm the content from a safe location.

Users should understand each alarm setting. The operator’s procedures should also assign clear
actions to each setting.

Passive sampling badges are simple exposure monitoring devices and should never be used as an
itemn of PFE.
1.4.6.3.2 Personal Protective Equipment

Consider providing Emergency Escape Breathing Devices (EEBDs) to personnel working in
hazardous areas. These can be put on quickly if gas is detected.

14
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Fersonnel should wear RPE under the following circumstances:

s Whenever there is a risk of exposure to HzS vapours that either exceed the OEL-TWA, or when
there is a potential that OEL-TWA levels set by national or international authorities are likely ta
be exceeded.

» When monitoring cannot be carried out.
s When closed operations cannot be conducted for any reason and H2S concentrations could
exceed the OEL-TWA.

See section 4.81 on PPE.

1.4.6.33 Tanker and terminal systems for managing safety

Systems for managing safety should include procedures to ensure safe operations when
handling cargo and bunker fuels that may contain HaS. The pracedures should include, but not be
lirnited to:

# Training all tanker and terminal personnel in the hazards associated with Hz5 and the
precautions to reduce the risks fo acceptable levels,

= (Gas testing/atmosphere manitoring procedures.

= Additional safety measures for routine cargo operations when HzS is present,

s Maintenance procedures for cargo related systems.

o PPE requirements.

o Contingency planning.

= Emergency response measures.

» Measures to protect visitors from exposure.

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

Companies and terminals should develop additional procedures for handling cargoes with very
high levels of Hz25, e.g. when 100ppm or more is detected in the vapour space,

EEBDs should be readily available to all personnel working in hazardous areas. They should
already have a personal Hz5 gas menitoring instrument.

Personnel should be instructed that if their alarm activates, they should put on the EEBD and
immediately leave the area to an upwind location. They should advise the central control location
of high gas concenirations so that appropriate procedures can be initiated.

When very high concentrations of HzS are likely, SCBA should always be worn if it 1s necessary

to breach the integrity of the cargo system and a vapour free atmosphere cannot be guaranteed.

This would include the following activities:

= Gauging and sampling,

s Rernaving blanks for connecting the cargo hose or loading arm, or disconnecting the hose and
blanking after cargo handling.

+ Cleaning filters.

= Draining lines to open containment, e_g. drip trays or savealls.

+  Mopping up spills.

Pracedures should require personnel to use SCBA. Chemical cartridge respirators should not be

used for protection against Hz5 vapour as the concentrations in the atmosphere may exceed the
protection factor of the respirator used.
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1.4.6.5 Corrosion

H#S is very corrosive, so enhanced inspection and maintenance regimes for cargo handling
systerns should in place if high concentrations of HzS are likely.

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

Mechanical tank gauges are more likely to fail since HeS can damage stainless steel tension
springs and metals, e.g. brass and bronze. It may be necessary to increase the spare
parts inventory.

Even low HzS concentrations will affect computer and instrument components made of silver
and gaold.

1.4.6.6 Public nuisance

Hz5S odour is also considered a public nuisance. Most local environmental regulations limit or ban
the release of H2S concentrations to the atmosphere. In any case this is good practice, so it is
necessary to maintain cargo tank pressures within acceptably low limits. Tank vapour pressure
will rapidly increase if the vapour space is exposed to heat or the preduct is agitated. Crude Gil
Washing (COW) may also rapidly increase the vapour pressure and should begin at relatively low
tank pressures, preferably while maintaining a relatively high discharge rate.

Mercaptans

Mercaptans are naturally occurring colourless gases. They have a very low odour threshold and
their smell is similar to rotting cabbage. This is why they are used as odorising agents in natural
gas and Liguefied Petroleum Gas (LPG

Mercaptans may be found on tankers where sea water has remained beneath an oil cargo or
where oil residues are left in slop tanks that contain sea water. Mercaptans are also present in the
vapours of pentane plus cargoes and in some crude oils.

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

The initial effects of mercaptans are similar to those caused by Hz5, i.e. irritation to the lungs,
eyes, nose and throat. If the concentration is very high, they can cause unconsciousness and
oxygen may have to administered.

Cargo and bunker residues

Ship and terminal operators should be aware that residues left in tanks, pipelines and equipment
may conlain contarminants that are hazardous and/or toxic. Where the potential for these
substances to be present has been identified, the facility operator or supplier has a duty of care
ta identify and inform the potential receivers of the il or product that may be contaminated of
the presence of the hazardous substance, and to provide information to enable the receivers to
undertake an appropriate risk assessment that covers the health, safety and environmental risks.

Examples include, but are not limited to, mercury and Naturally Cccurring Radioactive Materials
{(NORMs) bath of which may be present in sludge and residues of crude oil, the latter being more
likely found in upstream or refining operations,

Further information an mereury can be found in OCIMF's Safety, Health, Environrmental lssues and
Recommendations for Shipboard Handling of Elevated Mercury Crude Cargoes.

Maore information on NORMs can be sourced direct from the International Association of Oil & Gas
Producers (IOGP) who have produced a number of technical reports providing factual information
and guidance on the management of NORMs in the oil and gas industry,
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Gasolines containing tetraethyl lead or tetramethyl lead

The amounts of tetraethyl lead (TEL} or tetramethyl lead (TML) normally added to gasolines are
insufficient to make the gases significantly more loxic than those from unleaded gasolines. The
effects of the gases from leaded gasolines are like those described for petroleum gases in section
1.4.3.3, The use of these compounds is now limited to some aviation gasolines and automotive
gasoline in a small number of countries.

Biofuels

Biofuels are produced from renewable organic materials and include ethyl alcohal, Fally Acid
Methyl Esters (FAME), vegetable oils (triglycerides) and alkanes (C10-C26). They may have a
Hashpoint either above or below 60°C.

Inert Gas

1411 General

IG is principally used to control cargo tank atmospheres to prevent the formation of flammable
rixtures. The key requirement for IG is low oxygen content. Other than that, its composition
can vary.

1.41.2 Toxic constituents

The main health hazard associaled with 1G is its low oxygen content, However, 1G produced by
combustion ('flue gas’) either in a steam boiler or in a separate 1G generator, will contain trace
arnounts of various toxic gases that may raise the level of hazard to personnel. These include
nitrogen oxides, sulphur dioxide (S02) and carbon monoxide (CO). The OELs set by different
organisations for these gases may differ. Operators should adopt the OELs set by their flag or
appropriate administration and detail thern in the SM3.

The precautions to protect personnel against the toxic components of IG during tank entry

are in section 111.6.12. However, they do not include requirements for directly measuring the
concentration of the trace constituents of flue gas. This is because gas freeing the atmosphere of
a cargo tank from a hydrocarbon gas concentration of about 2% by volume to 19 LFL, and until a
steady 21% by volume oxygen reading is reached, is enough to dilute these toxic constituents to
below their OEL-TWA.

For entering enclosed spaces, follow the recommendations in chapter 10.

1.411.3  Nitrogen oxides

Exhaust gases typically contain about 200ppm by volume of mixed nitrogen coxides. The majority
is nitric oxide (ND), which is not removed by water scrubhing. MO reacts slowly with oxyzen,
forming nitrogen dioxide (MOz). As the gas stands in tanks, the total concentration of nitragen
oxides falls, over a period of ane to two days, to a level of 10-20ppm as the more soluble NOz
goes into solution in free water, or by condensation, to give nitrous and nitric acids. Any further
decrease below this level is very slow.

14114 Sulphur dioxide

Exhaust gas produced by the combustion of fuel oil cantains S0z. 1G system water scrubbers
remove this gas, although their efficiency depends on the design and operation. However, 1G will
always contain a level of residual 50z of, typically, between 2 and S0ppm.

502 irritates the eyes, nose and throal and may also cause breathing difficulties in
sensitive people.
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1.4.11.5 Carbon monoxide

Carbon monoxide (CO) is narmally present in exhaust gas at a level of only a few ppm. Abnormal
combustion conditions can create levels in excess of 200ppm.

Oxygen deficiency

The oxygen content of the atmosphere in enclosed spaces may be low for several reasons, the
most obvious of which being that the space is inerted and the oxygen displaced by the 1G. Oxygen
may also be removed from an atmosphere by chemical reactions, e.g. rusting or hardening paints
or coatings.

As the amount of axygen falls below the normal 21% by volume, breathing tends to become
faster and deeper. The syrmptoms that indicate an atmosphere is deficient in oxygen may not
give enough warning. Most people would fail to recognise the danger until they were too weak to
escape without help, especially if it invalves the exertion of climbing.

While individuals vary in susceptibility, all will suffer impairment if the oxygen level falls to 16%
by volurme.

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

An atrosphere containing less than 5% axygen by volume causes immediate unconsciousness
with no warning other than a gasp for air. If resuscitation is delayed for more than a few minutes,
the brain is irreversibly damaged, even if the person's life is saved.

Pyrophoric iron sulphide

Pyrophoric oxidation

I an oxygen-free atmosphere where HeS gas is present or where the concentration of

HzS exceeds the oxygen, iron oxide is converted to iron sulphide. When the iron sulphide is
subsequently exposed to air it is oxidised back to iron oxide, forming either free sulphur or S0z
gas. This oxidation can be accompanied by considerable heat, so individual particles may become
incandescent. Rapid exothermic oxidation with incandescence is called pyrophoric oxidation.

Formation of pyrophors

1.5:2] General
The formation of pyrophors depends on three factors:

= Presence of iron oxide (rust).

¢ Presence of Hz5.

e Lack of oxygen.

It also depends on the comparative influence of these factors. The presence of oxygen will inhibit
the conversion of iron oxide to iron sulphide. Also, while the concentration of Hz5 gas has a direct
influence on the formation of pyrophars, the degree of porosity of the iron oxide and the rate of

flow of the gas over its surface will influence the rate of sulphidation. Experiments support the
view that there is no safe level of HzS below which a pyrophor cannot be generated.
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1.5.2.2  In marine operations

While pyrophoric iron sulphide is a widely recognised ignition source in shore based operations, it
has rarely been the cause of a marine ignition and, in those few cases, the HzS levels were very
high. It is believed that marine operations have been free of this hazard because tank breathing
means the cargo tanks of non-inerted tankers normally contain some axygen in the vapour space.

However, the use of IG on crude carriers may decrease the initial oxygen level as well as that

of subsequent replenishments and so increase the possibility of forming pyrophoric deposits,
Although tanker flue gas normally contains 1% to 5% oxygen, this can be reduced further by
absorption into the crude cargo. Furthermare, as the cargo tanks are kept pressurised with low
oxygen content 1G, no air will enter the ullage space. If the pressure needs to be increased, it will
again be done with low oxygen content 1G.

Preventing pyrophoric ignition in inerted cargo tanks

If the cargo tanks remain inerted, there is no danger of ignition from a pyrophoric exothermic
reaction. This means it is imperative that the atmosphere in the tank is not allowed to become
flammable, Flammable atmospheres are inevitable if the tanks are discharged while the 1G planl
is inoperable.

However, various factors may inhibit pyrophor farmation or a pyrophoric reaction and so reduce
the risk of ignition. These factors include:

» Lack of sufficiently thick deposits of iron oxide,

= Elemental sulphur and crude oil in tank deposits.

o Venting tanks with air.

These inhibiting factors are not predictable, nor can anyone be confident that they will abways

be effective. The degree of risk is judged high enough that atmasphere control should always be
maintained during and after discharge. To ensure atmosphere control can be maintained, observe
the following practices:

= Diligent maintenance of 1G plants.

» Keep spares nearby for critical parts that cannot be easily obtained or that can fail abruptly,
e.g. the fans.

= If an |G plant fails before or during discharge of cargo or ballast from cargo tanks, do not start
discharging, or do not resume, until the |G plant operation is restared or an alternative source
of 1G is provided.

The hazards associated with handling, storing and
carrying residual fuel oils

The nature of the hazard

Residual fuel oils can produce light hydrocarbons in the tank headspace with a vapaur
composition that may be near or within the flammable range. This can happen even when the
starage 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 hydracarbons may be present in the headspaces of residual fuel oil tanks,
the associated risk is small unless the atmosphere is within the flammable range and an
ignition source is present. However, residual fuel cil headspaces should still be regarded as
potentially flammable.
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Flashpoint and headspace flammability measurement

1.6.21 Flashpoint

The safe storage, handling and transportation of fuel oils is classified according to their closed cup
flashpoint (see section 1.2.5). However, the relationship between the flammability of a headspace
atmosphere and the flashpoint of the residual fuel oil carried has no fixed correlation. A flammable
almaosphere can be produced in a tank headspace even when a residual fuel oil is stored at a
ternperature below its flashpoint.

1.6.2.2  Headspace flammability

When using a combustible gas detector to assess the degree of hazard in non-inerled residual fuel
oil tank headspaces, the instrument should be calibrated with a pentane/air or hexane/air mixture.
While this will give a more conservative estimate of the flammahility, the readings should not be
regarded as a precise measurement of the vapour space condition.

When taking measurements, closely follow the manufacturer's operating instructions for the
instrument and frequently check the instrument’s calibration as catalytic sensors are susceptible
to poisoning when exposed to residual fuel oil vapours,

In view of the prablems associated with obtaining accurate measurements of the flammability of
residual fuel tank headspaces using readily available portable equipment, the measured % LFL
anly ranks fuels broadly in terms of relative hazard. Therefore, care should be exercised when
interpreting the figures obtained by such gas deteclors.

Precautionary measures

1.6.3.1 Storage and handling temperatures

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

1.6.3.2 Filling and venting

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

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

1.6.3.3 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.

1.6.3.4 Hazard reduction
The flammability of the headspace of residual fuel cil tanks should be monitored regularly.

If a measured value in excess of 50% LFL is detected, 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 outlel, 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 1G, it is recommended that
the G is used and that the headspace is maintained in an inert condition,
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1.6.3.5 Ullaging and sampling

All aperations should be conducted such as to take due care to avoid the hazards associated with
static electrical charges (see section 12.8.2).

Hydrogen sulphide hazard in residual fuel oils

Bunker fuels containing high HzS concentrations may be supplied without advice being passed to
the ship beforehand. Ship's personnel should always be alert to the possible presence of H25 in
bunker fuel and be prepared to take suitable precautions if it is present.

Before loading bunkers, the ship should communicate with the supplier to ascertain whether the
fuel to be loaded is likely ta have any Hz5 content.

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

If bunkering with fuel containing HzS 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 accurmnulate should be carried out as soon as practicable.

Even after the 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 Hz5 should be continued until the bunker tank is
refilled with a fuel oil not containing Hz5.
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21  Hydrocarbon gas evolution and dispersion
2.2 Loading very high vapour pressure cargoes
2.3 \olatile Organic Compounds

2.4 (Gas measurement

2.5  Sampling

2.6  Fixed hydrocarbon gas detection systems

The chapter covers issues relating to gas evolution and dispersion. It also describes the
principles, uses and limitations of portable and fixed gas detection equipment and provides
practical guidance for gas testing operations.

2.1 Hydrocarbon gas evolution and dispersion

i Introduction

During carea handling and associated operations, enough petroleum gas is often expelled from
cargo tank vents 1o create flammable gas mixtures in the atmosphere outside the tanks, It is
essential that these flammable gas mixtures are nol exposed to a source of ignition. In most cases,
this means eliminating the source of ignition or ensuring there are barriers, e.g. closed doors and
ports, between the gas and potential sources of ignition.

A further safeguard should be introduced if operations can be arranged so that petroleurn gas
issuing from vents is dispersed well enough to prevent flammable gas mixtures reaching any
areas where sources of ignition may exist.

Volatile cargoes with a high vapour pressure are most likely to result in flammable atmospheres
outside the tanks. Examples are:

+ Crude oil

Motor and aviation gasolines.

Matural gasolines.
« Light distillate feedstocks and naphtha,

The gases from these petroleum liquids are denser than air, which has an impertant bearing on
how they behave inside and oulside the tanks (see section 1.3).
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Gas will be evolved by loading, cargo standing in full tanks or part-filled tanks (including slop
tanks), evaporation of tank residues after discharge and COW. Vented gas is evolved within the
tanks and the way it evolves affects the concentration when vented and the time it takes for a high
concentration to vent,

Whether air or 1G, the initial tank atmosphere has no bearing on gas evolution ar venting.

Gas evolution and venting

21.21 Evolution during loading

As a high vapour pressure petroleum cargo enters an empty gas free fank, the gas rapidly evolves,
Because of its high density, the gas forms a layer at the boftom of the tank that rises with the oil
surface as the tank is filled. Once it has been formed, the depth of the layer increases only slowly
over the time it normally takes to fill a tank, although ultimately an equilibrium gas mixlure is
established throughout the vapour space.

The volume and concentration of gas forming this layer at the beginning of loading depends on
many factors, including the:

« TVYP of the cargo,
= Amount of splashing as the il enters the tank.
« Time required to load the tank.

s Occurrence of a partial vacuum in the loading line,

The gas concentration in the layer varies with distance above the liquid surface. Close to the
surface, its value closely relates 1o the TVP of the adjoining liquid. For example, if the TVP is
0.75 bar, the gas concentration just above the surface is about T2% by volume. If the tank was
originally gas free, then the gas concentration well above the surface will be small. To consider
further the influence of gas layer depth, it is necessary to define this layer,

When considering the dispersion of gases outside cargo tanks, only high hydrocarbon
concentrations in the vented gas are relevant, 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. Remember that hydrocarbon gas will still 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 ferms, of less
than one metre. The precise depth depends on the factors above and most of the advice on vented
gas in this guide is intended for such cargoes. Gas layers greater than one metre in depth may be
encountered if the cargo TVP is high enough. Cargoes that create these deeper gas layers may
require special precautions (see sections 2.2.2 and 12.1.8).

21.2.2  Venting during the loading of cargo

As the liquid rises in the tank, the hydrocarbon gas layer rises with it. Above this layer, the
atmosphere originally present in the tank remains almaost unchanged. 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 mainly air {or 1G) with a hydrocarbon concentration below the LFL. As loading proceeds, the
hydrocarbon content of the vented gas increases.

Concentrations of 30-50% by volume of hydrocarbons are quite usual in the vented gas towards
the end of loading, although the very high concentration imrmediately above the liquid surface
rermains in the final ullage space on completion of loading,

Evaporation then continues until an equilibrium hydrocarbon gas concentration is established
throughout the ullage space. This may be very high, depending on the cargo composition and
temperature. Values as high as 90-95% by volume have been seen with crude oils. However, this
gas is only vented by breathing of the tank, and so intermittently. When the oil is discharged, this
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very dense gas mixture travels to the bottorn of the tank with the descending liquid surface and
may contribiute to the gas vented during the next operation in the tank. If the tank is not initially
gas free, the hydrocarbon gas concentration in the vented gas during loading depends on the
previous history of the tank. For example:

= In an unwashed crude oil tank that is to be loaded soon after discharge of a previous cargo,
alayer of highly concentrated gas sits at the bottom of the tank, with hardly any hydrocarbon
gas above it. This gas is expelled immediately ahead of the layer that is formed as fresh cargo
enlers the lank.

» |nan unwashed crude oil tank after a long ballast voyage, a homogeneous hydrocarbon gas
concentration of up to 10% by volume exists throughout the tank. When the tank is next lnaded,
this gas is expelled until the concentrated gas layer immediately above the liquid surface
begins to exert its influence. This concentrated layer then dominates the composition of the
vented gas.

= Inacrude il tank that has been crude oil washed but not then purged with IG or gas freed, a
uniform gas concentration exists throughout the tank. Depending on the crude oil used and its
termperature, this concentration is usually well above the flammable range and may be as high
as 40% by volume. This mixture is displaced from the tank throughout the next loading until
the, possibly even richer, gas next to the liquid surface approaches the top of the tank.

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

= In motor ar aviation gasoline tanks that have not been 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 liguid surface approaches the top of the tank.

Mote that in all loading operations, whether the tank is initially gas free or not, very high gas
concentrations enter the venling systemn towards completion of loading.

2123 Ballasting into a cargo tank

Where ballasting into cargo tanks is required (e.g. heavy weather ballast), the atmosphere will
be similar to the atmosphere before loading an ol cargo, given a similar tank history., The gas
concentration expected to enter the venting systern during ballasting will compare to that in the
examples in section 2.1.2.2. If it is necessary for tankers using COW to load ballast into a cargo
tank before departure, some parts require controls on vapour emissions to the almosphere. This
is done by containing the vapour in empty cargo tanks, by simultaneous ballasting and cargo
discharge, or by other approved means.

21.2.4 Inert Gas purging

If IG purging is carried out by the displacement method (see section 11.1.4), any dense
concentrated hydrocarbon layer at the bottom of the tank is expelled in the early stages. The
remainder of the tank atmosphere follows as it is pressed downwards by the IG. If there is a
uniformly high concentration throughout the tank, e.g. after COW, the hydrocarbon concentration
of the vented gas remains high throughout the purging process until the |G reaches the bottomn of
the tank.

It IG purging is being carried out by the dilution method {see section 11141, the gas concentration
at the outlet is highest at the beginning of the operation and falls continuously as it proceeds.
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Information

2125 Gas freeing

In a gas freeing operation, air is delivered into the tank where it mixes with the existing tank
atrnosphere. It will also tend to mix together any layers. The resulting mixture is expelled to the
outside atmosphere, Because the process is one of confinuous dilution with the air, the highest
hydrocarbon concentration is vented at the beginning of gas freeing and then decreases. For
example, on a non-inerted tanker, gas freeing a motor gasoline tank can give initial concentrations
as high as 40% by volume, although in most circumstances the concentration in the vented gas is
much lower even at the start.

(%

On inerted tankers, after purging to remove hydrocarbon vapour before gas freeing, the initial
concentration will be less than 2% by velurne (Marine Environment Protection Committee
(MEPC) 250(66), Paragraph &; International Convention for the Safety of Life af Sea (SOLAS)
Chapter VIII-5.

213 Gas dispersion

Whether the hydrocarbon gas at the outlet is mixed with air or |G will have no bearing on the
dizpersion of the gas after it has left the outlet,

As the hydrocarbon gas displaced during loading, ballasting, gas freeing or purging emerges from
the vent or vents an the tanker, it immediately starts to mix with the atmosphere,

The hydrocarbon concentration is progressively reduced until, at some distance from the vent, it
passes below the LFL. At any point below the LFL, it is no longer a flammability hazard because
it cannat be ignited. However, a flammable zone exists in the vicinity of any vent, where the gas
concentration is above the LFL (see section 1.2).

Fire and explosion are potential dangers if this flammable zone reaches any area where sources
of ignition may exist, e.g.:

s Superstructures and accommodation blocks where the gas can enter through doors, ports or
ventilation intakes.

s The cargo deck and adjacent jetly, which are work areas even though they are usually
regarded as free of sources of ignition.

= Adjacent vessels such as lightering tankers, bunker and stores craft, pilot and
crew-transfer boats.

2131 The dispersion process

A mixture of hydrocarbon gas and air (or 1G), emerging vertically from an outlet, rises under

its own momentum as a plume above the outlet. I there is no wind, the plume remains vertical,
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 because its density is greater than that of the surrounding air.

The flow velocity of the issuing gas is at its maximurm as it passes through the outlel and
decreases as air is drawn into the plume. This air also reduces the hydrocarbon gas concentration
and, therefore, the gas density in the plurne. The progressive plume decreases in velocity,
hydracarbon concentration and density, together with the wind speed and other meteorclogical
factors, determine the final shape of the plume and the flammable zone.

The type of vent used affects the dispersion of the plume, During normal loading operations, the
venting will be either via:

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

s A vent riser with a minimum height of six metres above the deck.

These high velocity vents and risers may nol be placed closer than ten metres fo any
accommadation block air intakes so that any vapours are safely dispersed before they reach ther.
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2132  Wind speed

Low wind speeds inhibit the dispersion of hydrocarban gas/air mixtures. This observation is
based on experience on tankers, although little experimental work has been done to obtain
guantitative information on the effect of wind speed. Much depends upon the quantity of gas being
vented and how it is vented, but experience at terminals has shown that at wind speeds above
amysec (ten knots), dispersion is enough to minimise flammability risk. However, this wind speed
is an indication only and each operation should be assessed on a case by case basis.

2.13.3 Rate of flow of gas

As the flow rate of a hydrocarbon gas/air mixture of fixed composition increases through a given
opening, several effects come into play. First, the rate of emission of the hydrocarbon constituent
increases in proportion to the total gas/airflow rate, so the distance the plume travels before

it is diluted to the LFL should be greater. Howewver, the higher the velocity, the more efficient

the mixing of the initially hydrocarbon-rich gas with the air, which tends to counterbalance the
first effect.

In addition, at low rates of total gas/airflow, the initial momentum of the plume may not be enough
to counteract its tendency to sink because of the initially high density.

The results of the interaction of these different processes at low wind speeds are shown in figure
2.1. The gas mixture that these diagrams use is 50% by volume propane and 50% by volurne air,
which is typical of that expected when lopping-off a crude oil cargo. At the lowest flow rate, figure
2.1 (a), the density effect predominates and the gas sinks back towards the deck. At the highest
flow rate, figure 2.1 {c), mixing is far more efficient and there is no tendency for the plume to sink.
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b) Total gas flow 2Bm?fminute. Appraximate loading rate 1400 tonnes/br.
Bath illustrations above show 8 vent riser 6m ahove the deck.

The plarnes are based upon wind funnel data of:

(Gas mixture 50% by volume propane in the air
Diameter of opening  254mm
Wind speed 1imfzec

Figures 2.1 (a) and (b): Indicative effect of gas flow rate on flammable zone
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c) Total gas flow 46m?fminute. Approximate loading rate 2,300 tonnes/hr,
The above illustration shows a vent riser 6m above the deck.

The plumes are based upon wind tunnel data of;

Gas mixture 50% by volume propane in the air
Diameter of opening  254mm
Wind speed 1Im/sec

Figure 2.1 (c): Indicative effect of gas flow rate on flamrmable zone

The flammable zones generated by the same operations with motor or aviation gasotines would
be similar but with a more pronounced density effect, which would be even more pronounced
with a natural gasoline type cargo. The greater dilution required to reach the LFL with motor or
aviation zasolines (see section 1.2.2) tends to make the flammable zones larger than for crude
oils and the flammable zone for natural gasolines is even larger. Therefore, the dispersion problem
gets progressively worse from crude oils to motor or aviation gasolines to natural gasoline

type cargoes.

2134 Concentration of hydrocarbon gas

With a constant total rate of flow of gas, changes in hydrocarbon concentration have two effects.
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
Eas mixture as it emerges from the opening becomes greater, so there is a greater tendency for
the plume to sink.

At low concentrations a flammable zone similar in outline to that shown in fisure 2.1 {clis
expected, but it is likely to be small because of the relatively small amount of hydrocarbon gas. As
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the concentration increases, the flammable zone tends to assume the shapes in figures 2.1 (b) and
21 (a) as the increasing density exerts its influence. The overall size of the zone becomes greater
due to the greater rate of emissicn of hydrocarbon gas.

2135 Cross-sectional area of the opening

The area of the opening that the hydrocarbon gas/air mixture emerges from determines, for

a given volumetric rate of flow, the linear flow velocity and so the efficiency of the mixing of

the plume with the atmosphere. Effects of this kind occur during gas freeing, for example.

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 velocily and encourage dispersion in the
atmosphere. When using small portable blowers, which normally should 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 ta the deck, which encourages the gas to remain close to
the deck.
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2.1.3.6 The design of the vent outlet

The design and position of a vent outlet must comply with current SOLAS requirements. For
certain operations, such as gas freeing, vapour may be vented from the tank through apertures
other than the designated tank vents.

2137 Position of the vent outlet

if venit outlets are 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.
Figure 2.2 illustrates the kind of eddies formed. 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
sfructure, turbulent air tends to form eddies close to the structure.

These movements can adversely affect the efficient dispersion of hydrocarbon gas,

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

For example, figure 2.3 (a) shows the flammable zone from a tank opening only about 1.5m
upwind of an accommodation block. The plume is almost vertical and only just touches the
accommadation block. However, a lower rate of venting would result in the zone coming into
much wider contact with the accommadation block.

Figure 2.3 (b) shows the effect of an extra opening, which results in double the amount of gas
being released. Partly as the result of eddies and partly due to the denser combined plume, the
flarnmable zone is in close contact with the top of the accommadation block.
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Figure 2.2: Typical pattern of airflow around an accommedation block

Minimising hazards from vented gas

The objective of venting arrangements and their operatianal control is to minimise the possibility
of flammable gas concentrations entering enclosed spaces where there are sources of ignition, or
reaching deck areas where, despite all other precautions, there might also be a source of ignition.
Previous sections have described ways of promoting rapid dispersion of gas and minimising its
tendency to sink to the deck. While this section is concerned with flammability, the same principles
apply to the dispersion of gas down to hydrocarbon concentrations that are safe for personnel,

S0OLAS requires the following conditions for any operation where flammable mixtures are
displaced to the atmosphere or where displaced mixtures could become flammable on dilution
with air, such as on inerted tankers:

s An unimpeded vertical discharge at a high efflux velocity,

e The outlet positioned sufficiently high above the deck.

» The outlet placed 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
Inading rate, the efflux velocity will drop at lower loading rates. Vent outlets with automatically
variable areas (high velocity vent valves) may be fitted fo maintain a high efflux velocity under all
loading conditions. The permitted height of the outlet abave deck depends on whether venting is
through a mast riser or a high velocity vent valve.
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Figures 2.3 (a) and (b): Flammable zone from aperlures near an accommodation block
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The designated venting arrangements should always be used during cargo loading operations and
any ballasting into non-gas free cargo tanks.

When gas freeing by fixed mechanical blower, or purging with 1G either by displacement or dilution
through designated outlets, sufficiently high efflux velocities should be maintained to ensure rapid
gas dispersion under any condition.

When gas fresing by portable blowers, it may be necessary to open a tank hatch lid to acl as a gas
outlet, resulting in a low gas outlet velocity. Vigilance is then required to ensure that gas does not
accumnulate on deck, If an inerted tank is being gas freed through an open hatch, localised areas
may have an atmosphere deficient in oxygen. If practicable, it is preferable to gas free through a
small dismeter opening, such as a tank cleaning opening, with a temporary standpipe rigged.

I all operations where gas is being vented, exercise great vigilance, especially under bad
canditions, e.g. if there is fittle or no wind. In such cases, it may be prudent to stop operations
unitil conditions improve.

Loading very high vapour pressure cargoes

Gas evolution

Cargoes yielding deeper layers are sometimes encountered. The main examples are crude oils,
which may have their vapour pressures increased by an additional gas, such as butane, and
some natural gasolines (by-products of Liquefied Natural Gas (LNG)/LPG production) that are
sometimes known as pentanes plus (or C5+).

Examples of the variation of gas layer depth (greater than or equal to 50% by volume
concentration level) related to TVP are shown in figure 2.4 for typical natural gasolines and
crude oils. Some cargoes have intermediate properties, e.g. flash-stahilised condensates,
some distillation overhead products (which may be shipped as clean petroleum products
sueh as naphtha, kerosene or even gas oil} and crude oils with abnormally low methane and
ethane content.

The natural gasoline curve in figure 2.4 is for a series of blends with different TVP. The crude oil
curve is for a series produced by adding increasing amounts of butane to a crude oil. At lower
TVP, the dependence of depth on TVF is not marked far either type of cargo. At greater TVP, the
curve becomes progressively steeper, indicating that in this range a small increase in TVF can
cause a large increase in gas evolution.

Boiling starts when the TVP exceeds one bar. In the case of the natural gasoline blends, this
coincides quite closely with the steep increase in gas layer thickness. However, with the crude
oil/butane blends, the steep increase does not occur until a TV significantly above one bar is
reached. Crude oils may be stabilised so that their TVPs are near, or somewhat above, one bar as
they enter the tanker. In practice, some boiling may occur even without butanisation, but the gas
evolution is not necessarily excessive.

In boiling, gas bubbles form below the surface of the liguid, but only down to a depth at which the
total pressure (atmospheric plus hydrostatic) is equal to the TVP. The consequent loss of gas in
this region may lead to a local fall in TVP. In addition, the latent heat required to evaporate the
gas results in cooling, which also reduces the TVP. The reduction in TVP in the liuid near the
surface fram both these causes tends to delay boiling, even though the TVP of the bulk of the
liguid is above one bar. This is why crude oils can be handled with their TVPs somewhat above
one bar. |t does not apply to the same extent to the natural gasoline type of product because the
gaseous consliluents in a crude oil are only a small proportion of the total, whereas a natural
gasoline usually consists almost entirely of potentially gaseous compounds, This means that the
availability of gas, where boiling, is far greater with the natural gasolines than with crude oils.
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Matural gasolines suffer hardly any decrease of TVP due to gas depletion when they begin to boil,
and boiling is much mare likely to continue than with crude oils.
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Crude
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Depth of gas layers in mefres

0.5 0.6 ox (1] 09 1.0 11 1.2 13 1.4
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Gas layer depth with =50% by volume of hydrocarbon gas

Figure 2.4: Relationship between depth of gas layer and TVP

2.2.2  Special precautions with very high vapour pressure cargoes

When unusually deep gas layers are encountered, very high concentrations of gas, approaching
100% by volume, may be vented for prolonged periods during loading. Excessive amounts of gas
may then be present on or around the tanker, which may call for special precautions.

Curves of the kind in figure 2.4 suggest that the TVP at the loading temperature of the cargo
should be used as the criterion for determining when special precautions are necessary. The RVP
of a cargo gives little guidance unless the temperature of the cargo, when loaded, is also specified.
Howewver, it has proved to be difficult to select TVP criteria because they depend, ultimately, on
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subjeclive judgements of acceptable gas conditions on tankers. As a general guide, the available
infarmation suggests that special precautions may be needed when the TVP is expected to exceed
the following values:

» For natural gasoline type cargoes, e.g. pentanes plus (C5+), 0.75 bar,

= For crude oils, with or without added zas, 1.0 bar.

s For some intermediate cargoes, e.g. flash-stabilised condensates, some distillation overhead
products and crude oils with abnormally low methane and ethane contents, TVF limits
between the above two values might be appropriate.

When carge temperature, crude oil stabilisation conditions and RVPs are known, TVPs can be
calculated by checking with the sbove criteria.

Precautions that might be applied are given in section T2.1.8,

Volatile Organic Compounds

Volatile Organic Compounds (VOCs) are organic compounds that have a high vapour pressure at
ambient ternperature. These include, but are not limited to, hydrocarbons that are emitted during
cargo operations. Some of these compounds are harmful to health and/or the environment,

e.2. henzene. For further information on the control of VOC emissions refer to OCIMF's Volatile
Organic Compound Emissions from Cargo Systems on Oil Tankers.

Gas measurement

This section describes the operating principles, applications and limitations of equipment
and instruments used for measuring concentrations of hydrocarbon gases, other toxic gases
and oxygen.

It iz essential that any instrument used is:

s Suitable for the gases and atmosphere to be tested,
= Sufficiently accurate for the test required,

¢ sed within the instrument’s design ambient range.
s An approved type.

» Correctly maintained, tesled and cafibrated.

Manufacturer's instructions or recommendations for 2ny of the instruments mentioned should take
precedence over the guidelines in this publication,

Provision of gas measurement instruments

Tankers should be equipped with at least two instruments capable of measuring, as a minimunm,
concentrations of axyegen, flammable gases or vapours (% LFL), HzS and CO in order 1o carry out
the tests required for enclosed space entry.

Mote that enclosed spaces might have additional atmospheric hazards that may not be detected by
these instruments. If this is known to be the case, additional means lo measure the toxic gases in
the cargoes being carried should be provided. An up-to-date inventory of the instruments should
be maintained on board.

Tankers equipped with 1G or nitrogen padding should ensure that the instruments are also capable
of measuring oxygen and hydrocarbon content (% Vol) in an inert atmosphere.
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Gas detection instruments should be capable of remote sampling through the entire height of the
compartment for any gas they are designed to detect, unaffected by the atmosphere or any other
characteristic of intervening spaces.

Every instrument should have a manual that describes its features, settings and alarms and
explains calibration, testing, operation and maintenance. The information in the manuals should be
available in the working language of the tanker.

2.4.11 Arrangements for gas measurement in double hull spaces and
double bottom spaces

Suitable portable instruments for measuring oxygen and flammable vapour concentrations in
double hull spaces and double bottom spaces should be provided. In selecting these instruments,
pay attention to their use in combination with the fixed gas sampling lines referred to below.

Where the atmosphere in double hull spaces cannot be reliably measured using flexible
gas sampling hoses, such spaces should be fitted with permanent gas sampling lines. The
configuration of gas sampling lines should be adapled to the design of the spaces.

The construction material and dimensions of gas sampling lines should prevent restriction. Where
plastic materials are used, they should be electrically conductive.

2.4.1.2 Protection of cargo pumprooms on tankers

A system for continuous monitoring of the concentration of hydrocarbon gases should be
fitted. When this concentration reaches a pre-set level (not be higher than 10% LFLY, it should
automatically activate a continuous audible and visual alarm in the pumproom, engine control
room, cargo control room and navigation bridge to alert personnel to the potential hazard,

2.413 Arrangements for fixed hydrocarbon gas detection systems in double hull
and double bottom spaces of oil tankers

Ol tankers of 20,000 tonnes DWT and above, constructed on or after 1 January 2012, must have
a fixed hydrocarbon gas detection system that complies with the fire safety systems code for
measuring hydrocarbon gas concentrations in all ballast tanks and void spaces of double hull and
double bottormn spaces next to the cargo tanks, including the forepeak tank and any other tanks and
spaces under the bulkhead deck next to carzo tanks.

0il tarkers with constantly operating inerting systems for such spaces do not need to have fixed
hydrocarbon gas detection equipment.

Gas measurement instruments

Some gas measurement instruments can analyse only one type of gas. Others can analyse several
pre-set types of gases at the same time (multi-gas detectors) and have a range of capabilities
based on different technologies. They can be divided into personal, portable and fixed gas
measurement instruments and can be further classified by their function.

Personal gas measurement instruments: these are used to continuously monitor a worker's
immediate erviranment. They should be worn and switched on at all times. They are not to be
used in inerted atmospheres or pressures above atmospheric, When a gas measured by the
equipment is detected at concentrations above the permissible limit, the instrument will produce
an audible and visual alarm and will vibrate to alert the user fo an imminent danger.

Portable gas measurement instruments: these measure different atmospheres, usually remotely
and using an extension hose, mainly in confined spaces. They are not for personal use but to
determine the condition of a particular space, e.g. a cargo tank, ballast tank, cofferdam or drain
tank, Many of these instruments can be used in inerted atrospheres at atmospheric pressure and
ather pressures as defined by the manufacturer.
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Fixed gas detection installations: these measure gas concentrations remotely and can be used to
measure more than one type of gas at the same time.

Instruments for measuring hydrocarbon concentration

Combustible gas detectars: these measure hydrocarbon gas in air at concentrations below the
LFL at atmospheric pressure to detect the presence of potential flammable atmospheres. The
readings are usually shown and recorded as % LFL. They are used before entry in spaces such as
pumprooms or washed and ventilated cargo tanks.

Hydrocarbon gas meters: these measure hydrocarbon gas as a percentage by volume of the total
atmosphere being measured. This is usually done to measure the percentage of hydrocarbon
vapour in oxygen deficient atmespheres (inerted cargo tanks). The readings are expressed as the
percentage of hydrocarbon vapour by volume and are recorded as % Vol.

Instruments for measuring oxygen concentrations
These instruments measure oxygen concentrations in inerted or non-inerted atmospheres.

Correctly interpreting oxygen concentrations is crucially important. Normal concentration of
oxygen in fresh air is 20.9% and modern oxygen analysers are capable of measuring to a high
level of accuracy. However, it is always important to check for oxygen, hydrocarbons and other
toxic gases before a decision is made to enter an enclosed space.

There could be toxic levels of harmful gases thal may not be apparent purely from readings
ohtained by an oxygen analyser. A small reduction of oxygen concentration, for example, from
20.9% to 20.5% may be due not only lo factors such as temperature fluctuations, humidity or
equipment accuracy, but also to the presence of toxic gases that should be tested for.

Instruments for measuring toxic gases

Throughout this guide the percentage of oxygen in air is referred to as 21%. However, due to
atmasphere characteristics and variation, the percentage of oxysen in air falls several hundredths
of a percent below this figure, variously quoted as being between 20.80% and 20.95%.

Modern instrumentation with digital indicators can measure so accurately that the full

21% may be impossible to obtain. If an instrument capable of such accuracy is in use, the
manufacturer’s instructions should be carefully read and understood so that the readings can be
property interpreted.

Electrochemical sensors: these are suitable for measuring toxic gases down to low ppm levels.
However, one should be aware that these sensors are susceptible to cross-sensitivity and,
therefore, may measure gases other than the target gas.

Chemical indicator tubes: these can measure a wide range of gases and tubes exist for each
specific gas in varying measurement ranges. They can be used to analyse both inerted and
non-inerted atmosphere at atmospheric pressure, in accordance with manufaciurer’s instructions,
and are used to find a specific type of gas within enclosed spaces, including hydrocarbon gas,
toxic gases and VOCs. For example, there are tubes for H25, acetone, ammonia, benzene and
ethanol. They are single use only.

Optoelectronic instruments: these combine the chemical indicator tubes with optoelectronic
technologies, They can measure a wide range of gases because there is a chip for each
specific gas and concentration. They can analyse non-inerted atmospheres and are unaffected
by fluctuations in air pressure. They can also measure gases such as methyl terl-butyl ether,
acetone, benzene and CO.

Direct-reading Photoionisation Detectors (PIDs): these measure VOCs within enclosed spaces
prior to entry, but are not limited to this function. They can also analyse non-inert atmaspheres,
although samples should be at atmospheric pressure. They provide an accurate, alternative way of
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measuring 10% of LFL for enclosed space entry. An exception to this is that there is no response
to methane (CHa), so these instruments should nat be used if methane approaching LFL levels
rmay be present.

Technologies used to measure flammable atmospheres, toxic vapours
and oxygen

2.4.6.1 Catalytic sensor

Operating principle

This type of sensor consists of two filaments heated to a temperature between 400 and 600°C.
When hydrocarbon gas reaches them, oxidation occurs. This chemical reaction causes a variation
in the electrical resistance of the filaments. This variation, which is proportional to the gas
concentration, is measured by an electronic circuit and projected on an analogue or digital display
as % LFL {see figure 2.5,

E @ CHi-molecule ﬁbﬁd-mn&mum % cﬁz:m-n;gcmg @meulecule'

Flama Detector
arrester elerment
0. |
()
S 1_: =

o8 T
& -

CHa+20: — 2 H:O + CO:z + heat of reaction

Compensator
element

Figure 2.5: Catalytic heated filament sensor
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Application
This type of sensor is used to measure the % LFL of flammable gases in air, at
atrnospheric pressure.

Some examples where these sensors may be used include, but are nol limited to:

« Pumprooms.

» Ballast tanks and cofferdams.
¢ Decks.

e (Gas free cargo tanks.

o Mear hot work.

Cautions

These sensors should not be used in oxygen depleted atmospheres (less than 11% oxygen
by volurnel.

The samples should always be taken within the manufacturer's design pressure limits, as pressure
above these limits could potentially damage the sensor. Liguids, e.g. water, oil, should never
enter the sensors. To prevent this, use a water trap and a floating probe. The manufacturer's
recomimended filters should be used to remave solid particles and humidity from the sample.

Some compounds may reduce the sensitivity of the filaments, either terporarily or permanently,
e.g. silicon gases, organic lead compounds, freons, chlorinated hydrocarbons and HzS. If the
presence of HzS is suspected, this should be tested before any measurements of

hydrocarbon concentrations.

The sensors may also be temporarily affected by condensation. This may occur when the
instrument is taken from an air-conditioned environment into a humid atmosphere. Allow time for
the sensors to acclimatise to the ambient ternperature before use.

Gas measurement insiruments that use this technology

Combustible gas detector,

2.4.6.2  Thermal conductivity sensor

Operating principle

The sensing element is a non-catalytic heated filament. The composition of the sample gas
surrounding the filament determines the rate of heat loss from the filament and, therefore, its
electrical resistance,

This variation, which is proporticnate to the gas concentration, is measured via an electronic
circuit and displayed as % Vol. The heat loss is non-linear but the scale in the instrument reflects
this, o a direct reading is given to the user,

a9

L 1dvd

uan

(T
-
ar
=
(]
=
o
=k
o
a




ISGOTT Sixth Edition
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ﬁ Inactive to combustion

Figure 2.6: Thermal conductivity sensor

Application

This type of sensor does not require oxygen for operation and is capable of measuring
concentrations of up to 100% by volume. When used directly on tanks, the pressure should be
within the range defined by the manufacturer.

Some examples of areas where it might be used are:

s |nerted cargo tanks.
« Purging of cargo tanks.
+ Areas where gas concentrations are expected to exceed the LFL.

Cautions

If & flow sensitive type of thermal conductivity sensor is used, additional care should be given to
ensure a stable flow through the instrurnent, as per maker’s recornmendations, or it may result in
erroneaus reading.

Liguids, e.g. water, oil, should never enter this instrument. To prevent this, use a water trap and
a floating probe. Only the manufacturer's recommended fillers should be used to remove solid
particles and humidity from the sample.

Gas measurement instruments that use this technology

Hydrocarbon gas meter,

2463 Infrared sensor

Operating principle

This type of sensor is based on the principle that hydrocarben gases absorb Infrared (IR light, but
air does nat.
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IR radiation is produced from the transmitter and shines through a window in the measuring
chamber. It is focused and reflected by a mirror to a filter to be finally converted into an
electric signal,
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If the chamber contains a hydrocarbon gas, part of the radiation will be absorbed by the gas.
The differences between the radiation from the transmitter and the one received at the filler is
proportional to the concentration of the gas analysed (see figure 2,7,
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CHe-molecule abzorbs R light ‘

Incoming Weakened
IR light intemsity IR light Intensity

A methane-molecule abisorbs energy and is caused to oscillate

Flame Reflector Doubla
arrester l detectar

Gas IR transmiller
Reaction

CHs + Energy —p CH: (charged)

Figure 2.7: IR sensor

Application

Depending on the model, this technology can be used to measure both % LFL and % Vol in inerted
and non-inerted atmospheres.
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Cautions
Sample pressure limitations depend on the model of the equipment.

Liguids, e.g. water, oil, should never enter this instrument. To prevent this, use a water trap and
a floating probe. Only the manufacturer’s recornmended filters should be used to remove solid

particles and humidity from the sample.

This sensar is not affected by concentrations above the scale. The display will go off scale without
affecting the instrument. It will read correctly once the concentration reduces sufficiently.

Gas measurement instruments that use this technology

Hydrocarbon gas meter and combustible gas detector,

24631 Tunable diode laser gas sensor

Operating principle

The gas sample enters the cell of the analyser. A tunable diode laser emits a wavelength of
near-1R light, specific to the gas to be measured, into the cell where it passes through the gas and
is reflected by a mirror to a detector. Gas molecules in the sample absorb and reduce the intensity
of the laser light energy in-direct proportion to their concentration. The detector measures

the difference in light intensity and processes this signal to calculate the gas concentration in

the sample.

Application

This technology measures a range of gases, including HzS. This can be point or open-path
reasuremnent. Remote sensing is also possible.

Gas measurement instruments that use this technology

Fixed gas detection systems in lerminals.

2.4.6.4 Refractive index meter/interferometers

Operating principle
This sensor measures the difference between the refractive indices of the sampled gas and air.

A bearn of light is divided into two and then recombined at the eyepiece. One light path is via
chambers filled with air, the other path is via chambers where the gas sample is pumped through.
The recombined bearns show an interference pattern depending on the refractive index of the gas
supptied to the measuring chamber,

The interference pattern is interpreted to measure the concentration of gas sampled.
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Figure 2.8: Refractive index meter/interferometers

Application

This technology is used to measure nat only hydrocarbons, but also other gases such as toxic
gases and other compounds.

Cautions
Sample pressure limitations depend on the model of the equipment.

Measuring the concentration of hydrocarbon gas in an inerted atmosphere is affected by the
C0z prezent when flue gas is issued for inerting. In thiz case, seda lime is recommended as an
absorbent for COgz, provided the reading is corrected appropriately.

Liquids (e.g. water, oil} should never enter this instrument. To prevent this, use a water trap and
a floating probe. Only the manufacturer’s recommended filters should be used to remove solid
particles and hurnidity from the sample,

This sensor is not affected by concentrations above the scale. The display will go off scale without
affecting the instrurnent. It will read correctly once the concentration reduces sufficiently.

Gas measurement instruments that use this technology

Portable refractometer or interferometer.
2.4.6.5 Electrochemical sensor

Operating principle

Measuring cells can be built from compounds, or a mix of them, to react specifically with a gas
and so generate an electric current that will be propertional to the concentration of the gas
measured. This current is measured via an electronic circuit and visualised in an analogue or
digital display (see figure 2.7).
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Figure 2.9: Electrochemical sensor

Application

This technology is used to measure not only hydrocarbon gases, but also gases such as ammonia,
Hz3, CO, COz 502 and oxygen.

Cautions
Sample pressure limitations depend on the model of the eguipment.

Liguids (e.g. water, oil) should never enter this instrument. To prevent this, use a water trap and
a floating probe. Only the manufacturer's recommended filters should be used to remove solid
particles and humidity from the sample.

This sensor can be affected by concentrations over scale. They may cause temporary ar
permanent loss of sensitivity.

Thesze sensors have an expiry date and should be replaced according to the
manufacturer's recommendations,

Gias measurement instruments that use this technology

Hydrocarbon gas meter, oxygen meter and toxic gas measurement in single-gas or
miulti-gas instruments.

44



Chapter 2 Gas Evolution z2nd Measuremenl

2.4.6.6 Chemical indicator tubes (colorimetric tubes)
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Operating principle

Sealed glass tube containing a proprietary filling that reacts with a specific gas lo give a visible
indication of the concentration of that gas. The colour changes along the tube and the length of
discoloration, which is a measure of the gas concentration, is read off an integral scale (see
figure 2100,

Before measurement After measurement

Read the cancentration
— p at the maximum paiiit
of the stained layer

hemical
reagent

¥

Figure 2.10: Chemical indicator tubes

Application

Chemical indicator tubes are used to measure concentrations of a variety of gases, including
HzS and benzene. An example is measuring benzene in a ventilated cargo tank in preparation for

tank entry,

Cautions

Depending on the manufacturer, some tubes are designed to measure gas concentrations in air,
while others can be used in inerted atmospheres. Their use is intended to be at atmospheric
pressure and in accordance with the manufacturer's instructions,

For accurate results, all the components used should be from the same manufacturer, e.g. tubes,
hand pump, hoses, etc. Do not use a tube from one manufacturer with a hand pump from another.
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The measurement depends on passing a fixed volume of gas through the glass tube, so any
extension hoses should be in strict accordance with the manufacturer’s instructions.

All chemical indicator tubes have an expiry date and should be replaced according fo the
rnanufacturer’s recommendations.

Gas measurement instruments that use this technology

Colorimetric tubes.
2.4.67  Chemical reaction via optoelectronic sensor

Operating principle

As with chemical indicator tubes, a given gas reacts with a reagent. In this case the effect is
measured by an optoelectronic detector and displayed digitally.

A capillary filled with a specific reagent is inserted into the instrument according to the gas to
be measured. The sample is drawn through the capillary and interacts with the reagent. The
optoelectronic unit detects the result of this chemical reaction and processes it via electronic
circuits to display the concentration of the sample (see figure 2170,

The time it takes to measure within this technology depends on the concentration of the sample.
The higher the concentration, the shorter the analysis. When concentrations are low, the analysis
time may be longer.

Oploelecironics

b

Gas flow | ———» i

Reagent system

Glass capillary

Figure 2.11: Optoelectronic detector sensor

Application

This technology is used for workplace monitoring of a wide variety of gases, including benzene
and Hz5 at different ranges of concentration.

Cautions

This system is designed to measure gas concentrations in air. Refer to the manufacturer to
confirm if it can be used in |G, It should be used at atmaspheric pressure.

Liquids, e.g. water, cil, should never enter this instrument. To prevent this, use a water trap.

All the components used should be from the same manufacturer, e.g. chips, measurement
instrument, hoses, etc. Do not use a chip from one manufacturer with a measurement instrument
from ancther,

As the measurement depends on a fixed volume of the gas, any extension hoses should be in
strict accordance with the manufacturer’s instructions,
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Gas measurement insiruments that use this technology
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2468 Photoionisation (PID) sensor

Operating principle
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A gas sample is introduced 1o the instrument through the gas inlet and an uliraviolet lamp then
ionises hydrocarbon molecules within the sample. The molecules are exposed to an electrical
field between electrodes. The magnitude of the resulting current is directly proportional to the
concentration of ionised molecules inside the chamber. The current is translated into a direct
reading of the gas concentration. This result is produced instantaneously (see figure 2,121,
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Figure 2.12: PID sensor

47



ation

ISGEOTT Sixth Edition

Application
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This technology is primarily used to measure V0OCs such as benzene and other hydrocarbons
such as gasoline.

(Ge

Cautions

PART 1

Sample pressure limitations depend on the model of the equipment.
These sensors should not be used in an inerted atmosphere.

Liquids, e.g. water, vil, should never enter this instrurment. To prevent this, use a water trap and
a floating probe. Only the manufacturer’s recommended filters should be used to remove solid
particles and humidity from the sample.

This sensor is not affected by concentrations that exceed the scale reading and when
concentrations reduce the readings will fall back into the range of the scale.

Gas measurement instruments that use this technology

Direct-reading PIDs.
2.4.6.9  Paramagnetic sensors

Operating principle

Unlike rmost other commen gases, oxygen is strongly paramagnetic {i.e. it is atfracted by the poles
of a magnet but does not retain any permanent magnetism), which means oxygen content can be
measured in a wide variety of gas mixtures.

A sample cell has a lightweight body suspended in 2 magnetic field. When sample gas is drawn
through the cell, the torgue that the suspended body experiences is 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 so a measure of the magnetic susceptibility of the sample, i.e. related to ils
oxygen content.

The analyser readings are directly proportional o the pressure in the measuring cell. The unit is
calibrated to a specific atimospheric pressure and the small error due to atrmospheric pressure
variagtions can be corrected if required. Continucus 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 becormes uncertain.
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Figure 2.13: Paramagnetic sensor (dumbbell type)

Application

This technology is used to measure oxygen content in both inerted and non-inerted atmospheres.

Cautions

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

Releasing nitrogen or COz in & confined or unventilated area can lower the concentration of
oxygen to a level that is an immediate danger to life or health. Therefore, calibration should anly
be carried out in well ventilated areas.

Clear or replace the filter when an increase in sample pressure is needed to maintain a reasonable
gas flow through the analyser. The same reduction in flow effect is produced if the filler becomes
wet due to insufficient gas drying. Check regularly the need to clean or replace filters.

Gas measurement instruments that use this technology

Fixed oxygen analysers,
Testing and calibrating gas measurement instruments

2.4.7.1 Operational testing (self-testing) gas measurement instruments
Operational testing should not be confused with a span gas check.

Gas measuring instruments should be tested in line with the manufacturer’s instructions before
daily use. Such tests are meant ta ensure the instrument is in good working condition.
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2.4.8

Physical checks should include Gf applicable):
= Hand pump.

= Extension lubes and houses.

« Tighlness of connections.

= Balteries.

»  Housing and case.

¢ Fillers and flame arresters,

Instruments not fulfilling the operational and physical lests should be clearly tabelled to prevent
their use. They should be calibrated and/or repaired before being brought back into use.

During operations it is imporiant to check the instrument and sample lines occasionally, Operators
shaould determine the frequency for these operalional checks and record the results,

Operational lesting should be included in the lanker and lerminal systems for managing safely.

24.7.2  Testing gas measurement instruments

Portable and lixed gas measurement instruments should be lested &t minimum recommended
frequency using lest gases as per the manufaclurer’s instructions and the company’s SMS.

lri any case, portable and lixed gas measurement instruments should be tested al least every
month or after any faull.

When used for enclosed space entry, porlable instruments should be tested daily prior 1o the
start of almosphere checks. This should include a visual inspection and a lunclional check. The
purpose of carrying out & funclisnal check is to verify that lhe equipment detecls gas and gives
an audiovisual alarm at required concentrations (International Electrotechnical Commission GEC)
60079-29-2),

The requirement for pre-use checks should not include fixed equipment as their risk profile is not
the same a5 that of porizbie instrumeants,

Testing of gas measurement instruments should only be undertaken by trained personnel, as per
the manufacturer’s instructions, and the test should be documented appropriately. Testing should
rol ke conlused with calibeation checks.

2.4.73  Calibrating gas measurement instrumenis

Calibration, adjustment and additional maintenance should be carried out in line with the
manulacturer's recommendalions,

Calibration should be included in the tanker and terminal syslems for managing safety.

24.74  Disposable personal gas monitors

To confirm they are working properly, disposshle personal gas monilors should be tested regularly
and in line with the manufaclurer’s recommendations.

Disposable gas delection menitors cannot be re-calibraled and should be safely discarded
when they reach the calibration expiry date. 11 is imporiant lo record the date when disposable
instruments are firsl commissioned in order {o establish their expiry date.

Gas measurement instrument alarms

If a gas measurement instrument is fitted with an slarm, it should activate al the appropriale level
as determined by the Flag Stale administration.
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I a gas measurement mstrument is fitted wilh an alarm or shutdown function thal activates if
Ihe mandfacturer's catibration inlerval is exceeded, the alarm should not ke bypassed and the
instrument shauld not be used until i is re-calibrated.

Sampling

Gas sample lines
The malerial used and the condition ol sample lines ¢an aflect the accuracy of gas measurements.
Metal ubes are unsuited to most cargo lank gas measurements, o flexible lines should be used.

The gases [rom crude olls and many pelreleum producls are composed of paralfinic hydrocarbons
and severai suitable malerials are available for Hexible sample lubing. The problem of material
selection is mare dilficull for gases with & high proportion of aromatic hydrocarbons, particularly
wylene, In such cases, suppliers of sample tubing should be asked lo provide lesl data showing the
suitability of their product for the inlended purpose.

Sample tubing should be resistant to hol wash waler.

Sample lhing that is cracked, blocked or contaminated with cargo residues greally affects
instrument readings. Check the condition of the tubing regularly and replace any thal |s found lo
be delective.

To prevent liquid from being drawn up the gas sampling line and contaminating il, manufacturers
provide either a float or probe termination. Operators should consider using these fitlings, but be
aware of any limitations on their use in order to avoid static hazards.

Filters in sample lines

Fitlers remave waler vapour in some calalylic or non-calalylic filament type hydrocarbon gas
meters and extra lilers are nat normally needed. In wet conditions, such as during tank washing,
excessive waler can be remaved Trom the gas sample using malerials Ihat retain water but

do rot aflee) lhe hydrocarbons. Modern gas measurement instruments often use waler lraps,
consisting of a polyletrafiucroethyiene (PTFE) membrane that prevents liquid and moisture
passing onto the sensors. Water retaining [ilters are essential with oxygen melers, particularly the
pararhagnelic lype, because any waler vapour in the sample can damage the measuring cell. Only
the manufacturer's recommended filters should be used.

Gas sample procedures

Every tank has dead spots where the rale of change of gas cencentration during ventilation or
purging is less than the average. The location of these dead spols depends on the posilions of
the inlet and outiet for ventilating air or IG and an the disposition of the structural mermbers in the
tank. The dead spols are generally within the lank boliom structure. The sample line should be
long enough to allow sampling in the battom struclure.

Differences in gas concentration between the bulk volume of the tank and the dead spots vary
deperiding on the operaling procedures. For example, the powerful waler jels produced by fixed
washing mechines are excellent mixing devices and lend to eliminate major differences in gas
conceniration between one location and anather. Similarly, directing powerful jets of ventilating
air or 1G downwards from the deckhead produces good mixing and minimises variations

in concentration.

Berause of the hazards associaled with |hese dead spots, refer 1o chapter 10 before entering any
cargo lank or elher enclosed space,
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Fixed hydrocarbon gas detection systems

Fixed hydrocarbon gas detection systems on tankers

The systern comprises a central unit for gas measuring and gas sampling pipes in all ballast
tanks, void spaces next to the cargo lanks, pumprooms and any other tanks and spaces next to
cargn tanks.

The system should be able to continuously measure hydrocarbon gas concentrations and may be
arranged fo operate on a sequential scanning principle, provided thal each sampling line of each
protected space is analysed al least every 30 minutes.

If the lixed system is not working or being calibrated, make sure it is possible o measure wsing
portable instruments instead.

IT the system is out of order, have procedures Lo continue monitoring the atmeosphere wilh
parlable instruments and recording the resulls.

2.611 Control panels and indicating units
« Control panels should be in the cargo control room, an the navigation bridge or in a gas sale
continuousty manned central control station.

= Clear information should be displayed on or next Lo the control panel to allow the crew to
readily determine the source of the alarm or Taull condition.

s Control panels should have a button or switch 1o manually reset lo normal operaling conditions
after atarm and faull conditions are cleared.

= |ndicaling unils should be located on the navigation bridge if the conlrel panel is
located elsewhere.

» Control panel and indicating urit alarm signals should be distinet Trom faull condition signals.

« Indicaling units may have comman alarms servicing multiple sampling points, provided that all
sampling points within an slarm group are in the same space.

= Control panels should be able to manually lest audible and visual alarms.

2612 Alarm conditions

Audible and visual alarms, in accordance wilh the IMO's Code on Alerds and Indicators, should be
initiated In the cargo conlrel room, the navigation bridge, al the control panel and al all indicating
unils under the fallowing conditions:

= On detection ol gas concentralions in any menitored space on a pre-sel value not higher than
the equivalent of 30% of LFL.

s Ina laull condilion, such as power falure or shorl circult.

o Low or no flow in any sampling pipe.

= Tampering with the alarm set peint.

s Failure of any seli-les! funclions.

A visual alarm should remain in effect during an alarm condition. The audible alarm may be
silenced manually.

Il gas concentrations above the alarm set poinl are delected within the enclosure, the alarm
shoutd sourd and the analysis unit should be automatically isolated from all sampling pipes and
shut down. Take appropriate steps o vent flammable gas inside the enclosure 1o an open space
away from ignition sources.
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2.613 Operation and maintenance

The following snboard maintenance should be carried cul monthly and aller any fault condition:
o Vigual inspection

= Testing audible and visual alarms,

o Span gas checking.

Additional maintenznce should be carried oul as specified by the manufacturer’s instructions,

The maintenance and lesting described above should be included in the larker's
maintenance plan.

Operating and maintenance instructians for the system should be provided on board and include

the follewing infarmation:

s Operating instructions,

s (ases the system is suitable for,

= Syslem diagrams showing sampling points and the relationship of all components.

= Transfer functions relating the outpul relalive to the calibralion gas 1o other gases.

= Calibration, span gas checking and maimenance procedures.

s Troubleshooting procedures:

s Minimum and maximum flow rales.

= The nature and significance ol lault signals (IMSC1/Circ 1370 Guidelines for the Design,
Construction and Testing of Fixed Hydrocarbon Gos Detection Systems).

if the fixed gas detection system should fail, manual checks should be made. Records shauld
be reviewed to ensure that these have been conducted, The manufaciurer’s insiructions for
maintaining the system should be fotiowed.

Fixed hydrocarbon gas detection systems in terminals

2.6.2.1 General

Where nol already required by local regulations or requirements, terminals that handle crude ot
or products containing toxic components should consider installing Tixed gas detection and alarm
equipment in areas where personnel may be exposed. A risk assessment should be under laken
where this risk to personnel exists and should consider:

» The overall safety and health risk o personnel from hydrocarban and toxic vapours.

s The appropriste placing of sensors in locations where persornel may work and where leaks or
spills could ooeur, e.g. loading arms, valve manifolds and transfer pumps, to ensure that early
and adequate warning of an increazsed risk of exposure is provided.

s  Whether the area is properly ventilaled lo minimise or eliminale the polential for gas
o accumulzle,

if, a5 & result of the risk assessmen, there remains doubl thal exposure to personnel could oeour,
the fitting of fixed gas detection is recommended,

Toxic gas detectors may also be installed in the supply air intakes of pressurised control rooms
and inside non-pressurised contral reoms.

These gas detection systems are, typically, permanent, electrically operaled devices that sense the
presence of combustible or toxic gases and provide early warning before the gas concentration
reaches UFL, acute or chronic toxic levels, They conlinuously monilor potentislly hazardous areas
to safesuard against fire or explosion and lo protect personnel from loxic gas leaks.
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2.6.2.2 Sensors

The syslems employ a range of the sensors described above, including catalytic, PID,
electrochemical and IR, including tunable diode laser sensors.

Depending on {he application, each delector location has its pros.and cons. IR delectors are
available in open-path and paint-types and use the hydrocarbon absorption principle to detect
combuslible gases, However, they cannol be used on non-hydrocarbon gases, such as hydrogen
and CO. IR gas deteclors are not susceplible to poisoning since they do not require a reaction to
take place, Calalytic sensors may require more mainlenance than IR deleciors and are susceplible
1o poisoning.

The analysers may be the remote detection lype, where electrical cable connects individual
sensors Lo the analysers. In this case, the centra! equipment can be installed either in
nan-hazardous locations, such as pressurised conlrol rooms, ar in explosion-prool enclosures in
hazardous areas. The remole detection type, which uses remote diffusion deleclors, is preferred
berause it provides rapid response and good reliability.

Alternatively, syslems may use a central detection unil that uses a suclion purnp lo draw samples
trom hazardous areas through lubing lo the central location. Central detection units that use
sample ines have a relatively slow response time. Where central detection units that use sample
lines are installed, users should consider the lollowing:

#  Relatively slow response time.
s Particulale contarmination in the lines.

s Moisture in the lines thal will require them Lo be heated.

26,23  Design of system
As well a5 continuously recording dala, gas enslysers may have the following functions:

s |ndividual detection sensors should be connected 1o an interface so thal each sampling cireuil
can conlinuously analyse for the presence of gases, When an alarm is triggered the registering
sensor will be indicated and the alarm will remain active unlil manuaily reset,

« Terminals should be fitted with fixed gas detection of an approved type. The system should
measure the range of LFL of hydrocarbens. The systemn should have twao alarm points
to ater! for high and high-high, based on a risk assessmenl, international standards and
national requirernznts,

= Alarm levels should be adjustable. Mulli-levet alarm conditions can be provided with ways o
activate ventilation equiprnent or fire-extinguishing systems, or to shut down the facility.

+ Aninhibiting or bypass switch (hard wire or soft link) should isolate the delector during
routine catibration and maintenance work. This disconneclion is necessary for routine
catibration and maintenance aclivities. A key operated switch with supervisory alarm
is recommended.

« On complicated or exlensive systems, the indicalion of alarms en a graphic display, such as an
oulline plan of a facility, is recommended,

= Toxic gas analysers should be set to sound atarms at the monilored location and in the control
room when lhe gas reaches the predetermined level, e.g. when HeS concentration reaches
Sppm, Alarms should generally be audible and visual

» The gas deteclor head assembly should be suitable for the electrical classification of the
hazardous area. |l installed outdoors it should be weatherproef and corresion resistant.

» The delecting unil should provide lhe necessary sensitivily and stabilily under alt conditions 1o
repeal any reading within 2 2% of the full-scale range.
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2.6.2.4  Positioning fixed combustible and foxic gas detectors in terminals

Pasilioning combustible and loxic gas detectors should be based on a rish assessment
and consider:

Elevations, depending on the relative density of air and any polential gas leaks.
Possible flow direction ol leaking gas.

Proximity to polential hazards,

Accessibilily of deleclors for calibration and maintenance.

Sources of damage, e.g. waler and vibration,

industry data an the probability of small-bore lesks and frequency of failures,
Industry data on the probabilily and lreguency of ignitions.

Compulational Muid dynamics madeliing,

30 gas detection mapping.

The manufacturer's recommendations for sensors connected lo analysers.
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CHAPTER 3

Static Electricity

3.1  Principles of electrostatics
3.2 (General precautions against electrostatic hazards

3.3 Other possible sources of electrostatic hazards

This chapter looks at hazards associated with the generation of static electricity during the
handling of cargo and bunkers 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 effect of those charges on other objects in close proximity,

The risks presented by static electricity discharges are at their greatest where a flammable
atmosphere may be present and there are multiple factors that may create the right environment
for an electrostatic discharge, making them difficult to predict.

Although most likely during cargo loading, electrostatic discharges can happen during cargo and
bunker transfer operations.

The only way to safely manage the risks from electrostatic discharge is to control the operation in
line with established procedures and to follow the precautions in this chapter.

The main precaution for ships against electrostatic risks is to conduct operations with the

tanks protected by IG. For tanks that are not protected by IG, section 3.2 describes, in general
terms, precautions against electrostatic discharges (see chapter 12 for more detail). Section 3.3
considers other possible sources of electrostatic hazards during operations.

Some bunker fuels (e.g. low sulphur diesels) may be classified as static accumulators, and some
bunker tank and piping configurations may introduce factors that could influence the generation of
electrostatic risks outlined in this chapter. While the conditions may not present the same level of
risk as in a cargo loading scenarig, under certain circumstances the risk of electrostatic discharge
(see section 3.1.4) should still be considered possible.

If some or all of the risk factors in this chapter exist, it is recornmended that ship operators follow
the precautions outlined. Where a possible exposure exists, a full risk assessment should be
undertaken to ensure the factors influencing that electrostatic risk and the precautions necessary
are considered in full.
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3.1

3.2
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Principles of electrostatics

Summary

Static electricity presents fire and explosion hazards during the handling of petroleurn products
and during other operations such as tank cleaning, dipping, ullaging and sampling, Certain
operations can give rise to accumulations of electric charge that may be released in electrostatic
discharges with enough energy to ignite flammable hydrocarban gas/fair mixtures. There is no
risk of ignition unless a flasnmable mixture is present. Where there is a flammable mixiure, three
additional physical processes are involved in creating a potential electrostatic hazard:

e Charge separation.
s Charge accumulation,
e Breakdown/electrostatic discharge.

The potential for an electrostatic ignition can be minimised by managing any or all these physical
processes or by eliminating the flarnmable atrnosphere.

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

«  Liguid or solid non-conductors, for example a static accurnulator oil (such as kerosene) loaded
into a tank, a non-conductive plastic pipe or a synthetic rope.

» Electrically insulated liquid or solid conducters, for example 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 below. See also the guidelines published by the 1EC, including the current editions of
IEC TS 60079-32-1 Explosive afmospheres — Part 32-T: Electrostatic hazards - Guidance and the
Mational Fire Protection Association's (NFPA) 77: Recommended Practice on Static Electricity for
more information,

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

The interface may be between two solids, a solid and a liquid or two liquids. At the interface, a
charge of ane sign (say positivel moves from material A to material B so that malerials 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 difference between the charges of opposite sign is then
very small and no hazard exists, However, when the materials move relative to one another, the
charges can be separated and the voltage difference increased,

The charges can be separated by many processes, which include but are not limited to

s The flow of liquid petroleum through pipes.
«  The flow of liquid through fine fitters (less than 150 microns)

» Contaminants, such as water droplets or rust moving relative to a liquid as a result of
turbulence in the liquid as it flows through pipes.

o Particles inside a pipeline (rust, sand. sediments, water and ice) fravelling at high speed when
cargo lines are blown with compressed air.

e The settling of a solid or an immiscible liquid through a liquid (e.g. water, rust or other
particles through petraleumn). This process may continue for up to 30 minutes after completion
of product transfer into a tank.

o Gas bubbles rising through a liquid (e.g. air or 1G introduced into a tank by the blowing of

pipelines, or vapour from the liguid itself, released when pressure is dropped). This may also
continue for up to 30 minutes after completion of product transfer into a tank.
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» Turbulence and splashing in the early stages of transfer of a liquid into an empty tank. This
can charge the liquid and can generate mist that could be charged and can increase the
flarmability of the vapour space above the liquid.

= The gjection of particles or droplets from a nozzle (e.g. during steaming operations or injection
of 1G.

& The splashing or agitation of a liquid against a solid surface (e.g. water washing operations or
the sloshing of product in a part-filled tankl.

» The vigorous rubbing fogether and subsequent separation of cerlain synthetic polymers {e.g.
the sliding of a polypropylene (PP} rope through gloved hands).

Charge accumulation

3.1.31 General

When separated charges collect, e.g. in a tank, it is called charge accumulation. When
accumulation occurs, large voltage differences and high electric fields can develop both within
the material containing charge and in the neighbouring space {electric fields are just the rate of
change of voltagel.

High electric fields can cause elecirical breakdown and discharge and high voltages can induce
charge on conductors (see section 3.1.4.2). Examples of accurnulation are:

e The charge on a petroleumn ligquid in a tank during and after filling. This generates vollages and
electrostatic fields throughout the tank, both in the liquid and in the ullage space.

s The charge on a water mist farmed by tank washing. This also generates voltages and
electrostatic fields throughout the tank.

Charges that have been separated atternpt to recombine and to neutralise each other. This process
is known as charge relaxation. If one or both of the materials carrying the separated charges is

a poor electrical conductor, recombination is impeded and the material can retain charge for a
significant period of time. Accumulation ocours if the separation mechanism (charging process)
remains active and adds more charge during this retention period. The retention period is
characterised by the relaxation time of the material, which is related to its conductivity; the lower
the conductivity, the longer the relaxation time. This is not to be confused with the settling time
{see section 12.8.2.3),

When a material is classed as having high conductivity, its electrical conductivity is high enough
that, if the material is earthed, the amount of charge required to maintain it at earth potential will
flow almost instantaneously between the material and earth. If bonding rather than earthing is
used, charges flow to keep the material at the same potential as the rest of the system rather than
at earth potential. An earthed conductive material will remain at earth potential irrespective of any
charge separation processes thal act on it (see section 31.4.2). A charge capable of changing its
potential from earth can anly be passed to such a material if it is insulated from earth by a poorer
conductor, The transfer of charge fo or from the high conductivity material is then hindered by

the resistance of the poorer conductor and charges capable of producing high voltages may
accurnulate. This illustrates the importance of earthing/bonding.

The impaortant factors governing relaxation are, therefore, the electrical conductivities of:

= The separated materials (liquid or solid).
¢ Other materials nearby, such as the ship's internal structure,
» Additional materials that may be interposed belween the materials after their separation.

Fefined clean products tend to have very low conductivily and the relaxation time can be longer
than a minute for these products.
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Electrostatic discharge

Electrostalic 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 sudden flow
recombination that generates intense local heating (e.g. a spark) that can be a source of ignition if
it occurs in a flammable atrnosphere. Although all insulating media can be affected by breakdowns
and electrostatic discharges, the main concern for ship operations is the prevention of discharges
in air or vapour to avoid sources of ignition.

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, consequenily, that is where discharges generally occur.
A discharge may occur between a protrusicn and a surface or solely between a conductive
profrusion and the space in its vicinity, without reaching another object.
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Types of discharge

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

=]y

discharge is inifiated by an electrical connection (short

| circuit} between the two surfaces {caused e.g. by breakdown
| through the sheat).

| The bipolar sheet can be in free space or, as is mare normal,
| have one surface in contact with a conducting material
| Inormally earthed).

The short circuit can be achieved:

# By picrcing the surface (mechanically or by an electrical
break-throughi.

« [y approaching both surfaces sirmultangously with two
electrodes electrically connected,

| = When one of the surfaces is earthed, by touching the

other surface with an earthed conductor.

Increasing the charge until the weakest point of the sheet

breaks down, Industry guidelines indicate that propagating
brush discharges will not occur with linings that are more

| than 10mm thick or those that have a breakdown potential of

4kV. On most tankers, the thickness of epowy coatings is not
generally greater than 2rmm. (Typically, the dry film thickness
of epoxy tank coatings is 01%mm per coat.) It is expected that
the breskdown potential of coatings will be less than 4kV. In

| case of doubt expert advice should be sought.

&1

[ s
Corona A diffuse discharge from a single sharp conductor that slowly | Incapable of igniting a gas, such as
releasas some of the available energy, propans, or & vapour such as gasoline,
Spark An almost instantaneous discharge between two conductors Sparks may be energetic enough to
at different voltages (e.g. when one is affected by the ignite all types of flammable mixture,
mechanisms described in section 31.4.2). Virtually all the including mists and dust clouds, i
stored energy ansing from the voltags difference between the  various requirements are mel, These
conductors is corverted into heat that is available to ignite & includs:
flammable atmosphere. o At least one of the conductors rmust
Examples of a spark are discharges between: be unbonded.
| o Anunsarthed conductive object floating on the surface of | = A discharge gap shorl enough o
' a charged liquid and the adjacent tank structura, | allow the discharae to take place
e Unearthed conductive equipment suspended in atank and = Withthe voltage difference present,
the adjacent fank structure. | but not so short that any resulting
#  Anezrthed surfzee and conductive tools or materizls Hamesquenched
left behind afler maintenance when insulated by a rag or | ®  There must be enough stored
piece of lagging. electrical energy to initiate
: combustion,
! Brush A diffusse discharge from a highly charged non-conductive Able to ignite gases and vapours but
| discharge object to a single blunt conductor that is more rapid than | not rists or dust clouds (but beware of
corana and releases more energy. Fybrid mixtures {dust or droplets plus
. Examples include discharges between; vapours)).
E = Sampling apparatus lowered into a tank and the surface i
of & chargad petroleum liguid, !
E ¢ An earthed conductive protrusion {e.g. fixed tank washing
i machine) and a charged petraleum liguid being loaded at
: g high rate.
| Propagating = A rapid, high encrey discharge from a sheet of material Can be highly energetic {1 joule or
| brush of high resistivity and high dielectric strength with the mare) and so will readily ignite a
! discharge two surfaces highly charged but of opposite polarity. The | flammable mixture.
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314.2 Voltages on unbonded conductors

There are two main mechanisms by which unbonded conductors can reach a high voltage by
contact with a high voltage region;

1 Anunbonded conductor that carries no charge is at a similar potential to its surroundings,
Therefore, it is raised to a high voltage simply by being in the high voltage region (e.g,
near the centre of the surface of a charged liguid or near the centre of a tank containing a
charged mist).

2. A conductor that is nat securely bonded may become charged by a process called induction
if it loses contact with earth while in a high voltage region (e.g. this happens to a segment of
a water jet from a cleaning gun as it breaks up). Charge is induced on the conductor while it
is earthed and then trapped on the conductor when earth contact is lost. The trapped charge
raises the conductor to a high voltage if it moves away from the high voltage region, e.g.
towards a tank wall.

A conductar that is raised to a high voltage by one of the above mechanisms may give a spark that
can ignite hydrocarbon/air mixtures when it approaches a bonded conductor such as a cleaning
gun, the tank base or the tank wall (see section 21410

3143 Conductivity
Materials and liguid products that are handled by ships and terminals are classified as being:

= MNon-conductive.
= Semi-conductive (or dissipative).
» Conductive.

Mon-conductive materials (non-conductors)

These malerials have such low conductivities that once they have received a charge, they retain
il for a very long period. Non-conductors can prevent the loss of charge from conductors by
acting as insulators. Charged non-conductors can generate incendive brush discharges to nearby
earthed conductors and can transfer a charge to, or induce a charge on, neighbouring insulated
conductors, causing sparks.

Liquid non-conductors have conductivities of less than 50pS/m (picoSiemens/metre). Such
liguids are often referred to as static accumulators.

Petroleum products, e.g. clean oils (distillates) including some low sulphur bunker fuels, frequently
fall into this category with typical conductivities being below 10p5/m {relaxation times »2s).,
Chemical solvents and highly refined fuels can have canductivities less than 1pS/m (relaxation
times >20s).

Solid non-conductors include plastics, e.g. PP, PVC, nylon and many types of rubber. Their
surfaces can become more conductive if they are contaminated with dirt or moisture. Precautions
to be taken when handling static accumulator oils are addressed in section 1217,

Semi-conductive materials (dissipative materials or intermediate conductors)

If materials in the intermediale 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 (e.g. fram electric power
systern faults).

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

The liguids in this intermediate category have conductivities exceeding 50pS/m and, along with
conductive liquids, they are often known as static non-accumulators. Examples of semi-conductive
liquids are black oils (containing residual materials) and other liquids with a conductivity below
10,000p5/m.

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 sufficiently low
to bring them into the non-conductive range.

Conductive materials

Conductors are incapable of holding a charge unless insulated but, if they are insulated, charged,
and an opportunity for an electrostatic discharge occurs, all the charge available is almost
instantaneously released in the potentially incendive discharge.

For liquids the normal boundary from semi-conductive to conductive is set at 10,000pS/m. Crude
gils have a very wide range of conductivities, only some of which are below 10,000p5/m, so

they are generally classified as conductive. Most common alcohols are conductive {e.g. methanot
and ethanol both have conductivities of more than 106p5/m? as are the whole range of aqueous
solutions, including sea water. The human body, consisting of about 60% water, is effectively a
liquid conductar.

In the case of sofids, melals are conductors.
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Table 3.1 provides information on the typical conductivity value and classification for a range
of products;

e =
Product | Typical conductivity {(pS/m} Classification
Mon-conductive i Between 0-50
Be.nzer-;e | ERE A U DD_E .......................
] Kwene P = | = o
 Gesolne teti sy | ~ Oltol |
Diesel {ultra-Ew_su.lph!.J_r}. _ i - 01t 2
Lube oil (base) 0.1 10 1,000* T
Commercial je1 fuel | 0.2 to 50
Toluena 1
Kerosene f 1to 50
Diesel 110 100 !
Cyclohexane Less than 2
Motor gasoline 10 to 300*
Semi-conductive Between 50-10,000
Fuel with antit:;alic ad_di;i; S0 1o 300
_.ml.-.ieaxrj,r black fuel oils 50101000 Mon-accumulator
Semi-conductive crude oil Less than 10,000
Bifumen Mare than 1,000
Lﬂ n,duct,.,.-e i
B Conductive crude oil More than 10,000
- P;.léuhulsu | More than 100,000
— 100,000 _ Mon-accumubator
Waler - 100,000,000,000

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

Table 3.1: Typical conductivity of products

315 Electrostatic properties of gases and mists

Under normal conditions, gases are highly insulating and this has important implications with
respect to mists and particulate suspensions in air and other gases. Charged mists are formed
during the ejection of liquid from a nozzle, Examples include;

s Petroleum products entering an empty tank at high velocity.

s Wel sleam condensing,

«  Water from tank washing machines.

o Crude oil during COW.,

Although the liquid 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 present in inert flue
gas, or created during discharge of pressurised liquid COz, are frequently charged. The gradual
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charge relaxation, which does ocour, is the result of the settling of the particles or droplets and, if
the field strength is high, of corona discharge at sharp protrusions. Under certain circumstances,
discharges with enough energy to ignite hydrocarbon gas/air mixtures can occur (see also
gection 3.3.10.
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3.2  General precautions against electrostatic hazards

Fi.] Overview
The zafest way to protect from electrostatic risks is to conduct operations with tanks protected

by IG.

However, if a flarmmable atmosphere might be present, the following measures should be taken to
prevent electrostatic hazards:

« Bond 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 the
metatlic components of any equipment used for dipping, ullaging and sampling.

s Remove any loose conductive objects that cannot be bonded.

# Restrict the product flow to a maximum of Tm/sec at the individual tlank inlets, irrespective of
design, during the initial stages of product transfer into a tank, until:
= The filling pipe and any other structure on the base of the tank has been submerged to
twice the filling pipe diameter and all splashing and surface turbulence has ceased, and

- Any waler collected in the pipeline has been cleared.

# |t is necessary to load at this restricted rate for a period of 30 minutes or until twa pipeline
volumes (i.e. from delivery tank to ship's tank) have been loaded into the receiving tank,
whichever is the lesser.

« Conlinue 1o restrict the product flow to a maximum of Tm/sec at the tank inlet for the whaole
operation unless the product is clean. A clean product, in this context, contains less than 0.5%
by volume of free water or other immiscible liquid and less than 10mg/1 of suspended solids.

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

= Mot blowing lines using compressed air.

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

» Prohibit the use of conductive (metal) ullaging, dipping, gauging or sampling equipment during
product transfer into a tank and for 30 minutes after completion of operations to allow the
settling of gas bubbles, water or particulate matter in the liquid and the relaxation of any
electrical charge, After the 30 minute settling time, metal ullaging, dipping, gauging or sampling
equipment may be used bul it must be effectively bonded and securely earthed to the structure
of the ship before it is introduced into the tank and must remain earthed until after removal.

o Prohibit the use of all non-conductive (non-metal) containers of more than one litre capacity
far dipping, ullaging and sampling during loading and for 30 minutes after completion of
product transfer into a tank.

Mon-conductive (non-rmetal) containers of less than one litre capacity may be used for sampling
in tanks at any time if they have no conducting components and if they are not rubbed prior to
sampling. Cleaning, with a high conductivity proprietary cleaner or soapy water, is recommended
to reduce charge generation. To prevent charging, the container should not be rubbed dry

after washing.
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Operations can be carried out at any tirme through a correctly designed and installed full depth
sounding pipe. A significant charge cannot accumulate on the surface of the liguid within the
sounding pipe and so waiting time is not required. Precautions fo prevent the introduction of
charged objects into a tank still apply and if metal eguipment 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
accumuiator oils is given in section 12.8.2. These precautions should be closely followed to avoid
the hazards associated with the accumnulation of an electrical charge on the cargo.

Bonding

The mast imporiant countermeasire to prevent an electrostatic hazard is to bond all metallic
abjects together to eliminate the risk of discharges between objects that might be charged to
different voltages if they were electrically insulated. To avoid discharges from conductors to earth,
it is normal practice to require bonding to earth {earthing or grounding). On ships, bonding to
earth is effectively accomplished by connecting metallic abjects to the metal struciure of the ship,
which is naturally earthed through the sea. Mote that the bonding of a ship and terminat structure
is not recormmended, see section 17.4.4.

Some examples of objects that might be electrically insulated in hazardous situations and which
should be boanded are:
s Ship/shore hose couplings and flanges, except:
- The insulating flange or block.
The single length of discontinuous hose.

Where the hoses are Grade () hoses specially designed to provide electrical discontinuity
(see section 18.2).

= [Fortable tank washing machines, portable cil spill equipment (e.g. Wilden purnps), closed cargo
additive doping systems.

« 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 effective in some
applications, for example semi-conductive (dissipative) pipes and O-rings rather than embedded
metallic layers, for GRF pipes and their metal couplings.

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

Avoiding loose conductive objects

Every effort should be made to ensure that loose conduciive objects that cannot be bonded
are removed from the tank. This requires careful inspection of tanks, particularly after
shipyard repairs.

Objects that may be insulated during ship operations include:

= A metal object, such as a can, floating in a static accumulating liquid.
= A loose metal object while it is falling in a tank during washing operations.
o A metallic lool, lying on a piece of insulating material, left behind after maintenance.
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Filters

Three classifications of filter may be used in tanker operations, coarse, fine and microfine.

Coarse (greater than or equal to 150 microns)

These do not generate a significant amount of charge and require no additional precautions if they
are kept clean.

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

These can generate a significant amount of charge and require enough time for the charge

to relax before the liguid reaches the tank. To allow enough time for the charge to relax, the
residence time after passing through fine filters should be a minimum of 30 seconds before the
product enters the tank. Flow velocity should be adjusted accordingly.

Microfine (less than or equal to 30 microns)

To allow enaugh time for the charge to relax, the residence lime after passing through microfine
filters must be a minimurn of 100 seconds befare the product enters the tank, Flow velocity should
be adjusted accordingly.

Fixed equipment in tanks

Away fram the (earthed) tank walls, the surface of a charged, non-conductive liquid can be at

high voltage. This voltage will produce a strong electric field 2t the tip of any metal protrusion that
is near the surface but not close to the wall even if the proirusion is earthed, Protrusions of this
type may be associated with equipmeant mounted from the top of a fank, such as fixed washing
machines or high level alarms. During the transfer of static accumulator oils into a tank, this
strong electrostatic field may cause electrostatic brush discharges between the protrusion and the
approaching liquid surface.

Discharges fraom melal protrusions of the type described above can be avoided by installing the
equipment adjacent to a bulkhead or ather tank structure to reduce the electrostatic field at the
probe tip. Alternatively, a suppart can be added that runs from the lower end of the protrusion
downward to the tank structure underneath, so that the rising liquid is held al earth potential as it
approaches the protrusion. Another possible solution, in some cases, is to construct the probe-like
device entirely of a non-conductive material.

Free fall in tanks

Ballasting or transferring product inte a tank over the top {overall) delivers charged liquid to a tank
that may break up into small droplets and splash into the tank. This may produce a charged mist
as well as an increase in the petroleum gas concentration in the tank.

Any piping in a tank that does not lead to the bottorn of the tank should be directed at the bulkhead
and should nol be allowed to free fall,

Water mists

The spraying of water into tanks, for example 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 polarity.

When washing begins in a dirty tank, the charge in the mist is negative, reaches a maximum
negative value, then goes back through zero and finally rises towards a positive equilibriurm value,
Among the many variables affecting the level and polarity of charging, the characteristics of

the wash water and how clean the tank is are the most significant influences. The electrostatic

&7

) L 1dvYd

A

5
(5]
i

LONEWIoU| )




E
c
1
|;_"._'i

PART 1

ISGOTT Sixth Edition

charging characteristics of the water are altered by recirculation or by the addition of tank

cleaning chemicals, cither of which may cause very high electrostatic potentials in the mist and
which arc higher in large tanks than small ones. The size and number of washing machines in a
tank affect the rate of change of charge, but they have little effect 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 polential increases with
distance from these surfaces and is highest at points furthest from themn. The field strength, or
vollage gradienl, in the space is grealest near the lank bultkheads and struclure, particularly where
there are protrusions into the lank, Around relatively sharp protrusions, if the ficld strenath is
high enaugh, electric breakdown occurs into the space, giving risc to a corona. Because sharp
profrusions cause concentrations of field strength, a corana ocours 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 armount of charge in the mist to an equilibrium value. The corona
discharges produced during tank washing are not strong enough to ignite the hydrocarbon gas/air
mixtures that may be present.

Under certain circumstances, spark discharges with enough energy lo ignite hydrocarbon gas/fair
mixtures can occur from unearthed conducting objects within, or intreduced into, a tank filled with
charged mist (or containing a charged liguid). For example, 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 carth, giving rise to a spark capable of igniting a
flarnmable hydrocarbon gas/air mixture.

The processes by which unearthed conductors give rise to ignitions in a rist are complex

and several conditions need to be met simultaneously for ignition to occur. These conditions
include the size of the ohject, its trajectory, the electrastatic 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 act as a spark promater and cause an ignition. High capacily, single nozzle, fixed
washing machines can produce water slugs which, owing to their size, trajectory and duration
before breaking up, may salisfy the crileria for praducing incendive discharges. However, there is
na evidence of water slugs capable ol producing incendive discharges being produced by portable
types of washing machine. This can be explained by the fact that, if the jet is initially fine, the
length of slugs that are produced are relatively small so that they have a small capacitance and do
not readily produce incendive discharges.

The tanker industry has drawn up the tank cleaning guidelines in section 12.3. These guidelines
are aimed at preventing excessive charge generation in risis and at controlling the introduction of
unearthed conducting objects when there is charged mist in the tank.

Charged mists, very similar to those produced during tank washing, occur from time to time in
partly ballasted halds of Cil/Bulk/Ore (OBOs). Due to the design of these ships, there may be
violent mist-generating impacts of the ballast against the sides of the hold when the ship rolls,
even in a moderate sea. The impacts also give rize to free flying slugs of water in the tank so that,
if the atmosphere of the tank is flammable, all the elements for an ignition are present. The most
effective countermeasure is to have tanks cither emply or fully pressed up so that violent wave
motion in the tank cannot take place.
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Inert Gas

Small particutate malter carried in |G produced by a boiler or G generator can be elecirostatically
charged. The charge separation originales in the combustion process and the charged parlicles
are capable ol being carried through the scrubber, far and distribution pipes inlo the cargo

lanks. The electrostatic charge carried by the 1G is usually small, bul tevels of charge have been
chserved well above those encountered from the water mists formed during washing, Because
the tanks are normally in an inert condition, the possibilily of electrostatic ignition should be
considered only if il is necessary & inert a lank thal already conlains a fammable atrmosphere

or if atank already inerted is likely lo become flammable because the oxygen content rises as a
resull af ingress of air. Precautions are then reguired during dipping, ullaging and sampling {see
section 12.8.3).

Other possible sources of electrostatic hazards

Discharge of carbon dioxide

During the discharge of pressurised liquid CO2, the rapld cooling that Lakes place may lorm
particles of solid CO2 thal become electrostatically charged on impact wilh the release nozzle. The
charge can be significant and has potential for incendive sparks. Liguefied COz should not be used
for irerling purposes. It should nol be injecled into pumpreoms that may contain Hammable gas
mixtures, excepl lor the purpose of fire-extinguishing. SOLAS requires that & sign detailing this is
displayed al the pumpreom COz release controls.

Clothing and footwear

Personnel who are insulaled from earth by their faotwear or the surface on which they are
standing can become electrostatically charged, which may result in a spark. Clothing can generale
more slalic charge through friction and increase the chance of spark generalion. Personnel should
avoid putting on or remaving clothing when in hazardous areas.

Synthetic materials

Several iterns manulactured from synlhelic malerials are available for use on board lankers and in
terminals, such as coveralls, gloves, rope, bottles, portable drip trays, ventilation hoses and ail spill
response equipment.

To avoid intraducing elecirostalic hazards in areas where flammable almospheres may be present,
the suitabitity of such equipment for the intended use should be confirmed prior (o use.

Consideration lo suitability should alse be given when ordering, purchasing and receiving such
equipment an hoard.
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CHAPTER 4

Managing Hazards
and Risks for Ship and
Terminal
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Managerment syslem

Risk management

Stop Work Authority

Lock-outf Tag-out

Control of hazardous energy

Simultaneous Operalions

Permit to work syslems

Personal salety

Preventing fire and explosion

Controt of potentizl ignition sources
Eleclrical equipment and inslallations in hazardous areas
Paortable electrical and electronic equipment
Communications equipment

Tools

This chapter sets out a general risk management process and then identifies general hazards and
their mitigating measures for both tankers and terminals. Risk management processes for specific
operations, e.g. cargo handling, are covered in the other chapters.

4.1

Management system

A management system is a defined method lo ensure that slaled cbjectives are achieved. The
system is documented and includes the following key elements:

» Scope and cbjeclives.
s Procedures.
s Resources responsible and accountable for Implementation and execulion.
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s Averification and measuremenl process to delermire whether 1he desired resulls are
being achieved.
s A feedback mechanism 1o provide a basis for further imprevement.

Risk management

General

Tankers and terminals should have a risk management process. [ should include procedures 1o
identily hazards, assess associated risks and ensure risks are aither eliminaled or reduced to
ALARP through prevenlalive and miligaling measures or conlrols,

All aclivities, including those of contractors, should be included in the rigk managemenl process.

Risk assessment

A key tool used by the industry, and a function of all SMSs for managing risks, is the process
of a risk assessmenl. A risk assessment can identily potential hazards, Le. anylhing thal 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 slep process, the resulls ol which may be
expressed in a guantitative or qualitative fashion:

[dertify the hazards.

Decide who might be harmed and how.

Evaluale the risks and decide on preverdalive and miligating measures ar conlrols,

Record significant findings.

T

Review the assessment and updale following the Internalional Safety Management 05M} Code
or the operator's SM3.

Risk azsessments should pravide the basis Tor developing policies and procedures thal cover all
tanker and terminal operations.

All new or non-rouline activities nol covered by existing procedures should be risk assessed
before siarling, e.g. emergency repairs.

Risk assessments should consider the possibility of human error introducing a hazard or a control
failure. In this siteation, Safety Crilical Task Analysis (SCTA) (gee chapter 7) 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 leam of suitably
trained and experienced personnel. They should, preferably, nol be compleled by a single person.
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4.2.4

Hierarchy of controls

Table 4.1 provides a recommended order of priority for selecting preventative measures or
controls. This is known as the hierarchy of controls.

S
1. Elimination Remowe the cause of the hazard completely, €.8. by not performing a
proposed operation.

2. Subsfitution Roplace the proposed procedure with a less hazardous one.

3. Engineering controls Separate personnel fram the hazard by physical means, ¢.g. fitting guards
at dangercus iterns of equipment, rigging barriers arcund open hatchways

ar using Lock-outf/ Tag-out (LY TO) equigenant.

4. Administralion nunlm-!.n_ Use procedures io perform tasks safely, e.g. hot work perrits, enclosed
space entry permits, hazard identitication fools, risk assessments and duly
rosters to minimise exposure to hazards,

5. PPE Use PPE to pratect the person carrying out the operation, e g. safely
glasses. PPE should only be considered when all the abese measures

have been lound 1o be incffective at contreliing the risks e a reasonable
practicat level. Select PPE to mitigate against the identitied hazard. Train
personnel how to use it correctly, including how to check it is still 7t for the
infended purpose,

Table 4.1: Risk assessment hierarchy of controls

Marine interface risks
Activities al 1he marine interface thal should be risk assessed include:

«  Mooring and berthing operations.

» Cargo transfer operations.

o Douhle banking operations Uncluding multiple banking).
s Discharging or loading over the tide.

s Tug and lowing operalions.

= MNon-cargo related operations, including tank cleaning, bunkering, storing, hot weork and repairs
while alongside the berth,

»  Tank measurement and sampling.
Risk gssessments can also be used to develop the following:

= Security plans.

= Emergency respense plans.

» Oil spill response plans.

s Terminal salely exclusion zanes.

» MNon-standard terminal firefighting and protection arrangements.

»  Critical equipment and syslems identification.

Regularly review exisling rish assessmenls and associated controls Lo make sure they are still

valid. A periadic inspection procedure should be in place for both tanker and terminal facilities
and operalicns, This should be used lo identify new hazards and to decide whether a revised risk

assesament is needed.
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Management of Change
The risk managemenl process should include & Management of Change (MOC) precedure.

MOC is the process of bringing controlled and planned change, either lemporary of permanent, o
operations, procedures, equipment or personnel to meet a defined goal.

The MOC procedure should ensure thal safety and/or environmental standards are not
compromised after the change.

MOC should be documented and supported by risk assessmen, foliowing an from any initial risk
assessments where available,

CHEHEES [hiat might need an MOC procedure include:

» Changes lo slandard operaling procedures in the SM3, e.g. because of changes in regulations
and slandards.

s Modilications lo existing equipment.

* Installation of new equipmenl.

« Changes 1o tanker or terminal manning arrangemesnts.

+  MNew cargo products being handled.

o Adilferenl type or size of tanker calling al a lerminal

Stop Work Authority

Il is recommended thal tanker and terminal SMSs include a Stop Work Authority (SWA) policy
and procedure. The SWA gives employees and cuntractors the responsibility and obligation o
intervene and slop work if they see something unsafe that may cause an accident {see seclion

7L

A typical SWA procedure includes five steps:

1. Stop the unsale activity.

2. Tell the Person In Charge (PIC) so the lssue can be addressed.

3. Discuss the concerns wilh those involved and correel the jssue as necessary.

4 Start the activity again.

5. Share what has been learned with other employess and contraclors who might be affected.

Lock-out/Tag-out

Specially designed LOY TO equipment is widely available that provides a system for preventing
a valve or device being operated until Ihe lock or tag has been removed, usually under a
documented systemn of safe management conltrol. Uses vary bul could include the izolation of
overboard sea valves and tanks during tank enltry.

Hazardous energy contral procedures (see section 4.5) may also include a LO/TO system that
places a lock andfor tag on an energy isolating device, g, s valve or breaker. This stops the
energy isolaling device being operated until the lock or 1ag has been removed.

Training shauld be provided to all personnel involved in using the LO/TO systern and this training
should include all associaled equipment and the procedures to which the system is being
deployed. Training shouid be extended to contractors whe are also required 1o work with @ syslem
thal may be specific lo the ship or lerminal

e
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Control of hazardous energy

Hazardous energy

Hazardous energy is any eleclrical, mechanical, hydraulic, pneurmaltic, chernical, nuclear, thermal,
gravitational, sound, mation, biclogical or other energy that can harm personnel. Examples of
hazardous energy include:

o Pressure in a cargo pipeline due to slored pressure.

»  Pressure in a cargo pipeling section due lo temperature variations.

= Gas pressure in an IG line,

o Air pressure in reservoirs.

s Slored electrical energy in elactrical swilchboards.

» Hydrostalic pressure on ship side valves.

Hazardous energy controls

& hazardous energy control procedure should be developed 1o idenlily and control hazardous
energy. An example five slep procedure is given below:

Gather informalion.
Perfarm SCTA.

Perfarm a risk assessment.
implement contrads.

N

. Communicale and train.
When implermented these should prevent:

# [njuries by an inilial uncontralled release of hazardous energy.

» Injuries by residual energy remaining in a system after shutdawn,

s Releaze of a pollutant to air, the sea, the ground or on deck.

«  Uncontrolled sea waler entering machinery or nther spaces.

Procedures should aim to establish that a zero energy stale has been achieved and independently
werilied before work starts. If this zero energy state cannot be established, work should not start
until more risk assessment and control measures are eslablished, Procedures should identify

the sleps to be followed when a zero energy state cannol be established, Figure 4.1 provides a
lloweharl setling cut the recommended steps lo contral hazardous energy.
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Simultaneous Operations

General

Simultaneous Operations (SIMOPS) are activities that take place at the same time in the same
area or that could directly or indirectly affect the safety of any other activity on the ship or at the
terminal (see figure 4.2),

SIMOPS should be identified at an early stage so that the risk assessment can include the
individual risks of each operation and the risks from their interaction. If the operations are only
risk assessed individually, additional risks might not be identified.

Simullaneous Operations

Figure 4.2: Interaction of SIMOPS

Managing Simultaneous Operations

4.6.21  Simultaneous Operations risk assessment

Awvoid SIMOPS whenever practicable. If this cannot be avoided, then SIMOPS should be carefully
managed through risk assessment, toolbox talks and work practices.

A SIMOPS risk assessment should study the intended operations and identify any additional
hazards introduced by undertaking the aclivities simultaneously. The risk assessment should
consider factors such as:

» Approval level: in accordance with company procedures and SMS requirements.

¢ Schedule and waorkload clashes,

» Resources: there should be enough personnel to safely complete each operation within the
anticipaled timeframe and enough to assign personnel to individual tasks.

= Supervision: each operation should be adequately supervised.
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o [Distraction: operations should be controlled from a common location, e.g. single control room
for engine or cargo operations.

¢ Communications: there should be enough communications equipment with separate channels
for each operation and contingency arrangements agreed,

s Knowledge and skills: personnel undertaking the tasks should be sufficiently trained and
experienced to safely complete the assigned tasks.

» Fatigue: work and rest hour requirements should not be compromised by the demands of
the SIMOPS.

¢ Critical tasks.,

«  Maintenance activities,

s Contingency plans.

Using the factors identified the level of risk should be assessed and risk reduction measures
evaluated. Hierarchy of controls principles should be used to prioritise those measures and to

further identify any additional safety barriers reguired. Additional hazards introduced by the
SIMOPS should also be highlighted and further reviewed during the assessment,

4.6.2.2  Simultaneous Operations plan

This will enable a SIMOPS plan/interface document to be prepared, which will cutline planned
controls to be confirmed as in place to ensure the operation is managed effectively and risks
reduced to an acceptable level.

The plan may vary in scope from a simple pre-job meeting to a detailed interface document that
considers some or all the following, depending on the complexity and scale of the operation, the
nurnber of different activities and the personnel involved:

« Purpose of the operation and identified SIMOPS.

= Risks and their mitigations, along with control measures and safe operating procedures.

» Reporting lines and overall control authority.

» Communications and contingency plans,

s MOC requirements.

4.6.2.3  Simultaneous Operations preparation

Toolbox talks should then be used to review the SIMOPS plan and these should include discussion
an the implermentation of the control measures and any potential conflicts or challenges.

Examples of SIMOPS include:

+ Bunkering or storing operations at the same time as cargo operations.

o  Mainlenance operalions at the same time as bunkering or cargo operations.
« Tesling equipment at the same time as bunkering or cargo operations.

+ FEnclosed space entries at the same time as cargo operations.

« Emergency exercises at the same time as cargo operations.

« [iving operations at the same time as cargo operations.

» Ingpections, e.g. Port State Control (PSC), Flag State or the Ship Inspection Report
Programme (SIRE), at the same time as cargo operations,

« Ship to Ship (STS) transfer operations. Bridge watchkeeping at the =zame time as
cargo watchkeeping.
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Decision matrix

It is recommended that SIMOPS procedures include a decision matrix to help identify the level at
which approval is required within the organisation.

Matrix of permitted operations

Procedures may include a matrix of permitted operations. This provides a visual guide Lo the level
of risk identified in SIMOPS. The matrix will identify activities that are:

« Fermitied to occur simultaneously without restriction.
s Permilted with restrictions.
= Mot permitted at all.

Figure 4.3 provides recornmended steps for a SIMOPS procedure.

fdentify SIMOFS

!

Perform the
Cani SII':'IOFE —_— g — operations at
be avoided? different times
| Mo

v

Risk assess each
operation

|

Underiake SIMOPS risk
assesament for
intended operaticns
{section 4.6.2.1

}

Frepare SI'M{}FS%J n
{section 4.6.2,2)

}

Review the SIMOPS plan
using toalbox 1alks
[zection 4.6.2.3)

l

Perform SIMOPS

}

Close out

Figure 4.3: SIMOPS control procedures flowchart
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Permit to work systems

General

While tanker and terminal operators will develop their own procedures for managing all aspects of
operations and tasks, many choose to incorporate a permit to work system into their SM3 in order
to manage hazardous tasks.

A permit to work system is a formal written system that controls certain types of work. It delivers
a risk-based approach to safety managerment and requires personnel to undertake and record risk
assessments in the developrent of a safe systemn of work.

A number of publications issued by industry organisations and national safety bodies contain
guidance for establishing a permil to work system.

The permit to work systern may include one or more of the foliowing management tools to control
hazardous activities:

«  Work instruction.

+ Maintenance procedure,

+ Lecal procedure,

¢ Operational procedure.

s Checklist.

= Permit.

The measures used when carrying out a particular task are defermined by a risk assessment and
recorded in the permit to work.

Permit to work systems - structure

The structure of the systemn and its processes are very important in ensuring that the system
delivers the necessary level of safety and operational integrity.

The permit to work system should define:

+ Operator responsibility.

= Responsibilities for all personnel operaling the system.
e Training in the use of the system.

* A measure of the competency of personnel.
« Types of permit and their application.

= Levels of authority.

e |solalion processes,

+ Permit issuing procedures.

s Permit cancelling procedures.

= Associated permits to be reviewed.

s Emergency actions,

+ Record-keeping.

= Auditing.

* System updating,

The system will determine the proper controls to manage the risk associated with each task and
the right management tool to manage the task, as listed in section 4.7.1.

The systern need not require all tasks to be done under the control of a formal permit. However,
it is important that the work instruction, procedure or permit used for managing a task is
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appropriate to the work being carried out and that the process is effective at identifying and
managing the risks,
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4.1.3 Permit to work systems — principles of operation

A permit to work systern should comprise the following steps:
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+ |dentify 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.
s Set oul communication procedurcs,

s ldentify a procedure and initiate a permit to work.

= Obtain formal approval to perform the work.

s Carry out a pre-work briefing.

s Prepare the work.

s Carry out the work lo completion.

» Relurn the work site to & sale condition.

» Complete the process, keeping records for audit purposes,

4.7.4 Permit to work forms

The permit to work form is designed to lead the operator through an appropriate process in a
logical, detailed and responsible manner. The permit is produced as a joint effort between those
authorising the work and those doing the work. The permit should ensure that all safety concerns
are fully addressed.

The structure and content of permit to work forms will be delermined by the specific individual
requirement of an operator's SMS, but are typically as follows:

s  Type of permil,

= Permil number.

« Supporting docurents, e.g. details of isolations, gas test results.
» Location of work,

= Description of work.

+ Hazard identification,

= Precautions necessary.

» Protective equipment to be used,

» Period of validity.

= Authorisation for the wark, including duration and endorsement by the Master or
department head.

= Acceptance by those performing the work,

s Management of changes to workforce or conditions.
= Declaration of completion,

« (Cancellation.

A permit does not, by itself, make a job safe,

&



(ynd
=
S
e
=
o
)
;:'__-__:-

G

PART 1

4.7.5

4.7.6

4.8

4.8.1

ISGOT T Sixth Edition

Complying with the requirements of the permit, ard identifying any deviations from the specified
controls or expected conditions, are essential parts of completing the task safely. The system
should also identify any conflicts with other tasks being carried out on board at the same time,

Work planning meetings

Work planning meetings should be held to ensure that operations and maintenance tasks are
correctly planned and managed, with the aim of completing all tasks safely and efficiently. Thase
meetings may include discussion of:

* Risk assessments.

s Work permits.

= |solation and tagging requirements.

* The need for safety briefings, toolbox talks and correct procedures.

The format and frequency of work planning meetings should be in line with the requirements of
the operator’s SMS and will be determined by the tanker or terminal's activities.

It may be appropriate to have two levels of meeting - one for management and another for the
practical issues related to specific tasks.

Toolbox talks

A toolbox talk is a discussion between all workers, including contractors, about the hazards of the
planned task.

A toolbox talk is required for all tasks. The PIC of the task should hold 2 toolbox talk at the
worksite with everyone involved before the task begins. Toolbox talks should include:

= Critical job steps, including roles and responsibilitias.

= Job hazards and additional safeguards, including PPE.

* Specialised work permits, where applicable,

¢ Communication plan,

«  SWA triggers.

If only one person is needed to perform the task, that person should roview the above list
before starling,

If the worksite is noisy, identify the hazards at the worksite, then move somewhere guicter to
finish the toolbox talk.

Personal safety

Personal Protective Equipment

Identify what protective clothing and equipment is needed in a risk assessment. PEE should be
of an approved standard and should be worn by all personnel engaged in operalions. This should
include protection for:

= Body.

s Hands and feet,

« Face and eyes.

« Fars,

s Head,
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fwoid using synthetic material for tasks involving flames or heat, because it can melt and

severely damage skin, Personnel at risk of falling into the water should wear life jackets or
approved Personal Flotation Devices (PFDs). Personnel working at a height of 1.8m or maore
should wear approved fall protection, Soe the Code of Safe Working Practices for Merchant
Seafarers (COSWP) and OCIMF/CDI's Recommendations for Oil and Chernical Tanker Manifolds and
Associoted Equipment,

Storage places for PPE, including RPE. should be protected from the weather and clearly marked.
Training on how to use PPE and RPE correctly should be provided.
FPPE requirements for visitors should be established.

Inspection and maintenance procedures should be available for PPE and RPE.

Slip, trip and fall hazards

Slips, trips and falls are a common cause of accidents on tankers and in terminals, Management
and personnel should pay attention to anything that may cause these accidents, including
changing conditions.

Mor-skid coatings or gratings should be provided in working areas and on walkways, These areas
should be clearly marked so that personnel are aware of their existence and extent. Areas for
consideration include:

« Mooring areas.

s Manifold areas.

« Dipping and sampling locations.

»  Access walkways,

= Pipeline step-overs.

s External stairways.

Terminals should establish requirements for personnel passing through the terminal. A clearly
marked safe route and/or safe transport through the terminal should be provided.,

All personnel, including visitors, should use the marked access routes. The routes should be kept
well lit, clear and free of spillages.

The risk of slips, trips and falls is significantly higher when using access ladders and
companionways. Good design and construction will help prevent these accidents. Trip hazards,
©.g. high plale edges at the top of ladders and unevenly spaced steps, should be avoided.
Where the design cannot be modified, trip hazards should be clearly marked or highlighted with
contrasting paint.

Asbestos

The disturbance or removal of ashestos should be carried oul by specialist contractors. If

the crew need o make wrgent repairs at ses, measures should be in place to ensure they are
adequately protected from asbestos. MSC/Circ. 1045 Guidelines for Maintenance and Monitoring of
On-Board Materials Containing Asbestos provides guidance on how to handle asbestos safely on
board tankers, A detailed risk assessment should be conducted before starting any urgent repairs
that might involve ashestos.

Personal hygiene

Prolonged contact with oil can be dangerous. Aveid direct skin contact with oil or with oily
clothing wherever possible,
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Preventing fire and explosion

To prevent the risk of fire and explosion, a source of ignition and a flammable atmosphere should
rol be in the same place at the same time. Precautions should be taken 1o exclude or contral
either the source or the almosphere. Flammable gases can be expected in the hazardous zones of
tankers and terminals. All possible sources of ignition should be rermoved.

Oil spillage and leakage present a fire hazard and should be avoided. If they occur, the leak should
be stopped immediately and the spill should be cleaned.

Flammable gases and ignition sources can be safely controlled in contral rooms, workshops,
storerooms, etc. if they are properly designed, operated and maintained,

In a tanker's accommodation block, sources of ignition should be limited or controlled, e.g. by
designating a smoking area.

It is essential that flammable gas is not able to enter the accommodation black, Settings on air
conditioning systems should ensure the pressure inside the accommodation is greater than the
external almosphere, e.g. do not set to 100% recirculation,

In engine and boiler rooms, ignition sources cannat be avoided (see also section 410} Flarmmable
gases should be prevented from entering the engine and boiler rooms. Bunker fuels, including
residual fuel ails, may present a flammability hazard (see section 1.6), so bunker spaces should be
checked regularly.

Control of potential ignition sources

Naked lights

Naked lights should be prohibited on the tanker deck, in the terminal and in ary other place where
flammable gas may be present.

Smoking

Smoking presents significant risks on board all tankers and requires careful management.
Controls can be established through SMS requiremnents and design, c.g. dedicated smoking rooms
on fankers. Controls for smoking should also be applied to any other products that are burned, e.g.
incense sticks. Any smouldering, smoke-producing product should never be left unatiended or
allowed near bedding or other combustible materials.,

Smoking at sea

While a tanker is at sea, smoking should be permitted only at times and in places specified by the
Master. Personnel on board tankers should only smoke in the dedicated smoking room, if one is
available. Smoking should be prohibited on the tanker 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 4.10.5,

Smoking in port and controlled smoking

Smoking should be prohibited in the restricted area around all tankers and berthe and on board
any tanker while at a berth, except in designated smoking places,

Smoking in port should only be permitted under controlled conditions and in designated
smoking areas.

Smoking on board barges and other small craft should be prohibited while they arc alongside the
tanker or terminal,
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Location of designated smoking places

Designated smoking places on a tanker or onshore should be agreed in wriling belween the
Respaonsibie Officer and the Terminal Representative at the pre-transfer conference before
operations start {see chapter 24). The Responsible Officer should make sure everyone on
the tanker has been told where the designated smoking places are and Lhat suitable notices
are posled.

During aperations, designated smoking arcas should only be allowed:

» Inthe accommodation area.
¢ Inaroom that does not have any doors or parts that open directly on to decks.

Oporations include:

= Any handling of petroleumn cargoes.

» Stern loading/discharge.

= Ballasting into cargo tanks that are not gas free.
« Purging with |G,

»  (as fresing.

= Tank cleaning,

Iri the designated smoking area, all portholes should be kept closed and all doors should be kept
closed unless in use,

Before or after operations, while the tanker is still at the terminal, designated smoking areas
should be sclected Lo take account of any hazardous conditions, e.g. unusually high flammable gas
concentrations, particularly when there is no wind, and tanker operations on adjacent berths.

Smuoking can only be allowed in other areas if the Master and Terminal Representative have
agreed to it in writing. When stern loading/discharge connections are being used, particular care
should b taken to ensure that no smoking is allowed in any accommaodation or space where the
door or portholes open onto the deck where the stern loading/discharge manifold is located.

Matches and cigarette lighters

Safety matches or fixed (car type) electrical cigarette lighters should be provided in designated
smoking areas.

All matches used on board tankers should be safety matches. The use of matches and cigaretie
lighters should be banned outside the accommodation, except in designated smoking areas,
Matches should not be carried on the tank deck or in any other place where flammable gas may
be prosent,

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

Disposable lighters present a significant risk because their spark producing mechanism is
unprotected, which means they can be accidentally activated,

The carriage of matches and lizhters through terminals should be prehibited and severe penalties
may be levied under local regulations for non-compliance,

Electronic or e-cigarettes

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

Portable and permanent notices prohibiting smoking and the use of naked lights should be
displayed clearly at the access poinis to the tanker and at the exils from the accommadation arca,
Ini the accommodation area, instructions about smoking should be clearly displayed.

Galley stoves and cooking appliances

The use of galley stoves and other cooking appliances that employ naked flames should be
prohibited while a tanker is at a petroleurn berth.

Galley personnel should be instructed on how to safely operate galley equipment, Unauthorised
and inexperienced persons should not be allowed to use galley cquipment.

Fires are often caused by unburnt fuel or fatty deposits that have collected in galley ranges,
flue pipes and filters. These areas should be regularly inspected to make sure they are clean,
Oil and deep fat fryers should be fitted with thermostats lo cut off electrical power and prevent
accidental fires,

Galley staff should be trained how to handle fires and how 1o respond appropriately, Training
should include how to operate fixed firc-extinguishing systems fitled to galley equipment.
Appropriate fire extinguishers and fire blankets should be available.

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

Steamn cookers and other equipment heated by steam can be used at any time,

Funnel emissions

To prevent funnel fires and sparks, burners, lubes, uptakes, exhaust manifolds and spark arresters
should be kept in good working condition, If a funnel fire happens al sea, or sparks are emitted
from the funnel, the tanker should consider altering course as soon as possible to avoid sparks
falling on the tank deck. Cargo, ballasting or tank cleaning operations should be stopped and all
tank openings closed.

Boiler tubes should net be soot blown when the tanker is in port. Al sea, the officer on bridge
watch should be consulted before the operation starts and the tanker's course should be altered
if necessary,

Spontaneous combustion

Sorne materials ignite when they are damp or soaked with oil, especially vegetable oil, without the
external application of heat. This is called spontaneous combustion and it happens because the
malerial gradually heats by oxidation (see section 13.4).

The risk of spontanesus combustion is smaller with petroleumn oils than with vegetable oils, but
it can still happen, particularly if the material is kept warm, e.g. because it is close to a hot pipe
or surface,

Cotton waste, rags, canvas, bedding, jute sacking, sawdust ar any similar absorbent material
should not be stowed in the same compartment as oil, paint, etc, They shauld alsa not be left lying
on the jetty, on decks, on equipment, on or adjacent to pipelines, etc, Damp materials should be
dried betore they are stowed. Oil soaked materials should be cleaned ar destroyed.

Some chemicals used for boiler treatment are also oxidising agents and can spontaneously
combust if they have evaporated. These chemicals should be stored in a safe and secure location,
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Auto-ignition

Petroleumn higuids ignite without the application of a naked flame when healed sufficiently.
fuita-ignition is most cornmon when fuel or lubricating ofl under pressure sprays onto a hot
surface. It also happens when oil spills onto lagging, vaporises and bursts into flame. Both
instances have been responsible for serious fires,

il feeder lines require attention to avoid oil being sprayed from leaks. Pipelines carrying fuel
and lubricating oil under pressure should be assessed and provided with necessary protection,
Oil saturated lagging should be removed and personnel protected from any ignition or re-ignition
of vapours during the process.

Equipment made of aluminium

Alurminium equipment should not be dragged or rubbed across steel. It can leave a smear 1hat can
cause an incondive spark if it is struck by a hammer or falling object. It is recommended that the
underside of alurninium gangways and other heavy portable aluminium structures are profected
with a hard plastic or wooden sirip lo stop smears being transferred to steel surfaces.

The use of other aluminium equipment in cargo tanks and on cargo decks should be subjected to
a risk assessment and, where necessary, carefully controlled.

Cathodic protection anodes in cargo tanks
Various materials are used for cathodic protection, including magnesium, aluminium and zinc.

Magnesiurm anodes are very likely to cause an incendive spark if they strike rusty steel, so they
should not be fitted in tanks that may conlain 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 maoved to ancther location withoul proper
supervision, Because aluminium anodes can easily be mistaken for zinc ancdes, they can
accidentally be installed in hazardous locations. It is recommended that only aluminium anodes
arc 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 restriclions.

The location, securing and type of anode installed in cargo tanks are subject to appraval by the
appropriate authorities. Their recommendations should be observed and inspections made as
often as possible to check the anodes and mountings are secured. Anodes are easily damaged by
high capacity tank washing machines.

Electrical equipment and installations in hazardous areas

General

This soction deseribes the classification of hazardous areas for electrical installations and
equipment on board tankers and in terminals. It also gives general guidance on safety precautions
during maintenance and repair of electrical equipment.

Hazardous areas

Hazardous areas may contain a flammable atmosphere during normal operations. They are
sometimes called dangerous areas.

Hazardous areas are normally subdivided into zones according to the likelincod of a flammable
atmosphere being present, as shown in table 4.2,
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The extent of hazardous areas can be determined by reference to Class rules and
industry standards.

[, — = s s —= = e
Zone Likelihood of flammable atmosphere

Zone O A place in which an explosive almosphere consisting of a mixlure with air of flammatle
substances in the farm of gas, vapour or mist is present continuausly or for long periods

Zone 1 A place where an explosive aimosphere consisting of & mixture with air or flammable
substances in the form of gas, vapour or mist is likely to occur in normal operation conditions

Zone 2 | A place where an oxplosive stmosphere consisting of & mixture with air or flammable
subslances in the form of gas, vapour or mist is not likely fo occur in normal operalion but, if it
does occur, will only persist for a shart period

Table 4.2: Hazardous area zones

Hazardous areas on a tanker
On tankers, hazardous areas are sometimes described as dangerous areas,
The arrangement of equipment is defined as required by Class rules.

Typically, the designation of the zones is aligned with IEC 60092-502 Electrical installations in
ships — Part 502: Tankers - Special features,

Certain spaces, e.g. battery lockers and paint stores, are not described as hazardous areas but
there are prescriptive requirements in Class rules for the lypes of electrical equipment and
ventilation fans fitted in these spaces.

Hazardous areas at a terminal

Al a terminal, hazardous areas and zones are based on national standards. These are alipned with
industry standards, e.g. those of the IEC or the Energy Institute.

When a tanker iz 2t a terminal, a tanker sale arca may be in a terminal hazardous area. Any
unapproved equipment on the tanker that is in the terminal hazardous area miay need to be
isolated when the tanker is at the terminal,

Sources of ignition from electrical equipment
Potential sources of ignition from electrical equipment include:
« Electric sparks.

»  Arcs and flashes.

¢ Electrostatic discharges.

» Electromagnetic waves.

= Hot surfaces.

# Flames and hot gases.

* Mechanically generated sparks.

= Chemical reaction.

Standards of electrical equipment for use in hazardous areas

To avoid the risk of ignition, electrical equipment in hazardous areas needs 1o be specially
designed and constructed. The mos! rigorous standards are needed in areas where the likelihood
of a flammable atmosphere is highest.
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Electrical equipment used in hazardous areas is subject to different regulations and

standards depending on the geographical location where the cerlification is recognised and
accepled. Different standards apply in different parts of the world, including the International
Electrotechnical Commission System for Certification to Standards Relating to Equipment for Use
in Explosive Almospheres (IECEx), ATEX and the MNational Electrical Code (NECY

Electrical equipment must be certified for use by a recognised cerlification body. Different
certification bodies require different markings on equipment, which may cause confusion.
Electrical equipment necds to be selected and installed carefully, and inspected and maintained
regularly, to make sure it continues to comply with the selected standard,

Inspection, maintenance and testing of electrical equipment
All equipment, systems and installations, including cables, conduits, glands and similar equipment,

should be inspected and mainlained.

Continuing functional operation does not assure compliance with the required standards of safaty,
unless correct maintenance procedures have been followed.

411.71 Inspection and checks

Typical inspections should include checking:

» racks in rmetal casings or covers, cracked or broken glass, or failure of cement around glass
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 maling meltal surfaces,

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

+ Siresses on cables thal might cause fracture,

Inspection routines and check sheets for hazardous areas are described in the 1EC 60079-17
Explosive atmospheres - Part 17: Electrical installations inspection and maintenance,

When a tanker is al a berth, equipment in hazardous areas should not be serviced withoul prior
agreement between the tanker's Responsible Officer and the Terminal Representative.

411.7.2 Maintenance

incorrect maintenance procedures can compromise the safely of electrical equipment. Even
simple repairs and maintenance can compromise safety, e.g. paint covering safety features such
as relief holes, passages, otc, Changing a lighthulb could damage explosion-proof lights if the
cover is closed incorrectly.

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-proaof fittings.

Repair methods for electrical equipment in hazardous arcas are described in the 1EC 60079-19
Explosive olmospheres — Part 19: Equipment repair, overhau! and reclamation.

411.7.3  Insulation testing

Insulation testing should only be carricd out when no flammable gas is present.
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Changes to electrical equipment and systems

If the hazardous area classification or the characteristic of the flammable material changes, check
to make sure the electrical equipment;

« s the correct group.
« s the correct temperature class:
» Complies with the new area classification,

Any change should be performed under an MOC process.

Approved equipment, systems or installations should not be modified, added to or removed
without permission from the appropriate authority.

Safety features of equipment that rely on segregation, pressurisation, purging or other methods to
ensure safety should nat be modified.

If electrical equipment is remaved from the hazardous zone, make sure any associated wiring
is also removed or terminated in an appropriate enclosure. Electrical equipment should not be
recommissioned until it meets the requirements of the SMS. The cable cores of intrinsically safe
circuits should be either insulated from each other or bonded tomether and insulated from earth.

Electrical repairs, maintenance and testing at terminals

4.11.91 General

All maintenance work on electrical equiprment should be undertaken under the control of a
permit or an equivalent SMS procedure, with procedures to effectively manage electrical and
mechanical isolalions,

The use of mechanical LOYTO is recommended,

411.9.2  Cold work

Cold work means any work that cannot create a source of ignition. Electrical power should be cut
off from equipment or wiring at source befare:

* Carrying out cold work.

= Opening enclosures to non-intrinsically safe equipment.

= Disabling any special safety features.

Electrical power should not be restored until after the cold work has bean completed, the

enclosures to non-intrinsically safe equipment have been closed again and the special safoty
features have been re-enabled,

Cold work, including changing lamps, should only be done by an authorised person.

41193 Hot work

Hot work means any work that involves sources of ignition or temperatures high enough to ienite
a flammable gas mixture, This includes, but is not limited to:

= Welding (electric arc or gas).

= Culting, burning, gouging (clectric or gas),

+ Heating (blow torch or heat gun),

* Scldering (electric or blow tarch),
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Use of the following temporary/portable equipment in a hazardous area should be classed as
hat work:

= Power lools (electric or spark generating prieumalic).

s Electronic equipment that is nol intrinsically safe.

« Internal combustion engines (driving air compressors, pumps, pressure washers, efc.}.
The Terminal Representative and Responsible Officer will need 1o reach a joint agreement and
issue & hot work permit before any hot work is conducted orn:

s A berlh with a tanker alongside.

» Alanker at a berth,

Also see section 9.4 before starting any hot work.

Portable electrical and electronic equipment

General

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 battories and 2n increased likelihood of equipment or cable damage.

Portable clectrical and electronic devices should not be brought into a potentially flammable
atmosphere unless they are cerlified as suitable. Certification should be checked for;

= Method of protection.

» (Gas group.

s  Temperature class,

s Zone

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

Selected general purpose Portable Electronic Product {PEP? can only be used in hazardous
areas if:

= |tis intended to be worn directly or supported by a person's body, or handheld, i.e. supported
by one hand during normal use,

= |t i5 battery powered or photovoltaic powered.

= |t 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
purpase. Examples include electronic wrist watches and hearing aids. However, this exception
does not extend 1o 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
areater risk of becoming an ignition source (see section 412,81,

More guidance on PEP and the requirements for suitability assessment and classification in
hazardous locations, as well as the standard criteria for equipment fo meet for acceptance, can

be found in the American Mationzl Standards Institute CANSIYISA 1212.03 Standard for Portable
Electronic Products Suitable for Use in Class [and I, Division 2, Class | Zone 2 and Class Hl, Division
1 and 2 Hazardous (Classified} Locations,

Fortahle and baltery powered equipment frequently undergo in-service product upgrades,
resulling in potential changes in operating parameters that could affect any prior testing
and approval.
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Testing of equipment for classification in hazardous envirenments is time consuming, resulting in
a limited range of equipment that can be certified and labelled for use in hazardous enviranments
and may periodically require re-testing to maintain certification.

I5GOTT does not recommend the use of PEP in hazardous locations excepl under strictly
controlled and normal operating conditions as described in this section, This will often require
PEP to be used only under the conditions of 2 gas free or hot work permit under the control of the
ownerfoperator 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),

Electrical equipment on flexible cables

The use of portable electrical equipment on flexible cables (also known as wandering leads) on
tankers and in terminals should be controlled under the SMS.

On board tankers, electrical equipment on flexible cables can only be used in carao tanks and over
the tank deck if the areas are safe for hot work (see section 9.4).

Adjacent spaces should also be at least one of the following:

= Safe for hot work.
* Purged of hydrocarbon gas to less than 2% by volume and inerted.
= Completely filled with ballast water.

If the adjacent spaces to cargo tanks have not met the above criteria, electrical equipment on
flexible cables can only be used if at least one of the following applies:

* All tank openings to the adjacent space are closed throughout the operation.
* Electrical equipment, including the flexible cables, is intrinsically safe.
= Electrical equipment is in an approved explosion-proof housing and the flexible cables are:
- Approved for exira hard usage.
Have an earth conductor,

- Permanentiy attached ta the explosicn-proof housing,
Certain types of equipment are approved for use over the tank deck only.

The above does not apply lo flexible cables used with signal or navigation lights or to approved
types of telephones if they are used correctly,

Air-driven lamps

Approved air-driven lamps can be used in hazardaus areas if the:

= Air supply is fitted with a water trap,
= Supply hoses are low electrical resistance,

This will stop static electricity building up.

Permanently installed units should be earthed.
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Torches, lamps and portable battery powered equipment

To stap potentially flammable atmospheres igniting, portable battery equipment should be
designed and constructed to the same standards as clectrical equipment and should be certified
as safe for the area if is being used in. For example:

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

«  Handheld Very High Frequency/Ultra High Frequency (WHE/UHF) portable transceivers should
be intrinsically safe.

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

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.

Mobile telephones and pagers

Most maobile telephones and pagers are not intrinsically safe and are only considered safe for use
in non-fazardous areas. They should be restricted to designated areas of the accommaodation
space where they are unlikely ta interfere with the tanker’s equipment. Mobile telephones

should only be used on board a tanker or in the terminal as permitted by the applicable SMS.
Delails on restrictions on the use of mobile telephones should be prominently displayed at main
access locations.

Mabile telephones and pagers should be switched off when carried onto a tanker or inlo a lerminal
and only switched back on again in a non-hazardous arca. The batteries can cause an incendive
spark il they are damaged and then activated by a call, Intrinsically safe mobile telephones and
pagers are available and these may be used in hazardous areas. They should be clearly identified
as breing intrinsically safe for all aspacts of their operation. Terminal staff going on board a tanker,
and tanker staff going into the terminal, should be able to prove their mobile telephones and
pagers are infrinsically safe. Visitors to the tanker or terminal should not use mobile telephones or
pagers unless prior permission has been received from the tanker or terminal, as appropriate,

Cameras

The following general guidelines should be considered when deciding whether it is safe to use a
carmera. 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
containg battery or power operated parts may produce an incendive spark, e.8. from a flash or
aperture control, This equipment should not be used in a hazardous area unless it is certified as
being suitable lor use in a hazardous area, Disposable cameras with a built-in flash should not be
used in hazardous arcas.

Camera equipment without any batiery or power operaled parts, e g. non-flash disposable
cameras and clockwork mechanism cameras, can be considered safe for use in hazardous areas.
An approved imtrinsically safe camera can be used in a gas hazardous zone.

Other portable electrical equipment

Any other electrical or electronic eguipment of non-approved type, whether mains or battery
powered, should not be active, switched on or used in hazardous areas. This includes:

= Radios.
o« Calculators.

« (Games consoles.
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= Laptop and handheld computers.

= Srart watches.

* Fitness wristbands,

o  E-cigarettos,

* Remote controlled devices, e.g. drones,

= (D and DVD players, tape recorders and digital music players.

* Any other portable or wearable technology that is electrically powered but not approved for
operalion in hazardous areas.

The same measures to prevent use of this equipment in hazardous areas can be used as for other
types of electrical equipment, e.g. mobile phones. Personnel should be told what non-appraved
equipment is banned.

Terminals should have a policy for telling visitors about the hazards of using portable electrical
equipment. Terminals should reserve the right to make visitors leave any non-approved electrical
equipment at an appropriate place, e.g, at the entrance to the terminal.

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 lithiurmn 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 laken:

* Only use lithium batteries that arc designed for the equipment being charged, incarporate the
necessary safety features and are lithium ion.

= Do not crush, break open or damage lithium batteries or the cquiprnent that contains them,

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

Communications equipment

General

Communications equipment on a tanker should not be used, connected or disconnected
in a terminal’s hazardous area unless it has been certified as intrinsically safe or is an
appraved design,

Communications equipment may include:
*  Telephones.,

» Talk-back systems.

= Signalling lamps.

« Search lights.

= Loud hailers.

* Closed circuit television.

+ Electrical controls for tanker whistles,
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Ship's radio equipment

The use of a tanker's radio equipment during cargo or ballast handling cperations is
potentially dangerous.

413.21  Medium and high frequency radio transmissions

Significant energy is radiated during medium and high frequency radio transmission
{300KH2-30MHz). This energy can travel 500m from the transmitting antenna and can induce

an electrical potential in unearthed equipment, o.g. cranes, derricks, rigging, mast stays, elc,, thal
can produce an incendive spark, Transmissicns can also cause arcing over the surface of antenna
instilalors when they have a surface coating of salt, dirt or water.

It is recormmmended:

+ All cranes, derricks, rigging and mast stays should be carthed,

+ Transmissions should not be allowed when flammable gas is likely in the region of the
transmitting antenna or if the antenna comes within the terminal hazardous area,

= Main transmitting antennae should be earthed or isolated when the tanker is alongside
the: berth.

I the lanker’s radio transmitter needs to be operated in port for servicing, the tanker and terminal
should agree on procedures to ensure safely in the pre-transfer conference (see chapter 241,
Precautions might include operating at low power or using a dummy antenna load to eliminate

all radio transmissions to atmosphere, A safe system of work should be agreed and implemented
before turning the eguipment an,

413.2.2 Very High Freguency/Ultra High Frequency equipment

Permanently and correctly installed VHF and UHF equipment are safe to use when the tanker is at
the terminal, but it is recormmended that the Iransmission is set to low power {one watt or less).
The use of portable VHF/UHF radios in a terminal or on beard a tanker presents no hazards if the
equiprnent i certified and kept intrinsically safe and the power output is one wall or less.

The use of VHF/UHF radio equipment as a means of communication between tanker and terminal
personnel is recommended.

413.23 Satellite communications equipment

Sateliife communications equipment normally operates at 1.6GHz and the power generated is
notl enough to present an ignition hazard. Satellite communications eguiprment may be used o
transmit and receive messages while the lanker is in port.

Long Range ldentification and Tracking (LRIT) systems are normelly integrated into satellite
communicalion systems and also do not present an ignition hazard,

Tanker radar equipment

Marine radar systems operate in the Radio Frequency (RF} and microwave range. Radiation from
the scanner fans out in an almost herizontal, narrow beam as the scanner rotates, In port, it will
pick up cranes, loading arm gantries and othor such structures, but it will not narmally spread
down to the tanker's deck or jelly.

Radar sets, operating on dem and 10cm wavelengths, are designed with a peak power
output of 30kW. If they are properly sited, they do not present a radio ignition hazard due to
induced currents.

Radar radiation does not penetrate the hurman body, but af short ranges (up to 10m? can heat skin
or eyes. Assuming sensible precautions are taken, .8, not looking directly inlo the scanner a
close range, there is no significant health risk frorm marine radar emissions.
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Radar scanner molors are not rated for use in hazardous areas but are usually positioned above
terminal hazardous zones, apart from on smaller vessels. It is, therefare, safe to test radars
when alongside. However, it is good praclice ta switch the radar off or place it on standby when
alongside a terminal and to consult with the terminal before testing radar equipment during
cargo operations,

Automatic Identification Systems

The Automatic ldentification System (AIS) is required to operate while a tanker is underway and
at anchor. Some port autharities may ask for the AIS to be kept on when a tanker is alongside.
The AlS operates on a VHF frequency and transmits and receives information automatically, and
the output power ranges between 2.0W and 12.5W. Automatic polling by another station, e.g.

by port authority equipment or another tanker, could cause equipment to transmit at the higher
(1Z.5W) level, even when it is set to low power (typically 2.0W),

When alongside a terminal or port area where hydrocarbon gases may be present, cither the AIS
should be switched off or the aerial isolated and the AIS given a dummy load. |solating the aerial

preserves manually inputted data that miay be lost if the AIS is switched off. If necessary, the part
authority should be informed,

When alongside a terminal or port area where ng hydrocarbon gases are likely to be present, and
if the unit has the facility, the AlS should be switched to low power.

At a Single Point Mooring (SPM) or Multi Buoy Mooring (MBM} terminal, the AIS may be kept on,
if requested by the terminal, at an adequate power level to transmit information to the terminal
salety monitoring systern. Tanker and terminal representatives should agree on the AlS setlings,

If the AIS is switched off or isolated while alongside, it must be reactivated on leaving the berth.

The use of AlS equipment may affect the security of the tanker or the terminal at which it is
berthed. The use of AlS may be determined by the port authority, depending on the security lovel
in the port,

Landline telephones

Telephone cables connecting the tanker and terminal should be routed oulside the hazardous area.
When this is not possible, the telephene cable should be routed and fixed in position by gualified
terminal personnel and should be protected against mechanical damage so that no danger can
arise from its use,

Tools

General

All tools should be used for the purpose that they were designed for, inspected before use and
confirmed in good condition,

Hand tools

Hand tools, e.g. chipping hammers and scrapers for steel preparation and maintenance, may be
allowed without a hot waork permit.

The work area should be gas free and clear of combustible rnaterials, The tanker should not be
engaged in any cargo, bunker, ballasting, tank cleaning, gas freeing, purging or inerting operations.

Non-ferrous (also called non-sparking) tools are not recommended. They are softer (and less
efficient) than ferrous tools and only slightly less likely o cause an incendive spark. Particles of
concrete, sand or other rock-like substances are alsg likely to get embedded in the working face or
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edae of non-ferrous tools, which can then cause incendive sparks when they impact with ferrous
or ofher hard metals.

Electrical tools

Inspection and maintenance of all electrical 1ools should be included in the PMS. The use of
electrical tools in hazardous zones should be managed through a permit to work systern, Battery
powered hand tools should be considered electrical tools. These include:

= Portable drills.

=  Angle grinders.

+ Sanders.

= Mibblers,

= Heat shrink guns.

» |mpact wrenches.

Mechanically powered tools and grit blasting

Mechanically powered tools, e.8. chisels, neadle guns, angle grinders, cup brushes and grit
blastors, have a significant potential for producing sparks and should be used under the control of
a permit to work and the SMS.

The following precaulions should be taken:

s Thore should be no cargo, bunkering, tank cleaning, gas frecing, purging or inerting cperations
in progress.

s The work arca should not be subject to vapour release, or a concentration of flammable
vapours, and should be free of combustible material.

« The arca should be gas free and tests with a combustible zas detector should give a reading of
not maore than 1% LFL.

»  Adequate firefighting equipment should be laid out and ready for immediate Use.

+ Mechanical tools should not be used when a tanker is alongside a terminal, unless the Master
and the Terminal Represenialive have given express permission.

The hopper and hose nozzle of a grit blasting machine should be electrically bonded and earthed
to the deck, or fitting being worked on, to avoid risk of static discharge,

Pipelines can be perforated during grit blasting or chipping, so great care should be taken when
planning such work. Similar precautions should be adopted for 1G and COW lines.

Hydroblasting (high pressure water washing)

Hydroblasting fand slurry blasting) are hazardous activities and should be controlled through the
5MS and permit 1o work process. There should be no cargo, bunkering, tank cleaning, gas freeing,
purging or inerting operations in progress,

High Pressure (HPY washing uses pressures of hetween T00-1700 bar. Above 1700 bar is
considered Ultra High Pressure (UHP) washing.

Hydroblasting presents two main hazards: personal injury and static electricity, The most commeon
injuries are wounds caused by the water jet, musculoskeletal injury from use of the equipment and
inhalalion of harmful substances disturbed by the jel. Wounds caused by the water jet can have
serious consequences and have been compared to gunshot wounds. Immediate medical allention
is required,

Procedures should ensure that operators are suitably trained and provided with the correct PPE,
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Because of the risk of static discharge from the nozzle, hydroblasting equipment should never be
used where a flammable atmosphere is possible, Hydroblasting equipment should be electrically
continuously conductive and earthed to the tanker structure or grounding point.,

The area should be gas free and tests with a combustibie gas detector should give @ reading of
not more than 1% LFL,
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51  Theory of firefighting

5.2  Types of fire and appropriste extinguishing agents
5.3  Extinguishing agents

5.4  Portable fire extinguishers

5.5 International shore fire connection

5.6  ‘Watcr borne firefighting equipment

5.7  Protective clothing

5.8 Aulomatic fire detection systems

This chapter describes the types of fire that may occur on a tanker or at a terminal and how to
detect and extinguish them.

5.1 Theory of firefighting

Fires are a combination of fuel, oxygen, a scurce of ignition and a continuous chemical reaction,
commaonly known as combustion.

The rmain objective of firefighting is 1o extinguish the fire by reducing the temperature, removing
the fuel, excluding the supply of air or interfering chemically with the combustion process as
quickly as possible.

5.2  Types of fire and appropriate extinguishing agents

The classification of fires in table 5.1 conforms to these in the current 130 Standards and the
IMO's International Code far Fire Safely Systems (F55 Codel,

5.3 Extinguishing agents
Exiinguishing agents act by:

+ Removing heat (cooling).
s Smothering (excluding the oxygen).
» Inhibiting flame {chemically interfering with the chemical chain reaction),
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The extinguishing agents are applied via:

Extinguishers, portable and wheeled - water, foam, dry or wet chemical, powder, COx.
Fire hydrants and hoses with appropriate nozzle - water or foam.

Monitors/cannons - water or foam.

Mozzles from fixed installations — water mist, foam, COz, clean agent.

Fixed deluge system — water spray and water curtain applications.

Appropriate fire extinguishers should be sclected and used in line with table 5.1,

The firefighting equipment a ship must carry is determined by the regulations of the country
where it is registered. These regulations are generally based on SOLAS principles.
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e B —————
Type Material ﬁ:ﬁ:h'“ Extinguishing agents
Class A Salld materials usually organic, e.g. wood, | Cooling Water — in large quantities, continued |
paper, cardboard, cioth, plastic, elc. Smathering ceoting of the source of the flames and i
. surrounding area fo provent re-ignition
{ Flarmo |
inkibition Foam
Dy chemical
Clazs B Flammable ard combustitie rydrocarbon Removal of Foam — Low expansion foam, discussed
Hepuide, Fires accur in the vapour/air fuel spurce in section 5.3.2.1, is an effective agent
rmixture oyver the surface of Hammatble Smathering for extinguishing mo=t ydrocarbon
and combustible hydracarbon lguids or i ligud tires
liguetiable solids, c.g. crude ofl, gasoling, - hibitian oo
petrechemnicals, fuel and lubricating i, Bry chemical - Volatiie liguid fires of
TS, el limited size can be rapidiy extinguishad
An aspect 1o cansider with hquid with dry chemical agents but are subject
petraleum is the risk of re-ignition, a 1o re-lgnition when hot surfaces are in
continuing watch should be maintained contact with flammable vapour
iy M e ks ey g e Water misl — Water showid only be
Class B liquids are divided into bwo broad applied to oil fires as a mist, The usa of
categories of non-volatile and volatila 3 water jot may spread the burning oit
oy splashing or overflow
Class C Flammable gases, 0.1, propane, butaneo, Rermoval of Dy ehernical
meihane and hydrogen, are veliatie fuel souirce
materials that typicatly have flashpoinis Smotheoring
at temperatures at or below the ambient |
tempedalure range. Flammable gases have
rofatively hizh vapour pressures, when in
the liquid state, compared 1o Hlammable
ivolatited liquids
Class D Motals, .. mognesium, titanium, lithium, | Smothering Spocialist dry powder, extinguishing
zirconium, sadium and potassium, These agents for Class D fires are notof 3
metals burn at high femperatures and rriilti-purpose rating and must match
react wolently with water, air and/for other the type of metal invalved
chemicals i
Class E Energised clectrical equipment fires may [o-cnorgize Oz
be caused by 2 short circuit, overheating Smothering Dry chemical
of circuits ar equipment, lightning or fire B | Chnaiis miiis
spread from other areas e
inhikition The immediale action is 1o de-encraise
the clectrical equipmant. Once
de-energised, a nan-conductive |
extinpuishing agent, o.g. C02 should |
be used. Bry chemical is an effective
non-conductive exlineuishing agent but
is difficult to clean up after use. If the
equiprent cannot be de-crergised, it
15 witol that 3 non-conduclive agent be
uset
Class F Cooking oils and fats, generally al a Smathering Wet chemical
| or Class ) | temperature higher than 360°C

Table 5.1; Classification of (ires

} L AMYd

L
]
=
i)
ol
ol

4O

Uoieuw




ay

et

]
£
-
=
——
C

5.3.1

Cooling agents

5.3.11 Water

Uirectly applying & water jel onlo a fire is eflective at fighling Class A fires anly. A welling agen
added Lo waler will lower its surface tension and increase the penelration of the waler, potentially
reducing the amount needed to extinguish fires in lightly packed Class A materials.

For fires involving hydrocarbon liguids, waler is used mainty to cool exposed surlaces and prevenl
the fire from escalaling, Water spray and water fog may also be used |o form a heal screen
between the fire and firelighting persunnel and equipment. If foam is not available, & water mist
can exlinguish fires involving shallow peots of heavy oil

Large fires in enclosed spaces can generate encugh heal 1o lurn waler o steam on comtacl. Take
precadlions o prolect parsannel from steam burns when using waler jets,

Do not use waler in any form on fires involving hat cooking oil o fat, as il may cause Lhe fire

to spread.

Do nol direct concentrated waler sireams al fires irwolving liquelied gas as more liguid will be
vaporised, which will increase the size of the vapour cloud size and increase the hazard. \Water
spray or waler fog can be used on liquefied gas fires and spills as they will cool the area, control
the intensily of the fire and help disperse Ihe vapour cloud,

Do not direct water jeis at energised elecirical equipment as this could create a path lor electricily
from Ihe equipment, which will expose firefighting personnel 1o the dar iger of electre shock,

All tankers have a water lirefighting system that consists of pumps permanenily connected (o the
sea, 4 fire main with hydrant points and fire hoses with couplings and jel nozzles or, preferably,
jetfspray nozzles. Hydrants are located to ensure that lwo jels of waler can reach any part of the
ship. Butkheads are sometimes lilted with permanent waler spray lines.

I cold weather, prevent the fire mains and hydrants from freezing by conlinuausly bleeding water
overboard from hydrants al the extreme end of esch fire maln. Alternatively, all low points of the
fire main may be kept drained. Flush sea water fire supgression piging systems with fresh watar
alter use o protect the inlernal pipeline from oxidation,

5.3.1.2 Water mist

Waler mist fire protection systems use a spray mist 1o absorb heat and displace oxygen. They are
elfective in accommuodalion spaces and areas within the engine room. These systerms consist of a
willer supply connecled to an alomising distribution system thal can deliver a water mist through
One or more nozzes.

Several types of syslem are currently available, including:

* Low pressure and HP systems. HP systems produce a smaller dropiel size and are sometimes
known as water log syslems.

» Open nozzle systems. All the system nozzles activate if a fire breaks oul in the
profecled space.

* Closed nozzle systems. The nozzles may open locally when a fire is detected in the
protected space,

» Engineered syslems. These are specilic 1o certain applicalions. Detailed caleulations are
used lo determine the design parameters, .8 Nozzie size and location, waler pressure and
flow rates,

= Pre-engineered (packaged) systems. These have their own waler supply and are suiled for
locat applications and single installations. Some ships have systems tha! protect specific paris
of the engine room, e.g. oil fuel irealment Spaces, boiler-firing platiorms, small machinery
Spaces and pumprooms,
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For further guidance, see the latest edition of NFRA F50: Standard on Water Mist Fire
Frotection Systems.

5313 Water curtain

Some ships have a fixed system that provides a protective water curtain between the cargo deck
and the superstructure.

5.3.1.4 Foam

Foarn can absorb only a limited arnount of heat, 5o is not considered a primary cooling agenl.

Smothering agents

Tankers may have one or more aof the following smothering systems.

5.3.21 Foam

Foam is an aggrogation of small bubbles that have a lower specific gravity than oil or water. it
flows across the surface of a burning liquid and forms a consistent smothering blanket.

High expansion foam systems can fight fires in the cargo spaces, on the cargo deck, in the
pumproom or in the engine spaces. Storage tanks contain foam concentrate, which is picked up in
the right amount by water from the fire pumps. The foam solution then moves through permanent
supply lines to off-take points, fixed foam monitors or fixed dispersal nozzles.

A zood foam blankel:

« Seals against flammable vapour loss.
» Absorbs some heat and so cools the fuel surface,
» |=olates the fuel surface from the cxygen supply,

+ Eliminates combustion by separating the flammable vapour layer from other ignition sources,
e.g. flames or hot metal surfaces.

« Resisls disruption caused by the airflow, heat or flames.

s Reseals when its surface is broken or disturbed,

Foam is an electrical conductor, so it should not be applied to energised electrical equipment,
Foam applicators should be directed away from liguid petroleum fires until any water in the foam

system has been flushed clear, so that the water /foarmn mixture will blanket the burning liquid
rather than the water dispersing the burning liquid.

53211 Categories of foam

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.

s Fluoroprotein Foam (FFJ 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 solvenls.

Synthetic foam concentrates are used at 1-6% by volume concentration in water. They include:

»  Mgueous 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 alcohal.

Tarkers that handle bioluel or blends containing ethy! alcohol should use alcohol resistant foams,
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When buying foam cancentrates, ensure that dilution rates are compatible with the eguipment
used by the operator and local emergency services.

Environmental concerns have been raised about perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonate (PFOS), the fluorinated organic chemicals used in some foam
concentrates. As a result, some counltries have banned thern. When choosing foam concentrates,
operators should ensure the product meets all applicable environmental legislation. Alternative
foam concentrates are now widely available,

9.3.212 Expansion ratios

Synthelic high expansion foam has expansion ratios between aboul 200:1 to 1,000:1. A foarn
generator, either fixed or mobile, sprays the foam onto a fine mesh net that has air driven through
it by a fan,

High expansion foam has limited uses. It is most often used to rapidly fill an enclosed space,
displacing free air and so extinguishing the fire. It is generally unsuitable for use outside as it is
not easily directed onto hot, unconfined spill fires and is quickly dispersed in light wind.

Enhanced high expansion foam systems are increasingly in use on ships to protect enclosed areas
such as pumprooms and engine room spaces. These systems (also known as hot foam systems)
draw hot air from inside the space and have expansion ratios of 25041 to 1,000:1. When activated,
the systemns release high expansion foam to flood the ares, cooling the fire and displacing the air.

Medium expansion foam has an expansion ratio of 20:1 to 250:1. It can be protein or
synthetic based and does not need a fan for aeration. Portable applicators can deliver a lot of foam
onte spill fires, but their throw is limited and the foam can be dispersed in moderate wind.

Low expansion foam has an expansion ratio of about 3:1 to 15:1. Made from protein based or
synthetic concentrates and used from fixed monitors or portable applicators, il can fight spill or
tank fires. The applicators provide a good throw length and the foamn is resistant to wind. It should
flow evenly and progressively over a burning surface without becoming agilated or submerged,
This is best achieved by directing the foam against any vertical surface next to the fire, This
reduces the initial impact of the fire and builds up an unbroken smaothering blanket. If there is no
vertical surface, the foam should be applied in oscillating sweeps, in the direction of the wind and
taking care to avoid letting the foamn plunge into the liquid. Spraying foam streams and allowing
them to run down the deck towards the fire is also effective but has a limited range.

33213 Compatibility and starage

Different foam concentrates are generally incompatible with cach other and should not be mixed
in storage. However, some foams are compatible when applied to a fire in sequence or at the
same time.

Most foam concentrates can be used in corventional devices that produce Ps, The systems should
be thoroughly flushed out and cleaned before changing agents, as the synthetic concentrates can
dislodge sediment and block the propertioning equipment.

Some foams produced from concentrates are suitable for combined Use with dry chemical
powder. The manufacturer’s instructions should provide further guidance.

Bear in mind the compatibility of foam compounds when considering joint operations with
other firefighters.

Foam concentrales may deteriorate over time, depending on how they are stored, High
temperatures and exposure to the air will cause sludge and sediment to form and this may alfect
the extinguishing power of the expanded foam. A certified laboratory should periodically test
samples of the foam concentrate.
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5322 Carbon dioxide

COz is an effective smothering azent lor extinguishing firez in enclosed spaces where it will not
be widely diffused and personnel can be evacuated guickly, c.g. machinery spaces, pumprooms
and electrical switchboard rooms, It is comparatively ineffective on open decks or jetties.

CO» will not damage delicate machinery or instruments. It is also non-conductive so can be used
safely on or around electrical equipment, even when the equipment is switched on.

It can generate static electricity, so COz should not be injected into any space that may contain an
unignited flammable atmosphere.

COz is asphyxiating and cannot be detected by sight or smell. All personnel should evacuate

the area before CO2 is discharged. Nobody should enter confined or partially confined spaces
where the gas has been discharged unless they are supervised and are using suitable breathing
apparatus and a lifeline. Any compartment flooded with COz should be fully ventilated and verified
as safe before anybody is permitted to enter it without a breathing apparatus.

A COz system normally consists of & batlery of large cylinders. The gas is piped from the cylinder
manifold to diffusing nozzles. Before the COz is released, an alarm should warn personnel in the
compartment and give them time to evacuate,

5.3.2.3 Steam

Steam smothering systems are corparatively inefficient. They often take a long time to displace
enough air from an enclosed space so that the atmosphere cannot support combustion. Steam
can also generate static electricity, so it should not be injected into any space containing an
unigniled flammable atmosphere. However, steam can be effective when discharged from a
lance-type nozzle directly af a fire around a flange or vent. It is alse used to fight main engine
scavenge fires and vent mast riser fires.

5324  Sand

Sand is relatively ineffoctive as an extinguishing agent and is only useful for small fires on
hard surfaces.

Flame inhibiting agents

Flame inhibitors are materials that interfore chemically with the combustion process to help
extinguish flames,

5.3.31 Dry chemical powder

Dry chemical powder is an efficient flame inhibitor but it has a negligible cooling effect. To prevent
hat metal surfaces fram re-igniting the fire, the fuel should be removed and/or the area cooled
using waler once the fire has been exfinguished.

Certain types of dry chemical can cause a foam blanket to break down. Only those labelled as
foarn-compatible should be used with foam. The manufacturer's instructions should provide
further guidance.

Dry chemical powder can be applied as a free flowing cloud fram an extinguisher, a hose reel
nozzle, a fire truck monitor or a fixed system of nozzles. It is most effective when dealing with
oil spill fires. It can quickly knock down a fire and can also be used in confined spaces, but
personnel may need protection against inhaling the powder. It is especially useful on burning
liquids escaping from leaking pipelines and joints, It is non-conductive, so can be used an
electrical fires. Dry chemical powder should be directed inta the flames.

Dry chemical powder can clog and become unusable if it gets damp when slored or when
extinguishers are being filled. It is also prone to setlling and compacting when vibrated.
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Maintenance procedures should include a schedule for inverting or rolling the extinguishers to
keep powder free flowing. Follow the manufacturer’s maintenance procedures for agilating the
powder in large capacity fixed systems.

Clean agent fire suppression systems

A clean agent is an electrically non-conducting gaseous firefighting compound that does not leave
a residue upon evaporation. These include chemical gases (halocarbons) and blends of 1Gs such
as argon and nitrogen, marketed under various trade names,

Clean agent systems are most effective in enclosed spaces, including:

+ Computer centres.
= Storage rooms.

+ Engine rooms.

* Pumprooms.

= (Generalor rooms,

5.3.4. Halon and clean agents

Halogenated hydrocarbons, known as halons, are efficient fire-extinguishing agents. However,
halon gases also deplete ozone, so their production was phased out in 2000. New halon
firefighting systems have been prohibited on ships since July 1992, Some systems remain

in service on a small number of ships and continue to provide adequate fire protection if
correctly maintained,

International restrictions on producing and using halon fire-extinguishing agents led to lhe
development of alternative clean agents, such as halocarbon hased agents or G agents.

Clean agents are compressod gases or vaporising liquids that extinguish fires either by chermically
disrupting combustion, smothering or absorbing heat, or a combination of these,

Clean agents are toxic to some degree because contact with hot surfaces and flames causes
them to break down. All personnel should evacuate the area before halons or heir alternatives
are used. It is possible to start discharging them before evacuation is complete because the toxic
concentrations when extinguishing fires are tolerable for a shor! time. After the fire has been
extinguished, the area should be thoroughly ventilated and confirmed safe for entry, Il the area
needs to be entered before this, suitable breathing apparatus should be used,

For further guidance, refer to latest edition of NFPA 2007 Standard on Clean Agent Fire
Extinguishing Systems.

Inert Gas system

The purpose of an |G system is to prevent cargo tank fires or explosions. It is not a fixed
firefighting system but it can be used to help to control fires and prevent explosions,

Portable fire extinguishers

Tankers and terminals have a range of portable fire extinguishers {sce section 5.2 for information
on the classification of fires and fire extinguishers). As well as the fire extinguishers in use,
tankers are required to carry spare charges for refilling used extinguishers. Fully charged spare
cylinders are carried for COz extinguishers. Consider providing portable extinguishers that are
suitable for use on Class A fires and can be deployed exclusively at the ship’s manifold when

in port.
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Afl fire extinguishers should be maintained and available for immediate use, The system for
managing salety should contain procedures for maintenance, including that done by service
agents. As a minimurm, all fire extinguishers should be formally checked once a year that they are
in the right location, have the right charging pressure and are working properly. Guidelines for
the maintenance and inspection of fire protection systems and appliances are in IMO publications,
specifically the latest relevant Marine Safety Committoe (MSC) Circulars.
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Type of fire and | Class F
fire-extinguishing | Class A Class B Class C Class D Class E (OR I0)
rmediums :
Fires involving Fires Fires Fires Fires involving Fires
solid materials,  involving involyving invalving energised involying
usually of an licguids or BAs0s metals clectrical cooking oils
organic nature, | liguelizbla equipment,
in which solids where Lhe
combustion electrical
narmally takes non-conductivity
place with the of the
fermation of exlinguishing
glowing ombers medium is of
importance®
Water/water with ”
additives
Foam v W ’
Dry powder/ v 2 v
dry chemical
(standard Classes
B, C)
Dry powder/ v v v, v
dry chermical
{multiple
or general
purpose/Classes
A, B, C)
Dry powder/dry -
chemical (metal)
COz gas [ ) v
Wet chemical ) W
Fire blanket v

* When slecirical equipment is de-energised, extinguishers for Class A or 8 fires may be used safely

Table 5.2: Types of portable fire extinguisher
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5.5 International shore fire connection

All tankers and lerminals should be able to inlerconnect the fire mains on board and ashore

=0 that an external water supply can be coupled to any hydrant in the ship's fire main. The
international shore fire connection is a standardised way of connecting two systems that might
have individual couplings or connections that do not match. This connection should be ready for
immediate use (see section 19.4.3.1 and chapter 25).
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The flanges on the connection should have the dimensions shown in fizure 5.1, 1t should have
a flat face on one side and a coupling on the other that will fit the hydrant or hose on the ship
or shore,

If fixed on a ship, the connection should be accessible from both sides of the ship and its location
clearly marled.

To interconnect the two fire mains, a fire hose with a shore connection led to its counterpart and
the flange joints are bolted together.

The connection should be pralected from the elements and located for immediate uze. All
appropriate staff should know the location and purpose of this connection. It should be discussed
during the joint completion of the Ship/Shore Safety Checklist (SSSCL). Terminals should include
emergency flanging of international shore fire connection in training plans.

14.5mm 19mm 14.9mm
minirmum diameler TR
e A bl — i

5.6

Coupling

! Coupling
tha_t will that will
fit the = fil the
shiore | | ships
h::;'ril-lmnt hydrani
and hose and hose

diameter  gamm  dismeter diameter

diameter diameler

SHORE SHIP
Material: any sultabie haterial: brass or bronze
for 1 W/mon? service suitable for 1 Mfmm? service

Flange surface  Flat surface
Gashat material  Any suitable for 1 M/mm? service
Bolts  Four 16mm diameter/S0mm long
threaded to within 25mm of the boll head
Muts  Four fo fit bolts
Washers  Eight to fil bolts

Figure 5.1: Details of the international share fire connection

Water borne firefighting equipment

Gémm  diameter

Water borne firefighting equipment, narmally fire boats or firefighling tugs, can be very effective,
particularly when they can manoeuvre upwind of a fire. This is often possible, especially at sea

island berths,
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If firefighting boats are well equipped, continuously available and can attend quickly, e.g. within
15-20 minutes of the call, this should be taken into account when assessing the firefighting
equipment 2! a berth. I firefighting tugs cannot guarantee a response within a reasonable time,
they should not be included in an assessmont of a terminal’s firefighting capahility.

Water borne firefighting is best provided by working tugs or workboats fitted wilh firefighting
equipment, including foam facilities. They should be capable of tackling a deck fire on the largest
tanker likely to use the port.

Where firefighting tugs zre part of a lerminal’s planned response to fires on tankers or the
terminal ilself, they should be made available as soon as they are needed if they are to be
effective. If the tugs are helping a ship to berth or unberth at the terminal or they are working
elsewhere in the harbour when a fire starts, procedures should allow them to be released as
quickly as possible to help fight the fire. When idle between tasks, the fugs should have easily
slipped moorings and be within reach of the terminal. They should keep a continuous radio and
visual watch on the terminal.

Tugs could have varying firefighling (Fi-Fi) capabilities ranging from non-classed firefighting
vessels (Fi-Fi 00 to having Class nofations such as Fi-Fi |, II, Il depending on Classification
Society rules, Terminals should specify which level of lirefighting capabilities are required for tugs
inciuded under their emergency response plans to fackle fires at the terminal.

In special circumstances, such as terminals handling a high number of tankers, or harbours with
multiple terminals, a specially equipped firefighting boat should be considered.

The decision lo use tugs to fight a fire on a tanker or the terminal, or to use them to unberth
nearby ships, should be made by the person in overall charge of the fireflighting and with the
harbour authority, Firefighting tugs should have VHF/UHF radio with separate channels for towing
and firefighting. When firefighting, they should be in direct contact with the person in overall
charge of the firefighting,

Tugs with firefighting equipment should be inspected regularly to ensure that their equipment
and foam compound stocks are in good condition. Tests of the fire pump and rmonitors should
be carried oul weekly. The foam-filling peints on the tugs should be kept clear and be ready for
immediate use.

As part of the terminal emergency plan, it should be decided whether trained firefighters or the
crew will fight the fire. Either way, the decision should be supported with appropriate training.

Protective clothing

All fire protective clothing protects firelighters from radiant heat and burns.

Fire protective clothing is made from lightweight, fire resistant fabric with an aluminium covering,
It is also called a fire proximity suit. It is not suitable for direct exposure to fire, Heavier suits,
known as fire entry suits, allow personnel wearing breathing apparatus and with rescue backup to
withstand direct {lames for a short time,

Depending on local firefighling arrangements, the ferminal should provide a minimum of fwao
complete sets of fire proximity and fire entry suits, including helmets, SCBA, gloves and boots,

All protective clothing should be kept serviceable and dry. It should be properly fastened
when worn.

Tankers should have [lire protective clothing in accordance with SOLAS.
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Automatic fire detection systems

General

Automatic fire detection and alarm systems alert personnel so they can respond promptly to

a fire with the aim of saving lives and property. These systems may have one or mare circuils
connecled to automatic fire detectors and manual activation poinits. They may also have one or
more indicating circuits connected to alarm signals, including control panel indicator and warning
lamps, outdoor flashing lights, bells and horns.

Types of fire detectors

Automatic detection systems consist of mechanical, electrical or electronic devices that detect
environmenital changes created by fire or by toxic or combustible gases. Fire detectors operate on
one af three principles: sensitivity to heat, to smoke or gaseous by-products of combustion, or to
flarme radiation.

5.8.21 Heat-sensing fire detectors
Heat-sensing fire detectors fall into two general categories:

= Fixed temperature devices that trigger an alarm at a pre-determined temperature.

» Rate of rise devices that have two thermocouples; one that monitors heat rise from convection
or radiation and a second that monitors the ambient temperature of the space. If the first
exceeds the second, an alarm will be triggered.

Some devices combine both principles and are known as rate compensated delectors,

Generally, heat-sensing detectors are suited to detecting fires in spaces, e.g. rooms, lockers, etc,,
that rmay be subject to rapid and high heat. They may also be used directly over hazards where
hot flaming fires might occur or where the speed of detection is not the prime concern.

5.8.2.2  Smoke-sensing fire detectors

Smoke-sensing fire detectors operate on various principles, including ionisation of smaoke
particles, photoelectric light obscuration or light scattering, electrical resistance changes in an air
chamber and optically scanning a cloud chamhber,

3.8.23  Gas-sensing fire detectors

Gas-sensing fire detectors detect one or more of the gases produced during combustion, These
detectors are seldom a preferred option as tests show that smoke is detectable bofore gases,
5.8.24  Flame-sensing fire detectors

Flarne-sensing fire detectors use optical sensors to spot the radiant energy ermitted by fire. Flame
detectors that respond to IR or ultraviolet radiation, or a combination, are available, Ultraviolet
sensitive, triple IR or multi-spectrum flame detectors are generally preferred,

Selection of fire detectors

Fire delectors should be selectod based on the types of fires that they are protecting against. The
type and quantity of fuel, possible ignition sources, ranges of ambient conditions are all factors to
consider. Any replacement detectors should be like for like.

Heat detectors, including fusible plugs, cost the least and have the lowest false alarm rales, but
they are also the slowest lo respond. Heat generated by small fires tends to dissipate rapidly, so
heat defeclors are best used to protect confined spaces or posilioned directly over hazards where
a flaming fire might ocour,
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Smoke detectors respond faster than heat detectors. They are best suited to confined spaces and
should be installed for known air current patterns, e.g. at air conditioning return ducts, or on a
grid layout,

Photoelectric smoke detectors are best used in places where smouldering or low temperature
fires might be expected. Where flaming fires are expected, ionisation smoke deteclors should
be used.

Flame delectors give a fast response but will warn of any source of radiation in their sensitivity
range. False alarm rates can be high if they are not used properly. Their sensitivity is a function of
flame size and distance from the detector, They are available in explosion-proof housings, so can
be used o protect areas where explosive or flammable vapours are encounterad.

Fire detection and alarm systems in terminals

Fire deteclion and alarm system selection and fitting at a terminal depends on the risks of the
product being handled, tanker sizes and terminal throughput.

Since heal is carried and stratified by convection currents, the location of detectors should
consider natural and mechanical ventilation effects. Before installation, seek the advice of
manufacturers and fire and safety experts and check that detectors comply with local regulations.
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61  General

6.2  Threat and risk assessment

6.3  Security risk assessments

6.4  Cyber =afety and security

6.5  Security plans

6.6 Responsibilities under the International Ship and Port Facility Security Code

This chapter provides a brief summary of the requirements of the International Ship and Fort
Facility Security (ISP5) Code and industry best management practices and guidelines.

6.1 General

Internationally trading ships, and terminals handling such ships, are required to take measures

to enhance maritime security and to comply with the provisions of the ISPS Code Parts A

and B. The ISPS Code applics to shore based facilities in States thal are party to the SOLAS
Convention, Industry best management practice and guidelines for improving security should also
be considered.

It is recommended that all tankers and terminals conduct a thorough security risk assessment and
develop a security plan. Tankers should also develop a hardening plan, The security plan should
include procedures, measures and controls to address all identified security risks.

Tarkers and lerminals that are not required to comply with the ISPS Code are still recommended
to consider its requirements, along with industry best management practices, when developing
their security plans.

6.2 Threat and risk assessment

Ta fully understand the security risk, conduct a risk assessment of all security threats. Athreat
is formed of capability, intent and opportunity, as shown in figure 6.1. The risk is a function of the
threat, coupled with the vulnerability of the asset and the consequences of the incident.
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OPPORTUNITY

Figure 6.1: The threat triangle

Remaving one side of the triangle will minimize the risk,

Capability means attackers have the physical means to attack, Intent is demonstraled by the will
and means to attack. Opportunity can be reduced by the compary, tanker and terminal operators
through security plans. Ask regional or local autharities for more information about threats, eg.

region specific threats, new tactics and mitigation measures.

Security risk assessments

The security risk assessment should include all tanker and terminal operations and should identify:
= Areas most vulnerable to attack.

= Key areas to be protected,

+ Threats and likelihood of oecurrence.

+ Consequences of an attack, including to other tankers at berths or at anchor.

* Measures for preventing, mitigating and recovering from an attack, including provisions from
the ISPS Code and other additional measures.

= Any weaknesses in existing security measures, procedures and operations, including
hurman factors.

* Personnel responsible for carrying out security measures.
* Methads or means of communicating that an attack is underway.

Cyber safety and security

Cyber security is concerned with the prolection of Information Technology (), Operational
Technology (OT), infarmation and data from unauthorised access, manipulation and disruption.
Cyber safety covers the risks from the loss of availability or integrity of safety crilical data and OT.

The cyber security risk assessment should consider threats to cyber safety and cyber security,
because attacks on either can harm personnel, the environment and the lanker or terminal,
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The IMO has adopted resolutions on Maritime Cyber Risk Management (see MSC-FAL/Circ3
Guidelines on Maritime Cyber Risk Management), Effective cyber risk management starts with
senior management, who should develop a culture of cyber risk awareness at all levels of an
arganisation. For practical guidance for Masters and ship's crew, see industry Guidelines on
Cyber Security Onboard Ships, and ICS/BIMCO/Witherbys™ Cyber Security Workbook for On Board
Ship Use.

Security plans

A zecurily plan should be writien for each tanker and terminal and should describe:

+  Who i=s responsible for carrying oul security measures,
« Security organisation.

« Security training and drills.

= Basic sccurity measures for normal operation.

= Additional meazures that will allow the tanker and terminal to respond quickly to changes in
throats, o.g, by reducing or increasing the level of security.

= Procedures for linking tanker and terminal security activities with the security activities ol port
authorilies, other tankers, lerminals and facilities in the region and other local autherities and
agencies, e.g. police and coast puard.

= Arrangements for regular reviews of Lthe security plan and for amendments based on
experience or changing circumstances.

» Access control measures,

» Measures to prevent unauthorised weapons, dangerous substances or devices intended to
harm people, tankers or terminals being taken onto the tanker or into the terminal.

« Procedures for responding to security threats or breaches of security, which may
include evacuation.

Responsibilities under the International Ship and Port
Facility Security Code

The port is responsible for security and must appoint a Porl Facility Security Officer (PFS0) who
may be designaled one or more port facilities (terminals) and is responsible for the port security
plan. The person should be trained and capable of implementing all security measures.

For lankers al a terminal, while the PFS0 is responsible for the port security plan, the Master
has overriding authority to make decisions about the safety and security of the tanker, A Ship
Securily Officer (5300 should be appointed who is trained and capable of implementing the ship
securily plan and security measures on board. The 550 could be the Master but is often one of
the senior officers.
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7.2  ldentification and analysis of Safety Critical Tasks
7.3 Design

T.4  Risk assessment

7.5  Procedures

7.6 Leadership

7.7  Confidence to stop work or speak up

7.8 Fatigue

7.2  Manning levels

710 Individual training, experience and competence
Tl Practising team skills

712 Human factors in investigation and learning

This chapter explains what human factors are and how they influence people’s interaction

with equipment, processes and other people. It provides ship and terminal personnel with
specific guidance on safe operations, but also includes information for companies, management
and designers.

T General

Hurman factors are the characteristics that affect human interaction with equipment, processes
and other people. They can include physical, psychalogical and sacial factors. The guidance in
this chapter and throughout the publication shows how human factor considerations are used
to improve safety through task and equipment design, leadership and SMSs. Humans contribute
to most incidenis and wherever people are involved in design, construction or operation of
equipment and processes there is the likelihood for hurnan error. This might lead us to think that
people cause incidents, but they do naot.

Human error, actions and decisions are often the resull of the way the workplace is set up, Le.
how work, equipment and safeguards are designed and how leaders influence the culture in
an organisation.

Incidents start as mistakes or workarounds that stem from:

= Problems with tasks.
e Unclear procedures.

o Difficult to use equipment.
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«  Workload fatigue.
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o Lack of resaurces,

2re

s Low guality or insufficient training.

e

= |mproper communication.
» Improper situational awareness.

PART 1 ¢

Tackling underlying conditions and hard to use systems that influence human error, actions and
decisions can reduce the likelihood of incidents. People in leadership play an important role in this
{see section T.6), including ship's officers, supervisors and terminal management.

Human factor influences are summarised in the following principles:

» People will make mistakes.

= Peaple's actions are rarely malicious and usually make sense to them at the time.

= Mistakes may be due to conditions and systermns that make work difficult.

= Understanding the conditions under which mistakes happen helps to prevent or correct them,

o People know the most about their work and play a critical role in identifying solutions.

» Facilities, equipment and activities can be designed to reduce mistakes and manage risk better.
» People in charge of aclivities help shape the conditions that influence what other people do.

= It matters how those in charge respond when things go wrang and that they take the
opportunity to learn.

7.2 Identification and analysis of Safety Critical Tasks

Where the actions or decisions of a human are the anly protection against a serious incident, it
may be only a matter of time before there is a mislake,

A Safety Critical Task (SCT) is a task related to the ship's main hazards where human errar,
action ar inaction may cause or fail to avoid a serious incident.

Ships and terminals should:

= ldentify which tasks are safety critical.

s For each task, identify opportunities for error and conditions that make human error more likely
or the consequences more serious.

¢ DOesign tasks to eliminate or minimise error and error-producing conditions.

e |dentify barriers for the SCTs 1o reduce the likelihood or conseguence of human error.

The following areas of operation may include tasks where error has the potential to lead to a

serious incident:

s Berthing and mocring operations,

o (Cargo transfer operalions.

« [ouble banking operations.

+ Non-cargo relaled operations, including tank cleaning, bunkering, storing, tanker/terminal
access, tending of moaring lines, hot work and maintenance activities.

Having identified SCTs, ships and terminals should use an SCTA approach to identify possible
errors, the things that make error more likely and ways of making 1asks more resistant to error,
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The background conditions that increase the likelihood of human failure include:

o Tasks that are complex, difficult to understand or hard to perform.
¢ Insufficient training.
» Parts of a task that are inefficient to do in reality or where there is insufficient time available.

s Tasks or steps thatl are boring, Irivial or repelitive, unusual, infrequent or involve
unfamiliar siluations,

¢ |naccessible or hard 1o use controls, valves, platforms, sleps or emergency stops along with
acress, operation and mainienance challenges from hazardous or moving equipment.

= Difficult system or equipment interfaces, labelling, controls or alarms.

« Lnclear signs, signals, instructions or other information.

= Reliance on error-free communications in prevailing noise and light conditions,

¢ Working environment: noise, heat, lighling, ventilation, ease of access, visibility, line of sight.
s Over-reliance on recognising emerging hazards, risk or change in a dynamic situation.

s Multi-tasking or potential for interruptions or distractions.

= Fatigue, stress and preoccupation.

Ships and terminals should identify ways of eliminating a task or re-designing il ta reduce the
likelihoad af error and increase the likelihood of delection and recovery.

When selecting ways of adapting a task to reduce errar, the preference is to use the more reliable
control measures at the top of this hierarchy of control {see section 4.2.3);

+ Elimination (of hazard or task),

» Substitution (with less hazardous material or process).

+ Engineering controls (such as reconfiguring a complex pipe manifold).

+ Administrative controls (such as control of work procedures, signs, etc.),

+ PPE

This hierarchy of control recognizes that eliminating a task altogether ray provide the best

protection against the risk from that tazk, especially when compared to the less effective controls
of additional procedures or signage.

Design

Both ships and terminals can reduce risk by reviewing their design or considering (he
opporiunities during modifications, but this is largely outside the scope of this publication.

Taking the viewpoint of people operating eguipment and contrels can help to make them intuitive
and resistant to error. Human-centred design ensures that human factors are considered at each
stage of the design and implemontation of a piece of equipment including MOC (see chapler 41
Human-centred design aspects thal may be considered include:

s The usability of permanent equipment used in the ship/terminal interface.

s |ayout and equipment issues that emerge from the combination of tanker and terminal
equipment {e.g. landing areas, gangway placement, manifold access),

»  The modification of any piece of equipment,
¢ The introduction of automation or technology.
For ease of use, the right information needs to be available to people operating equipment and

making operational decisicns. Contrels nead to be intuitive, minimising the potential for confusion
or mistakes, When designers are updating or modifying an existing design, they should consult
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users. Where users report that existing equipment seems to be leading to mistakes or difficulties,
design can include ways of reducing or detecting errors or minimising the consequences.

When introducing automation and technology, the impact on users should be carefully considered.
While automation can bring considerable advantages to tanker and terminal operators, the
side-effects of introducing technology should also be considered (see chapter 8.

Hurnans may be better than machines for several reasons:
= People can reach conclusions and make decisions based upon little data or
unusual/unexpected circumstances.

o Eguipment designers cannot foresee all future situations and operating conditions that their
equipment may be used in, but skilled ocperators can complement the design and make it work
in practice.

Automation and technology can have unintended consequences, for example:

s Simplifying or eradicating one task may increasze the number and complexity of other tasks.
¢ Reducing workload may:
- Reduce the operator's monitoring of a situation or system.

Reduce the crew's manual skills or their ability to effectively manage when things
20 wWrong.

Lead to boredom and lack of engagement in the lask,
- Trigger over-reliance on the new technology or autornation.

- Lead to lost opportunities arising from human involvernent, i.e. suggestions for aptimising
or improving a task.

Risk assessment

Risk assessments are an imporiant part of safe operations and maintenance. Ship and terminal
risk assessments should address the possibility that even competent and experienced people
make mistakes that could:

+  Lead to harzards or risk situations.

s Reduce the effectivensss of a control/safeguard relied on by the risk assessment (usge the
hisrarchy of controls, see chapter 41,

Procedures

Shipboard and lerminal procedures are inslruclions that help trained and competeni personnel to
conduct tasks. To improve the effectivensss of procedures, ships and terminals should consider:

s Involving the people who will be using the procedures in the creation and updating of tham.
This will improve accuracy, ownership, compliance and conformance.

¢ Well presented procedures are more effective. A procedure should help users, but cannot
replace training or experience,

s Essential hardware and task step components of an operation should be covered, highlighting
key critical issues and hazards.

Frocedures should highlight steps where an error could:

e Oceour,
+« Bedetocted,

= Be recovered from.
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Where a ship or terminal has a problem with procedural compliance or conformance, efforts
should address the following:

= Are important SCTs covered by procedures?

¢ Are procedures available, accessible and usable?

¢ Are there multiple or conflicting procedures for a task?

+ Are procedures clear and understandable?

o Are procedures accuratefeorrect/complele and workable?

¢ Are procedures current and valid?

» Have procedures been communicated to, or trained for by, the workforce?

* |5 the requirement to follow procedures clear?

Leadership

Leaders have a significant impact on the safe operation of ships and terminals. Evidence shows
that incidents of all types are reduced when those in leadership work to build trust and respect
between themselves and the warkforce, by:
o Promoting speaking up,
s Respecting and acting on concerns of junior ieam members.
= Encouraging everyone to resclve safety issues.
= Promoting, supporting and communicating continuous proactive improvemnent.
»  Encouraging learning when things go wrong, not reacting with blame,
Those with lzadership roles should be alert to junicr crew or team members being unwilling to
challenge those in senior positions, or those in senior positions ignoring the challenges of junior
members. This is particularly relevant because of:
¢ The strongly hierarchical tradition in shipping and lerminal operations.
o The different cullures when a lanker engages with a terminal,
s The multinational nature of ships' crews, with varying degrees of willingness to speak up
or challenge.

Everyone who works on a ship or terminal has a responsibility for their own and their
colleagues’ health and wellbeing at work, Poor health and wellbeing can cause incidents and
accidents, Healthy and happy crews and leams are more likely o identily opportunities to
enhance the operation through improvements in equipment design, improved controls or safely
management procedures.

Those with leadership roles on ships and terminals can address theze issues by:

o Making themselves available 1o the workforce, This could be through walkabouts and
discussion where they set expectations and standards, but also listen and learn what makes
work difficult.

+ Collaborating with those who do the job, tackling the problems they encounter.

= Resisting the temptation to blame, and instead looking for the systems and conditions that set
the stage for people to make mistakes (see section 712 on investigation and learning),

Confidence to stop work or speak up

Tanker and terminal operatars should emphasise to their personnel that everybody has SWA
(see chapter 4),
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There are many reasons why a person might not speak up or stop work:

= They see others not acting and think they have a reason.

= More experienced people araund them are not doing anything.

o They think they have misread the situation.

= They worry about upsetting a co-worker by calling altention to an unsafe situation.
= They think they do nct have authority,

= They feel if they are wrong it could get them into trouble.

¢ They think they could make a situation waorse.
Those with leadership roles on ships and terminals should build people’s confidence o act by

= Taking action themselves to step back, slow, pause ar stop.
s  Encouraging people to ask for help and work as teams to solve problams.
s Always supporting a decision to step back, slow, pause or stop.

¢ Thanking and recognising even when it turns out that there is not a problem.

Fatigue

Fatigued people are more likely o make mistakes due to mental and physical impairment. Fatigue
can be caused by lack of sleep, poor quality sleep or being awake for too long. It can accumulate
over time with unscciable working hours or shift patterns. Fatigue can be caused by a lack of
staffing, poor adherence to work/rest periods and extended operations (for example, from lengthy
river passages/port approaches/long loading operations/terminal operations at unsociable hours).

Workload can increase due to extended in-porl operations, poorly planned work and/or difficult to
use equipment/tools. High or low temperature extremes, or exposure to poor lighting, noise and
inclement weather can also confribute to performance impairment. Additionally, a fatigued person
may be a poor judge of their own level of fatigue or impairment.

Ships and terminals should:

= Determine operational workload and required competencies and match manning levels and
SLIPPDH FESOUTCes.

» hanage workload, hours of work and rest.

s Understand and safeguard tasks where fatigue could increase mistakes.

= Consider the scheduling of SCTs or duties to avoid limes when people may be less alert due
to fatigue,

« Train personnel in the causes and effects of fatigue.

¢ Ensure there is sulficient opportunity to rest when planning work.

+ Maintain a healthy exercise, nutrition and stress-aware erwvironment,

= Monitor fatigue symploms,

s [nvestigate fatipue-related causes of accidents and incidents.

s Consider suspending complex or extended operations to make sure that people, especially
those most heavily involved, get enough rest.

The International Convention on Standards of Training, Certification and Watchkeeping for
Seafarers, 1979 (STCW) and the Maritime Labour Convention (MLC) require ships’ crews to have
enough hours of rest ta be il for duty and able to carry out their duties safely. Ships are also
required to maintain individual records of hours of work and rest for everyone an board.

Delailed guidance on how to mitigate and manage fatigue is contained in the IMO's Guidelines
ort Faligue,
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Terminals are not subject to global regulation on hours of work and rest, but local legislation often
ensures that personnel are rested and fit for duty.

Manning levels

Mot having enough people available on board or at the terminal can lead to accidents or incidenls.
Marine regulalions reguire:

o Flag States to izsue ships with a minimum safe manning document.
= Ships to be appropriately manned to undertake all aspects of safe operations on board.

Terminals are not subject 1o global regulation on rmanning, but local legislation often requires a
minimum safe manning level to be maintained at all times (see OCIMF's Manning af Conventional
Muarine Terminals),

Both ship and terminal should consider how many people are needed for both regular operations
and any emergency that migh! be encountered.

Individual training, experience and competence

With ship/terminal operations, the competence of the other party may be unknown. Demonsiration
of competence requires four things:

Training and familiarisation for knowledge.

o  Praciising in order to build skills.

« Accumulating experience.

+ Dermonstration of being able to apply these in real life.

Both ship and terminal need to account for the possible limitations of the other party during the
operation. Competent people can, and da, make mistakes. The assumption that we may have o
detect and recover from others’ mistakes is an important aspect of staying safe,

For ships, international conventions establish standards of training and competence for seafarers.
STCW Chapter V contains specific requirements for personnel serving on oil tankers, chemical
tankers and gas carriers, which define the training and experience neaded by officers, ratings and
personnel invelved in cargo handling and this includes tanker familiarisation.

Torminals are not subject to global regulation on training and competence, but local legisiation
often requires minimum training and competence levels.

It is recommended that ship and terminal operators have a Competence Management System. Faor
terminal operators, this would be the Marine Terminal Operator Competence and Training Guide
{MTOCT) (see chapter 15), For ship operators, this would fall under the STCW Convention, These
systems would include the following to develop and assure competence:

s Underpinning knowledge of the job (e.g. awareness and familiarily of operations).

= Technical competencies, which are task related and enable the job to be functionally
completed, They are typically job or occupation specific and the objective is to meet minimum
standards of performance (e.g. ship or company specifics regarding each piece of equipment).
SCTs may be an input to this.

« Non-lechnical competencies, which are skills that enable delivery of the role, Examples include
the ability to plan effectively, work well with other team members, coach or motivate others,
and communicate effectively.
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Practising team skills

In the marine industry, while regulations and guidance provide important boundaries, ship crews
and terminal teamns are often dealing with dynamic situations influenced by weather, sea slate,
and equipment and process changes.

Teamns need to learn and practise the skills that help them to work effectively as a team, including:

= Cormmunication,

¢ Understanding and decision making.

o Team problem solving.

» Balancing formal authority and assertiveness — confidence to put forward views and
speaking up.

Building these skills involves practising dynamic, realistic, scenarios together as a team, learning
and practising tools and techniques that aid team performance. The mechanisms to deliver

this can range from desktop exercises, discussing hypothetical scenarios, through to drilis or
highly accurate simulation.

Tankers and terminals should regularly exercise teams to practise the skills described above.

Human factors in investigation and learning

Human factors can be the reason why an incident or accident has happened, but the investigation
may miss this by focussing on what happened and how,

To get into the real "whys', an investigation needs to understand what was going on in the werld
of those involved, The investigator should understand the context of people’s actions. To get to
this level of understanding reguires both:

= Well trained investigators who understand human factors.
= A culture where those involved in an incident feel that they can cooperate fully with
an investigation,

It is important that investigations are undertaken post incident and that they dig deep enough to
understand the human factors that influenced the undesired event. However:

» host investigation reports describe ‘what' - what happened, what broke, what was
the outcome.

« Some investigations reveal “how' — this rule was broken, that procedure was not followed, this
person pressed lhe wrong button (human error was to blamel.

= \ery few investigations get to the ‘why' - why did the Master press the wrong button on the
console, why did the crew feel they couldn't follow that procedure, why did an error cccur'?

SCTA techniques can also be viewed as a way of learning about the errors and workarounds that
eventually lead to incidents, so are an effective way of getting ahead of incidents.

Guidance on improving human factors in investigation is available from 10GF Repori

621 — Demystifying Human Factors: Building Confidence in Humarn Factors Investigalion.
Further advice on learning from incidents is available from IOGP Report 552 ~ Components of
Organizational Learning from Evenls,
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Alternative and Emerging
Technologies

81 Definttion

8,2 Examples

8.3  Due diligence process

This chapter describes how alternative and emerging technologies can be assessed to make sure
they do not affect safety on tankers and terminals. The due diligence process can be used in the
tanker's SMS and safety manuals on the terminal. For more detail on alternative and emerging
mooring technologies, see OCIMF's Mooring Equipment Guidelines.

8.1 Definition

Alternative lechnologies are technologies that have a documented track record in ancther sector
but are not yet adopted in the tanker and terminal sector.

Emerging technologies are technologies that do not have a documented track record in any sector
but could be developed in the Tulure lo improve the safety and the efficiency of the tanker and
terminal seclor,

I both cases, no known best practice would exist for the tanker and terminal sectors.

8.2 Examples

At the time of publication, the following alternative or emerging technologies exist:

-

Marine Autonomous Surface Ships (MASS).

Autonomous Underwater Vehicles (ALY,

Marine maobile technology, e.g. intrinsically safe electronic tablets and telephones.
Aerial drones.

Robotic crawlers.

Cold ironing.

Methanol bunkering,

Hydrogen fuel cell management.

Electric cell propulsion power supply.
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The list is not exhaustive. This guide does not endorse or oppose the listed technologies,
but they may be considered for use following a structured due diligence and formal risk
assessment process.

Due diligence process

Evaluation

Before considering the adoption of an allernative or emerging technology, a preliminary design
review should be completed to evaluate the:

o General description and its equivalency to existing technologies.

« Functional description and its equivalency to existing technologies.

= |nterface with existing technologies,

= Interface with existing systems and operational processes.

« Preliminary documentation, design drawings, general arrangements, product specifications and
applicable codes and standards.

s Detailed formal safety and operational risk assessment plans, including assessments of
hurman factors.
+ Any additional design basis documentation,

= Consistency with other industry reference materials, e.g. the World Assaciation for
Waterborre Transport Infrastructure (FIANC) or the International Association of Classification
Sacielies (IACS).

Impact

The tanker and terminal should complete an impact assessment before agreeing to use an
alternative or emerging technology at the marine interface. This process should be decumented
and ensure that both parties have assessed and understood the risks of using the altermative or
emerging technology.

If either the tanker or terminal is unable to complete the impact assessment, they should tell the
other party what technology is being used and share any relevant docurmentation to support its
use, e.g. the risk assessment and evaluztion reports of design and product specifications,

If the alternative or emerging lechnelogy only affects the fanker or the terminal, the above
exchange does not need to happen unless a general understanding would be uselul.

Equivalency

Equivalency should be demonstrated through detailed data analysis of engineering or design
studies, protatype and/or on-site testing and experience. Compare the data analysis of

the alternative or emerging technotogy with the existing technology it is replacing or being
used alongside.

Equivalency should show that the allernative or emerging technology is at least as good as the
existing technology in delivering:

= The safety of tanker and ter minal personnel.

» The assurance that the risks continue to be effectively managed.

» Suitable margins of safety that include the probability and consequence of system failure.
¢ Operational effectiveness and integrity.

» Compliance with applicable regulations, standards and recormmended industry guidance and
besl practices.
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8.3.4 Formal safety risk assessments

B

Formal, documented and detailed safety risk assessments should be carried out to understand the
risks of using alternative or emerging technologies. It is recommended that personnel conducting
these risk asssssments:

o Are experienced in the methods of risk assessment being used.

| |j_';._| '|- ELL J,--j L‘Il |

s Have a detailed working knowledge of the alternative or emerging technology, the equivalent
existing technology and industry best practices.

Classification Societies, marine consultants or other organisations may provide an independent
farmal safety risk assessment or guidance an how to effectively evaluate alternative and
emerging technologies.

The IMO alzo provides guidance to administrations for approving alternatives and equivalenis
in MSC1/Circ 1455 Guidelines for the Approval of Afternatives and Equivalents as Provided for in
Various MO instruments.

Factors to consider in a formal safety risk assessment of an alternative or emerging
technology include:
s Hazards associated with the alternative or emerging technology and/or its eguivalency.

¢ Safeguards incorporated into the design of the alternative or emerging technelogy, including
measures to ensure the safety of personnel.

s  Human factors and any risk reducing benefits from adopting the alternative or
emerging technology.

o Risk modelling to identify frequencies and potential consequences of hazards.
» Risks related to the local conditions and locally required operations.
= [ssues that may require further detailed analysis and testing/evaluation.

» |ssues that may require special altention with respect lo operations, inspection and
maintenance, including personnel, equipment and systems redundancy.

¢ How the allernative or emerging techinology works under different environmental conditions,
e.g. air temperature, marine spray or ice.

8.3.5  Stakeholder engagement

The number and type of stakeholders involved in evalualing an alternalive ar emerging techrology
will depend on its impact and the complexity of its implementation.

Stakeholder mapping is recommended for identifying stakeholders who are important to the
evaluation and success of the alternative or emerging technologies.
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9.1  The International Safety Managerment (15M) Code
9.2  Safety Management Systems

9.3  Work planning and permit to work systems

9.4  Hotwork

95 Electric welding equipment

9.6  Other hazardous tasks

9.7 Management of contractors

9.8 Managing Simultaneous Operations

9.9  Hazards on ships with exposed transverse frames
910 Repairs at a facility other than a shipyard

911 Shipboard emergency management

This chapter sets out the principles and recommended practices for controlling health and safety
hazards on board a tanker. It introduces a risk-based approach to the planning and execution

of hazardous work, following the principles set out in the International Safety Management

(ISM) Code.

It gives guidance on risk assessment and risk management processes and provides information
on the practical application of these processes for managing hot work and other hazardous tasks
on board.

Safety extends to the activities of contractors and repair teams working on board. |ssues relating
to the safe management of contractors and repair work outside a shipyard are addressed.

Finally, advice is provided on the emergency management structure and organisation to facilitate
effective responses to emergencies.
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The International Safety Management (ISM) Code

All tankers, as defined in the inlernational Convention for the Safety of Life at Sea (SOLAS) and
the International Convention for the Prevention of Pollution from Ships (MARFOL), of 500 tonnes
OWT and over are reguired to comply with the 15M Code. Ships that the 15M Code does not apply
to are encouraged to develop a management system that provides an equivalent standard of

safe operations.

Under the I1SM Code, safety management processes are based on risk assessments and risk
ranagement techniques (see chapler 4).

The purpose of the |SM Code is to provide an international standard for safely managing and
operating ships and for preventing pollution.

The I5M Code requires ship operators to:

= Provide safe practices in ship operation and a safe working environment,
= Establish saleguards against all identified risks.

= Continuously improve the safety management skills of the ship's crew and shore personnel,
including preparing for emergencies related to safety and environmental protection.

The 15M Code defines a ship operating company and requires it to develop a Safety Management
Systemn (SMS), which should include certain functional requirements, particularly “instructions and
pracedures fo ensure safe aperation of ships and protection of the environment”,

The I1SM Code is not prescriptive about how a ship is managed. It is left to the operator to develop
the SMS elements suitable to the operation of a specific ship.

In developing their SMS, operators are encouraged to refer to applicable industry publications
and guidelines.

The International Maritime Organization's (IMO) guidelines for the 1SM Cede identify that cargo
loading and discharge operations, including those related to dangerous goods, should be included
in the scope of the operator’s documentation,

Safety Management Systems

The SMS enables elfective implementation of the operator’s health, safely and environmental
protection policy. Regular audits of the SMS verify its suitability to deliver the requirements of
the 1SM Code and to confirm that it is effective and that stated procedures are being followed.
OCIMF's Tanker Management and Self Assessment (TMSA) is an example of a system that
offers the opportunity to verify system effectiveness via self assessment and also promotes
continual improvement,

Although the I1SM Code specifies a range of safety management topics, the operator should
develop the content and form of its SMS. This should show that acceptable levels of safety
management are in place to protect the ship, its 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 ship, logether with the possible situations that could affect its safely or operation.

These activities and situations will involve varying degrees of hazard lo the ship, its personnel and
the environrment, Careful assessment of these hazards, and the probability of their cccurrence, will
determine the severity of the risks involved. Risk management tools can then be applied to ensure
safe completion of the work and compliance with the SMS and provide the objective evidence
needed for verification, such as:

» Documented policies, procedures and instructions.

= Documentation of the verification of day to day operation that is carried out by the Responsible
Person, relevant to ensure compliance.
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Chapter 9 Management of Safety and Emergencies

The result of an effective SMS is a safe system of work.

Refer to the latest edition of the International Chamber of Shipping's (ICS) Guidelines on the
Application of the MO International Safely Management (150} Code.

9.3 Work planning and permit to work systems

While operators will develop their own procedures for managing all aspects of operations and
tasks, many choose to incorporate work planning meetings and a permil to work systern into their
SMS to manage hazardous tasks.

Refer 1o section 4.7, which provides further guidance on these fopics.

9.4 Hot work

O Hot work has caused fires and explosions in, on or near cargo tanks or other spaces that
contained, or have previously contained, flammable substances or substances that emit
flammable vapours. In such spaces, hot work should be considered only if there are no
alternative means of repair.
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941 Oefinition of hot work

Hot work is any work that involves sources of ignition or temperatures high enough to ignite a
flammable gas or liguid or material. This includes, but is not limited to:

s  Welding (electric arc or gas).

« Cutting, burning, gouging (electric or gash

Heating (blow torch or heat gund,
Soldering {electric or blow torch).

Use of the following temporary/portable equipment in a hazardous area should be classed as
hot work:

= Power tools (electric or electric power tools).
=« Non-intrinsically safe electronic equipment.
= Internal combustion engines (driving air compressors, pumps, pressure washers, ete.),

942 Control of hot worl

The SMS should include adequate guidance on the control of hat work and should be robust
enough to ensure compliance (see section 9.2). An absence of guidance should be taken to mean
waork is prohibited rather than approved.

Welding should only be carried out in ventilated areas. If exposure controls are not adequate,
workers should wear suitable Respiralory Protective Equiprment (RPE) to minimise the risk from
the residual fumes.

9.4.3 Hot work inside a designated space

A space where condilions are safe for hot work should be designated, such as the engine room
workshop, Whenever possible, hat work should be carried out in that space.
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The designated space should be assessed for possible risks and the SMS should define

the conditions far carrying out hot work in that space, including additional controls such as
rotifications, fire watches or restrictions. Hot work should be prohibited during bunkering, cargo
operations, Crude Oil Washing (COW), tank cleaning operations and whenever cargo lank vapours
are released. If it is necessary for hot wark to be done, these aperations shoutd stop until the hot
work is completed.

For hat wark such as electric welding (see section 9.5) or gas cutting, establish a safety boundary
inside the designated space to prevent arc flash and contain sparks. This area should be bound by
curtains or another barrier. Other factors, such as fuel tanks or electric cables, may also require a
safety boundary. Work outside the boundary, but inside the designated space, may be allowed with
additional controls identified by a risk assessment or as part of the operator’s SMS procedures.

If the designated hot work area includes a bunker tank bulkhead, the work should not be allowed
within 500mm of that bulkhead {see section 3451

Hot work outside a designated space

9.4.41 General

Haot work done outside the designated space should be controlled under the SMS by a permit to
wark system and defined requirements as in section 9.2,

Figure 95 shows how guidance for hot work on an inerted ship may be presented in an SMS. This
is an example for operators to tailor to their own requirements.

A flowchart for guidance is in figure 2.5, The flowchart assumes the work is considered essential
for safety or the immediate operational capability of the ship, and that it cannot be deferred until
the next planned visit to a repair yard.

The Master should inilially decide whether hot work is justified and whether it can be done safely,
The departmental heads should assess all proposed work within their departments befare the
work starts.

A risk assessment should identify the hazards and the risks involved. This will produce
risk-reduction measures that need to be taken to allow the work to be done safely.

The risk assessment should identify hazards to fire watch personnel and how they will be
evacuated in an emergency. It should also identify the extra Personal Protective Equipment (PPE)
that will ensure risk levels are acceptable.

A written plan for undertaking the work should be compleled, discussed and agreed by everybody
who has responsibilities connected to the work.

This plan should define the preparations needed before work starts, the procedures for carrying
out the work and the safety precautions. The plan should also idenlify the person authorising the
work and the personnel responsible for carrying out the specified lasks, including contractors (see
section 9.7

A designated Responsible Officer not directly involved in the hot work should ensure that the plan
is followed.

Personnel carrying out the work should be adequately trained and competent to carry it out safely
and effectively.

The usual resource limitations on board a tanker mean that only one hot work operation at a time
should be carried out. A separate hot work permit should be approved for each inlended fask
and location.

The work area should be carefully prepared and secured before hot work starts,
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Fire safety precautions and fire-extinguishing measures should be reviewed. Adequate firefighting
equipment should be prepared, laid oul and be ready for immediate use.

Fire watch procedures should be established for the area of hat work and for adjacent spaces
where heat transfer or accidental damage might create a hazard, e.g. damage fo hydraulic lines,
electrical cables, thermal il lines, etc. The fire watch should monitor the hat work and act if
residues or paint coatings ignite, Effective ways to contain and extinguish welding sparks and
molten slag should be established.

The atmosphere of the area should be tested and be less than 1% Lower Flammable Limit (LFLY,

The hot work permit should be issued just before the work is to be done. If the start of the work is
delayed, all =afety measures should be rechecked and recorded before it begins.

Permits are issued under specific conditions, but if these change hot work should stop
immediately. The permit should be withdrawn or cancelled untif all conditions and mitigations
have been checked and reinstated, allowing the permit to be re-issued or re-approved.

The work area should be adequately and continuously ventilated and the frequency of atmasphere
monitoring should be established. Times and resulis of atrmosphere monitoring should be
recorded on the hot work permit.

Isolation of the wark area and fire safety precautions should continue until the risk of fire no
longer exists,

If hot work needs to be done in a dangerous or hazardous area (see section 94,51 when alongside
a terminal, it should be permitted only in line with prevailing national or international regulations,
port and terminal requirements and after obtaining all necessary approvals.

%.4.4.2 Hot work in a gas safe area

A dedicated area outside the engine room may be considered for hot work, e.g. on the poop deck
aft of the accommodation and well clear of any oil tank vents. Such an area should be marked
accordingly. Any work at this location should have a risk assessment and the precautions set out
in section 9.4.4.1 should be taken.

9.4.43  Hot work inside the machinery space

Haot wark in the main machinery space should have a risk assesament and the precautions set out
in section 9.4 4.1 should be taken.

When the hot work i= associated with fuel tanks and fuel pipelines, consider the potential for
hydrocarbon vapours in the atmosphere and the existence of ignition sources,

Mo haot work should be carried out on or within 500mm of bunker tanks unless that tank is
cleaned to meet the requirements in section 9.4.5.1. A risk assessment should cover any praximity
to fuel or other hydrocarbon piping.

0.4.4.4 Hot work over the side

Hot work on the outside hull, that does nat fall within the dangerous or hazardous areas described
in section 9.4.5, may present unique hazards and should be risk asseszed before the work starts.
Examples are hot work on anchors or chains (from a barge or other vessel) or the aft area of the
hull for stern seal or propeller work. The procedures outlined in section 9.8 should be followed,
with particular attention to section 910.13.

Hot work that would be conducted on the hull, such as ballast or other tanks within the cargo tank
area, is to bo treated as work in dangerous or hazardous areas (see section 9.4.5). When wark is
done over the side, the SMS may require additional permils.
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Hot work in dangerous or hazardous areas

9451 General

Dangerous or hazardous areas are lhose locations on board or within the terminal where an
explosive almosphere could be present (as defined in section 4.11.2). For ships, this effectively
means an area larger than the cargo tank deck, which includes cargo tanks, ballast tanks,
pumpraoms and the atmospheric space around and above them. Mo hot work should be done
in a dangerous or hazardous area until it has been made safe, tested and all appropriate
approvals obtained.

Hot work in a dangerous or hazardous area should be subject fo a risk assessment and the
guidance in section 9.4.4 followed. The potential for hydrocarbon vapours and ignition sources
should be considered.

Hot work in dangerous or hazardous areas should cnly be carried out when the ship is in ballast.
Haot wark should be prohibited during cargo operations and when lank cleaning, gas freeing,
purging or inerting. If hot work needs to be interrupted to carry out any of these operations, the
permit should be withdrawn or cancelled. On completion of the cperation, all safety checks should
be carried out once more and the permit reapproved or a new procedure developed.

Where hot work involves entry into an enclosed space, follow the procedures in chapter 10, A
cempartment where hat work is to be done should be cleaned and ventilated. Farticular attention
should be given to the condition of any adjacent spaces.

Adjacent fuel oil bunker tanks may be considered safe if lests give readings of less than 1% LFL
in the vapour space of the bunker tank. Mo hot work should be carried out on bulkheads of bunker
tanks, or within S00mm of such bulkheads, unless that tank has been cleaned for hot work.

Adjacent ballast tanks and compartments, other than cargo tanks, should be checked to ensure
they are gas free and safe for hot work, If they are found to contain hydrocarbon liguid or vapours,
they should be cleaned and gas freed or inerted.

9452  Hot work in cargo tanks

Sludge, cargo impregnated scale, sediment or any other material likely to give off flammable
vapour should be remaoved from the work area. The extent of the cleaned area should be
established following a risk assessment of the work to be done, The opposite sides of frames and
bulkheads need special attention. Other arcas that the hot work may affect, e.g, immediately below
the work location, should also be cleaned,

Table 91 shows the safe dislance for areas to be cleaned and the minimum requirements that may
need 1o be extended based on the results of the risk assessment. Cleaning distances are based on
the type of work and the height above the tank bottom.

Caonsider using fire resistant blankets or putting a water bottom in the tank to prevent sparks
falling onto coatings.

All cargo pipelines to other compartments should be flushed through with water, drained, vented
and isolated from the compartment where hot work will take place. They may be subsequently
inerted or completely filled with water.
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Hl_;eigm nl_ e Opemt;:':s;ide_ . o “ o Opposite :lide_- R
work area Gas cut Welding Gouging | Gas cut i Welding N Gouging !
0-Smetres | 15m 5.0m 50m | 15m 20m | 20m
5-10 metres | 15m 5.0m 50m | 100m | 20m | 20m

10-15 metros | 1.5m 5.0m T5m 15.0m 2.0m i -_Z.Gm
15 melres 1.5[!'; . 5.0m 10.0m 200m | 2.0m . 2.Drr1_

Table 9.1: Radius of areas to be cleaned in preparation for hot work in fanks

Heating coils should be flushed or blown through with steam to ensure they are clear
of hydrocarbons.

An adjacent fuel oil bunker tank may be considered safe if tests give a reading of less than 1% LFL
in the vapour space. No hot work should be carried out on bulkheads of bunker tanks or within
500mm of the bulkheads unless that tank has been cleaned for hot work.

Tankers without an Inert Gas system

The compartment where hot work is to be done should be cleaned, gas freed to meet hot work
requirements and continuously ventilated.

Adjacent carge tanks, including those positioned diagonally, should either have been cleaned and
gas freed to meet hot work requirements or completely filled with water,

All slops should be either removed from the ship or securely isclated in a closed and non-adjacent
tank at least 30m from the hot work location. For this purpose, tanks located diagonally should

be regarded as adjacent tanks. A non-adjacent slop tank should be kept closed, securely isolated
from the vent main and isolated from the piping systemn for the duration of the hot work.

Vapour or vent lines to the compartment should be ventilated to not more than 1% LFL and
then isolated,

The possibility of using an external source of Inert Gas (G} should be considered.

Tankers with an Inert Gas system

The compartment where the hot work is to be done should be cleaned, gas freed to meet hot waork
requirements and continuously ventilated.

Adjacent cargo tanks, including those positioned diagonally, should be either:

»  Cleaned and gas freed, with hydrocarbon vapour content reduced to not more than 1% LFL
and maintained at that level,

= Emptied, purged and the hydrocarbon vapour content reduced to less than 2% by volume
and inerted,

= Completely filled with water.
All other cargo tanks should be inerted and their deck openings closed.

When hot work is to be carried out on 2 cargo tank bulkhead, or within 500mm of such a
bulkhead, the space on the other side should also be cleaned to meet hot work reguirements.

|G pressure should be reduced for the duration of the hot work to prevent uncontrolled venting.

Cargo piping and IG lines to the compartment should be purged with G, to reduce the
hydrocarbon level to less than 2% by volume, and isolated.

All slops should be removed from the ship or securely isolated in a non-adjacent tank at least 30m
from the hot wark location.
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& nor-adjacent slop tank should be kept closed, securely isolated from the 1G main and isolated
from the piping systern for the duration of the hot wark.

Gas testing should be done before starting hot work and there should be continuous monitoring of
the atmaosphere in the vicinity during the entire duration of hot work.
0453 Hot worl in ballast tanks

Ballast tanks located in the cargo tank area should be treated as dangerous or hazardous areas,
similar to cargo fanks.

Hot work in ballast tanks, e.g. the fore peak and after peak tanks, that fall outside the dangerous
or hazardous area and have no adjacent cargo, slop or bunker tanks, may be treated as work
outside a designated space, but no hot work should be carried out unless all spaces within 30m
are either;

»  (Gas freed.
# Hydrocarbon vapour content reduced to 2% by volume and inerted.
= Completely filled with water,

5.4.5.4 Hot work in pumproom
The pumproem should be treated as a dangerous or hazardous area, similar to cargo tanks.

Adjacent tanks should be either:
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« Cleaned and gas freed, with hydrocarbon vapour content reduced to not more than 1% LFL
and maintained at that level.

« Emptied, purged and the hydrocarbon vapour content reduced to less than 2% by volume
and inerted.

= Completely filled with water.

Pipelines, strainers and cargo pumps should be gas freed, inerted or filled with water. The bilge
and work areas should be cleaned to meet hot work requirements.

All slops should be either removed from the ship or securely isolated in & non-adjacent lank at
least 30m from the hot work location.

9455 Hot work within the cargo tank deck area

On the tank deck

Any haot work on the tank deck or less than 500mm above the tank deck should be classed
as hot work within that tank, so it will need to comply with the appropriate measures (see
section 9.4.5.2).

On the cargo tank bulkhead or within 500mm of the bulkhead:

= The space on the ather side should also be deaned to meet hol work requirements,
= Reduce |G pressure for the duration of the hot work to prevent uncontrolled venting.

» Cargo piping and |G lines to the compartments should be purged with G to not more than 2%
hydrocarbon by volume and then isolated.

= Al slops should be either remaved from the ship or securely isolated in a non-adjacent tank at
least 30m from the hat work location.
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Above the tank deck

If haot work is to be done above the tank deck thigher than 500mml, any cargo and slop tanks
wilhin & radius of at least 30m around the working area should be either:

» Cleaned and gas freed, with hydrocarbon vapour content reduced to not mare than 19 LFL
and maintained at that level.

= Emptied, purged and the hydrocarbon vapour content reduced to less than 2% by volume
and inerted,

= Completely filled with water.
All other cargo tanks should be inerted with openings closed.

All slops should be either removed from the ship or isolated in a tank as far from the hot work
location as is practicable,

Alternatively, for tankers without an Inert Gas system

All cargo tanks within 30m of the work location, including those positioned diagonally, should be
either cleaned and gas freed to hot werk standard or completely filled with water,

All slops should be either removed from the ship or securely isolated in the tank furthest (and at
least 30m} from the hot work location. Vapour or vent lines to the compartment should be
ventilated to not more than 1% LFL and then isolated.

The possibility of using an external source of G should be considered.

9456  Hot work in the vicinity of bunker tanks

Hot work near bunker fuel tanks should be treated in the same way as hot work on or above the
lank deck. No hot work should be carried out on the deck, or within 500mm of the deck, unless
the tank has been cleaned to meet hot waork reguircments.

Bunker fuel tanks should be clearly identified to avoid any misunderstanding about their location
and extent,

9.45.7 Hot work on pipelines

Sections of pipelines, strainers, valves, etc. should be removed from the system and repaired in
the designated space whenever possible (see section 9.4.3). Any breaking of lines should comply
with the permit to work system for the control of hazardous energy.

Where repairs on pipelines and valves need to be done with the equipment in place, the item
needing hol wark should be removed by cold work and the remaining pipework blanked off, The
itern should be cleaned and gas freed 1o meet hot work permit requirements,

If the location where the hot work is to be done is not close to the disconnected pipeline, consider
praviding cuntinuous through ventilation of the pipeline with fresh air and menitoring the exhaust
air for hydrocarbon vapour.

Heating coils should be flushed or blown through with steam to ensure they are clear
of hydrocarbons.
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9.4.58 Hot work diagrams
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4 Hot Work Location

% Mo hat waork allowed unless adjacent tank has been cleaned fo meet hot work requirements
7
Cleaned and gas freed to meet hot work requirements and continuousty ventilated
Emptied, cleaned and gas freed with bydrocarbon not more than 1% LFL, or inerted with hydrocarbon
2% by volurmne, or filled with water
Empty and inerted, or gas freed

Ballast tanks — gas freed and safe for hot work, or filled with water

- Slop tanks - non-adjacent and =30m from tank with hat work, closed and securely isolated (f slops are
not removed from shipl, otherwise empty and inerted as non-adjacent tanks

Figure 9.1: Hot waork being carried out in a cargo tank
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Section view
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Cleaned and gas freed 1o meet hot work requirerments and continuously ventilated

Emplied, cleaned and gas freed with hydrocarbon not more than 1% LEL, or inerted with hydrocarbon
£2% by valurme, or filled with water

Emply and inerted, or gas freed

Ballast tanks - gas freed and sate for hat work, or filled with water

Slop tanks — non-adjacent and =30m from fznk with hot werk, closed and securely isolated {if slops are
not remaved fram shipl, atherwize emply and inerted as non-adjacent tanks

Figure 9.2: Hot work being carried out on cargo tank deck or within 500mm of it (to be treated as
hiot work in tank)
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Plan view
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47 Hot Work Location

7

500mm from adjacent tank bulkhead

Mo hot work allowed unless adjacent
tank hias been cleaned to meet hot
wiork requirements

Bunker tank where hot work will be
perfarmed — cleaned, gas froed to meet hot
wark requirements, hydrocarbon <1% LFL,
continuously ventilated

Adjacent bunker tanks — cleaned, gas
freed 1o hydrocarbon 1% LFL,
continuously ventilated

Adjacent slepfcargo tanks — cleaned,
gas freed to meet hat work requiremeants,
hydrocarbon {1% LFL, continuousty ventilated

All slops/fcargo should be either removed
from the ship or securely isolated in a
non-adjacent fank >30m from hot

wark location

Non-adjacent cargo tanks — empty
and inerted

Ballast tanks — gas freed ar completely filled
with water, adjacent ballast tanks should be
tested 1o ensure they are safe

for hot work

Figure 9.3: Hot work inside a bunker tank
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Bunker tank where hot work will be
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conlinuously ventilated

Adjacent bunker fanks — hydrocarbon 1%
LFL in the vapour space of the bunker tank

Adjzcent slopfcargo tanks — cleaned,
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hydracarbon {1% LFL, continuously
ventilated, or emptied, purged with
hydrocarbon £2% by volume, or completely
filled with water

Al slopsfcargs should be either rermaved
from the ship or securely isolated in &
ron-adjacent tank >30m from hat

work lncation

Men-adjacent cargo tanks — empty
and inerted

Batlast tanks — gas freed or completely filled
with water, adjacent ballast tanks should be
tested to ensure they are zafe
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performed — cleaned, gas freed to meet hol
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All slops/cargn should be either removed
from fhe ship or securely isolated in a
non-adjacant tank »30m from hot

work location

fore

>500mm from tank deck

Bunker tank shove which the hot work to he
perfarmed — hydrocarbon 1% LFL in the
vapour space

Adjacent bunker tanks — hydrocarbon 1%
LFL in the vapour space

Adjacent slop/fcargo tanks — cleaned, gas
freed to meet hot waork requirements,
hydrocarbon €1% LFL, continuously
venlilated, or emptied, purged with
hydrocarbon 2% by volume, or completely
filled with water

All slopsfeargo should be either rernoved
from the ship or securely isolated in a
non-adjacent fank >30m from hot

wiark location

Figure 9.4: Hot work in the vicinity of a bunker tank (treated as hol work over tank deck)
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Can the task be
-achieved without
using hot work?

| Mo |

|

s the part of the ship
requiring hot wark a
pipeline ar cther filting or
is it a permanant
siruclure?

Permanent structure

Master to hold safety
meeting on board

ISGOTT Sixth Edition

i ¥as5 ;

— Fitting

Can the fitting be
disconnected and remaoved
from hazardous cargo area

before hot work?

MNo |
+

Fitting o be isolated

. Flan work accordingly
T without hot work

— Yes — Plan work accordingly

atlended by all from zll pipelines and
having responsibilities blarks attached
during work
Is Master satistied P
that hot wark can be i Mo

completed safely?

1
Yes

v

Written statement af
hat work to be drawn
up showing separale
responsibilities far hal
wark supervision
and safely

!

Shore management
approval, if required by
the SMS

Figure 9.5: Hot woark flowchart

Hol wark permit to
— e issued showing
tazk and time

!

Complete all
preparations far
hot work

}

Stop all other warl: in
cargo area

144

Haot work not permitted

Record completion of
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Work location minimum
requirements

Engine room workshop

Open deck aft of accommadation

Enclosed spaces (other than

purnprooms}

Main deck {deck plating}

Wark on fixiures/fittings in the main

deck area

Work on any cargo related pipelines

including heating coils in a cargo tank

Cargo pumprooms

Cargo or ballast tanks

Work planning meeting to be held
and risk assessment completed

Wark in designated space with
shield or curtain erected

Adeguale ventilation

<

€ | Other parts of non-hazardous area

<

<

<

<

<

<

<

Confirmation from Master or
designate that work is OK to
proceed

Tank atmosphers checks carried
out and entry permit issued

Tank to be washed and gas freed

Cargo tanks o be purged and
| inerted to not more than 8%
oxyeEen and not more than 24%
hydrocarzon

Wirk 1o be carried oul Furlher
than 5C3mm from the tank deck
or bulkheads

Work to be carried out more than
200mm from a fuel oil tank deck
or bulkheads

Local cleaning 1o be carried out
as per requirements

Al interconnecting pipelines
flushed and drained

Tank valyes isolated

Hot work permit to be issued on
board

Hot work permil issued in
agreement with company

Hot wark permit approved by
Master or Responsible Officer

U4

v

4

Figure 9.6: Example of SMS guidance for hot wark on an inerted ship
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Electric welding equipment

Electric welding eguipment should be carefully inspected belore each use lo ensure it is in good
condition. If necessary, it should be correctly earibed. When using electric arc equipment, pay
special atiention to ensure:

= Eleclrical supply connections are rmade in a gas free space.

= Existing supply wiring is adequate to carry the electrical current demand without overloading,
causing heating.

« Insulation of Rexible electric cables is in good condilion.

+  Cable route to Ihe work sile is Lhe safes| possible, only passing over gas freed or
inerled spaces,

«  Earthing conneclion is rext to the work site and the earth return cable leads directly back to
the welding machine. The ship’s structure should nol be used as an earth return.

Other hazardous tasks

A hazardous task is defined as anything other than hol work that presents a hazard lo the ship,
terminal or personnel and that needs to be controlled by a risk assessment process, e.g. a permil
1o work system.

A wark permit or controlled procedure should be developed and approved lor each hazardous
task. The permit or controlled procedure should follew the process in sections 9.3 and 4.7 and
should be discussed with the personnel performing the tagk.

The procedure, approval 2nd record of compliance should be kept with the SMS records.

White a ship is alongside a terminal, hazardous tasks should only be undertaken with the prior
agreement of the Terminal Representative.

Examples of such lasks are:

» Enclosed space entry.

« Tark Inspections.

« Diving operations.

» Blanking sea chesls.

= Work on critical equipment and systems.
+ Extended work alofl or over the side.

«  Electrical work,

«  Heavy or unusual lifting operations,

«  Work on or next lo a pressurised syslem.
= Testing and lauriching of lifebaats.

Management of contractors

The Master should be satisfied thal when contraciors or work gangs are employed, arrangements
are made lo ensure they understand and comply with all relevant safe working praclices. A
formal safety induetion should be completed. A Responsible Officer should supervise and control
contraclors. The ship's crew should inspect contractors’ egquipment, which should also have the
necessary certificales.

The contractors should take parl in relevant safely meetings to discuss the arrangements for
work. Where applicable, contractors should sign the formal approval relevant Lo the work, including
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any relevant permits lo work, verilying they are aware of the hazards and safety precautions
required to reduce the risks to an acceptable level

The ship remains respansible for approving and completing any work permils required before or
during cenlractor work.

Managing Simultaneous Operations

Simullaneous Operatinns (SIMOPS) are aclivilies that lake plece at the same lime in the
same area or that coutd directly or indirecily aifect the safety of any other aclivity on the ship
or terminal.

SIMOPS should be idenlified early lo understand the impact one operalion has on the other.

They sheuld be discussed during work planning meetings (see section 4.7.5), A risk assessment
is needed to identify Ihe hazards and control measures.

The risk assessmenl sheuld look include:

= Schedule clashes.

+  Resources.

+  Supervision.

»  DOistraction.

« Communicaticns.

«  Skills,

«  Faligue.

= Critical lasks.

e Maintenance aclivilies.

« Conlingency plans.

Toolbox tatks should include discussion on SIMOPS. These should cover the control measures and
any polential conflicls or challenges.

Be aware of critical phases of activities that may be compromised by SIMOPS, e.g. topping-off
cargo and bunker operalions at lhe same Lime, Ship 1o Ship (5T5) operations white alongside a
berth werking cargo (double banked).

Wherever possible, SIMOPS shauld be avoided if they may affect safety.
Reler 1o section 4.6 for further guidance on Lhe topic.

Hazards on ships with exposed transverse frames

Manifold platform

The design of praduct and chemical tankers has evolved, leading to external fransverse stiffening
on the lank deck. The deck areas of these lankers are more clutlered and less aceessible in
S0Mme Cases,

Extra elevated platforms are needed to access key work areas such as the manifeld.

The manifold working platferm has steel grating and, usually, a drip tray/saveall. Sometimes this
platform is higher than lwo melres and may not have elfeclive edge prolection. Where fitled, edge
profection may be temporarily removed Lo allow a hose connection. This risk of Talling from height
means adequale safety precautions are needed.
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Given the hazards of working on these platforms, the work should be properly planned and
effectively supervised. Personnel supervising the work should assess the suilability and safety
of the platferm. Wark management should include & detailed risk sssessment thal covers

the weather, lraining, fall protection devices and the slip/Irip hazards and evaluates the

edge protection.

Sampling and measurement poinfs

On ships with deck Iransverse sliffeners, access around the deck in general, and to sampling
and measurement points in particular, can be difficult. Wel or bad weather could pose additional
hazards. Escaping from these areas in an emergency could atso be challenging.

Safe accoss to sampling and messurement points is needed. Consider the following:

« Arranging safe access lo the sampling and measurement points.

= The danger of creating semi-enclosed spaces wilh deck (rames, which can be difficult 1o
ventilate or may lrap cargo vapours in light winds,

«  Emergency access and exit for personnel wearing brealhing apparatus and other
restrictive equipment.

Repairs at a facility other than a shipyard

Introduction

This section desls with repairs on board & lanker 21 2 facility other Ihan a shipyard. |l supplements
but does not replace the guidance elsewhere in this publication. Guidance for when a ship is al

a shipyard is provided in OCIMF's Heoltly, Safely and Environment at New-Building and Repair
Shipyords ond Ouring Faclory Acceplonce Teshing.

General

When & ship is al sea or in porl, the crew carry oul thelr dulies in line with the ship’s SM5. When
a ship is al & shipyard it is nal operational and the work is carried out and managed primarily

by the shipyard. While the ship’s crew may monitar this work, the salety of the ship and anyone
on board generally depends on the shipyard's SMS. Cecasionally, an operational ship will need

to carry out repairs using shore labour outside a shipyard or dry dock facility. In these cases,

the safety of all on board depends on the ship's SMS and so all work. should be carried out in
compliance with the SMS,

Repairs may be done while the ship is:

= At anchor.

«  Alongside at a layby berth that is not normally used for cargo operations.
»  Alongside a commercial jetly.

= Al gea,

Such repair work is only done on an exceptional basis, but the scope of the ship’s SMS should
include the planned activities and the risks to the shore labaur ermployed.

Supervision and control

The Master, Campany Superintendent or other appointed person should maintain full contrel of
the repair work, They should ensure thal the ship is in a safe condition at ail limes and thal all
wiork |5 carried oul in a safe and proper manner,
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Specific procedures are needed when the ship is to be repaired in a ‘dead ship® condilion or when
the electrical power is limited.

9.10.4  Pre-arrival planning

Before arriving at the repair berth, anchorage or other facility, (he initizl planning should
consider the:

» Type and localion of the berlh or anchorage.

= Moorings - numbers, lype.

= Condition of the ship, e.g. gas Iree or inerl.

= Safe access, e.8. launch, gangway or olher means.

= Parl and ship securily arrangements, including ship and porl securily level,

= MNumber of personnel involved, including contraclors.

»  Location of the waork, e.g, enging room, cargo spaces, above deck, accornmuodalion, ele.
» Facilities for slop or sludge disposal.

«  Arrangements for permits and certification, including using a chemist where appropriate.
» Port or terminal requirermnents.

= Avallabitity of main power or main enginels).

»  Emergency procedures on board and ashore,

o
b
Al
i
(g% ]

»  Ayailability of assistance, e.g. lirefighting, medicat, etc.

= Connection to shoreside services, e.g. water, power, ele.

+  Weather,

#  Draughl and trim limitations (e aveid unnecessary ballast handlingl.

» Reslrictions on smoking and other naked lights,

910.5 Mooring arrangements

When moored Lo a repair berlh, 1he number and size of mooring lines should be adequale for all
likely weather and tidal conditions.

An allernative power source should be provided lor the deck machinery, whenever practicable, so
thal meorings can be adjusted if the main power is unavailable.

Cn repair berths, crane movements or other activily on lhe dock side may restrict the mooring
paltern. Take such restrictions into account when planning the berthing.

Moaorings should be clear of hol work areas or other locations where the ines may be damaged
by the repair work.,

When al anchior, using an extra anchor cable may be necessary, particularly if the main enginels)
will be unavailable at any lime.

9.10.6 Shore facilities

Whenever practicable, the ship should be physically isolated from regular terminal facilities or
berths where other ships are being werked.

If any repairs need to be dene at the same lime as cargo handling operations, the lerminat
management needs to give specific permission.

The Master should establish whether any significant operalions invelving olher ships are lo lake
place near the berth where repairs are being done, e.g. departures/arrivals, bunkering, fuel ol
transfer, elc.
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The Master should be familiar with any specilic safety requirernents of the Tacility and/or
harbour authorities,

Sale access should be available al all times with appropriate guard rails and safety nets. The
number ol access points should allow the quick evacuation of everyone on board. The gangway
shoutd b manilored at all times and a watch should contrel access to the ship (see chapter &),

Port security plans should be followed as appropriate. A security risk assessment should be
undertzsken (ses chapler 6,

On a non-hydrocarbon berth where [he ship is not gas free, place a sign al the foot of the
gangway to say: ‘Warning! This ship is not gas free’.

Contractors should advise the Master of the number and mavemenl of workers an board each day
during repairs.

Procedures far using cranes or other lifting equipment should be decided on arrival,

The ship and the facility should agree garbage disposal procedures. These should comply with
MARPOL Annex V.

Emergenicy alarm signals should be agreed and, if possible, & drill held before repair work starls,
Further drills should be arranged if the repairs should be extended.

Any restrictions on activilies such as bunkering, storing or laking lube oils are 1o be agreed. Be
aware of the polential risks of SIMOPS (see seclion 4,60,

Work planning meetings

Work planning meatings should be held befare slarting any work and on each workday. They
normally involve representatives from the ship and all the conlraclors.

These meetings ensure thal atl personnel involved are aware of the daily schedule, the
interrelation between contractors, areas of concern and any special precautions, including per mil
requirernents and the method of controt.

Permits to work

Permils should be issued for the relevant repair jobs, including any repairs by the ship's crew, In
particular, permits (see chapter 4) should be issued for:

e Enclosed space enlry.

»  Hol work.

« Elecirical isolation.

«  Hazardous enargy.

« Lock-outf/Tag-oul (LO/TO.

#  DOlher hazardous lasks az in section 9.6,

Copies of all permits shauld be pasted as necessary, The Person In Charge (PIC) of the operalion
should also keep copies.

All personnel involved should be made fully aware of the requirements of the work permit systemn
and its benefits. They should also be advised of restrictions on starting work until the appropriate
permil has been issuad,

I contraclors provide any tools or equipment, it should meel the lanker's SMS requirements for
safely, condition and calibration.
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910.9 Tank condition

Whether the ship is gas free will depend on the work being done and the port or
Facility regulations.

All cargo/ballast spaces should be tested for cxygen and hydrocarbon content. The person
responsible for the measurements should include the condition of all tanks and void spaces within
the gas harzardous/dangerous area on the certificate. Some port or facility regulations may require
these measurements to be carried out by a certified chemist,

If & ship is required to be gas free, certificates should be issued daily as a minimum.

If cargo tanks do not need to be gas free and the ship is inerted, positive 1G pressure should be
maintainad within the tanks at all times.

9.10.10 Cargo lines

When the tank condition is to be gas free, cargo lines an deck, in the tanks and in the pumproom,
including those lines and pumps that have not been used for recent cargo or tank cleaning
operations, should be thoroughly washed and drained. This includes any dead ends in the system.

As well as the cargo suction and discharge lines (including stripping lines), slop tank balance
lines or similar fittings between slop tanks should also be cleaned and drained when preparing for
repair work,

The hydraulic valve systern should be isolated in a way thal prevents unintentional operation of
cargo valves during the work. Post appropriate notices and advise the people in charge of the
relevant repair teamis).
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9.10.11  Firefighting precautions

910111 Fire water
Fire mains should be continuously pressurised, either by the ship's pumps or from a shore supply.

Azree a pressure for the fire main and maintain this at all times.

9.10.11.2  Fire patrols

Agree a procedure for fire patrols on board. Either the ship’s staff or shore contractors can
provide fire patrols. Each member of the patral should be fully aware of the procedure for raising
the alarm and the action to take in an emergency.

The fire patral should constantly monitor any area where hot work is being carried out.

910.12 Safety Officer

The Master should appoint a dedicated Safety Officer to coordinate the permit and certification
processes for the repair period. The Safety Officer should be fully aware of all duties
and responsibilities,

910.13 Hot work

e
O The following supplements and does not replace the guidance in section 9.4, which should
be followed for any repairs involving hot wark.

Hot work should be prohibited within or on the boundaries of cargo tanks, ballast tanks, slop tanks,
bunker tanks, pumprooms and forward cofferdams, including the deck and ship’s shell plating,
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except when special preparations have been made before entering the berth or facility and all the
special conditions have been met.

Use of electrical welding equipment should be controlled and correct earthing cables used. The
welding current should not be returned to the transformer via the ship's hull,

Mo hat work should be done within 30m of any non-gas free space unless the cantrelling
authority for the port has given specific permission,

Post notices to indicate the state of any tank or void space, e.g. whether it is either gas free and
suitable for hot work or only safe for entry.

Suspend hot work immediately if any of the specific safety requirements agreed with the
controlling authority cannot be met.

Tank pressures should be monitored to ensure that any hot work on or above the weather decks
is stopped before the inert pressure reaches the relieving pressure of the Pressure/Vacuum (F/V}
valves. If tank pressure needs to be released to the atmosphere, suspend all work until this
operation is completed. Consider clearing the deck area of personnel during venting, especially
when there is the possibility of toxic gas, e.g. HeS, A new permit should be issued before
resuming work,

Shipboard emergency management

General

The 15M Code requires the operator to establish procedures to identify, describe and respond
to potential shipboard emergencies. This includes adequate manning to respond to emergencies
while at sea or in port. This section provides guidance on meeting this requirement.

Tanker emergency plan

9.11.2.1 Preparation

Planning and preparation are essential for personnel to successfully mitigate potential incidents

on board tankers. The Master and other offlicers should consider scenarios, e.g. fire in the cargo
tanks, engine room or accommodation, sormebody collapsing in a tank {(see chapler 101, the ship

breaking adrift from her berth and the emergency release of a tanker from her berth.

Although they will not be able to foresee every detail, walking through these scenarios will help to
develop initial response plans that can be incorporated into shipboard training and exercises.

The following onboard inforrnation should be readily available:

= Type of cargo, amount and disposition.

» Location of other hazardous substances,
= General arrangement plan.

= Stability information.

« Firefighting equipment plans.

911.2.2 Emergency organisation

The operator and Master should ensure that manning levels, in terms of numbers and
qualifications, are adequate for the safety and securily of the ship and ils crew, as specified in
the ship's Safe Manning Document as issued by the ship’s Flag State administration. It should
be noted that the number of crew may need fa be increased to support the current mission,
trade palterns, need for additional security and operational requirements, ST3 lightering or sea
conditions (including ice conditions),
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At all times during the stay at a terminal, enough crew should remain on board to manags

any emergency.

Establish an emergency organisation structure with clear mobilisation protocols to include raising
an alarm, locating and assessing incident potential and identifying hazards 1o respond with
manpower and equipment.

Flanning an emergency organisation should cover four elerments:

Command centre

One group should be in control of the response to the emergency, with the Master or the
senior officer on board in charge. The command centre should have internal and
external communication.

Emergency party

This group should assess the emergency and reporl to the command centre, advising what action
to take and what assistance to provide, either on board or from ashare. |t should be under the

command of a senior officer.

Backup emergency party

This group should stand by o help the emergency party as instructed by the command centre
and provide backup services, e.g. eguipment, stores, medical services including cardio-pulmonary
resuscitation, etc. (see chapter 10). It should be under the command of an officer. Medical
services and eguipment should be clearly identified on board and ashore to include the nearest
haspital or clinic equipped to manage potential injuries, i.e. burns unit and other specialties.

Engineering group

This group should provide emergency help as instructed by the command centre. Its prime
responsibility is to deal with any emergency in the main machinery spaces. It may need to provide
additional manpower elsewhere. It should be under the command of the Chief Engineer ar the
senior engineering officer,

The plan should ensure that all arrangements apply equally well, whether the ship is in port or
at sea.

211.2.3  Preliminary action

The person who discovers the emergency should raise the alarm and inform the duty officer
about the situation before atternpting to isolate and take initial responze actions. Once the alarm
is raised, the duty officer should activate the emergency organisation to gather at the designated
asszembly point and brief them on the situation. Crew members not involved in the initial response
should stand by to azsist as directed.

9.11.2.4 Ship's fire alarm signal

When a ship is in port, sounding the fire alarm system should be supported by a series of long
blasts on the whislle, at least ten seconds each, or by some other locally required signal.

911.25  Fire control plans

Fire contral plans should be permanently displayed in key positions, showing clearly for each deck
the location and details of all firefighting equipment, dampers, controls, etc, When the ship is in
port, these plans should be displayed outside the accommodation black for the benefit of shore
based firefighting personnel.
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91.2.6  Inspection and maintenance

Firefighting equipment should be ready for immediate use. It should be checked frequenily, with
dates and details of the checks recorded. Where appropriate, the equipment should be marked
with these details. A Responsible Officer should inspect all firefighting and other emergency
equipment and any maintenance work completed without delay.

91.2.7  Training and drills

The ship’s crew should be familiar with the theory of firelighting in section 5.1 and should be
instructed how to use firefighting and emergency equipment. Regular practices and drills will help
ensure that persannel retain their familiarity with the equipment.

If an opportunity arises for a combined fire practice or ‘table-top” drill with shore personnel at

a terminal, the Master should make an officer available to show them the location of portable
and fixed firefighting equipment on board. The officer should also inform themn about any design
features of the ship that may require special attention in & fire,

Action in an emergency

9.11.3.1 Fire on a tanker at sea or at anchor

Whoever discovers an outbreak of fire should immediately raise the alarm, indicating the location
of the fire. The ship’s fire alarm should be operated as soon as possibla,

Any crew near the fire should use the nearest suitable extinguishing agent to attempt to limit the
spread of the fire, to extinguish it and then prevent re-ignition (see section 5.3), If unsuccessful,
their actions should quickly be superseded by the tanker's emergency plan.

Any cargo, ballast, tank cleaning or bunkering operations should stop immediately and all valves
should be closed. Any vessel alongside should be removed.

Once all crew have been evacuated from the area, all doors, openings and tank apertures should
be closed as quickly as possible and mechanical ventilation should be stopped. Decks, bulkheads,
other structures near the fire and adjacent tanks that contain petroleum liquids or are not gas free
should be cooled with water,

The tanker should be manoeuvred to stop the spread of the fire and to allow the fire to be attacked
from windward.

911.3.2 Emergencies in port

Ernergencies either on board or next to the tanker when in a port are covered in section 20.3. Any
action taken will be the joint responsibility of the Master and the port or terminal authority.

21533 Jettison of cargo

Jettisoning cargo is an extremes measure justified only for the purpose of securing the safely of a
ship or saving life at sea. A decision to jettison should not be taken until all the alternative options
have been considered. This should be discussed with shore management and port or coastal
State authaorities. Written approval should be obtained.

If it is necessary to jettison cargo, take the following precautions:

» Alert engine room personnel. Depending on the circumstances, consider changing engine
room intakes from high to low level.

« Discharge should take place through the sea valve and, where possible, on the side opposite to
the engine room intakes,

= (Close all non-essential inlets.
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= If the discharge needs to be from the deck level, rig flexible hoses to extend below the
water surface.

» Observe all safety precautions for operations involving flammable gas in the vicinity of
the deck.

s Broadcast a radio warning.

= Maintain records in relevant log books.,

9.11.3.4 Follow-up

As soon as possible after an incident, review and identify potential gaps in contingency plans,
response tactics and equipment with the response or emergency organisation. Also capture best
practices and lessons learned for inclusion in plan upgrades or next revisions. Fost response, an
irventory of equipment should be conducted and supplies replenished, e.g. breathing apparatus
bottles or spill response gear. Flush systems and conduct necessary maintenance, e.g. foam.
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CHAPTER 10

=

nclosed Spaces

101 Introduction to enclosed space enfry safety

10.2 Safety management for entering enclosed spaces
10.3 Identifying enclosed spaces

10.4 The hazards of enclosed space atmospheres
10.5 General precautions

10.6 Awthorisation of entry

10.7 Requirements for enclosed space entry

10.8 Precautions during entry into enclosed spaces
10.9 Woark in enclosed spaces

10.10 Entering enclosed spaces with atmospheres known or suspected to be unsafe
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1001 Rescue and evacuation from enclosed spaces

1012 Cargo pumprocm entry precautions

10.13 Respiratory Protective Equipment

This chapter describes the hazards associated with entering enclosed spaces and the tests to be
carried out to determine whether an enclosed space is safe to enter. The conditions for entry are
set out, as well as the precautions to take before entering and while work is being carried out in

an enclosed space.

=l
O Masters should be aware that national legislation may mean that terminal requirements for
enclosed space entry might differ from this guidance.

10.1  Introduction to enclosed space entry safety

Despite the precautions that operalors take to protect personnel entering enclosed spaces, deaths
and injuries still happen. This chapter recommends protections and controls that can reduce the
risk from entering enclosed spaces.
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The most effective way to eliminate the risk is not to enter an enclosed space. Given this:

= Ship operators and Masters should ensure that personnel enter enclosed spaces only when
there is no practicable alternative.

= Where there is no alternative, the operator should ensure that procedures for safe entry are
in place.

» Masters should verify that procedures for entering enclosed spaces are fit for purpose,

robustly implemented and followed and that every entry is planned in line with these
procedures, no matter how often they happen.

Enclosed space incidents tend to fall into two calegories:

1. Controlled entries: the entry iz intended but the preparation and execution of the entry plan is
not robust enough. This leads to an incident involving warkers inside or autside of the space,
including those carrying out gas testing. This category includes intentional entries to respond
to emergencies.

2. Accidental entries: while doing routine tasks such as taking items from a storage locker,
checking spaces or looking into a tank, personnel unwittingly enter an enclosed space that is
unable to support life.

The Master and key crew members involved in the steps for entering enclosed spaces are:

» Responsible Person: a person authorised to permit entry into an enclosed space and having
sufficient knowledge of the procedures o be established and complied with on board to ensure
that the space is safe for entry.

« Competent Person: & person with sufficient theoretical knowledge and practical experience to
make an informed assessment on the likelihood of a dangerous atmaosphere being present or
subsequently arising in a space.

The Competent Person and the Responsible Person may be the same person.

= Attendant: a person who is suitably trained in the procedures within the SMS, maintains a
watch over those entering the enclosed space, maintains communications with those inside
the: space and initiates emergency procedures in the event of an incident occurring MO
Resolution A1050(27)). An Attendant has no other duties besides those listed.

Safety management for entering enclosed spaces

General

The operator’s procedures need to identify those spaces on board that are enclosed spaces. The
spaces will have one or maore of these characteristics:

« Lirited openings for entry and exit,

= Poor natural ventilation.

s Mot designed for continuous worker occupancy.

Without effective ventilation any enclosed space may become hazardous (see section 10.4), A
hazardous space is an enclosed or confined space where the atmosphere may endanger the life
or health of any person entering it. The hazards are:

o Ouyegen deficiency.

» Toxic and/or flammable gases, including hydrocarbon vapours and toxic contaminants.

+ |G, including nitrogen.

» Oxygen enrichment.

All operator and tanker specific procedures should also refer to established national requirements.
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Ta safely manage any entry into an enclosed space, crew members should be trained and
regularly drilled in enclosed space safety. This should include familiarisation with atmosphere
testing instruments and onboard procedures for recognising, evaluating and controlling the
associated hazards.

All procedures and measures to mitigate hazards should account for the possibility that simple
human error can reduce their effectiveness (see chapter 71

The nature of the enclosed space will determine the particular hazards. All enclosed spaces
should be marked with clear signs and procedures should be drawn up to ensure that any entry
is done safely. ldentifying these spaces and procedures means that all the personnel involved,
including those entering any of the spaces, should understand the:

+  Mature of the atmosphere,

= Mitigating measures.

«  PPE reguirements.

= Emergency action.

All operator and tanker procedures should clearly identify those personnel whose roles are
important to ensure the safe management of enclosed spaces, These are:

« Responsible Person.

s Compelent Person.

¢ Allendant.

» Duty officer/engineer.

= Personnel entering space.

Any decision that entry is necessary should first be reviewed, by the Competent Persan, against
possible alternatives that remave the need for personnel to enter the space. If after this detailed

review the entry is still necessary, no alternpt should be made to enter the space, even under
controlled conditions, until its atmosphere has been tested as safe.

Managing controlled entry into enclosed spaces

Several factors, either independently or callectively, could influence the successful outcome of an
entry. They need to be taken into account so that measures can be put in place to mitigate them.

The measures include:

Avoid entry where there are alternatives

The most reliable way to reduce risk from enclosed spaces is to avoid entry. The need to enter
enclosed spaces can be eliminated by design and potential entries can be kept to a minimum by
remaving any need to enter, e.g. relocating stored iterns, essential equipment or controls, planning
for internal work to be done in dry-dock and using technology such as drones for survey work,
This may include challenging unnecessary operational activity, such as tank washing.

Leadership should demonstrate standards and listen to concerns

Those with influence over other members of crew can make entries safer. They promote and
oversee the standards set out in the operator's procedures and should live by those standards
and naver enter an enclosed space or ask anybody else to enter until all the reguirements have
been met. They should demonstrate that their decisions are for the benefit of safety, overriding
commercial or time pressures. Finally, they need to listen and respond when a more junior
member raises a concern (see chapler 7).
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Allow plenty of time

Time pressure can affect the behaviour of those entering the space and those planning to

enter, They can be influenced by a desire 1o be efficient or by external pressures. This sheould

be anticipated and guarded against. When it is not possible to avoid a long or complex task, the
Responsible Person and other supervisors should take measures to mitigate the particular risks
caused. In all cases, external pressure from the port or terminal should be resisted in the planning
and conduct of such operations.

Plan and test rescue provisions

Early in ihe planning stage, the equipment necessary for the safe entry should be identified, rigged
and tested. The personnel entering the tank should have been properly trained and regularly
drilled in using the equipment, including for emergencies or tank rescue, This training should be
undertaken before entry is authorised to remaove any hesitation in the equipment’s use.
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Prepare the space

All sparces to be entered should be fully prepared in line with the assessed risks and the agreed
plan. The space may need cleaning and should be gas tested to confirm the preparation has been
successful. It may also need to be isolated fo ensure it remains at the required standard for entry:

= Cleaning: all spaces need to be assessed to see if their current or previous use has the
potential to create an unsafe atmosphere. If the result leaves any doubt, the space should be
cleaned to eliminate the companents that create the uncertainty.

s Testing: the atmosphere should be fully tested, which may include several locations and
remote areas in the space. The first test can pose the greatest risk from an unknown
atmosphere or fumes. To mitigate this, only personnel trained to use gas detection equipment
should test atmospheres.

= |solation: where possible, use the most reliable methods of isolation. Removing pipe spools
or fitting in-line spades eliminates the consequences of accidentally opening valves inta the
space. Isolate all lines that enter a space, e.g. ballast water, bunker, utilities, etc., to reduce
the chances of introducing & hazardous material. To avoid errors, isolations should be
dnuble-checked independently by lwo people.

Keep access secure

Clearly identify any space that is o be entered bul remains open in the meantime, e.g. for
2as freeing. Warning signs are useful but often net encugh on their own. Consider using physical
barriers such as a barricade or net.

Safe and secure breathing

Inadvertent connections to non-breathing air systems, accidentally closing an air supply or a
diminishing supply can all create risks. Perscnnel connected to any air supply, e.g. fixed air-line aor
Self-Contained Breathing Apparatus (SCBA), should monitor the supply and the safe escape route
in case of air supply failure.

The risk increases significanily when enlering spaces where the almosphere is harmful or
unknown. Protective equipment (even SCBA) is a less reliable control than a proven safe
atmosphere. Spaces where the atmosphere will not support life or where it is uncertain should
not be entered except under exceptional circumstances, e.g. an emergency. If this is the case, the
highest level of scrutiny is required and entry should only be undertaken with SCBA under strictly
controlled conditions (see section 10100,

Control the work

Any planning should consider the possibility of personnel in the space being unaware that they are
getting into difficulty. This can be a result of the nature of the work (hot, heavy, noisy, with lighting
and/or communications difficulty) or due to the hazards such as oxygen deficiency.

A risk assessment should account for these factors and build suitable controls into the plan. This
way anybody in trouble can be spotted and removed as quickly as possible.

The challenges of being an Attendant

The role of the Attendant, keeping watch outside the space, is vital. However, it can be a
monotonaus task that is prone to declining alertness and communication issues.

Keeping the Attendant engaged and alert is critical to the safety of the personnel in the space.
The Attendant should have clear instructions on what they should and should not do. They should
maintain their attention and they should not be distracted by other activities,

Regular communication and status checks with the command centre, e.g. bridege, and personnel in
the space is one way to achieve this. A protocol or checklist may also be helpful,
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Reliability of communication

Those inside and outside the enclosed space should be able to cornmunicate with each other at
all times. Regular communication checks should be made at pre-agreed intervals. A failure to
respond is cause to raise the alarm.

Very High Frequency/Ultra High Frequency (VHF/UHF) communication may not be suitable where
it is known that reception may be unreliable or noisy. In this case, consider and test the possibility
of positioning Attendants with line of sight to workers or using other remote communications

or monitoring,

Responding to a crisis

Injuries and deaths from entering enclosed spaces often occur when personnel give in ta a streng
instinct to help. A delayed response from the rescue team can make this worse. |t may take them
several minutes to muster and ready themselves, during which time Attendants may become
increasingly concerned far those in the space. They may believe ~ wrongly — that they can hold
their breath or are fit enough not to be affected in the same way as those inside. Giving them

a clear list of tasks at this time, e.g. raise the alarm but do not enter the space/opening, keep
talking to the personnel inside, set up equipment outside or brief the command centre and rescue
team when they arrive, is a proven technigue for keeping them focussed. Reinforce this during
the toolbox talk with scenarios asking them what they would do if someone collapsed and if the
rescue team were delayed.

Managing enclosed spaces not planned for entry

Use physical barriers to stop accidental or unauthorised entry to enclosed spaces. During the
planning phase, consider the circumstances that might lead to these incidents.

Systemnatic identification

All spaces with a hazardous or potentially hazardous atmosphere, e.g. chain lockers, should be
clearly identified and ship’s personnel should be made aware of them during their induction.

Systematic elimination

Use a hierarchy of control processes (see section 4.2.3) to reduce the number and/or dangers
from these enclosed spaces, e.g. alternative storage solutions or regularly opening spaces to
natural ventilation,

Preventing accidental entry
Several methods can help to prevent accidental entry.

Where tools are needed to open the compartment, a sign alone may be effective but should
be clear:

'Entry under a permit anly’

Where a compartment can be opened with quick release latches/handles/wing nuts/molarised
latches, the hatch/door should be secured against accidental entry.

Where hatches, tank lids or any other openings need to be open for checks, e.g. gas levels,
positive means should be provided to prevent personnel putting their head or body into the space,
e.g. grills ar netting.

Responding in an emergency

Victims of accidental entries are likely 1o be discovered by passers-by, who should resist the
desire to enter the space to attempt rescue.
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All ship's personnel should be trained and tested in the specific tasks when somebody is in
danger in an enclosed space. This includes raising the alarm and the importance of not entering
the space.

Additional tasks, e.g. such as talking to the person in the space and briefing the rescue team when
they arrive, are effective distraction technigues to prevent an individual from entering the space
to help.

All personnel should be clearly instructed that they can do maore to help the victio if they stay
outside and help the rescuers. This training should not be restricted to Attendants.

10.3 ldentifying enclosed spaces

Any area or space may have, or develop, some of the characteristics of an enclosed space
and may present similar safety risks.

The SMS should identify potential locations, occasions and activities that may create an
enclosed space.
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The operator should carry out a risk assessment to identify all the enclosed spaces on board the
tanker. This risk assessment should be available on board and periodically revisited to ensure it
remains valid.

PART 2 T.

The operator should also clearly outline the process to determine a space as enclosad in the SM3.

A list of identified enclosed spaces should be available on beard every ship and these spaces
should be clearly marked. Examples include:

Cargo tanks Chain lockers Duct keels
Daubte bottoms Freshwaler lanks ! Engine room bilge, sludze and 5
| other tanks I
. Fuel tanks IE'_u s;:ruhher units Boilers
Ballast tanks Cofferdarms Engine crank cases
Cargn pumproams Vioid spaces - Engine scavende spaces
' Sewage tanks | Lube oil tanks Thruster S-FIBL'ES

The Master should ensure that all entrances to unattended enclosed spaces on the ship are kept
closed or atherwise secured against entry.

Although cargo pumprooms are defined as enclosed spaces, they have equipment, characteristics
and risks that require additional special precautions and procedures. These are covered in
section 1012,
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Some spaces that do not meet the criteria for an enclosed space may have an unsafe atmosphere
and should be subject to the enclosed space entry procedures. A list should identify these spaces
on every tanker. Examples include:

Forecastle store Paint lockers Battery lockers
| Ballast water treatment room Gas bofile storase lockers Carbon dioxide (CO2) rooms
E Lockers within the cargo area Crane maotor trunks Encinsed lifeboats
| Tank eleaning heater rooms | Ballast pumprooms Deck tunnel/trunk space

Other spaces, in either the cargo or non-cargo deck area during operations, may be identified by
risk as=essment.

The hazards of enclosed space atmospheres

One ar more of the following conditions can make enclosed space atmospheres hazardous:

s Owygen deficiency.

= Toxic and/or flammable gases, including hydrocarbon vapours and toxic contaminants.
IG, including nitrogen,

= Ouygen enrichment,

Oxygen deficiency

When an enclosed space is left closed and unventilated, the natural process of oxidisation of
steel, i.e. rusting, may reduce the axygen within the space, causing the atmosphere to become
oxygen deficient,

The use of IG or nitrogen will also reduce the oxygen content of a tank.
The risk of an oxygen deficient atmosphere will be increased when the spaces:

s Have conlained waler.

» Have been subjected to damp or humid conditions.

+ Have contained 1G.

= Are next to, or are connected to, other inerted tanks.

The nominal oxygen level in fresh air is 20.9% by volume {local atrespheric variations mean

this reading may be impossible to oblain in practice, and modern digital instruments may put

it between 20.80% and 20.95%1. Any space with an atmosphere less than this should not be
entered until the reason has been found and corrective measures that are shown to be effective
have been taken.

When the oxygen supply to the brain is depleted, people become dizzy and disorientated and
develop a headache before losing consciousness. By the time they are aware of the sympioms,
they may not be able to act rationally or leave the space safely. Permanent brain damage is a risk
after just four minutes in an oxygen deficient atmosphere.

At oxyeen concenlrations approximaltely:

o Between 20% and 16%: pulse and breathing rates drop and mental functions are impaired.

s Below 14%: severe symptoms, which include increasing fatigue, emotional upset, poor
judgment and faulty coordination. Further reductions in the oxygen content lead to nausea,
vorniting, permanent heart damage and loss of consciousness.

= Below 5%: a coma may rapidly occur, requiring emergency oxygen for any chance of survival,

165

o)
b
=)
—l
mn
&
=
)
32}
=
o
=
3
0
e
o
=




e
g
e
650
o
,
H
e}
g
=
b
i)
i
m

PART 2 T

10.4.2

10.4.3

ISGOTT Sixth Edition

People cannot detect these conditions and cannot react rapidly encugh to escape the space or put
on emergency equipment. The effects of oxygen depletion noted above will make it more likely
that a person will be unable to react appropriately.

Presence of toxic and/or flarnmable gases

Spaces that have previcusly contained toxic and/or flammable cargoes are dangerous, even if the
space has been cleaned, tested and previously found to be safe for entry. Examples include:

= Toxic and/or flammable cargoes that are absorbed by tank coatings (especially epoxy), which
then release vapours after cleaning.

= Cargo residues trapped in tank fittings, e.g. heating coils or behind tank coatings. Cargo pumps
and vapour lines may release vapours after initial cleaning.

» Cargo may have leaked into compartments, including pumprooms, cofferdams, permanent
ballast tanks and tanks next to those that have carried cargo.

= Sludge and scale in a tank that has been declared gas free may give off further flammable
gases if disturbed or subjected to a rise in temperature,

Suspect the presence of gas in empty tanks or compartments if non-volatile cargoes have been
loaded into non-gas free tanks or if a common ventilation system could allow the free passage of
vapours from one tank to ancther.

Carry out checks before entering any compartment where recent cargo may have contained
toxic contaminants or gases, e.g. aromatic hydrocarbons, benzene, hydrogen sulphide (Hz53,
mercaptans, as residues could be present.

When preparing to enter a ballast tank or void space, the space should be tested for hydrocarbon
vapour and Hz5.

Technologies such as ballast water treatment systems introduce an additional risk of gases to
enclosed spaces thal would not normally be expected on tankers. For this reason, where ballast
waler treatment systems are fitted, the precautions noted in section 10.3 should be followed.

Some examples of ballast water treatment systems are:
» Electrolysis based systems that may generate hydrogen gas.

+  Chemical injection systems that inject different chemicals.

» Ozone based systems.

Risk from Inert Gas including nitrogen

IG produced from boiler flue 2as or an IG generator may contain carbon monoxide (C0) and C0z,
both of which can cause death.

CO is a toxic gas thal may be present in cargo tank atmospheres after gas freeing and in spaces
containing components of the IG plant.

COz is not toxic but is a smothering hazard. Adequate ventilation is required to maintain a normal
oxyeen level in air of 21% by volume in the space and to eliminate any hazard.

Mitrogen is a colourless and odourless gas that will cause oxygen deficiency in confined spaces,
and at exhaust openings on deck, during the purging of tanks and void spaces.

Air normally contains 7T8% nitrogen and 21% oxygen, with the remaining 1% made up of CO2 and
other gases, When breathing, part of this oxygen is absorbed by the blood inside the lungs while
C0Oz passes from the blood back into the air,

The addition of nitrogen reduces the cwygen content and lowers COz levels in the bloed. COz in
the blood stimulates the breathing reflex and when nitrogen replaces it this reflex is inhibited. As
a result, the lungs are not stimulated to work harder to compensate for the lack of axygen and
breathing stops,
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People exposed to nitrogen gas are not aware of any danger and may even feel a state of
euphoria before they lose the stimulus to breathe and are asphyxiated. Exposure to high
concentrations of nitrogen is usually fatal unless immediate action is taken.

Oxygen enrichment

Even a small increase in the oxygen level in the air can create a hazardous almasphere. [t
hecomes easier to start a fire, which will then burn hatter and more fiercely than in normal
air. It is also harder to put the fire out. A leaking valve or hose on an oxygen cylinder in a
poorly ventilated room or confined space can guickly increase the oxygen concentration o a
dangerous level,

The main causes of fires and explosions when using oxygen are:

»  Oxygen enrichment from leaking equipment,

» Use of materials not compatible with oxygen.

= Use of oxygen in equipment nol designed for oxygen service.
» Incorrect or careless operation of oxygen equipment.

General precautions

Entry doors or hatches leading to enclosed spaces should be secured against entry and when
entry is not reguired warnings should be exhibited.

If a door or hatch cover is opened to naturally ventilate an enclosed space, it may wrongly be
taken to indicate a safe atmosphere. A person stationed at the entrance or a physical barrier, e.g.
a secured bar, rope or chain across the opening with an attached warning sign, could prevent
accidental entry.

Remember that general working environment risks, including slips, trips and falls, are also risks in
enclosed spaces. A number of accidents have involved falls from height inside enclosed spaces. It
is important to look at rescue and recovery access to all appropriate paris of lhe enclosed space,
as well as the entry and exit of rescuers and their equipmenl.

Regardless of the number of spaces being entered, each space should have its own
designated Attendant.

The space to be entered should be segregated from all other spaces that contain or may contain
a non-gas free atmosphere. All cormmon line valves should be secured in the closed position
and labelled.

Any pipelines in the space being enlered should be prepared to allow safe entry, including water
flushing and draining where necessary.

Suitable notices should be clearly displayed to warn and inform personnel about the dangers of
entering enclosed spaces.

When entry is not required, doors or hatches leading to enclosed spaces should always be
secured against entry and warning signs posted. The operator should ensure that their enclosed
space enlry procedures are available and understood by all personnel involved,

Where entry into enclosed spaces is required while a ship is alongside (e.g. into cargo tanks
for cleaning or inspection), this should be discussed with the terminal and all procedures and
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precautions for entry agreed. This may, in certain circumstances, require the cessation of cargo
aperations while entry operations are underway to eliminate risks arising from:

« The incorrect operation of valves and lines on oil or products being handled.

= An inability to adequately manage all safety aspects arising from SIMOPS.
= The potential for resource limitations and work overload issues.

Authorisation of entry

Mo ane should open or enter an enclosed space unless:

= Authorised by the Master or the norinated Responsible Person.
» Appropriate safety procedures have been followed.

An enclosed space entry permit should be issued by the Master or the nominated Responsible
Person and completed by the personnel who are to enter the space before they enter.

Requirements for enclosed space entiry

Control of entry into enclosed spaces

A Competent Person, designated by the company's SMS, should conduct a preliminary risk
assessment (see section 4.2.2 risk assessment) to identify the polential hazards and appropriate
safeguards. This should take into account previous cargoes carried, the ventilation, structure,
coating type and other relevant factors.

The risk assessment should include a review of the task, the number of personnel needed to do
it safely and requirements for an effective emergency response. This preliminary assessment
should also determine the potential for a hazardous atmosphere developing due to leakage from
an adjacent space.

The controls needed for safe entry vary according to the task and results of the risk assessment.
In most cases, an entry permit is an effective way of ensuring and documenting that essential
precautions have been taken and that these recognise the potential for changes in the tank
almosphere conditions to arise. Where necessary, physical safeguards should be put in place to
ensure safety, which should include use of a LO/TO systern for isolation for cargo tank valves,
hydraulic systems and cargo purmnps thal could be hazardous if operated inadvertently,

Controls should also include physical barriers to prevent confined spaces being accidentally
opened. Where tools are needed to gain access, a sign may be sufficient. Where access

to an enclosed space can be opened by hand, it should be physically secured against
unauthorised access.

Atmosphere tests before entry

Mo one should enter an enclosed space until the atmosphere is confirmed safe.

The atmosphere should be tested using suitable instruments for oxygen, flammable gases or
vapours, CO, HzS and other toxic gases as appropriate.

Before the space is entered it should be thoroughly ventilated. The length of time to ventilate
depends on the size and construction of the space, the capacity and efficiency of the ventilation
system, the level of contamination and the density of the vapour to be displaced.
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It also depends on the size and position of openings to the space. Well placed openings improve
the flow of air and will help ensure that all areas within the space are effectively ventilated.

Tank atmospheres may be contaminated by leaks from adjacent tanks or by the improper operation
or failure of cargo, vapour and |G lines and valves.

For entry purposes, steady readings of all of the following should be obtained before the enclosed
space entry permit can be approved and entry permitied:

= Oxygen: any space with less than 21% oxygen by volume should NOT be entered until the
reasan for the low level has been established and resolved. If any doubt remains about the
causes of the oxygen deficiency, the space should still be considered hazardous.

» Flammable vapour: the concentration of flammahle vapour is below 1% of the LFL befare
anybody can enter.

o Occupational Exposure Limit (OEL): no mare than 50% of the DEL of any toxic vapours
and gases.

If these conditions cannot be met, apply additional ventilation to the space and re-test after a
suifable interval.

The potential for false or unrepresentative sample readings arising from eddies or pockets of gas,
or for gas regeneration arising from sludge or scale, should be considered in the pre-entry testing
phase. Ventilation should be stopped at least ten minutes befare testing to ensure an accurate
reading. Depending on experience, size of the space and potential risk factors, a longer period
with ventilation stopped may be necessary to ensure accurate results,

In addition, the likelihood of isolated pockets of gas should always be considered and, therefore,
samples should be drawn from many different locations and levels within the enclosed space
using instruments with pumps and extension hoses. It is recommended that, as a minimum, this
should be undertaken at top, middle and tank bottomn levels, as well as in areas where personnel
are expected to be present during entry.

The location of gas or vapour in a space will vary according to the relative density. When denser
than air it will fall and when lighter than air it will rise, Gas and vapour will tend to remain where
the ventilating airflow is least effective.

Testing and measuring should anly be carried out by crew trained and proficient in using the
instruments. Testing instruments should be maintained, calibrated and checked for correct
operation in accordance with the manufacturer's instructions.

Testing instruments should only be used to measure the gases they are designed for and operated
within the limits set by the manufacturer,

Even after a space has been made gas free and found to contain a safe atmosphere, local
concentrations of gas may still exist.

The 1G pressure of adjacent tanks should be lowered, but kept positive, to reduce the possibility of
leaks between tanks. Personnel should remain alert to the possibility of hydrocarbon or 1G leaks
from adjacent spaces or from pipelines running thraugh the tank.

Enclosed space entry permit

On completion of the initial gas testing the ventilation fans should be restarted and continue
to operate throughaout the period of the entry a5 a condition of the entry permit that should be
approved and issued before allowing personnel to enter an enclosed space.

The entry permit should have a clear period of validity that does not exceed 12 hours and remain
valid only as long as the permil conditions are met.

It should also state the maximum permitted time between atmosphere-testing of spaces and when
they are entered by personnel, as well as the maximurm time permitted between testing while
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the: space is oocupied. It is recommended this period should not exceed 30 minutes between
testing and that records of the tests are maintained, and this should be defined in the operator’s
SMS. If two or more spaces are to be entered at the same time, ensure that enough resources,
personnel, emergency/rescue equipment and gas monitoring equipment is available. No matter
how rmany spaces are being entered, each should have its own designated Attendant (i.e. one
person per spacel, who is in constant attendance at the enfrance and is in direct contact with the
Responsible Persan.

During multiple simultaneous entries, consider maonitoring the workload and its potential impact
on Attendants and others involved in the operation.

The administrative burden can be simplified by restricting approvals, such as entry permits, so
that all cargo tanks safe to enter are shown on one document. This can also avoid overlapping
permits and reduce any possible confusion about which approval applies to which tank,

If such a system is used, it should be rigorously controlled to ensure that existing permits are
cancelled and that the atmospheres of all named tanks are correctly tested at the time a permit is
issued. This is to prevent an extension by default of a period of validity.

If ane or more tanks named on the permit are tested and found to be unsafe to enter, the whaole
permit is cancelled. A new permit will then need to be issued for all tanks. The permit process
should be supplemented by positively marking tank lids with notices indicating which tanks are
sale to enter and negatively marking tanks that are not safe to enter. Indicate which cargo tanks
are safe by marking (or tagging) all appropriate tank entry hatches. The marking should be
unambiguous. The absence of a safe to enter mark should prohibit entry.

One condition of the entry permit should be thal, if the named enclosed space is vacated for

any reason, e.g. a refreshment break, ventilation should be continued during the break and

the atmosphere of the enclosed space should be fully re-tested before re-entry. Unlike in the
pre-entry testing phase (see section 10.7.2), once the space has been found to be gas free and
the permit issued, ventilation should not be stopped for this testing unless the conditions for a safe
re-entry have been broken.

Entry permits should be cancelled if any onboard ermergency situation or emergency alarm is
raised during the period of validity. Permits may only be re-issued once the emergency has been
dealt with. Permits should be re-issued with the same tests and level of rigour as if it were an
initial entry (see section 10.7.2).

The Responsible Person supervising enclosed space entry should confirm that:

= Al permit conditions are implemented and functioning effectively.

o All erew entering the space are properly trained in enclosed space entry procedures and are
familiar with the operater's safety and emergency procedures.

» The person entering the space has reviewed and signed the enclosed space entry permit.

= The completed enclosed space entry permit that authorises entry has been issued, filed and a
copylies) posted.

# The scope of any other permits valid for work in the space during tank entry are understood.
The withdrawal of the enclosed space permit will automatically cancel any other
associated permits.

= A reliable system of communication has been established and tested and is understood by the
Responsible Person, those entering the space and the Altendant.

« A system is in use o record crew members entering and leaving the space,
» The duty officer or duty engineer is aware of the enclosed space entry operations.
s A toolbox talk has been carried out with all parties on site.

« All personnel (crew members or outside contractors) entering the space understand that they
should leave immediately if any gas detector alarm is activated.
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Regardless of whether ship's crew or outside contractors are entering an enclosed space,
the Attendant should always be a member of the crew who is familiar with the ship's
emergency procedures.

All equipment used during the entry should be in good working condition and inspected
before use.

A copy of the entry permit should be prominently displayed at the site entrance to the space to
inform crew members of the precautions to take when entering the space and of any restrictions
on the activities permitted within the space.

The entry permit should be cancelled if the ventilation of the space stops or if any condition
required by the permit changes.

10.8 Precautions during entry into enclosed spaces

Once the tank has been confirmed as safe for entry with an entry permit issued, and before
anybady enters to carry out wark, an initial entry should be made to ensure the space is safe for
work. This initial entry should be carried out by one or two crew members, depending on the
size, nature and layout of the space. Each should carry an Emergency Escape Breathing Device
(EEBD) and a personal gas monitor. They should check the tank atmosphere thoroughly, paying
particular attention to the work locations and areas inaccessible for testing from the deck. The
results of this local atmosphere test should be recorded as required by the SMS.
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This is especially important in spaces with a complicated internal structure that is difficult
to ventilate.

All personnel entering a space should be aware that the entry permit only certifies that the space
has been tested as safe for entry. They should also understand that the tank conditions could
change during the period of entry as a result of personnel moving around or undertaking work in
an enclosed space. The dangers of isolated concentrations of gas that may be present, or arise
from the stirring up of sludge or opening of lines or valves, should always be considered as this
could result in a rapid rise of gas, making the space hazardous and requiring evacuation.

For this reason, ventilation should continue while the space is occupied and work is carried out
within the space and all personnel in the space should wear a functioning personal gas monitor. It
is essential that while personnel are in an enclosed space, furlher lests are regularly undertaken
le determing if the levels of oxyaen and contaminants remain within safe limits. Testing from
outside should continue at appropriate intervals and should be undertaken before re-entry after a
temporary break.

Provided the conditions for issuing the original entry permit have not changed (and permit
cancelled), ventilation should not be stopped while the above mentioned re-eniry gas testing is
carricd out.

If ventilation stops, or any of the criteria for entering the space are not maintained for any reason,
the space should be evacuated immeadiately and the original permit cancelled.

Everyone entering the space should carry a personal multi-gas detector. Carrying a personal gas
manitor is not a substitute for pre-entry, subsequent re-entry and ongoing testing from outside
the space.

If there is any doubt about the oxygen level or the presence of toxic or flammable gases, the space
should be evacuated immediately.

In an emergency, under no circumstances should the Attendant enter the space.
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Work in enclosed spaces

General requirements

All wark carried out in enclosed spaces should be conducted under the control of the SM3. All
conditions for entry, including the entry permit, should be cbhserved,

Extra precautions may be needed to ensure there is no loose scale, sludge or combustible
material near the work site, which, if disturbed or heated, could give off toxic or flammable gases.
Maintain effective continuouws ventilation. Direct il towards the work area if possible. Moniter

the atmosphere externally at regular intervals. Also monitor the personal multi-gas detectors
carried by the personnel entering enclosed space. Before re-entering the space after a break, the
atmosphere should be re-tested. Personnel should leave the space immediately if they begin to
feel dizzy or unwell, or when any alarm is activated.

Opening equipment and fittings

Before opening cargo pumps, pipelines, valves or heating coils, flush them thoroughly with water
and drain, Even afler flushing some cargo may remain, which could be a source of flammable
or loxic gas. Whenever this equipment is to be opened, the risk assessment should identify the
rninimum safe working practices, including any need for additional gas tests.

Use of tools

Inspect all tools before they are used, Do not use woern or damaged tools. Tools should not be
carried into enclosed spaces, Instead, to avoid them being dropped, they should be lowered in a
plastic bucke! or canvas bag. Before any hammering or chipping, or any power tool is used, the
Respansible Person should be satisfied that there is no likelihood that hydrocarbon vapour is
present in the work area.

Use of electric lights and electrical equipment

Use anly approved safety lighting or intrinsically safe electrical equipment in enclosed spaces that
are liable to hydrocarbon vapour re-contamination.

Men-approved lights or non-approved electrical equipment should not be laken into an enclosed
space unless the compartment is designated safe for hot work by an approved safe system of
waork, including a hot work permit.

Removal of sludge, scale and sediment

When removing sludge, scale or sediment from an enclosed space, periodically test for gas and
rnaintain continuous ventilation throughout the time the space is occupied.

(Gas concentrations may increase in the immediate area around the work, so care should be taken
to ensure that the almosphere remains safe.

Use of work boats

Any work involving work boats in cargo tanks presents additional hazards thal should be managed
by the operator's SM5.

Wark boals used for tank repair work and tank inspections should be fit for the task. Before and
during their use in an enclosed space, observe all the conditions for entry, including an entry
permit {see section 10.5). The following precautions should also be taken:

»  Open all deck apertures, e.g. tank washing plates, and maintain effective continuous ventilztion
while personnel are in the tank.

o za the work boat only when the water surface is calm.
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»  Use the work boat only in tanks containing clean ballast water.

= Check that the water level in the tank is stationary or falling. On no account should it be rising
while the boal is in use.

+ Ensure all personnel working in the space are wearing buoyancy aids.

« Appoint a Responsible Person ta act as lookout at the top of the tank. If the boat is working at
a point remote from the tank hatch, position an additional lookout a little way down the access
ladder at a point that provides a clear view of the boat,

10.10 Entering enclosed spaces with atmospheres known or
suspected to be unsafe

TR = == -arru]
Entering any space that has not been proved safe should only be considered when no

practical alternative exists.
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In any situation, other than the safety of life or the ship where the Master has ultimate
responsibility, it is essential that permission is obtained from the operator and a safe
system of work is agreed for entering a space that has not been proved safe.

Ul BLLICU)

The Master should issue a written statement declaring that there is no practicable alternative
to the proposed method of entering the space and that it is essential for the safe operation of
the ship.

Except where there is an immaediate risk to the safety of life or the ship and it is agreed that such
an operation is necessary, a risk assessment should be carried out and a safe system of work
developed in agreement with the operator.

Positive pressure type breathing apparatus should always be used during an emergency entry into
a space that is known to contain:

« Toxic vapours or gas.

o Oxysen deficiency,

» Contaminants that cannot be effectively dealt with by air purifying equipment.

The Responsible Person should continuously supervise the operation and should ensure that:

» Reguirements in section 10.7.3 are followed.

«  Personnel involved are well trained in using breathing apparatus and aware of the dangers of
remaving their face masks while in the unsafe atmosphere.

» Positive pressure breathing apparatus is used.
» Mumber of personnel entering the tank is kept to a minimum,
= Personnel are in the space for the shortest time possible.

= Spare sets of breathing apparatus, a resuscitator and rescue equipment are outside the space,
along with & rescue team wearing breathing apparatus.

o Al essential work is carried out in a way that will avoid creating an ignition hazard.

= If personnel are not connected to a lifeline, another suitable way is used to locate them while
they are inside the space.
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Rescue and evacuation from enclosed spaces

10111

10.11.2

If someone is injured in an enclosed space, the first action is to raise the alarm. While
speed is often vital and it is a human reaction fo go to the aid of a colleague in difficulty,
rescue operations should not be attempted until proper help and equipment have

been mustered. Impulsive and ill-prepared rescue attempts often cause additional and
unnecessary casualties,

Carry out regular drills and exercises to practice rescues from enclosed spaces. It is essential that
all members of a rescue team know what is expected of them.

Evacuation from enclosed spaces

I any of the conditions stated on the entry permit change or it is suspected that the conditions in
the space have become unsafe after personnel have entered the space, they should be ordered
to leave immediately. They should nat be permitted to re-enter until the situation has been
re-evaluated and the safe conditions stated on the entry permit have been restored.

Organising rescue and recovery from enclosed spaces

The rescue pracedures for enclosed spaces should be well planned and regular drills held to
improve their effectiveness. Regular training for the emergency rescue team is essential

Emergency rescue team members should be:

= Prepared for the physical and technical demands of rescues in enclosed space.
= Well trained in all rescue teamn duties.

» Familiar with the rescue equipment, which should be easily deployable.

= (Capable of fulfilling any role within the rescue team,

10.11.2.1 Compaosition of the rescue team

The rescue team should consist of dedicated team members with roles defined in the SM5. All
rescue team members should be trained and experienced in rescue operations and be familiar
with the ship's emergency procedures,

Although a designated team offers major advantages, it is essential that backup personnel are also
identified in case somebody is unavailable.

1011.2.2 Team roles

The rescue team should consist of:

« Team leader: this should be a senior officer whose role is to direct the rescue effort. The team
leader should not be in the team that enters the enclosed space.

s Entry team: while the number should be kept to a minimurm, at least two should enter the
space to carry out the rescue.

= Backup team: these should rig the rescue equipment, ensuring that the entry team has the
equipment and support necessary to carry out the rescue and to monitor the enclosed space
atmosphere. One crew member should help the rescue team leader with communications and
ta maintain a record of events.
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Chapter 10 Enclosed Spaces

1011.2.3 The rescue operation

As soon as they are aware that somebody in the space is in difficulty, the Attendant should raise
the alarm. The method of raising the alarm should be agreed and tested in advance, together with
a way to communicate the details of the emergency.

The rescue team needs to know the nature of the incident and how many people are affected.
During an enclosed space entry, the rescue team personnel should not be carrying out any duties
that would hinder their ability to respond immediately to an alarm. They should proceed straight
away to the entrance lo the space, taking any necessary additional equipment. Nobody should
enter the space without the team leader’s permission.

Unless it has been positively shown that the atmosphere in the enclosed space is safe to breath,
the rescue team should wear appropriate protective equipment and use SCBAs, Only after a full
test has confirmed that the enclosed space atmaosphere is safe should the team proceed without
breathing apparatus.

On reaching the casualties the team should check if they are still breathing. Any casualties not
breathing should be removed as soon as possible for resuscitation,

Any casualties who are breathing should have their injuries assessed before they are removed
fram the space. |f the condition of the atmosphere in the enclosed space is not verified as sale,
the casualty should be given an independent air supply.

During the incident, the team leader and backup team should:
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+ Monitor the rescue team and ensure spare air supplies are available.
= Rig rescue equipment, e.g. hoists.

= Monitor the atmosphere of the space.

«  Communicate with the ship's command team.
» Arrange additional lighting, ventilation and improve access fo the space if necessary.

Casualties should be remaved with the most appropriate equipment, such as stretchers, lifting
harnesses and hoisting apparatus.

1011.2.4 Resuscitation

Tanker and terminal personnel with salety responsibilities should be trained in resuscitating
people who have been overcome by taxic gases or fumes, or whose breathing has stopped after
an electric shock, drowning or some other cause.

Most tankers and terminals have a special resuscitation apparatus. The crew should be aware of
its location and be trained in its proper use.

The apparatus should be stowed where it is easily accessible. It should not be kept locked up. The
instructions should be clearly displayed. The apparatus and the contents of cylinders should be
checked frequently in line with the Planned Maintenance Systern (PMS). Adequate spare cylinders
should be carried.
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Cargo pumproom entry precautions

o

10121

Cargo pumprooms should be seen as enclosed spaces and the recommendations of this
chapter should be followed as closely as possible. However, because of their location,
design and the operational need for crew to enter the space routinely, pumprooms present a
particular hazard and require special precautions.

A cargo pumproom contains the largest concentration of cargo pipelines of any space within
the ship and leaks of volatile products from any part of this system could quickly generate a
flammable or toxic atmosphere.

Cargo pumproom entry procedures

Before anyone enters a cargo pumproom, it should be thoroughly ventilated, the oxygen content
of the atmasphere verified and the atmosphere checked for hydrocarbons or any toxic gas
associated wilh the current or recent cargoes.

Atmosphere testing should be conducted with portable gas equipment. A fixed gas detection
systern can be used if it:

« s correctly calibrated and tested.

s Provides gas readings as a percentage of the LFL as accurately as portable gas equipment.
» Provides toxic gas readings equivalent to portable gas equipment.

= Provides oxygen readings equivalent lo portable gas equipment.

= |z located at representative locations within the pumproom.
Written procedures should control pumproom entry. These procedures should:

» Be based on a risk assessment.
= Ensure that risk mitigation measures are followed.

= Ensure that entries into the space are recorded.

A communications system should provide links between the pumproom, navigation bridge, engine
room and cargo control room. Audible and visual repeaters for essential alarm systems, e.g. the
general alarm and the fixed extinguishing system alarm, should also be installed in the pumproom.

Crew members in the pumproom and those outside should be able to communicate at all times.
Regular communication checks should be made at agreed intervals. Any failure to respond is a
cause o raise the alarm.

Do not use VHF/UHF communication as a primary methed if it is known that reception may
be unreliable or noisy. Where communication by VHFESUHF is difficult, an Attendant should be
positioned at the pumproom top and & visual and remaote communication procedure should be
in place.

With a view to minimising entry, review how often crew members enter the pumproom for routine
inspection during cargo operations,

Motices should be displayed at the pumproom entrance prohibiting entry without formal
permission and to indicate the presence of personnel in the space.
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10.12.2 Cargo pumproom ventilation

Given the potential presence of hydrocarben gas in the pumproam, mechanical ventilation by
extraction is required in a safe atmosphere.

Ships built after July 2002 must have continuous monitoring of the pumproom atmosphere and
an audible and visual alarm system that activates when the hydrocarbon gas concentration in the
pumproom exceeds a pre-sel level, which should nat be more than 10% LFL.

The purnproorn ventilation should be interlocked with the pumproom lighting so that the ventilation
operates when the lights are switched on. This does nat apply to emergency lighting.

During cargo handling, the pumproom ventilation system should be operating at the correcl
(lower) suction. If fitted, the gas detection system should be functioning correctly. Ventilation
should be continuous until access is no longer required.

10.13 Respiratory Protective Equipment
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Several different types of RPE are available on tankers.

Under the |5M Code, the operator is respansible for providing the level of equipment needed to
manage all the operational and safety activities on the ship. In most cases, the RPE needed to do
this will exceed the minimum reguirernents of SOLAS fire safety provisions.

UDHBLLIG)L) J

( ) Cartridge or canister face masks will not protect the user against concentrations of
hydrocarbon or toxic vapours or against oxygen deficiency. They should never be used in
place of breathing apparatus.

10.131 Self-Contained Breathing Apparatus

This is a portable supply of compressed air contained in a cylinder or cylinders attached to a
carrying frame and harness worn by the user. Air is provided to the user through a face mask,
which can be adjusted to give an airtight fit. A gauge indicates the pressure in the cylinder and

an audible alarm sounds when the supply is running low. Only positive pressure type SCBAs are
recommended for use in enclosed spaces because they always maintain a positive pressure within
the face mask.

When using the equipment:

= Check the pressure gauge before use,
«  Test the audible low pressure alarm before use.

« Check the face mask and adjust it to ensure it is airtight. Facial hair may affect the mask's seal.
In this case, another person should wear the apparatus and make the entry. Alternatively, use
other specialist equipment that allows for facial hair,

+ Monitor the pressure gauge frequently during use to check the remaining air supply.

+  Allow plenty of time for leaving the hazardous atmosphere.

»  Exit immediately if the low pressure alarm sounds. The duration of the air supply depends on
the weight and fitness of the user and the extent of their exertion.

If users suspect at any time that the equipment may not be operating satisfactarily or are
concerned about the integrity of the face mask seal, they should exit the space immediately.
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Air-line breathing apparatus

Compared to using self-contained equipment, an air-line breathing apparatus enables personnel to
stay in an enclosed space longer.

The equipment consists of a face mask supplied with air through a small diameter hose leading
outside the space, where it is connected to compressed air cylinders or an air-line served by a
compressor. If the ship's air supply is used it should be praperly filtered and monitered for toxic
or hazardous constituents. The hose is attached to the user by a belt or other arrangement, which
can be quickly disconnected in an emergency. A flow control valve, or orifice, regulates air to the
face mask.

If the air supply is from a compressar, it will include an emergency supply of air cylinders shauld
the compressor fail. In an emergency, the user should leave the space immediately.

A trained and Competent Person should be in contral of the air-line pressure. If normal working
pressure cannot be maintained, they should make the change to the alternative supply.

When using the air-line breathing apparatus:
= Check and adjust the face mask so that it is airtight. Facial hair may make this harder
to achieve.
= Check the working pressure before each use.
«  Check the audible low pressure alarm before each use.
» Keep the air-lines clear of sharp projections to avoid any damage.
= Ensure the air hose does not exceed the manufacturer’s maximum recommended length.

If there is any doubt about the efficiency of the equipment, the user should leave the
space immediately.

Users should carry a reserve air cylinder that is permanently connected so that in the event of
an interruption of airflow from the primary supply source, swilchaver to emergency air supply is
irmmediately achieved, avoiding any interruption in the airflow. An EEBD is not recommended for
this purpose.

Emergency Escape Breathing Device

= =

EEBDs are for emergency escape and should not be used as the primary means for entering
spaces or compartments with unsafe atmospheres.

This is a compressed air breathing set a person can use to escape a compartment where the
atrosphere has become hazardous. It is required that EEBDs be provided for escape from fires
in machinery or accommodation spaces. Additional sets should be provided as emergency escape
equipment for enclosed space entry. Each set lasts a minimurm of ten minutes.

The device can be one of two types:

Compressed air Emergency Escape Breathing Device

This consists af an air cylinder, reducing valve, air hose, face mask or hood and a flame retardant
high visibility bag or jacket. It is normally a constant flow device, providing compressed air at

a rate of appraximately 40 litres per minute, giving a 10-15 minute duration, depending on the
capacity of the cylinder. Compressed air EEBDs can normally be recharged on board with a
conventional SCBA compressor, The pressure gauge, supply valve and hood should be checked
before use.
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Re-breathing Emergency Escape Breathing Device

This normally consists of a robust watertizht carrying case, compressed oxygen cylinder,
breathing bag, mouthpiece and a flame retardant hood. 1t is designed for single use. When the
hood is placed over the user’s head and the sct activated, exhaled air is mixed with compressed
oxygen inside the breathing bag to allow the wearer to breath normally when escaping from a
hazardous atmosphere.

Equipment maintenance
A Responsible Person should exarmine all RPE at regular intervals.

Defects should be made good promptly and a record should be kept of inspections and repairs. Air
cylinders should be recharged as soon as possible after use.

Air cylinders thal are damaged or corroded should be removed from service and either repaired
or replaced. All cylinders should be hydrostatically tested as required by the appropriate
administration’s regulation.

Masks and helmets should be cleaned and disinfected after use, Any repair or maintenance should
be carried out strictly according to the manufacturer's instructions,

otowage

Breathing apparatus should be stowed fully assembled in a place where it is readily accossible, Air
cylinders should be fully charged and the adjusting straps kept slack. Units should be available for
emergencies in different parts of the ship.

Breathing apparatus training

All crew members should receive practical demonstrations and undergo training in the use of
breathing apparatus.

Formal shore based training may supplement onboard training and is particularly beneficial for
personnel identified as potential members of the rescue tcam.

Only trained personnel should use self-contained and air-ling breathing apparatus, Incorrect or
inefficient use can endanger the user's life.
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M1 Fixed Inert Gas systems

M2 Venling systems

1.3 Cargo and ballast systems

1.4 Power and propulsion systems

1.5 Vapour recovery systems

M6 Volatile Organic Compound recovery systems
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This chapter describes the main ship systems that are used during cargo and ballast operations
in port.

1.1 Fixed Inert Gas systems

This section describes, in general lerms, the operation of a fixed 1G system that is used Lo
maintain a safe almasphere within a ship’s cargo lanks, It also covers the precautions to be laken
1o avoid health risks associated with operaling |G plants.

Refer (o the ship’s operations manual, the manufacturer's instructions and the instaliation
drawings, as appropriate, for delails on the operation of a parlicular system. Consult the IMO
publication Guidelines for inert Gas Systemns lor a more detailed explaration of the design and

operalian of typical IG system.

See OCIME's infermation paper fnert Gas Systems lor guidance on using |G while carrying
flammable oil cargoes.

1111 General

Hydrocarbon gas in petroleum tankers cannal burn in an atmasphere containing less than about
118 oxygen by volume. One way lo provide protection against fire or explosion is to keep the
oxygen level below 11%. This is usually achieved by using a fixed piping arrangement 10 blow

IG into each cargo tank 1o reduce the air content, i.e. the oxygen content, and render the lank
atmesphere non-flammable.

See seclion 1.2.3 and figure 11 for detailed information on IG and flammabifity.
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Sources of Inert Gas
Possitle sources of [G on tankers and combination carriers are:

= Uptake gas from the ship's boilers:
= Independent |G generaloes.
« 13 {or nitrogen) supplied lrom exlernal sources.

Composition and quality of Inert Gas

SOLAS requires IG systerms 1o deliver 1G with an oxygen content in the G main of nat mare than
5% by volume al any required rate of llow.

SOLAS also requires that 1G systems keep positive pressure in the cargo tanks and have
an oxygen content of not more than 8% (except when it is necessary for the fank to be

gas free).

When using Hue gas (rom a main or auxiliary boiler, an oxygen level of less than 5% can generally
be obtained, depending on the quality of combustion control and the load on the boiler.

When an independent |G generator is installed, the oxygen content can be automatically ﬂqmmlled
within finer limits, usually between 1.5% to 2.5% by volurne.

Ir eertain ports, the maximum oxygen conlent of 1G in the cargo lanks may be set al 5% to meet
safely requirements, e.g. the operation of a Vapour Emission Control System (VECS). When
such a limitation is in place, the ship should be advised of the requirement in the pre-arrival
information exchange.

Efficient scrubbing of the IG is essential, particularly for the reduction of the sulphur dioxide (502
cantent. High levels of sulphur dioxide increase the acidic characteristic of 1G, which may cause
accelerated corrosion to the structure of the ship.

Methods of replacing tank atlmospheres

If the entire tank atmosphere could be replaced by an equal volume of 1G, the resulling tank
almosphere would have the same oxygen level as the incoming IG. In praclice, this is impossible
ta achieve and a volume of 1G equal lo several tank volumes would need 1o be introduced inlo the
tank before lhe desired result could be achieved.

A tank’s atmosphere can be replaced with IG either by Inerting or purging. These are distinct
pracesses, where the atmosphere will either be diluted or displaced:

«  Dilution: when the incorning IG mixes with the original tank atmosphere, the original gas
decreases slowly. The incoming IG should have enough velacily to enler the botlom of
the tank. Because of this, only one tank should be inerled or purged al a lime when using
this method.

= Displacerment: because |G is slighlly lighter than hydracarbon gas, when the |G enlers at the
top of the tank the hydrocarbon gas escapes from the boltom. WWhen using this methed, it is
important that the 1G has a very low velocity. This method allows several tanks to be inerted or
purged at the same lime.

Inerting ar purging through a series ol tanks is called the cascade melhod, where the |G enters
the first tank and exils to the second tank. Using this method, the tanks are inerted/purged from
top lo battern or from botltom to top.

Whichever method is used, it isimporiant thal oxygen or gas measureinents are laken at different
heights and positions within the tank. A mixture of IG and pelroleum gas can become flammable.
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To achieve the protection of an IG system, it is important that the system is properly
operated and maintained.

It is important to follow the safety precautions when petroleum gas is vented. The flame trap of
the venting system should be kepl in good condition. The purge velocily of 1G should be sulficient
lo minimise the exposure of personnel working on deck. The operation should be slopped before
lightning or 2 thunderslorm.

Cargo tank atmosphere control

LA Inert Gas cperations

Tankers using an |G syslem should maintain their cargo tanks in a non-flammable condition at
all times:

« Tanks should be kept in an inerl condition at all times, except when it is necessary for them
lo be gas free for inspection or work, Le. the oxygen content should be nol more than 8% by
volume and the atmosphere should be mantained at a positive pressure.

= The atmosphere within the tank should transition from an inert condilion to a gas free
condition withoul passing through the flammable condition. In praclice, this means that before
any tank is gas freed it should be purged with IG until the hydroacarbon content of the lank
almasphere is belaw the critical dilution line (line GA in figure 110

« When an oil tanker is in a gas free condition before arrival al a loading port, the tanks should
b inerted before loading.

To maintain cargo tanks in a non-flammable condition, the 1G plant should:

« Irert empty cargo lanks (see section 111610

. Be in aperalion, or be ready for immediate operation, during cargo discharge, de-ballasting,
COW and tank cleaning (see sections 11.1.6.6 and 11.1.6.9).

= Purge tanks belore gas freeing (see seclion 11.16.10%

« Top up the pressure in the cargo tanks when necessary during other stages of the voyage (see
sections 111.6.5 and 11.1.6.T)

1115.2  Inert Gas system maintenance

The deck and engine departments should cooperate closely to ensure the |G system is maintained
and operaled properly. It is important to make sure thal non-return barriers function correcily,
especially the deck waler seal or block and bleed valves, 50 that there is no possibility of
pelraleum gas or liquid petroleurn passing back to the machinery spaces.

Dry and semi-dry type deck water seals present a higher risk of backflow. OCIMF's Inert Gas
Systems, Ory Type Deck Water Seals — Prevention of Inert Gas/Hydrocarbon Backfiow and inert Gas
Systems, Semi-Dry Type Deck Water Seols - Prevention of Inert Gas/Hydrocarbon Backflow provide
guidance on how la reduce the risk of backfiow. Operalors shoutd be aware of the safety risks
and understand the information in these papers when fitting these lyp&a of deck water seals,

To dernanstrate thal the IG plant is fully operational and in good working order, a record of
inspection of the plant, including defects and their reclification, should be mainlained on board.
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11.1.5.3  Degradation of Inert Gas guality

Tanker personne! should be aler! o the possible degradation of the quality of 1G in tanks as
a result of air being drawn in. This can happen when the |G or cargo systems are operated
improperly or when petroleum product in a tank releases oxygen, e.g.:

+  Not topping-up the 1G prompily if the pressure in the system falls due te temperature changes
al night.
«  Qpening tank aperiures for too long when carrying out tank gauging, sampling and dipping.

When water is drained fram a non-inerted lank, air will be mixed in with Lhe drainings and
released into an inerted slop 1ank. The volume of air drawn inlo the slop tank in this manner can
be particularly high if an eductor is used lo drain cargo tenks back to the slop lanks. When liguid is
to be drained ta the slop lank, the oxygen content of the IG should be closely monitored.

Use during cargo tank operations

Befare the 1G system is operaled the tesls required by the operalions manual or the manufacturer's
instructions should be carried out. The fixed oxygen analyser and recorder should be tesled and
proved 1o be in good order. Porlable oxygen and hydrocarbon meters should also be prepared
and lested.

1.1.61 Inerting emply tanks

When inerling empty lanks that are gas free, IG should be introduced while veniting the air in the
tank. This operation should conlinue until the axygen content throughoul the tank is not more
than 8% by volume. The oxygen level will nat then increase il a positive pressure is mainlained by
using the 1G system to introduce additional 1G.

il the tank is not gas free, the precautions against statle electricily in section 11.1.6.8 should be
follewed Lntil the oxygen content of the tank has been reduced to 8% by velume.

When all tanks have been inerted, they should be kept common with the IG main and the system
pressurised with a minimum positive pressure of at least 100mm Water Gauge (WG). I individual
tariks have to be separaled from a common line, e.g. for product integrity, the lanks should have
an allernative means of maintaining an |G blanket, '

111.6.2  Loading cargo or ballast into inert tanks

When loading cargo or ballast, the IG plant shauld be shut down and Ihe tanks vented through
the appropriate venling system. On eamplelion of loading or ballasting, and when all ullaging
ls completed, the tanks should be closed and the IG syslem restarled and re-pressurised, if
necessary. The system should then be shut down and all safely isolaling valves secured.

Local regutations may prohibit venting after COW (zee section 12.5.8).

1163  Simultaneous cargo operations

When loading and discharging cargo simultaneously, venting 1o the atmosphere can be minimised
or even avoided by interconnecting the tanks through the |G main. Depending on the relative
pumping rales, pressure in the tanks may be increased or reduced and it may be necessary lo
atjust the IG flow to maintain lank pressures within normal limits.
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1.1.6.4  Vapour balancing

Vapour balancing is used to avoid the release of gases and to reduce the use of ihe 1G systerns
whier lransferring cargo:

. For internal transter of cargs, the ship's vapour return system (G valve) will be connected
between tanks being discharged and loadec.

= Mapour balancing to the shore or another ship invelves a return of vapours to the Vapour
Return Line (VRL) lo shore or 1o the other ship using a flexible hose.

To ensure that vapour balancing operation is done safely, and carge vapours are nol accidentally
released into almasphere, the following recommendalions should be followed:

Before cargo lransfer:

» Use sppropriate equipment to monitor (he vapour stream. The oxygen analyser and alarms
should be lested for proper function before each cargo Iransfer operation. Where iocal
regulations require, the vapour stream should be monitored continuously, with audible and
visual alarms, 1o ensure that the oxygen does not exceed 8% by volume,

» Before cargo transfer, the vapour space of the discharging facility and receiving tank should be
inerled to less than B% oxygen.

«  The VRL pressure alarm setting should be lower than 80% of the P/V valve lowest
relesse setling.

« Il it is safe, the vapour transfer hose should be purged and inerted before the vapour transier.
Do not open the vapour manifold valves until the IG pressure of Ihe receiving ship exceeds that ol
the discharging ship.

Ouring the cargo transfer:

« The |G system on the discharging ship should be operational and on standby, with the 1G

maln deck isolating valve closed. Use the |G system if the 1G pressure in the discharging ship
falls below 300mem WG.

+ The IG pressure in cargo tanks should be monitored and the information regularly exchanged
betweean two ships or with a lerminal.

« Do nol let air enter the cargo lanks.

« Stop the transfer if the oxygen content of the vapour slream is above 8% by volume. It is only
safe lo continue the transfer once the axygen cantent is 8% or less by volume.

« The cargo lransfer rate should not exceed the designed rate lor the vapour balancing hose.

11165  Loaded passage

A positive pressure of IG should be maintained in the ullage space al all times during the
loaded passage lo prevent air from entering (see section 11.1.5.3). I the pressure falls below
the low pressure alarm level, it will be necessary to start the IG plant o restore pressure 1o
Ihe syslem.

Lags of pressure is usually a result of leaks from tanks and lowe sea or air lemperatures, | is
important that tanks are always gas-lighl. Gas leaks are usually easily detected by their naise.
For safely reasons, every effor! should be made 16 eliminale leaks at lank hatches, ullage lids,
tank washing machine openings, valves, etc. '

Leaks that cannol be eliminaled should be marked and recorded, based on the loxicity or hazards
created, so that they are sealed quickly and as soon as possible.

Cerlain ofl products, e.g. jet fuel and diesel oll, can absorb exygen during the refining and slorage
process. This oxygen can later be released into an oxygen deficient almosphere, e.g. ullage space
of an inerted carge tank. The cargo tanks should be menitored Lo maintain the oxygen level below
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8%. Purging, or any necessary precautionary measures, should be taken lo maintain the oxygen
level below 8%.

11.1.6.6  Discharge of cargo or ballast from inerf tanks

The IG supply should be maintained throughout cargo discharge or, in exceplional circumstances;
e.g. cargo tank ballast discharge operations, to prevenl air entering the tanks. If 2 satisfactary
positive IG pressure can be salely maintained withoul a continuous supply of |G, It is acceplable

1o recirculate or stap the supply of IG as long as the |G plant is kepl ready for immediate operation.

On arrival in porl, if the 1G has to be de-pressurizsed lor any reason il may be difficult, because af
the low boiler load, lo re-pressurise with 1G that has low enough oxygen content. In this case, it
may be necessary to create a load on the bailer by using the main cargo pumps to circulate the
cargn around the ship's plpelines until the 1G quality is high enough.

Throughaut lhe cargo discharge, parlicularly when the boiler load is low or fluctuating, the oxygen
conlent of the IG supply should be carefully manitored. The oxygen content and pressure of the IG
main sheuld be continuously recorded during discharge. For the action (o take if the G plant [ails
during discharge Trom inerted tanks, see section 11112

I normal operalions closed messurements should be laken. However, if hand dipping a tank is
necessary, pressure may be reduced while dipping ports are open but care should be laken not
to allow a vacuum 10 develop since this would pull air into the tank. To prevent this, it may be
hecessary to reduce the cargo pumping rate. Discharge should be slopped immediately if there |s
a danger al the tanks coming under vacuum,

NniLeg Ballast passage

During 2 ballast passage, cargo tanks (other than those required to be gas free) should remain
inerl and unider positive pressure lo prevent air entering. Whenever pressure falls to the

low prezsuse alarm level (100mm WG minimum), the |G plant should be restarted o restore the
pressure. Attention should be paid to the oxygen content of the 1G delivered.

11.1.6.8  Static electricity precautions

In normal operalions the presence of |G prevents the existence of llammable gas mixtures inside
carge tanks. However, hazards caused by static electricity may arise, mainly in the case of a
failure of the 1G system. To avoid these hazards, follew the procedures in chapler-3,

11.1.6.9  Tank washing, including Crude Oil Washing

Befare a lank is washed, the oxygen content should be checked in two places — one metre below
the deck and at the middle level of the ullage space. The oxygen content should never be above
8% by volume. If the tank has a swash bulkhead, the measurement should be taken at similar
levels in each section of the lank, The oxygen content and pressure of the 1G being delivered
durlng the washing protéss should be continuously recorded.

If the oxygen conlent in the tank exceeds 8% by volume or the pressure of the almesphere in the
tanks is no longer positive, washing should be stopped until safe conditions are reslored (see
section 11112),

11.1.6.10  Purging

When & fank needs to be gas Ireed after washing it should first be purged with IG to lower the
hydrocarbon content to 2% or less by volume. This is to ensure that, during the gas freeing, no
part of the tank atrmosphere is brought within the flammable range.

The hydracarbon content should be measured with an instrument specifically designed lo
measure the percentage of hydrocarbon gas in an oxygen deficient aimosphere.
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If the dilution miethad of purging is used it should be with the 1G system set for maximum
capacity. This will give maximum turbulence within the tank. IT the disptacement melhod is used,
the gas intel velocily should be lowered to prevent undue turbulence (see seclion 21.2.4).

N161  Gas freeing

Before starting 1o gas free, the tank should be isolated from other tanks. When fans connected 1o
the cargo pipeline system are used ta introduce air into the tank, the |G inlel should be isclated. If
lhe |G system fan is used ta pul air inlo the tank, both the line back ta the IG source and the line
irfta each lank being inerled should be isolated (see chapler 3).

111612  Preparation for tank entry

To ensure the taxic parts of IG are safely below their Threshold Limit Yalues (TLVs), gas freeing
should continue until lests show a sleady oxygen reading of 21% by volume and lests wilh a
flammable gas indicator ehow nol more than 1% of the LFL.

If the presence of a lokic gas such as benzene or HzS is suspecled, gas freeing should continue
until tests show thal its concentration is below its Occupational Expasure Limit - Time Weighted
Average (OEL-TWAY. (MO Resolution AJ0S0(2T) Revised Recommendations for Entering Enclosed
Spaces Aboord Shigs),

Posilive, Iresh air ventilation should be maintained throughout the lime personnel are in
a fank, The oxyzen, loxic gas and hydrocarbon content of the tank almosphere should be
tested frequently.

When olher ineri lanks are either next o or connected to the tank being entered, personnel should
be alert 1o the possibility of 1G leaking into the gas ree tank, e.g. lhrough bulkhesd fractures or
defective valves, Special precautions should be taken, including monitoring the tank atmasphere
while persannel are inside. For advice o0 enlry inta enclosed spaces, see chapter 10.

Precautions to be taken to avoid health hazards

iREA Inert Gas on decl

Same wind conditions may bring vented gases down onta the deck, even [rom specially designed
vent oullets, If gases are vented at a fow level from cargo halches, ullage ports or other tank
aper lures, the surrounding areas can contain harmiul concentralions of gases and miay also be
owygen deficient. In this case, all non-essential work should stop and only essential personnel
should remain on deck, taking all necessary precautions,

If the last cargo carried was a sour crude, tests should also be made for HzS around the deck
area_ If a level higher than Sppm is detecled, no personnel should be allowed o work on deck
unless they are wearing suitable breathing protection {see sections 1.4.6 and 12.19)

11172  Entry into cargo tanks

Entry into cargo anks should be permitted only after they have been gas Ireed, as described in
sections 111610 and 11.0.6.11; The safety precaulions in chapler 10 should be observed, Including
the carrying of & personal gas detector, If the hydrocarbon and axygen levels specified in section
111612 cannot be achieved, entry should be permitied only in exceplional circumstances and
when there is no practicable alternative. A thorough risk assessment should be carried oul and
appropriate risk mitigation measures put in place. As a minimurn, persennel should wear breathing
apparatus (see section 101,10 for further details).

M1E3 Scrubber and condensate water

16 scrubber effluent and the condensale formed when the water vapour in the |G condenses
inside the |G distribution piping are acidic and corrosive,
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Care should be taken lo avoid conlact with either the effluent or condensale. Appropriate PPE that
protecls the eyes and skin should bie worn,

Cargo tank protection against over/under pressure

Serious accidents have occurred on oil tankers as a resull of cargo lanks being severely over or
under pressure. Although SOLAS regulations have been modified o require tanks to be fitted
with pressure monitors and salely devices, It is slill essential thal venling syslems are thoroughly
checked to ensure that they are correctly set for the intended aperation. Once operations have
starled, further checks should be made for any abnor malities, e.g. unusual noises of vapour
escaping under pressure or P/V valves lilting. See section 11.2.2 for more information on how 1o
avoid over or under pressurisation.

A ship's personinel should be provided with clear operating procedures for properly managing the
venling system and should have a full understanding of ils capabilities and limitations.

11183 Pressure/Vacuum breakers

P/V breakers provide another safety mechanism 1o prevent over or under pressurisation.
Normaily, one breaker is connected 1o the 1G/vent main to protect the cargo lanks, F/V breakers
are ususlly liquid filled and it is important that the correct density liquid is used and the
appropriate level maintained, Evaporation, condensation and sea water ¢an all alfect PV breakers.
Ir heavy weather the pressure surge caused by the movement of carge in tanks may cause a PrY
breaker to blow cul, In the case of excess vacuum, the liguid overflows to the 1G main and is lost:
Some types of P/V breaker can recover and reuse the liquid if los! by pressure. The P/V breakers
should be marked with their High Pressure (HP) and vacuum opening pressures, the date of the
last inspection, the type of anti-freeze and the lowes! operating lempérature.

11.3.8.2 PressurefVacuum valves

PV valves are required on each lank, to provide lor the flow of small volumes of tank atmosphere
due to thermal variations, and are sel 1o operate ahead of the P/V breakers. Some systems

may also have a small capacily BV valve fitted in a bypass across the mast riser isolation

valve. However, it is comman practice lo install full Row F/V valves on each lank where only
srnall capacity valves are required.

111.8.3  Full flow Pressure/Vacuum venting arrangements

Protection from over or under pressurisation of the cargo tanks may be provided by instatiing, on
each tank, full flow P/V valves rated for 125% of the maximum loading/discharge rate. Where the
masl riser is the primary vent, the P/V valve may serve as the secondary proteclion.

It is comman on ships carrying non-homagenous cargees lo use the individual full Now P/Y valves
as primary venling while loading. These F/V valves are usually the high velocily type, which
dizperse the tank vapours by partially closing the oullet o increase the veloeity ol the vapour llow
to more than 30m/sec. The high velocily llow means no flame screen is needed at the vapour
oullet on this lype of valve.

ML8.4  Individual tank pressure monitoring and alarm systems

A tank pressure monitoring and alarm system may be used as an alternative o P/Y valves for

the secondary BV relief. These systems use individual tank pressure sensors connected to an
alarm system that is monitored in the carge control room or a location where cargo operations are
riormally carried out.

The set points for non-inerted ships should be 10% over or under the P/ valve seltings. For
inerted ships the s2t points should be 10% over the pressure setling and above zero for the
low pressure (100mim WG setting 1o preveni the tank from taking in air. When using 2 vapour
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return line for non-inerted ships, the HP setting will be sel to 90% of the pressure valve. The low
pressure (vacuum) selting will be set so that the alarm occurs before the vacuum valve relieves,

Product carriers fitted with an Inert Gas system

11153 General

The basic principles of inerling for product carriers and crude carriers are similar. However, there
are some differences, which are oullined in the following seclions.

1192  Carrying products with a flashpoint above 60°C

Tankers may carry petroleumn praducts that have a flashpoint above 60°C, e.g. lubricating oils,
Heavy Fuel Oils (HFOs), dieset fuels, etc., withoul needing an |G system fitted or, if fitted, without
having to keep the tanks inerled.

However, when cargoes wilh a flashpoint above 60°C are carried al a cargo temperature higher
than their flashpoint less 10°C, e.g. some residual luel cils, the lanks should be inert because they
could become flammable.

If IG systems are fitted the cargo 1anks should be inerted where there is a possibility thal the
headspace atmosphers may became lammable {see section 1.6),

When a nan-volatile cargo is carried in a tank that has not been gas freed, the tznk should
be inerl.

11193 Additional purging and gas freeing

Gas fresing is required on product carriers more frequently than on crude carriers because of the
grealer need lor lank enlry and Inspection and for venting the vapours of previous cargoes. On
inerted product carriers, purging should be done belore gas freeing (see section 111.6.10).

Purging is nol essential before gas reeing when the hydrocarbon gas content of a lank is below
2% by volume.,

Cold weather precautions for Inert Gas systems

An 1G system may not work properly in extreme cold weather.

1110,  Condensation in Inert Gas piping

SOLAS requires that the piping system is designed to prevent accumulation of cargo or water in
the pipeline. However, in extreme cold any waler in the |G may freeze in the 1G main. The system
should be operated to minimise residual waler and It should be closely monitored.

11.010.2  Control air

Air operated control valves, where the contrel air has a high waler vapour content, that are litted
io the |G system outside the engine room may not operale correctly if exposed lo exlremely low
ambient termperatures. Air operated conlrol valves should be exercised/operated regularly to
ensure correct operation.

Water separators in control air systems should be drained frequently and the control air dryers
should be checked regularly for proper operation,
11.1.10.3  Safety devices

in extremely cold weather, ice may prevent the P/ valves fram operating and may block the llame
screpns on the FAV valves and masl risers.
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Water filled P/V breakers should be filled to the appropriate level with anti-lreeze liquid.

Deck waler seals are fitted wilh healing coils that should be used before cold weather sels in.

1.1.10.4 Sea chests

To ensure that the water supply to the scrubber and deck seal is maintained in icy conditions at
sea oF in estuaries, low sea water suctions should be used. This will reduce the probability of ice
slurry gelting into the s2a chest. Sleam injection conneclions lo sea chiests can be used o help
clear sea chests.

Inert Gas system failure

SOLAS requires that each ship fitted with an |G system has detailed instruction manuals

covering operalions, salety and malntenance requirements and occupational health hazards. The
Infernational Code for Fire Safety Systems (FS5 Code? stales, “The manual shall include guidance
on procedures to be followed in lhe event of a faull or failure of the |G syslem”.

1.1 Action to take should the Inert Gas system fail

Il the IG system fails lo deliver the required quality and guantity of IG, or lo maintain a positive
pressure in the cargo lanks and slop fanks, action mus! be taken immedistely to prevent any air
zoing into the tanks. All cargo and/or ballast discharge from inerted tanks must be stopped, the 1G

deck isolating valve closed, the vent valve between it and the gas pressure regulaling valve opened
and Immediale aclion taken to repair the 1G system.

Mational and local rezulations may require the failure of an 1G system to be reported to the
harbour authority, tlerminal operalor and to the port and Flag State administrations.

Section 12.8.3.1 gives guidance on special precautions to lake if the 1G system fails when loading
static accumulator oils into inerled cargo tanks.

111112  Follow-up action on crude cil tankers

Pyrophorle iron sulphide deposits (pyrophors, see section 1.5.3) may be present in the cargo lanks
of crude oil tankers. If a tanker is carrying crude oil, the failed 1G system must be repaired and
restarled, or anolher source of |G provided, before discharge from ineried tanks is resumed.

11113 Follew-up action on product tankers

Tank coatings usually inhibit the formation of pyrophars in the carge tanks of product tankers. If

it Is impracticable lo repair the |G system, discharge may be resumed with the written agreement
of zll interested parties, as long as an externat source of 1G is pravided or detailed procedures are
establishied 1o ensure the safely. The following precaulions should be taken:

=  Consult the manual referred (o in section 111,71,

» Ensure that devices to prevent the passage of flame, or flame screens (as approprialel, are in
place and check they are In a satisfactory condition.

+  Open the valves on the vent mast risers.

= Permil no free fall of water or slops.

+ Introduce no dipping, ullaging, sampling or other equipment inta the tank unless essential for
the safety of the operation. If it is necessary for such equipment 1o be introduced into the tank,
it should be done after at least 30 minutes after the injection of I6G has stopped. See section
11.1:6.8 for static eleciricity precautions relating 1o 1G, and section 12.8 lor static electricily
precautions when dipping, ullaging and sampling.

= Ensure thal all metal components of any equipment to be introduced inta the tank are securely
elecirically earthed. This restriction should be applied for at least five hours after the injection
of 1G has stopped.
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Emergency Inert Gas supply

SOLAS requires thal suilable arrangements are provided to enable the 1G system lo be connecled
to an external supply of IG.

These arrangements shoutd consist of a 250mm neminal pipe size bolted flange, isolated from the
IG main by & valve and located forward of the Non-Return Valve (NRV). The design of the flange
should be compalible with the design of other cannections in the ship's cargo piping system.

Inert Gas plant repairs

As |G causes asphyxiation, great care should be taken (o avoid Ihe escape of 1G inlo any enclosed
or parlly enclosed space.

Mo one should be allowed inside the scrubber or deck water seal unlil the atmosphere has
been tesled and an oxygen level of 21% by volume oblained (see chapler 10). While personnel
are working inside such spaces the oxygen content of the atmosphere should be continuously
manitored and the personnel should be under constant supervigion,

Before opening the IG system it should be gas freed and any enclosed space should be ventilated
to avoid any risk of oxygen deficiency.

Continuous positive ventilation sheuld be maintained before and during the work.

Venting systems

General

Venling systems are required to meel SOLAS regulations. Venling systems are necessary far
achieving safety on board 4 tanker and il is essential thal they are operated to meet their design
requirements and thal they are properly maintained.

To ensure hydrecarbon vapours are diluted into the atmosphere clear of the tanker’s deck, venting
systems allow vapours to be released either at:

»  Low velocity high above the deck from a vent riser.
=+ High velocity from a high velocity valve closer (o the deck.

Venls are installed in selected locations 1o prevent the accumulation of a flammable almosphere
an the tank deck or around any accommodation or engine room housings (see section 213}

The ship's personnel should be fully trained on the operation and maintenance of the venling
system and should be aware of its limitatiens to prevent over or under pressurisation of tanks
{see seclion 112,21

Tank over pressurisation or under pressurisation

i.2.241 General

Over pressurisation of cargo and ballas! tanks is caused by compression of the ullage space
thraugh the inadequate release of vapour or by overfilling the tank. Under pressurisation can

be caused by not allowing IG or air into the lank when liquid is being discharged. The resulting
over or under pressure in the tank may resull In serious defarmation or catastrophic failure of the
tank structure and its peripheral bulkhieads, which can seriously affect the structural integrity of
the ship and could lead to fire, explosion or pollution (see section 111.8).
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.2.2.2 Causes of tank over pressurisation

Ower pressurisation usually occurs during ballasting, loading or internal transfer of 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 IG isolating valve to the vapour line or IG line.

» Failure of an isolating valve to the vapour line or IG line.

= Failure of the vent valve or high velocity valve.

= Choked flame trap or screen in a mast riser or vent stack.

o Loading or ballasting the tark to a level greater than its venting capacity {see section 11.3.31).

o lee forming on the vents, freezing of the P/V or high velocity valves or ice on the surface of the
ballast {zee section 11.1.10.3).

= A restriction in the vapour lines caused by wax, residues or scale.

= Mot monitoring the pressure or controlling vent valves during loading.

11.2.2.3  Tank over pressurisation — precautions and corrective actions
The best way to protect against over pressurisation is by following effective procedures:

= A procedure to control the setting of the isolating valves on the vent lines. The procedure
should include a method of recording the current position of the isolating valves and a method
for preventing them from being incorrectly or casually operated,

» Where isolating valves are fitted to the branch line to each tank, they should be provided with
locking arrangernents that are under the control of the ship's Responsible Officer.

o A method of recording the status of all valves in the cargo system and preventing them from
being incorrectly or casually operated.

« Setting the valves in the correct position and making sure that they remain correctly sot.
= Restricling the operation of the valves to authorised personnel only.

Regular maintenance, pre-operational testing and operator awareness of isolating valves, F/V
valves or high velocity vents can guard against failure during operation.

To protect over pressurisation through filling tanks too quickly, all ships should have maximum
filling rates for each individual tank and these should be available to the ship's personnel (see
section 11.3.3), Tank vents should be checked to ensure that they are clear when the operation
begins. During freezing weather, they should be inspecled regularly throughout the operation.

When over pressurisation of a tank or tanks is suspected, loading or ballasting of the tanks should
stop immediately.

1.2.2.4  Tank under pressurisation — causes
The causes of under pressurisation are similar to those of over pressurisation:

= Anincorrect setting of the tank's vapour or |G isolating valve to the vapour line or |G line.
« Failure of an isolating valve on the vapour line or IG line.

= Failure to operate the IG fan due to breakdown or other reasons.

= Failure in one of the 1G supply valves.

« A choked flame screen on the vapour inlet line.

= |ce forming on the vents of ballast tanks during cold weather.

= Mot monitoring and/or controlling vent valves during discharge.
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11.2.25 Tank under pressurisation - precautions and corrective actions

The precautions o guard against under pressurisation are the same as those relating to
over pressurization (see section 11.2.2.3}.

Where under pressurisation of a tank or tanks is suspected, discharge should stop immediately.

To reduce a partial vacuum in tank, the liguid level is raised by pumping into the affected tank, or
|G ar air is put into the ullage space. However, be careful with the following:

= On a ship with an |G system, it is possible that air leaks may mean the quality of the 1G is low,
= Giving |G a high velocity could cause an elecirostatic hazard,
» Observe the precautions in section 12.8.3 when measuring and sampling,

»  On ships without an 1G syslem where it is not possible to reduce the partial vacuum by raising
the liquid level, ensure that the rush of air does not put foreign objects into the tank.

Cargo and ballast systems

This =ection describes the pipelines and pumps used for loading and discharging cargo and
ballast. For the purpose of this guide, the cargo heating system and COW system are part of the
cargo system,

The cargo system is one of the prime areas where a breach of cargo containment may occur and
care should be taken 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 aut by personnel who are
familiar with the correct operation of the pumps and associated systems, as described in the
aperation manual.

Operation manual

The ship's crew should have access to up-to-date drawings and information on the carge and
ballast systems as well as an operation manual,

Cargo and ballast system integrity

The cargo and ballast systems are subjected to many conditions that may ultimately lead to a loss
of containment. These include:

= Turbulence in the flow, caused by poor pipeline design or excessive flow rates, and abrasion
due to solid particulates in the cargo or ballast, can result in local erosion and pitting in
the pipelinas.

& Main fore and aft pipeline runs are usually located at the bottomn of the tanks and on the main
deck, where the effects of hogging, sagging and the cyclical motions of a ship in a seaway
are most pronounced. These movements may result in damage to pipeline connections and
bulkhead penetrations and fo local external damage at pipeline supports.

«  When handling cargoes that the syslem has not been designed for, particular care should be
taken to prevent damage to cargo valve seals and pump seals that are not suited to aggressive
cargoes such as spiked crude oils.

» Caorrosicn due to rusting when pipe systems are used for both water and oil.
Local corrosion is found where internal coatings have failed and the corrosion is concentrated at
a small location. This localised corrosion may be accelerated when water is allowed to lie in the

bottorn of pipelines, with sulphurous products from cargo or |G, or if electrolytic corrosion cells
that are set up when pipeline connections are not securely bonded.
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Any latent defect in the cargo system will usually reveal itself when the system is pressurized
during the discharge operation. It is good practice to pressure test cargo lines on a periodic basis,
depending on the trade of the ship. 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 substitule 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.

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 ships and, in some instances, could
result in the ship being in an overloaded condition. Where a single ballast pump is fitted, company
procedures should address use of alternative means of ballasting/de-ballasting,

Loading rates

Masters should be provided with information on maximum 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 will ensure that tanks are not over or under pressurised by exceeding the capacity of the
venting system, including any installed secondary venting arrangements.

Other considerations will also need to be taken into account when determining maximum loading
rates for oil tankers. Precautions against static electricity hazards and pipeline erosion are in
section 11.3.3.2.

11.3.3.1 Venting arrangements

Venting capacity is based on the maximum volume of carge entering a tank, plus a 25% margin far
gas evolution (vapour growth),

When loading cargoes wilh a very high vapour pressure, gas evolution may be excessive and

the allowance of 25% may not be encugh. To ensure the capacity of the venting system is not
exceeded, closely monitor the vapour line pressures on inerted ships and limit foading rates on
non-inerted ships. The vapour growth increases when the liquid levels in the tank are above 80%.
On inerted ships IG system pressures should be closely monitored, particularly when topping-off
during loading operations or when starting COW during discharge 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 commaon vent rizer is used, but the maximum flow rate should not be
exceeded anywhere within the system.

11.3.3.2  Flow rates in loading lines

Depending on the trade of the fanker, different loading rates need to be determined for each
cargo tank. These loading rates depend on the maximum flow rates in the cargo lines for different
products and loading operations. In general, the following flow rates may need to be calculated for
each section of the cargo system:

= A loading rate based on a linear velocity of Tm/sec at the tank inlet for the initial loading of
static accumulator cargoes into non-inerted tanks,

= A lpading rate based on a linear velocity of Tm/sec for bulk loading of static accumulator
cargoes into non-inerted tanks.

= A loading 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 for
guidance only and is generally conzidered as a rate above which pipeline erosion may occur al
pipe joints and bends.
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When 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 at once and that a
proper loading rate is determined for the loading operation.

Offshore floating hoses that meet OCIMF guidelines (see bibliography) and have a nominal
diameter of less than 400mm are suitable for continuous operation at a flow velocity of 21m/sec.
Offshore floating hoses with a diameter greater than 400mm are suitable for continuous
operations at a flow velocity of 15m/sec. However, the maximum loading rate may be controlled by
the size of the ship’s loading line inboard of where the hose is connecled,

11.3.3.3  Rate of rise of liquid in the cargo tank

Small tanks, such as slop tanks, may have larger filling or suction valves than their size would
normally require in order to accommadate certain operations, such as recirculatory COW from
slop tanks. In such instances, the limiting factors of the venting flow rate and the liguid line
flow rate may not be suitable for assessing maximum loading rates. It is then also necessary 1o
consider the rate of rise of the liquid in the tank if over-filling is to be avoided.

To exercise control over the rate of liguid rise in any cargo tank, it may be appropriate for the
tanker to set the loading rate to limit the rate of rise of liquid in a cargo tank.

11.3.3.4  Loading rates for ballast tanks

Loading rates for ballast tanks should be determined in the same way as cargo tanks, considering
the size of vent outlets using a velocity of 36m/sec. Liquid filing rates can be caloulated using a
pipeline flow rate of 12m/sec and are subject to a similar rate of rise as in section 11.3.3.3,

Monitoring of void and ballast spaces

Void and ballast spaces in the vicinity of the cargo tank deck should be regularly monitored far
leaks from adjacent tanks. Monitoring should include regular atmosphere checks for hydrocarbon
content and regular sounding/ullaging of the empty spaces (see alsa chapter 12),

Power and propulsion systems

While a tanker is berthed at a terminal, its boilers, main engines, steering machinery and other
equipment essential for manoeuvring should normally be kept in a condition that will perrmit the
ship to be moved away from the berth in the event of an emergency. See section 21.7.1.1 for advice
on planned immaobilisation,

A terminal may allow some degree of imrmobilisation of the propulsion plant while the ship is
alongside. However, the tanker should obtain permission from the Terminal Representative or
the local authority pre-arrival before taking any action affecting the readiness of the ship to mave
under its own power.

The terminal should always be notified of any unexpected event that affects operations and
their safety.
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Vapour recovery systems

Vapour recovery systems fall into two categories:

#  Those systems conforming to IMO guidelines that provide a system for relurning cargo
vapours to the shore for reclaiming or incinerating. These are known as VECSs (see
section 23.7.71.

= Proprietary systems for recovering petraleurn liquid or vapour that would otherwise be
vented during the loading operation or during the loaded passage. These are known as vapour
recovery systems.

Personnel who operate VECSs and vapour recovery systems should be fully trained to use them.

Volatile Organic Compound recovery systems

During loading, Volatile Organic Compounds (VOCs) are normally vented to the atmosphere unless
a YOC recovery system is used to recover them. A VOC recovery systern may be based on active
or passive technology - see figure 11.1.

WOCs are mixtures of light hydrocarbons, such as methane, ethane, propane and butane, that
evaporate within the range of normal atmospheric conditions. VOCs are generated when cargo
flashes. The flash produces vapour due to depressurisation in the piping system from the
source to the cargo tank and from evaporation from the oil surface inside the cargo oil tanks
during and after loading. The level of evaporation depends an the volatility of the cargo loaded.

See section 11,
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Vapour balancing
Use of VRL

Reduced volatility
— Cargo valatitity i5 reduced by removing the volatile
components before loading

Vaolatile Organic Compound Control (VOCON) procedure

7 i g Consisis of conslant pressure valves and an automated release
—+ Passive —— % alve imiling manual release to a tank pressure that is close
to the True Vapour Pressure (TVEY of the cargo, instead.

of 2 much lewer pressure

Sequential transfer of tank atmosphere

. A procedure that moves carge tank atmosphere
(VO and 150 saquentia?hﬂ en the
cargo tanks before venting to the atmosphere

Cargo pipeline partial control

— A large diameter dmlgepipn with increased pressure inside
reduces the evaporation of the VOCs

voc
recovery method

Absorption
—¥  Hydrocarbon vapours dissolve in chilled liquid absorbent
and are removed Trom Ihe air/vapour midure

Thermal oxidation

— Uze of thermal combustion where YOC laden air is combusted
using enclosed flares to catalytic oxidisers with heat recovery

Adsorption .
WOCs passthrough a bed of aclivated carbon where
‘organic molecules are adsorbed on to the carbon and
are vanted to tha atmospherne

Membrane separation
— Use of semi-permeable membrane to separate
organic molecules from air/vapour mixtures

L Active —@&->

Cryogenic condensation
"% Vented gas passes through & liquid nitrogen cooled condenser

Figure 11.1: Examples of passive and active VOC recovery methods

Stern loading and discharging arrangements

Using a stern manifold for cargo transfer operations introduces additional hazards and operational
concerns. Procedures should address the following:

&

The requirement 1o monitor the stern manifold and the cargo tank deck area at the same time,

The dangerous area extending at least three metres from the manifold valve should be
clearly marked. Mo unauthorised personnel should be allowed in this area during the entire
cargo operation.

Additional trip hazards from working in & mooring area.
Spill containment arrangerments on the aft deck area.
Provision of drip trays beneath the stern manifold.

Elimination of potential sources of ignition from accommodation openings and electrical
fittings. Air inlets and doors to enclosed spaces should be kept closed.

Connection and disconnection of hoses where no lifting gear is available.
Firefighting equipment should be laid out and ready for use close to the stern manifold.
Continuous watch by a responsible crew member at the stern throughout the cargo operation.

{See sections 12.1.6.9, 121139 and OCIMF's Guidelines for Offshare Tanker Operations.)
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121  Cargo operalions

12.2  Stability, stress, trim and zloshing considerations
12.3  Tank cleaning

12.4 Gas fresing

12,5 Crude Qil Washing

12.6 Ballast operations

12.7 Cargo leaks into double hull tanks

12.8 Cargo measurement, ullaging, dipping and sampling
12.9 Transfers between ships

12.10 Personnel transfer
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1211 Liquefied Natural Gas fuelled ship alongside a terminal

1212 Lifting equipment

This chapter covers the full range of shipboard operations, including loading and discharging
cargo, hose clearing, tank cleaning and gas freeing, ballasting, STS transfers and mooring.

The chapter also looks at the safe handling of particular cargoes, such as static accumulator oils,
those having a high vapour pressure and those containing Hz5.

Other operations addressed include the use of VECSs and COW.

12.1  Cargo operations

12.1.1 General

All cargo operations should be carefully planned and documented well in advance. The plans
should be discussed with all personnel on the ship and at the terminal and may require
modification after this consultation. Flans may also need to be maodified after consultation

with the terminal and following changing circurnstances, either on board or ashore, and these
changes should again be communicated and understood by ship and terminal personnel, and
formally recorded. Chapter 21 contains details of cargo plans and relevant communications. The
company’s SMS should include guidance on the requirements outlined below to ensure that these
are implemented.
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Setting of lines and valves

Before starting any loading or discharging, the ship's cargo pipelines and valves should be set in
line with the loading or discharging plan and checked independently and by olher personnel under
the control of the Responsible Officer, If a change in the line-up is required during a change of
grades, the valves should be checked in the same way. The Responsible Officer should documnent
the completion of the task and sign it.

Valve operation

Walves at the downstream end of a pipeline system should not be closed against the flow of
liguid, except in an emergency, to avoid the risk of pressure surges. This should be emphasised
to all personnel responsible for cargo handling operations on the ship and at the terminal (see
section 12.1.4),

In general, where pumps are used for cargo transfer, all valves in the transfer system (ship and
shore) should be open before pumping begins, although the discharge valve of a centrifugal pump
may be kept closed until the pump is up to speed and then opened slowly. When ships are loading
by gravity, the final valve to be opened should be at the shore tank end of the system.

If the flow is to he diverted from one tank to another, either the valve on the second tank should
be opened before the valve on the first tank is closed or pumping should be stopped while the
change is being made. Valves that control liguid flow should be closed slowly. The time that it
takes for power operated valves to move from open to closed, and from closed to open, should be
checked regularly at their normal operating temperatures.,

Pressure sUrges

The incorrect operation of pumps and valves can produce pressure surges caused by the kinetic
energy of the liquid flow in a pipeline systern,

These surges may be severe enough to damage the pipeline, hoses or Marine Loading Arms
(MLAs). One of the most vulnerable parts of the systemn is the ship/shore connection. Pressure
surges are produced upstream of a closing valve and may become excessive if the valve is closed
too quickly. Pressure surges are more likely to be severe where long pipelines, high flow rates or
significant differences in elevation between the ship and shore tank are present.

The risk of pressure surges means the ship and terminal need to exchange information and draw
up & written agreement on the control of flow rates, the rate of valve closure and pump speeds.
This should include the time that remotely controlled and automatic shutdown valves take to close.
The agreement should be part of the operational plan, discussed at the pre-transfer conference
and documented in part 8 of the Ship/Shore Safety Checklist (S33CL).

Butterfly and Non-Return (check) Valves

The risk of butterfly and NRVs slarming shut against high flow rates should be considered. This
can cause very large surge pressure and lead to line, hose or MLA faillures or even structural
damage to jetties. These failures are usually because the open valve disc is not completely parallel
to, or fully withdrawn from, the flow. This can create a closing force that may shear either the
valve spindle of butterfly valves or the hold-cpen pin of pinned back NRVs. To prevent damage, it
is important to check all valves are fully open when they are passing cargo or ballast,
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lLoading procedures

12.1.6.1 General

The responsibility for safe cargo handling is shared between the ship and the terminal and rests
jointly with the dMaster and the Terminal Representative. How this responsibility is shared should
be agreed at the pre-transfer conference so that all aspects of the operations are covered.

121.6.2 Joint agreement on readiness fo fload

Before starting to load cargo, the Responsible Officer and the Terminal Representative should
formally agree that both the tanker and the terminal are ready to do so safely.

121.6.3 Emergency Shutdown plan

The ship and the terminal should have agreed an Emergency Shutdown (ESD) pracedure and
alarm and recorded it on an appropriate form. This agreement sets out those circumstances when
operations should stop immediately. It also accounts for the possible dangers of a pressure surge
caused by an ESD procedure (see section 16,8).

12.1.6.4  Supervision

The following safeguards should be maintained throughout loading:

= A Responsible Officer should be on walch and enough crew members should be on board to
deal with the operation and security of the ship,

« A watch of the tank deck should be maintained.

o The agreed ship to shore communications system should be maintained in good working order.

= At the start of loading, and at each change of watch or shift, the Responsible Officer
and the Terminal Representative should each confirm that the communications system
remains operational.

« Al personnel concerned should fully understand the agreed standby notice period for the

normal stopping of shore pumps on completion of loading and the emergency stop system for
both the ship and terminal.

Many terminals require a standby period for stopping pumps that should be understood and noted
(section 21.4.2),

For instructions for completing the SS3CL, see section 25.4.

120.6.5  Inert Gas procedures

Before loading starts, the IG plant, if operational, should be stopped and the IG pressure in
the tanks reduced as per company procedures unless cargo is to be simultaneously loaded
and discharged.

121.6.6 Closed loading

For effective closed loading, cargo should be loaded with the ullage, sounding and sighting ports
securely closed. The gas displaced by the incoming cargo should be vented to the atmosphere via
a mast riser, VRL or a high velocity or constant velocity vent valve. Devices fitted to mast risers
or vent stacks that prevent the passage of flame should be checked regularly to confirm they are
correctly installed, clean and in good condition.

To undertake closed loading the ship should have ullaging equipment that can monitor the tank
contents without opening tank apertures (closed gauging and sampling are discussed in section
12.8.1). Mest ships are also fitted with a remaote gauging system that uses floats, radar or another
sensing method that can be read in the cargo control room.

The loading rate should not be substantially changed without informing the ship.
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12.1.6.61 Risk of overfilling

Loading a cargo tank under normal closed conditions comes with a risk of overfilling. The reliance
on closed gauging systems means it is important they are fully operational and an independent
overfill alarm arrangement should provide backup.

Twio alarm points should be fitted. The first is known as “high level’ and is normally set to alarm
at 95% capacity. This may be activated from the tank level gauging system or from a float switch,
A ‘high-high level’ or "overfill’ alarm is normally set at 98% capacity and should be independent
of the tank gauging system. This alarm is normally activaled by a float switch, The high-high
level/overfill alarm should be audible and visible in the cargo control room and on deck. Cargo
tanks should not be filled higher than the high-high level/overfill alarm as this is the last barrier
and no further warnings will be given before the tank overflows.

Before any cargo operation, individual high level and overfill alarms should be tested at the tank to
ensure they are working properly.

On ships without 1G systems, this equipment should comply with the precautions in section 12.8.2.

Ships wilh 1G are considered capable of closed loading at all times.

121.6.7  Starting to load alongside a terminal

When all necessary terminal and tanker valves in the loading systern are open, and the ship has
signalled its readiness, loading can start, The initial flow rate should be slow. Whenever possible,
it should be by gravity and to a single tank. The shore pumps should not be started until the
system has been checked and the ship advises that the correct tank{s) are receiving the cargo.
When the pumps have been started, the ship/shore connections should be checked for tightness
until the agreed flow rate or pressure has been reached.

12.1.6.8  Starting to load at offshore buoy berths

Before loading starts at a buoy berth offshore, the ship should confirm its full understanding of
the cormmunications systern that will control the operation. & secondary communications system
should be ready for immediate use ghould the primary system fail,

Adfter an initial slow loading rate to test the system, the flow rate may be brought up to the
agreed maximum. A close watch should be kept on the sea around the seabed/Pipeline End
Manifold (FLEM) to check for leaks. If safe and practical, during darkness a bright light should be
shone on the water in the area of the hoses.

121.6.9  Starting to load through a stern manifold

Before loading starts through a stern manifold, the dangerous area that extends at least three
metres from the manifold valve should be clearly marked. No unauthorised personnel should be
allowed in this area during the loading operation.

A close watch should be maintained for any leaks. All openings, air inlets and doors to enclosed
spaces should be kept tightly closed.

Firefighting equipment should be laid out ready for use near the stern manifold:
= The cargo hose connection should be carefully inspected for correct alignment and secure
coupling. Where possible, a waler pressure test of the coupling seals should be made.

= If fitted, any Emergency Release Systems (ERSs) for the mooring and cargo connection should
be operational. These systems should be tested before mooring.

#  All primary and secondary communication links with the loading terminal should be tested,
including any telemetry control system.

»  Smoking and naked light requirements should be strictly enforced.
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A responsible crew member should keep continuous watch at the stern throughout lnading.
During darkness, the lighting on and around the ship's stern should allow an effective visual walch
to be maintained on the mooring point, mooring system, cargo hose connection, loading hoses and
water arcund the stern.

12.1.6.10 Starting to load through a bow connection

Bow loading ships, which will be designed to work at particular terminals {normally Single Paint
Moorings (SFMs)), will have their own specific and detailed operating and safety procedures.

However, in general, the following checks should be carried out before loading:

= The mooring system should be inspected for a secure connection.

+ The cargo hose connection should be carefully inspected for correct alignment and secure
coupling. Where possible, a water pressure test of the coupling seals should be made.

= Any ERSs provided for the maoring and cargo connection should be operational and should be
tested before mooring.

s hooring load monitoring systems should be activated and tested.

= Al primary and secondary cornmunication links with the loading terminal should be tested,
including any telemetry control system.

A responsible crew member should keep continuous watch on the bow throughout loading, During
darkness, the lighting on and around the ship's bow should allow an effective visual watch to be
maintained on the mooring paint, mooring system, cargo hose connection, loading hoses and
water around the bow.

121.6.11 Loading through pumproom lines

Due to the increased risk of lzakage in the pumproom, it is not good practice to load cargo via
purmproom lines. Whenever possible, cargo should be loaded directly through drop lines within the
cargo tank area. All pumproom valves should be closed.

121612 Cargo sampling at the start of loading

Where facilities exisl, a cargo sample should be taken as soon as possible after the start of
loading. The product's visual quality should be checked fo ensure the correct grade is being
loaded. This should be done before opening up subsequent tanks for loading (see section 1281,

When loading static accumulating cargoes, follow the precautions against static electricity hazards
when taking the sample (see section 12.1.7).

12.1.6.13 Periodic checks during loading

Throughout loading, manitor and regularly check all full and empty tanks to confirm that cargo
is entering the designated cargo tanks only and that no carge has escaped into pumprooms or
cofferdams or through sea and overboard discharge valves.

Tank ullages should be checked at least hourly and a loading rate calculated. Cargo figures and
rates should be compared with shore figures to identify any discrepancy.

On ships where stress considerations may be critical, hourly checks should include, where
possible, observation and recording of the shear forces, bending momenis, draught and trim
and any other relevant stability requirernents. This information should be checked against the
loading plan to confirm that all safe limits are being met and that the loading sequence can be
followed or amended as necessary. Any discrepancies should be reported immediately to the
Respansible Officer.
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Any unexplained drop in pressures or marked discrepancy between tanker and terminal estimates
of guantities transferred could indicate pipeline or hose leaks, particularly in submarine pipelines,
and require that cargo operations be stopped until investigations have been made.

Frequently inspect the cargo deck and pumproom for any leaks. Overside areas should also
be checked regularly, During darkness, where safe and practical, illuminate the water around
the ship.

121,614 Topping-off on board the tanker

The ship should advise the terminal when tanks are to be topped-off. It should ask the terminal,
giving plenty of warning, to reduce the loading fo a rate that allows effective control of the flow
on board the ship. After topping-off individual tanks, master valves should be closed where
possible to provide two valve segregation of loaded tanks, The ullages of topped-off tanks should
be checked from time 1o time to ensure that cargo flow has stopped so that leaking valves or
incorrect operations do not cause overflows.

The number of valves to be closed during the topping-off should be kept to a minimum.

Mot all of the tanker’s valves should be closed against the flow of il, The minimum number of
tanks to be kept open during topping-up should be established.

Before loading is completed, the ship should advise the shore to standby for stopping cargo,
including stopping pumps and closing valves. From this moment, the loading rate should be
reduced and done by gravity where possible so that shore control valves can be closed as soen as
requested by the ship. Shore control valves should be closed before the ship's valves.

12.1.615 Blending operations

S0OLAS VI, Regulation 5-2, prohibits the physical blending of bulk liguid cargoes during a sea
voyage, Physical blending is when the ship's cargo purmps and pipelines internally circulate two or
mare different cargoes to produce a cargo with a new product specification.

This does not prevent the Master from undertaking cargo transfers for the safety of the ship or
protection of the marine environment in an emergency. Circulating cargo is also permitted for
cargo conditioning.

Blending operations in port should be planned to ensure they comply with the applicable MARPOL
regulations and local port requirements. A risk assessment that considers the grades to be loaded,
vapour pressure of the cargoes, compatibility of the grades and the crew's experience of blending
should be completed.

121616 Doping and additives: anli-static, inhibitors, dyes, hydrogen sulphide
knockdown

Doping is when cargoes are treated with small quantities of specialised additives and fluids, such
as dyes, liguid markers, anti-static agents and lubricanis, during loading or before leaving the port.

As far as possible, doping should be carried out ashore or in closed in-line condition. When the
cargo or additives are flamrnable or toxic, a closed doping operation is recommended. However,
some terminals do not have a closed in-line additive injection system, so the additives have to

be added manually. Any manual doping activity should be risk assessed, Appropriate procedures
should be in place to contral the associated hazards. Manual doping operations should be carefully
planned 1o minimise the health, safety and environmental impact.

The associated risk assessment should include a review of the Safety Data Sheet (5D5) of the
cargo and the additive, suppliers’ instructions, PPE, physical and operational hazards, supervision,
weather, eguipment, resources and contingancy measures, Any free fall of additives into
non-inerted cargo tanks should be avaided.
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The supplier/contractor should draw up a doping plan and commuricate this 1o the ship’s Master
before any doping. On receiving the plan, the Master should carry out their own onboard risk
assessment and check that all relevant items have been addressed and the risks reduced to As
Low As Reasonably Practicable (ALARP).

The flowchart in figure 12.1 outlines a doping plan that should contain the three mzin priorities
to be considered and the associated minimum precautions to conzsider when preparing the risk
assessment. These are:

Type of cargo additive:

» 5DS should be reviewed for flammability and toxicity information,

» Required PPE and handling equipment should be identified and made available.
= Storage requirements for any additive to be carried on board.

= Considerations for any spillages during operalion and method of clean up.

= Requirements for diluting the addilive prior to doping,

= Confirm the tank coating is compatible.
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Methad of doping under consideration:
s Preference is for injection at a shore location or via an in-line injection system, e.g, via a spool
piece at the ship's manifold:

Preszure test records for the injection sysftem should be verified prior to commencing
cargo operation,

LIS IO J

= Where injection is required via a cargo tank vapour lock:
No doping should be undertaken on a live (loading) tank.

- Personnel undertaking the operation should stand upwind of the tank opening to minimise
gas exposure.

- PPE is required to be fully implemented, including use of a personal gas monitor.

Anti-static precautions are to include ensuring the doping pump/container is properly
grounded and the hoses are of an anti-static type.

- Doping should enly be undertaken one tank at a time.
- When the ship has IG:
« The tank branch line should be shut and the tank depressurised prior to doping.

« Alter the doping operation, the tank oxygen content is 1o be reconfirmed and the tank
re-pressurised.

When the ship does not have 1G:
= Free fall of additive into the cargo tank is prohibited.

«  When no full depth sounding pipes are provided, a minimum 30 minute relaxation
period is required before and after the addition of additives,

s In exceptional cases only, when doping is required via an open tank lid:
- All cargo operations should be halted.
- Mon-essential personnel should not be allowed on deck.

- Personnel undertaking the operation should stand upwind of the tank opening to minimise
a5 CXposure.

PPE is required to be fully implemented, including use of a personal gas monitor and
{where necessary) use of:

<« SCBA,

« EEBD:

« Chemical resistant suits, face masks, efc.

« Doping should anly be undertaken one tank at a time:
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- When the ship has 1G;

«  The tank branch line should be shut and the tank de-pressurised before doping.
«  After the doping operation, tho tank oxygen content is to be reconfirmed and the tank

re-pressurised.

When the ship does not have |G

«  Free fall of additive into the cargo tank is prohibited.

Mixing ratio of the additive:

= ldentily when the additive should be added and the required mixing ratio.

= Understand final sarmpling requirements for any confirmatory testing.

Agrecment on doping

ocedune :
{doping plan)

tsection 12.1.6.163

ooy

!

Type of cargo
additive

l

Follows minimim

preta.uﬂul'ﬁ i
[ Yes |
Verify pressure tésl
records for injection
assembly prior to o,
commencanent of
carga operation
[ es |
Fallow minimum
- precautions

Figure 12.1: Cargo doping flowchart

3
Method of doping

!

Is injection at share
manifodd or via spoal
piece at ship's
manifald (preferredl?

ek
| Mo |

e

Iz injection at carge
tank vapour lock?

l

Mixing ratio of the
additive

Identify: o

- When to dose/mixing
ratio

- Coating compatibility

-~ Final sampling

e Ewceptinnal operational
— Mo — cases where required
""" : 1o open tank dorme

l

Interested parties: ﬂ’m& B}
: Efg;t?nrtereﬂs e 0 detailed risk
- Terminal assessment performed

- Laocal autharities

l

Prohibitory

environmental

conditions:

and aclivity approved
by interested parties

= Mowind or light wind
- Lightning in the

wichnity

l

Follow minimum

precautions
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Chapter 12 Shipboard Operations

The doping plan should be discussed by all personnel involved on the ship and in the terminal
As a minimum, the plan should include the method of doping, PPE to be used and the
contingency measures.

The SOS for any additives should be reviewed as part of the risk assessment process regarding
hazard identification and risk mitigation measures. A copy of the SDS should be kepl in the vicinity
of the doping operation,

IF additives are to be stowed on board, they should be well secured; see section 13.5 for
further guidance.
121617 Checks after loading

After loading is completed, a Responsible Officer should confirm that all the required valves are
closed and P/V valves are sel correctly.

121.7  Loading static accumulator oils

1 ¢ 1dvd

12171 General

fut]

L

=]

Petroleum distillates often have electrical conductivities of less than 50 picoSiemens per metre
{pS/m) and so fall into the category of static accumulators,

Since the conductivities of distillates are not normally known and may not be included in an SDS
ar other cormmon documents, they should all be treated as static accumulators unless they contain
an anti-static additive that raises the conductivity above 50p5/m (for cautions on the effectiveness
of anti-static additives, see section 121.7.9). A stalic accurnulator may carry enough charge to be
an incendive ignition hazard during loading and for up to 30 minutes after loading.

I BLUOU)

LG

Bonding (see section 3.2.2} is an essential precaution for preventing electrostatic charge
accumnulation. Its importance cannot be overemphasised. However, while bonding helps relaxation
it does not prevent accumulation and the production of hazardous voltages so it is not a universal
remedy for eliminating electrostatic hazards. This section describes ways to control electrostatic
generation by preventing charge separation, which is another essential precaution {see section
31.2),

121.7.2  Controlling electrostatic generation

e TR =
O Failure to follow the guidance in this section will lead to the hazardous conditions that can
cause electrostatic ignition accidents.

Electrostatic discharge has long been known as a hazard associated with handling
petroleum products.

If a flammable atmosphere is possible within the tank, specific precautions are required
for maximum flow rates, safe ullaging, sampling and gauging when handling static

accumulator products.

Mixtures of oil and water are a potent source of static electricity. Take extra care to prevent
excess water and unnecessary mixing.

When a tanl is verified as inert, no anti-static precautions are necessary.
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12173  During the initial filling of a tank

The generally accepted way to control electrostatic generation in the initial stages of loading is to
restrict the velocity of il entering the tank to one metre per second (m/sec) until the tank inlet
and any other structure on the base of the tank has been submerged to twice the diameter of the
filling pipe. This will stop all splashing and surface turbulence in the tank (see section 3.2.1).

The Tm/sec limit applies in the branch line to each individual cargo tank. It should be determined
at the smallest cross-sectional area, including valves or other piping restrictions in the final
section before the tank’s loading inlet.

Minimum diameter of piping* (mm} 3 Approx. flow rate (m?®/hr)

80 17

= ¢ =

150 67

250 183

308 | %2 I
o | B
410 | A24

460 il 3 242

510 : - &T6

710 1,354

* The diameters given are noming dicimelers, which are not recessarily the same os the actual internal dismetars,

Table 12.1: Rates corresponding to Tm/sec

Table 12.1 shows the approximate volumetric flow rates that correspond to a linear velocity of
Im/sec in piping of various diameters.

The reasons for the low linear velocity at Im/sec are:

1. At the beginning of filling a tank, there is the greatest likelihood of water being mixed with the
oil entering the tank. Mixtures of oil and water are a potent source aof static electricity.

2. A low product velocity at the tank inlet minimises turbulence and splashing as oil enters the
tank. This helps reduce the generation of static electricity and also reduces the dispersal
of any water present, so that it quickly settles out to the bottomn of the tank where it can lie
relatively undisturbed when the loading rate is subsequently increased.

3. A low product velocity at the tank inlet minimises the formation of mists that may accumulale
a charge, even if the oil is not considered to be a static accumulatar, This is because the
mist droplets are separated by air, which is an insulator. A mist can result in a flammable
atmosphere even if the liquid has a high flashpoint and is not normally capable of producing a
flarmmable atmeosphere.

Figure 12.2 is a flowchart to help identify the precautions needed when loading static
accurmulator cargoes.
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121.7.4  Minimising hazards from water

Mixtures of cil and water are a potent source of static electricity, so care should be taken to
prevent excess water, from operations such as water washing, ballasting or line flushing, entering
a tank that contains or will contain a static accumutator cil. For example, cargo tanks and lines that
have been flushed with water should be drained before loading. Water should not be allowed to
accurmulate in tanks. Lines should not be displaced with water back into a tank containing a static
accurmulator cargo {for an explanation of line displacement, see section 12.1.14.23,

Any water remaining in the shore or ship pipeline system after the initial filling might be flushed
into the cargo tank when loading at the maximum rate (the minimum product velocily for flushing
water out of pipelines effectively is Tm/sec). The resulting mixing and agitating of oil and water

in the tank will increase the generation of static charge to a level that is unsafe in a flammable
atmosphere, Before increasing 1o the bulk loading rate, it is necessary to ensure that, as far as
practicable, all excess water lying in low spots in the pipelines has been flushed out of the system
either before loading started or during the initial filling of the tank {for more on this process, see
section 12.1.7.3).

Under normal circurnstances, and provided the above precautions to prevent excess water
have been taken, the amount of waler still present in the system after the initial filing will not
be enough to increase static generation when the loading rate is increased. However, if there
is reason to believe excess water may still be in the shore pipeline the recommended action is
to either:

= Keep the product velocity in the shore pipeline below Tm/sec throughout loading to avoid
flushing the water into the ship's tank(s).

= Keep the product velocity at the tank inlet(s) below Im/sec throughout loading to avoid
turbulence in the tank(s),

Whichever option gives the higher loading rate consistent with safety should be used.
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Figure 12.2: The control hazards associated with the initial loading of static accumulator cargoes
flowehart
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121.7.5  Examples

Initial loading phase

Figure 12,3 shaws the pipeline arrangements for a ship loading a static accumulator product at a
berth. The table defines the pipeline sizes and the volumetric flow rates at a velocity of m/sec.
For initial loading to two cargo tanks in the example, the limitation will allow a loading rate of
Jebm?/hr.

A60mm main pipeling

305mm branch pipeline

Interface

—1

305mm cargo line and drop ling 4 250mm cargo hose

-

)
=
|
%)
o
45}
=
D
=
=
2]
=
=
L)
=

4

I
Z50mm tank inlals

Determining the initial loading rate

i i Flo W t
i Dia s i w rate (m*/hr) a

. 1m/sec flow
; Main shore pipeline 360 . 320 I
Shorebranchlne T s 22 |
i Cargao hose —_ 250 | 183
 Ship's cargo and dropline. S as 262
| Tank inlets | 250 B3x2=366

Controlling parameter: velocity of product entering the tank

Therefore, an initial loading rate of not mare than 366m’/hr should be requested for loading
ta two tanks simultanecusly. This will result in the shore line flowing at more than 1m/sec
which would clear any water lying in the line while the velacity at the tank inlets is 1m/sec.

Figure 12.3: Initial loading to two cargo tanks

121.7.6  Practical considerations

In practice, nat all terminals have flow control devices to regulate the loading rate, so they may not
be able ta set a loading rate to one cargo tank equivalent to Tm/sec. Some terminals achieve, or
try to achieve, a low loading rate by starting to load by gravity flow alone.
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12177  Spread loading

Spread loading is the practice of mitigating a terminal’s lack of flow control by starting to load via
a single shore pipeline to several of the ship's cargo tanks simultaneously. The aim is a loading
rate that will give a maximum velocity of Tm/sec at each of the tank inlets,

Spread loading can present significant static generation risks that should be assessed and
properly managed if the practice is to be used safely. For example:

= Uneven flow in the ship's cargo lines can create a backflow of vapour {(gas or air) from other
open tanks to the tank receiving product. This eductor effect creates a two phase mixture of
product and vapour that results in increased turbulence and mist formation in the tank,

» There is a possibility of more than Im/sec at one tank inlet due to uneven distribution of
product between the open tanks.

The following precautions should be taken to manage the risks associated with the spread loading
of static accumulator cargoes:

« The overall loading rate should be chosen to ensure a maximum product velocity of Tm/sec
into any one tank, assuming an even distribution of cargo between tanks.

= Possible different flow distributicns into different tanks should be considered and bes! efforts
should be made to ensure equal flow distribution between tanks.

= Mot more than four cargo tanks should be loaded during spread loading. Referencing
figure 12.3, if 1he shore line were increased in size to 510mm diameter and it was suspected
that water is in the line, the ship would need to load four tanks simullaneously to ensure that
the water content could be safely removed and so an initial loading rate of 676m*/hr should
be requested. This will allow the water to be cleared from the shore line while keeping the
velocity at the tank inlets below 1m/sec.

« Tank inlet valves should not be used to control cargo flow during the initial loading phase. They
will reduce the cross-sectional area of the inlet, resulting in a higher tank inlet velocity and
so mare turbulence and mist formation. If valves have to be throttled to control flow rate, this
should be done upstream of the tank valves.

Managing the risks inherent in spread loading requires a risk assessment. This should consider:

= Terminal's piping configuration, including flow control capability.

= Ship's piping configuration.

+ Ship's cargo tank condition, e.g. previous cargo, tank atmaosphere or physical condition, e.g. the
integrity of heating coils.

= PFroduct to be loaded and the potential for generating a flammable atmosphere,

Spread loading should only be done when the ship and the terminal are both satisfied that the

risks have been identified and that appropriate risk response measures have been taken to
minimise, avoid or eliminate them.

121.7.8  Limitation of product velocity (loading rates) after the initial filling period
{bulk loading)

After the initial filling period, electrostatic generating processes, such as mist formation and
turbulence at the tank bottoms, are suppressed by the rising liquid level and concern switches
to ensuring that excessive charge does not accumulate on the bulk liquid. This is also done by
controlling the flow rate, although the maximum acceptable velocity is now higher provided the
product is clean (as defined in section 3.2.1).

Two phase flows, i.e. through oil and water, give higher charging and may require flow rate
limitations throughout loading (see section 12.1.7.4).

Whon the tank bottom is covered, after all splashing and surface turbulence has stopped and all
water has been cleared fram the ling, the rate can be increased to the lesser of the ship or shore
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pipeline and pumping systemn maximum flow rates consistent with proper confrol of the systern.
Established practice and experience indicates that hazards do not cocur if the product velocity
is less than Tm/sec. Some national codes of practice also suggest Trn/sec as a maximum value.
However, some industry documents acknowledge that Tm/sec is a precautionary limit and imply
that higher speeds may be safe withou! specifying what the real limits are (all the evidence for
safe loading has come from experiments limited to a maximum flow of Tm/sec).

Higher velocities can replace the Tm/sec limit only when well documented evidence shows
they can be safely used.

Operators should be aware that the maxirmum velocity might not occur at the minimum diameter
of a pipeline that feeds rultiple branch lines. Such configurations would be where a pipeline feeds
multiple loading arms or hoses, or on a ship where a main cargo line feeds multiple drop lines or
tank inlets. For example, where a 150mm diameter pipeline feeds three 100mm branch lines, the
highest velocity will be in the 150mm pipeline and not the branch lines.

Figure 12.3 shows that the smallest diameter section of piping in the system is the cargo hose,
with a diameter of 250mm. If a loading velocity of Tmy/sec is acceptable to the ship and shaore, a
maxirmurn leading rate of 1,281m3hr should be reguested.

121.7.9 Anti-static additives

If the il contains an effective anti-static additive, it is no longer a static accumulator. While this
suggests the precautions applicable 1o a static accurmulator can be relaxed, it is still advisable
to observe them. The effectiveness of anti-static additives depends on how long since the
additive was introduced to the product, proper mixing, other contamination and the ambient
temperature. It can never be certain that the product’s conductivity is above 50p5/m unless it is
continuously measured,

121710 Loading different grades of product into unclean tanks {(switch loading)

Switch loading is the practice of loading a low volatility liguid into a tank that previously contained
a high volatility liquid. The residues of the volatile liquid can produce a flammable atmosphere,
even when lhe atmosphere produced by the low volatility liguid alone is non-flammable.

In this case, reduce charge generation by avoiding splash loading and olher generating
mechanisms such as filters in the pipeline. The flow rate should be restricted during initial and
bulk loading, as in sections 121.7.3 and 12.1.7.8.

Product specification and quality requirements normally mean that switch loading does not
occur on tankers handling finished products. However, it may occur when handling cargo slops
or off-grade product thal reguire no tank preparation, as the grades can be mixed without risk of
cantamination. In this case, use the precautions outlined above for switch loading.

Loading very high vapour pressure cargoes

Cargoes with high vapour pressure (gee section 2.2.2) introduce problems of cargo loss from
excessive vapour release. They can also gas-up cargo pumps, causing discharge difficulties.
Special precautions may be necessary, e.g.:

= Permitting only closed loading (see section 12.1.6.6).

= Ayoiding loading when the wind speed is less than five knots,

= Using very low initial flow rates into tanks,

= Using very low topping-off rates,

= Avoiding a partial vacuum in the loading line.
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= Avoiding loading oil that is hot due to lying in shore pipelines exposed to the sun. If
unavoidable, this oil should be loaded to tanks that vent well clear of the superstruciure, e.g.
forward tanks,

» Providing extra supervision to monitor gas dispersion and to ensure compliance with all
safety requirements.

= Manitoring IG main pressure where this indicates the cargo tank pressure, A maximum
pressure of around 1,000mm WG should be used and the loading rate adjusted accordingly.

To prevent gassing-up of cargo pumps, the expected TVP of the cargo at the discharge port
should, under normal circumstances, not exceed 0.7 bar either for crude oil or products. A TVP of
up ta 0.8 bar may be considered if the ship is fitted with an 1G system, or if some other acceptable
method of pressurisation is to be used during discharge.

Loading cargoes containing hydrogen sulphide

12.1.91 General

Increasing numbers of cargoes contain significant and increasing quantities of Hz5, Guidance
on He2S toxicity is in section 14.6 and guidelines on gas measurement and gas testing are in
section 2.4,

This section gives practical guidance on operational measures to minimise the risks associated
with loading cargoes containing HzS5, commoenly known as sour cargoes.

12192  Precautions when loading cargoes containing hydrogen sulphide
Consider the following precautions when preparing to load cargoes containing HaS:

= Before arriving at the loading port, ensure the cargo system is free of leaks from the cargo
piping, tank fittings and the venling system.

= Test the healing coils to prevent any transfer of Hz5 to the low pressure steam system,

+ Check any liguid filled F/V breakers to ensure they are correctly filled.

s Check that all doors and ports can be securely closed 1o stop the ingress of Hz5 vapour into
the accommedation.

When loading a cargo containing Ha3:

» Produce a safety plan for the loading aperation. It should include guidance on the venting
procedure, vapour monitoring, PPE to be used, ventifation for accomrmodation and the engine
room and any emergency measures,

= Use the closed loading procedures described in section 121.6.6.

= Avoid venting 1o the atmosphere at a relatively low tank pressure, particularly in calm
wind condilions.

» Stop cargo loading if there is no wind to disperse the vapaurs or the wind direction takes
vapours towards the accormmodation.

» Allow only personnel actively engaged in ship security and cargo handling on open decks.
Regular maintenance on deck should be limited or postponed until cargo operations have
finished, Visitors should be escorted to and from the accormodation spaces and briefed on
the hazards of the cargo and the emergency procedures.

» Hz5 is highly corrosive, so mechanical gauges are more likely to fail than is usual. Check their
condition frequently. If a gauge fails, do not repair it unless an appropriate permit has been
issued and all necessary precautions observed.

s Hz25 is heavier than air, s0 in STS transfers and at ferminals where there is a significant
difference in freeboard, vapour may not be dispersed freely. Keep vent velocities high on the
receiving ship and, if possible, turn the ships to allow the wind to carry vapour away from
the accornmodation.
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Benzene and mercury

120101 Cargoes containing benzene

Guidance on benzene taxicity is in section 1.4.5. Cargoes containing benzene should be loaded
using the closed operation procedures in section 121.6.6 as this will significantly reduce

any exposure to benzene vapour. Where a VECS is available ashore, it should be used (see
section 23.7.7).

Operators should have procedures to verify the effectiveness of the closed loading system in
reducing the concentrations of benzene vapours around the working deck. This will involve
checks to determine the potential for exposing personnel to benzene vapour during aperations
such as loading, discharging, sampling, hose handling, tank cleaning, gas freeing and gauging.
Similar checks should check vapour concentrations when cleaning, venting or ballasting tanks that
previously held a cargo containing benzene.

The ship's crew should use detector tubes and pumps, toxic analysers or an electronic detector
tube to check if vapour concentrations are remaining within OEL-TWAs and whether they should
require additional FPE.

These precautions should also be followed fo minimise exposure when measuring and sampling
cargoes containing benzene,

12110.2 Cargoes containing mercury

Some crude oils and condensates contain high levels of mercury. It may be found either in
suspension in cargoes or settled at the bottom. It may also be in the vapour space. It can bond
with bulkheads, pipelines, pumps and uncoated structures. Mercury is a health hazard if the
body repeatedly absorbs it over a period of time (chronic exposurel} via inhalation, absorption or
ingestion, or following sudden exposure to high concentrations {acute exposurel.

The operator’s SMS should contain robust procedures to protect personnel against exposure to
mercury. When carrying cargoes containing mercury, take a risk-based approach. As a minirmum,
the precautions to include are hazard awareness, personnel control, exposure control, vapour
control and PPE. Personnel working where mercury might be present should be fully trained in
safe practices and provided with appropriate PPE.

Mercury is not soluble in water, so any bound to steel surfaces cannot be easily removed by
COW or water washing. Atterpts to dilute mercury levels in the tank by carrying subsequent
low mercury cargoes is also ineffective.

Any work in contaminated tanks should be carefully risk assessed and exposure minimised. The
volume of in-tank waste/residues should be minimised by COW cycles for at least two voyages.

OCIMF's Safety, Health, Environmental Issues and Recomimendations for Shipboard Handling
of Elevated Mercury Crude Cargoes contains guidance on impacts, monitoring, training, cargo
operations, contaminated residue handling, repairs and medical surveillance.

Loading heated products/cold oil cargoes

121111 Loading heated products

Unless the ship is specially designed to carry very hot cargoes, such as bitumnen, high temperature
cargoes can damage a tanker’s structure, the cargo tank coatings and equipment such as valves,
pumps and gaskets.

Some Classification Societies have rules on the maximum loading temperature for cargoes.
Masters should consult the ship operator whenever the temperature of the cargo is more than 60°C.
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Precautions that may help to ease the effects of a hot cargo are:
= Spreading the carzo throughout the ship as evenly as possitle to dissipate the heat and avoid
local heat stress.

= Ensuring that tanks and pipelines are completely free of water before receiving any cargo with
a temperature above the boiling point of water.

121011.2  Loading cold oil cargoes

Loading cargoes with a temperature below that allowed by Class rules for the grades of steel used
on the ship is a violation of Class that could lead to insurance coverage being withdrawn,

Cold climate oil and gas production confinues to increase, along with the expansion and use

of cold elimate ports and sea routes. Ol tankers typically use grade A steel and it is generally
assurned the cargo terperature will be above zero degrees Celsius. Steel becomes britlle at low
temperatures, 50 structures can fracture or shatter when loaded to stress levels that would cause
no concern at normal temperatures. A brittle fracture is generally characterised by little or no
deformity of the metal around the fracture.

Loading cold cargoes introduces the risk af a brittle fracture to the steel structure and cargo
piping. By their nature, brittle fractures occur suddenly and without warning. They may appear as
soon as cold cargoes are loaded, resulting in spills from either the tanks or pipework.

Ship operators and Masters should consider the structural hazards and restrictions of carrying
cold oil cargoes. In drawing up a safe operating plan they should consult experts, the Classification
Society and insurers. Based on this guidance and endorsement, a procedure for sub-zero cargoes
should be developed. The areas this covers should include:

«  Suyitability of lank coatings.

» Cargo tank venting system.

» Cargo valves.

= Cargo pumping system.

= Cargo stripping system.

s G system,

« Gauging system.

» Cargo tank alarm systems.

= Ballast piping.

« Ballast venting system,

Loading over the top (or loading overall)
Loading aver the top should not be done unless supported by a full risk assessment.

Volatile petroleum or non-valatile petroleum with a temperafure higher than its flashpoint minus
10°C should never be loaded over the top into a non-gas free tank (see chapter 1),

Ballast or slops should not be loaded or transferred over the top into a tank that contains a
flammable gas mixture,

Discharging procedures

121131 Joint agreement on readiness to discharge

Before starting to discharge cargo, the Responsible Officer and Terminal Representative should
formally agree that the tanker and the terminal are both ready to do so safely.
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12.113.2 Operating pumps and valves
Throughout pumping operations, make no abrupt changes in the rate of flow.

During discharge the ship should control the flow of cargo in line with the agreement with the
terminal. The discharge rate should not be substantially changed without informing the terminal.

Centrifugal pumnps should be operated at speeds that do not cause cavitation, which can damage
the pump and other equipment on the ship or at the terminal.

Reciprocating cargo pumps can set up excessive vibration in loading/discharging arms, which, in
turn, can cause leaks in couplers and swivel joints and even mechanical damage to the support
structure. |f possible, do not use such pumps. If they are used, take care to select the least
critical pump speed. If mare than ane pump is used, choose a combination of pump speeds that
give an acceptable level of vibration. Keep a close watch on the vibration level throughout the
cargo discharge.

12.113.3 Closed discharging
Ships that correctly use their IG systems are considered to be conducting closed discharging.

When non-inerted ships are discharging, gauging and sampling, all ullage, sounding and sighting
ports should be closed. Air should be admitted to the tanks only by the approved venting systern.

If the venting systemn cannot cope with the discharge rate, the rate should be reduced to match the
capacity of the venting system and going below the 100mm WG in the tanks should be avoided.

121134  Inert Gas procedures

An 1G systemn must be fully operational and, while discharging, produce 1G with an oxygen content
of not more than 5%. For more on the operation of an 1G system, see section 111

Cargo discharge should not start until:

» Al relevant cargo tanks, including slop tanks, are cornman with the G main.
» All other cargo tank openings, including vent valves, are securely closed.

» The IG main is isolated from the atmasphere and from the cargo main if a cross-connection
is fitted.

= The IG plant is cperating.
» The deck isolation valve is open.

A low but positive |G pressure after discharging will allow the manifold drip tray to be drained into
a tank. The IG pressure in the tanks should not be less than the safety settings on any associated
pumnping arrangements,

121135 Failure of the Inert Gas system during cargo discharge

If the IG plant breaks down during discharge, suspend operations, If air has entered the tank,

do not introduce any dipping, ullaging, sampling or other equipment into the tank until at least

30 minutes after the injection of IG has stopped. After this, equipment can be introduced provided
that all metallic components are securely earthed. This earthing is necessary for up to five hours
after the |G injection stopped.

When a tank is re-inerted following a failure or repair to the 1G system, or when a nan-gas free
tank is initially inerted, do not insert dipping, ullaging, sampling or other equipment until the
tank is inert. Check this by monitoring the gas vented from the tank. If it is necessary to insert

a gas sampling system into the tank to establish its condition, leave at least 30 minutes after
stopping the 1G injection. Any metallic components of the sampling system should be electrically
continuous and securely earthed (see section 1111 for |G failure).
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12.1.13.6 Crude Qil Washing

If some or all of the ship’s tanks need a crude oil wash during discharge, the Responsible Officer
should add a COW plan to the discharge plan set out in section 21.6.

A full description of the requirements for COW is in section 12.5.

12113.7 Starting discharge alongside a terminal

The ship should be informed when the shore tanks are higher than the ship's manifold and
whether NRVs are fitted.

Before the ship's manifold valves are opened, shore valves should be fully open to receiving tanks.

The tanker's manifold valves should not be opened until the pumps have developed enough
pressure to prevent backflow.

Start the discharge at a slow rate and only increase it 1o the agreed rate once both parties are
satisfied that the flow of gil to and from the designated tanks is confirmed.

12.1.13.8  Starting discharge at an offshore terminal

Before discharge starts at an offshore terminal, communications between ship and shore should
be fully tested. The ship should not open its manifold valves or start its purmps until a clear signal
has been received from the shore that the terminal is ready.

Discharge should start slowly until the systern has been tested and then gradually brought up
to the maximum agreed flow rate or pressure. Keep a close watch on the sea around the hoses
for any leaks. During darkness, and if safe and practical, light up the water around the hoses
(see OCIMF's Single Paint Mooring Maintenance and Operations Guide, Guidelines for the Design,
Operation and Maintenance of Multi Buoy Moorings and Guide for Offshare Tanker Operations).

12.1.13.9  Starting discharge through a stern line

Before discharge starts through a stern line, a dangerous area that extends for at least three
metres from the manifold valve should be clearty marked. No unauthorised personnel should be
aliowed in this area during the discharge operation.

Mairtain a close watch for any leaks. All openings, air inlets and doors to enciosed spaces should
be kept tightly closed.

Firefighting equipment should be laid out and ready for use near the stern manifold:
s The cargo hose connection should be carefully inspected for correct alignment and secure
coupling. Where possible, a water pressure test of the coupling seals should be made.

= If fitted, any ERSs for the mooring and carge connection should be operational. Test these
before mooring.

= All primary and secondary communication links with the loading terminal should be tested,
including any telemetry control system.

» Smaking and naked light requirements should be strictly enforced,
A responsible crew member should maintain a continuous watch by the stern throughout
discharge. During darkness, the lighting on and around the ship’s stern should allow an effective

visual watch to be maintained on the maoaring point, mooring system, cargo hose connection,
loading hoses and the water around the stern.

12.113.10 Periodic checks during discharge

Throughout discharging, monitor and regularly check all full and empty tanks to confirm that cargo
is only leaving the designated cargo tanks and is not escaping into pumprooms, cofferdams or
through sea and overboard discharge valves.
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Chack tank ullages at least haurly and calculate a discharge rate. Compare cargo figures and
rates with shore figures to identify any discrepancy. If pozsible, these checks should include
chservations and recordings of the shear forces, bending moments, draught and trim and any
olker relevant stability requirerents specific 1o the ship. Check this information against the
required discharging plan to see that all safe limits are met and that the discharging sequence
can be followed or amended as necessary. Immediately report any discrepancies to the
Responsible Officer,

Ay pressure drops or marked discrepancy between tanker and terminal estimates of quantities
could indicate pipeline or hose leaks, particularly in submarine pipelines, and require that cargo
operations be stopped until investigations have been made.

Frequently inspect the cargo deck and pumpraom for any leaks. Overside areas should also be
checked regularly. During darkness, if safe and practical, illuminate the water around the ship.

1211311 Stripping and draining cargo fanks

When the main bulk of cargo is being discharged and a slop tank or other selected tank is
receiving drainings from tanks being stripped, personnel should be alert to the fact that the ullage
in the receiving tank will be decreasing. Take great care to avoid an overflow and ensure proper
precautions are in place in case any vapours are emitted.

Air or gas bubbles in a liquid can generate static electricity so, as far as possible, stripping pumps
and eductors should be operated to avoid trapping air or gas in the liquid stream,

Pipeline and hose clearing after cargo operations

121141 General

The procedure for clearing the pipelines and hoses or arms between the shore valve and ship's
manifold depends on the facilities available and whether these include a slop tank or other
receptacle. The relative heights of the ship and shore manifolds may also be a factor,

12114.2  Line dizsplacement with water

On ships with a segregated ballast systemn, avoid the practice of using cargo pumps on a sea
suction. However, at the end of cargo operations, some terminals require ships to displace the
contents of the hoses or MLAs, and perhaps the shore pipelines, with water. This practice risks
pallution, so it should be done only if essential and should be carefully planned and executed.
Before starting the displacement the ship and terminal should agree the procedures to be used,
particularly the amount to be pumped and the pumping rate.

Pay particular attention to venting the cargo pumps and ensuring there is no outflow of oil when
opening the sea valve.

Refer to OCIMF/ICS" Prevention of Oil Spillages through Cargo Pumproom Sea Valves.

12.1.14,3  Line draining

When lpading is completed, the ship's cargo deck lines should be drained into appropriate cargo
tanks to ensure that thermal expansion in the lines cannot cause leaks or distortion. The hoses or
MLAs and sometimes part of the pipeline system between the shore valve and the ship's manifold,
are also usually drained into the ship's tanks. Enough ullage space should be left in the final tanks
to accept the carge drained in this way.

When discharging is complete, the ship's cargo deck lines should be drained into an appropriate
tank and then the contents will be discharged ashore or into a slop tank.

When draining is complete, and before hoses or MLAS are disconnected, the ship's manifold
valves and shore valves should be closed. The drain valves at the ship's manifold should then be
opened to drain into fixed drain tanks or portable drip trays. Draining any product from the MLAs
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or hoses into open drip trays should be avoided. Cargo manifolds and MLAS or hoses should be
securely blanked after being disconnected. The contents of porlable or fixed drip trays should be
transferred to a slop tank ar other safe container,

12114.4 Clearing hoses and Marine Loading Arms to the terminal

If hoses or MLAs have to be cleared to the terminal using compressed air or 1G, follow these strict
precautions to avoid creating a hazardous static electrical charge or mechanical damage to tanks
and equipment:

o The procedure should be agreed between tanker and terminal.

# There should be adequate ullage in the reception tank.

» To keep the amount of compressed air or 1G to a minimum, the operation should stop when the
line has been cleared.

= The inlet to the receiving tank should be well sbave any water in the bottormn of the tank.
« The line clearing operation should be continuously supervised by a Responsible Officer.

12.1.14.5 Clearing hoses and Marine Loading Arms to the ship
Do not clear hoses and loading arms to the ship using compressed air because of the risks of:

= Static charge generation,
» Compromising |G quality.
»  Over pressurisation of tanks or pipelines.
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12114.6 Clearing ship’s cargo pipelines

When compressed air or 1G is used to clear the ship's pipelines, the hazards are similar to those
above and the same precautions should be taken. Line clearing operations should be done in
accordance with the specific operating procedures for the ship.

121347  Gas release in the bottom of tanks

assmin
O-ﬁ. pumproom contains the largest concentration of cargo pipelines in the ship. Leaks of a

volatile product from any part of this system could quickly generate a flammable or toxic
atmosphere. The pumproom may also contain @ number of potential ignition sources. To
control them, structured maintenance, inspection and monitoring procedures should be
strictly followed.

Blowing air or IG into the bottom of a tank containing a static accumulator oil can generate a
strong electrostatic field. If the cargo contains water or particulate matter, the effect is worse. The
rising gas bubbles will disturb the particulates and water droplets and the settling contarminants
will generate a static charge within the cargo. Allow a settling period of at least 30 minutes afler
blowing any lines to a non-inerted tank or a tank that could contain a lammable almosphere.

Precautions should be taken to minimise the amount of air or 1G entering tanks containing static
accumulator oils and it is best to avoid the practice of blowing lines back to tanks containing

such cargo,

Cargo lines should be drained by gravity whenever possible.
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121.14.8 Receiving nitrogen from shore

O_-Persnnnel should be aware of the potential hazards associated with nitrogen and, in

particular, those related to entering enclosed spaces or areas in way of tank vents or
outlets that may be oxygen depleted, High concentrations of nitrogen are parficularly
dangerous because they can displace enough air to reduce oxygen levels to a point where
personnel entering the area can lose consciousness due to asphyxiation. Nitrogen cannot
be detected by human senses, so smell cannot be relied upon and personnel may not be
able to recognise the physical or mental symptoms of overexposure in time for them to take
preventive measures (see chapter 10).

If shore supplied nitrogen is used, e.g. to purge tanks, for padding cargo or to clear lines, be aware
that this may be at HP (up to ten bar) and at a high flow rate, making it potentially hazardous
because of the risk of over pressurising the cargo tanks. Carry out a risk assessment: the
operation should only proceed if appropriate risk mitizations are in place. As a minimurn, follow
the precautions for over pressurisation in section 11,2.2.

One way to reduce the risk is to ensure the tank has vents with a greater flow rale capacity

than the inlet, so the tank cannot be over pressurized. If vapour control and emission regulations
require closed operation, the incoming flow of nitrogen should be restricted to a rate equal to or
less than the maximum flow of vapour possible through the VRL. Measures to ensure this should
be agreed. A small hose or reducer before the manifold can be used to restrict the flow rate, but
the terminal should control the pressure. A gauge will allow the ship to monitor the pressure.

Atternpting to throttle a gas flow with a ship's manifold valve designed to control liquid flow is
inappropriate. However, the manifold may be used as a rapid safety stop in an emergency. Note
that the effect of a pressure surge in a gas is not as violent as in a liquid,

Sensitive cargoes, e.g. highly specialised lubricating oils, may have 1o be carried under a pad
or blanket of nitrogen supplied from the shore. In this case, it is better to purge the entire cargo
tank before loading. After purging, loading the cargo in a closed condition will create the pad
within the tank. This significantly reduces the risk of over pressurisation when padding with
shore supplied nitrogen.

12115 Pumproom operational precautions

121151  General precautions

Before starting any cargo operation:

« Aninspection should ensure that strainer covers, inspection plates and drain plugs are in

position and secure.

Drain valves in the pumproom cargo system, especially those on cargo oil pumnps, should be
firrnly closed.

» Any bulkhead glands should be checked and adjusted or lubricated, as necessary, to ensure an

efficient gas-tight seal between the pumproomn and the machinery space,

During all cargn aperations, including loading:

The pumproom should be inspected regularly for leaks from glands, drain plugs and drain
valves, especially those fitted to the cargo pumps.

If the purnps are in use, pump glands, bearings and the bulkhead glands should be checked for
overheating. In the event of leakage or overheating the pump should be stopped.

Make no atternpt to adjust the pump glands on rotating shafts while the pump is in service.
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12115.2 Cargo and ballast line draining procedures

On some ships, no provision is made for effective line draining where the practice is to drain final
line contents to the pumproom bilge. It is an unsafe practice and volatile product should not be
drained to the bilge.

Consider a comprehensive stripping arrangement to enable all lines and pumps to be drained
effectively, to a cargo tank, slop tank or dedicated reception tank, for subsequent discharge ashore.

After de-ballasting, if lines used for ballast have to be drained to the pumproom bilge, take care to
ensure that the drainings do not contain cargo residues.

12.1.15.3  Routine maintenance and housekeeping issues

If is important that the integrity of pipelines and pumps is maintained and that any leaks are
detected and rectified as soon as possible.

Purnproom bilges should be kept clean and dry. Particular care should be taken to prevent
hydrocarbon liguids or vapour escaping into the pumpraom.

Pipelines should be visually examined and routinely pressure tested to verify their condition. Other
non-destructive testing or examination, such as ultrasonic wall thickness measurement, may be
appropriate but should always be supplemented by a visual examination.

Procedures should be established to verify that mud boxes and filters are properly sealed after
they have been opened for routine cleaning or examination.

Yalve glands and drain cocks should be regularly inspected to ensure they do not leak.
Bulkhead penetrations should be routinely checked to ensure the seals are effective.

Critical bolts on the cargo pumps and associated fittings, such as pedestal fixing bolts, pump
casing bolts and bolts securing shaft guards, should be secure. Include the requirements for
examining them in routine maintenance procedures.

The pumproom rescue harness and rope should be checked regularly to ensure it is fit for use and
rigged for immediate operation. Use of fire retardant materials should be considered for rescue
harness and rope assembly.

Emergency escape routes should be regularly checked to ensure they are properly marked and
clear of obstructions. Where an escape trunk is filted, check doors for ease of operation. Door
seals should be effective and lighting within the trunk should be operational.

121154 Maintaining electrical equipment in the pumproom

incorrect mainienance procedures may compromise the design integrity of explosion-proof
or intrinsically safe electrical equipment. To ensure such equipment remains safe, even
the simplest repair or maintenance task should be carried out in strict compliance with the
manufacturer's instructions.

Only personnel gualified to undertake such work should carry out maintenance of explosion-proof
and intrinsically safe equipment. This is especially vital with explosion-proof lights, where
incorrectly closing them after changing a lamp could comprornise their integrity.

To help routine servicing and repair, ships should have detailed maintenance instructions for the
specific systemns and arrangements fitted on board. The company’s permit to work system should
be followed, as applicable.
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12115.5 Inspecting and maintaining pumproom ventilation fans

Pumnproom ventilation fans operate by drawing air out of the space. If a gas is in the pumproom
and the blades of the fan impeller touch the casing, or the fan bearings or seals overheat, the
vapours could ignite.

Pumproom extractor fans, including impellers, shafts and gas seals, should be inspected regularly.

Inspect the condition of the fan trunking and confirm that the changeover flaps and fire dampers
are operating properly.

Consider routine vibration monitoring and analysis as an early way to detect component wear.

12115.6 Testing of alarms and trips

If fitted, purnp alarms and trips, level alarms, etc. should be tested regularly to ensure that they are
functioning correctly. The results of these tests should be recorded.

These tests should be as thorough as possible to verify the complete operability of the system and
should not be imited to an alectrical function test of the alarm itself,

121157 Miscellaneous

The safety of pumprooms can be enhanced in a number of other ways, some of which are
mandatory for some tankers:

= A fixed gas detection system capable of continuously monitoring for hydrocarbon, oxygen and
toxic gases that activate audible and visual alarms in the cargo control room, engine room
and the navigating bridge. Where such equiprnent is fitted, procedures should be developed to
ensure it is regularly inspected and calibrated. Procedures should also be developed for the
action to take when an alarm is triggered, especially for vacating the space and stopping the
cargo pumps. Whenever practicable, gas detection should maonitor a number of levels within
the purnproom, not just the lower area.

= A fixed sampling arrangement to monitor oxygen content within the pumpreom from the deck
by a portable meler before entering the purnproom. Where such an arrangement is fitted, it
should ensure that remote parts of the purmproom can be monitored.

= Temperature monitoring devices fitted to the main cargo pumps to provide remote indication
of the temperature of pump casings, bearings and bulkhead seals. Where such equipment i
fitted, procedures should be developed far the action to take when an alarm is triggered.

= A high level alarm in pumproom bilges that activates audible and visual alarms in the cargo
control room, engine room and the navigating bridge.

s Manually activated trips for the main cargo pumps at the lower pumproom level and at the top
(main deck) level.

= Spray arresters around the glands of all rotary cargo pumps to reduce the formation of mists
during minor leaks from the gland.

+ Examining the feasibility of fitting a double seal arrangement to contain any leaks from the
primary seal and to activate a remote alarm to indicate a leak. The impact of any retrofit on the
integrity of the pump will need to be assessed in conjunction with the purmp manufacturer,

= Particular attention to be given to the adequacy of fire protection in the immediate area of the
Cargo pumps.

s+ Given the problems associated with flashback re-ignition after using the primary firefighting
medium, consider providing a backup system, such as high expansion foam or water
drenching, to supplement the existing system.

= On ships fitled with an |G systern, an emergency facility for inerting the pumproom could be an
aption, although careful attention should be paid to the safety and integrity of the arrangement.

= Providing the pumproom with readily accessible EEBDs,
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Stability, stress, trim and sloshing considerations

General

il tankers usually have a high metacentric height in all conditions, so they remain inherenily
stable. While tanker personnel have always had to take account of longitudinal bending moments
and vertical shear forces during cargo and ballast operations, the actual stability of the ship has
seldom been a majar concern. Masters and officers should account for free surface and sloshing
effects during all stages of cargo and ballast operations. Double hull tankers, particularly those
without centreline bulkheads in cargo tanks and/or having U-shaped ballast tanks, may face
potential issues from large free surface effects influencing their stability.

Free surface effects

The main problem likely to be encountered is the effect on the Transverse Metacentric Height
(GM) of liquid free surface in the cargo and double hull ballast tanks.

Depending on the design, type and number of these tanks, the free surface effect could
significantly reduce the GM. The situation will be most severe in the case of a combination of wide
carga tanks with no centreline bulkhead and ballast tanks with no centreline bulkhead (U tanks).

The most critical stages of any operation will be while filling the double bottom ballast tanks
during cargo discharge and emptying these tanks during cargo loading. If enough cargo tanks
and ballast tanks are slack simultaneously, the overall free surface effect could reduce the GM
to a point that threatens the transverse stability of the ship. This situation is further exacerbated,
with large free surface areas especially likely 1o threaten stability at greater soundings, with an
associated high vertical centre of gravity,

The combinafion of these factors could result in the ship suddenly developing a severe list or
angle of loll and it is, therefore, imperative that tanker and terminal personnel involved in cargo
and ballast operations are aware of this potential problem.

All cargo and ballast operations must be conducted strictly in line with the ship's stability booklet,
approved by the administration, which provides information on any restrictions as well as standard
aperating conditions for developing acceptable loading, discharging and ballasting plans in
accordance with applicable stability criteria. Additionally, the stability booklet must contain other
necessary guidance for the safe operation of the ship under normal and emergency conditions.
Where the information in the stability booklet identifies particular combinations of slack ballast
and/or cargo tanks that could result in the development of stability issues that are outside of the
ship's safe operating parameters, these should be clearly posted in the cargo control room along
with guidance on action to be taken to mitigate any stability issues developing during non-standard
or emergency situations.

Heavy weather ballast

Ship specific procedures should ensure that heavy weather ballast is taken in plenty of time
for personal safety and that stability and hull shear forces and bending moments should be
maintained within acceptable limits at all stages of the heavy weather ballast operation.

Masters and officers need to be aware that partially loading a cargo tank with heavy weather
ballast may present a potential sloshing problem. The combination of free surface and the flat tank
bottom can generate wave energy with enough power to severely damage the internal structure
and pipelines.

The decision to take heavy weather ballast may also be guided by the need to mitizate the
risk to the ship's machinery should the propeller clear the water and the engine overspeed
when pitching,
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12.2.4 Loading and discharge planning

Ballasting and de-ballasting should be planned and programmed around the cargo operations to
avoid exceeding the specified draught, trim or list requirements, while at the same time keeping
shear force, bending moments and metacentric height within prescribed limits.

12.2.5 Intact and damage stability

Complying with intact stability may not meet the damage stability criteria. This should be verified
for the departure condition of the ship.

12.3  Tank cleaning

12.31 General

This seclion deals with procedures and safety precautions for cleaning cargo tanks after
discharging petroleum products from cargo tanks, Guidance is also given on cleaning
contamninated ballast spaces.

12.3.2  Tank washing risk management

All tank washing operations should be carefully planned and docurnented. The potential hazards
of planned tank washing operations should be systematically identified and risk assessed.
Appropriate preventive measures should be put in place to reduce the risk to ALARP.
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I planning tank washing operations, the prime risk is a fire or explosion caused by a simultaneous
flammable atrmosphere and source of ignition. The focus should be on eliminating one or more

of the hazards, namely the sides of the fire triangle of air/oxygen, ignition source and fuel, i.e.
flammable vapours.

12.3.3  Supervision and preparation

Supervision
A Responsible Officer should supervise all tank washing operations.

Before starting the operation, all the crew invelved should be fully briefed by the Responsible
Officer on the tank washing plans and an their roles and responsibilities.

All other personnel on board should be notified that tank washing is about to begin, This should, in
particular, be extended to those on board not involved directly in the tank washing operation but
whose own concurrent tasks may affect its safety.

Preparation

Before and during tank washing operations, the Responsible Officer should be satisfied that all
the relevant precautions set out in chapter 4 are being observed. If craft are alongside the tanker,
their personnel should also be notified, They need to confirm their compliance with all appropriale
safety measures, Before starting to tank wash alongside a terminal, the following additional
measures should be taker:

= Observe the relevant precautions in chapter 23,

« Consult the appropriate personnel ashore to check that conditions on the jetty do not present a
hazard and to get agreement that operations can start.

The method of tank washing used on board a tanker depends on how the atmaspheres in the
cargo tanks are managed and the equipment fitted to the ship.
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Tank atmospheres

12.3.4.1 Inert

This is a condition where the tank atmosphere is known to be at its lowest risk of explosion by
virtue of the atmosphere being maintained at all times as non-flammable through the introduction
of IG and the resultant reduction of the overall oxygen content in any part of any cargo tank to a
level not exceeding 8% by volume while under a positive pressure (see section 111510

The lowest risk comes from washing the tank in an inert atmosphere. This is clear and causes
no ambiguity, To be inert the tank must meet the SOLAS requirement for inerting cargo

tanks and reducing the oxygen content of the atmosphere in each tank to a level that cannot
support combustion,

If direct measurement fails to prove that the tank is inert, it should by default be considered
non-inert.

The requirements for maintaining an inert atmosphere and the precautions to observe during
washing are in section 111.6.%9. These provide the most certain level of control of an atmosphere
during tank washing.

In fire triangle terms, this methed physically removes and controls the oxygen,

12.3.4.2 MNon-inert

For this chapter, a non-inert atmosphere is where the oxygen content has not been canfirmed as
less than 8% by volume,

On ships with no access to 1G, either on board from an IG plant or from the shore, only two sides
of the fire triangle can be addressed - the fuel and the sources of ignition. In & non-inert condition
there are no physical barriers that will ensure that either of these two hazards can be eliminated.
Therefore, the safety of non-inert tank washing depends on the integrity of the equipment and
implementation of strict procedures 1o ensure these two hazards are controlled,

Mon-inert carga lanks should only be washed when a combination of measures control the
flarnmabilily of the tank atmosphere and sources of ignition.

To control tank atmospheres, tankers that operate in a non-inert condition should be designed and
equipped to mechanically ventilate cargo tanks at the same time as tank washing.

Recognising that tank washing and gas freeing operations in non-inert atmospheres present an
increased risk, extra control measures are required to reduce the risk io ALARP. These control
measures should address two sides of the fire triangle, i.e. fuel and sources of ignition.

Tank washing

12.351  Washing in an inert atmosphere
Control measures for washing in inert aimospheres are in section 11.1.6.%.

During tank washing, verify that the atmosphere in the tank remains non-flammable (the oxygen
content does not exceed 8% by volume) and is maintained at a positive pressure.

Cargo tanks can be purged during water washing to reduce the hydrocarbon content of the
tank atmosphere,
12.3.5.2 Washing in a non-inert atmosphere

Mar-inert cargo tank washing should only be done when both the source of ignition and the
flammability of the tank atmosphere are controlled. To do this, the following precautions should
be taken.
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I5 the cargo tank in
inert condition? [ o |
{0z confirmed as I i
8% by volume)

Tank wash
(see section 111.6.9)

Tank bottem and piping
system flush followed
by tank ventilation

l

b Measure LFL

l

I the tank

Venfilate +—{ No almosphere

=10% LFL?

L. ¢ 1dvd

£

&
a
>
.
=
=
o)
=

S|
b Yes |
¥

P Tank wash

l

Monitor change in LFL

percentage by testing
fank atmosphere
frequently at various
levels

1

I5 the tank
o e _atrnosphere
iz rnaintained at £35%
LFL?

;Z'i.j

Stop washing
irmmediately and
continee ventilation

1

Monitor tank
atmesphers

|

Tank at here
=10% LEL

Figure 12.4: Steps to control the fuel (flammable vapours) while tank washing in a non-inert tank
atmosphere flowchart
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To conirol the fuel in the tank atmosphere (see figure 12.4)
Before washing:

» Flush the tank bottorn with water, so that all parts are covered, then strip. To do the flush, use
the main cargo pumps and lines. Alternatively, permanent pipework extending the full depth of
the tank should be used. Do not use the tank washing machines.

= Flush the piping system with water (including cargo pumps, crossovers and discharge lines).
Orain the flushing water to the tank desizgned or designated to receive slops.

= \entilate the tank to reduce the gas concentration of the atmosphere to 10% or less of the
LFL. Test for gas at various levels and be aware that pockets of flammable gas may exist, in
particular near potential sources of ignition such as mechanical equipment that might generate
hot spots, e.g. maoving parts in submerged cargo pump impellers.

= Start washing only when the tank atrmosphere reaches 10% or less of the LFL.
During washing:

= Monitor the change in LFL percentage by testing the atmosphere frequently and at various
levels inside the tank.

]

Consider suspending washing to take readings as water can affect the efficiency of gas
reasuring equipment.

Provide a free flow of air from one end of the tank to the other, with continual mechanical
venlilation whenever possible.

L]

Monitor the tank atmosphere mare freguently if mechanical ventilation is not possible as the
likelihood of rapid gas build-up is greater.

Maintain the tank atmosphere at not more than 35% LFL. If the gas level reaches 35% at any
measured location within a tank, immediately stop the washing in that tank,

Only resume washing when continued ventilation has reduced the gas concentration to 10% or
less of the LFL and is able to maintain it.

a

Isolate any tank with a venting system that is common to other tanks to prevent gas leaking
from other tanks.

To control the sources of ignition in the tank

= Restrict the throughput of individual tank washing machines fo no greater than &60m3/hr.

= Keep the total water throughput per cargo tank as low as practicable. Do not let it exceed
180m3/hr.

= Different washing methods create different risks, so follow these precautions when tank
washing in non-inert conditions:
- Mever use recirculated wash waler,

- Heated wash water may be used but stop if the gas concentration reaches 35% of the
LFL. Use a hot wash for a low flashpoint product only after a full, i.e. top to bottom, cold
wash cycle.

Increase the frequency of monitoring the gas concentration if the hot wash water
temperature is above 60°C,

- Only consider using chemnical additives if the temperature of the wash waler does not
exceed H0°C,

Mever inject steam into a tank that may contain hydrocarbon vapours and that is in a
non-iner! condition. Only consider injecting steam into a tank after it has been verified as
being gas free (see section 3.1.2)

= Keep the tank drained during washing. Stop the washing to clear any build-up of wash water.

= Keep the discharge into the wash water reception/slop tank below the liquid level in that tank
at all times,
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+ Make up and test the electrical continuity of all hose connections before introducing any
portable washing machines to the tank. Do not introduce any portable washing machines until
the LFL level is 10% or less.

= Do not break any connactions before the machine has been remaoved from the tank. To drain
the hose, a coupling may be partially opened (but not broken) and then re-tightened before the
machine is remaoved.

» Introduce sounding rods and ather equipment into the tank using a full depth socunding pipe.
If a full depth sounding pipe is not fitted, ensure that any metallic components of the sounding
rod or other equipment are bonded and securely earthed 1o the ship before introducing them to
the tank and that they remain earthed until removed,

= Observe this precaution during washing and for five hours afterwards to allow enough time
for any mist carrying a static charge to dissipate. |f the tank is continuously mechanically
ventilated after washing, this can be reduced to one hour. During this time:

- A metal interface detector can be used if earthed to the ship by a clamp or bolted
metal connection.

- Ametal rod on the end of a metal tape can be used if earthed to the ship by a clamp or
bolted metal connection.

- Do not use a metal sounding rod suspended on a fibre rope, even if the end at deck level is
fastened to the ship. The rope cannot be relied on to provide an earthing path.

Entirely non-metallic equipment may be used, e.g. a wooden sounding rod suspended on a
natural fibre rope without earthing,

Do not use ropes made of synthetic polymers to lower equipment into cargo tanks.

= Take measures to guard against ignition from machinery defecls, e.g. in-tank cargo pumps,
tank washing machines, tank gauging equipment, etc,

« Take precautions to eliminate the risk of mechanical sparks from objects falling into the tanks,
e.g. metallic objects, including hand taols, sounding rods and sample buckels, elc.

= Do not allow the use of non-intrinsically safe equipment, e.g. torches and inspection lamps,
mobile phones, communications radios, handheld compulers, etc.

Precautions for tank washing

12.3.61  Portable tank washing machines and hoses

The auter casing of portable machines should be made of a material that will not cause an
incendive spark on contact with the internal structure of a carga tank.

The coupling arrangement for the hose should give an effective bonding between the tank washing
machine, the hoses and the fixed tank cleaning water supply line.

Washing machines should be electrically bonded to the water hose by a suitable connection or
external bonding wire.

When suspended within a cargo tank, machines should be supported by a natural fibre rope and
not by the water supply hose.
12.3.6.2 Portable hoses for fixed and portable tank washing machines

Bonding wires should be incorporated within all portable tank washing hoses to ensure electrical
continuity. Couplings should be connected to the hose in a way that ensures effective bonding.

Hoses should be indelibly marked for identification. A record should be kept showing the date and
the result of electrical continuity testing.
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12.3.6.3  Testing tank cleaning hoses

All hoses supplied for tank washing machines should be tested for electrical continuity in a dry
condition befare use. In no case should the resistance exceed six ohms per metre length.

12.3.6.4 Tank cleaning concurrently with cargo handling

As a general rule, tank cleaning and gas freeing should not run concurrently with cargo handling.
If for any reason this is necessary, consult closely with both the Terminal Representative and/or
the port authority and get their written agreement.

12.3.6.5 Free fall

It is essential to avoid the free fall of water or slops into a tank. The liquid level should always
cover the discharge inlets in the slop tank to a depth of al least one metre to avoid splashing. This
is hot necessary when the slop and cargo tanks are fully inerted.

12.3.6.6 Spraying water

Spraying water into a tank containing a substantial quantity of static accumulator oil could
generate static electricity at the liguid surface, either by agitation or water setiling, Tanks that
contain static accumulator oil should always be purmped ocut before they are washed with water,
unless the tank is kept inert (see section 3.2.71.

12.3.6.7 Excluding cargo oil from the engine room

To prevent cargo oil from getting into the engine room, any part of the tank washing system
that extends into the engine room should be blanked off as soon as lank cleaning operations
have finished.

12.3.6.8 Special tank cleaning procedures

After carrying certain products, tanks can only be properly cleaned by steaming or adding fank
cleaning chemicals to the wash water.

Steaming

The hazard of static electricity means that steam should not be introduced to cargo tanks if there
is a risk of a flammable atmosphere, Bear in mind that a non-flammable atmosphere cannot be
guaranteed in all cases where steaming might be thought useful.

Steaming can produce mist clouds that may be electrostatically charged. The effects and possible
hazards are similar to those for the mists created by water washing, but levels of charging are
rnuch higher. The time to reach maximum charge levels is also much less. Although a tank may
be almost free of hydrocarbon gas at the start of steaming, the heat and disturbance will often
release gases, so pockets of Hammability may build up.

Steaming may only be carried out in tanks that have been either inerted or water washed and
gas freed. Before steaming, the concentration of flammable gas should not excead 10% of the LFL.
Precautions should be taken to avoid the build-up of steam pressure within the tank.

The static electricity precautions in chapter 3 should be strictly observed.

Using chemicals in wash water

Constraints on the use of chemicals in wash water will depend on the type of tank atmosphere
(see section 12.3.5.2}.

Certain tank cleaning chemicals may introduce a toxic or flammable hazard. Personnel should
bie made aware of the OEL of the product, Deteclor lubes are particularly useful for detecting
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the presence of specific gases and vapours in tanks. Tank cleaning chemicals that can produce a
flammable atrmosphere should only be used when the tank has been inerted.

Using chemicals for local cleaning

Some tank cleaning chemicals may be used to hand wipe tank bulkheads and blind spots, provided
only a small amount is used and the personnel entering the tank observe all the requirements for
entering an enclosed space.

Any manufaclurer's instructions or recommendations for the use of these products should also be
followed. If the ship is in port, local authorities may impose additional requirements.

&An SOS for tank cleaning chemicals should be on board the ship before they are used, lis advice
and precautions should be followed.

123,69 Leaded gasoline

Leaded gasoline is rarely used in most countries. It is, however, possible that gasoline containing
tetracthyl lead (TEL) and tetrarnethyl lead (TML) could still be carried. When the ship’s tanks
alternate between different products, they present liltle risk, However, ships that regularly carry
leaded gasoline should flush the bottom of the tanks with water after every cargo discharge.

12.3.6.10 Removing sludge, scale and sediment

Before removing sludge, scale and sediment by hand, the tank atmosphere is to be confirmed
as safe for entry. Appropriate control measures are in place to protect the health and safety of
personnel entering the space. The precautions in section 10.9 should be maintained throughout
the work (see section 12.1.10.2 cargoes containing mercury).

Any equipment used for further tank cleaning, such as removing solid residues or products
in tanks that have been gas freed, should be designed and constructed to infroduce no risk
of ignition.

12.3.6.11 Cleaning contaminated ballast spaces

If & cargo tank leaks into a ballast tank, both will need to be ¢leaned in order to comply with
MARPOL and to carry out repairs.

This is a difficult 1ask when the contarnination is crude or black oils and especially difficult in a
double hull or double bottom space.

As far as possible, and particularly during the initial stages, tank cleaning should be carried out
by methods other than hand hosing. This may include using portable machines or detergents,
or washing the bottom of the tank with water and detergent. Hand hosing should be permitted
only for small areas of contamination or for final cleaning. Whichever method is used, the tank
washings must always be handled in line with MARPOL regulations.

After a machine or detergent wash, prior to entry for final hand hosing the tank should be
ventilated in line with the procedures in section 12.4.7 until readings at each sampling point show
that the atrmosphere is safe for entry according to the criteria in chapter 10. Suitable control

measures should be implemented 1o protect the health and safety of personnel entering the space,

If cleaning is to be done, the precautions in section 12.3.5.2 should be followed, including the
manitoring of tank atmospheres.

Wash water analysis

Testing the wash water is a process that assesses the cleanliness of the cargo tank and cargo
limes. It is an alternative to pre-loading inspection, with the benefit of reducing tank entry and
urnecessary cleaning.
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Wash water is conlinuously pumped out of the tanks while tank cleaning. Samples are collected
al the manifold and analysed by UV spectrometer. A comparison between the wash water going
into the tank and the sample indicates the trace level of previous cargo. When this shows that the
cargo tanks and lines are clean enough for the next cargo, preparations for the new cargo can be
done without entering the tank,

Bear in mind that a wash test may not detect the tank construction, cargo absorption by tank
coatings and the cargo UV profile.

A wash water analysis process would include the following:

Wash water sampling
The wash water sampling should be dong, drawing samples:

= From points at the end of the cargo system.
= During the last cleaning stages.

Wash water test
Testing the wash water should follow these steps:

1. Compare the wash water sample against the reference sample drawn directly from the tank
cleaning line before it enters the cargo tank.

2. Depending on results, decide if tank cleaning needs to continue or stap.

3. Confirm analysis and document the results,

Gas freeing

General

Gas freeing is generally one of the most hazardous tanker operations, whether for entry, hot work
or cargo quality control. The cargo vapours displaced during gas freeing are highly flammable,

so good planning and firm overall control are essential. The extra risk from toxic petroleum gas
cannat be overemphasised and should be impressed on all personnel concerned. All operations
connected with gas freeing demand the greatest possible care. Regional and local regulations may
prohibit the release of cargo vapours when in coastal or port areas,

Gas free for entry

To be gas free for entry without breathing apparatus, a tank er space should be ventilated until
tests confirm that the concentration of hydrocarbon gas throughout the compartment is less than
1% of the LFL and that the oxygen content is 21% by volume. Toxic gases should also be tesled
and confirmed at acceplable levels as in chapter 10.

A water wash will improve the condition of a cargo tank or space cortaining hydrocarbons
before entry. |f entry is required without water washing, the SMS should have operational and
contingency guidance to support safe entry. These should identify the entry as a non-routine
operation and require a risk assessment that identifies the preparations needed to achieve
safe entry.

Any entry should be based on the hazards and the associaled safely and PPE requirements
(see chapter 100.
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Procedures and precautions

The following recormmendations apply generally to gas fresing;

L)

A Responsible Officer should supervise all gas fresing operations,

Check all local, regional, and national regulations on emissions of VOC or ather limits.

Matify all persennel on board that gas freeing is about to begin,

Enforce all appropriate no smoking regulations.

Hefore starting, all instruments to be used for gas measurement should be checked and tested
in line with the manufacturer's instructions.

Sampling lines should be entirely suitable for use with the gases present and impervious to
their effects,

Keep all tank openings closed until the actual ventilation of the individual compartment is about
to start.

Use the ship's approved method to vent flammable gas. Where gas freeing involves gas
escaping at deck level or through hatch openings, control the degree of ventilation and rumber
of apenings to produce an exit velocity that will carry the gas clear of the deck,

If possible, adjust the intakes of central air conditioning or mechanical ventilation to recirculate
air within the spaces and so prevent the entry of petroleum gas (see section 4.8).

If at anvy time it is suspected that gas is being drawn into the accommeodation, stop the central
air conditioning and mechanical ventilation systems and cover or close the intakes.

Electrically disconnect any window-type air conditioning units that are not certified as safe for
use in the presence of flammable gas, or that draw in air from outside the superstructure, and
close any external vents or intakes,

Clear gas venl riser drains of water, rust and sediment and test any steam smothering
conneclions to prove they are satisfactory.

If several tanks are connected by a common venting system, isolate each tank to prevent gas
transferring to or from other tanks.

If hydrocarbon vapours persist on deck in high concentrations, stop gas freeing.

If wind conditions cause funnel sparks to fall on deck, stop gas freeing.

Tank openings within enclosed or partially enclosed spaces should not be opened until the
compartment has been sufficiently ventilated by openings that are outside these spaces.
When the gas level in the tank has fallen to 35% of the LFL, or under, openings in enclosed or
partially enclosed spaces may be opened to complete the ventilation. Test enclosed or partially
enclosed spaces for gas during this subsequent ventilation,

When planning gas freeing:

L]

As a general rule, gas freeing should not take place at the same time as cargo handling,
If for any reason this is necessary, consult the relevant authorities, including the Terminal
Representative, and get their written agreement,

Consult the Terminal Representative to check that conditions on the jetly do not present a
hazard and to get agreement that operations can start,

If craft are alongside the tanker, notify the personnel and get them to verify that they will
comply with all safety measures.

Further considerations thal apply when tanks have been inerted are in section 111612
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Gas testing and measurement

To maintain a proper cantrol of the tank atmosphere and to check the effectiveness of gas freeing,
a number of gas measuring instruments should be available on the ship. Section 2.4 provides
further details of these instruments.

Test the atmosphere regularly during gas freeing to monitor progress,

Test al several levels and in each compartment of the tank if it is subdivided by a swash bulkhead.
In large compartments, tests at widely separate positions.

Once gas freeing of any compartment is completed, leave about ten minutes before taking final
gas measurements, This allows relatively stable conditions to develop in the space.

If the gas readings are not satisfactory, resume ventilation,
On completion of gas freeing, close or guard all apenings except the tank hatch.

On completion of all gas fresing, carefully check the gas venting system, paying particular
attention to the efficient working of the P/V valves and any high velocity vent valves. If the valves
or vent risers are fitted with devices designed to prevent the passage of flame, they should be
checked and, if necessary, cleaned.

Fixed gas freeing equipment

Fixed gas freeing equipment can be used to gas free more than one tank at the same time, but not
if the system is being used o ventilate another tank where washing is in progress.

Where cargo tanks are gas freed by one or more permanently installed blowers, all connections
between the cargo lank system and the blowers should be blanked, except when the blowers are
inuse,

Befare putting a fixed gas freeing system into service, flush the cargo piping system, including
crossovers and discharge lines, through with sea waler and strip the tanks. Then close and secure
all valves on the cargo piping system, except those required for ventilation.

Mot all fixed gas freeing lines have NRVs and there is a risk of cargo entering the fixed
gas freeing line.

Ta avoid this, the connection between the fixed gas freeing line and the cargo system should be
removed prior to cargo transfer. The Responsible Officer should also check that any isalating spool
piece connections are removed and the fixed gas freeing line isclated from the cargo systern.

Portable fans

Do not use electric portable fans or blowers. Air and water driven fan construction materials
should be such that no hazard of incendiary sparking arises if, for any reason, the impeller
touches the inside of the casing. If steam driven fans are used, take care to ensure that the
exhaust does not vert into the cargo tank, where it could cause a build-up of static electricity,

The capacity and penetration of portable fans should be able to make the entire atmosphere of the
tank non-flammable in the shortest possible time.

Extension tubes for the fans can be effective when gas freeing deep cargo tanks and tanks with
deep structural members in the bottom. If these extension tubes incorporate synthetic materials,
take care to ensure thal they are effectively bonded to the ship's structure,

Paortable fans and the ventilation openings should be arranged so that all parts of the tank are
equally and effectively gas freed.

Wentilation outlets should, generally, be as far away as possible from the fans.

Partable fans should be connected to the deck so that an effective electrical bond exists
between them,
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Ventilating double hull ballast tanks

The complexity of the structure in double hull and double bottom tanks makes them

difficult to ventilate, It is strongly recommended that the cperator develops guidelines and
pracedures for ventilating ballast tanks thal may include filling and emplying to ensure air is
transferred efficiently.

The use of a ballast water treatment system may call for exira measures to ensure that the space
is properly ventilaled, Toxic gases in the tank atmosphere, or chemicals in the remaining ballast
water, may mean precautions need to be taken before entering the tank.

Ballast water should be checked before de-ballasting. Any hydrocarbon leaks info the ballast tank
will contaminate the ballast, which must then be handled in line with MARPOL regulations.

When filling a tank for ventilation, do not let it overflow onto the deck unless permitted by Class or
the Flag State.

Procedures for ventilating ballasi tanks should be developed. These should not be based purely on
a volumetric capacity calcutation but should also address the complexity of the tank’s structure.
They should give details of the configuration of each tank, the method of wentilation and the
equipment to be used. The time required for each ventilation method to gas free the tank for safe
entry should also be included.

The procedures should also include an effective method for checking the atmosphere of the tanks.

When partable fans are used for ventilation, this information should be provided for a range of
drive pressures and for different numbers of fans.

If portable ducts or sleeves are used, take care to ventilate remofte corners of the tanks.

Ships fitted with an 1G system may be able to use the emergency connection to allow air from 1G
systemns operating in the air mode to be blown into the water ballast tanks.

Gas freeing in preparation for hot work

The requirements in section 12.4.2 and chapter 9 should be complied with.

Crude Oil Washing

General

A crude oil tanker fitted with an |G systern and approved fixed washing eguipment in its cargo
tanks can use crude oil from the cargo as the tank washing medium. This may take place either in
port or at sea between discharge ports. It is most frequently done while the tanker is discharging
cargo and means cargo residues remaining on tank surfaces can be removed. These deposits,
which would normally remain on board after discharge, are discharged with the cargo. As a resull,
the need to water wash the discharged tanks during the ballast voyage to remove residues is
much reduced and in some cases eliminated,

Refer to the IMD's Crude Oif Washing Systerns and the tanker’s approved operations and equiprment
manual for detailed guidance on the procedures.

Advance notice

When COW i= needed during cargo discharge, the Master should inform the terrninal {or other ship
during STS transfer) at least 24 hours in advance, or in such time as required by the terminal.
COW should anly proceed when they give their written approval.
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Tank washing machines
Only fixed tank washing machines may be used for COW.

Control of tank atmosphere

The oxygen content of the tank must not exceed B% by volume, as described in section 11.1.6.9.

Precautions against leaks from the washing system

Before arriving in a port where it is intended to COW, the tank washing systern should be pressure
tested to normal working pressure and examined for leaks.

Drain down the system after testing to avoid the risk of thermal expansion causing leaks.
Any leaks found should be repaired, then the systemn re-tested to prove it is leak free,

During COW, the system should be kept under constant observation so that any leak can be
detected immediately and action taken to deal with it.

When tanks for COW are being changed over, the pressure in the COW line should be reduced to a
minimum before any valves on the system are apened or closed. This will minimise the potential
for a surge pressure to cause any damage,

Avoiding oil and water mixtures

Mixtures of crude oil and water can produce an electrically charged mist during washing. The
electrical potential of these mixtures is much higher than dry crude oil. The use of dry crude oil
is therefore important. Before washing begins, any tank to be used as a source of crude oil for
washing should be partly discharged by at least one metre of ullage to remove any water that has
settled out during the voyage.

For the same reason, if the slop tank is to be used as a source of oil for washing, it should first be
completely discharged ashore and refilled with dry crude oil.

Isolating the tank cleaning heater

If the tank washing water heater is fitted oulside the engine room, it should be blanked off during
COW to prevent any ingress of oil,

Supervision

The PIC of COW operations should be suitably qualified in accordance with the requirements laid
down by the tanker's flag administration and any local port regulations,

Ballast operations

This section covers routine ballast operations for double hull tankers and non-routine operations
such as taking heavy weather ballast in cargo tanks or meeting air draught restrictions for
navigational purposes. Discharging dirty ballast to shore is also covered.

General

Before ballasting or de-ballasting in port, the Responsible Officer and Terminal Representative
should discuss the operation and agree it in writing. Any discharge of ballast must comply with
IMO and local port or State regulations. The ship’s Ballast Water Management (BWM} plan should
be followed and the ballast water record book maintained.
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The Terminal Representative should give a specific agreement befare any simultaneous handling
of cargo and non-segregated ballast can begin.

Ballast should be lpaded and discharged in a way that avoids subjecting the ship's hull to
excessive stress during the operation.

Loading cargo tank ballast
When loading ballast into cargo tanks, observe the following precautions:

» Before taking ballas! into tanks containing hydrocarbon vapour, the Responsible Officer should
consult with the Terminal Representative. Observe all safety checks and precautions for
loading volatile petroleum. Follow closed loading procedures.

& On crude ail tankers, any tank to be ballasted should be crude oil washed beforehand unless
discharge of ballast will be to an approved shoreside ballast water processing facility.

= When taking ballast into cargo tanks that contain hydrocarbon vapour, gas is expelled that
may be within the flammable range on mixing with air. This gas should, therefore, be vented

through the approved venting system.

= When taking ballast inlo tanks that previously contained cargoes requiring closed operations,
the ballast should also be taken using closed loading. Follow the procedures in section 12.1.6.6.

» Ballast should not be loaded over the top (overall) into tanks containing hydrocarbon vapour.

» Follow the guidance in section 12.1.3 when operating ballast tank valves.

12.6.21  Operation of cargo pumps

When starting to ballast, operate the cargo pumps so that no il is allowed to escape overboard
when the sea suction valve is opened (see OCIMF/ICS' Prevention of Oil Spillages through Cargo
Pumproom Sea Valves).

12.6.2.2 Sequence of valve operations

Use the following procedures when loading ballast into a non-inerted tank that contains
hydrocarbon vapour:
s The first valve to be opened is the tank valve. The last one is the sea valve.

« Restrict the initial flow of ballast at the pump discharge so that the entrance velocity into the
tank is less than 1m/sec until the bottom longitudinals are covered. If there are no longitudinals,
restrict velocity until the depth of the ballast in the tank is at least 1.5m.

These precautions will avoid the spraying effect that may cause an electrostatic charge to build-up
in a mist or spray cloud near the point where the ballast enters the tank (see chapter 3). When the
charge is high enough, a static discharge and ignition is possible.

Loading segregated ballast
In general, there are no restrictions on ballasting segregated ballast tanks during the cargo

discharge operation. However, be aware of the following:
» Confirm that the tank to be loaded is free of hydrocarbon.

= Take ballast as necessary to meet air draughl requirements on the berth, particularly when
MLA= are connected.

= Do not load ballast if it may cause the ship to exceed the maximum safe draught for the berth.
= Maintain hull shear forces and bending moments within allowable limits,

«  Take care to ensure that excessive free surface is not allowed to occur as this may cause
the ship to develop an angle of loll, jeopardising the integrity of the loading arms. This is
particularly relevant to U-shaped ballast tank double hull tankers (see also section 12.2).
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Discharging segregated ballast

To prevent contaminated segregated ballast causing pollution, where possible the surface of

the ballast should be sighted before de-ballasting. When de-ballasting starts, a watch should be
established to observe the ballast as it discharges into the sea, If any conlamination is seen, stop
the de-ballasting immediately.

12.6.41 Discharging segregated ballast to shore

At some terminals, environmental requirements mean that segregated ballast must be discharged
into shore tanks. On tankers with segrepated ballast, this requires the cross-connection of the
cargo and ballast systems, which could create a risk of contamination between the systemns
unless a deck manifold for ballast is fitted.

Operatars should draw up careful procedures for this operation, which should cover:

= Fitting the cross-connection.

= The loading and de-ballasting sequence.

= Draught and air draught requirements.

= Managing hull stresses.

» Setting the cargo lines.

= Operating the cargo pumpts).

=  Segregating ballast and cargo.

s Draining the ballast tank(s).

= Remaving the cross-connection and isolating the systems,

Ballast water exchange at sea

Ballast water is commonly exchanged at sea to comply with the BWM Convention regulations.
In this case, the overall design, strength and stability of the ship should permit it to do so safely
in the prevailing weather. If not managed carefully, emptying and filling tanks at sea may lead to
lower stability, higher stresses, sloshing or excessive trim and reduced draughts. The tanker’s
approved BWM plan should set out the necessary procedures and precautions.

Cargo leaks into double hull tanks

Action to be taken

If & hydrocarbon leak is discovered, the first step is to check the atmosphere in the tank lo
establish the hydrocarbon content. Note that the atmosphere in the tank could be above the Upper
Flarnrnable Limit (UFL), within the flammable range, or below the LFL. Regardless of the number
of samples taken, the complexity of the structure means any or all of these conditions may exist in
different parts of the tank. Therefore, to establish the true profile of lhe tank atmosphere, take gas
readings at different levels and from as many points as possible.

If hydrocarbon gas is detected in a tank, there are a number of options for maintaining a safe
tank atmosphere:

= Continuous ventilation,

= |nerting,

= Filling ar partially filling with ballast.

= Securing with P/V valves.

s Securing with vent valves fitted with flame screens,

= A combination of these.
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The chasen aption will depend on several factors, especially the degree of confidence in the
hydrocarbon content of the atrmosphere, bearing in mind the potential problems already identified.

If inerting, fitting a P valve will be a way of pressing up the tank with |G after inerting to less
than 8% oxysen.

When ventilating the tank, consider fitting flame screens to allow air to flow safely and maintain a
non-flammable atmosphere in the air space.

Operators should develop procedures that account for the tank structure and any limitations of the
available atmosphere monitoring system. These procedures should help the crew to choose the
most appropriate way to make the atmosphere safe.

Filling or partially filling the tank with ballast to make the atmosphere safe and/or stop any further
leaks into the tank should take prevailing stress, trim, stability and load line factors into account.
Eear in mind that MARPOL regulations class all ballast loaded into a tank after a leak, and all tank
washings used to clean the tank, as dirty ballast. This means they must be processed in line with
those regulations and be either transferred directly to a cargo or slop tank for further processing
or, if discharged directly to sea, passed via the cil content monitor. The spool piece that connects
the ballast system to the cargo system should be clearly identified and stowed close to its working
position. It should not be used for any other purpose.

If the tank is ventilated or inerted instead of filling, sound it regularly to check the rate of liguid
build-up and leakage. If the quantity of cargo leaking into the space is pumpable, transfer it to
another cargo tank via the emergency ballast/cargo spool piece connection (see above) or other
emergency transfer route, This will minimise contamination of the space and help subsequent
cleaning and gas freeing.

Ships should have written procedures on board that set out the steps fo take to safely transfer the
cargo from the ballast space.

Nobody should be allowed to enter the tank until it is safe to do so and there is no further
possibility of a hydrocarbon leak. If, for any reason, it is essential to enter the tank before it is safe,
this should be done in accordance with section 10.7.

Inerting double hull tanks

The complexity of the structure in double hull and double bottom tanks makes them more
difficult to inert than conventional tanks. The operator should use these guidelines as a basis

for developing procedures (similar to those in section 12.4.7) for inerting such tanks. |f possible,
the procedures should be developed with the ship builder and be based on actual tests and
experiments as well as calculations. They should describe the process for each tank, the
equipment to be used and its configuration, and the time it takes to reduce the oxygen level in the
tank to less than 8% by volume.

For tanks that are identical in structure and size, and where the method of inerting is identical, the
data can be taken from tests on a representative tank. Otherwise, the tests should be carried out
for each tank.

Introducing 1G into a tank may create electrostatic charging. The compartmentalised structure of
the tanks means this charge is unlikely to reach incendive levels. However, certain areas within
the tank may have a flammable atmosphere, so comply with all the electrostatic precautions set
out in sections 3.2 and 111.6.8 throughout the inerting process and for 30 minutes afterwards.

Chearly identify the flexible hoses used for inerting double hull tanks. They should be dedicated
solely to this use and stowed safety and correctly. The hose string should be electrically
continuous, Verify this before putting hoses into service, Confirm that the string is properly
earthed before inerting starts.
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To minimise the transfer of hydrocarbon vapour from cargo tanks, temporarily close all cargo tank
IG supply valves where fitted. Before connecting the hoses, purge the |G line with |G. The hoses
should not be connected until needed.

Once the tank has been inerted, consider keeping the tank permanently connected to the 1G
system. This will enable constant pressure monitoring, over pressure protection via the deck
water breaker and ease of topping-up. It will also enable protection against any potential problems
of vapour transfer and vulnerability of the hose to heavy seas.

If the hoses remain connected, then all the cargo tank IG inlet valves should be re-opened. If the
hoses are disconnected, the 1G system should be returned to its original status,

IF leaked oil is ta be transferred from a ballast space that has been inerted, it is important to
ensure that further inerting is carried out during the operation la avaid the introduction of axygen
into the tank. Once inerted, keep the tank topped up as necessary to ensure that a positive
pressure is maintained and the oxygen content stays below 8% by volume.

During inerting, ventilate the exhaust vapour from the tank through an opening at lzast two metres
above the deck. Use porlable standpipes where necessary,

Double hull tanks are not usually fitted with devices such as P/V valves, which allow a positive
pressure to be maintained in the tank. The guidelines and procedures above and in section 12.4.7
should cover metheds for sealing openings that might let air into the tank and for ensuring the
tank cannot be over pressurised.

The progress of inerting can be monitored by measuring the oxygen content of the exhaust
vapour, However, atmosphere measuremnents to determing when the tank is fully inert, and
subsequent monitoring measurements, should be taken at all designated sampling points and with
the IG supply stopped.

Cargo measurement, ullaging, dipping and sampling

General

Cargo measurement and sampling is undertaken using a variety of methods that should conform
to the reguirements for safe handling of the intended cargoes. Which system is used will

be determined by the type of tanker, the toxicity and/or volatility of the particular cargo and
associated regulatory requirements.

In general, there are three main methods of gauging - closed, open and restricted:

» Closed: a gauging device that penetrates the cargo tank, but which is part of a closed system
rnaintaining the complete integrity of cargo containment. This device is designed and installed
so as not to release cargo liquid or vapour in any amount to the atmosphere, e.g. automatic
float, continuous tape (magnetic coupled), sight glass (protected), electronic probe, magnetic,
differential pressure cell,

¢ Open: a gauging method that uses an opening in the cargo tank, such as a gauge hatch or
ullage port. This method may expose the user to the cargo and ils vapours.

» Resfricted: a gauging device that penetrates the cargo fank and which, during operation,
can allowr the release of small quantities of cargo vapour or liquid. The amount of release
is controlled by a small diameter tank penetration opening and by a locally operated valve
{sometimes known as a vapour lock) or similar closure device in that opening. When nat
in use, this type of gauging device is closed to maintain the complete integrity of cargo
containment, £.8. rotary fube, fixed tube, slip tube and sounding tube.
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As a closed gauging system offers complete integrity and flexibility for varying cargo lypes and
trades, its use is preferred at all times. Open gauging and restricted gauging should only be
allowed where:

= Open venting is allowed by the relevant regulations, e.g. the IMO's Infernational Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk (1BC Code).

» Means are provided for relieving tank pressure before the gauge is operated,

In consultation with the terminal and cargo surveyors, remole gauging may be considered for
cargoes with a toxic content. Evidence will be needed to demaonstrate the accuracy of the remote
gauging system, such as a calibration certificate and test records.

Cargo compartments may be pressurised, so only authorised personnel should open vapour lock
valves, ullage ports or covers to control the release of any pressure.

Awoid escaping vapour and wear proper PPE if risk of gas exposure exists {see sections 23.3.1
and/for 23.3.2 and 24.21). Stand at right angles to the direction of the wind. Standing immediately
upwind of the ullage port might create a back eddy of vapour lowards the operator. Depending on
the carga, consider using appropriate RPE (see sections 10.8 and 12.8.4].

When open gauging, the tank opening should be uncovered only for as long as it takes to complete
the operation.

Cargo sampling

Sampling is an integral part of cargo operations. Taking clean, representative and uncontaminated
samples is essential for all parties involved in the voyage (shipper, charterer, terminal, supplier
or receiver),

Cargo dosing/doping (introducing additives) may also be needed for product quality, specification,
operational or legal reasons.

These operations pose & potential hazard to personnel, exposing them to toxic and/or flammable
cargo vapours, 5o they need to be done with care.

Closed sampling

All cargo sampling and additive handling should be under closed conditions and with dedicated
closed sampling equipment. The focus should be on protecting personnel against the safety risks
and minimising the operational and environmental hazards. The SMS should include procedures
and guidance on closed sampling.

Open sampling

At times, despite taking precautions to ensure good guality samples, the samples drawn through
the closed sampling method may be unsatisfactary. Viscosity and pour point issues can make
closed sampling difficult.

In this case, the parties involved may consider open sampling,

Open sampling is an exception, not a readily available alternative. It risks exposing personnel to
harmful cargo vapours and poses electrastatic hazards (see section 12.8.2).

If open sampling is needed, it should be done according to the operator's SMS and agreed by the
Master and the Terminal Representative,

The risk of opan sampling should be evaluated and risk assessed considering the characteristics
of the cargo, personal exposure to toxic/flammable vapours, the electrostatic hazard and
the weather.

Open sampling should not be carried out under no wind or light wind conditions or with lightning
in the area.
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To reduce the risk, ensure the level of PPE, including RPE, meels the requirements of the risk
assessment. |solate the |G branch valve and release the cargo tank pressure, open one tank at a
time and stop any cargo operation. Use a toolbox talk to brief the crew involved in operation on
the hazards and safety procedures.

Once the open sampling is complete, restore the system fo normal operation and check the
oxygen content to confirm the tank remains inert.

Measuring and sampling non-inerted tanks

12.8.21 General

Electrostatic discharges are possible whenever equipment is lowered into non-inerted tanks.
They may come from charges on the eguipment itself or from charges already in the tank, e.g. in
the liquid contents or on water or oil mists. If a flammable mixture of hydrocarbon gas and air is
possible, take precautions to avoid any incendive discharges throughout the systemn.

Precautions are needed to deal with two distinct types of hazard:

+ Introducing equipment that may act as a spark promoter to a tank that already contains
charged materials.

¢ Introducing a charged ohject to a tank.
Each requires different mitigation.

Table 12.2 summarises the precautions to prevent electrostatic hazards when ullaging and
sampling non-inerted tanks.

12.8.2.2 Introducing equipment to a tank

Measures to avoid spark promoters

If any dipping, ullaging or sampling equipment is used in a potentially flammable atmaosphere
where an electrostatic hazard exists or can be created, take precautions to ensure they do not act
as an unearthed conductor at any time during the operation. Before a sampling device is lowered
into a tank, any metallic components should be securely bonded together and to the tank before
the sampling device is introduced and should remain earthed until after removal. The bonding and
earthing cables should be metallic.

Equiprnent should be designed fo make earthing easy. For example, the frame that holds the wheel
of a metal measuring tape should have a threaded stud that a sturdy bonding cable can be bolted
to. The stud should have electrical continuity through the frame to the metal measuring tape. The
other end of the bonding cable should terminate in a spring-loaded clamp that can be attached to
the rim of an ullage cpening.

Companies that supply non-conductive and intermediate conductive equipment to ships should be
salisfied that the equipment will not act as spark promoters. Non-conducting components should
not insulate amy metal components from earth. For example, if a plastic sample bottle holder
includes a metallic weight, the weight should be bonded as above or be fully encapsulated in at
least 10mm thick plastic.
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| Cargo tank operation | LW{E""‘E ot ;
when hazard can et Wl Topas Loading clean oils Tank washing
G or tnpf:s of synthetic
| material .
| Electrostatic hazard I Rubbing together of Flow of static Water mist droplets |
{chapter 3} gynthetic polymers accumulator liquids (sections 3.2.7 and
(zection 12.8.2.2) {zactions 1217 and 12.8.2.5)
| 12.8.23) |
Precautions necessary . .
for dipping, ullaging and | {sections 12.8.2.3 and . {section 12.8.2.3) {sections 12,3.5.2 and
| sampling with: | 1235.2) 12825
| i. metallic equipment | Do not use ropes Mol permitted at any Mot permitted during I
nol earthead or or tapes made of time washing and for five |
bonded synthetic materials for hours thereafier -
lowering into carga | :
fanks at any fime i ‘

ii. melallic equipment | ¥ - Nof permitted during | Mo restrictions |
that is earthed and | lpading and for i
borded from before | 20 minutes thereafter | .
intraduction until ;
alter remaoval !

iii. non-conducting " If sarmpler is mara Mo restrictions
egquiprment with no | than one litre capacity,

metallic parts Mot permitted during
lpading and for 30

|
|
minutes thereafter ‘

| 2. Sounding pipe is
Lsed, or

| b. Tankis

| continuously

mechanically

ventilated, when

five hours can be

| reduced to one

| | hour

Exceptions permitted if: | Sounding pips is used

Table 12.2: Summary of precautions against electrostatic hazards when ullaging and sampling
non-inerted tanks

Measures to avoid charged objects

The suitability of whally non-metallic equipment depends on the volurne and surface resistance of
the materials and how they are used. Non-conducting and intermediate conducting materials may
be acceptable in some circumstances, e.g. plastic sample bottle holders can be lowered safely
with natural fibre (intermediate conductivity) rope. Natural fibre rope should be used because
synthetic rope generates significant static charge when sliding rapidly through an operator’s
gloved hand. This type of apparatus needs no special bonding or earthing.

A material of intermediate conductivity, such as wood or natural fibre, has enough conductivity
because of water absorption to avoid the accurnulation of electrostatic charge. Al the same time,
the conductivity of these materials is low enough to ensure that instantaneous release of a charge
is not possible, These materials should have a leakage path to earth so that they are not totally
insulated, but this need not have the very low resistance normal for bonding and earthing metals.
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In practice, such a path usually occurs naturally on ships, either by direct contact with the ship or
indirect cantact via the operator of the equipmentl.

12.8.2.3 Static accumulator oils

It is wise to assume that the surface of a non-conducting liguid {static accumulator) may be
charged and at a high potential during and immediately after loading. Metallic dipping, ullaging
and sampling equipment should be bonded and earthed to avoid sparks. However, the possibility
remains of a brush discharge between the equipment and the charged liquid surface as the two
approach each other.

After loading a tank, allow a settling time of 30 minutes before starting dipping, ullaging,
sampling and any other operation that introduces equipment into the tank. This allows
gas bubbles, water or particulate matter to settle in the liquid and any electrical potential

to dissipate.

Since such discharges can be incendive, and because a flammable gas mixture may be present,
no dipping, ullaging or sampling with metallic equipment should take place while a static
accumulator is being loaded.

Figure 12.5 summarises the situations when these restrictions on metallic equipment
should apply.

Non-metallic equipment

Discharges between the surface of a static accumulator oil and non-metallic objects have not
been found to be incendive. Therefore, dipping and ullaging with non-retallic equipment lowered
on clean natural fibre line can be done at any time.

Mon-conductive {non-metallic) containers with a capacity of less than one litre may be used for
sampling at any time, provided they have no conducting components and are not rubbed before
sampling. Cleaning with a high conductivity proprietary cleaner or soapy water can reduce charge
generation, To prevent charging, the container should not be rubbed dry after washing.

Refer to section 3.2.1 on the use of non-metallic sampling containers.

Sounding pipes

A sounding pipe is a conducting pipe that extends the full depth of the tank and is effectively
bonded and earthed to the tank structure,

A sounding pipe can be used at any time because, as long as it is designed and installed properly,
it is not possible for any significant charge to accumulate on the surface of the liquid within it. The
pipe should be slotted to prevent any pressure differential between the pipe and the tank and to
ensure that true levels are indicated,

The elactrostatic field strength in a metal sounding pipe is always low due to the small volume
and the shielding from the rest of the tank. This means dipping, Ullaging and sampling within a
metal sounding pipe can be done at any time, provided any metallic equipment is properly earthed.
Sounding pipes may also use non-metallic equipment, in which case the precautions against
introducing charged objects should be applied.

12.8.2.4 Siatic non-accumulator oils

A flarnmable atmosphere may be present above a static non-accurnulator oil in a non-inerted or
non-gas (ree environment. Follow the precautions in section 12.8.2 and figure 12.5.
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12.8.2.5 Ullaging and dipping in water misis

During tank washing, no unearthed metallic conductor should be in the tank and none should

be introduced while the charged mist persists, i.e, for up to five hours afterwards (see sections
12.3.5.2 and 12.3.6). Earthed and bonded metallic equipment can be used at any time because any
discharges to the water mist take the form of a non-incendive corona. The equipment can contain
or cansist entirely of non-metallic components. Intermediate conduciors and non-conductors

are acceptable, although certain materials, e.g. polypropylene (PP ropes, should be avoided (see
section 3.2.7).

All metallic components should be securely earthed. If there is any doubt about earthing, do not
allow the operation.

Ullaging and dipping carried out via a full depth sounding pipe are safe at any time in a wash
water misl,

Measuring and sampling inerted tanks

Ships fitted with |G systermns should have cdosed gauging systems for taking measurements during
cargo operations. Ships should have vapour locks to enable closed gauging and sampling for
custody transfer.

<hips with a vapour lock on each cargo tank should measure and sample cargo without reducing
the 1G pressure unless needed for vapour emission control, e.g. high Hz3. Vapour locks are used
with specially adapted measurement devices, such as sonic tapes, samplers and temperature
tapes. When using the equipment, the valves of the vapour lock should not be opened until the
instrument is properly attached to the standpipe. Take care to ensure that there iz no blow-back
of vapour. Open gauging or sampling should not take place on ships with vapour locks unless it is
necessary to prevent cross contamination when sampling highly sensitive carzoes.

Sonic lapes, temperature tapes, etc. should be used in line with good safety practices and the
manufacturer’s instructions. The requirements for portable electrical equipment apply to these
devices (see section 4.121.
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Figure 12.5: Precautions when using portable measuring and sampling equipment flowchart
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On ships not equipped with vapour locks, or if highly sensitive cargoes need lo be sampled, 1ake
the special precautions detailed in section 12.8.1. When the pressure in any tank needs 1o be
reduced for measuring and sampling, take the following precautions:

= Maintain & minimum positive 1G pressure when measuring and sampling. The chermical
composition and low oxygen content of 1G, and particularly nitrogen |G, can rapldly cause
asphysxiation, 5o lake care 10 avoid standing in the path of venled gas when measuring
and sampling (see section 12.8.1). Na cargo or ballast operations are permitted in cargo
compariments while the |G pressure is reduced to allow measuring and sampling.

«  Open only one access point at a time and for as short a time as possible. In the intervals
between the different slages of cargo maasurement, e.4. between ullaging and taking
temperalures, keep (he relevant access point firmly closed.

= Aller completing the operation and before starling to discharge cargo, secure &ll openings
and re-pressurise the cargo lanks with IG {see section 111 for operating the ship's IG system
during cargo and ballast handling).

= When mooring and unmoaring or while tugs are alongside, do not carry out any measuring and
samipling hal require the 1G prassure 1o be reduced and cargo tank access poinls apened. Nole
that if access points are opened while al anchor or moored in open walers any movement of
the ship might resull in the tanks breathing. To minimise this risk, maintain sufficient positive
pressure within the tank being measured or sampled.

»  When discharge is nearly complete and it is necessary to sound the tanks, the 1G pressure can
again be reduced to a minimum safe operational level 1o aliow sounding through sighting porls
or sounding pipes. Avoid air leaks or an excessive release of gas.

12.8.31  Static accumnulator cargoes in inerted cargo tanks

Precautions are not normally needed against static electricity hazards when using |G because
the |G prevents the formation of a flarmmable gas mixture. However, particutates suspended in
iG mean high electroslatic potentials are possible. If a tank is no longer thought 1o be inerl, then
dipping, ullaging and sampling should be restricted as in sections 111.6,8 and 12.8.2.

Reslrictions would be required in the evenl of a breakdown of the IG system during discharge:

= In the event of air ingress.
- During re-inerling of a tank after such a breakdown.
« During initiat inerting of a tank containing a flammable gas mixture,

1G parliculates may carry-a very high potential, 2o do nol assume that corona discharges from
conducting equipment lowered into the tank will be non-incendive if the tank contains a flammable
atmosphere, No object should be introduced into the tank until the very high potential has had a
chance to decay. Allow 30 minutes alter the IG injection has stopped. After this, equipment miay
be intreduced provided all metallic companents are securely earthed and subject to the same
precautions for waler mists caused by washing (see section 3.2.7). This earthing is required for at
teast flve hours alter the injection of |G stopped (see seclion 12.8.2.5),

Il & tank needs to be re-inerted after a failure of the IG system, or a non-gas free tank [s being
initially inerted, ne dipping, ullaging, sampling or other equipment should be inserled until the lank
is inert.

Measuring and sampling cargoes containing foxic subsiances

Special precautions are needed when ships carry cargoes that contain foxic substances in
harardous concentrations.

Loading terminals are responsible lor advising the Master, by providing the SD0S, if the cargo to be
loaded contains hazardous concenirations of toxic substances, Similarly, the Master is responsible
for advising the receiving terminal, by providing the SOS, if the cargo to be discharged contains
toxic substances. This is cavered by the SSSCL (chapler 253
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Thiz ship should also advise the lerminal and any other personnel, such as tank inspectors or
surveyors, if the previous cargo contained toxic substances,

Ships carrying cargoes conlaining toxic substances should use closed samipling and gauging
procedures if possible. In consuliation with the tlerminal and cargo surveyors, remole gauging may
be considered. Evidence needs to demonstrate the accuracy of the remole gauging system, e.g. a
calibration certilicate, vessel experience faclor and pericdic lest records, '

If reriote gauging, closed gauging or closed sampling are not possible, a risk assessment should
be carried oul. Follow the precautions sel oul in seclion 12.8.1 for open sampling.

Tesle should assess the vapour concentrations near each open access paint Lo ensure they do
nol exceed the Cecupational Exposure Limit - Short-lerm Exposure Limit (OEL-STEL} of the loxic
substances. | monitoring showes the limil could be excesded, personnel should wear suilable
respiratory protection. Access points should be opened only far the shoriest possible tlime.

I effective closed aperations cannot be maintzined, or if concentrations of vapour are rising
because ol delective equipment or still air, consider suspending operalions and closing all venting
points until defects are correcled or the weather changes and gas dispersion improves,

Refer 10 section 14 for details of the toxicity of petroleum and its products,

Closed gauging for custody transfer

Gauging tanks for custody transfer should be done with a closed gauging system or via vapour
locks. For the ullaging system 1o be acceplable, the gauging system should be described in the
ship's tank calibration decumentation. The ship’s Classification Sociely should check and approve
corrections for datum levels and lor list and trir:

Temnperatures can be taken using electronic thermomelers inserted through the tanks’ vapour
locks, The thermometers should also be calibratéd and have the appropriale approval cerlificates.

Samples should be taken using special samgling devices via the vapour locks,

Cargo tank manitoring sysiems

Tank monitoring equipmenl often has mulliple functions, such as radar or olher types of remote
gauging, temperalure measurement, lank pressure sensors and level alarms. [t may be integrated

with ather carge monitoring or control eguipment or with loading computers or control systeme,
Manufacturers may refer to these mulli-function unils as cargo tank maniloring systerns.

Whether provided as a complele syslem or as separale elements, planned maintenance
procedures should be established to ensure maintenance, test and calibration of this equipment
per the manufacturer's instructions.

A risk-asgessment should identify procedures lo enable work to conlinue if tank monitoring
equipment fails. I tlemporary exchange with a unit from another tank unil is considered, check the
compatibilily. The equipment may need to be re-calibrated.

Transfers between ships

Ship to Ship transfers

In'8TS transfers, both lankers should comply fully wilh the safety precautions for normal cargo
operations. If either ship is not observing the precautions, the operations should not start or
should be stopped If in progress.

STS transfers in port or at sea should be approved by the port or local marine authority, In
accordance with MARPOL regulations. This approval may have specific conditions attached.
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12.91.1 Transfer guide

STS fransfers alongside a berth (also known as double banking - see section 16.3) may include
a simultaneous carga fransfer (o shore as well as between the parlicipating lankers, These
operations should be risk assessed (see seclion 4.2.2) teking inlo acoount applicable timiting
conditions for aperations alongside terminals {see seclion 161} and include, a8 & minimurm,
the following:

« Local porl/coasial authority and regulatory approvals..

«  Use of lightering advisors and the PIC of operalions:

o SIMOPS considerations (see section 4.6).

o Numbers of crew lin addition 6 normal walchkeeping), their compelency and experience,
¢ Environmentat sensitivily of location,

+ Melocean conditions: weather, waves and swell, currents and tides, ele.

= Communications,

= Terminal or port requirements.

« Notifications.

» Emergency and contingency planning.

Ship to barge and barge to ship transfers

In ship to barge or barge to ship transfers of hydrocarbons, only authorised and properly equipped
barges should be used. Precautions similar o those in ICS/SIGTTQ/CDI/OCIMF's Ship fo Ship
Transfer Guide for Pelroleum, Chermicals and Liguefied Goses should be fdliowed. |f he barge or
the tanker are not observing the precautions, the operalions should not start or should be slopped
if in progress. Ship Masters should be aware thal barge crews may nat be familiar with the
requirements of the Ship fo Ship Transfer Guide for Petroleurs, Chernicals and Liguefied Gases.

The pumging rate from ship lo barge should be centrolled according to the size and nature of the
barge, particularly if the freeboard difference is large. In any case, the barge crew should allow for
suificient spate in tanks for hose contents o be lransferred upon cargo complelion,

An agreed method of communicalion should be established and mainlained throughout the
duration af aperations.

Arrangements should be made 1o release the barge in an emergency, accounting for nearby
shipping or property. Il the tanker is al anchor, the barge may drop anchor clear of the tanker, It
ean remain secured there, wailing for assistance.

A barge should be cleared from the ship's side as scon as possible after it has finished loading or
discharging volalile petraleurn.

Ship to Ship transfers using vapour balancing

Specific operational guidance should be developed to address the particular hazards associated
with vapour emission control during STS transfer using vapour balancing techniques. Such
transfers should only be between inerted ships. Foliow the recommendations in section 11.1.6.4.

Ship to Ship transfers using terminal facilities

When a lanker at a berth is translerring cargo 1o a lanker al another berth through the share
manifolds and pipetines, the two tankers and the terminal should eomply with all regulations
relating to ship 1o shore tranafers, includinig written operating arrangements and communicalions
procedures. The terminal’s cooperation in selting up these arrangements and procedures is vital.
Consider appointing a responsible party lo provide equipment and naming a PIC.
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Ship to Ship electric currents

The principles for contrelling arcing during STS lranslers are the same as in ship lo
shore transfers.

I ships dedicated to STS transfers, an insulating flange or a single non-conducting length of

hose should be Used in the hose string, When transferring static accumulator oils, il is essenlial
that these measures are not laken by both ships, leaving an insulated canduclor between them
that could accumulate an electrostatic charge. For the same reason, when 2 dedicated ship is
transferring ship to share, take care 1o ensure no insulated conductor is between the ship and
shore, e.g. using two insulating flanges on one line {see Ship to Ship Transfer Guide for Petroleum,
Chemicals and Liquefied Gases).

If the ships cannol be positively isolated, the elecirical polential between them should be reduced
as miuch as possible. This is probably best achieved if they both have working impressed eurrent
cathadic profection systems and they leave them running. Likewise, if one has an impressed
system and the olher a sacrificial system, the impressed system should refnain in operalion.

However, if one ship does not have cathodic protection, or its impressed system hias failed,
consider switching off the impressed system on the other ship well before the lwo ships
coinie together.

For more, refer 1o seelions 17.4.2, 1T4.5 and 1B.2.

Personnel transfer

The transier ol personnel belween ships should be kept to an absolute minimuem, |f a transfer is
being considered, a risk assessment should evaluale how this is done, bearing in mind the residual
risks may still be unacceplable, Abandoning the Iransfer should always remain an oplion.

When planning and carrying out persennel transfers, refer to OCIMF's Transfer of Personnel by
Crane between Vessels, which cavers hazard identification, equipment, maintenance and lesling,
training and contingency planning.

Liguefied Natural Gas fuelled ship alongside a terminal

Liguefied Natural Gas (LNG) s stored under cryogenic conditions in bunker tanks. White these
are well insulated, an increase in the lemperature and pressure of the fuel is possible. To avoid

4 release of nalural gas through the pressure relief valve and vent stack, measures should be in
place to manage the temperature and pressure.

Before arrival, the ship and terminat should exchange information on the type of fluel used during
the stay alongside and on lhe emergency plan, The ship should confirm the angoing inlegrity of
the LNG containment, Boil-Dff Gas (BOG) management and moniloring systems.

Ag a minimum, the Master and enginearing officers on ships subject 1o the International Code
of Safety for Ships Using Gases or Other Low-fiashpoint Fuels (IGF Code) should receive training
in tine with the specific requirements of the Interrotional Convention on Standards of Troining,
Certification and Woalchkeeping for Seofarers, 1979 (STCW) and hold a cerlificate of proficiency
in LMNG.

For more information, refer to the IGF Code, which requires the means to maintain the bunker tank
pressure below the sel pressure of the relief valves for a period af 15 days with the ship in idle
condition, i.e. without consuming the 80G in the main engine, Mathods of achieving this include
pressurised tanks or cooling via lop sprays (see seclion 24.3.2.4)
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Chapter 12 Shipboard Operations

Lifting equipment

Inspection and maintenance

All shipboard lifting equipment should be examined at least once a year and load tested at least
every five years unless local, national or company regulations require more frequent examinations.

Lilling equiprnent includes:

« Cargo hose handling cranes, derricks, davits and ganlries.

« Gangways and associated cranes and davits.

« Slore cranes and davits,

= Chain blocks, hand winches and similar mechanical devices.
Perzonnel lifts and hoists,

«  Lifting points, e.g. pad eyes in the manifold area.

= Strops, slings, chains and other ancillary and portable equipment,

All equipment should be tested by suitably qualified individuals and be clearly marked with its Safe
Working Load (SWL), serial number and test date,

All lifting eguipment should be maintained in line with the manufacturer’s guidelines. The ship's
PMS should include periodic checks.

The ship’s liffing equipment register should record all tests and inspections. These records should
be available for inspection by Terminal Representatives when their personnel are involved in lifting
aperalions using the ship's equipment,

For further guidance, refer to OCIMF's Recommendations for the Tagging/ Labelling, Testing and
Maintenance, Documentation/Cerlification for Ships™ Lifting Equipment.

Training
Safe operation of all lifting equipment requires Lhal all operators of lifting devices are correctly

trained in their function and safe operation.

Appropriate training requirements should be established by the company based on the type of
lifting cquipment and the operations to be conducted.

Training may he undertaken in-house, on the job, e.g. by a supervisor, or externally, e.g. by the
equipment manufacturer or an appropriate outside entity.

In addition, lifting equipment operators should be familiarised with the specific lifting eguipment
and operation planned prior to being assigned the task.

The following should be confirmed prior to operating lifting equipment:
+ General operating principles of the applicable lifting equipment are fully understood by
the operator.

= Operator is familiar with the specifics of the lifting equipment, e.g. manoeuvring handles and
start/stop of the eguipment, ctc,

= Understanding of the limitations of the equipment, e.g. SWL, breaking strength, etc.
« ldentify and understanding of the emergency stops and reseiting method(s) (if fitted).

» Understanding of the risks and dangers with respect to the lifting equipment and its operation
and the associated mitigating safety measures,

+  Agreed method of communication between the operator and the signaller, where applicable.

in addition, a practical test should be performed prior to commencement of the lifting operation,
where considered necessary.
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CHAPTER 13

130 Liguefied gases

13.2 Ship's stores

13.3 Cargo and bunker samples
13.4  Other materials

13.5 Packaged cargoes

This chapter looks at hazardous materials carried and stored on board tankers as cargo, ship's
stores or cargo samples.

ISGOTT does not offer guidance on the many hazardous chemical cargoes that may be shipped
from time to time. General guidance on the properties of such cargoes can be found in the

ICS publication Tanker Safety Guide: Chemicals, The shipper must also supply an SDS for all
chemicals. The International Maritime Dangerous Goods (IMDG) Code provides requirements and
guidance on the handling and storage of packaged dangerous goods in accordance with the
SOLAS Convention.

131 Liguefied gases

As well as ob=erving the general precautions in section 13.5 for handling packaged petroleum and
other flammable liquids, follow these saleguards when handling packaged liquefied gas cargoes:
= Protect pressurised cylinders against physical damage from other carge, stores or equipment.
« Do not over-stow pressurised cylinders with other heavy goods or items.

» Do not slow pressurised cylinders in positions where the safety relief device is in contact with
the vapour space in the cylinder,

= WUse a suitable protection cap lo protect valves against physical damage when the cylinder is
not in use,

= Cylinders stowed below deck should be in compartments or holds that can be ventilated and
are away from accommaodation, working areas and all sources of heat.

»  Slow cxygen cylinders separately from flasmable gas cylinders.
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»  Keep temperatures down. Do not allow hold femperatures lo rise above 50°C. Check hold
temperatures frequently, |f they approach 50°C, take the following measures:

Ventilale slorage areas.
Spray liguefied gas containers with water if loading or discharging in direct sunlight.
Creale a shade for the gas cylinders, e.g. rig a cover aver the hold.

Dampen the deck over the hold containing any cylinders, e.g. by spraying with waler.

Ship’s stores

General

Any chemical or hazardous material on board a ship as stores should have an S05. If an 505 is
not provided, the material should be isolated and stored in line with the guidance on ils conlainer
or packaging. Do not use it until satisfactory user information is available.

Assess whal PPE, first aid and eye wash equipment should be kept al each location. Ensure it is
appropriate to the product stored.

All containers and packages should be stowed closed. Keep the storage location clean and tidy.

Paint

Stow paint, paint thinners and associaled cleaners and hardeners in approved storage areas thal
are protected by fixed fire-extinguishing systerns approved by the administration. {SOLAS Chapter
ll-2 Regulation 10, section 6.3 covers spaces containing flammable liguid.)

Chemicals

Stow all chemicals in a designated storage area. Take care to ensure that incompatible chemicals
are stowed separately. Information on the firefighting medium for each chemical should be in the
product SOS.

Cleaning liquids

Use nan-taxic, non-flammable and environmentally friendly cleaning liquids where possibile. If
flammable liquids are used, they should have a high flashpoint. Never use highly volatile liquids,
e.g. gasoline or naphtha, in engine and boiler rooms.

Keep flammable cleaning liquids in closed, unbreakable, correctly labelled containers. Store them
in a suitable compartment.

Use cleaning liquids only in areas with good ventilation and take into account the volatility of the
liquids. All such liquids should be stowed and used in line with the manufacturer's instructions.

Do not let cleaning liquids touch the skin or contaminate clothing.

Spare gear storage

Spare gear is not inherently hazardous. However, large items of spare gear stowed on deck have,
on oceasion, broken free of their lashings, damaging the ship and endangering the crew. When
stowing spare gear, ensure that it:

« lives safe access to any safety equiprnent,

= Does not interfere with mooring or other operations.

= s properly lashed, especially in bad weather.
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Chapler 13 Carrying and Storing Harardaus Materials

Cargo and bunker samples

The aporator's SMS should include guidance on managing and storing cargo and bunker samples.
The guantity of samples kept on board should be carefully managed and reduced to the minimum
niumnber required. When they are no longer required they should be disposed of in an appropriate

cargo or slop tank on board or landed ashore,

Sample disposal

After the cargo has been discharged, uniess the company or charterer says otherwise, it is
supgested that cargo samples are kep! for no longer than three months, MARPOL requires that
bunker samples are kept on board for at least 12 months from the time of delivery.

If disposing into a cargo or slop tank, seclions 12.8.2 and 12.8.3 cover the hazards of elecirostatic
discharges between two static accumulator surfaces and the necessary precautions. Use
appropriate fixed full length piping, .8, full length vapour lock piping, full length sounding pipes or
similar, Manifold drip trays fitted with drainpipes leading to a cargo tank are also suitable. In both
cazes, precautions should be taken to ensure there is no vapour blow-back.

if landing samples ashare, records of disposal should be kept, along with landing receipts, in line
with operator procedures.

Sample storage

Al cargo and bunker samples should be stored securely in lockers that cannot be accessed from
the accommodation. Consider storing samples in an area protected by a fire detection and fixed
firefighting systemn, such as a paint locker or midship storercom. If no fiked firefighting system is
fitted, portable firefighting equipment should be provided nearby. Keep samples away from high
temperatures and do not expose them to direct sunlight. Belore entering any storage space, make
sure il is properly ventilated.

In some cases, oil tankers may be equipped to carry certain MARPOL Annex |l cargoes and have
a relevant certificate of fitness, In such cases, follow the guidance in the 1BC Code section 16.5,
Stowage of Cargo Somples.

Other materials

Sawdust, oil absorbent granules and pads

Awoid using sawdust to clean up small oil spills on board, as moist sawdust is suscepiible to
sponlaneous combustion (see section 4100, If sawdust is carried on board, make sure it is stowed
dry and in a cool location.

If sawdust is used to clean up & minor oil spill, store the contaminated product separately, in a
sealed container and in a safe location, clear of the accommodation and hazardous areas.

Stow any oil impregnated absorbent granules or pads in dedicated containers, clear of the
accommaodation and hazardous areas.

Dispose of oil impregnated sawdust and absorbent granules as early as possible, ashore or in the
ship's waste incinerator (if compatible).
Linseed and other oils

Raes soaked in boiled linseed oil can spontaneously combust when drying. Their temperature
rises as a result of an exothermic reaction with the air. Place any rags or paper towels soaked
with linseed oil in water filled metal cans until they can be incinerated or disposed of ashore.
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Boiled linsoed ol can be safely stowed in cans if kept away from heat sources (drying linseed
oil is safe when used on wood because il is spread out and does nol creale enough heal 1o
self-combust),

Other products that can produce heat and self-combust include turpenting, fish oil, lard, coconut
oil, cad liver oil and castor oil. Rags soaked in these products should also be kept in water filled
metal cans until they can be incinerated or disposed of onshore.

Garbage

The regulations for the handling, storage and disposal of garbage can be found in MARPOL
Annex V, with further information in the IC5 publication Guidelines for the Preparation and
Implementation of Garbage Management Plans.

Carefully choose the storage areas for garbage to ensure it presents no potential hazard to
nearby spaces.

Be particularly careful when storing garbage that is designated as special waste, c.g. batteries,
sensors and fluorescent tubes) and ensure that only compatible materials are stowed logether.

Packaged cargoes

Patroleum and other flammable liquids

Packaged petroleum cargoes are usually shipped in stecl drums that can carry around 200 litres.
Products transported in this way include gascline, kerosene, gas oils and lubricating oil,

As well as complying with the IMDG Code and Lhe general safety precautions for handling bulk
petroleumn, observe the following procedures when handling packaged petroleum producls,

13.5.11 Loading and discharging

Handling steel drums increases the risk of spark generation. Do not handle packaged petroleum
and other flammable fiquids while bulk loading valatile petroleum, except with the express
permission of both the Responsible Cfficer and the Terminal Representative,

135.1.2  Precautions during handling

A Responsible Officer should supervise the handling of packaged petroleurn and other flammable
liquids, Take the following precautions:

* When on board the ship they must comply with smoking restriclions and other safety
regulations that are mandatory requirements.

« If no permanent hatch protection is fitted, provide temporary protection to avoid the risk of
hoists striking the hatch coamings, hatch sides or hald ladders and causing sparks.

= All hoists should be able to pass through hatches with plenty of clearance,

«  Handle loose drums with fibre rope slings, cargo nets, drum hooks on wire rope or chain
slings. Include lifting gear in the equipment register and test it regularly.

« Goods should be palleted and secured. Use pallet lifting gear with safety nets to lift pallets, If
goods are not on pallets, use cargo trays or fibre rape slings. Using cargo nets for packaged
goods is generally discouraged as they may damage the packaging,

» Handle loose gas cylinders with cargo nets that have a suitably small mesh. Never handle
cylinders by the valve or protection cap. Never use lifting magnets, chains, slings or strops to

lift eylinders on board. Abways use a cylinder trolley or similar device when moving cylinders,
even over short distances.
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Chapter 13 Carrying and Sforing Hazardaous Materials

= Before stowing, inspect each package for leaks or damage. Rejoct any that are defective and
rmay pose a risk.

Place packages on dunnage on the deck or in the hold.
» Do not drag packages across the deck or held, do not allow them to slide or roll free.
+  Slow cans and drums wilh caps and end plugs uppermost.
= When securing the cargo, separate each tier by dunnage. The nature, size and strength of the

packages will delermine the height 1o which cargo can be safely stowed. Seck advice from the
terminal ar shipper.

«  Use enough dunnage lo prevent possible damage during the voyage,

« Secure the cargo to prevent any movermnent during the voyage. If drums are stowed on deck,
part-filled and empty ones may float free of the stow, Consider covering and lashing them with
cargo netting.

= During darkness, provide sulficient approved lighting over the ship's side and into the hold,

= Treat empty cylinders as filled unless they have been gas freed.

« Do not use any malerials susceplible to sponlaneous combustion as dunnage and do not stow
them in the same compartment as the packages. Be wary of combustible protective packaging,
2.2, siraw, wood shavings, bituminised paper, felts and polyurethane.

= After loading or discharging and before closing hatches, inspect the hold to check that
everything is in order.

Dangerous goods

Dangercus goods are classified in Chapter VIl of the international Convention for the Safety of Life
al Sea (SOLAS).

The Master should allow an board only packaged dangerous goods that have been properly
identified by the shipper of the goods and declared as properly packaged, marked and labelled

in line with the appropriate provisions of the IMDG Code, taking into consideration the IMO's
Recommendalions on the Safe Transport of Dangerous Cargoes and Related Activities in Port Areos,

Before accepting the cargo, the Master should have received the appropriate 305 from the
shipper and be aware of advice on any special properties of the cargo, procedures for entering an
enclosed space containing the cargo, and guidelines for dealing with any leak, spill inhalation, skin
contact ar fire.

See the advice for dealing with spills or fire in the IMO's Emergency Procedures for Ships Carrying
Dangerous Goods: Group Emergency Schedules.

The Master should also ensure thal dangerous goods loaded on the ship are properly stowed
and segregated as recommended in the IMDG Code, t2king into consideration the IMO's
Recommendations on the Safe Transport of Dangerous Cargoes and Related Activities in Port Areas.

13.5.2.1  Tetraethyl lead and tetramethyl lead

Tankers may carry these anti-knock chemicals in small quantities as packaged cargo. Take
extreme care when handling anti-knock compounds, as contact with the skin or vapour
inhalalion poses & toxic risk. Before handling packaged cargoes of TEL and TML, the haster
should know the nature and propertios of the substance and have the appropriate 303 from the
product manufaciurer.

13.5.2.2 Additives (anti-static, inhibitors, dyes, hydrogen sulphide knockdown)

These cargo additives are often loaded on tankers in small containers and delivered with the
careo. 5o that they can be stowed correctly, they should be accompanied by the appropriaie 305,
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Entering holds and storage spaces

Before entering any hold or storage spaces that contain or have contained packaged pelrolewsm
and/or other flammable liguids, take all the precautions for entering enclosed spaces (see
chapter 10}

Ventilate holds during all cargo handling operations. If handling is interrupted and hatches are
closed, re-test the atmosphere before resuming work,

Portable electrical equipment

Other than approved air-driven lamps, poriable electrical equipment is prohibited in holds or
spaces containing packaged petroleun or other flarmmable liquids. [t is also prohibiled on deck or
in spaces over or next to such holds or spaces unless the ship complies with the conditions for
using such eguipment on tankers (see section 4120,

Smothering type fire-extinguishing systems

When handling packaged petroleum or other flammable liquids, make sure the control valves of
any smothering system in the holds are closed and lake precaulions to prevent unauthorized or
accidental opening of these valves.

13.5.6

13357

13.5.8

13.5.9

When loading or discharging is completed, and after hatches have been secured, return any
previously isolated fixed smothering system to operational readiness,

Firefighting precautions

As well as taking the precautions outlined in section 194 when handling cargo, have at least two
dry chemical fire extinguishers and fire hoses equipped with spray nozzles ready for use,

Forecastle spaces and midship stores

Do not carry packaged petroleumn or ather flammable liquids in the forecastle spaces, midship
stores or any other space unless they have been specifically designed and classified.

Deck cargo

Frotect any drums or other receptacles carried on deck against the sea and weather. They should
normally be stowed only one tier high,

Stow all packages well clear of deck fittings, including tank and vaive controls, fire hydrants,
safety equipment, steam pipes, deck lines, tank washing apenings, tank vents, hatches, doorways,
emergency exits and ladders. Use sufficient dunnage and secure them properly to sirong points
on the ship's structure,

Barges

Barge personnel should comply with the relevant requirements of chapter 4, particularly
restrictions on smoking, naked lights and cooking appliances. When alongside a tanker they should
also comply with the requirements in chapter 24.

During darkness, barges carrying packaged petroleum or other flammable liguids should remain
alongside a tanker only if there is enough safe lighting and they can comply with smoking
restrictions and other safety reguirerments.
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CHAPTER 14

141 Combination carriers

This chapter adds guidance and recommendations for special ship types, including Oil/Bulk/Ore
(OBO), frequently called combination carriers, which may differ from the recommendations for
conventional tankers. An OBO carrier is a ship designed to carry oil, chemical or solid cargoes
in bulk.

Other types of ship, which may, for example, carry oil in bull at the same time as containers or
general cargo, should be treated as a conventional tanker.

Some Liquefied Petroleum Gas (LPG) carriers are certified to carry other petroleum products, e.g.
light naphtha, jet fuel and motor gasolines.

141 Combination carriers

A combination carrier is capable of carrying its full deadweight when trading as an ore carrier
with cargoes of heavy ore concentrates. Other types of dry bulk cargo, e.g. grain, coal or liquid
cargoes, can also be carried by these ships, Cargo tanks have smoaoth sides and bottom, similar to
bulk carriers.

Combination carriers have a double hull construction. Side tanks and double bottomn tanks are
used for segregated ballast or arranged as void spaces. The double bottom, lower hopper, double
side and top wing tanks have direcl access to the weather deck, bul there is no direct access from
ballast tanks or void spaces to cargo holds.

& carzo pumproam 1ype combination carrier would require a pipe tunnel located above the double
bottermn and combination carriers typically have deepwell pumnps for each cargo hold.

Ballasl piping is located inside the ballast tanks or pipe funnels. Ballast pumps are, typically,
located in a ballast purnproom.

Cormbination carriers typically have cargo holds without a centreline bulkhead,

Combinalion carriers above 70,000 tonnes DWT must have two protected slop tanks when
carrying dry bulk cargo, but these tanks can be used for cargo when carrying liquid cargoes. The
slop fanks are surrounded by cofferdams.

Conventional bulk carrier halches, normally of the side rolling type, are fitted with special sealing
arrangernents that make themn suitable for liquid cargoes.
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General guidance
SOLAS prohibits the carriage of petroleum and dry bulk cargoes simultaneously.

The atmosphere in wing tanks should be monitored as any damaged bulkheads may allow
flammable gas mixtures to enter the ballast tanks.

Void spaces around cargo holds can allow protected routeing of piping systems and provide
access to tank valves and double bottom tanks,

A duct keel or pipe tunnel is fitted about the centreline. Such spaces may niot contain cargo
pipelines, bul may contain;

« Ballast pipelines,

«  Fixed washing systems.

« Fixed gas monitoring syslems.

= Fixed lighting,

« Mechanical ventilation arrangemenis.

«  Trollies on rails.

«  Cargo hold bilge lines.

With restricted natural ventilation, these spaces may be oxygen deficienl. As they are adjacent to

cargo holds and ballast tanks, both hydrocarbon and |G may pass into them, making those spaces
dangerous. Enclosed space entry requirements given in chapler 10 should be followed,

Slack holds in combination carriers

Because of the broad beam and size of the holds, the very large froe surface in slack holds, ie.
holds not filled ta within the coaming, permits substantial movement of liguid, which can result in
both loss of stability and sloshing,

14.1.2. Loss of stability

Particular care should be taken when loading or discharging liquid cargo and ballast an
combination carriers to ensure thal the total free surface effect of cargo and ballast tanks is kept
within safe limits, or a sudden list may ocour.

Stability data, loading and unloading instructions should be understaod and complied with and
should specify the maximum number of careo holds or tanks that may be slack at any one time.
It may be necessary lo adjust the final quantity of cargo to be loaded to avoid slack holds. Where
double bottom ballast tanks extend across the whole width of the ship, the free surface effect

of water when these tanks are slack will be as great as that of full cargo holds and should be
considered when creating the cargo plan.

Some combination carriers have a valve interlocking system that limits the number of tanks that
may be loaded or discharged simultaneously, A notice should be clearly displayed at the cargo
control station, warning of the danger of free surface effect and stating the maximurm number of
holds that can safely be slack at any time.

A pre-arrival cargo plan should show the loading or discharging sequence and the distribution and
free surface effect of all cargo, fuel and ballast at each stage of the operation.

Terminal operators should understand that combination carriers may be subject to cargo transler
rate limitations for stability and free surface management requirerments.

If a loss of stability becomes evident during cargo operations, all cargo, ballast and bunker
operations should be stopped and the loading arms or hoses disconnected. A plan should be
prepared for restoring positive stability and this should also be agreed with the terminal,

The ship's specific stability information far the condition should be used.
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Chapter 14 Special Ship Types

To prevent a loss of stability:
The ship's vertical centre of gravity should be lowered in the quickest and safest manner.

= Slack double bottorn tanks should be filled, starting with those on the low side, followed by
those on the high side.

= Do not correct a list by initially filling compartments on the high side, as this may result ina
violent change of list to the opposile side.

« I the filling of slack double bottom tanks does not regain stahility, consider filling emply double
bottom ballast tanks. This will initially resull in a further reduction of stability caused by the
additional free surface effect, but will quickly be corrected by the added mass below the ship's
original centre of gravity.

= Control of a list by adjusling mooring ropes tensions could also result in a viclent change of list
to the other side, and very slack moorings, and should be avoided.

On completion of loading, the number of slack holds shouid be at a minimum and no more than
that specified in the stability information book.

14.1.2.2  Sloshing
Sloshing is the movement of liguid within a hold when the ship is rolling or pitching, It can cause:
«  Structural damage caused by the slamming effect of the liguid against the bulkheads or

hatch covers,

« Anelectrosiatically charged mist in the ullage space in holds partially filled with a mixture of
oil and water, e.g. dirty ballast or retained tank washings. Carga tanks and protected slop lanks
should always be inerted except when emply and gas free.

Sloshing danger can be limited by reducing the number of slack holds. Cargo quantity may need lo
be limited to achieve this.

1413  Longitudinal stress

Cargo care planning should address the distribution of the weights along the ship, taking account
of the ship's longitudinal strength,

1414  Venting of cargo holds

The vent system on combination carriers is similar to that of conventional tankers, with the vent
lines from the cargo holds leading to either individual P/ valves on each tank vent outlet or to

a main cargo vent/IG commaon line that expels the hydrocarbon vapour through a riser at a sale
height above the deck or to an 1G system pipeline. Typically, the B/ valves are located on the top
of the halch covers. They are disconnected and stored when carrying dry cargo. The cargo tank
vent and |G line connection to the cargo holds is arranged 1o prevent liquid ingress.

During the carriage of dry bulk cargoes, the holds are isolated from the liguid cargo pipeline and
gas vonting systems.

14.1.5  Inerting of holds

Best practice is for 0B0s to maintain their holds in an inerted condition. Agitation of slops or
dirty ballast in a slack hold may result in the generation of static electricity. Slack holds should
be avoided.

The cargo holds of OBOs are adjacent to ballast tanks, cofferdams, void spaces, duct kecls and
pipe tunnels. A fracture in the cargo hold boundary plating may cause oil, 1G or hydrocarbon gas
to enter. Although these spaces should be provided with fixed gas detection, personnel should be
aware of the potential formation of gas pockets when ventilating them for enfry.
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If slops are retained on board due to a lack of reception facilities, the slop tank or tanks should be
maintained in an inert condition and the axyeen level should be checked and maintained at not
mare than 8% under positive pressure.

When the ship is in the dry trade, the slop tanks containing oil or il residue should be complelely
isolated fram the cargo holds, with piping systerns blanked off using blind flanges or line blinds.
The P/ valves, 1G supply and cargo tank moniloring system serving the slop tanks, as well as the
gas detection system in the cofferdams surrounding the slop tanks, should be operational (see the
IMO's Ihert Gas Systems).

Hatch covers

The hatches of OBOs are much larger than on oil tankers, but as they need to remain gas and
liquid tight when carrying oil cargoes they are normally of the dual seal lype.

Closing device maintenance and operation is critical. Their tension should he checked regularly
and adjusted evenly and the screw threads should be cleaned and lubricated.

When closing hatch covers, the closing devices should be evenly and progressively pulled down in
the correct sequence and in accordance with the manufacturer’s instructions.

The sealing arrangements should be positively tested prior o loading a liguid cargo, by
pressurising the holds with 1G and applying a soapy solution to the sealing arrangements. Any
leakage noled should be fixed by further adjusting the closing devices in the affected area,

The cover joints should also be examined for gas leakage when Lhe compartment is loaded with
liquid cargo. Any gas or liquid leaks thal cannot be stopped by adjusting the closing devices shauld
be marked or noted, so that the jointing material can be examined at the earliest opportunity

and the joint rmade good. Additional sealing, e.g. by tape or compound, may be needed. A risk
assessment should be conducted to identify the measures necessary Lo mitigate the risk.

The gas-tightness of the hatch covers and vent systemn will determine the frequency with which
the IG needs o be topped up.

It is normal o use synthetic rubber for the hatch seals and it is best practice to carry a stock of
this seal material to allow repairs to be carried out as required,

The hatch covers on OBOs can move slightly against the coaming when the ship is flexing in

a seaway. The steel hatch cover can rub on the steel coaming, or remnants of a previous dry
bulk cargp, but this is unlikely to provide a source of ignition. To minimise wear on the seals it is
important to keep hatch cover runways clear of foreign matter, Using a compressed air hose with
a suitable nozzle can be an effective approach when clearing the trackways of foreign matter,

Owing to the height of hateh coamings, which can be partially filled when carrying a liquid cargo,
all main deck openings into cargo holds may have to withstand positive pressure. All seals and
gaskets on tank cleaning covers, access hatches, irimming hatches, ele. need to provide an oil
tight and gas-tight seal, The seals should be cleaned when refitting and all securing bolts should
be hardened down. The seals should also be tested with a soapy solution before loading a bulk
liquid cargo,

Tank washing

Tank washing should be carried out after carrying oil, or when converting from oil to dry bulk
cargoes, see section 11.3.

When non-oil cargoes are 1o be carried, all holds and cargo lanks, other than slop tanks, should be
emptied of oil and oil residues and cleaned and ventilated until completely gas free. Hatch covers
should not be opened until the hold is gas free. All closing devices should be kept secured 1o
prevent movernent of the hatch covers,
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Halds should then be inspected internally to confirm their condition. All other spaces should be
checked to ensure Lhat they are free of oil and hydrocarbon gas.

Most dry bulk porls require 2 gas free cerlificate to be issued for a combinaticn carrier preparing
to load or discharge dry bulk carzo. Such certificates will normally relate to holds and other
spaces, but not to pumps and pipelines.

Carriage of slops when trading as a dry bulk carrier

Before & combination carrier operates as a dry bulk carrier, any oil contained in the slop tanks
should be discharged ashore. After discharging the slops, the empty tanks should be cleaned and
inerted before loading any dry bulk cargo.

If slaps cannot be dischargad, the following precautions should be taken:

»  The slop tank should be fully inericd at all times,

«  All slops should be transferred to the slop tank designated for this purpose.

= Blanking plates, or similar, should be fitted in all pipelines, including common vent lines leading
to ar [rom this slop lank.

Unless the ship reverts to carrying oil, oil slops should not be retained on board for more than
one voyage. |f, howewer, it is impossible to remove the slops because of a lack of shore reception
facilities for oily residues, the slop tank should be treated as indicated above and appropriate
reports forwarded to the company and the relevant administration.

Cargo leakage into ballast tanks

Leakage of oil from the cargo holds into the ballast tanks can create similar operational problems
to those for a conventional tanker,

Further suidance can be found in section 107,

Testing of cargo tanks and enclosed spaces on dry bulk voyages

Before lpading a dry bulk cargo, all spaces that have previously contained oil should be cleaned,
gas free and inspected. Hydrocarbon gas checks should be carried out daily in all ernpty cargo
holds, cargo tanks, double bottomn and ballast tanks, as well as pipe ducts, cofferdams, stool lanks
and similar void spaces, |f no hydrocarbon gas has been detected after 14 days, the checks can
be every two days unless the ship passes through areas with higher sca or air temperatures, in
which case daily checks should continue,

The readings can be taken every three days if the following voyage is to continue with dry
bulk cargoes,

Cargo changeaver checklists

The following checklisis are & generic guide to help each OBO develop its own specific checklists.

141111 Oil to dry bulk cargo
When changing the cargo from oil to dry, the following should be done:

= Wash cargo holds and lanks, including access trunks.

«  Flush all main suctions into cargo holds and tanks and strip dry.

» Ensure all cargo holds and tanks are gas free.

« Ensure that cargo deck healers or fixed heating coils are free of oil before blanking ends.
« Complete hand hosing and digging of holds and sumps.

«  Drain cargo holds and cargo suction wells.
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Blank off cargo suctions and drop lines to holds by fitting waterlight bolted covers inside
carzo holds.

Ensure sounding pipes to bilge wells are open and clear of obstructions.

Fit main and stripping suction recess doors, Also, fit heating coil connecting pipe recess doors,
Wash cargo pipeline system, including pumps, deck lines and bottom lines.

Ensure gauging system is stowed or blanked as necessary, in accordance with
manufacturer's recommendations.

Drain, vent and verify all gas lines and risers are gas free.
Blank off gas lines to holds,

Set up venting system.

Chack hatch cover sealing arrangements and closing devices,

Check ballast tanks, void spaces and cofferdams for flammable gas. Ventilate and verify as
gas free.

If slops are retained, ensure designated pipeline blanks are fitted, =lop tanks are inerted and
the venting system is in operation.

140012 Dry bulk cargo to oil

When changing the cargo from dry to ol, the following should be done:

]

Sweep holds clean, and lift cargo remains out of hold for disposal.

Wash cargo remnants from bulkheads, stripping slowly to remove waler, but let solid
residues settle.

Remove remaining solid residues from the tank top and sumps and verify thal the stripping
suction is clear.

Remove suction doors and alach securely to stowage positions.

Close off scunding pipes o sumps.

Lower and secure healing coils in place, connect and ensure fight.

Remove requisite blanks from gauging system and render fully aperational,
Remove blanks from main cargo suctions and stripping discharges to after hold.

Wash all stripping lines thoroughly to remove solid residues, Check valve seals are not
damaged by solid residues and test stripping valves for tightness.

Check and clean all cargo syslem strainers.

Check and clean all hatch cover sealing arrangements, closing devices, trackways, etc.
Remove blanks from gas lincs.

Set up venting systom,

Frove all valves and NRVs in cargo system.

Inert cargo holds prior to loading.

Verify tightness of hatch covers, tank cleaning covers, access hatches and all openings into
Cargo spacos,
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CHAPTER 15

151 Marine Terminal Information System

15.2 Documenlation

This chapter describes the Marine Terminal Information System (MTIS), which is designed to
improve standardisation of the tanker/terminal interface and to act as a best practice guide to help
terminals operate more safely.

This chapter gives guidance on maintaining documentation, including the terminal operating
manual and Terminal Information Booklet (TIB).

151  Marine Terminal Information System

Terrminals must comply with all applicable international, national and local regulations and with
the terminal’'s own policy and procedures. Where a self-regulatory regime oxists, terminals should
meet the spirit and intent of applicable codes and guidelines for their implementation.

OCIMF has doveloped the MTIS, designed to standardise the tanker/terminal marine inlerface,
fillirg the gaps that exist in the international standards for marine terminals and putting in place
an accepted format of information collecting and sharing, MTIS also acts as a best practice
guide to assist terminals in operating more safely and efficiently. The MTIS database serves as
a consolidated safety system, providing terminal and ship operators, along with charterers and
associafed services, with a single, central storage of terminal specifics in a consistent format.
Through MTIS, a range of terminal management docurments should be used to assist the marine
terminal operator in ongoing review and improvement efforts, These tools include:

JEULIBM] I

G

= Marine Terminal Farticulars Questionnaire (MTPR) is an online tool that captures all relevant
terminal information, making it easier for ship programmers, schedulers and terminal cperators
to share information and assess the suitability of the tanker/terminal interface.

o Marine Termingl Management and Self Assessment (MTMSAL is a best practice guide aimed
at helping marine terminal operators assess and continuously improve their safety, reliability,
cfficiency and environmental performance.
Marine Terminal Operator Competence and Training (MTOCT} is a guide aimed to assist
marine terminal management assess competencies, identify gaps and develop training for
terminal operators.
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Figure 15.1: Schematics of the available MTIS documentation

Marine Terminal Particulars Questionnaire

The MTPQ is used to collect terminal information in a common format wusing consistent units of
measurement. This collection of comprehensive marine terminal information is essential to:

«  Prevent incidents that may harm people or the environment,
« Ensure the compatibility of tankers and terminals.
Enhance operational efficiency and reliability.
MTPQ database information is available to terminal operdlors in a formal that permils onward
transmission, To suppaort the collection of this compatibility information, key information will be

input into the MTPQ database, which will assist with lanker 1o terminal decision making. Criteria
for each berth includes as a minimum;

Berth name.

« Berth type - ¢.g. jeity, quay wall, sea island or Single Point Maooring (SPM).

+  Depth of water - Minimum controlled water depth alongside berth at chart datum.

= Minimumn static Under Keel Clearance (UKC) at berth — UKC at berth is represented as a limit
in either metres, percentage of draught or percentage of beam.

«  Other UKC criteria,

«  Length Overall (LOAY minimum or maximum.

« Alongside displacement - The displacement figures should be quoted to define the maximum
size of tanker allowed on the berth. A maximum displacernent figure may also be quoted
for the berthing operation where there are restrictions on berthing energy or load limits on
fendering systems.

« Summer deadweight — Note: The use of deadweight as a parameter for setting tanker size
limitations is not recommended because this, on its own, is not a measure of size or of total
weight of ship for calculation of berthing energies.

+  Maximurm beam - This is required to manage restrictions imposed by a lock, dock or
river transit.

«  Bow to Centre of Manifold (BCM) - This is used to ensure alignment between tanker and
terrninal manifold connections,

«  Manifold height above the water - maximum and minirur - This is to ensure that the tanker
can keep the cargo transier systerns (arms/hoses) connected throughout the load or discharge
and at all states of the tide. At some lidal locations it may be necessary to disconnect the
Marine Loading Arms (MLAS) during tidal exiremes,

Slern to Centre of Manifold (SCM),
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Manifold presentation flange to ship side.

Minirurn Parallel Body Length (PBL) - This is used to verify whether the tanker will rest
against the fenders under ballast or under loaded conditions, when in position with the cargo
connection made,

Minirmurm PEL forward of manifold centreline.
«  Minirmum PBL aft of manifold centreline.
Security procedures.

In documenting these eriferia, care should be taken in establishing the baseline data from which
they are derived and ensuring that they are correctly reconciled. In addition, terminals should
clearly identify the units of measurement used,

Other criteria may be considered depending on the design configuration and the operation to
e handled.

For more information on SPM, All Buoy Mooring (ABM) or Conventional Buoy Mocring (CBh)
berths, refer to OCIMF's Single Point Mooring Maintenance and Operations Guide and Guidelines for
the Design, Operation and Maintenance of Multi Buoy Moorings.

Marine Terminal Management and Self Assessment

Terminals should have a documented management system to demonstrate compliance with
rogulatory requircrments and the terminal’s policy and procedures, Terminal ranagement should
designate a person to be responsible for ensuring compliance with the regulations, company palicy
and procedures.

Terminal management should provide a healthy and safe work environment and ensure thal

all operations are conductad with minimurm effect on the environment while cormplying with

the regulalory system in force and recognized industry codes of practice, Reference should be
made to the puidance contained in CCIMF's MTMSA. MTIS includes an MTHMSA Site Verification
Guideline (5VG) to help assessors review the self-populated MTMSA against the terminal site.
Terminal operators are encouraged to keep a completed SVG as documented evidence of their
scif assessment,

The self assessment process covers principal areas of management practice together with
supplementary elements that address buoy berths and operations in ice or in severe sub-zero
air ternperatures:

Elernent 1 Managemenl, leadership and accountability
Element 2 Management of personnel

Element 3 Port and harbour cperations

Element 4 Terminal layout

Element 5 Ship/shore interface

Element &  Transfcr operations

Elerment T Maintenance managerment

Elerment 8  Management of change

Elerment @ Incident investigation and analysis
Element 10 Management of salety, ococupational health and security
Element 11 Environmental protection

Elernent 12 Emergency preparedness

Elernent 13 Managemenl system review
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Supplementary Elements:
Element 14 Operations at buoy moorings

Element 12 Terminals impacted by ice or severe sub-zero air temperatures

Marine Terminal Operator Competence and Training

Terminal management should ensure that personnel engaged in tanker/terminal operations
are trained and competent in their duties. Personnel should be aware of national and local
rules and of port authority requirements that affect terminal operations and the way they are
implernented locally.

OCIME's Marine Terminal Operator Competence and Training Guide (MTOCT) helps marine terminal
managers ensure the personncl operating the marine interface have all the necessary skills and
experience. Terminal personnel should be familiar with the sections of this document that are
applicable to their work location and duties,

MTOCT helps identify competences and knowledge requirements for roles, logether with
verification processes, enabling terminal managers lo assess each member of staff agains!

best practice, identify gaps and develop targeted operator training programmes. MTOCT includes
euidance on training records and verifying that the training programme is achieving set goals,

Documentation

Terminal operating manual
Terminals should have a docurnented Terminal Cperating Manual that is reviewed annually.

The Terminal Operating Manual is a working document that details procedures and drawings
relevant to the terminal. The Manual should be available in the working language of
lerminal personnel,

The Terminal Operating Manual should define the roles and responsibilities of berth operating
personnel and the procedures associated with emergencies such as fire, gas cloud, product
spillage and medical emergencies. A separate emergency response plan should be provided

to cover such topics as emergency call out procedures and inleraction with local authorities,
municipal emergency response organisations or other outside agencies and organisations. See
chapter 20 for detailed guidance on emergency planning and response,

15217 Operating procedures

Operating procedures provide personnel with access to documented instructions detailing how 1o
safely operate the marine terminal. Procedures should be available, using simple language and, at
a minirmurm, include:
Terminal plan drawings.
= Wesszel acceplance criteria (berth limits).
« Limiting weather conditions for aperations {see section 16.1).
= Mooring guidelines.
Safe tanker/terminal access.
Cargo transfer,
« Cargo transfer equipment operating procedures.
+  Stalic electricity precautions.
«  Tanker/terminal electrical isolation.
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Fire and emergency response, including emergency evacuation plans.
Environmental protection, including management of surface water, leakages, and spills.
Hazardous products and vapours.
Visitor induction and familiarization.
« Shift handowver.
«  Gauging and sampling.
= Cargo line and surnp tank draining.
Routine cleaning procedures.

«  Control and shutdown procedures, including Emergency Shutdown (ESD) and ship/shore link
(where fitted).

Burnker operations.
«  Plan of firefighting systems locations.
«  Standby lug operalions.

15.2.).2  Organisation roles and responsibilities

Clearly definod roles and responsibilities enable marine terminal management to ensure
that personnel responsible for activities at the tanker/ferminal interface are trained, qualified
and supervised,

All roles and responsibilities for marine terminal personnel lemployees and contractors)
working within the tanker/terminal interface should be defined and documented. Delegation
of authorities should also be documented. Personnel assigned to identified roles should be
verified {using MTOCT) as competent. Manning levels should be sufficient to meet all operational
requirements, considering:

Effective monitoring and continuous supervision of operations.
+  Size of the facility.
«  Molume and type of products handled.
«  Mumber and size of berths.
«  Mumber, type and size of tankers visiting the terminal.
= Degree of mechanisation employed.

8
=
gl
=
S e
il
F—,".I.

Amount of aslomation employed.
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o Ancillary duties for personnel.

et sl

< Firefighting dutics,

«  Fluctuations in manpower availability due to holidays, illness and training.
Personnel involvernent in emergency and terminal pollution response.

«  Terminal involvernenl in port response plans, including mutual aid.

«  Security.

«  Liaison with port authorities and adjacent or neighbouring marine terminal operators.

«  Personnel requirements for port operations including pilotage, mooring boats, line handling and
hose handling. MNote: If meoring beats and line handling are provided by the local port authority

or by their contractor, they should comply with ferminal safe mooring requirements. More
information can be found in section 97 and in OCIMF's MTMSA

When considering the effective monitoring of the tanker/terminal interface, good operating
practice requires a competent member of the terminal organisation to be on duty in the vicinity
of the tanker to lerminal connections. This level of supervision should be aimed at preventing
hazardous situations developing and be based on risk assessment.
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In establishing manning levels, due account should be taken of any local or national legal
requirements. Consideration should also be given to the avoidance of fatigue, which may result
frorm extended hours of work or insufficient rest pericds, by providing time off between shifts.

More infermation can be found in OCIMF's Manning af Conventional Marine Terminols,

Terminal Information Booklet

Terminals should have procedures in place to manage the exchange of information belween the
tanker and the terminal before the lanker berths. This will ensure the safe and timely arrival of the
tanker at the berth, with both parties ready to commence operations.

Detailed information on communications at the tanker/lerminal interface is given in chapter 21,
More information can be found in chapter 6 on security at the tanker/terminal interface.

The format of the TIB should follow OCIMF's Marine Terminal Information Bookiet: Guidelines and
Recommendations. This guidance gives terminal operators a ternplate for presenting imporiant
terminal and port informaticn in a booklet, for easy and consistent reference by ship personnel,
shipowners, operators, charterers and others.

The TIB can be stored as an attachment to the MTPQ to facilitate access for stakeholders and to
ensure the latest version of the TIB is always available.

Documentation

Terminals should maintain a set of documents to ensure compliance with regulations, procedures
and industry practices. These should provide comprehensive information on the facilities and
equipment associated with the managerment of the tanker/lerminal interface.

Documentation should provide current information on topics that include the following:
« Legislation, including national and local operational requirements and health and
safety legislation.
«  Industry guidelines and company policies.
«  Dperating manuals, maintenance and inspection procedures and site plans and drawings.

« Records of internal and external audits, government inspections, health and safety meetings,
permits to work and local procedures,

¢ Certificates for equipment and processes,

15.2.31  Inspection maintenance and repair documentation

Documentation should include a comprehensive set of ‘as built’ construction drawings and
specifications for both berth and terminal facilities, including operating envelopes for MLAs or
hoses and all modifications made since first commissioned.

A current record of equipment and structures important to the safe operation of the terminal
should be maintained, This should include specifications, purchase orders and inspection and
maintenance data. Examples of important items include:
« Dock and approach trestle structures,
« Fenders and mooring hardware,
= Safe access, including gangways and access towers, ladders, catwalks and handrails,
Lifting equipment.
«  Cargo transfer equipment, including MLAs/hoses, hydraulic systems, Vapour Emission Control

Systems (VECSs), monitoring and warning systems, ESD systems, larze valves, purmps,
and meters.
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161  Limiting conditions for aperations

16.2 Electrical slorms

16.3  Double banking

16.4 Tanker/terminal access

16,5 Owor the tide cargo operations

16.6 Operations where the tanker is not always afloat
16.7 Generation of pressure surges in pipelines

16.8 Reduction of pressure surge hazard

16.9 Hot work in hazardous areas in terminals

16.10 Pigging
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This chapter provides information on terminal procedures and activities that influence
tanler/terminal operations. This includes the assessment of limiting environmental criteria for
safe operations and provision for a safe means of access between the tanker and the terminal.

Operations requiring special procedures are described, including the double banking of tankers
and the loading and discharging of cargo using tidal increases in depth of water (over the tide).

3] 8

The chapter also includes an explanation of the phenomenon of pressure surge in pipelines and
discusses the manner in which it may be assessed and controlled.

16.1  Limiting conditions for operations

Considering the existing restrictions on each berth, e.g. Safe Working Load {SWL) of the mooring
system components and, il applicable, the operating envelopes of the MLAs and hoses. Terminal
operators should establizh Terminal Operating Limits (TOLs) defining the thresholds for:
= Manoeuvring during arrival and berthing.

Berthing and mooring.
«  Ceasing loading or discharging.

Disconnecting cargo hoses or MLAS.
< Calling tug assistance.
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Remaoving the tanker from the berth.
tdanoeuvring during unberthing and departure.
LIEC lirnitations.

Operating limits should be based on prevailing environmental conditions, including:

Wind speed and direction.
Wave height and period.
Speed and direciion of the current.
«  Swell conditions that may affect operations at the berth.
«  Electrical sterms.
Environmental phenormena, for example, river bores or ice movement,
«  Extremnes of temperature that might affect loading or unloading.
< Height of tide.
Inforrmation on environrmental limits should be passed on to the tanker personnel in pre-arrival
communications (as detailed in the TIB), verified al the pre-carge iransfer conference and, where
applicable, be formally recorded in the Ship/Shore Safety Checklist (S55CL) (see chapter 250,

Local weather forecasts and weather alerts received by terminal personnel should be passed lo
lanker personnel and vice versa,

The terminal should, if possible, have & locally installed anemometer for measuring wind specds,
Tanker and terminal personnel should use all availsble means o obiain early warning on

metocean conditions, This includes local observations and the use of live information oblained
from a competent agency.

Provision of weather monitoring stations, at strategic locations around the terminal, provides the
capability to monitor weather conditions and predict the onset of weather that could impact the
safety of lankers and personnel,

Awailability of equipment for the measurement of other environmental factors, e.g. current meter,
tidal gauge and wave buoy, should be considered where identified as critical by a risk assessment.

When berths are positioned in open water, passing shipls) speed, tidal flow, interaction belween
moored ships, space between other moored ships, minimum safe passing distances, movement
of other vessels in the area and wealher conditions should be assessed. Excessive movernent
caused by passing ships can cause significant damage to tanker and terminal assets,

When berths are positioned in canals, inland waterways and rivers, the above should be pssessed
with respect to passing ships, including restricted movement caused by the width of canal banks
and buoyed channels and any safe speed resirictions that may be in place. Terminal and tankor
personnel should be aware of potential increases in interaction in a canal or inland waterway that
may be caused by a reduction in width or depth of water (UKC) within a waterway.

Risk assessment
Tanker and terminal operators should assess, determine and have clear guidance on the following:

« Operations that need to immediately cease (in addition to operations described in the first part
of this section) in the event of adverse metocean conditions.

- Operations that can continue with precautions.
The risk assessment should consider, but not be limited to:

«  Personnel exposure in the specific operation and environment.
Yulnerability of the people and assets.

« Availability and relisbility of protection systermn.
Risks associated with stopping an activity or operation.
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Electrical storms

When an electrical storm is delecled, the lollowing operations should be stopped:

Handling of llammable products.

Ballasting of tanks not froe of hydrocarbon vapour,

Sampling, mauging, purging, tank cleaning or gas freeing after the discharge of
Mammable products,

All tank openings, open manifolds or hose connections and vent valves should be closed or
blanked, including any bypass valves fitted on the tank venting system.

At terminals where a site risk assessment has determined an increased probability of elecirical
slorms, consideration should be given to the installation of eguipment or provision of forecasting
services to provide early notification of approaching electrical storms.

Double banking

Double banking occurs when lwo or more tankers are berthed alongside cach other in such a way
that the presence or operations of one tanker act as a physical constraint on the other. Double
banking is sometimes used as 2 means of conducting mulliple transfers between the terminal

and more than one tanker at the same jetty. The outermost tanker may be moored to an inner
tanker or to the terminal ilself and hose strings led from the terminal, across the inner tanker,

to the outermost or hetween the two tankers. This causes additional rizk in management of the
tanker/terminal interface.

In addition to the 555CL, the relevant guidance can be found in OCIMF's Ship fo Ship Transfer
Guide for Petrolewm, Chermicals and Liguefied Gases (5T5 Guide) and international Safety Guide for
Intand Navigation Tank-barges and Terminals (ISGINTT).

Documented procedures, derived from a risk assessment, should include:

«  Designalion of a responsible parly for the supply of equipment and a Person In Charge (PIC),
= Relevant information from jetty structural and mooring analysis, including passing ship study.
= Relevant information from rmooring compatibility assessment between ships.,

«  Safe arrival and departure operating limits, mooring fittings, mooring arrangements, personnel
accoss, management of operational safety, liability, contingency planning, firefighting and
emergency unberthing.

Safe passage for other ships using the ferminal berth(s) and port facilities.
Transfer of personnel between double banked tankers.

«  Pollution prevention.

«  Provision of lighting.

Tanker/terminal access

General

Means of access between tanker and terminal are often addressed by national regulation, usually
by the Part State or by the tanker’s Flag Staie (see chapter 6 on security). Means of access
must meet these standards and be correcily rigged by either tanker or terminal personnel,

as appropriate.

Personnel should use the designated means of access between tanker and terminal,
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Provision of tanker/terminal access

Responsibility for the provision of safe tanker/terminal access is jointly shared between tanker
and terminal personnel. Requirements for provision of safe access should be detailed in the
pre-arrival communications. The preferred means for access between tanker and terminal is a
shore based gangway.

When terminal access facilities are not available and a tanker's ganeway is used, the berth
should have sufficient landing area to provide the gangway with an adeguate clear run in order to
maintain safe, conveniznt access to the tanker at all states of tide and changes in frecboard.

Irrespective of whether safe access is provided by the terminal or the tanker, the gangway should
be subject lo inspection as part of the ship/shore safely checks that are carried out at regular
intervals throughout the ship's stay at the berth.

Access equipment
All means of access should meet the following criteria:

o Clear walkway.
« Continuous handrail on both sides.

Electrically insulated to eliminate continuily between tanker and lerminal.
< Adequate lighting,

« For gangways without self-levelling treads or steps, the maximurm safe operating angle should
be marked,

«  Lifebuoys should be available with light and line on both tanker and terminal.
«  Marked with SWL or maximum number of persons.

« Means of access should be placed as close as possible to crew accommodation areas and as
far away as possible from the manifold.

« Provide, so far as practicable, safe access/egress to accommodations,

Means of access also provide a means of escape. The location of any portable gangway should
be carefully considercd to ensure that it provides a safe access to any escape roule [rom the
jetty {see chapter 200

«  The jetty area for landing a tanker's gangway should be open, clearly identified and
unobstructed with access to the area maintained clear,

16.4.31  Shore gangway
When provided by the terminal, 2 gangway should allow safe access between terminal and tanker.

In addition to the criteria in section 16.4.3, shore gangways should meet the following additional
criteria, as appropriate:
« Remain clear of the tanker when in the stored position.
Provide for locking against motion in the stored posilion,
«  Allow free movemnent after positioning on the tanker,
« Have backup power or manual operation in the event of primary power failure,
»  Be designed for berth specific operating conditions.
Automatic gangways may be provided, consisting of a stairway tower with an adjustable bridge

that spans from the tower to the tanker's deck. The bridge section is adjusted for height depending
on the tanker's fresboard.

At some berths, it may be necessary to provide access from an internal stairway below the
working level of the berth,
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Tankers with external deck framing, more commonly seen on chemical tankers and product
carriers, pose particular challenges in their ability to provide a suitable area for the placement of
shore gangways.

16.4.3.2 Portable gangways (tanker or terminal)

A porteble gangway consists of a straight, ightweight bridaing structure with side stanchions
and handrails, The walking surface has a non-slip surface or transverse bars to provide foot grips
for when it is at an incline. Il is rigged perpendicular to the tanker's side and the working deck of
the berih.

Fortable gangways should not be landed on fanker's handrails, unless the handrails are designed
for this purpose. When gangways are mounted over the tanker's handrails, access steps with
handrails {bubwark ladders) should ke provided to enable safe zccess to and from the deck.

Where practical, the gangway should be deployed at a gate in the tanker’'s handrails.

Fartable gangways provided should be of adequate minimum length to safely operate throughout
all states of lide, changes in frechoard and motions of the tanker,

16.4.3.3  Accommuodation ladder

The accommodation ladder consists of a straight lishtweight structure fitted with side stanchions
and handrails, mainly intended for access to boats from the main deck, The steps are self-levelling
of formed as a large radius non-slip thread, The ladder is usually rigeed parallel to the ship's side
on a retractable platform fixed to the ship’s deck. The ladder is limited in its use as an access to
the shore because il is fixed in its location and cannot be used if the ship's deck is below the level
of the berth's working deck.

16.4.3.4 Safely nets

Safety nets are not required if the gangway is fixed to the shore {see section 16.4.3.13 and
provided with a permanent system of handrails, For other types of sangways and those fitted with
rope ar chain handrails or remaovable posts, correctly rigged safety nets should be provided.

The safety net should be rigged lo prevent any person from falling into the water or directly onto
the jetty/ground. It should extend from the ship's side at the boarding point to the boltom landing
platform and suitability should be checked by a Responsible Person,

Alternative means of tanker/terminal access

If circumstances are such that a practical and safe means of access cannot be provided directly
between tanker and terminal, the only safe allernalive may be to use a boat to ferry personnel
to/from the access point on the offshore side of tanker. If this means of access is used, an
additional means of access and egress may also need fo be provided for emergencies,

16.4.4.]1  Personnel transfer by baskef

Personal transter baskets present unigue safely risks and are not recommended except in specific
circumstances. See OCIMF's Transfer of Persannel by Crane between Vessels,

Routine maintenance

All terminal gangways and associated equipment should be routinely inspected and lesled, This
requirement should be included in the terminal’s planned maintenance programme, Mechanically
deployed gangways should be function fested, Self-adjusting gangways should be fitted with
alarms that should be rowtinely tested. More information can be found in OCIME/SIGTTO's Jetty
Maintenance and Inspection Guide.
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16.5 Over the tide cargo operations

Cher the tide cargo operations use lidzl changes in water depth, either by finizhing the loading of
a tanker as the water depth increases towards high tide or discharging cargo lo lighlen a lanker
before the low tidal level is reached.

Documented procedures should be established for terminals that require over the tide cargo
operations. Procedures should be derived from a risk assessment process (see chapter 4).

The terminal should confirm that the tanker's equipment that is critical to the operation, such as
cargo pumps and main engines, is operalional prior 1o berthing and is kept available while the
tanker is alongside at the critical stage.

16.5.1  Discharging over the tide

Discharge over the tide is where a tanker is required to use a berth where the laden arrival
draught will exceed the available water depth at, or approaching, low wafer, but where it may be
possible to discharge sufficient cargo to remain afloat, This procedure should be adopted where
all parties concerned accept the risk involved and agree to adopt mitigating procedures fo ensure
that the tanker can be discharged in a limeframe lo always remain afloat or be removed from the
berth to a position where it can remain afloat.

16.5.2 Loading over the tide

Loading over the tide is undertaken where & fanker cannot remain safely afloat during the low
water period. The tanker should stop loading at the draught at which it can remain afloat and
recommence loading as the lide rises. Loading should not resume unless equipment critical for
the departure of the tanker from the berth, e.g. main engine, is ready for use. The loading rate
should allow the tanker to complete loading and allow time for cargo measurerments, sampling,
documentation, clearance formalilies and unberthing while maintzining the required UKC.

16.6  Operations where the tanker is not always afloat

Operations where a tanker is not always afloat are considered exceptional and should only be
permitted following a risk assessment and the implemeriation of all safeguards identified fo
deliver a safe operation.

The type of operation varies depending on circumstances, e.q. taking the ground for a brief period
during its stay at the berth, or a tanker being completely out of the water, The following should
be considered:

=« There should be agreement between the port, terminal and tanker owner/operator befare the
operation lakes place.
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Seabed should be surveyed and proved to be flat and with no high spots,

il

+  Slope of the seabed should not result in any excessive upthrust on the tanker's structure or
causze any loss of stability when the tanker takes the ground,

«  Tanker's hull strength should be sufficient to take the ground without excessive stress being
placed on the structure. This may require the tanker's design and scantlings to be augmented
to allow it to take the ground safely.

« Operation should not result in the tanker losing any of its essential services, e.g. cooling water
for the machinery or its firefighting capability. This may require the incorporation of special
design features into the tanker.
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As it will not be possible to remove the tanker from the berth in the event of an emergency,
port operations need to address specific emergency procedures and the provision of
appropriate firefighling equipment.

«  Contingency plans should address the possibility of structural failure on the tanker and
resultant pollution.

Generation of pressure surges in pipelines

Introduction

A pressure surge occurs when the flow rate of a liquid rapidly changes and becomes unsteady.
Variations in the flow rate of a liquid are caused by events, e.g. pump starting or stopping, a valve
opening or closing or a reduction of pipeline diameter.

During cargo transfer operations, a pressure surge can result in a significant loss of cargo
containment as the cargo transfer system is exposed fo a peak pressure exceeding the design
pressure rating of the cargo transfer system.

Pressure SUrges may':

 Rupture one or more of the cargo system components.

Create an inertial force exceeding the structural design rating of the pipeline supports,
resulting in displacement of the cargo pipelines and failure of pipeline couplings.

Generation of a pressure surge

When liguid flows from one tank down a pipeline and through a valve into anaother tank, the
pressure at any point in the system while the liguid is flowing has three components:

= Pressure on the surface of the liquid in the feed tank: in a tank with its ullage space cpen to
atmasphere, this pressure is that of Lhe aimosphore,

* Hydrostatic pressure al any point in the system in question: when the atmaospheric pressure is
added lo the hydrostatic pressure this becomes an absolute pressure.
Hydrodynamic pressure generated by the purmp: this is highest at the pump outlet and
decreases along the line downstream of the pump and through the valve to the receiving tank.

The total pressure generaled by the pump to overcome resistance in the pipeline system is the
surn of the hydrostatic and the hydrodynamic pressures and is affected by:
«  Length, internal surface roughness and directional changes in the pipeline.
Viscosity of the liquid being pumped.
= Mominal bore {diameter) of the pipeling,
Rapid closure of the valve puls a bricf additional pressure upon all three components, due to the

sudden conversion of the kinetic energy of the maving liquid into pressure. When the valve closes,
the liquid immediately upstream of the valve is brought to rest instantly.

The sudden stop of flow of liguid is transmitted back up the pipeline 2= a pressure wave travelling
at the speed of sound, If the pressure is not relieved, the result is a pressure wave that moves
back and forth throughout the length of the pipe until it finally decays.

In most cases, valve closure is not instantaneous and there is some relief of the surge pressure
through the valve while it is closing, Worst case is a valve shutling instantly, where damage to
expansion couplings and butterfly valves can occur,

The damage caused by a pressure surge can be further increased by a vapour cavity collapse,
which occurs when vapour cavities or bubbles in the liquid collapse when exposed to the pressure
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surge wave, Vapour cavities may be present in the high points of the cargo transfer system, such
as the apex swivels of the MLA,

Many marine terminals have installed remotely operated valves that shut when a high-high level
alarm ullage is reached in a receiving shore tank, The activation of a remately operated valve
while a ship is discharging 1o a shore tank may result in the whole cargo system being cxposed to
A pressure surge.

Reduction of pressure surge hazard

General precautions

Operational parameters for maximum allowable flow rates and minimum valve closure times
should be established based on an engineering surge analysis.

Where motarised valves are installed, several steps can be taken to reduce the risk of pressure
surge problems:

* Reduce the flow rate, i.e. the rate of transfer of cargo, to a value that makes the likely surge
pressure tolerable.

« Increase the effective valve closure time. This will depend on the valve design but, in general
terms, total closure times should be 30 seconds or groater,

«  Use a pressure relief system, surge tanks or similar devices to absorb the effects of the surge
sufficiently quickly.

Provide a linked ship/shore ESD system including appropriate optional activators in the system
to enable cargo pumps to be stopped immediately once a surge ovent is initiated. See chapter
18 for further information on linked ESD systems.

«  Program valves to fail in last position to prevent unexpoected and immediate closure due to
power failure,

Where manually operated valves are used, good operating procedures should avoid pressure surge
conditions. 1t is important that a valve at the end of a long pipeline should not be closed suddenly
against the flow and so all changes in valve setlings should be made slowly.

See chapter 12 for general guidance on correct operation of tanker valves.

Operational measures to reduce the risk of a pressure surge

in the operational contoxt, the only practical precautions against the consequences of an
inativertent rapid closure is correct operation of the valves and/or to limit the linear flow rate of
the oil to a maximum value related to the maximum tolerable surge pressure.

Ouring the pre-transfer conference, tanker and terminal representatives should exchange
information on managing the risks associated with pressure surge, including:
=« Closure of automatic ESD valves,
«  Rapid closure or opening of a manual or power operated valve.
+ Sudden slarling or slopping of a pump.
= Murnber of open cargo tank inlet valves,
«  Elevation of shore tanks.
« Changes in pipeline and/or terminal tank that are planned to take place during
cargo operations,

Terminals should have a documented tank changeover procedure, agreed during the pre-transfer
conference, to reduce the risk of prossure surge.
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Attention should be paid to whether the ship’s pumps are positive displacement or centrifugal
pumps, as this will impact surge risks related fo unintentional closure of a terminal valve against
the flow of cargo.

Hot work in hazardous areas in terminals

Hot work should not be allowed in the terminal while cargo operations are being carried oul on &
tanker, an adjacent tanker or in the terminal, without special precautions and the agreement of the
tanker and terminal representatives,

It should be noted that dangerous or hazardous areas on the tanker and terminal may be wider
than expected due to the alignment of the tanker alongside the terminal and the nature of
operations taking place.

All hot work locations should be continuously monitored for the presence of flammable gas.
The monitoring should take place in the immediate vicinity of the place or places where hot
work is being carried out. If flammable gas is defected, all work should be immediately stopped,
and the situation investigated before any approval to resume is authorized by the tanker and
terminal managers.

When a risk assessment determines a fire watch is required, a fire watch with no other duties,
cxcept to watch for the presence of fire and to prevent the development of hazardous conditions,
should be instituted. The fire watch team should have fire-extinguishing equipment readily
available and be frained in its use. Before leaving the site and declaring the work completed, they
should ensure that all hot surfaces have cooled and that no source of ignition exists.

Pigging

Pigging is a form of line clearing in which an object, often in the form of a rubber sphere or
cylinder known as a pig, is pushed through the line by a liquid or by compressed gas. A pig

may be used (o clear the line completely, in which case it will usually be propelled by water or
compressed gas, or to follow a previous grade fo ensure that the pipeline remains as free of
product as possible, in which case it is likely to be propelled by the next grade. In some cases,
smarl pigs, which may be self-propelled, are used to inspect pipeline condition for the purpose of
renewal and preventing leaks.

& cormmon arrangement for catching the pie is for the shore terminal to be outfitted with a
pig receiver, which is mounted outboard of the tanker's manifold and from which the pig may
be removed.

A pressure of about 2.7 bar (40 psi) is considered to be the minimum necessary to drive the pig,
but pressures of up to 7 bar (100 psi) may be used.

Before any pigging operations are carried out, the Responsible Officer and the Terminal
Representative should agree on the procedures and associaled safeguards to be put in place.
The propelling gas or liquid volurmes, pressures, time required for the pig to travel along the line,
volume of residual cargo in the line and the amount of ullage space available should be discussed
and agreesd.

During the pigging operation, terminal personnel should monitor the pressure upstream of the pig
to ensura that it is not stuck in the line, Failure of the pig to arrive within the expected time period
would also indicate that free movernent of the pig has been restricted.

On completion of the pigging operation, terminal personnel should positively verify that the pig has
arrived, Any residual pressure in the shore line should then be bled-off before opening the pig
receiver or disconnecting MLAs or hoses.
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Fersonnel at the receiving end should be aware that there may be sediment in the pig receiver
unit and there should be procedures in place 1o deal with this, e.g., rags, absorbent material and
drums. Considerations and measures should be in place for any toxic components that may be
present during the retrieval,
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CHAPTER 17

171 Electrical equipment

17.2  Lifting equipment

17.3  Lighting

17.4  Tanker/terminal electrical isolation

17.5 Earthing and bonding practice in the terminal

This chapter describes equipment that is available at the terminal, specifically at the
tanker/terminal interface, including lifting, lighting, bonding and earthing equipment.

Emphasis is placed on ensuring that tankers and terminal remain electrically isolated and means
of how that isolation is achieved.

i

171  Electrical equipment

ILi

L BB € Livd

The classification of hazardous areas for the installation or use of electrical equipment within a
terminal is described in section .10,

I

L
=

Terminals should ensure that any electrical equipment provided is in accordance with a site
spacific electrical classification drawing, which shows hazardous zones at the berths in both plan
and elevation format.

uliojuy e

Electrical classification drawings should record the type and compliance of equipment installed
within each zone. Mational legislation, international standards and company specific guidelines are
to be complied with, A Planned Mzintenance Systern (PMS) should address the continued integrity
of the equipment installed and ensure it remains able to meet hazardous zone requirements.

uoiie

Personnel carrying out maintenance on equipment within hazardous zones should be trained and
certified as competent to carry out the work. Certification may be either by internal process or as
required by regulatory bodies. All elecirical maintenance should be carried ocut under the control
of a parmit to waork system (see chapter 41,
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Lifting equipment

Inspection and maintenance

All cargo transfer lifting equipment and/or means of access to such lifting equipment should be
examined at intervals not exceeding one year and load tested at inlervals nol exceeding five years,
or more freguently if mandated by local regulation or company requirements. Visual inspections
should be performed by the berth operator before each use. Maintenance should be conducted

in accordance with QCIMF/SIGTTO's Jetty Maintenance and Inspection Guide, national regulations
and the manufacturer's recormnmendations. Tests, inspections and maintenance should be recorded
in the terminal’s FMS.

Equipment to be tested and examined includes:

« Cargo hose handling cranes, derricks, davils and gantries.
» Gangways and associated cranes and davits,
Stores’ cranes and davits.
«  Slings, liffing chains, delta plates, pad eyes and shackles.
«  Chain blocks, hand winches and similar mechanical devices.
«  Personnel lifts and hoists.

Tests should be carried out by a gualified individual or authorily and the equipment should be
marked with its SWL, identification number and test date.

IF lifting equipment is modilied or repaired, it should be re-tested and re-certified before being
placed back in service. Use of temporary mobile lifting devices should be risk assessed by
terrinal personnel, considering all operational hazards including structural jetty loads.

Defective equipment should be labelled as out of service, withdrawn from use imrnediately and
only reinstated after repair, examination and, where required, re-certification.

Training in the use of lifting equipment

All personnel engaged in operating lifting equiprment should be trained in its use. Training should
be refreshed in accordance with local regulatory and company requirements. More information
can be found in CCIMF's Marine Terminal Operator Competence and Training Guide.

Use of tanker lifting equipment

When terminals use a tanker's cquipment for litting hoses, terminal gangways, or other terminal
equipment, checks should be made lo ensure the equipment has an adequate SWL before its use.
For hose handling, the terminal should establish a minirmum SWL requirement based on the length
of the hose to be lifted, including contents remaining when draining the hose. Terminal personnel
should confirm thal tanker cranes have been inspected and cerlified before use and this should
be confirmed at the pre-transfer conference. The use of tanker cranes for lifting of submarine or
floating hoses is referenced in OCIMF's Single Point Mooring Maintenance and Operations Guide,
Guidelines for the Design, Operation and Maintenance of Multi Buoy Moorings and Guidelines for
Offshore Tanker Opzrations,

Lighting

Terminals should have a level of lighting sufficient to ensure that all lanker/terminal interface
activities can be safely conducted during periods of darkness.

Work areas designated for loading or unloading of carzo should maintain a minimum lighting level
of B0 lux, or in accordance with local and national regulations. More information can be found in
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EU slandard 12464-2 and the UK Maritime and Coastguard Agency's (MCA) Code of Safe Working
Practices for Merchant Seafarers (COSWEL

Other work areas at the terminal, outside of the manifold area, should maintain an adequate
lighting level that, as a minimum, meets local and national regulation to ensure safe operations.
Particular consideration should be given to lighting of the following areas:
= Berth or jetty-head working areas.
= Access routes,
«  Tanker/lerminal access,
« Berth or jetty perimeters.
« Boat landings.
«  Mooring dolphins and wallways.
«  Stairways to elevated gantries,
« Emergency escape roules,
Water around berth, to detect spills and unauthorised craft,

Lighting should be included as part of the terminal inspection and maintenance plan, See
OCIMF/SIGTTO's Jetty Maintenance and Inspection Guide.

Tanker/terminal elecirical isolation

General

Due to possible differences in electrical potential between the tanker and the berth, there is a
risk of electrical arcing at the manifold during connection and disconnection of the terminal hose
or MLA. To protect against this risk, there should be a means of electrical discontinuity at the
tanker/terminal interface. This should be available at the terminal,

It should be noted that the subject of tanker to terminal electric currents is separate from static
glectricily, which is discussed in chapter 3.

Tanker to terminal electric currents

Large currents can flow in electrically continuous pipework and flexible hose systems between
the tanker and terminal. The sources of these currents include;

= Cathodic protection of the jetty or the hull of the ship provided by either an impressed current
systern or by sacrificial anodes.

= Stray currcnts arising from galvanic potential differences between ship and shore or leakage
elfects from electrical power sources.
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Figure 17.1: Stray currents from cathodic protection

An all metal MLA provides a very low resistance connection between tanker and terminal and
there is a possibility of an incendive arc when the ensuing large current is suddenly interrupted
during the connection or disconnection of the MLA at the tanker manifold, Similar arcs can ocour
with metallic connections between the flanges of each length of a flexible hose string.

To provent electrical flow and subsequent arcing between a tanker and a terminal during
o connection or disconnection of the terminal hose or MLA, the terminal operator should ensure that
o there is sufficient electrical discontinuity between the jetly and lanker. This can be achieved by;

Fitting MLAs with an insulating flange.

Using Type R or Grade M (Type 5 or L) electrically continuous hoses with an insulating flange
or insulating block fitted at one end of the hose string.

Including one length only of electrically discontinuous hose in each continuous string.

Using Grade (1 {Type S or L) hoses without an insulating flange and provided the resistance of
each hose assembly has been tested and exceeds 25,000 ohms (see section 18.2.6.4),

Mole that Grade (1 hoses are not marked as electrically discontinuous and that test records
should be checked to determine whether they provide adequate electrical discontinuity (see
section 18.2.4),

A single length of electrically discontinuous hose is, typically, provided on the terminal side of the
hose string, but may be provided al any location as long as all segments remain isclated from
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materials they could potentially touch, including the tanker hull and/or jetty deck. Use of more than
one section of electrically discontinuous hose may result in electrically isolated sections that allow
for the build-up of elecirical potential within the isolated section. When non-conductive hoses

are used for isolation purposes, care should be taken to ensure that conductive pathways are not
introduced by lifting or support equiprment, such as nylon or other non-conductive materials for
lifting straps.

The additional resistance limits the flow of stray current, through the MLA or the hose string, to a
safe level. However, the whole system should remain carthed, either to the tanker or to the shore.
The above text refers to conventional alongside berths, OCIMF's Single Point Mooring Maintenance
anel Operations Guide should be referred to for guidance on hose strings at offshore facilities.

All metal on the seaward side of the insulating section should be electrically continuous 1o the
tanker and all metal on the landward side should be electrically continuous 1o the jetty's earthing
system. This arrangement will ensure electrical discontinuity between tanker and terminal and
prevent arcing during connection and disconnection. Loading arm swivels should include bonding
wires across flanges to ensure electrical continuity. If hoses are used for draining or purging
loading arm contents and/or for hydraulics or lubricating systems, then these should also follow
the same continuity and isolation requirements as the arm itself. When hoses are deployed on
reels they should be electrically isolated.

The insulating flange or single length of discontinuous hose should not be shorl circuited oy
contact with external metal.

It should be noted that the requirernents for electrical discontinuity also apply to the vapour
recovery connection.
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Incorrect hose string configurations

X

Permitted Continuous

Mot permitted

Any combination of more than
one length of electrically
discontinuous hose

Do nat short circuit Any combination of more

than one insutating Mlange

Any combination of an
insulating Mlange wilh one
or mare electrically T

— discontinuows hose

seciions

One single Lengih of . The absence of cither an
electrically discontinuous ! insulating Mange or
hose section | electrically disconfinuous

Do not short circuit hose section

s Continuous section  [mmm) Discontinuous section Grade 1 mifjfm Insulating fangs

Figure 17.2: Hose string configurations for electrical isolation

Current flow can also occur through any other electrically conducting path belween a lanker

and terminal, for example mooring wires or a metallic ladder or gangway. These connections
should be insulated to prevent further elecirical inleraction between the jelty and the tanker's hull.
Hewever, it is extremely unlikely that a flammable atmosphere would be present at these locations
while electrical contact is made or interrupted.

Switching off cathodic protection systems of the impressed current type, either ashore or on the
tanker, is not considered a feasible method of minimising tanker/terminal currents in the absence
of an insulating flange or hose. A jetty that is handling a succession of tankers would need to have
this cathodic protection switched off almost continuously and would, therefore, lose its corrosion
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resistance. In addition, if the jetty system remains switched on, it is probable that the difference
of potential between the tanker and terminal will be less if the tanker also keeps its cathodic
protection system energised. In any case, the polarisation in an impressed current system takes
many hours to decay after the system has been switched off, so the tanker would have to be
deprived of full protection not only while alongside, but also for a period before arrival in port.

Sea islands

Offshore facilitios that are used for tanker cargo handling operations should be treated in the same
way as shore terminals for the purpose of earthing and bonding (see section 17.4).

Switching off a cathodic protection system is not a substitute for the installation of an insulating
flange or a length of non-conducting hose,

Tanker/terminal bonding cables

M tanker/terminal bonding cable does not replace the requirement for electrical discontinuity as
described above. Use of tanker/terminal bending cables may be dangerous and they should not
be used,

=——r —————

While some national and local regulations still require mandatery connection of a bonding
cable, it should be noted that the International Maritime Organization's (IMO) Revised
Recommendations on the Safe Transport of Dangerous Cargoes and Related Activities in
Port Areas urges port authorities o discourage the use of ship/shore bonding cables and to
adopt recommendations concerning electrical discontinuity.

If a bonding cable is required by national or local regulations, it should be inspected to see that it

is mechanically and electrically sound. The connection point for the cable should be well clear of

the manifold area. There should always be a switch on the jetty, in series with the bonding cable

and of a type suilable for use in a Zone 1 hazardous area, It is important to ensure that the switch
is always in the "off’ position before connecting or disconnecting the cable,

Only when the cable is properly fixed and in good contact with the tanker, should the swilch be
closed. The cable should be attached before the cargo hoses or arms are connected and removed
only after the hoses or arms have been disconnected.

Insulating flange

Aninsulating flange is designed to prevent arcing caused by low voltaze/high current circuits
{usually below ene voll, but polentially up lo around live volts and with currents rising to
possibly several hundreds of armps) that exist between tanker and terminal due to stray currents,
cathodic protection and galvanic cells, There are two types typically in use af marine terminals: a
traditional insulating flange {see figure 17.3) and a cast-nylon insulating flange (see figure 17.4),
neither of which are intended to give protection against the high voltage but from potential low
current sparks.

Therefore, even if the resistance of the flange drops below the 1000 ohms staled in section
17.4.5.2 because of, for example, ice, salt spray or product residue, any current flow will still

be limiled 1o a few milliamps as the potential difference across the flange will be far less than

is required to initiate an arc during connection or disconnection of MLAS or hoses. Conversely,
lrying 1o earth a low voltage/high current circuit with a bonding cable is difficult, even if a very
low resistance cable is used. The total resistances of the cable circuit connections and any
switching device, combined with the availability of a very large current, will effectively prevent
{he potential difference between the lanker and terminal from becoming zero and will render this
circuit ineffective as a means of eliminating tanker/terminal currents in MLAS or hoses,
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I the context of electrical isclation, the term insulating flange is used in alignrment with other
marine industry guidance documents, although the term isolation flange may also be used.

17.4.5. Precautions

It is recommended that the insulating flange is available at the terminal (shore side) rather than at
the tanker and thal, when fitting the insulating flange, the following should be considered:

When the tanker to terminal connection is wholly flexible, as with a hose, the insulating flange
should ideally be inserted at the jetty end where it is not fikely to be disturbed. Flexible hoses
should always be suspended or supported on non-conductive materials to ensure the hose
to hose connection flanges do not rest on the jetty deck or other structure that renders the
insulating flange ineffective.

« In place of a traditional insulating flange, a cast-nylon insulating flange joint can be used or
bolted between two lengths of electrically conductive hose and/or flanges. The advantage
of the cast-nylon insulating flange joint over an insulating flange is the wide gap belween
conductors that makes it is less prone to failure due to dirt, salt build-up or moisture
accumulation. The non-conduclive spool piece is also easy to install or replace.

+ When the connection is a partly flexible and partly metal MLA, the insulating flange should be
connected to the metal arm,

«  For all metal MLAs, care should be taken to ensure that the {lange is not short circuited by
2uy wires.

«  The location of the insulating flange should be clearly labelled.

o

.y

Thick One Insulating One
plated steel  full length gasket inzulating
washer  insulating washer
for each  sleeve for far each
bolt each belt nut

Figure 17.3: Typical insulating flange joint

While both types of insulating flange are effective and their use is accepled practice in the industry
for safe transfer of careo from ship to shore, a cast-nylon insulating flange has an advantage

over the traditional insulating flange as it provides additional space belween the two connecting
flanges. This provides a benefit in the event of a failure that typically ooccurs when dirt/moisture
accumulates between the two conductive flanges, circurmventing the thinner traditional insulating
flange joint.
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However, the cast-nylon insulating flange joint has a disadvantage in that it is heavier than the
traditional insulating flange, which adds weight at the joint and potentially contributes to a tighter
bend radius in the hose al the inlerface joint due 1o loss of flexibility. This does nol necessarily
contribute to accelerated failure of the hose, but the terminal operator should be aware of this and
plan it into the inspection and maintenance programme when handling hose with this joint.

Figure 17.4: Casl-nylon insulating flange joint

17.4.5.2 Testing of insulating flanges

An insulating flange is designed to prevent the arcing caused by the voliage that can exist
between tanker and terminal due to stray currents and other electrical phenomena. Such voltages
are usually below one volt but can be up lo five volts. Without an insulating flange (or other
current limiting component, such as a discontinuous hose string) this voltage could result in

a substantial current Nowing between the tanker and terminal. This current flow could lead to
arcing, creating an explosion risk if hydrocarbons are present.

If the resistance of the flange drops because of ice, salt spray or product residue, the current
should still be limited to a few milliamps, which is considered low enough to prevent arcing during
connection or disconnection of MLAS or hoses:

= Insulating flanges should be inspected and tesied at least annually, but mare frequent testing
should be conducted based on the results of a risk assessment (see chapter 4), Factors to
be laken into consideration when determining testing frequency should include the rigk of
deterioration due to environmental exposure, usage and damage from handling.

Before testing, the atmosphere should be confirmed safe by means of atmosphere tosts,
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The insulation flange should be clean and unpainted.

« Readings should be taken between the metal pipeline on the shore side of the insulation flange
and the end of the hose or MLA when freely suspended. The measurcd value after testing
should be greater than 1,000 ohms. A lower resistance could indicate damage or deterioration
of the insulation.

« Test records for all insulating flanges should be maintained by the terminal.

Histerically, no rmaximum resistance value has been specified. However, for avoidance of slatic
accumulation; a maximum of 1,000,000 ohms, in accordance with the American Petroleum
Institute's (AP Recammended Fractice 2003, may be appropriate if the flange is lo be used with a
low conductivity (static accurmulator) cargo.

Typical insulation testers are arranged with a user selectable test voltage, e.g. 1,000/500/250
wvolts DC. The test voltage is normally selected in relation to the raled vollage of the equipment
under test. Since this consideration does not apply to insulating flanges, and since the acceptable
resislance can be as low as 1,000 ohms, such instruments are not suited for on-site terminal
routing festing, However, they can be used for fype testing in a clean environment, e.g. al the
ranufacturer's workshop, where there will be no contamination of the flange and insulation
rezdings will be many times higher, Routing festing should be undertaken al a lower vollage that is
more suited to the expected resistance value.

When an MLA or hose is in service, it is not recommended to use an insulation tester with
driving voltage above 50 volts DC (nominal). Higher test voltages can give misleading results at
lowy resistances because of capacitive leakage. However, 1o ensure accuracy and repeatability,
dedicated insulation testers are recommended for routine testing, rather than handheld
multimeters. Insulating testers that operate at 50 volts DC are cormmercially available, but

these should only be used aller testing far the presence of hydrocarbons. I hydrocarbons are
detected, either externally or within the hose, then a risk assessment should be carried out before
proceeding with the test,

It is not recommended to use handheld multimeters for routine testing of insulating flange
resistance, since the applied vollage when measuring resistance will be similar fo that typically
found at the tanker/terminal interface. This cannot be considered a true test of the insulation
level and there is a risk that damage and deterioration will not be identified since the measured
resistance could potentially be higher than would be achieved using a dodicated insulation tester,
In any case, the test voltage applied should not be less than five valts DC (norninal).

17.4.5.3 Safety

Testing should be undertaken with instruments and methods selected to be compatible with any
hazardous area associated with the location of the flange. When testing of an insulating flange
is carried out in a hazardous area and/or with testing equipment not certified for use in such an
area, the testing should be performed under the control of a permit to work (see chapler 4).

Earthing and bonding practice in the terminal

Earthing and bonding minimise the dangers arising fram:

Fauls between electrically live conductors and non-current carrying metabwork.
«  Atmospheric discharges (lightning).
«  Accumulations of electrostatic charge.

Earthing and bonding system requirements will depend on the results of a risk assessment.
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CHAPTER 18

18.1  Marine Loading Arms

18.2 Carpo hoses

18.3 Vapour Emission Control Systerns

18.4 Cargo transfer drainage and containment

18.5 Emergency Shutdown systems

This chapter describes the MLAs and flexible hoses used to make the tanker/terminal connection,
including drainage and containment equipment and practices. The type of equipment is described,
together with recommendations regarding its operation, maintenance, inspection and testing.

If not properly engineered and maintained, this equipment will provide a weak link that may
jeopardise the integrity of the cargo systems and the drainage and containment of hydrocarbons.

A

2ULE € LV

181  Marine Loading Arms

18.11 Cperating envelope
All MLAs have a specific operating envelope that considers the following:

«  Tidal range.

«  Minimum and maximum freeboards of the tankers for which the berth is designed,

« Height of the manifold centre presentation flanges above the waterline.

= Minimum and maximum manifold setbacks from the deck’s edge.

« Limits for changes in horizontal position due fo drift off and ranging.

«  Minimum and maximum spacing when operaling with other MLAs in a bank,

=)
z
&
s

T

For manifold information see OCIMF/CDI's Recommendations for Oil and Chemicol Tanker
Marifolds and Associated Equipment.

ol

The limits of the operating envelope should be understood by berth operators. MLA installations
should have a visual indication of the operating envelope and/or be provided with alarms to
indicate excessive range and drifl.

The PIC of operatiohs on a berth should ensure that the tanker's manifolds are kept within the
operating envelope during all stages of loading and discharging operations. To achieve this, the
tanker may be required to ballast or de-ballast in conjunction with cargo operations. For MLA
design information see OCIMF's Design and Construction Specification for Marine Loading Arms.
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Forces on manifolds

Most MLAS are counterbalanced so that no weight, other than that of the liquid content of the arm,
is placed on the manifold. Because the weight of oil in the arms can be considerable (particularly
for larger diameter arms), it is advisable for this weight Lo be relieved by a support or jack
provided by the terminal.

Some arms have integral jacks that are also used to avoid overstressing of the tanker's manifold
by the weight of the arm or by other external forces such as the wind. Where supports or jacks
are used, they should be fitted in such a way that they stand directly onto the deck or some olher
substantial support. They should never be placed onto fixtures or filtings that are not capable of,
or suitable for, supporting the load {see section 18.1.8).

The terminal operator should have detailed information on the forces exerted on the fanker's
manifold by each MLA. This information should be readily available to the berth operator.

The berth cperator’s training should include the correct rigging and operation of MLAS, Berth
operators should be aware of the consequences of inappropriate operation that may cause
excessive forces on the tanker’s manifold.

Some counterbalanced MLAS are made slightly tail heavy to compenzate for clingage of oil
residue to the manifold and to help the arm return to the parked posilion without using power
when released from the tanker's manifold. Additionally, in some positions of operation, there can
be an upward force placed on the manifold, Forces applied on manifolds by counterbalanced
loading arms shall not exceed the allowable loading limits for manifold support. For manifold
design information see OCIMF/CDI's Recormmendations for Off and Chemical Tanker Manifolds and
Associgted Equipment,

Tanker manifold restrictions

The material of manufacture, support and cantilever length of a tanker's manifold, together with
the spacing intervals of adjacent outlets, should be checked for compatibility with the MLAs.
bdanifold flanges should be vertical and parallel 1o the tanker’s side. The spacing of the manifold
flanges will sometimes dictate the number of MLAs that can be connecled, lo avoid interference
between adjacent MLAs. For recommendations regarding tanker manifold restrictions in terms of
dimensions, materials and arrangement (see OCIMF/COl's Recommendations for Oil and Chemical
Tanker Manifolds and Associated Equipment),

Parking of arms

MLAs should be ermpty when parked and locked, but inadvertent filling may occur. The parking
lock should only be removed after the arm has been checked and verified as empty.

If MLAs need to be moved for maintenance or inspection, the arms should be confirmed as
depressurised and drained of product,

Parking locks secure the MLAs in the parked position. Slewing motion, as well as inboard and
outboard arm movements, should be locked while parked. Slewing and inboard arms should be
mechanically locked. The outboard arm may be hydraulically locked, Parking locks should be able
io be operated by one person. The operator should be able to see if the parking lock is on. System
pressure relief valves should operate if movernent is attempted while the locks are engaged.

lce formation

Ice formation will affect the balance of the MLA, Any ice should be cleared from the MLA before
releasing the parking lock.
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Mechanical couplers

Mechanical couplers need manifold flange faces 1o be smooth and free of rust to cnsure a tight
seal. Care should be taken when connecting a mechanical coupler to ensure that it is centrally
placed on the manifold's flange, faces aligned, and that all claws or wedges are pulling evenly on
the flange:

»  Where C-rings are used in place of gaskets, these should be replaced according to the
manufacturer’s recormmendations.

Where gaskets are used, these should be replaced with new gaskets on each occasion.

Wind forces

Wind loading of MLAs may place an excessive strain on tanker manifolds, as well as on the arms,
and the terminal operator should establish wind limits for operation. At terminals where wind
loading is critical, a close watch should be kept on wind speed and direction. When terminal
operating wind limits are reached, operations should be suspended and the MLAs should be
drained and disconnected.

Precautions when connecting and disconnecting Marine Loading Arms

Operation of MLAs should be carried out from a location where connection flanzes on the tanker

are visible to the operator. Where necessary, wired and/or wireless remote control systems
should be provided.

Operators should ensure that all personnel are clear of moving MLAS and do not sland between
an MLA and the lanker's struclure because of the risk of unexpected movernents of both powered
and unpowered MLAs during connection and disconnection. Where an elevated manifold platform
is fitted, without fixed or movable protections, the area should be properly identified and marked
by warning signs fo prevent falls,

MLAs should be empty of product when manoeuvred for connection to the tanker. They should
be drained after each operation, returned to the parked and locked position when empty and
stowed cmpty. All parking locks, braces and any additional iterns used to secure the MLA ashore
are removed.

The following should be considered when connecting/disconnecting powered and
unpowered MLAS:

Siored hazardous energy (see chapter 4) may cause the MLA 1o move on its own when
parking locks and associated braces are removed or when disconnecting from the
lanker manifold.

= A test of shore power, static and remote controls, as well as a test of backup power
if applicable.

= Twa guide ropes should be fitted, when connecting manuslly operated MLAs, to control the
movement of the connection end. Guide ropes should be visually inspected before use,

= Creation of an exclusion zone around the MLA when it is being operated,
«  Weather conditions at the time of operation of the MLAs.

«  The type of product being transferred and any additional Personal Protective Equiprment
{FPE)/personal manitors and delection equipment required.

« Verifying that lines are drained before connection/disconnection of transfer of MLA,
Checking the hydraulic system’s integrity.
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Precautions while Marine Loading Arms are connected

The following precautions should be taken when MLAs are connected:

«  The tanker's moorings should be monitored and tended as necessary, so that any movernent of
the tanker is within the working envelope of the MLA,

« i drift or range alarms are activated, all transfer operations should be stopped and remedial
measures laken.

< The MLAs should be free to move with the motion of the tanker. Care should be Laken to
ensure that hydraulic or mechanical locks cannot be inadvertently engaged.

= The MLAs should not clash with adjacont MLAs and equiprent.
«  Excessive vibration should be avoided.
«  Tanker/terminal pressures should not exceed Maximum Working Pressure (MWPL

Powered Emergency Release Couplings

A Powered Emerzency Release Coupling (PERC) is a hydraulically cperated device fitted as part
of an Emergency Release Systern (ERS) to provide quick disconnection of an MLA in emergency
sifuations, The PERC has a valve on each side of the release point fo minimise spillage, On
release, the lower part of the coupling and its valve remain attached to the lanker's manifold while
the upper part and its valve remain atlached to the cargo arm, which is free to rise clear of the
tanker. The valves above and below the release point are hydraulically or mechanically interlocked
to ensure they are fully closed before operation.

The PERC is initiated in the following ways:

«  Automatically, when the MLA reaches the specified envelope limit. This is normally
accompanied by an alarm.

= Manually, using a push buiten on the central control panel.

«  Manually, using hydraulic valves in the event of a loss of electrical power supply ashore.

COnce the emergency disconnection has been initiated, the ERS valves adjacent to the PERC

will cloze rapidly (typically in less than five seconds) and precautions need to be taken lo avoid

a pressure surge {see section 16.8). The terminal should provide surge contral facilities for
this purpose,

Inspection, testing and maintenance

Operation of an MLA, either powered or unpowered, can be a dangerous task. Consequently, the
MLA should be in full working condition. To ensure this, three areas should be considered:

« Inspection.

«  Tesling.

«  Maintenance,

These areas should include a structured schedule of pre-use, weekly, monthly, three monthly,

six menthly, annual and five yearly inspection, testing and maintenance. The maintenance cycles
should follow the guidelines given by the manufacturers of the MLAS they have in operation.

Further guidance for inspection, testing and maintenance of MLAS can be found in OCIMF's
Design and Construction for Marine Loading Arms and OCIMF/SIGTTO's Jetly Maintenance and
Inspection Guide,
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Cargo hoses

General

Cargo transfer hoses may be of several types, e.g. rubber, composite and metallic, used in
dilferent services (dock, Ship lo Ship (5T5), floating? and for the transfer of various petroleum
products. This section includes specific guidance for oil cargo hoses, but users should always
consult applicable hose construction standards and the manufaciurer’s guidance.

Oil cargo hoses should conform to recognised standard specifications, or as recommendad by
OCIMF/established hose manufacturers. Hoses should be of a grade and type suitable for the
service and operaling condilions in which they are Lo be used.

Special hoses are required for use with high and low temperature cargoes. Manufacturers’
recommendations can be found in BS 13482: Rubber hoses and hose assemblies for asphali and
bitumen and in BS 4089: Specification for metallic hose assemblies for liguid pelroleum gases and
liquefied natural goses.

The information on cargo heses in the following seclions is condensed from BS ENITEE:
Rubber hose assemblies for il suction and discharge services and in B3 EN13765: Thermoplastic
mulli-layer (non-wvulcanized) hoses and hose assemblies for the transfer of hydrocarbons, solvents
and chemicals. This information is provided to give a general indication of hoses that may be
supplied for normal cargo handling duty.

Reference rmay also be made to OCIMF's Guide fo Manufacturing and Purchasing Hoses for
Offshore Moorings for information on hoses commaonly used at conventional buoys, SPM facilities
and Floating Production Storage and Offloading Units (FP50s1.

Types and applications

For normal duty, there are four basic types of rubber, rubber compound or composite hoses:

ey

Rough bore (R}

Haavy and robust with an internal lining supported by a steel wire halix,
It is used for cargo handling at terminal jetties. & similar hose is made for
submarine and Moating wse, All Type B hoses are electrically continuous

Armoured rough bore (A} In addition to an infernal zinc coated stesl wire helix, there should be an
cuternal heliczl armour of a similar material. Type A hoses are electrically
continuous and may be lighter and more flexible than Type R

Smooth bore (5) Used for dock operation whera flexibility and lighiness are important

Lightweight (L} Used for discharge duty, STS transfers and bunkering, where flexibility and
a light weight are impartant considerations

Type S and L hoses can be either electrically continuous or electrically discontinuous, Type 5
and L electrically continuous hoses are further subdivided into two grades, Grade M and Grade
(1. Grade M hoses are electrically bonded, with a maximum resistance of 100 ohms between
end connections. Grade (1 hoses are electrically conductive, and the resistance between end
connections can be as high as cne million ohrms. Grade () hoses are sometimes described as
semi-continuous due to their intentionally higher resistance. However, it should be noted that
there is no minimum resistance requirement for Grade [0 in the BS EN1T65:2016 standard.

There are several special hose types of the same basic construction, but they are modified
for spocific purposes or service, These include subses hoses or hoses for use in floating
hose strings.
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Figure 18.1: Differences in resistance between Grade M, Grade 0 and discontinuous hose types

Compaosite hoses

Specific types of composite hoses are generally designated for the properties of the cargo they
are designed to carry/handle. Users should consult with the manufacturer for guidance on
compatibility of hose and cargo,

Composite hoses may be used for the transfor of some petroleum cargoes, but may nat bo
suitable for high viscosily cargoes. They are typically more flexible and lighter than rubber hoses.
Composite hoses are constructed from materials, including:

+  Galvanised, coated or stainless steel wire helices.

«  Polypropylene (FP), polytetrafluoroethylene (PTFE) or polyethylene terephthalate linings.

< UV and chemically resistant PVC coated polyester covers.

= Galvanised or stainless steel outer helices,

Users of these hoses should ensure they understand the differences.
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18.2.3 Performance

Rubber, rubber compound or composite hoses are usually manufactured for products having a
minimum femperature of -20°C 1o 2 maximum of +B2°C and an aromatic hydrocarbon conlent

not greater than 50%. Such hoses are normally suitable for sunlight and ambient temperatures
ranging from -29°C lo +52°C.

18.2.4  Marking

18.2.4.1  Rubber hoses
Each length of hose should be marked by the manufacturer, in accordance with BS EMITSS, with:

The manufacturer’s name or trademark, .. XK,

« ldentification with the dated standard specification for manufacture, e.g. EN1765:2016.
Type and designation, e.g. AlS

= Mominal bore, 2.8, 75,

< MWP, 2.z 15 bar.

«  Symbol fo identily eleclrical conductivity, e.g. M and (1 respectively (type 5 and L anly].

«  Quarter and year of manufaclure, e.g. 20-2015,

< Manufacturer's serial number, e.g. 005,

Example XXX/EN1T65:2016/M5/75/15bar/(}/2Q2017/005

Electrically discontinuous assemblies should also have the words "electrically discontinuous”. The
rmarking should be permanent and durable.

After testing, the temporary elongation value should he painted legibly at each end of the hose in
diameirically epposile positions.

18.2.4.2 Composite hoses

Each hose should be permanently marked at an interval of not greater than one metre with
lettering of a minimum height of 10mm and with at least the following information:
« The manufacturer's name or idenfification mark, e.2. XXX,
«  Mumber and year of standard, e.g. EM 1376%:2018,
«  Hose idendification-type, e.g. lype 2.
Internal diameter, e.g. 40mm,
«  MWP, e 10 bar.
Working temperature range, e.g. -30°C to 80°C.
«  Material of inner liquid barrier layer, as referenced in EN 150 10431, e.g. PP (polypropylens).
«  Quarler and year of manufacture, eg. 20-2015.

Example XXX/EN13765:2016/type 2/40/10bar/-30°C to B0°C/PR/4Q2017

In addition, each composile hose shall be perrmanently marked on the ferrule at one end with
the following:

»  Assembler’s name or identification mark.
«  The hose assembly serial number.
«  Maximum Allowable Working Pressure (IMAWP) for the assembly.
«  The lest date of the hose assembly.
Quarter znd year of hose assembly manufacture.
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Flow velocities

The maximum permissible flow velocity through a hose is limited by the construction of the
hose and its diameter. The hose manufacturer’s recornmendations and certification should
provide details.

Acceplable flow velocities for rubber hoses are typically 15-21m/sec. The allowable flow velacity
for a high velocily hose can be as high as 25m/sec.

Recommended flow velocities for composite hoses are lower as there is a helical wire in the bore,
supporting the hose structure, which will result in ruch higher friction losses and drag. With
higher velocilies there is a risk of dislodging the inlernal wire in this hose design. Typical velocities
are 7-9m/sec.

The lirmiting maximurn flow velocity is often determined by the internal pipewaork of the tanker or
terminal and depends on the nature of the product (see seclions 12.1.7 and 11.3.3.2),

6,000
5,000
g 4,000
% 3.000 — s
B — 12r00/E
z w— 1515
E 5000 Zim/s
1,000
0
4] Z 4 (i) 8 1 12 14

Bore size {in}

Figure 18.2: Maximurn flow rate for given flow velocity and bore size

Inspection, testing and maintenance requirements for cargo hoses

18.2.6.1 General

Hoses in service should have a documented inspection at least annually to confirm their suitability
for continued use.

Hoses should be retired in accordance with defined eriteria (see soction 18.2.6.5).

All hoses should be certified, fit for purpose, in good physical condition and should have been
pressure tested. A record of all hose certificates should be maintained and made available for
review by appropriate parties on request,

18.2.6.2 Visual examination

A visual examination should be carried oul before each use and consist of examining the:

+ Hose assembly for irregularities in the outside diameter, o.g. kinking.
« Hose cover for damaged or exposed reinforcement or permanent deformation.
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End fittings for signs of damage, slippage or mizalignment.

Internal liner, where applicable.

Hose cover lo delermine if any cuts, gouges or abrasions have penetrated to a liquid barrier.
For crushed or kinked areas, longitudinal ridges or bulges,

Additionally, for composite hozes:

« Pitch angle and spacing between wraps in outer helix wire, excessive corrosion, rust or scaling
on wire helices.

A hose assembly exhibiling any of the above defects should be remaoved from service for a more
detailed inspection to defermine suitability for continued use. When a hose assembly is withdrawn
from service following @ visual inspection, the reason for withdrawal and the date should

be recorded.

18.2.6.3 Hydrostatic pressure test

Hose assemblies should be hydrostatically tested to check their integrity. The intervals between
tests should be determined in accordance with service experience bul, in any case, should not be
more than lwelve months. Testing intervals should be shortened for hoses handling particularly
ageressive products, for products at elevated temperatures or for older hoses,

If the rated pressure of a hose has been exceeded it should be removed and re-tested before
further use.

A record should be kept of the service hislory of each hose assembly.

The recommended method of testing is as follows:

Rubber hoses
1. Lay out the hose straight on level supports that allow free movement of the hose when the test
pressure is applied. Conduct an electrical continuity test,

2. Seal the hose by bolting blanking-off plates to both ends, one plate to be fitted with a
connection to the water purmp and the other to be fitted with a hand operated valve to release
air through a vent, Fill the hose with fresh water until & constant stream of water is deliverad
through the venl.

3. Connect the test pump at one end and apply a pressure of 0.7 bar, Measure and record the

overall length of the hose assermbly between the measuring points.

Slowly increase the pressure up to the MWP. Hold this pressure for ten minutes,

Re-measure the length of the hose over the same surface as before,

L

Ascertain the lemporary elongation and record the increase as a percentage of the
original length.

Release the pressures to zero bar,

o~

. Leave the assembly relaxed for 15 minutes and then raize the pressure to 0.7 bar,
9. Re-measure the length of the hose over the same surface as beforo,
10. Slowdy raise the pressure to 1.5 times the MWP and hold this pressure for five minutes,

11. Examine the hoze assembly and check for leaks and any sign of distortion or twisting, Conduct
an electrical continuity test with the hose at test pressure.

12. Reduce the pressure to zero and drain the hose assembly. Re-test for electrical continuity.
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Composite hoses
1. Lay out the hose straight on level supports that allow free movernent of the hose when Lhe test
pressure is applied. Conduct an electrical continuity test,

2. Seal the hose by bolting blanking-off plates to both ends, one plate to be fitied with a
connection to the water pump and the other to be fitted with a hand operated valve to release
air through a vent. Fill the hose with fresh water until a constant stream of water is delivered
through the vent.

3. Connect the test purmp at one end and apply a pressure of 0.7 bar. Measure and record the
overall length of the hose assembly belween the measuring points,

4. Slowly increase the pressure up to 1.5 times the MWP. Held this pressure for ten minules.
5, Re-measure the length of the hose over the same surface as before,

6. Ascertain the temporary elongation and record the increase as a percentage of the
original length.

7. Slowly lower the pressure to 0.7 bar and stabilise.

8. Re-measure the length of the hose over the same surface as before,

9. Reduce the pressure 1o zero and drain the hose assemnbly. Re-test for electrical continuity.
If there are no signs of leakage or movement of the fitting while the used hose is under test

pressure, but the hose exhibits significant distortion or excessive elongation, the hose should be
scrapped and not returned to service.

If the integrity of the hose lining of smooth bore rubber hoses is in doubt, the hose should be
additionally subjected lo a vacuum lest as follows:

1. Remove the blanks used for the pressure lest and fit suitable plexiglass plates to the hose ends.
2. Apply a vacuum of at least 510mb gauge for a period of ten minutes.

3. Inspect the interior of the hose for blisters, bulges or separation of the lining from the carcass.
Ary damage to the lining should result in the hose being retired from service,

4. Releaze the vacuum.
5. Re-test for electrical continuity or discontinuity as appropriate.

It should be noted that lightweight hoses, composile hoses and rough bore hoses should not be
subjected to a vacuum test,
18.2.6.4 Electrical continuity and discontinuity lesi

The electrical properties of a hose are determined during type testing of the hose design and
verified through routing testing thereafter, in accordance with 130 8037, as reforenced by
BS ENTTE5:2016.

Since electrical continuity can be affected by any of the physical hose tests, & check on eleclrical
rasistance should be carried out before, during and after the pressure tests.

Electrically discontinuous hoses should have a resistance of not less than 25000 ohms,
measured end flange to end flange,

Electrically continuous hoses (Type R, Type S Grade M, or Type L Grade M) should not have a
resistance higher than 100 ohens, measured end flange Lo end flange.

Electrically continuous hoses (Type S Grade [0, or Type L Grade () should not have a resistance
higher than 1,000,000 ohms measured end flange to end flange.

Electrical semi-continuous hoses have a resistance between 1000 and 1,000,000 ahms,
measured between nippies (end flange 1o end flange),

Composite hoses which are electrically continuous should have a resistance of less
than 100 ohms, measured flange to flange,
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18.2.6.5 Withdrawal from service

In consultation with the hose manufacturer, the retirernent age should be defined for cach hose
type to determine when it should be removed from service, irrespective of meeting inspection and
testing criteria.

A retirement register of hoses should be maintained, including the date and reasonis) for any
hose retirement.

The retirerment register should be made available for review by appropriate parties on request.

The retirement age should be hased on a risk assessment that should consider the following as
a rminimum:

« Manufacturer's guidelines,

= Cargo type.

«  Storage conditions.

« Hose handling and frequency of operation.
« Any experience of past failures.

< Any local regulatory requirements.,

18.2.6.6 Explanation of pressure ratings for hoses

Figure 18.3 provides an illustration of the relationship between several definitions of pressure that
are in commen usage, The individual torms are briefly described below:

Maximum Working Pressure

The MWP is the maximum hose pressure capability. This pressure rating is expected to account
for dynamic surge pressures and is used by BS and EN Standards for designing hoses.

Rated Worliing Pressure

The Rated Working Pressure (RWP) does not 1ake inlo account dynamic surge pressures
and is not to be confused with MWP. It is the working pressure expected during normal
wiorking conditions,

B
Sy

Factory test pressure

UL

This is referenced in BS EN 1765 and is defined as equal to the MWP.

loju| e

Maximum Allowable Working Pressure

The MAWP is used as a reference by the United States Coast Guard (USCG! and is cornmonly
used by terminals to define their system equipment limitations.

el

el

Hydrostatic test pressure

This iz the pressure at which the hose is tested at least annually.

Proof pressure

This is a one time pressure that is applied to production hoses to ensure integrity following
manufacture and is equal to 15 times the MWE.

Burst test pressure

This is a test requirement for a single prototype hose to confirm the hose design and manufacture
af each specific hose type, The pressure is equal 1o a minimum of four times the factory test
pressure and must be applied in a specific manner and held for 15 minutes without hose failure.
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Burst pressure

This is the actual pressure at which a prototype hose fails. For a successful prototype hose, the
burst pressure would exceed the burst test pressure.

BS EMITES and OCIMF Guidance
EMIITES Industry Practice
'"i'““"""""""""“‘ """"""""""""" "‘?#ﬂ_?.ﬁ' S
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MNP MWP
MAWE
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Increasing
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Figure 18.3: lllustration of terminology used for defining hose pressures

18.2.7 Hose flange standards

Flange dimensions and drilling should conform to QCIMF/CDI's Recormmendations for Ol and
Chemical Tanker Manifolds and Associated Equiprment.

18.2.8  Operating conditions

Hoses should be selected according to the operating desizn conditions of the system in which they
will be applied. Whenever the operaling conditions may change, for example, product specification
or temperature, flow rate or pressure, the compatibility of the hoses fo be uzed should be verified.
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Extended storage

Mew hoses in storage before use, or hoses removed from service for a period of two months or
mare, should as far as practicable be kept in 2 cool, dark, dry storage in which air can circulate
freely. They should be drained and washed out with fresh water and laid out horizontally on solid
suppaorts, spaced to keep the hose straightl. Mo oil should be allowed to come inte contact with the
ouiside of the hose,

Mon-load bearing protective blanks Cwood) with breathing holes should be fitted 1o prevent wildlife
or other foreign bodies geiling inlo the hoses,

If the hose is stored outside, it should be well protected from the ultraviolel rays of the sun,
See BS 1435 Rubber hose assemblies for ofl suction and discharge services.

Handling, lifting and suspending

Hoses should always be handled with care and should not be dragged over a surface or rolled in
a manner that twists the body of the hose. Hoses should not be allowed to come into contact with
a hot surface such as a steam pipe. Protection should be provided at any point where chafing or
rubbing can ocecur.

Lifting bridles and saddles should be provided. The uze of steel wires in direcl contact with
the hese cover should not be permilled. Certified lifting straps should be used. They should be
positioned so the hose will not fold over on itzelf (sharp kinks in the hose should be avoided),
Lifting equipment used should be appropriately sized to accommodate the weight of the hose
when full of product.

Straps should be placed strategically to allow the flange to align horizontally. This will improve
hose connection efficiency.

Excessive weighl on the ship's manifold should be avoided, If there is an excessive overhang, or
the ship's valve is outside the stool support, additional support shoutd be given to the manifold, A
horizontal curved plate or pipe section should be fitted at the ship's side to protect the hose from
sharp edges and obsiructions. Adeguate support for the hose, when connected to the manifold,
should be provided. Where this support is via a single lifting peint, such as a hose crane, the hose
string should be supported by bridles or webbing straps. Some hoses are specifically designed to
be unsupparted.
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18.211 Adjustment during cargo handling operations

As the tanker rises or falls, as a result of tide or cargo operations, the hose sirings should be
adjusted to avoid undue strain on the hoses, connections and ship’s manifold and to ensure that
the: radius of curvature of the hose remains within the limits recommended by the manufacturer,
The minirum length of hose should be sufficient to cover all states of tide and tanker freeboard
and motions,

18.2.12 Submarine and floating hose strings
Heses in service at offshore meoring installations should be inspected periodically.

Particular attention should be paid to kinked or damaged sections, oil seepaze from the hose
flange areas, heavy marine growth and scuffing on the seabed. Where hose strings are lowered
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and raised repeatedly from the seabed, care should be taken to avoid damage caused by chains
and lifting plates.

Care should be taken when lowering hose sirings Lo avoid them coiling down. Dragging of hoses
over the seabed should be minimized,

Before attemnpting to lift a hose string on board, the Responsible Officer should check that the total
weight involved does not exceed the SWL of the ship's crane. The terminal shauld advise the total
weighl of the hose string 1o be lifled in relation to the height of the Lif!, which could be as much as
eight metres above deck level for a tanker's manifold connection situated 4.6m inboard. In wave
and/or swell conditions greater than ane metre significant height, the movement of the hose may
alsa irmpose dynamic loads. In these circumstances, the load to be lifted may be as much as 15
times the static weight of the hose and its contents (see section 18.2.130

During the lifting of hose strings, contact with the ship's side and any sharp edges should
be avoidod.

Whon the hose string has been lifted to the required height for connecting to the manifold, and
while it remains connected, the verlical seclion of the hose string should be supported by hang-off
chains or wires made fast to a strong point on the ship's deck.

Ta prevent spills, the section between the last valve and the blank should be checked for oil under
pressure before removing blanks from submarine or floating pipelines.

A wizual inspection of each floating hose string should be made 1o check for damage, kinking or oil
scopage before connecting it fo the tanker's manifold,

If any damage to the hose is found that is likely to affect its integrity, the hose should be
withdrawn from use to allow further inspection and repair.

See OCIMF's Guide o Purchasing, Manufacturing and Testing of Loading and Discharge
Hoses for Offshore Moorings and A Study info Crane Loads Associated with Hose Handling at
Offshare Terminals,

Hoses used in Ship to Ship transfers

Hoses for STS operations can be provided as pre-aszembled strings, or in individual sections.
There are advantages and disadvaniages to both methods. Dedicated lightering vessels usually
have Lheir cwn hose sirings and these hoses have o be inspected, lesled and maintained.

Advantages of pro-assembled strings:
The hoses are tested as a continuous string, which ensures liquid-tight integrity at each
intermediate flange connection. This assurance is only applicable to the time of testing,
The time required to connect hoses between two ships can be reduced.

There is addilional assurance that slrings are assembled correctly when continuous and
discontinuous hose sections are used,

Disadvantages of pre-aszembled strings:

Hoses may be folded when ifting them on board the ship,
Fastoners may work loose as the hose strings are handled ropeatedly and used for
multiple operations.

Advantages of individually delivered hose sections:

The inner liner of ach hose can be inspected when the ends are open.

« Hoses are less likely to be bent beyond their Minimum Bend Radius (MBR} when lifted
on board.

Spreader bars can be used to support hoses during lifting.
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Disadvantages of individually delivered hose sections:

Connecting hose sections on board requires space.

It can be difficult to reach and tighten fasteners underneath the hose and integrity of the flangs
connections is usually not verified by testing,

When composite hoses are used for 5TS, these hoses are usually manufactured to the length
required and there are no intermediate flanges. Due to improved MBRs, composile hoses can
be coiled.

The MBR for slorage and operation should be confirmed with the manufacturer and adhered to
when lifting or handling the hose. Some hoses are designed Lo be temporarily folded but should
be returned to a straight position as soon as possible. Composite hoses used for 5TS should be
well supported to prevent over bending, especially near end fittings.

A visual inspection of each hose string should be made before connecting it to the tanker’s
rmanifold to determine if damage has been caused by handling offshore or by contact with support
craft structures. If the hose has been damaged it should not be used and a replacement should
be provided.

When connecting the hose string to the tanker manifolds, the hose string should not twist between
the two manifolds because this can restrict the flow of cargo. Some hose manufacturers embed a
stripe in the ouler hose cover to assist with alignment.

Hoses should be properly supported by straps and hose support rapes. Straps should be placed
strategically to allow the flange connection to align horizontally. Hose support ropes prevent
unnecessary stress on the manifold and ensure hose maintain correct bend radiuses where they
cross the rail. The rope size should be the minimum required to support the weight of the hose
and of a size to enable operators to turn the hose around a eruciform bit at the manifold.

Electrical isolation

Due to possible differences in electrical potential between two ships intending lo underiake cargo
or bunker transfers via a transfer system, e.g. cargo hoses, there is a risk of electrical arcing at
the manifcld during conneclion and disconnection of the transfer system,

To protect against this risk, there should be a means of electrical discontinuity in the connection
interface and this is normally provided by an insulating flange. Provision of the method ol isolation
should be agreed helween the two ships prior to connection (see section 12.9.5).

Vapour Emission Control Systems

Mary terminals are equipped with VECSs to receive and process vapours displaced from a tanker

during loading operations. The terminal's operating manual should include a full deseription of the
system and the requirements for its safe operation. The terminal’s information booklet, provided to
visiting tankers for information, should also include details of the vapour recovery system.

All shore personnel in charge of transfer operations should complete a struclured training
programme covering the particular VECS installed in the terminal. The training should include
details of typical equipment installed on board tankers and related operaling procedures,

Tanker and terminal personnel should be aware of any constraints associated with the operation
of the VECS during the pre-transfer conference, Confirmation that this information has been
exchanged and agreed to will be included in the S55CL (see chapter 25),

See section 23.7.7 for information on the primary safety issues relating to cargo transler
aperalions using vapour recovery.

Terminal vapour hoses should be marked in a similar way o a tanker's vapour manifolds as
indicated in section 23.7.7.
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Cargo transfer drainage and containment

Orainage and containment facilities at the cargo transfer areas of marine terminals are an
impartant aspect of containing spills, controlling pellution and proventing the progression of
fires. Marine terminals should have provisions for safely draining the cargo transfer system,
i.e, MLAS and hoses and containing any operational spillages and hydrocarbon relesses mixed
with rainwater. For detailed guidance on the design of drainage and containment facilities, scc
section 18.4.2.

All cargo transfer drainage and containment equipment should be inspected, tested and
maintained in accordance with OCIMF/SIGT TO's Jetly Maintenance and Inspection Guide.

Marine Loading Arm/hose clearing

Terminale should have adeguate provisions for the clearing of MLAs and hoses. A documented
operating procedure should be in place for the type of clearing used.

A backup plan should be considered in the event that the primary means of clearing the arm or
hose fails.

Acceptable methods for clearing the MLAS and hoses include:

«  Gravity drain from MLA/hose directly to a surmp and/or tanker.
«  Purging Ml_AShose with nitrogen to tanker/terminal.
«  Stripping Ml_A/hose back into shore cargo lines.

Facilities and operating procedures for clearing cargo transfer equipment may also need 1o
consider the following:

« Lifting equipment is provided to aid gravity draining of cargo hoses. Suitable means of
checking thal cargo transfer systems are drained and confirmed zero energy prior to
connection/disconnection, e.g. bleeder valve or pressure gauge.

« Means of verification o ensure drain valves are closed prior to cargo transfer operations, c.g.
interlock system, critical procedure.

« Adequate supply of nitrogen is available where necessary, i.e. contingency plan for when
nitrogen supply is lost.

Jetty deck containment

Each terminal should have a continuous curboed area for the containment of spills near cargo
transfer manifolds, sample points, valves and olher polential sources that could leak directly into
the marine enviranment.

In addition to the cargo transfer lines and associated small bore piping, other potential

sources include:

»  MHydraulic fluids from reservoirs near equipment such as arms, cranes, gangways.

= Pressure relieving valves.

» Atmospheric vents, e.g. sumps.

» Transformer oil for electrical equipment.

» Other components with non-welded joints, c.g. flanges, valves,

The containment areas and minimum curb height should be suitably sized to contain the extent
of a potential spill and consideration should also be given o storm/rain water management and
the magnitude of the rainfall intensity for the location. This will be derived from the intensity of

the design storm and its relationship to a specified return period and duration equal to the time of
concentration of the drainage area,
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The deck within the curbed areas should be sioped inlo & dedicated caleh basin that drains
to & sumng, or be provided with other means of preventing accumuiation of product and
avaiding aver flow.

I the termingl (s equipped with scuppers 1o facilitale drainsge and containment of surface conlenl,
a work procedure should be developed o ensure scuppers are in place during cargo transfer and
ensuring no hydrocarbons are present in containment area prior to removat. Procedure should
nclude provisions far removing anly one scupper at a time and ensuring an operator remains
prezent at all imes while scupper is removed.

Valves such as vacuum breakers and sample valves should be self-closing to prevent the operator
from leaving valves apen, which may potentially lead 1o 2 loss of containmenl.

Unused hoses, MLAs, manifold connections, drains, vents and gauge connections should be
suitably blanked or capped. If equipment is fully connected 1o the cargo's manilold, blank Manges
should be fully bolted and bave the same rating as the systermn ta which they are altached,

For terminals That are nol dedicated o the ransier of cils/chemicals, consideration should be
given lo containment curbing and methods for draining cargo transfer equipment. For locations
with recessed manifold pits, regular operator checks should be in plade 10 ensure appropriale
containment and drainage ol cargo conlent. Consideration should be given Lo hydrocarbon
detection systems.

Hydracarbon sump tanks

When required, hydrocarbon sump tenks should be suitably sized to conlain operational spills and
stormwater and o fullil cargo transler system drainage regquirements.

Cansideration should be given to segregaling heated and low-1lash product into different sumps,
unless a proper inerted system is fitted.

Emergency Shutdown systems

ESD syslems for cargo transiers are used Lo stop the llow of cargo liguid and vapour in an
emergency and io bring the cargo handling systemn to a sale, slalic condition.

Il is recommended thal @ankers ana lerminals are provided with the necessary equipment o
enable mferconnection of ESD systems,

Asa minimum, ESD systems should:

« Stop all cargo transler pumps when an ESD is activated on the tanker or terminal.
Stop the tanker’s cargo transfer pumps when a terminal high leveld alarm is activated,

Further intormation can be lound in QCIMF/COUs Linked Stipd Shore Emnergency Shutdown
Systems for O and Chermical Transfers.
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CHAPTER 19

191 Marine terminal fire protection

19.2 Alarm and signalling systems

19.3  Detection and alarm systems at terminals
19.4 Firefighting equipment

19.5 Access for firefighting services

Marine terminal fire prevention and protection are key elements in reducing risk and
improving safety.

This chapter contains general guidance and specific recommendations on fire protection at marine
terminals, including the prevention, detection, signalling and operation of fire detection and
protection systems.

vd

4

In addition to national regulatory requirements, capability should be based on the guidance
contained within this chapter and the outputs of a formal risk assessment.
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The guidance on firefighting equipment in this chapter should be considered alongside chapter 5,
which addresses firefighting theory.
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19.1  Marine terminal fire protection

Lai

19.11 General
Fire safety at marine ferminals is provided through overlapping levels of protection as follows:

«  Frovention and isolation.

«  Detection and atarm facilities,

« Protection equipment and systems.
«  Fire proofing.

+  Emergency and escape routes.

= Emergency planning.

« Fire protection philosophy.

= Evacuation procedures.
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Fire safety at marine terminals is a balance between design features, operational procedures,
emergency planning and training, Fire systems should be based on a designed risk assessment
performed by experts in firefighting systems.

Fire protection alone will not provide an acceptable level of safety. Fire protection measures
should not interfere with mooring or other operations,

Automatic detection of fire and rapid response of emergency personnel using fire protection
equipment will limit the spread of fire and the hazard to life and property at all locations in a
marine terminal.

Fire protection facilities should be designed 1o contain and control fires that may occur in defined
areas and to provide time for emergency exit.

Emergency exit facilities are needed to ensure the safe evacuation of all personnel from the
affected area in the event that fire protection facilities do nol successfully control a fire,

Fire proofing

Fire proofing makes equipment fire resistant by using non-combustible or limited
combustible material,

To ensure availability of equipment in the event of a fire, terminal fire proofing should consider
protection of the following:

«  Fire water and loam system actualors,
« Emergency isolation valves.

« ERS for MLAs.

«  Electrical switch gear rooms,

«  Control rooms/buildings.

Location and spacing of fire detectors

Fire detection at marine terminals is ususlly provided in high risk areas, e.g. purmnping stations,
control rooms and electrical switch gear rooms. Detectors may also be filled at valve manifolds,
loading arme, operalor sheds and on other equipment or in areas susceptible to hydrocarbon leaks
and spills or that contain ignition sources.

To function effectively, fire detection devices should be properly positioned. Detailed requirements
for detector placement in confined areas can be found in appropriate codes and slandards.
However, for flame detectors located outdoors, 3D flame detector mapping software is available
that will ensure that the cone of vision covers the intended hazard that is being protected. Thermal

radiation software may be used lo determine the heat flux of a potential fire and assist in the
locating of heat defeciors,

Heat, smoke, gas and flame detectors should be installed in a grid paltern at their recommended
spacing or at reduced spacing for faster response. Each systemn should be engineered for the
specific area being protected, with due consideration given to ventilation flow pattorns.

Detection syslems that activate fire-extinguishing systermns should be arranzed using a cross-zane
array. In a cross-zone array, no two adjacent ionisation or photoelectric type delectors should

be in the same detection circuit zone, The first detector that is activated should start the fire
alarm system, while a second detector, located on an adjacent circuit, should activate the
fire-extinguishing systemn after a timer delay, which allows occupants to evacuate.

Fire-extinguishing system compatibility

When a detection system is part of an automatic fixed fire-extinguishing system, complete
compatibilily between the systems is essential, Detection devices and systems that are highly
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susceptible to false alarms should be avoided, especially when they are connected to fixed
fire-extinguishing systems for automnatic activation (see section 19.4).

Alarm and signalling systems

Alarm and signalling systems have a number of significant functions:

Rapidly transmit an alarm or signal to indicate the detection of fire before there is
significant damage,

Initiate emergency evacuation of personnel in the vicinity of the fire.

Transmit an alarm le nolify responsible parties and initiate an automatic extinguishing system,
where fitted.

Have the capability to stop product transfer, via the ESD systern, where fitted.
«  Be capable of autornatically self-testing and warning of malfunction.

Types of alarm systems
Alarm syslems are used to indicate an emergency and to summon assistance.

The various alarm systems range from a local system providing an alert signal at the facility, to
one which zalerts at a remote station attended by trained personnel 24 hours per day, e.g. a fire or
police station or a third party answering service,

The type of system installed at a particular location should be based on a risk asseszment
(see chapter 4) with input from competent personnel in the field of fire protection considering
applicable local regulations.

Alarm and signalling systems

Any variation or combination of the lypes of alarm and signalling systems previously described
can be used to meet local circumstances. Alarm systems provide signals that can be audible,
visual or both,

In a farge terminal facility, or where the terminal is an integral part of a large plant or processing
facility, a coded signal system is preferred. The facility should be divided into a arid system, with
each grid area identified by a numbered code. The coded signal system should include o code
transmitter that triggers an alert at the specific location and also activates the general alarm.

Ernergency reporting can also be achieved by using a dedicaled emergency lelephone system,
Additionally, manual fire alarm activation points can be installed instead of, or to supplement, the
telephone reporting system.

When a dedicated telephone system is used, & dedicaled lelephone should be installed in the
control room or supervisary station to receive emergency calls. The telephone should only receive
incorming calls and extensions should also be provided at other locations that have preliminary
emergency responsibility.

The gensral alarm system should, at a minimum, consist of one or more air horns, electric horns
or steam whisiles that are strategically located to ensure maximumn coverage throughout the
terrrinal. The alarm should be clear, audible and distinctive from signals used for other purposes
and should be heard throughout the terminal regardless of background noise.

Auxiliary alarms should be provided for indeor locations or remote areas where the general
alarm cannot be heard. These alarms may be bells, air or electric horns. Whichever devices are
pravided, they should be the same throughout the facility and should be distinct from other alarms.
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19.2.3  Electric power sources

Electric power should be available from two highly reliable sources, The usual arrangement is

an Alternating Current (AC) primary power supply, with an Emergency Power Supply System
(EPSS) as a secondary power supply, The EPSS may be provided a trickle charger supplying

an emergency battery systern, or an uninterrupted power supply for standby power., In some
locations, asthorities may require an emergency generator as the EPSS a secondary power supply
in case the primary supply fails.

The capacity of the EPSS varies with the type of alarm systern and the requirements of local
authorities. For local or proprietary slarm systems, when signals are registered only at the
terminal or plant central control room or central supervisory centre, the EPSS usually provides for
loss of primary power for a minimum period of 24 hours under quiescent load conditions, plus a
rinimum 15 minute supply under emergency conditions if an alarm is triggered.

|f the EPSS is provided by a battery backup system, thero should be a further 20%
additional safety margin above the calculated amp-hour capacity provided to support alarms
during evacuation,

Emergency power wiring from the EPSS shall not be routed in the same raceway or distribution
routoing as the primary supply, to prevent fire damage to both primary and EPSS wiring and so
losing power to the critical equipment.

Iri auxiliary and remote station systems, where trouble signals from the loss of local operating
power might nat be transrmitled to the receiving station, a 60 hour emergency power supply with
capacity to operate the entire system if the power is cut off over a weekend is usually required.

19.3 Detection and alarm systems at terminals

19.3.1 General

The specification for the detection and alarm systemns on ferminals should be risk assessed (see
chapter 4) and depend on a number of factors including:

»  Producis handled.
« Tanker size and nurmber berthed per year.
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« Pumping rates,

«  Proximity of hazardous equipment with respect to other equipment or hazards, i.e. equipment
spacing and electrical area classification,

«  Proximity of tankers to the terminal and to hazardous terminal cquipment,
«  Proximity of the terminal lo residential, commercial or other industrial properties.
« Installation of emergency isolation valves.

« Length of pipeline and quantity of product between isolation valves.

«  Murmber and nature of fixed fire-extinguishing syslems that are connected o detection and
alarm systems.

= Whether the terminal is continuously manned or periodically unmanned.

«  Ability of the emergency response unil 2t the terminal, or within the terminal’'s organisation,
to provide a timely and effective response. This could include consideration of any agreed
external emergency response unil. Proximity and mutual aid agreement with any outside
emergency response units and their capacity, availability and response time.

« Requirements imposed by local regulatory bodies,
« Desired degree of protection beyond regulatory requirements,
« Degree of effective protection that a manufacturer's detection and alarm system offers.
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The alarm system should raise local audible and visual alarms, and possibly a general alarm if
the terminal is manned, depending upon local circumstances., It should indicate an alarm at a
continuously attended central fire control panel, showing the location of the activated detection
and fire-extinguishing system. Where fixed gas detection eguipment is installed or the detection
systern covers more than a single delection zone, the panel should indicate the location of the
activated gas detector.

Use of detection equipment that is designed to activate fixed firefighting systems automatically is
recommended where a terminal cxtends away from shore in such a way that manual firefighting
is difficult, dangerous or ineffective. This is also recommended wherever firefighting boats are
not available, accessibility to firefighting wehicles is poor or at locations where frained firefighting
personnel is limited in number and/or not always available for rapid response.

For manually actuated fire protection systems, the detection system should sound a local alarm
and send a signal to an altended control room upon activation.

Equipment and terminal areas that can be monitored with automatic fire or gas detection
systems include transfer pumps, valve manifolds, MLA areas, control rooms, electrical switch
gear enclosures, operator's sheds, below deck areas and other equipment or areas susceptible to
hydrocarbon leaks and spills or that contain ignition sources,

Control rooms/contral buildings

Detection and alarm equipment in control rooms must meet local regulations. The installation
of additional gas and flire detection devices with associated alarm equipment depends on site
specific factors, e.g. control room pressurization and attendance. Bazed on a risk assessment
{see chapter 4), control rooms/buildings should be protected from fire by the installation of fire
proofing, deluge systems and emergency air supply.

The following general detection and alarm facilitics are recommended for control rooms
or buildings:

«  Manual fire alarm activation points should be provided at all exils, and along escape routes,
spaced according to travel distances in appropriate codes and standards,

«  Afire detection system should be installed in any area of a control building that is unattended.
Each detector should raise a local alarm in attended control rooms and should activate an
alarm at the main fire control panel,

« Combustible gas detectors should be installed in the fresh air intake vents of pressurised
contrel rooms and inside non-pressurised control rooms. Each gas detector should sound a
local alarm and a main fire control panel alarm.

For terminals handling low flash products, where control reoms are not continuously attended,
a fixed fire-extinguishing systern, activated automatically upon detection of fire, should be
installed. The gas or fire detection systern should then be arranged in a cross-zone array {see
section 19.1.3).

Firefighting equipment

Terrminal firefighting equipment is located throughout the facility and much of it is exposed to
weather. Terminals should ensure that all firefighting equipment is maintained under a PMS, as
per QCIMF/SIGTTO s Jetty Maintenance and Inspection Guide.

On the jefty, firefighting equipment should be ready for immediate use. While this may not involve
the rigging of fire hoses, the preparations for emergency operation of the firefighting equiprment
should be apparent and communicated lo tanker personnel. Consideration should be given to
having portable extinguishers available for use adjacent to the jetty manifold area.

35




Al Infarmat

m

o
b=
by

=
e

ART 3 1

1

19.4.1

19.4.2

19:4.3

[SEOTT Sikth Cdition

Any alternative or supplemental firefighting services provided should deliver at least the equivalent
capability as required under the minimum provisions detailed in table 191,

Fixed firefighting systems should be capable of full operation within the first five minutes of a fire.

Terminal firefighting equipment

At some terminals, the local authority or port authority may provide the main firefighting
capability. The type and quantity of firefighting equipment should meet the minimum requirements
detailed in table 19.1 and be risk assessed (zee chapier 4) based on the following faclors:

»  Sizes of tankers that can be accommaodated.

«  Location of terminal, berth and accessibility.

« Mature and quaniity of the cargoes handled.

» Potential impact of oil spillage.

«  Areas to be protected,

«  Prevailing environmental conditions, including terminals located in cold climates where
freezing of water occurs,

- Regional fire response capability, response times and access to terminal facilities/jetties.
Reciprocal arrangements {mutual aid societies),
« Level of training and experience of local emergency response organisations.

Portable and wheeled fire extinguishers and monitors

Portable fire exfinguishers should be provided at every marine terminal berth on a scale relative
to the size, location and frequency of use of the berth and compatible with flammable liquid fires
(see table 1910,

Fortable fire extinguishers should be located so thal a fire extinguisher can be reached without
travelling more than 15m. Wheeled extinguishers should be located in accessible posilions at each
end of loading arm gantries or al the berth approach access point.

Fire-extinguisher locations should be permanent and conspicuously idenlified by luminous
background paint or suitably coloured protective boxes or cabinets. The top or lifting handle of a
fire extinguizher should not be al a height of more than one metre,

Carbon dioxide (CO2} extinguishers have little value at berths or on jetties, cxcept at paints
where minor electrical fires could occur. However, enclosed electrical sub-stations or switch
rooms located on marine terminals should be equipped with an adequate number of COz
extinguishers or should have a fixed CO2 system installed.

Foam extinguishers with a capacity of at least 100 litre of pre-mixed low expansion loam solulion
are suitable for use at berths.

Portable foar,/water rmonitors (see table 19.1) should have a discharge capacity of at least
1Sm?/hr of foam and water in solution,

Fixed or portable water/foam monitors (see table 19.1) should be provided (one located on either
side of the shore manifold) with the ability to reach the tanker and shore manifolds,

Terminal fixed firefighting equipment

19.4.31  Fire water supply

Fire water at marine terminals is often provided by the unlimited supply available from the sea,
rivers or dock basin,
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When fire water supply is obtained from static storage, e.g. a tank or reservoir, the reserve

for firefighting purposzes should be equivalent to al least four hours of continuous use at the
rnaximurm design capacity of the firefishting systern. The reserve for firefighting should be
additional to that required by any other user taking water from the same static storage. The piping
arrangements at such storage facilities should be organised to prevent use of the firefishting
reserve for other purposes and the intearity of the make-up water supply to such a reserve would

nead io be assured.

Fire water flow rates and pressures should cover both extinguishing and cooling water
requiremnents for a fire that might realistically occur. In providing fire water, consideration of
climatic condilions and risks from freezing should be assessed at the systemn design stage. For
typical flow rates, more information is available in table 191,

[nstaiéatinn

Barge berth, wharl, or jetty handling
liquids with a flashpoint at or below
80°C including materials in drums, and
any product healed above ils Nashpaint
CR

Tanker berth at a wharf or jetty handling
ships of less than 20,000 tonnes OWT
and bess than one ship par weak

Minimum recommended provisions

L = TR S =

Fire main incorporating isolating valves and fire hydrants with a pressurised
water supply of not less than 115m2 hr

Two fixed or portable water/foar menitors, ane on either side of the shore
manifold, capabla of reaching the tanker outhoard manifold

Foam tank or totes to provide at least 15 minutes of foam coverage through
Ty monitors

2 % Ykg portable dry chemical extinguishers
2 % 30kg wheeled dry chemical extinguishers

1 internationzal shore fire connection

Tanker berth al a wharf or jetty handling
ships of less than 50,000 tonnes OWT

CR

Tanker berth at a wharf or jetty handling
ships of less than 20,000 fomas WT
and more than one ship per week

Tank berth at a wharf or jetiy handling
ships of 50,000 tonnes OWT or larger

Sea island

Fire main incorporating isolating valves and fire hydrants with a pressurised
water supply of not less than 350m3/hr

Twao fixed or portable water/foam menitors, ane on either side of the shore
manifold, capable of reaching the tanker authoard manifold

Fixed supply of foam should be in place at the berth via a foam tank or lotes
to provide at least 30 minutes of foam coverage throush two monitors

4 % 9kg portable dry chemical extinguizhers
2 % 50kg wheeled dry chemical exlinguishers

1 international shore fire connection

Fire main incorporating isolating valves and fire hydrants with a pressurized
water supply of not less than TOOm/hr

Two fixed elevated water/foam monitors, one on either side of the shore
manifold

Fixed supply of foam should be in place at the berth via a foam tank or toles
Io provide at feas! 30 minutes of foam coverage through twio monitors

£ % Fkg porlable dry chemical extinguishers compatible with flammalile
liguid fires

2 S0kg wheeled dry chemical exlinguishers compatible with llammable
ligquid fires

1 international shore fire connection

Fire proteclion facililies as ahove acoording 10 use and size of tanker
Porlable equipment:

& % Tkg portable dry chemical extinguishers

2 x 50kg wheeled dry chemical extinguishers

| 1 international shore fire connection

Table 19.1: Minirum recommended provisions or equivalent (see section 19.4.3.7 for existing terminals with

single monitor)
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19432  Fire pumps

Permanently installed fire pumps should be provided on a scale thal will ensure adequate reserve
capacity to allow for contingencies, e.g. fire pump maintenance, repairs or breakdowns.

Electric motor, diesel engine and steam turbine driven pumps are acceptable. All pumps should
have a reliable power or fuel supply to meet the requiremnents in section 19.4.3.1 and table 791,

When the fire pumps are lo be located ona wharf or jetty, a safe and protected location is
essential to ensure that the fire purmps will not become immobilised during a fire at the marine
terminal, or do not in themselves present a polential ignition source. When selecting a location for
the fire purnps, consideration should be given to the loading gantry and the nearest moored tanker
or barge.

To reduce the risk of a fire impacting the fire purnps, fuel tanks should be localed remotely from
the fire pump engine. Systems for fire detection and firefighting should be fitted to the tank,

When practical, fire purnp installations should be protecied from a sea surface fire penetrating
the underside or below deck area of the insiallation. Protection may be achieved by structural
barriers, booms or water spray systems or by installing the fire pump on a solid deck. Whenever
electric motor driven pumps are installed, careful routeing and fire protection of power cables
should be considered.

19.4.3.3  Fire main piping

Permanent fire water mains and/ar foam/water solution mains should be installed on marine
terminals and along the approach routes to berths. Mains should extend as near to the heads of
marine terminals as possible and be provided with a number of accessible hydranis.

Fire hydrants generally consist of headers with individual valves fitted with a fire hose connection
suitable for the type of fire hose coupling in use. |solating valves should be fitted to prevent the
loss of all firefighting systems because of a single fracture or blockage of the fire main network.
The isolating valves should be positioned so that, in the event of fire main failure in the berth
area, there will still be a supply at the berth approach. When the berth fire main is exlended from
a shore installation, an isolating valve(s) should be provided at the shoreside end of the wharf or
jetty, Additional fire hydrants should be provided upstream of an isolating valve,

For sea izsland berths, isolating valves should be positioned on the fire main grid =o that at least
S0% of the grid will continue o operate in the event of a single point Tailure, or during necessary
maintenance, and still provide enough hydrants for the total fire water demand.

Fire main construction materials should be compatible with the water supply.

The minimum capacities and pressures for fire water mains depend on whelher the system is to
be used for cooling or production of foam (see takle 1910,

When freezing conditions are encountered, fire mains that are not maintained in the dry mode
should be protected from freezing. In particular, when the fire water supply is obtained from
an onshore grid, any wet section of the grid should be buried below the frost line or otherwise
protected from freezing, Buried fire mains need to be suilably coated and wrapped to prevent
corrosion. Cathodic protection may also be necessary.

Drain valves should be conveniently and suitably located on the fire mains and flushing points
should be provided at the extremities of the fire main grid.
19.4.34  Fire hydrants and hose reels

The number, location and spacing of fire hydrants or hose reels at marine terminals will be
determined by the facilities to be prolected. At the berth or MLA areas, it is often difficult to
achieve uniform spacing of fire hydrants, whereas on approach or access routes, uniform spacing
can usually be achieved. Hydrants should be spaced at intervals of not more than 45m in the

3B
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berth or manifold areas and not more than 90m along the approach or access routes, Each fire
hydrant should be equipped with a hose, nozzle and spanner.

Hoze conneclions should be of a design compatible with those of the local or national
fire authorities.

Fire hydrants should be readily accessible from roadways or approach routes and localed or
protected in such a way that they will not be susceptible to physical damage.

19435  Pump-in points for firefighting boats

If lugs are used to berth er unberth, or standby tankers, at a terminal, they may be equipped to
purnp firefighting water into the terminal's fire main system,

Pump-in peints should be provided at suilable, accessible locations near the extremities of the fire
mains and preferably where firefighting boats can be securely moored. In an extreme emergency,
a fire boat can then be used lo augment the fire water supply to the shore fire main grid.

Pump-in points should have at least 4 x 63mm hose inlets or the eguivalent. The hose inlets
should have screw-down valves and/or be fitted with Mon-Return Valves (NRVs) and be installed
to minimise the possibility of hose kinking,

The locaticn of these inlets should be highlighted, e.g. by appropriate signage and white
painted hydrants.
194.3.6  Foam systems

Foar concentrate should be properly proportioned and mixed with water at a point downstream
of fire water pumps and upstream of foam making equipment and application nozzles and
moniters. The flow rate may need to be increased if fluorine free foam is used.
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Fixed pipelines for expanded (acrated) foarn are not recornmended because the fully developed g
foam cannct be projected effectively due 1o loss of kinetic energy and the high friction losses \
through such systems.

f= |
o rtadaes |

The type of foam concentrate selected, i.e. prolein, fluoropratein, Aquecous Film Forming Foam
{AFFF), or alcohol/polar solvent resistant type concentrate (hydrocarbon surfactant type
concentrate), depends upon the fuel type and formulation, of whether aspirating or non-aspirating
equipment is insialled and ease of re-supply.

See section 5.3.21 for environmental issues with AFFF and Alcohol Resistant Agueous Film
Forming Foam (AR-AFFF),

There are several systerns that can be adopted for feeding foam concentrate inte foam making
equipmerl at the berths. Some of the principal systems are described below.

Direct foamn pick-up from atmospheric tanls

This method incorporates direct foam induction via a flexible pick-up tube connecting a monilor 1o B
either an adjacent foam storage tank al almospheric pressure, a tank truck, a portable trailer or a

drum,. Cne storage tank may be used to supply more than one fixed monitor. Such monitors would

be positioned near ground or deck level,

Displacement proportioner foam unit using pressure vessels

This unit ray contain foam concentrate in one large pressure vessel, possibly of 4.5m* capacity,
ar twa smaller pressure vessels of 2.3m* The foam proportioner unit is positioned between

the fire pumps and the downstream foarm making equipment. The system functions by using
bypassed fire main water to pressurise a bladder inside the slorage vessel and displace the foam
concenftraic from the storage vessel into a foam system main.
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Sufficient hydrants should be provided on the Toam main from which portable foam making
equipment, including maonitors, can be operated.

Dedicated foam concentrate pipeline system using atmospheric foam tanks
This systern comprizes three main components:

1. Foam concentrate bulk storage in tanks or other vessels.

2. Foam pumnps for delivering the foam concentrate into the foam pipeline grid. The purnps may
be rotary gear electric motor/diesel driven or water turbine driven using a bypass from the
fire main.

3. Pipeline grid, possibly of Tomm diameter, traversing the berth approach and the berth,
providing numerous take-off points for the attachment of foam induclion hoses for connecting
porlable or fixed equipment.

The foam concentrate grid to the take-ofi points should have a proportioner ta proportion the
exact amount of foam concentrate at the take-off point. The foam concentrate prossure al this
point should be higher than the fire main pressure (typically 1-barg above the fire main pressurel,

When pipelines for foam solution or concentrate are provided, the lines should have several
accossible take-off thydrant) points that should be spaced nol more than two or three standard
hose lengths apart. isolating valves should be fitted to retain the utility of the line in the event of
fracture. Suitable pipeline drain valves and wash out facilities should be provided. A loam solution
pipeline of this type should be designed for a minirmum solution rate of 115m%/hr.

Foam concentrate can also be distributed through a smaller bore pipe system fo the tanks
supplying the inductors of fixed or mobile foam making appliances.

Variable flow injection incorporating atmospheric foam tank and foam pump(s)

This system involves pumping foam concentrate into a foam main via a metering device or
variable flow injector. The foarm pumpl(s) would normally be driven by an electric motor and would
take suction from an atmospheric foam tank,

Supplies of bulk foam concentrate associated with any fixed foam manitor or foam/water sprinkler
system should ensure continuous foam application uniil the arrival of adequate backup firefighting
resources, either water borne or land based. The bulk foam concentrate supply should ensure
continuous foam application at design flow conditions, as detailed in table 191,

19.4.3.7T Monitors (or cannons)

Monitors may be used for foam and water, although specific types may be designed solely for
foarn. Large capacity monitors would normally be on a fiked mounting or on a portable unit, The
provision of fixed monitors should be considered for tanker berths handling ships in excess of
20,000 tonnes DWT. The scale of provision should be related to the size, location and frequency
of use of each individual berth (see table 191).

The number and capacity of foam monitors required will depend on local circumstances and
conditions, including the capacity of the fire water supply system. Existing facilities may have
a single elevated foam monitor provided for berth and tanker firefighting duly. The discharao
capacity of a single monitor should not be less than 115m%/br and should meet the capacity
requirerments detailed in table 191,

The monitors should be supplied from the berth fire main and be either manually activated at each
rmonitor riser or activated from a remote manual or motorised isolating valve controlling a group
of monitors, depending upon the design. Manually operated monitors should be pre-pesitioned
before transfer operations.
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Monitars can be situated at berth or wharf deck level, e.g. at small terminals, or mounted on
fixed towers, The effective height of the liguid stream required from a monitor is dictated by the
particular use envisaged. Fixed monitors should be positioned on towers, or on top of gangway
access towers, o ensure that foam discharge will provide unrestricted coverage of the marine
transfer equipment and the tanker manifold in all laden and ballast conditions.

Monitors may be manually or remotely controlled either from the tawer base or at a distance.
Tower base contrals may need special protection. Reduced visibility caused by smoke may limit
the effectiveness of manually operated fixed towers. Remote control can be achieved by electronic
means, hydraulically or with a mechanical linkage. The remate control paint for elevated monitors
should be in a safe location. However, the selection of a safe location will depend upon the
character and size of the berth involved. Where practicable, the monitor control point should be at
least 15m from the probable location of fire.

The water monitors should be mounted at berth or wharf deck level and be fitled with variable
nozzles capable of discharging either a spray or a jet. They should be capable of cooling the berth
structure as well as the adjacent hull of a tanker. In some cases, it may be necessary to provide
elevated water manitors in place of, or additional to, deck mounted monitors to allow water
discharge above maximurm freeboard height.

19.4.3.8 Below deck fixed protection systems

Below deck fixed protection systems are installed when the marine terminal extends over water
and away from shore in such a way that firefighting would be difficult or dangerous, or when
firefighting boats are not available, In these situations, this type of system will provide a safe base
of operations during a large tanker fire and is especially useful where large spill fires on the sea
beneath the berth are a possibility.

When firefighting boats are available to provide a quick response, a fixed water spray or deluge
system may be installed below deck for cooling non-fire resistant, unprotecied supports and
exposed structures, should there be a local surface fire. The rate of discharge for such a system
should be at least 10.2 lilres per minute per square metre,

When firefighting boats are not available or cannot provide a quick response to a fire, a fixed
system af foam/water sprinklers may be installed below deck for cooling and protecting the
supporting structure that is constructed of non-fire resistant, unprotected materials.

Under these circumstances, such a system would provide rapid below deck fire control and
extinguishment. A system of this type should discharge not less than 6.5 litres per minute per
sguare metre. When supporting piles and beams are constructed with fire resistant materials, for
example concrete, a fixed system of foam/water sprinklers discharging at reduced application
rates may he advisable.

Access for firefighting services

Parking arcas should be provided for firefighting vehicles close to marine terminal approaches.
The provision of a layby or passing area on jetty approach structures should also be assessed,
including hazardous zone classification, Consideration should be given to any limitations regarding
the maximum axle weights for vehicles accessing berth structures and the ability to turn and exit
the jetty head.
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CHAPTER 20

Emergency Preparedness
and Evacuation

201 Overview

20.2 Hierarchy of emergency scenarios

20.3 Terminal emergency planning - plan components and procedures
204 Spill response plan

20.5 Emergency evacuation and personnel escape routes

20.6 Training for emergencies and emergency exercises

20.7 Emergency removal of tanker from berth

The first consideration in the event of a fire, explosion or other emergency at a terminal is the
safety of personnel. A comprehensive and well exercised emergency and evacuation plan is
essential for a terminal to respond to emergencies effectively.

This chapter provides guidance on the preparation of terminal emergency response, evacuation
plans and important training and resources.

Detailed information on fire protection in terminals is contained in chapter 19,

201 Overview

All terminals should have procedures for immediate action in emergencies. A risk assessment
(see chapter 4) should be undertaken to identify the emergencies at the terminal. Procedures and
resources should cover all credible scenarios, or situations, identified for the terminal, including
oil spillage, gas leak resulting in vapour clouds, fire, explosion and ill or injured persons, The plan
should have infermation for the terminal to help visiting tankers, e.g. the ability to respond 1o fires
on the tanker outboard manifold,
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Personnel should be familiar with the emergency procedures, be trained and understand the
actions required fo respond to an emergency. This includes using alarms, crealing a control centre
and organising personnel.

Infarmation on the hazards of the products handled at the terminal should be readily available

in an emergency. The Safety Data Sheet (SD3) should be available to provide workers and
emergency personnel with procedures for handling or working with each particular product. The
505 should include details of physical data {e.g. melting point, boiling point, flashpoint), toxicity,
health effects, first aid, reactivity, storage, disposal and the PPE required.
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Sufficient manpower is needed to properly respond to an emergency. A study should be made
to determine the manpower required for the whole period of any emergency. Assistance may be
from local emergency organisations, nearby airports, industrial plants or military installations,
However, terminal manpower should be enough to mount a first respense.

The most imporiant parts of emergency plans are organisation and resources. The plan only
works if these parts are checked during preparation and regularly practised, so that it fully meels
the terminal requirements.

When creating the emergency plan, all groups involved should be consulted,
It is important to:

« Analyse credible emergency scenarios.

« Agree on the best way to respond to the scenarios.

= Agree on an organised plan with the necessary resources to complete the plan properly.
» Document training and practice schedules,

20.2 Hierarchy of emergency scenarios

20.2.1 General

The following guidelines are not prescriptive but intended to provide examples that can be
customised for a terminal or specific scenario. For terminals that already have emergency plans,
these guidelines provide a checklist for comparison.

20.2.2 Hierarchy of emergencies

Before creating a terminal emergency plan, a study should be made of the terminal, available
resources checked (hoth in and outside working hours) and common scenarios reviewed. Based
on this study, a risk-hased hierarchy of emergencies should be created, e.g.;

= Local emergency,

« Terminal emergency.

= Major emergency.

20.2.3 Local emergency

A local emergency is a low risk to life and property that can be managed by terminal staff. This
emergency does not affect operations in other parts of the terminal or in the port.
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20.2.4 Terminal emergency

A terminal emergency is one that is more complex or larger. It can impact operations in the whole
terminal, may affect more than one tanker and may influence the port.

20.2.5 Major emergency

A major emergency is a very high risk to life and property and the whole terminal as well as the
neighbouring port is at great risk.

20.2.6 Escalation

Mat every operational incident is as an emergency. However, an incident may change into an
emergency, so the plan should describe how to raise the response {o a higher level.
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Chapter 20 Emergency Preparedness and Evacuation

Assessing risks

The range of emergencies that a terminal may have to manage may include incidents at the
terminal itself and those in the port environment that may threaten, or require major assistance
fram, the terminal.

Begin with a very wide view of risks and then prioritise them by the possible effect on the terminal
operation, together with the chance it may happen. A review of incidents in the recent past can
help with this.

Credible emergency scenarios

Incidents that should be covered within the scope of the terminal risk assessment include, but are
not limited to:

» Fire or explosion at the terminal and on or around a berthed tanker.

» Release of flammable and/or toxic vapours, gases, oil or chemicals,

» Collizions and allisicn.

» A tanker breaking away from a jetty, drageing anchor or grounding.

= Major port accidents involving ships, tugs, mooring boats or ferries.

»  Metearclogical hazards, e.g. floods, hurricanes and electrical storms,

= Terrorist attack or security threat against tankers or the terminal,

Terminal emergency planning - plan components and
procedures

Preparation

In developing a terminal emergency plan, it is important that the funclions and stakeholders
concerned at the terminal or tanker, e.g. operations, engineering, marine and safety, as well as the
wider port area, e.g. port authority, fire brigade, police, il Spill Response Organisation (OSROY,
and other emergency response providers, are involved. A group may be created, with one person
leading communications with all other stakeholders involved.

As staff members and organisations change, the plan should be updated. It is recommended
that one staff member is responsible for updating the plan, using a single master copy. Only this
member can make changes to the emergency plan.

Everyone with a specific role in the emergency plan should have their own copy of it. Copies
should also be available in control rooms. Keep a record of all copies, where they are and each
time a change is made. Make written receipts each time a copy is given oul,

When digital copies of plans are available to all personnel, e.g. on a local server, the digital versian
is the controlled copy and printed versions are uncontrolled.

One member should be nominated as room manager for the control centre. They will ensure that the
centre has emergency materials and up-to-date documents and will also make sure that it is kept
clean and ready for immediate use.

Format

The format of the terminal emergency plan depends on the local situation, the type of plan and its
relationship to other dacumentation.

Personnel wha use the plan should be able to read and understand the content. If more than
one language versian of the plan is used, one version, usually in the local language, should be
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designated as the original. If another language is required, and the emergency might involve a
tarker, the recornmended default language should be English.
s Use flowcharts and diagrams with symbols to reduce written text.
» Digital plans should be:
Awailable to all parsonnel.
Locked with passwords and anti-virus protection.
On a computer with an emergency power supply.

Al terrminals should create an emergency plan that covers all parts of the response in
an emergency.

The plan should have:

=  Methods to raise the alarm.

= First actions to control the incident.

» Mobilisation and demaobilisation procedures.
» Evacuation procedures.

» Assembly points.

« Emergency organisation, including roles and responsibilities.
«  Communications systems.

» Media response and public affairs.

= Emergency control centres,

= List and location of emergency equipment.

= Contingency plans.

¢ Procedure for returning to normal aperation,

Each terminal should have an emergency response team with duties including planning,
implementing, drilling/exercising and revising emergency procedures as well as executing them.

The main parts for first response to an emergency, e.g. reporting, actions and location of
equipment, should be displayed at impartant locations in the terminal.

Tankers alongside should be advised of the aspects of the terminal’s emergency plan that relate
to their operations, including alarm signals and escape routes and how the tanker can ask for
assistance in an emergency.

The terminal emergency plan should work with;

» Other parts of the company organisation and site facilities.
» Relevant outside organisations, including other companies and public bodies.

Outside organisations that may be invelved in an emergency should be familiar with relevant
sections of the terminal emergency plan and should participate in joint response exercises.

Caontrol

The terminal emergency plan should identify the personnel who have overall responsibility for
managing the emergency response. The responsibilities of other terminal staff should also
be detailed.

If there is no control centre, an office should be designated as ready for use In an emergency.
The location of the control centre and a list of all personnel assigned to it should be described
in the plan. The conirol centre should be located at a central point that is not next to patentially
hazardous areas.
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During an emergency, the control centre should have personnel from the terminal, and those

from the port authority, fire brigade, tug company, police or other appropriate civil authority. If the
emergency involves a tanker, a Responsible Officer may attend the control centre to give advice. A
Public Relations Officer should be chosen to relay information to the public, other port users and
all involved groups.

During an emergency, it is important that key personnel are easily recognisable, e.g. by wearing
different caloured safety helmets or vests. The emergency plan should include these details.

The plan should identify those authorised to declare that an emergency is over. See
OCIMF's MTMSA.

Alarms and communications

20341  Alarms
All terminals should have an emergency alarm system.

Alarm operation is different for each terminal. For example, a single alarm may be enough for a
small terminal, but a large terminal may have a range of alarms for different levels of emergencies.
The alarm cperation should be described in the marine terminal manual and TIB,

It may be important to also include a silent alarm that secretly notifies a small numnber of
personnel by telephone or radio in case of emergencies such as bomb threats or attacks.

20.3.4.2 Contact lists

The terminal emergency plan should include contact details, both during and outside office hours,
for persannel who should be called in case of emergency.

Alternate emergency response staff should be identified in the contact list and they should know
their responsibilities and be trained in their duties.

The contact list should be complete and up to date to make sure no other documents, e.g.
telephone directories, are needed.

20.3.4.3 Communication system requirements

Reliable communications are essential for managing emergency siluations. Backup power supplies
should be available in case the primary system fails.

There are three basic parts to the syslerm:

« Terminal emergency alarm.

» Requesting assistance.

» Coordination and control of all emergency activities.

The communications system should be able to cover operations on the jetty, on a tanker, on
nearby waters or from aother places at the terminal.

Small terminals should at least be able to provide a clear evacuation signal. However, radio and
telephone communications are usually the first and best choices of communication.

Larger terminals should have a complete range of communication systems, including Very High
Frequency/Ultra High Frequency (VHF/UHF) radio and public address equipment. Incident
leadership personnel should have portable radio equipment. A communication centre should be
established in the emergency confrol centre.

If dedicated telephone lines are not used, the emergency communications system should be able
to stop other calls using the same line.
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The emergency control centre should manage the direction, coordination and control of all
emergency activities, including giving advice and information to other port users. For these
purposes, it should have a proper communications system linking it with all contacts, both inside
and outside the terminal,

20344 Communications discipline

The emergency plan should include a set of communication disciplines, which may include code
words for different types of emergency. These should also cover the use of personal social
media platforms during emergency response. Media response teams should be provided with the
equipment to actively monitor all media platforms, including digital and social media, to ensure all
reports are effectively managed during the emergency response.

Al persannel should understand the need to strictly observe established rules for communication
during an emergency and receive training in the use of communications equipment and procedures.

Once mobilised, key staff involved in managing the emergency should limit their communications
to that required for emergency response. Communications with the press and media should be
managed by the designated media affairs team.

Media organisations play an important role in satisfying the public’s demand for information.
Managing their demands is challenging with technology, and particularly social media, allowing
for instantaneaus reparting of events. Handling media interest, particularly in major events when
it can extend from local to national and international media oreanisations, can be a distraction

to the incident response team. This will reguire the situation to be managed effectively to avoid
hampering the emergency response,

When an emergency occurs the cormunications primary objective is to deliver accurate, clear and
timely infarmation ta the public, to demonstrate that the incident is well managed.

Personnel trained in media response should be designated in the emergency plan.
Communications with the media should follow doecumented media response protocols and be
under the control of the central command organisation.

Digital and social media is widely used to provide information to the public. However, it is
important to understand that information can be generated by official and unofficial sources, with
the latter often being less factual and more speculative than official sources. This will need lo be
considered when developing a media communication strategy.

A log of events should be kept at the control centre and a record, written or recorded, should be
kept of radio and telephone communications.

Site plans and maps

Plans showing firefighting equipment, major terminal facilities and road access should always be
updated and available in an emergency, with copies kept in the control centre.

The locations and details of firefighting and emergency equipment on or near a berth should be
displayed on the berth.
Access to equipment

All ernergency equipment, including fire and lifesaving equipment, should be readily accessible and
kept free of obstructions at all times.
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20.3.7 Road traffic movement and control

Roadways in the terminal approaches and areas in way of jetty heads should be kept free of
abstructions at all times. Vehicles, including any road tankers delivering bunkers (see sections 241
and 24.6), should orly be parked in designated areas and ignition keys left in the vehicle.

During an emergency, traffic into a terminal or onto berths should be restricted to vehicles and
personnel needed for the incident response.

20.3.8 OQutside services

The terminal emergency plan should make the best possible use of external services. It is
important that external service providers are involved in joint emergency exercises. Combined
exercises involving port authorities, tugs, tankers and shore emergency should be conducted at
least once a year,

If the terminal is located in an area with other indusiry activities, consideration should be given to
establishing a mutual assistance plan where other groups assis! each other in an emergency.

20.39 Harbour authorities, vessel traffic control centres, police and fire services

The terminal emergency plan should inform the local harbour authority and vessel traffic control
centre, if applicable, of any emergency involving the terminal, or tankers berthed at the terminal,
including the details of the:

» Emergency.

= Tankers involved, with locations and cargo details,

«  Assistance needed.

This information will let the harbour authority and vessel traffic control centre decide if they
should step navigation within the port area or close the port.

The emergency plan should make sure that any emergency that needs assistance beyond the
resources of the terminal is immediately reported to the local fire services or police,

20.310 Pilots

If it is decided to partially or totally evacuate jetties, the local pilot organisation may need to be
called upon at short notice to provide several pilots to advise on the handling of tankers not
directly involved in the incident. The emergency plan should make provision for this eventuality.

20.311 Rescue launches

A launch or launches, if available and can be safely deployed, should be included in the plan, to
assist with:
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= Recovery of personnel in the water.

« Evacuation of personnel trapped on a tanker or on a berth.
L.aunches for these duties should have the following equiprent:

» Communication link thal can connect to the control cenlre’s communication system,
» Fixed or portable searchlights for operations during darkness or reduced visibility.
¢ Thermal blankets.

» Equipment to assist in the recovery of personnel from the water.

» Resuscitation or lifesaving equipment,

= First aid kits.

= Lifejackets for personnel recovered from the water.
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The crews of the launches should be trained in rescuing survivors from the water, This should
include an awareness of how to handle casualties that may be seriously injured or suffering
from extensive burns or hypothermia. Crews should also receive instructions in how to operate
breathing assistance equipment including artificial respirators. Launch crews should understand
that survival time in the water could be very short and that fast action can save lives.

20.312 Medical facilities

Depending on the emergency, it may be necessary to alert medical facilities within and outside the
terminal. The emergency plan should include these details.

Medical facilities will need to know:

«  The nature and location of the emergency.

» The nature of products involved,

» The expected number of casuallies and injuries.

« If medical stafl are needed at the location of the emergency.

» Details of the casualties, including names, as soon as these are known.

20.4 Spill response plan

Each terminal should have an approved spill response plan.
At least, the plan should include:

= Mame of the plan owner.

» Deocument control section that identifies plan holders and updates.
» Details including operations, pollutants and a map of the area.

» Roles and responsibilities.

» |dentification of the OSRO.

= Spill risk assessment section listing all credible spill scenarios,

« Definitions of tier 1, 2 and 3 spills, The definitions can be a combination of sizes, types of
pollutant, repercussions and impacts to assist with spill classification.

» Description of the response plans for the tier 1 response, describing the pollutants,
= Action checklists for members of the spill response teams.

« Health and safety guidance, including SO5.

= Spill size assessment guide.

= Reporting procedures required by the company and authorities.
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= Media response and public affairs.

« Contractor management and procurement.

= Nofification section, including contact details.

» Inventory of tier 1 clean-up resources.

» Location of tier 2 and tier 3 spill resources.

» References to locations of hydrographic charts and sensitivity maps for the plan.

» A clear understanding of the expectations, that national government or other competent
authority may have on the terminal, to respond to spills away from the terminal, e.g. passing
traffic) and how far the terminal jurisdiction extends.
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20.41 Tiered response

Tiered response is a term commonly used in relation to oil spill planning scenarios, il
spill incidents and response in terms of the scale and response capabilities, expertlise and
resources reguircd.

Tier 1

il spill incidents that affect a localised area, being managed using response capabilities, expertise
and resources often pre-positioned close by and managed by the terminal.

Tier 2

Oil spill incidents thal involve a broader range of impacts and stakeholders. Tier 2 response
capahilities, expertise and resources are available regionally and commonly provided by
contracters or through mutual agreements between operators and/or other organisations.

Tier 3

il spill incidents that have the potential to cause widespread impact, affecling many people
and overwhelming the capabilities of local, regional and even national resources. Tier 3 oil spill
incidents require the mobilisation of substantial response capabilities (OSRO), expertise and
resources, potentially across international borders, and integration into a coordinated response.

International Petroleum Industry Environmental Conservation Association (IPIECA) provide further
information including Report Series Volume T4: Guide to Tiered Preparedness and Response.

20.4.2 Resource availability

|t may be necessary to plan for use of additional oulside resources, e.g. materials, equipment
and manpower. The plan should include the accessibility and availability of the terminal and
outside resources.

The plan should identify those responsible for calling on outside help and provide contact
information. Additional resource needed may include:

« Craft for assistance, rescue and evacuation.

+ Rpad transport, including buses and trucks.

» Earthmoving equipment,

= Ajrcraft for oil spill tracking and surveillance.

«  Floodlights for night operation.

= Spill containment, pollution control and clean-up equipment.

» Sand, dispersants, fire hose and foam making equiprent, fire extinguishers and additional
stocks of firefighting foam concentrate.

» Self-Contained Breathing Apparatus (SCBAJ.
« Fire suits, helmets and other fire protective clothing.
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« Rescue devices, such as hydraulic spreaders and jacks, lifelines, lifebuoys, ladders
and stretchers,

= Emergency showers and eyewash slations.
» Medical resources and portable life support systems.
+ Food and beverages.

» Human resources, e.g. drivers, electricians, mechanics and general manpower, to cnsure
material resources are successfully deployed and made operational,
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For each resource group, the plan should list:

« Awailability, amounts and numbers.

« Main details and performance data.

= Accessibility on a 24 hour basis.

» Addresses of people and location of stores, telephones and radios.
s Delivery time for supply or mobilisation.

Emergency evacuation and personnel escape routes

The rain focus in the event of a fire, explosion or other emergency at a terminal will be the safety
of personnel and how they can be safely evacuated,

General

To ensure the effective evacuation of personnel, all terminals should have evacuation facilities
and a documented evacuation plan, The plan should be given to visiting tarkers and included in
the TIE.

The evacuation plan is different for each terminal and depends on the type and location of
equipment. This should be checked with a site risk assessment and should include details such
as site resirictions, e.g. access, egress and local security measures, weather conditions, e.g. wind
direction and sea state, and availability of emergency response and assistance.

T-head jetties and finger piers

Terminal facilities with a shore connection, e.g. T-head jetties and finger piers, have the advantage
of potential for evacuation by road transport. Some terminal facilities are designed with oil and
gas pipelines supported on the underside of the pier, For this type of facility an evacuation route
via walter may be needed unless a second escape path via the shore is provided. A fixed means
for embarking personnel into tugs, boats and ather rescue craft should be provided in the event of
the shore route being inaccessible,

Sea islands

From sea islands, the only way to evacuate is by water, although helicopter evacuation may be an
option at very large terminal facilities at distant locations. Sea islands should provide fixed means
for embarking personnel into fugs, boats and other rescue craft in the event of the shore route
being inaccessible. The evacuation of lanker crews should also be considered.

0il and gas operations do not require large numbers of operating personnel to be involved at
marine terminals and it is probable that tanker crews will outnumber terminal personnel. [t may
also be possible that maintenance personnel will, on occasions, outnumber operational personnel
and so the evacuation plan should recognise and cater for this.

Tanker evacuation

There should be an agreement between tankers and terminals in any evacuation plan, and it is
important that Masters of all tankers using a terminal are aware of emergency evacuation plans.
These agreements should be discussed at the pre-transfer conference and identified when the
SS5CL is finished. If it is not involved in the emergency the best way to evacuate may be by the
tanker leaving the terminal (see section 20.7).
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Non-essential personnel

When an emergency situation may worsen, everyone not involved in safely or firefighting
operations should be evacuated.

The decision to evacuate all non-essential personnel should be made carly, Early evacuation is
safer for personnel and allows the PIC to focus more on emergency response.

Primary and secondary escape routes

Terminal facilities and sea island structures should have emergency muster locations clearly
marked and there should be at least two different cvacuation routes from all occupied or wark
arcas and from berthed tankers. Escape routes should be localed so that, in the event of fire, at
lzast ane route provides a safe path, far enough from the source of probable fire to keep personnel
safe during evacuation. Evacuation routes and secondary evacuation routes should be clearly
marked, and numbered, so that clear instructions can be given to personnel. Evacuation routes
should be detailed in the TIB.

|f escape routes cannot be kept away from sources of probable fire, the route should be prolected,
where practicable, by fire walls/barricrs or heal shields and should keep personnel safe fram
exposure to burning hydrocarbons on water, on the topside of loading/unloading facilities or

on shore,

Evacualion routes should be designed, and maintained, obstacle free to prevent the need for
personnel ko jurnp into water to reach an area of refuge,

Beorths and jetlies can be difficult to escape from in the event of fire or other emergency. Escape
routes should be designed carefully. Access ways to and from affshore berths and dalphins
require special altention as people should not be left unatlended on isolated dolphins. In addition,
steps or steel ladders are usually needed between berths and the water level. On sea islands,
access routes and assembly points for rescue craft, or dedicated lifeboats, may require fire walls,
enclosures or barriers to provide extended personnel protection.

Awvailability of rescue craft

When rescue craft may be requirced for evacuating a terminal they should be kept as close as
possible to the evacuation point. The rescue crafl and crew should be mobilised early in the
emergency and able to be on scene no later than 15 minutes fraom initial contact. The mobilisation
of all available harbour or terminal rescue craft should form part of any emergency plan.

Harbour craft and tugs nat under the control of the terminal, but available for use in rescue
aperations, should be identified in the emergency plan. Early warning should be given for the
assembly of all craft uscd for evacuation, which will then be under the control of the PIC of
EMErgency responsas.

Survival craft

Remate sea islands may have dedicated emergency evacuation craft, commonly known as survival
craft. Survival craft are motor propelled enclosed boats. They are self-righting with fire retardant
rigid hulls that are protected by external cooling water sprays. Survival craft have the capability

of being launched by remote control within the crafl after people have embarked and can protect
people when the craft passes through fire on water, The decision to use survival craft at marine
terminals should be a local one based on a risk assessment of site specific criteria.

Lifesaving appliances

Every terminal and sea island installation should be equipped with lifesaving appliances for
use in evacuation and rescue, such as lifebuoys, Personal Flotation Devices (PFDs) for every
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person located 31 the sile and, where approprizle, liferafts or lifeboats. PFDs should be located in
praminent and accessible posilions.

Lifebuoys and liferafts are not suilable for usé in evacuation in the case of fire on waler, however
such lifesaving equipment may be required under local regudations. These devices are typically
used for emergency rescue from water in the case of someone going overboard.

Training for emergencies and emergency exercises

Training should be given Tor the following emergency activities:

. Firefighting using equipment available at the terminal.

«  Transfer of hazardous materials away lrom the site of the fire,

« Fire izolation.

«  Usze of PPE.

«  Media response and public affairs.

+  Coordinaled operation with oulside bodies.

« Rescue, including training for selected personnel in lifesaving from waler,
« Spill containment and clean up.

«  Ewvacualion drills.

« Securily threats and terrorisl altacks.

The effectiveness of emergency and evacuation plans depends on the training and understanding
of personined.

Emergency and evacuation drills should be held frequently and ail key and supervisary persanngl
at the facility shoutd have a thorough understanding of the emergency and evacuation plans.

The plans should be reviewed at least once per year, or after any changes thal might affect the
response, or findings from routine drills and exercises.

Records should be kepl and areas that need improvement or lessons learnl should be recorded
and formally followed up.

Individual training records should include details of additiona! training required after participation
in exercises,

Emergency removal of tanker from berth

When the emergency I on a lanker, the safes! course of action, for the tanker, the terminal
and the port, is lor the tanker to be kepl alongside whenever possible. This allows shore based
personnet and equipment to be used to support emergency response on board.

If a fire on & tanker or on a berth cannot be controlled, il may be necessary to consider whether it
should be removed from the berih. Planning for such an event will require consullalion belween
a port authorily representalive or Harbour Master, Terminal Representalive, Master of the tanker
and 1he senior local authority fire officer. Any consideration of removal of the tanker from berlh
requires the consent of all interested parties, including local or government authorities, and needs

to conslider the wider implications to the port.

In the event that an incident escalales, the plan shauld include the removal of unallecled tankers
from adjacent berths.
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CHAPTER 21
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Communications

211 Procedures and precautions

21.2  Pre-arrival exchange of information
21.3  Pre-berthing exchange of information
21.4  Pre-transfer conference

215 Agreed loading plan

21.6 Agreed discharge plan

21.7  Agreement to carry out repairs

This chapter provides guidance for communications between the tanker and terminal and
pre-arrival communications between the tanker and local authorities. It addresses communication
exchanges between tanker and terminal before berthing and mooring and before and during cargo,
ballast or bunkering operations, including emergency communication procedures.

211  Procedures and precautions

2111 Communications equipment

Telephone and portable Very High Frequency/Ultra High Frequency (VHF/UHF) and
radiotelephone systems should comply with the appropriate safety requirements.

The terminal is respansible for providing the means of communication, including a backup system.

When dedicated telephones are used between the tanker and terminal, they should be
continuously monitared by personnel on board and ashore, allowing immediate communication
according to agreed procedures. Most mobile telephones and pagers are not intrinsically safe and
are only considered safe for use in non-hazardous areas (see section 4.12.5 on mobile telephones

and pagers).

When VHF/UHF systems are used, units should, preferably, be portable and carried by the
Responsible Officer on duty and the Terminal Representative, or by personnel who can contact
them immediately, When fixed systems are used, they should be continuously monitored by tanker
and terminal personnel.

faUE | )

The system of communication, together with the necessary information on telephone numbers
and/or channels to be used, should be agreed and documented during the pre-transfer
conference. Representatives of both parties should sign the agreement form.
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Communications procedures

To ensure operations are safely controlled, both parties are respensible for establishing, agreeing
in writing and maintaining a reliable communications system. Exchange information in English
and/or the common working language.

The primary system should be tested before loading or discharging starls and at intervals, as
agreed, during the pre-transfer conference throughout cargo transfer operations.

A secondary standby system, that is separate and independent of the primary system, should also
be established, agreed and tested. Allowance should be made for the time required for action in
response to signals.

Emnergency signals, and any other necessary signals, should be agreed during the pre-transfer
conference hefore the start of cargo transfer.

When handling different products or grades, their names and descriptions should be clearly
understood by tanker and terminal personnel assigned to cargo handling.

Awoid using a single VHF/UHF channel for mere than one tanker/terminal combination.

English is the international language of the sea and should be used for verbal communication
between the tanker and terminal. Any difficulties can be overcome by appointing a person with
adequate technical and operational knowledge and a command of a language understood by tanker
and terminal personnel (refer to the International Maritime Organization's (IMQ) Standard Marine
Communication Phrases, Resolution AS18(221).

Compliance with terminal and local regulations

Tanker and terminal personnel must comply with the terminal’s security, safety and poliution
regulations. Terminals should make tankers aware of regulations by transmitting the Terminal
Information Booklet (TIB) well in advance of arrival, together with any regulations issued by the
port authority.

OCIMF's Marine Terminal Information System (MTIS) database provides terminal and ship
operators, charterers and associated stakeholders with a single, central storage of terminal specific
data in a consistent format {see chapter 15).

Pre-arrival exchange of information

Befare the tanker arrives at the terminal, it should provide any information dermanded by local,
regional, national and international requirements.

The pre-arrival exchange of information between the tanker and terminal should cover items
required in the Ship/Shore Safety Checklist (555CL) (see section 25.4), including the following
detailed information.

Security information

Security protocols need to be agreed between the tanker and the port or terminal security officer.
They should establish these during pre-arrival communications.

In addition to International Ship and Port Facility Security (ISPS) requirernents, the tanker should
provide the terminal with a list of approved visitars, including Agents, Surveyors and Loading
Masters. Stores delivery, bunker barges and garbage disposal should be communicated before
arrival and agreed at the pre-transfer conference and the details recorded.
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21.2.2 Terminal to tanker

The terminal should ensure that the tanker is provided with the facility's TIB and advise the
tanker of any defects to terminal equipment. The information that should be contained in the
TIB is detailed in the latest edition of OCIMF's Marine Terminal information Booklet: Guidelines
atel Recommendations.

21.2.3  Tanker to terminal
Whenever possible, the following information should be sent at least 24 hours before arrival:

s Tanker's name, call sign and IMO number.

» Country of regisiralion.

= Length Overall (LOAL.

o Beam.

o Arrival draught (hwd, mid and aft).

» Estimated time of arrival.

+  Deadweight/displacement.

= If loaded, the type and quantity of cargo and disposition, including any taxic properties.
= Maximum draught expected during carge handling and when completed.

= Any defects in the hull, machinery or equipment.

» Inert Gas (IG) system, if fitted, is operational and where applicable the tanker's cargo tanks are
inert (oxygen content leas than 8% volume),

= If an alternative fuel system is used, e.g. Liquefied Natural Gas (LNG), confirmation that the
control systems are operational.

= Any need for tank cleaning and/or gas freeing.

s Whether Crude Qil Washing (COW) is to be used and that the pre-arrival checklist has
been completed,

s Tanker manifold details, including type, size, number, distance between centres of connections
to be presented and the products to be handled at each manifold, numbered fram forward.

= Proposed cargo handling, including grades, sequence, quantities and any rate restrictions.

= Quantity and nature of slops and dirty ballast and any cantamination by chemical additives.
Identification of any toxic cormponents, such as hydrogen sulphide (HzS) or benzene.

» Quantities and specifications of any bunkers required, including delivery method.
= Ballast on board and individual tank quantities.

s |Last calibration certificate of the gas detection systern and gas melers, including the
IG systern.

o Security level currently in effect for the tanker.

s Winterisation procedure, if applicable,

= Contracted Oil Spill Respanse Organisation (OSRO),

»  Any specific additional requirements detailed in the TIB.

21.3  Pre-berthing exchange of information

The pre-arrival exchange of information belween the tanker and terminal should cover
pre-berthing checks required by the SSSCL (see section 25.4), including the following infermation
detailed below.
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Tanker to terminal and/or pilot

On arrival at the designated position and/or pilot station, the Master should establish direct
communications with the terminal and/or pilot station. After the Pilot has boarded, the following
information should be exchanged:

»  Master/Pilot information exchange docurnentation (see ICS" Bridge Procedures Guide).

¢+ Location of the chocks, bollards and strong points that can be used for towing.

= Safe Working Load (SWL) of towing equipment.

«  Mumber and location of areas an the tanker's hull that are strengthened or suitable for pushing,
and details of the identification marks.

#  Summary of up-to-date critical information for the port call.
» Details of the tanker's mooring system {(see OCIMF's Moaring Equipment Guidelines),

Terminal and/or pilot to tanker

Before maoring, the Master and Pilot should verify they have received details of the mooring plan,
safe access plan, e.z. gangway placement, and the terminal’s operating limits. The mooring plan
and communications during mooring should be specified. The Master should review these and
agree them with the terminal and/or Pilot or Mooring Master,

Any deviation from the agreed mooring plan required by changing weather conditions shauld be
communicated ta the Master as soon as possible,

Information should include:

For all types of berth:

= Plan for approaching the berth, including turning locations, environmental limits and
maximum speeds.

« The characteristics and number of tugs, mooring boats and other external facilities, including
Minirmum Breaking Load (MBL) of towlines.

« Any special conditions, e.g. weather, depth of water, tidal currents and marine traffic, that may
be expected during the passage.

« Tanker's mooring requirements (number, type, lengthl.

« Safe access arrangements.
For quay and/or jetty berths:

= |nformation an mooring arrangements.
= MNumber, SWL and position of bollards or quick release hooks.
«  Mumber and location of jetty manifold connections or Marine Loading Arms (MLAs).

+ Limitations of the fendering system and of the maximum displacement, approach velocity and
angle of approach for which the berth and fendering system have been designed.

= Details of any berthing aids, such as Doppler radar or laser equipment.
= Any feature of the berth that is considered essential to bring to the prior notice of the Master.

For all offshore terminals, the:

s SWL of the tanker's hose handling equipment,

« MNumber and flange size of the hoses 1o be connected and details of any equipment that the
tanker should provide to help with hose handling,
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For Multi Buoy Moaorings (MBMs), (All Buoy Moorings (ABMs) and Conventional Buoy
tMoorings (CBMs)):

= Minirmum nurnber of shackles of cable required on each anchor that may be used
during mooring.

» Number and position of mooring lines, shackles and other mooring equipment likely to
be needed.

For Single Point Moorings (SFMs)h

= [Diameter of the chafe chain links used in the mooring.

= Weight of each of the moorings to be lifted on board,

+ Length and size of any messenger lines to be used to pick up the moorings.

= Minimum dimension of bow chock or lead reguired.

+  Method to make the SPM fast to the tanker and details of any equipment the tanker
should provide.

Further information is in OCIMF's Guide for Offshore Tanker Operations, Guidelines for the Design,
Operation and Maintenance of Multi Buoy Moorings and Single Point Moaring Maintenance and
Operations Guids.

21.4 Pre-transfer conference

Safe and efficient cargo, ballast and bunkering operations depend on effective cooperation and
coordination between all the parties involved. This section covers information that they should
exchange before operations begin to ensure completion of the 555CL, including pre-transfer
agreements as per section 25.4.3.

I addition to the pre-transfer conference, the responsible parties from the tanker and the terminal
should cantinue the additional checks required in other relevant parts of the S55CL.

21.4.1 Tanker to terminal

Before transfer operations start, the Responsible Officer should inform the terminal of the general
arrangement of the cargo, ballast and bunker tanks,

Infarmation in preparation for loading cargo and bunkers:

+ Details of the last cargo carried, method of tank cleaning (if any) and state of the cargo tanks
and lines.

= Grade, volume and tank distribution of any part-cargo on board on arrival,

= Maximum acceptable loading and topping-off rates.

s Maximum acceptable pressure al the cargo manifold.

= Cargo quantities verified and agreed by tanker and terminal.

= Proposed cargo distribution and preferred order of loading.

= Maximum acceptable cargo temperalure (where applicable).

» Proposed method of venting.

» Quantities and specificalions of bunkers required.

= Quantity, guality and distribution of slops.

= Where applicable, the quality of any |G,
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= Communication system for loading control, including the signal for emergency stop,
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Information in preparation for cargo discharge:

« Cargo specifications.
«  Any toxic components (HzS, benzene, lead additives or mercaptans).

« Any cargo characteristics requiring special attention, e.g. pour paint and True Vapour
Prassure (TVP).

= Flashpoint of any relevant products and their temperatures on arrival.

» Distribution of carge on board by grade and quantity.

» Quantity and distribution of slops.

= Any unaccountable change of ullage in the tanker’s tanks since loading.

»  Any water dips in cargo tanks.

s Preferred order of discharge.

s Maximum discharge rates and pressures.

= Whether tank cleaning, including COW, is required.

= Approximate start time and duration of ballasting into permanent ballast tanks and cargo tanks.

21.4.2  Terminal to tanker
The following information should be provided to the Responsible Officer.
Information in preparation for loading cargo and bunkers:

s+ Cargo specifications and the preferred order of loading.

= Any toxic components {HzS, benzene, lead additives or mercaptans).

= Tank venting requirements.

» Any cargo characteristics reguiring special attention, e.g. pour point or high TVP.

« Flashpoints of products and their estimated loading ternperatures, particularly when the cargo
is non-volatile,

« Bunker specifications.

= Proposed bunker loading rate.

= Nominated quantities of cargo to be lnaded.

= Maximum shore loading rates.

» Standby time for normal pump stopping.

» Maximum pressure available at the tanker/terminal cargo connection.

« Number and sizes of hoses or arms available and manifold connections required for each
product or grade of the cargo and any Vapour Emission Control Systems (VECSs).

= Limitations on the movement of hoses or/and arms.
= Communication system for loading control, including the signal for emergency stop.
= Safety Data Sheets (5DSs) for each product to be handled.

Information in preparation for cargo discharge:

« Terminal’s acceptable order of discharge.
» Mominated quantities of cargo to be discharged,
= Maximum acceptable discharge rates.

hore

= Maximurn pressure acceptable at the cargo manifold.
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« MNumber and sizes of hoses or arms available, the manifold connections required for each
product or grade of the cargo and whether these arms are common with each other.
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= Any limitations on the movement of hoses and/or arms.

it}

= Any other limitations at the terminal.
= Communication system for discharge control, including the signal for emergency stop.
+ Details of any booster pump(s) to be used during discharge.
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Agreed loading plan

On the basis of the infarmation exchanged, the Responsible Officer and Terminal Representalive
should draw up a wrillen cperational agreement that covers:

L]

&

Tanker's name, berth, date and time.
Mames of tanker and terminal representatives.
Cargo distribution on arrival and departure.
For each produci:
Quantity,
Tanker's fanks to be loaded.
Shaore tanks to be discharged, Lines to be used tanker/terminal.
- Cargo fransfer rate.
- Operating pressure,
- Maximum allowable pressure.
- Temperature limits.
-~ Venling system.
Sampling and gauging procedures.
Any restrictions because of:
- Electrostatic properties.
Ermergency Shutdown {ESD) valve closing times.

This agreement should include a loading plan that indicates the expected timing and covers:

-

The loading sequence for the tanker's tanks, taking into consideration:
De-ballasting operations.
Tanker and shore tank change over.

- Awoiding cargo contamination.

- Pipeline clearing for loading.

- Other operations that may affect flow rates.

- Trim and draught of the tanker.
Meed to ensure that permilted stresses will not be exceeded,

The initial and maximum loading rates, topping-off rates and normal stopping times, including:

- Mature of the carzo to be loaded.

- Arrangement and capacity of the tanker's cargo lines and gas venting systermn or vapour
return, if applicable.

- Maximum allowable pressure and flow rate in the tanker/terminal hoses or MLAs.
Precautions to avoid static electricity.

- Any other flow control limitations.

The method of tank venting 1o avoid or reduce gas emissions at deck level, accounting for:
TVP of the cargo to be loaded.
Loading rates.

_ Atmospheric conditions, including wind speed (see section 2.1.3.2) and electrical storms.

Bunkering or storing operations.

Emergency stop procedure.

Onice the loading plan has been agreed, it should be signed by the Responsible Officer and
Terminal Representative.
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21.6  Agreed discharge plan

On the basis of the information exchanged, the Responsible Officer and Terminal Representative
should draw up a writlen operational agreement that covers:
= Tanker's name, berth, date and tima,
« Mames of tanker and terminal representatives.
» Cargo distribution on arrival and departure.
= For each product:
Quantity.
Shaore tanks to be filled.
Tanks to be discharged.
- Lines to be used tanker/terminal.
- Cargo transfer rate.
- Maximum allowable pressure,
Ternperature limits.
Venting system.
Sampling and gauging procedures.
= Any restrictions because of:
Electrostatic properties.
ESD valve closing times.

The discharge plan should include the details and expected timings of:

= The discharge sequence for the tanker's tanks, including:

- Tanker and terminzal tank change over.
HAwoiding cargo contamination.
Fipeline clearing for discharge.
Any COW or other tank cleaning.
Any other movements or operations that may affect flow rates.
Trirn and freeboard of the tanker.

- Meed to ensure that permitted stresses will not be exceeded.

- Ballasting operations.

The initial and maximum discharge rates, accounting for:
Specification of the cargo to be discharged.
Arrangements and capacity of the tanker’s cargo lines, shore pipelines and tanks.
Maximum allowable pressure and flow rate in the tanker/terminal hoses or MLAs.
- Precautions to avoid static electricity.
- Any other limitations.
»  Bunkering or storing operations.
s The ESD procedure.

Once the discharge plan has been agreed it should be signed by the Responsible Officer and the
Terminal Representative.
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21.7.1

21.7.2

21.1.3

Chapter 21 Communications

Agreement to carry out repairs

Repairs on the tanker

The Responsible Officer should seek permission fram the Terminal Representative and port
authorities for any repair or maintenance work needed on a tanker moored at a herth. Agreemen!
should cover the safety precautions, based on the nature of the work.

21.7.0 Imrobilisation of the tanker

While a tanker is moared at a terminal its boilers, main engines, steering machinery and other
equipment essential for manoeuvring should be kept ready so that the ship can move away from
the berth in an emergency.

Repairs and other work that may immobilise the tanker should not be undertaken al a berth
without wrilten agreement from the terminal and part authority.

Any unplanned situation that causes the tanker to lose any operational capability, particularly to
safety systems, should be immediately communicated to the terminal.

21702 Hot work on the tanker

Hot work an the tanker should be prohibited until all applicable regulations and safety
requirements have been met and a permit to work has been issued (see chapter 4). This process
may involve the Master, operator, chemist, shore contractor, Terminal Representative and

port authority.

Repairs on the terminal (communication)

When a terminal is set to build, repair, maintain, modify or dismantle facilities on or next to the
berths, any tanker operating at the terminal needs to confirm that it agrees with the work before

it starts. A risk assessment should be carried out (see chapter 4) and the risks managed to be As
Low As Reasonably Practicable (ALARP),

Using tools while a tanker is alongside a terminal

Hammering, chipping, arit blasting or any power tools should be prohibited outside the engine
room of accommodation on a tanker, or on a terminal where a tanker is moored, without the joint
agrecrment of the Responsible Officer and the Terminal Representative and unless a permit to
work has been issued,

In all cases, the Respansible Officer and the Terminal Representative should be satisfied that
the area is and remains gas free when laols are being used, while observing the precautions in
section 4.6.

=
{wt]
=
i
3
@
5
o
=3

y
=

| =

=

345



CHAPTER 22

)

Mooring and Berthing

221 Mooring safety

22.2 Security of moorings

22.3 Preparations for arrival
22.4 Berthing at jetty berths
22.5 Berthing at buoy moorings

This chapter addresses the preparations and procedures necessary to ensure a tanker berths and
remains safely moored at a jetty or buoy mooring. Chapter 21 covers communications between
the tanker and terminal on mooring arrangements.

For more information on mooring equipment and training, see OCIMF's Mooring Equipment
Guidelines and Marine Terminal Operator Competence and Training Guide (MTOCT). For descriptions
of good operational practice for mooring, see OCIMF's Effective Mooring. Particular types of
mooring are covered in OCIMF/CDI/ICS/SIGTTO's Ship to Ship Transfer Guide for Petroleum,
Chemicals and Liguefied Gases and OCIMF's Guidelines for the Design, Operation and Maintenance
of Multi Buoy Moorings and Guide to Offshore Tanker Operations.

Tanker, terminal and berth operators are strongly recommended to bring this information to the
attention of their worlkforce to ensure that mooring and berthing are done safely.

22.1 Mooring safety

Meoring, unmooring and maintaining the effectiveness of the mooring arrangements are among
the most routine and critical operations undertaken by tanker and marine terminal personnel. They
are some of the highest risk activities that personnel perform.

Cluring mooring and unmooring, tanker and terminal personnel are at increased risk. Potential
hazards include lines under tension, winches in operation, towing lines and lines handled by
mooring boats and tugs.

While the tanker is alongside and undertaking transfer operations the risks are different, but the
risk to personnel remains, Ensuring the tanker remains safely moored to the berth is critical, It
should be carried out diligently by competent personnel to ensure they remain safe. The security
of the tanker, transfer operations and equipment should not be compromised.

It is imperative that there is an effective tanker/terminal interface to ensure that every

mooring operation, no matter how frequently undertaken, remains safe. This includes effective
cornmunications befare arrival, rigorous planning, good procedures, well maintained equipment
and trained and competent personnel who are fully aware of the hazards and risks. A failure in

S e |
2 %
.—_[;'E |
'-:I I
=L
e
e
T
[P
=R
ey
TR
AR
=
F
i

347



e

.:1,
|
‘_'
L
e
W —=
Bm
e
98] g
== 4O
-
o
< O

gt
oc
@

22.1.1

ISGOTT Sixih Edition

this area can cause harm to bath tanker and terminal personnel, as well as damage to the tanker,
the terrinal equipment and to the environment.

Snap-back

There are multiple sources of risk lo personnel operating in or around the maoring system. One
direct cause of injuries to rany tanker and terminal personnel is mooring line failure along with
the phenomena of snap-back.

This topic is covered more fully in OCIMF's Mooring Equipment Guidelines and Effective Mooring.
Line failures can occur anytime and the following points should be noted.

A5 a line comes under tension, it stretches and stores energy. Snap-back is the tendency
of the broken ends of a tensioned line to draw back rapidly on failure when that energy is
released suddenly.

Snap-back is possible in all types of line, but it is strongest in some synthetic lines that have more
inherent elasticity and are less stiff than others. Wires and High Modulus Synthetic Fibre (HMSF)
lines, which have low stretch capability, can also suffer snap-back but it may be less pronounced.
Wires and HMSF are more likely to experience major snap-back events when they are connected
to synthetic tails, which have higher inherent elasticity and stored energy.

The force of the snap-back is a5 great as the energy stored in the line when it breaks. It presents

a significant risk to all personnel working in the mooring area of a tanker, tug or berth. Measures

should be put in place to remove these risks or to remove personnel from exposure to these risks.
This can be done through ship design and goed operating procedures and practices.

Training, proper supervision and good communications are the first means of defence. Other
measures to be considered include the following:
+ Providing safe access to wineh controls.

» Positioning supervisors and tanker and terminal personnel with unobstructed views of
the operalion.
= Providing operating and personnel management procedures.
+ Providing adequate lines of sight for the entire mooring deck workspace,
»  Using lines with the most direct leads possible from winch to tanker side fairlead.
« Minirnising the crossing of the deck area by lines.
= Mirimising the use of pedestal rollers.
= Awoiding sharp angled leads.
s Using personnel trained in mooring operations.
+ Briefing tanker and terminal personnel on the planned mooring operation, including;
- Intended mooring layout.
- Winches and lines to be used.
Shore mooring hooks and bollards to be used.
Due to the confines of the mooring deck, the number of personnel involved in mooring and
unmooring and their closeness to mooring lines under tension, snap-back is usually considered a

higher risk for tanker personnel. However, shore personnel can also be at risk when lines fail. The
above measures should be considered in the design and aperation of shore facilities.

Sorme tankers and terminals mark danger zones where snap-back may be a hazard. This practice
is not recornmended as it is not possible to accuralely determine the whole range of zones in
which snap-back is a danger. Also, marking off danger zones may create a false sense of safety
oulside of these areas.

The entire mooring deck and jetty mooring area should be considered an area of elevated risk.
Signage should be used to alert personnel that they are entering a risk area.
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Chapter 22 Mooring and Berthing

22.2 Security of moorings

Any excessive movement of a tanker, or its breaking away from the berth, could cause injury to
personnel and damage to the jetty installations and the tanker.

Mooring restraint guidetines for tankers intended for worldwide trade are detailed in OCIMF's
Mooring Equipment Guidelines. The principle for this guidance is that mooring is considered an
integrated system, from mooring hook to winch or bitts, and that all equiprment should be ocperated
and maintained so that the tanker remains securely moored according to the design. The condition
of moaring lines should be monitored to ensure they are replaced befare they can fail. Mooring
systemn design parameters include a well defined hierarchy of failure to protect human life and

the assets.

The requirements for tankers above 16,000 tannes DWT are based on the standard environmental
criteria, outlined in OCIMF's Mooring Equipmen! Guidelines, that are used as the basis for the
recommendations on mooring systems in this section. These criteria provide the base conditions
for restraint in 60 knots of wind and various current directions. They are not adequate for
extreme combinations of environmental conditions at every terminal. Most terminals cannaot
operate in extreme conditions and tankers may, at a minimum, be required to stop operations, e.g.
to allow for MLAs to be disconnected, and may also be required to leave the berth based on their
Terrminal Operating Limits (TOLs). More information on setting environmental operating limits is
available in QCIMF's Mooring Eguipment Guidelines.

At exposed terminals, or those where the criteria are likely to be exceeded, if the tanker is not
removed from its berth its moorings should be supplemented with shore based equipment and/or
standby tugs.

For tankers below 16,000 tonnes DWT and tankers operating only on a dedicated route and
using terminals whose environmental data is available, a risk assessment may be made and the
recommended criteria may be changed to suil local conditions or trading patterns.

Tanker and terminal representatives should work closely to ensure that the mooring systemn

is fully functioning and meets design and operating requirements, This assessment should
include the tanker mooring equipment and berth mooring facilities, including the fendering. This
ensures that the systems are adequate to keep the tanker at the berth and allow for safe transfer
operations, while minimising the risk to personnel, facilities, equipment and environment.

Although responsibility for the mooring of a tanker rests with the Master, the terminal should

also ensure that tankers are securely and safely moored. Terminal management should have
engineering studies and mooring analyses to determine operating parameters for individual
berths. This information should be made available in pre-arrival cormmunications. No cargo hoses
or MLAs should be connected until both the Terminal Representative and the Master are satisfied
that the tanker is safely moored.

This mutual agreement on the tanker's moaring should be achieved before operations begin. |t
should be among the first duties of the tanker and terminal representatives at the pre-transfer
conference (see chapter 21},

22.3 Preparations for arrival

A successful interaction begins before the tanker arrives at the terminal, with an exchange of
infarmation between tanker and terminal personnel. It should cover equipment and facilities along
with their capabilities and limitations, as described in the TIB.

Only through the rigorous planning, execution and management of the jointly owned
tanker/terminal interface will the tanker's mooring, carge operations and unmooring be
safely conducted,
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Tanker's mooring equipment

Once a tanker has been nominated to visit a terminal, the tanker operator should pravide technical
data and inforrmation about the mooring equipment to the terminal. Some of this data may be
found in the tanker’s Ship Inspection Report Programme (SIRE) Programme Vessel Particulars
Questionnaire (VPQ), This information may be accessed by tanker and terminal representatives
through the tanker owner's direct or (where available) vetting departments. It is, therefore,
important this data is kept up to date.

Terminals ar charterers may need other information for tanker/berth compatibility studies. This
can be provided in industry recognised formats.

Details of the information thal should be exchanged are included in chapter 21.

Before arrival at a port or berth, all necessary mooring equipment should be tested and ready for
use. Anchors should be ready for use, if required, unless anchoring is prohibited.

The use of emergency tow-off pennants is not recommended by OCIMF. However, some locations
require themn to satisfy local rules and regulations. More information is available in OCIMF’s Lioyd's
Register Risk Assessment of Emergency Tow-off Pennant Systems (ETOPS) Onboard Tank Vessels.

An adequate number of trained and competent personnel should be available to handle
the moorings.

The tanker operator and Master should ask the terminal for the information necessary for a review
of ship compatibility and the development of a detailed mooring plan before arrival. Terminal data
may come from various sources (see section 213.2),

Mooring plans should be discussed with the tanker personnel who will be invalved in mooring, to
make sure they have a thorough understanding of what is required. A discussion may also be held
with the terminal, particularly if any risks or concerns have been identified.

This forward planning will ensure that all required mooring equipment is identified, tested

and available. Defective equipment an the tanker or at the terminal may be assessed and risk
assessments undertaken to overcome equipment shortcomings in the plan. This may include
developing temporary Management of Change (MOC) measures that might affect the safety of the
tanker while alongside.

Terminal mooring equipment

Terminals should be designed for the safe mooring and management of the tanker types that

may pass through them during their working lives. Once this range of tankers has been identified,
studies can be undertaken to assess the requirements for safe operations. Terminal designers
should be aware that mooring equipment and physical parameters will vary from tanker to tanker,
so berth facilities will need to be flexible to cover the anticipated range. They may need to take
some or all of the following itemns into consideration:

«  TOL (see section 16.1).

s Minimum distance needed between moored ships. See the World Association for Waterborne
Transport Infrastructure’s (PLANC) MarCom WG 153 Recommendations for the Design and
Assessment of Marine Oif and Petrochemical Terminals (2016) for more information.

= Whether the berth will be affected by passing tankers, narrow channel effects, limited Under
Keel Clearance (UKC), tidal bores or other hydrodynamic effects.

» Response times and measures for events such as berth breakouts, including the availability of
emergency support services, e.g. tugs.

» Rizse and fall of the tide and the impact on mooring restraint of freeboard changes and angles
of mooring lines.

» Less than optimal alignment of tankers’ mooring equipment to berth facilities and any
backup provisions.
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This information may be found in sources such as the Marine Terminal Particulars Questionnaire
(MTPQ) and the TIB. More details of these are given in chapter 15 and OCIMF's Marine Terminal
Information Booklet: Guidelines and Recommendations.

While the tarker's Master remains accountable for the safety of the tanker, the terminal operator
is in the best position o give advice on the operating environment at its site and its own mooring
system. It can advise the Master about operating limits that may affect mooring configurations.
The terminal operator should provide this information early in the exchange of information to
ensure both parties can agree on a mooring plan ahead of the tanker’s arrival. Limits to be
considered will include, at least, the fallowing:

s+ Local operating equipment, e.g. availability, SWL and location of mooring hooks or bollards,
fender and gangways and MLA range limits.

» Operational events that may cause a special action, e.g. ESD.

s Environmental conditions, e.g. weather, current, tide, sea and swell.

Use of tugs

The use of lugs in port remains a common cccurrence despite increasing numbers of tankers with
propulsion machinery that gives them self-sufficiency via controllable pitch propellers, propulsion
drives or high-powered bow and stern thrusters.

Every port and terminal should consider its tug capabilities and requirements as part of the port
risk assessment. These capahilities should be matched to the projected demands of the port,

the maximurm local environmental operating conditions of wind, waves and current and possible
emergency scenarios. The number and specification of tugs required should be confirmed through
mission and suitability studies. These studies should not only consider the routine tasks of
assisting in berthing and unberthing, but also the following:

= Tug bollard pull to provide a restraining force when manoeuvring on or off a berth and through
the approach channel in passive or active escort modes.

= Additional duties that may have to be performed, e.g. standby, firefighting, anti-pollution, pull
back and escort towage.

s Whether duties will extend from the relative calm of harbour waters to open seas.

Details on the development of tug capabilities and uses can be found in PIANC MarCom WG 116
Aspects Affecting the Berthing Operations of Tankers to Oif and Gas Terminals (2012).

Before tugs come alongside to assist a tanker, all cargo and ballast tank lids and ullage porls
should be closed. This is required no matter what grade of oil is being or has been carried, unless
all the cargo tanks have been tested and proven free of hydrocarbon vapour. Tugs and other craft
should not be permitted to come alongside before the Master is satisfied that it is safe for them to
do so.

Tugs should be adequately fendered to avoid causing damage to the tanker's hull. They should
push the tanker at designated push points, which should be clearly marked on the tanker's hull,

When approaching a tanker, tugs should ensure all watertight openings have been secured and
should switch off their radar systems without compromising safety of navigation,

Except in an emergency, tugs should not be allowed to come alongside or remain alongside

a tanker while it is loading or discharging volatile petroleurn or ballasting tanks containing
hydrocarbon vapour. Intent by the Master or request from the shore for tugs fo rernain alongside
during any such cargo or ballast activities should be treated as non-routine. It should only be
undertaken with full agreement of all parties concerned, after a risk assessment has been carried
out and under the following conditions:

» Communications should be maintained between tanker and tughoat or mooring launches on
agreed channels during the entire period of assistance,

= The agreed lanker/tugboat communication system is working.
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« The tugboat is fully functional and ready to operate under its own power in normal conditions,
with full power available for immediate use.

» The tughoat's steering gear, rudder and auxiliary manoeuvring systems, e.g. thruster drives,
are fully operational.

« Al doors and hatches should be kept closed during the assistance period.

= Enough crew are on board to fulfil the requirements of the maritime/port authority to perform
all designated tasks and to deal with an emergency,

» The emergency signal to be used by the tanker and tugboat has been well explained
and understood.

= The parties have agreed on an ESD (towline release) procedure,

Emergency use of tugs

Severe weather may place excessive strain on moorings, which may increase the risk of mooring
line failure and the movernent of the tarker on or off the berth. In such circumstances, tugs can be
useful in holding the tanker against the berth to reduce strain on the moorings,

It is critical, in these situations, that cargo operations are immediately suspended, hoses or MLAs
are disconnected and engines placed on standhby.

Tugs helping the tanker to maintain its position should only use the tanker's recoenised push
poirts. The tug operators should know the maximum load forces permitted at each push point
to ensure no damage is caused to the tanker's hull, to the jetty fendering system or 1o the
berth structure.

Berthing at jetty berths

Effective tanker mooring management requires knowledge of mooring principles, information
about the tanker and terminal mooring equipment, proper maintenance of this equipment and
regular tending of mooring lines. All personnel should use OCIMF's Mooring Equipment Guidelines
and Effective Mooring publications for the fullest understanding of the technical, operational and
safety considerations involved in berthing. See PIANC MarCom WG 116 Aspects Affecting the
Berthing Operations af Tankers to Qi and Gas Terminals (2012),

The Master is accountable for the safety of the tanker and its proper mooring. However, the
terminal has local knowledge of the operating environment and knows the capabilities of shore
equipment, e.g. mooring hooks and fenders, and is responsible for making sure they are available.
The terminal operator should advise the Master of the equipment status, mooring line layout and
operating limits, See section 22.3.2 for more information.

Fendering

Fendering systems at each berth should be engineered to suit the range of tanker sizes and
types that use the berth. They should be capable of withstanding expected loads without causing
damage to the tanker or berth. The design should consider the methods of operating the berth, in
particular as to whether tugs are used.

The fenders should be spaced on the parallel sides of the tanker to allow the tanker to lie
alongside at ballast and loaded draughts and at all expected heights of the tide.

At a jetty, the spacing between outer breasting dolphins should be between 0.25 and 0.40 LOA
of the largest ship expected to call. The spacing between the inner breasting dolphins should be
approximately 0.25 to 0.40 LOA of the smallest ship expected to call.
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For continuous quays, fender spacing should not exceed a maximum of 015 LOA of the smallest
tanker. More infarmation is available in BS 6349-4: Maritime works - Code of practice for design of
[fendering and moaring systems,

Many different types of fendering systems exist. Studies should be done to help choose the
correct system for the various tanker types thatl will use the berths.

Fendering systems are important in preventing damage to tankers and berth, The system
should, therefore, be included in the terminal’s inspection and maintenance plans as described in
OCIME/SIGTTO's Jetty Inspection and Maintenance Guide. Fenders should be checked as part of
berth operator rounds, at a minimum before each tanker berthing. The design should also take
inta consideration requirements for regular inspection and maintenance (e.g. access) and the
anticipated life of the system. More information is available in PIANC MarCom WG 33 Guidelines
for the Design of Fender Systems (2002-2004} section 5.

It is imperative that tankers are not berthed against damaged or inoperable fenders, This may lead
lo structural damage to the berth or fo the tanker's hull. The design should take into consideration
the need for repairs and maintenance, so that they may be undertaken in a way that minimises
downtime for the berth.

The fendering system should be able to absarb a tanker’s berthing energy. The most significant
factor is the speed at which the tanker closes with the berth. This should be determined
through analysis.

The terminal should tell the tanker's Master, local pilots and berth operating personnel of the
rmaxirmum permissible closing speed and angle of approach for each berth. This is often difficult to
estimate. If the berth has speed of approach equipment, it is strongly recommended that allowable
approach speeds for each general size of tanker are included in the operating procedures.
Berthing aids can be invaluable in helping the Master and Pilot land the tanker squarely on the
fender surface and at a speed that does not damage the tanker or berth.

Uncorwenltional fender systems should be assessed by a qualified marine terminal engineer before
use and should be risk assessed, taking into account operational issues, for safe berthing,

More details on the design of fenders can be found in PIANC MarCom WG 33 Guideiines for the
Design of Fender Systems (2002-2004).

22.4.2 Type and quality of mooring lines

OCIMF's Mooring Equipment Guidelines sets out guidelines and recommendations for an optimum
mooring system that can be safely deployed and operated from the tanker.

Mooring lines should, preferably, all be of the same material and construction. Ropes of different
stiffnesses, i.e. mixed moorings, should never be used in a single mooring pattern, as low stiffness
lines tend 1o carry almost no load and high stiffness lines tend to be heavily loaded.

The stiffness of lines is important to the type and effectiveness of the mooring system. Mooring
lines with high stiffness (or low elastic elongation) are recommended for larger tankers or tankers
operating within strict berth rmovernent limits, e.g. where MLAs are connected. This is because
they limit the tanker's movement at the berth, Lines with these stiffness properties include

winch maourted steel wires or HMSF ropes.

Maoarings made entirely of low stiffness lines, e.g. polyester, polypropylene (PP) or polyamide,
can absorb higher dynamic loads. For this reason, they are better suited lo berths where some
movement is expected, such as where there may be swell, waves or passing tanker forces.

¥ Ldvd

Mooring conditions and recommended layouts will differ from port to port. Terminal and port
regulations may set their own requirements. It is strongly recornmended that tankers and
terminals exchange information about mooring equipment and requirements before the tankers’
arrivals to make sure they comply with safe mooring expectations.
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In some places, swells or the close passing of other ships can cause dynamic (shock) lpading on
moorings. In such situations, fibre tails on the ends of mooring wires and HMSF mooring ropes
can provide enough elasticity to prevent failure. A mooring analysis should be carried out to
determine whether tails are required in the system.

Tails are normally provided by the tanker and fitted to the mooring lines before arrival. They can
be of various lengths, as specified by the line manufacturer. Shorter, 11m tails can be used on
sheltered berths. Longer tails, e.g. 22m, can be used on exposed locations as they can control
peak loads more effectively. Longer tails may also cause slightly more tanker movement and they
should not be long enough to allow them to come into contact with the tanker’s fairlead.

Fibre tails deteriorate faster than the wires or the HMSF ropes to which they are attached. They
should, therefore, be at least 25% stronger than the line to which they are attached and receive
the same service life tracking as mooring lines. They should be inspected frequently, particularly
at the connection point, and replaced if they show signs of damage.

Management of moorings when alongside berth

22.4.31 Tending of moorings

Tanker personnel are responsible for the frequent monitoring and tending of the moorings.
Qualified terminal personnel should also check the moorings periodically 1o make sure they are
being properly tended. In many terminals, mooring line tension is monitored via remote load cell
readouts in a fixed system in the jetty control room.

If moorings become too slack or too taut, the mooring systern should be reviewed overall so that
the tightening or slackening of individual lines does not allow the tanker to move or place undue
loads on other lines. The tanker should raintain contact with the fenders. Moorings should not be
slackened if the tanker is lying off the fenders.

If tension monitoring is filted and can make periodic recordings, berth operators should make the
readings or recordings available to ship staff so they can use them to support the Mooring Syslem
Management Plan (MSMP). Tension monitoring can also help the berth operator make informed
decisions. For more information, see PIANC MarCom WG 153 Recommendations for the Design
and Assessment of Marine Ol and Petrochemical Terminals (2016). Tension monitoring is, typically,
considered in these circumnstances:

= For the mooring of larger tankers.

= For places where environmental conditions or passing ships may pose a risk.

During cold weather, precautions should be taken to make sure the winches are always in a

state of readiness. The manufacturer’s guidance for cold weather operation should be checked.
Steam operated winches and windlasses may have to be rotated slowly when not in use to avoid
damage due to freezing. Hydraulic winches may have to go through a warm-up sequence using a
circulating line.

22.4.3.2 Tension winches

These winches are fitted with automatic rendering and hauling capability and should not be used
in autornatic mode when the cargo transfer system is connected,

In automatic mode, these winches may render under load, allowing the ship to move out of
position, Equipment connected between ship and shore, e.g. cargo connections and gangways,
miay suffer damage or failure if the movernent exceeds safe operating parameters. Movernent
of the ship on a berth may also cause damage to mooring lines and berth fenders and could
compromise separation distance between ships on adjacent berths.

Before arriving at the terminal, ships fitted with automatic tensioning winches should ensure
that agreement is reached as to their conditions of use on the berth. This should subsequently
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be noted in the relevant parts of the SSSCL in the pre-arrival information exchange, checks
after mooring and (where partial or full use is allowed) in the agreements section during the
pre-transfer conference.

When an agreement between ship and shore is not obtained, the default is that they should always
be secured with the winch drum held on the manual brake and with the winch drive disengaged,
and remain so until such mutual agreement is achieved and documentad.

Automatic mode may be considered appropriate for ships not engaged in cargo transfer
operations, e.g. an layby or repair berths, and it may not be possible, at these locations, to obtain
the agreement.

In all cases where the use of autamatic tensioning winches is considered a viable option, a risk
assessment should be undertaken to consider the particulars of the specific berth location and
confirm its safe use. This should include ship and berth manning, equipment and facilities, any
operating parameters or limitations and include consideration of environmental forces, e.g. wind,
tide/current, etc. The outcome of the risk assessment should be documented, along with any
associated safe aperating conditions. The Responsible Officer should ensure that monitoring of
the mooring system and ship’s position is rigorously adhered to by the crew at all times.

22.4.33 Self-stowing mooring winches

Most tankers are now fitted with mooring winches that enable lines to be self-stowed, especially
when either wire or HMSF lines are used. Self-stowing mooring winch drums fall into two
categories; undivided (a single drum stores and holds the line) and split drum (it is split into &
tension or working drum and a storage drum).

In undivided drums, the weight and size of the mooring lines may cause the outer layers to embed
themselves into the lower layers, causing damage. For this reason, many maooring winches are of
the split drum type.

Terrminal and tanker personnel need to clearly understand certain features of these winches when
reviewing mooring arrangements at the terminal, This is to avoid slipping winch brakes, which can
cause tankers 1o break adrift from berths.

The holding power of the brake is specified by the winch manufacturer. It should be consistent
with the ship design MBL. Every tanker officer should know the designed brake halding capacity
of the tanker's self-stowing mooring winches. Details of the winch design, operation and
maintenance should be entered in the tanker's anboard MSMP, as recommended in OCIMF's
Moaring Equipment Guidelines.

The physical condition of the winch gearing and brake shoe linings or blocks affects the brake
holding capacity while the winch is in service. Mooring winch brakes should be tested at

regular intervals, at least every 12 months. Records should be kept on the tanker of both regular
maintenance and inspections and of tests. More details an winch brake testing requirements and
test kits are found in QCIME's Mooring Equipment Guidelines.

Mewer self-stowing mooring winches may be fitted with disc brakes. These are less affected by
wear, but they are less cormmon in tankers.

Tarker and terminal personnel should be aware that the halding capacity of winch brakes can be
reduced if operations are not correctly carried out. Full technical descriptions of these factors can
be found in OCIMF's Mooring Equipment Guidefines. These include the following:

= Mumber of layers on the drum.

= Direction of reeling on the drum,

= Condition of the brake linings and drum.

« Application of the brake.

Each of these is discussed in more detail below.

355

2l

=
i
)
=]
o
;
=
=
Ak
s
=T
21
i
T,
=
jalb}

s
2
=y
&~
(5]
=
=
0
=
]
|
1]




E
0
=%
v o
Uy
~T
-
<
o

4}
L)
[t
i
)
=
[
—
v}
|
=
, N
@
L
t__
=
0
(o
ATF

[SGOTT Sixth Edition

224331 The number of layers on the drum

The designed holding capacity of the winch brake is usually calculated for the first layer. For each
additional layer, the holding capacity is reduced. The reduction can be substantial, with the second
layer reduced to 89% of rated holding capacity and further reduction in each additional layer,
down to as little as 69% an the fifth layer.

If the rated brake haolding capacity of a split drurn winch is not to be reduced, only one layer
should be permitted on the working drum,

22.6.3.3.2 The direction of reeling on the winch drum

On bath single and split drum winches, the holding power of the brake decreases substantially
if the mooring line is reeled in the wrong direction. Before arrival at the berth, it is important
to confirm that the mooring line's pull direction matches the manufacturer’s recommendation
and guidance,

Typically, this will be against the fixed end of the brake strap rather than against the pinned end,
Reeling in the wrong direction can seriously reduce the brake holding capacity, in some cases
by as much as 50%. The correct reeling direction should be permanently marked on the drum.
Reelings are to be drawn in accordance with OCIMF's Mooring Equipment Guidelines.

Winches fitted with disc brakes do not have this limitation.

2243373 The condition of the brake linings and drum

0il, moisture ar heavy rust on the brake linings or drum can seriously reduce the brake holding
capacily. If a brake fining or drum is found to be affected by any of these things, the Responsible
Officer should immediately be notified and action should be taken to return the brake to its normal
operating condition.

Moisture may be removed by running the winch with the brake lightly applied. This should be done
under supervision and care should be taken not to cause excessive wear. Oil cannot be remaoved,
so oil contarninated brake linings should be replaced.

22.433.4 The application of the brake

Brakes should be tightened as much as is necessary to achieve the required holding capacity (this
i= usually 0% of the MBEL).

The use of hydraulic brake applicators, or a torgue wrench showing the degree of torque applied,
is recommended. If brakes are applied manually they should be checked for tightness.

22.4.3.4 Shore moorings

At some terminals, share moorings are added to supplement the tanker's moorings. Shore
personnel who handle shore maorings should be fully aware of the hazards of the operation and
should use safe working practices,

If the adjustable ends of the shore mooring are on board the tanker, the moorings should be
tended by the tanker's personnel along with the tanker’s moorings. If shore based wires with
winches are used, shore and tanker personnel should reach an agreement as to who has the
responsibility for tending thern.

Share based pulley systemns are not commonly used at terminals. However, if one is provided, the
tanker should tend the mooring, since both ends of the line are on beoard.

Before shore based moorings are used on a tanker, the mooring fitting or winch strength
capability should be thoroughly reviewed to make sure it does not overload the tanker's
equipment. The tanker's management team should do a risk assessment to make sure the risks
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and hazards of the non-standard equipment are understood by all of the tanker's crew whao will be
used in the operation.

The Responsible Officer and the Terminal Representative should clearly agree who will take
responsibility for tending moorings provided by the terminal.

22.435 Anchors

Unless otherwise agreed by the terminal, while the tanker is moored at the terminal, anchors not
in use should be secured by brake and stopper bars, but should still be available for immediate
use. Chains used to secure anchors during sea passages should be removed at every marine
terminal, including conventional berths, SPMs and MEMs.

Berthing at buoy moorings

When berthing at a buoy mooring, tanker personnel should take all the normal precautions

for berthing alongside a jetty. Characteristics of the buoy mooring facility should be carefully
identified through site-specific studies. Terminal operators at buoy moorings should also review
the output from these studies and use risk assessment tools to develop their safety and operations
management systems. This should consider, at least, the following factors:

- Mooring and unmooring requirements, including the need to exchange information on berthing
and unberthing requirements before a tanker arrives.

+ The ability to put a berth in deeper water. This may help serve tankers with larger draughts,
but it creates issues with safe access for terminal operations and ancillary support staff.

= The number of tugs necessary to moor and unmoor tankers. Fewer tugs may be needed, but
they may also have to operate in exposed open sea conditions with larger swell.

« Weather conditions. Deteriorating conditions may create an increasing sea and swell, which
means operations may have to stop earlier and more often. Disconnection from the facility may
also have to be done earlier and more often, to allow enough time for unmooring and hose
handling. In addition, the operational window for berthing and mooring is usually smaller for
offshore facilities.

»  Maintenance of terminal equipment. Buoy berth maintenance will almost always require
support from specialist contractors, such as divers and support craft for subsea operations.
For detailed guidance on facilities with buoy moorings, see the following OCIMF publications:

»  Guidelines for the Design, Operation and Maintenance of Multi Buoy Moorings.
= Single Point Mooring Maintenance and Operations Guide.
= Guidelines far Offshore Tanker Operations,

Mooring Masters

At terminals with buoy moorings for ocean-going tankers, it is recommended that professional
advice is ohtained an safety issues related to local marine operations. A Mooring Master may be
assigned to the terminal, or the terminal may consult with a port or pilotage authority, To further
lower risks, Mooring Masters may be required to remain on board tankers throughout their stays,
from pre-berthing to unberthing,

Moaring Masters should have the expertise for the full range of duties they will perform, including
piloting to and from the berth, manoeuvring and working with tugs and mooring boats during
maoring and unmooring and taking part in cargo operations at the buoy berth.

A wide range of skills is required in this critical role. OCIMF's Competence Assurance Guidelines
for Mooring, Loading and Lightering Masters should be used to provide oversight and guidance for
this role, including the following:
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+ Recommendations for developing and implementing a system to make sure that Mooring
Masters are competent.

= Guidance on the competencies required of Mooring Masters.
» Guidance on the knowledge required of Mooring Masters.

» Recormmendations on how to assess competence.

» Recommendations on continued verification of competence.

= Advice on record-keeping and documentation for a competence development programeme,

Mooring at Multi Buoy Moorings
The twa main configurations of MBM are CBM and ABM.

A CBM is an offshore marine berth in which the tanker's bow is held in position by its own
anchars and the stern is secured by an array of mooring buoys, typically three to seven of them.

An ABM is an offshore marine berth in which both the tanker’s bow and stern are held in position
by mooring buaoys.

Mooring and unmooring at MBMs is not often carried out by tanker personnel. Given the risks, it
is imperative that mooring and unmooring operations are done under a detailed plan developed
together with the terminal representatives, e.g. the terminal’s Mooring Master. The plan should be
communicated to tanker personnel before arrival at the berth.

The tanker's anchors are normally required during the approach. They often are needed in
addition to mooring lines as an extra restraint at the berth. For this reason, the plan should
consider the extra demands on personnel required for mooring and unmeooring stations and the
need for supervision, particularly where multiple operations may take place simultaneously.

Mooring personnel should maintain good communication throughout the operation. It is critical that
the team handling mooring lines from the poop deck are vigilant to the dangers of mooring lines
and mooring hoats operating in the water around the tanker’s propeller. They should keep thege
from being caught in the propeller or propeller wash in the event of a sudden engine manoeuvre.
Severe loads can develop in mooring lines during mooring, It is essential to use good quality
moorings of adequate length and 1o closely supervise personnel to make sure they remain safe.

At sorme MBM berths, the tanker's moorings are supplemented by mooring lines provided by the
facility, which are run from the buoys or by ground moorings. At some berths these may be wires,
which are often heavy. Only experienced personnel should handle them around the warping drum
of a winch.

Mooring at Single Point Moorings

Mooring at SPMs presents extra hazards and is not routinely carried out by most tanker
personnel. These risks should be managed through planning and the use of tanker and shore
personnel. All personnel involved should be trained and competent in operations at this type
of terminal.

Mooring and unmooring operations should be done according to a detailed plan developed
together with the terminal representatives, e.g. the terminal’s Mooring Master. The plan should be
communicated to tanker personnel before arrival at the berth.

Mooring personnel should maintain good communication throughout the operation. If any forward
mooring winches critical to the operation fail, an abort manoeuvre should immediately be taken
until the nature of the winch failure is understood and the equipment is back in working condition.

Complicated and non-standard mooring arrangements at SPMs can lead lo dangerous and
extended operations. Therefore, both on tankers and on SPMs, the use of slandard equipment,
fit for purpose and accurately positioned, considerably reduces the risk of injury. The proper
fitting of such equipment also pravides a mare efficient method of securing tarkers to SPMs at
offshore terminals.
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The detailed technical and operational guidance in the relevant operational publications (see
section 22.5) is recommended. It should be followed by all SPM terminals and the tankers using
them to make sure that tanker and terminal mooring equipment is compatible.

Section 2211 highlights the dangers of snap-back following line failure, These risks are also
present in the forward section of the main deck during mooring on SPMs. The loads on pick-up
ropes during mooring, and on mooring hawsers when moored, can be significant. For this reason,
the mooring deck area should be considered an area of high risk and measures to mitigate these
risks should be in place ta protect the tanker's crew.

In particular, a storage drum should be used to heave in the SPM pick-up rope before connection
af the chafing chain to the stopper. The warping end should never be used for this purpose.

Management of moorings at buoy berths

A large variety and type of buoy mooring facilities and operaling environments exists.
Conventional tankers and their crews are often unfamiliar with the requirements of a specific buoy
berth. The terminal should carry out a risk assessment that covers operations, types of tankers,
equipment and resources available, e.g. tugs and other support craft, location of suppart facilities,
likely metocean conditions and potential emergency scenarios. These should be used to develop
standard cperations procedures.

22541 Pre-berthing planning

In pre-planning for berthing at a buoy mooring, the Terminal Representative and tanker Master
should have a detailed exchange of information that sets out the technical and operational
requirements. It shauld include the exchange of any required pre-arrival checklists and
communications. See information on the pre-berthing/pre-arrival information exchange in
chapler 21,

This infarmation should be used to create a pre-berthing plan that considers at least the following
factars, to ensure the safety and compatibility of the tanker and facility:

= During the tanker's stay at the buoy mooring, terminal regulations should be closely observed:

. This includes the maintenance of the tanker's propulsion equipment so that it can leave the
berth immediately if required.

- Engine maintenance should not be done while the tanker is at berth if it will affect the
tanker's propulsion system and leave it unready to deparl.

» Conventional tanker propulsion systems are not normally used to maintain position once the
tanker is securely maored to a buoy system. Except in extraordinary circumstances, tankers
have limited capability to run the propulsion astern at low revolutions for long periods of time.

+ Where a safe position needs to be maintained, e.g. in relation to the SPM, it is oflen done
with the help of a pull-back tug attached by a towline to the stern of the tanker. If in abnormal
conditions a pull-back tug is not able to tow as required, the tanker’s main engines may be
considered for use,

= Al tankers at buoy berths should be ready for manoeuvring and navigation:
- This may be needed if the tanker's Master, with the advice of a Mooring Master or Filot,
decides that tanker propulsion should be used carefully to help maintain or restore position

or to ensure that mooring hawsers and other equipment does not receive excessive
dynarmic loads.

= A detailed emergency unmooring and contingency plan should be established:

- It should have clear, safe operating limits that allow enough time for an orderly and safe
stop to cargo operations, for disconnection of hoses and for unmooring before conditions
becomne too severe for safe operations by the deck crew or terminal personnel, e.g.
mooring boats.
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22.5.4.2 Manning at buoy berths

Manning requirements vary according to the tanker capability, facility type and location. Demands
on tarker personnel include bridge watches, the continuous menitoring of the mooring from the
farecastle and cargo transfer operations. These require a careful management of resources.
Hurnan factors should be addressed in the overall operations plan to provide the numbers of
personnel required and to make sure enough trained, competent and rested personnel are

always available.

The relevant operational publications (see section 22.5) offer further guidance, but as a minimum

there shauld be:

s One Mooring Master on watch at all times to monitor the position of the tanker in relation to
the buoy system, maoring loads and weather,

» A bow watchkeeper to report on any issues arising from the tanker position in relation to the
buoy system and any abnormal conditions, including mooring hawsers that are excessively
tensioned or slack.

= A manifold watch to monitor cargo hoses and report any cargo leaks,

« A gualified and experienced deck officer to oversee cargo operations.

The bow and manifold watchkeeper positions can be combined where facilities, e.g, telemetry, and
the use of a Mooring Master makes two persons unnecessary.

Further consideration should be given to the manning of the bridge if additional risk factors are
identified. These may include the following:

» Local metocean conditions that could affect the loads placed on the bow mooring equipment or
the ability of the tanker to safely maintain position in relation to the buoy system.

= Risks arising from close traffic or navigational hazards, e.g. the distance from the
grounding line.

= Potential security threats identified from the use of the International Ship and Port Facility
Security (15PS5) Code or security risk assessment (see chapler 6).

All terrinal marine personnel involved in mooring at buoy berths should take part in the
terminal's competency programme. As detailed in section 22.5.1, Mooring Masters should have
a programme that follows OCIMF's Compelence Assurance Guidelines for Mooring, Loading and
Lightering Masters.
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CHAPTER 23

Tanker and Terminal
Precautions for Cargo
Operations

23.1 External openings in superstructures

23.2 Cenfral air conditioning and ventilation systems
233 Openings in cargo tanks

23.4 Inspecting a tanker's cargo tanks before loading
23.5 Marine cargo inspectors

23.6 Tanker and terminal cargo connections

23.7 Spills and leaks

23.8 Firefighting while the ship is alongside a terminal
23.9 Firefighting while in proximity to other ships
23.10 Motices

2311 Manning requirements

2312 Control of vehicles and other equipment

2313 Helicopter operations

This chapter provides guidance on the safety precautions for tankers and terminals while a tanker
is alongside for cargo handling, ballasting, bunkering, tank cleaning, gas freeing and purging
operations. The main concern is to eliminate the risk to personnel, equipment and facilities from
fires, explosions and health hazards, and of any environmental impact.

23.1 External openings in superstructures

Tanker accommodation and machinery spaces contain equipment that is not suitable for use in
flarmable atmospheres, so it is important to keep hydrocarbon gas out of these spaces.

All external doors, ports and similar openings should be closed when the tanker, or a tanker at an
adjacent berth, is doing any of the following:

» Handling volatile petroleurn or non-volatile petroleum that is near or above its flashpoint.
» Loading non-volatile petroleum into tanks containing hydrocarbon vapour.
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« COW.
« Ballasting, purging, gas freeing or tank washing after discharging volatile petroleum.

A screen door is not a safe substitute for an external door. Additional doors and ports may have
to be closed in special circumstances or because of the structural peculiarities of the tanker.

If external doors have to be opened for access, they should be closed immediately afterwards.
Where practical, working access in port should be via a single deor. Doors to be kept closed
should be clearly marked.

Doars should not normally be locked in port. However, if there are security cancerns, the
measures to prevent unauthorised access should also ensure that personnel have an escape
route. These measures should be agreed by responsible parties from the tanker and terminal,
including, where required, Port Facility Security Officer (PF50) and Ship Security Officer (350)
and the tanker Master,

23.2 Central air conditioning and ventilation systems

The accommodation should be kept under positive pressure o prevent the entry of hydrocarbon
vapours. Bear in mind;

« Intakes for air conditioning units are usually located in a safe area and will not draw in vapours
under normal conditions.

« A positive pressure will be maintained only if the air conditicning systern is operating with its
air intakes open and if all access doors are kept closed except for brief entry or exit.

« The system should not be operated with the intakes fully closed, in 1005 recirculation made,
as the extraction fans in galley, sanitary spaces and any other relevant spaces (e.g. smoking
rooms, laundry facilities, etc.) will reduce the atmospheric pressure in the accommedation to
less than the ambient pressure outside.

A gas detection and/or alarm systern fitted to the air conditioning intakes will warn if hydrocarbon
vapours are present. In this case, the ventilation system should be shut down and cargo transfer
suspended until the surrounding atrmosphere is free of the vapours.

The same principles of positive pressure and gas detection apply to tankers that have alternative
air conditioning systems or additional units.

External air conditioning units, e.g, window or split air conditioning types, should not be operated
during any of the operations listed in section 23.1 unless they are in safe areas or certified as safe
for use in the presence of flammable vapours.

23.3 Openings in cargo tanks

23.3.1 Cargo tank lids

All cargo tank lids should be closed and secured at all times when handling volatile petroleum,
loading non-volatile petroleun into tanks containing hydracarbon vapour and ballasting after
discharging volatile cargo.

Cargo tank lids or coamings should be clearly marked with the number and location of the tank
they serve (port, centre or starboard).
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Tank openings of cargo tanks that are not gas free should be kept closed, unless gas freeing
operations are being conducted alongside by prior agreement.
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£3.3.3

23.3.4

23.4

Chapter 23 Tanker and Terminal Precautions for Carga Operations

Sighting, ullage ports and segregated ballast tank lids

During any of the cargo and ballast handling operations in section 231, sighting and ullage ports
should be kept closed unless they need to be open for measuring and sampling, or when agreed
between the tarker and terminal. If they are opened, the tank pressure should be reduced to the
rminimurm positive pressure and access should be for the shortest time possible to complete the
task while taking precautions against possible exposure to hydrocarbons and toxic vapours.

If the system desizn means sighting or ullage ports are to be opened for venting, the openings
should be protected by a flame screen. This may be removed for a short time during

ullaging, sighting, sounding and sampling. Ary screen should be a good fit, kept clean and in
good condition,

Seeregated ballast tank lids may be opened before ballast is discharged so that the surface of
the ballast can be inspected for contamination. Segregated ballast tank lids should be kept closed
when cargo or ballast is being handled because petroleum gas could be drawn inta them.

Segregated ballast tank lids should be clearly marked to indicate the tank they serve.

Cargo tank vent outlets

The cargo tank venting system should be set for the operation concerned. High velocity vents
should be set in the position to ensure the high exit velocity of vented gas.

When volatile cargo is being loaded into tanks connected to a venting system that also serves
tanks that are to be lpaded with non-volatile cargo, to prevent flammable gas entering the tanks
receiving non-volatile cargo pay close attention to the setting of Pressure/Vacuum (P/Y) valves
and the associated venting system, including any |G system.

Whenever tanks are isolated to prevent vapour cross-contamination, remember it is possible that
pressure variations during the passage could allow oxygen to enter the tank. The inert conditian
may need to be restored before discharge.

Tank washing openings

During tank cleaning or gas freeing, tank washing cover plates should be removed from only the
tanks involved and be replaced immediately when the work is completed. Any openings in the
deck should be covered by gratings.

Inspecting a tanker's cargo tanks before loading

If tank entry is necessary for cargo tank inspections, comply with the requirements in
chapter 10.

The inherent risk to personnel means that any tank inspection before loading should be done
without entering tanks. This may be achieved through various remote means such as dipping
and measuring for heel in the tank, or opening small stripping or educator lines to listen for
liquid suction. It may also be possible to sight the tank bottom from a tank lid, ullage port or
tank cleaning opening using a powerful torch, although the effectiveness of this method may be
impaired due to vapour or haze in the tank atmosphere,

Care should be taken, when using any opening in the 1ank to sight the bottomn, to ensure that
the person undertaking the task does not inhale cargo vapours and that any opening is closed
immediately after use.
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Tanks should be entered for inspection only if absolutely necessary, e.g. the cargo 1o be loaded
has a critical specification and the inspector has no alternative. In these cases only those tanks
specifically requiring entry should be entered and the guidance contained in chapter 10 should
be followed.

Marine cargo inspectors

Tankers often use marine cargo inspectors, or expaditers/superintendents, to assess the
cleanliness of tanks, measure and sample loaded cargo, and issue official decumentation such as
certificates of quantity and quality on behalf of the charterer, shipper or receiver.

They reed to board the tanker at different times during the cargo operation and so need access
to working areas of the tank deck and other potentially dangerous spaces, such as cargo tanks
and pumprooms.

Mo matter how familiar cargo inspectors may appear with the terminal or tanker, they should be
given a safety induction when arriving at the terminal and when boarding the tanker.

Marine cargo inspectors should be escorted while conducting aclivities on the tanker. Best
practice reguires them to complete initial and periodic refresher safety training. Do not assurme
that the routine presence of a cargo inspector at each port means that they are all trained

to the same level of health and safety awareness. The following factors should be taken

into consideration.

Independent cargo inspection companies

Cargo inspeciars are often appointed ta lankers under agreed contracls whose terms and
conditions are likely to be unfamiliar to the tanker Master and crew.

it is recommended that cargo inspection companies operate under health and safety policies that
specifically govern the safe conduct of their employees while working at terminals and on tankers.

Ieleally, the cargo inspection company should be affiliated to recognised industry bodies that
operate under a code of practice, e.g. the Testing, Inspection and Certification (TIC) Council, ar
quality assurance standards, e.g. the International Organization for Standardization (IS0, that
include expectations for health and safety performance.

Cargo inspection training and accreditation

Tankers visiting terminals that have appointed cargo inspectors rarely have the opportunity to
assess the inspectors’ compelence and experience before they board the tanker. For this reasan,
contract owners should verify that all cargo inspectors have been through an industry recognised
petroleurn inspector certification programme. This programme should ensure the inspecter is
familiar with not only petroleurn inspection guidelines but also:

= Specific health and safety requirements of the terminal and tanker in addition to thase of the
national, regional or international regulatory bodies that operate at the location.

= Safety recommendations in this publication.

= Has been trained in:
- Hagzard awareness and reporting, including Stop Work Authorities (SWAs).

Confined spaces awareness, including tank entry procedures, permits to work and Safety
Management Sysiemns (SM5s).

Safe working practices in flammable and hazardous environments.
Static electricity awareness and precautions.
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Personal Protective Equipment (PPE), including respiratory and other safety apparatus for
the specific working enviranment.

505s.
Safe handling and transpartation of samples.

Drug/alcohol abuse awareness.

The cargo inspector should also be re-evaluated via periodic audits and recertification,
where applicahle.

Safe working in terminals and on tankers

23531 Duty of care

The safety and welfare of cargo inspectors is, primarily, the responsibility of the cargo inspection
company. This responsibility extends to the operator of the site or tanker Master when inspectors
are carrying out their dulies.

To meet this duty of care, the terminal operator should ensure that cargo inspectors are familiar
with the facility and its arrangements for safe movement and working, have had the necessary site
safety induction and are authorised to move around the facility. As a minimum, cargo inspectors
should report in and out with facility staff at each operating area and it is recommended that they
are escorted at all times by facility staff during field operations.

Every tanker has different arrangements and cargo activities that inspectors may not be Fully
familiar with. When boarding, they should be escorted immediately lo the officer in charge of deck
operations to undertake a tanker specific safety induction briefing.

235.3.2 Safe working on tankers

When working on tankers, inspectors should be accompanied at all times by a responsible crew
member and should not operate the tanker's equipment, including tank lids and tank valves.

When measuring and sampling via a vapour lock, coordinated action is needed to deploy the
measuring and sampling equipment. A crew member should always stay with the inspector to
help with the work and ensure the valve is operated correctly. At the end of the operation, the
crew member is also responsible for ensuring the valve is closed securely.

Safe access and movement around tankers and terminals is covered by national and international
regulations and by safe werking practice standards and guidelines {see section 16.4). Cargo
inspectors should comply with these requirements when carrying out their duties, and when
boarding and moving around the tanker working areas, so that they do not expose themselves

to risks.

Access around deck in general, and sampling and measuring points in particular, can be difficult
on ships with above deck transverse stiffeners. In some cases, this will result in having to climb
aver the stiffeners and cargo pipelines or crawt through lightening holes and under pipelines to
facilitate access. These activities can be arduous and unsafe, particularly in wet or inclement
weather. Access to and egress from these areas in an emergency could also be challenging.

The minimurn lighting requirements during darkness are clearly defined and all personnel,
including cargo inspectors, should ensure that they do not enter into areas with inadequate
lighting. Further guidance on lighting is in section 17.3.

23.5.3.3 Stop Work Authority

While at a terminal or on a tanker, cargo inspectors should comply with all site safety
requirements. IF a situation develops that is considered unsafe, they are responsible for their own
immediate safety and should alert the responsible peaple for the terminal or tanker under an SWA
(see section 4.3,
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If work is stopped, it should not resurne until the situation has been fully resolved or an alternate
safe solution, with appropriate mitigation, is agreed and implemented.

Tanker and terminal cargo connections

Flange connections

Terminal cargo connections to tanker manifolds should be in line with OCIMF/CDI's
Recommendations for Oil and Chemical Tanker Manifolds and Associated Equipment,

The tanker and terminal are jointly responsible for ensuring that presentation flange faces are
clean and in good condition. The provider of the transfer equipment (MLAs or hoses) should be
responsible for providing new appropriate gaskets before each connectian.

Where bolted connections are used they have to be fully secured with all available bolts. Care
should be taken as uneven or over-tightened bolts could cause leaks or fractures. Improvised
arrangements, with G-clamps or similar devices, should not be used for flange connections.

Where Quick Connect/Disconnect Couplings (QC/DCs) are used to make the flange connection,
these can be either automatic (hydraulically actuated) or manual using a camlock-type
arrangement. In either case, the terminal and tanker should exchange details of the connection
systern to ensure the:

» Tanker manifald flange is compatible with the proposed QC/DC systern connection.

« Systern integrity is on the same level as a fully bolted connection.

s« Tanker or terminal personnel responsible for the connection and disconnection are
clearly defined.

As with all marine terminal equipment, the manufacturer’s guidance on installing, operating,
inspecting and maintaining the QC/DC coupling should be followed. Documentation shauld be
made available if requested by the tanker,

Removing blank flanges

Each tanker and terminal manifold flange should have a removable blank flange made of steel or
other approved material, preferably fitted with handies.

Before removing blanks from tanker and terminal pipelines, MLAs or hoses, ensure that the section
between the last valve and blank is drained, depressurised and that appropriate spill protection is
in place.

Blank flanges should be capable of withstanding the working pressure of the line or system they
are connected to. They should also be as thick as the end flange they are fitted to.

Reducers and spool pieces

Reducers and spools should be made of steel and be fitted with flanges that conform to the
American Society of Mechanical Engineers (ASME) Standard B16.5, Class 150 or eguivalent (see
OCIMF/CDI's Recommendations for Oil and Chemical Tanker Manifolds and Associated Equipment),

To ensure compatibility between tanker and terminal, the material of manifold reducers or spool
pieces should be confirmed before the tanker arrives, as part of the pre-arrival exchange of
information (see section 21.2) and TIB (section 15.2.2),

Marifold pressure gauges should be fitted on the outhoard side of the manifold valve to the speol
piece or reducer.
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All spool pieces and reducers should have lifting lugs fitted close to the centre of balance so that
they can be handied more easily. The handles should not interfere with quick acting caupling
devices or the bolting of flanges. When in storage, flange faces should be suitably protected.

Spills and leaks

General

The cargo transfer system should be checked at the start of cargo transfer and at agreed
intervals, This should include tanker outboard manifolds, pipelines, MLAs, cargo hoses, unused
connections, blanks, valves and waterside checks. At any sign of a leak, cargo transfer should be
stopped immediately and resumed only when the situation has been corrected.

The ullages of cargo or bunker tanks that have been topped up should be checked from time to
time during the remaining loading operations to ensure that lesking valves or incorrect operations
do not cause overflows.

On double hull tankers, take care not io reduce the Transverse Metacentric Height (GM), which
can induce an angle of list or loll when de-ballasting double bottom tanks after some cargo tanks
have been topped-off. This could also cause an overflow (see section 12.1.6).

If any released ofl or petroleumn gas looks like it could enter an engine room or accommadation
space intake, take immediate preventive measures. Equipment should be ready to promptly remave
any spill on deck. Any oil spill should be reported to the terminal and port authorities. The relevant
shore and shipboard oil pallution emergency plans should be activated.

If a tanker has an alternative fuel system that involves the control of gas vapour pressure, the
contral mechanism should be fully operational to ensure there is no release (see section 1211).

Harbour authorities, and any nearby ship or shore installations, should be warned of any potential
hazard caused by a spill or release,

Checks on quantity during cargo handling

At the pre-transfer conference, the tanker and terminal representatives should agree to
regularly check:

= Pressures in the pipeline and cargo transfer system (hose or MLAs).

= Quantity of cargo to be loaded or discharged between the tanker and terminal.

= Tanker calculations for quantities, considering trim and heel corrections.

An unexpected change in pressures, or a marked discrepancy between the tanker and terminal

calculations of quantities transferred, could indicate pipeline or hose leaks or blocks, particularly in
submarine or long trestle pipelines.

Stop the cargo transfer until the reason for any differences have been identified. The transfer
should resume only with the agreement of all parties.

Sea and overboard discharge valves

During cargo, tank cleaning/de-ballasting operations, keep a watch to ensure that no il is
escaping though sea valves,

Sea and overboard discharge valves connected to the cargo and ballast systems should be
closed and secured using a Lock-out/Tag-out system (LO/TO), and may be sealed when not in
use. In-line blanks should be inserted where provided. When a LO/TO system is not practical
as with hydraulic valves, use some suitable marking to indicate clearly that the valves are to
remain closed.
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hore information on this subject is in OCIMF/ICS' Prevention of Oif Spilfages through Cargo
Pumproom Sea Valves.

Scupper plugs

Before cargo handling starts, all deck scuppers and any open drains on the jetty should be
effectively plugged to prevent spilled oil escaping into the water around the tanker or terminal.
Accumulations of water should be visually checked for oil sheen and periodically drained through
absorbent material, The effectiveness of scupper plugs needs to be ensured and they should be
replaced immediately after the water has been run off.

Oily water should be transferred to a slop tank or other suitable container. If necessary, the tank
pressure should be reduced to help draining.

Spill containment

A permanently fitted spill tank, with suitable means of draining, should be fitted under all
tanker/terminal manifold connections. If no permanent spill tank is fitted, portable drip trays
should be placed under each connection to catch any leaks. Avoid plastic and other non-metallic
containers unless bonding is possibie.

Tanker and terminal cargo and bunker pipelines not in use

Walve tightness should not be relied on to stop the escape or seepage of cil. All terminal pipelines,
MLAs and hoses not in use at a berth should be securely blanked.

All the tanker's cargo and bunker pipelines not in use should be securely blanked at the manifold.
Where fitted, cargo pipelines to stern or bow manifolds should be drained of cargo and isolated
from the tanker's main pipeline systern. For stern manifolds this will reguire physical blanking or
removal of a spool piece lo fully isolate the line forward of the accommadation.

Loading at terminals with Vapour Emission Control Systems

23.7.71 General

When lankers are loading at a terminal, the vapours are displaced by the incoming cargo and are
then transferred ashore by pipeline for treatment or disposal. However, the operational and safety
implications are significant because the tanker and terminal are connected by a common stream of
vapours that introduce several additional hazards that have to be controlled.

Detailed guidance on technical issues associated with vapour emission control and treatment
systems is available from a number of sources. The IMO has developed international standards
for the design, construction and operation of vapour collection systems on tankers and VECSs at
terminals. OCIMF has issued guidance on vapour manifold arrangements (see bibliography).

Mote that VECSs can serve tankers fitted with 1G systems as well as non-inerted tankers.

A summary of the terminal’s VECS should be included in the TIB.
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23.7.7.2 Misconnection of liquid and vapour lines

To prevent the possible misconnection of the vapour manifeld to a liquid loading line, a mechanical
keying arrangement should be provided for vapour manifold presentation flanges as follows:

1. The bolt locations should be arranged so 1hat iwo bolts straddle the 12 o'clack position at the
top of the flange face.

2. One cylindrical stud should be permanently attached to each of the presentation flange
faces at the 12 o'clock position on the flange bolt circles. This cylindrical stud should project
horizontally outboard, perpendicular to the flange face and centred on the same bolt circle, as
defined in ASME B16.5. The diameter of the cylindrical stud should be 12.7mm and it should
be at least 25.4mm long.

Full details of vapour manifold arrangements, materials and fittings are in OCIMF/CDI's
Recommendations for Ofl Tanker Manifolds and Associated Equipment.

Stencil
VAPOUR
here
25 4mm
10 o'clock 2 o'clack
position positian
12.7mm diam, stud projecting
outward at the 12 o'clock Reducer

Figure 23.1: Vapour manifold flanges, orientation and labelling

23773 Vapour overfunder pressure

Although all closed cargo operations require in-tank pressures to be monitored and controlled,
the connection to a VECS means that any changes in the terminal’s system will directly influence
pressures within the lanker’s vapour spaces, Il is important to ensure that the individual

cargo tank P/V protection devices are fully operational and that loading rates do not exceed

the maximum allowable rates. Pressures within vapour collection piping systems should be
continuously monitored by sensors with high and low pressure alarm functions, connected to
audible and visual alarms.

23.7.7.4 Cargo tank overfill

The risk of overfilling a cargo tank when using a VECS is no different from that when loading
under normal closed conditions (see section 12.1.6.6).

23775 Sampling and gauging

A cargo tank should never be opened to the atmosphere for gauging or sampling while the tanker
is connected to the terminal vapour recovery system unless loading to the tank is stopped. The
tank should also be isolated from any other tank being loaded and precautions taken to reduce any
pressure within the cargo tank vapour space.

On non-inerted tankers, the precautions against static hazards should also be followed (see
section 12.8).
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23.77.6  Fire/explosion/detonation

Connecting the tanker and terminal vapour streams, which may be within the flammable range,
introduces significant hazards that are not normally present when loading. Unless adequate
protective devices are installed and operational procedures are followed, a fire or explosion in the
vapour space of a tanker’s cargo tank could transfer rapidly to the terminal and vice versa.

A detonation arrester should be fitted in close proximity to the terminal vapour connection at
the jetty head to provide primary protection against a flame spreading from tanker o terminal or
terminal to tanker,

The design of the terminal vapour collection and treatment system will determine whether
flammable vapours can be safely handled. If they cannot, the system will be able to either inert,
enrich or dilute the vapour stream and continuously monitor its compasition.

23.7.7.7 Liguid condensate in the vapour line

The vapour line should be fitted with a system to effectively drain and collect any liquid
condensate that accumulates in the lines. Any build-up of liquid in the vapour line could impede
vapours, which would increase in-line pressures and generate significant electrostatic charges on
the surface of the liquid. Drains should be installed at the low points in the vapour piping system
and they should be routinely checked to ensure that no liquid is present.

23.7.7.8 Electrostatic discharge

The precautions for initial loading rales in section 12.1.7.3 and for measuring and sarnpling
procedures in section 12.8 should be followed. To prevent the build-up of electrostatic charges
within the vapour collection syster, all pipework should be electrically bonded to the hull and

be glectrically continuous. The condition of the bonding arrangements should be inspected
regularly. The terminal vapour connections should be electrically insulated from the tanker vapour
connection by an insulating flange or a single section of insulating hose.

23779 Training

The tanker and terminal personnel involved in the VECS operation should be instructed on the
aspects of the system that affect safety at the tanker/terminal interface.

23.7710 Communications

Using a VECS highlights the need for cooperation and communication between the lanker and
the terminal. Pre-transfer discussions should provide the tanker and the terminal with a good
understanding of each other's operating parameters. Details such as maximum transfer rates,
maximum allowable pressure drops in the vapour collection system and alarm and shutdown
procedures should be agreed before operations start {see sections 21.4 and 25.4.3)

Firefighting while the ship is alongside a terminal

When a tanker is alongside a berth, firefighting equipment on the tanker and terminal is to be
ready for immediate use.

On board the ship, this is normally achieved by having fire hoses with jet/spray nozzles connected
and run out forward and aft of, and adjacent to, the manifold that is in use. In addition, where

fire monitors/cannons are fitted for water and/or foam, those immediately forward and aft of the
manifold should also be left positioned so as to point towards the manifold area. Having a portable
dry chemical powder extinguisher available near the manifold provides additional protection
against flash fires.
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On the jetty, firefighting equipment should also be ready for immediate use in accordance with
guidance in section 19.4.

Firefighting while in proximity to other ships

Tankers at adjacent berths

Flammable concentrations of petroleum gas may be encountered if another tanker at an adjacent
berth is handling cargo or ballast, purging, tank cleaning or gas freeing. In this case, follow the
precautions described in section 231

General cargo ships at adjacent berths

General cargo ships are unlikety to comply as fully as tankers with the safety requirements for
possible sources of ignition, e.g. smoking, naked lights, cooking and electrical equipment.

When a general cargo ship is al a berth near a tanker that is loading or discharging volatile
petroleurn, loading non-volatile petroleum into tanks containing hydrocarbon vapour, ballasting
tanks containing hydrocarbon vapour, or purging or gas freeing after discharging volatile
petroleurn, the terminal should evaluate all safety hazards and take precautions additional to those
i this chapter, such as those for Simultanecus Operations (SIMOPS).

Such precautions should include a safety briefing with the responsible representatives on the
general cargo ship, clearly defining the hazards of the cargoes handled by the tanker and the
precautions to be taken on the cargo ship. This is particularly relevant where the ship may have
passengers who are less familiar with general ship safety and may be moving around the general
cargo berth areas.

Tanker operations at general cargo berths

When tanker operations are conducted at general cargo berths, it is unlikely that persannel on
the berths will be familiar with the safety requirements for possible sources aof ignition or that
cranes or ather equiprent will comply with the design and installation parameters for electrical
equipment in hazardous areas.

As in section 23.9.2, the terminal should take precautions additional to those set out in this
chapter. These precautions should include:

s Enhanced security arrangements,

s Restricted wvehicle access.

» Removable barriers to control personnel access to the berth.

» Additional firefighting equiprent and control of sources of ignition,

» Restrictions on the movement of goods and equipment.

= Lifting of loads by cranes and the coordination of activities.

Tugs and other craft alongside

The numnber of eraft that come alongside under specified conditions, and the duration of their stay,
should be agreed between the tanker and the terminal.

If craft are allowed alongside while the tanker is at the terminal, the number of craft and the
amount of time alongside the tanker should be kept to a minimum.
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Subject to any port authority regulations, only authorised craft with the permission of the
Responsible Officer and, where applicable, the Terminal Representative, should be permitied fo
come alongside or remain alongside a tanker while it is handling volatile petroleum or is ballasting
tanks containing hydrocarbon vapour. The tanker's Responsible Officer should instruct personnel
manning the craft that they should observe the regulations on smoking, naked lights and cooking
appliances. If there any breaches of the regulations, aperations should stop immediately.

Terminals should instruct the operators of authorised craft on the use of engines and other
equipment in order to avoid sources of ignition when alongside a tanker or a jetty. Where
necessary, this will include providing spark arresters for engine exhausts and instructions on
proper fendering. Terminals should also ask the craft to post suitable notices informing personnel
of the safety precautions to be observed.

if any unauthorised craft come alongside or secure in a position that may endanger the operations,
they should be reported to the port autherity and the operations should stop.

Before allowing stores and provisions to be supplied to a tanker alongside a terminal during
cargo transfer operations, a risk assessment should be completed for SIMOPS (see chapter 4).
Additionally, only the craft stores crane (where fitted) should handle stores. The midships cargo
handling crane should not be used while cargo operations are underway because of the risk of a
suspended load falling onto the pressurised manifold pipelines.

Notices

Motices on the tanker

On arriving at a terminal, a tanker should display notices at the gangway in appropriate
languages stating;

WARNING

Mo Maked Lights
No Smoking

No Unauthorised Persons
Mo Use of Mobile Phones without Master's Permission

Figure 23.2: Notices on the tanker

Alternative wording containing the same warnings may be used.
Terminal personnel should observe the requirements of these notices when on the tanker.

Photo luminescent notices stating, 'Emergency Escape Route’, should be displayed at appropriate
locations, together with directional signs.

MNotices on the terminal

Permanent notices and signs indicating that smoking and naked lights are prohibited should be
displayed clearly on the jetty in appropriate languages. Similar permanent notices and signs
should be displayed at the entrance to the terminal area or the shore approaches to the jetty.

In buildings and other shore locations where smoking is allowed, notices to this effect should be
clearly displayed.

Emergency escape routes from the tanker berth to safe areas ashore should be clearly indicated.
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Manning requirements

The level of manning should ensure that all operations related to the tanker/terminal interface are
carried out safely. It should also ensure that emergency situations and security can be managed
at all times during the tanker's stay at a terminal.

Details of manning levels on the tanker and the terminal should be discussed during the
pre-transfer conference to ensure all parties involved in the tanker/terminal interface are
fully aware of the availability of staff to handle cperational and emergency situations. This is
particularly relevant if a berth is not continually manned.

Control of vehicles and other equipment

The use of vehicles and equipment should be controlled, particularly in hazardous zones. Routes
to and from work places and parking areas should be clearly indicated. Where necessary, barriers
or fencing should be provided to provent unauthorised access.

Only authorised vehicles should be allowed to enter hazardous zones next ta the tanker or berth.

Helicopter operations

Helicopters are not permitted over the tank deck unless all other operations have been suspended
and all cargo tank openings are closed. Helicopters should only be operated in line with ICS’ Guide

to Helicopter/ Ship Operations.
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CHAPTER 24
Bunkering Operations

241 General

24.2 Burkering residual fuel il or distillates

24.3 Liquefied Natural Gas fuelled ships and Liquefied Natural Gas bunkering
24.4 Ancillary substances

24.5 Alternative fuels

24.6 Bunker checklists

24.7 Liquefied Natural Gas bunkering safety checklists

Spills and leaks during conventional bunkering of residual fuel oil, such as Heavy Fuel Qil (HFO),
or distillates such as Marine Diesel Oil (MDO), are a primary source of oil pollution from ships.

Environmental regulations for the sulphur content of conventional fuels and restrictions on air
emissions quantity and quality means that fuels face growing control.

Increasing concern over the impact of the maritime transport industry on the environment has
seen the industry moving towards alternative fuels, including hydrogen, methanol and LNG, as a
prime source of energy for propulsion and electricity generation.

This chapter provides guidance on planning and carrying out conventional bunkering and the
bunkering of alternative fuels and ancillary substances. It includes examples of bunker safety
checklists. It aims to ensure that conventional and alternative fuelled ships are re-fuelled in line
with the highest levels of safety, environmental protection, integrity and reliability.

This chapter provides recommendations and guidance to personnel involved in bunker operations.
The recommendations apply to any bunker transfer including from a bunker vessel, tanker,
terminal or truck.

241 General

Bunkering is a critical operation and requires care to ensure safety and to reduce the risk
of pollution.

Bunkering operations should be planned and carried out in line with legislation, standards and
best practice guidelines to minimise the risk from the flammability, toxicity, cryogenic nature,
volatility or pressure of the fuels being handled.
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Vessel operators should manage the risks by ensuring thal the crew is familiar with the
management procedures for bunker operations and that they have all completed the
appropriate training.

The crew designated to bunkering on board should have no other tasks during the operation. This
is particularly important when bunkers are being loaded at the same time as cargo. Spills often
occur when staff are distracted by other jobs.

Preparation by the bunker supplier, including the bunker vessel operator

Bunker suppliers and bunker receivers should document their bunkering procedures in their
management system and for bunker vessel operators, this should be included in their SM5.

These procedures should ensure that the risks have been assessed and that measures are in
place to control them. The procedures should also cover every anticipated form of bunker delivery
that is likely to be made, the type of fuel involved and its hazardous properties and the emergency
steps for unforeseen events, including spills. This will include bunker deliveries that may be
carried out:

« Ship to Ship (STS) between a receiving ship and a bunker vessel, including alongside a berth,
while at anchor, offshare, ete.

= By road tanker, whether direct to the receiving ship or through a terminal piping system.

= From a shore tank and fixed piping delivery system.

= For LNG fuel, options also exist for:

Multiple road tankers, which can be used to simultaneously deliver LNG bunker fuel from a
series of road tanks to the receiving ship via a shore delivery systern.

- Increasingly, emerging technology now provides options for LNG fuel to be delivered in
containerised Type C tanks (supported within 20 or 40 foot container frames) that are
craned on board via either the shore/terminal or from a barge.

When developing procedures, the bunker supplying company should:

« |dentify all documents, information analysis, procedures, licences and accreditations required
by the authoritics,

= All bunkering procedures should be developed based on a bunkering activity risk assessment.

= Develop an emergency and spill response plan based on a risk assessment.

« Consider applicable chapters in this guide, e.g. hose handiing.

= |ssue bunkering safety instructions.

= Develop bunkering plans and procedures that cover the specific instructions for the receiving
ship and bunker supply facility.

s Check that the receiving ship and the bunker supply facility are compatible,
» Check that bunkering eguipment is in good condition and appropriate for the service intended.

« Ensure all bunkering personnel are adequately certified and trained.

Bunkering safety management

A bunkering operations risk assessment should be carried out to ensure that the risk to people,
the environment and assets have been eliminated or reduced to a level that is ALARP. Establish
the required safety control zones around the bunkering operations.

See chapter 4 with regard to safety management.

Operational checks should be carried out to confirm items identified in the pre-bunkering toolbox
talk that could have an impact on the safety of the bunkering operation have been actioned,

e.g. hot work restrictions in place. These should be in addition to the following specific bunker
operational checks that should be carried out before beginning operations.
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2413  Bunker procedures

Before the operation starts, hald a pre-bunker conference between competent representatives from
the ship and the bunker facility (barge, terminal or truck), Pre-bunker checks should be carried out:
» Designate the fuel tanks to be loaded.
= Confirm there is enough space for the nominated loading volume.
» Establish the maximurm loading volume for each of the designated tanks.
» Check that bunker systern valves are correctly lined up.
» Determine the rates for the start of loading, bulk loading and topping-off.
« Set out the tank atmosphere control arrangements.
= Establish the internal tank transfer arrangements.
= Verify the operation and accuracy of the gauging system.
« Confirm the alarm settings on overfill alarm units,
= Agree with the bunker supplier, before starting, to establish and record:

- The loading procedure.

- How and where to carry out quantily checks.

How and where to carry out quality checks, including installing a sampler if used.

« Eslablish safe access to and from the ship.
» Decide how to monitor the temperature of the bunkers during loading.

= Set out the commurication procedure for the operation, including the emergency stop signal
and the steps for emergency discannection and unberthing.

= Decide the personnel requirements to carry out the operation safely.

= Monitor the bunkering operation and that it conforms to the agreed procedure.
»  Verify the procedure for changing bunker tanks during loading.

» Confirm the spill response and containment arrangements.

= Define weather operating limitations.

De-bunkering

Various circumstances can create the need for de-bunkering where bunkers already on board
have to be purnped to a receiving facility. Existing bunker procedures cannot be used for
de-bunkering unless they are carefully reviewed for suitability. De-bunkering always requires a
dedicated specific risk assessment and a plan of approach. Local authorities should be informed.

24.2 Bunkering residual fuel oil or distillates

24.21 Precautions

Fuel oil, distillates and their vapours contain cormponents that are hazardous to health.
Consequently, sampling under closed conditions is recommended, (see section 1.4.6).

If bunker tank lids or sampling points need to be opened, personnel should remain upwind.

Take the following precautions:

= Wear the correct PPE as required by the ship's SMS and the product SDS (see section 4.8.1).
s Wear a personal HzS monitor (see section 1.4.6).

» Change out of any oil soaked clothing as soon as possible.

+ Keep all doors to the accommodation areas closed during bunkering and ensure the
accommodation block is kept at positive pressure.
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The principles for loading lubricating oil are the same as residual fuel oil or distillates, so the same
salely guidance should be followed.

All fuel oils (residual and distillate) must have a flashpoint above 60°C unless exempted from
International Convention for the Safety of Life of Sea (SOLAS) Chapter II-2 Regulation 4, 2.1.1, but
they are often stored at temperatures close to, or above, the flashpoint. High flashpaint fuels
sormetimes contain residual guantities of light or toxic material that slowly rise to the surface
and vaparise after loading, raising the flammability or toxicity of the vapour space. Although the
flashpaint of the fuel is above 60°C, care should be taken because the vapour can be flammable
and/for toxic.

Mever assume that the vapour spaces in bunker tanks or the emissions from them will be safe
because the flashpoint is high or the fuel is not labelled as toxic. For the same reason, ullaging,
dipping and sampling procedures should follow the recommendations in sections 2.5 and 12.8.
Additional safety guidance can be found in sections 23.4 and 23.5,

Do not smoke near fuel tanks, or other locations where there may be fuel vapours, For mare on
the flammability hazards of residual fuel ails, see section 1.6,

All marine fuels are pollutants and can damage the environment. They are toxic to marine life and

the heavier grades are very difficult to clean up after a spill;

= Use the aporopriate bunker checklists.

s Know the procedures for preventing and responding to spills.

» Ensure oil spill equipment is ready and available on both the delivering vessel and
receiving ship,

» Ensure proper lines of cornmunication.

= Plug all scuppers and drains on the bunker barge and the receiving ship.

« Periodically drain off any accumulation of ol free water.

= Report spills to the autharities.

In addition to the guidance and checks of section 24.1 for general bunkering operations, the

following checks should also be made before the bunkering operation begins:

» Special precautions when loading into double bottom tanks.

= Arrangements for bunker tank ventilation or tank atmosphere control.

= Steps to warn or protect personnel working near tank ventilation outlets.

« Methods for managing bunkers that may contain Ha5.

« Testing procedures for hydrocarbon or H2S vapours.

» Spill containment arrangements and clean-up equipment that is available and ready,
in line with the Ship Oil Pollution Emergency Plan and Shipboard Marine Pollution Prevention
Emergency Plan (SOPEP/SMPEPY.

During bunkering;

= Keep all bunker fuel away from naked flames, sparks or other sources of ignition.
» Keep all bunker fuel away from heated surfaces.
= [o not smoke on deck.

» Supervise bunker operations properly and continuausty.

erface

» Check the bunker rate at the intervals agreed by the Responsible Officers for supplier
and receiver.

= Ensure that when changing over from one tank to another, excessive back pressure is not put
on the hose or bunker lines.

= Decrease the bunker rate when topping-off tanks to avoid spillage.
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+ Before disconnecting hoses, all hoses and lines should be drained to the tank or, if applicable,
back to the bunker facility {barge or terminal) before hose disconnection,

«  Blowing lines with air into a receiving ship’s bunker tanks introduces a number of safety risks
and is not recommended.

«  All unused bunker manifolds and hoses connected to the bunker system should be blanked
before transfer.

Liquefied Natural Gas fuelled ships and Liquefied Natural
Gas bunkering

The cryogenic nature and volatility of LNG means that its properties, characteristics and behaviour
are very different to conventional marine fuels. This means additional precautions are needed, as
described below.

The IMO requires new or existing ships over 500 tonnes, that are converted to use or transport
LMG and are engaged in international service, to have been approved by their Flag State or
competent authority as meeting the lnternational Code of the Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk (IGC Code) or the Infernational Code of Safety for Ships Using
Gases or Other Low-flashpoint Fuels (IGF Cade).

Bunkering facilities and receiving ships should conform to applicable standards.

Mobile facilities, e.g. tank trucks, rail cars and portable tanks, including their tanks, piping, hoses,
pumnps and valves, should be built to conform to 150 or other recognised standards for handling
cryogenic liguids.

The bunkering facility should camply with local codes. If local codes do not address LNG
bunkering facilities, the facility operator should obtain a document issued by a competent
arganisation confirming the facility conforms to the applicable sections of industry standards.

Liquefied Natural Gas bunkering processes and procedures

Figure 24.1 shows the sequence for an LNG bunkering operation carried out between two parties
for the first time.,
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+ Safety and rizk assessment phase

= Hazard ldenfification Studies (HAZIDY and Hazard and Operability
Studies (HAZOP), Guantitalive Risk Assessments (QRAJ, safety
and security zone

LNG Bunkering Management Plan

« Safety and risk assessment conclusions underiaken
» Administrative authorisation and contraciual 2greement

Compatibility Assessmenl

+ Safety and risk assessment applied
« Salection of equipment, training, checklist

Pre-Bunkering Phase

+ Preparation for safe bunkering

Connection

s |nerting, coupling and lesting

Bunkering Phase

+ Monitoring and management of the LNG transfer

Disconnection

* Draining, purging, disconnection and safe storage of the
LMG transfer system

Fost-Bunkering Phase

& End ol the bunkering operation
» Documentalioh

Refurence: SGMP Gas as o Marine Fuel Safely Guideiines: Bunkering Varsion 207

Figure 24.1: Typical LNG bunkering operation sequence

24.3.2 Transfer equipment requirements for Liquefied Natural Gas bunkering

Different types of equipment are used to perform LNG bunker transfers: rigid arms, hybrid
systems (rigid structure handling flexible lines) and flexible hoses.

All LNG transfer systerns should be equipped with an Emergency Release System (ERS) and ESD
systern connecled via a bunkering safety link. The primary function of the bunkering safely link is
to connect the supplier's and receiver's ESD systems, ensuring thal in an emergency, either one
can initiate a shut down of liquid and vapour transfer in a safe, coordinated and controlled manner.

All transfer equipment shall be adequately supported during transfer operations to perform safely
under the aperating parameters and designed for LNG use.
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Chapter 24 Bunkering Operations

The bunkering connections must be of dry-disconnect type.

As recommended by the Society for Gas as a Marine Fuel (SGMF), each transfer arm ar hose of
the transfer system between the receiving ship manifold and the bunker pipeline should have a
single insulation (isolation) flange. The installation should not allow sharting eut of this insulation.
When bunkering from a mobile facility, the vehicle shall be grounded lo an earthing point at the
quay to prevent static build-up. The earthing point should conform to local electrical codes, Ship
to shore bonding cables/straps should not be used.

If national or local regulations require a bonding cable/strap to be used, the circuit continuity
should be made via a certified safe switch (such as one housed inside an inherently safe
enclosure) and the connection on the ship should be located away from the hazardous area. The
switch should always be open when connecting or disconnecting the banding strap.

24.3.21 Liguefied Natural Gas bunkering risk assessments

An LNG bunkering operation risk assessment should be carried out. Factors to be considered
in the assessment should be in accordance with the Guidelines for systems and installations for
supply of LNG as fuel to ships ISO/TS 18683). The risk assessment should be conducted by or
an behalf of the organisation providing the LMNG, or the national or local authorities that have
jurisdiction over the safety and security where the bunkering operation takes place.

24.3.2.2 Control zones

A critical difference between LNG and ather maritime fuels is that, during a spill, a gas cloud could
form, extending the hazard to some distance from the LNG installation. Although this is unlikely

to happen, controlling the hazard requires an understanding of the extent of the zone that might
be affected.

The decision to establish designated LNG bunkering areas belongs to the port or maritime
authorities. However, any proposed bunkering location needs to be checked as suitable for
LNG operations.

This decision should be made after a risk assessment, While the ship receiving the LNG is
nat required to assess the bunkering site, the Master or their representative should check that
the conditions at the proposed site are within the limits set out in their bunkering cperations
procedures and that operations can be conducted safely.

In most cases, personnel invalved in bunkering cperations will not have the legal authority to
require other vessels or personnel ta remain outside any of the safety zones, monitoring or
securily areas that are necessary according to the risk assessment. As a result, personnel
involved in the transfer should devise procedures to minimise the risks when a safety zone,
monitoring or security area in their provisions is breached. If local authorities set up safety
ar security zones for the bunkering operation, communication should be established so that
enforcement personnel can be notified if any restrictions are violated.

Five control zones are defined:

1. Hazardous zone A flarnmable atmosphere may be present at any time.

2. Safety zone Extending beyond the hazardous zone, special precautions
are required because of the hazards of natural gas/LNG
during bunkering.

3. Marine exclusion zone Passing marine traffic may affect the safety of the
bunkering operation,

4, Monitoring and security area Activities, e.g. shoreside traffic, should be monitored to
ensure they do nat encroach on the safely zone.

5. External zone Where the risks to individuals, particularly the general public,
are controlled by local regulations.
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24.3.2.3 Liguefied Natural Gas bunkering Simultaneous Operations

SIMOPS during regular operations on board tankers, e.g. repairs, taking in stores or bunkering
during loading or unloading, are described in chapter 4.

LNG bunkering SIMOPS require specific guidance. If not covered by the risk assessment,
operations on the receiving ship could have an impact on the safety level of the LNG bunker facility
and transfer system. A spill of LNG and the dispersion of the gas cloud can have an effect on
safety on board the receiving ship.

When it is proposed to carry out LNG bunkering operations at the same time as other operations,
a further risk assessment should be carried out to demonstrate that the required level of safety
can be maintained. Permission is required from the relevant authority before any SIMOPS are
carried out.

24.3.2.4 Boil-Off Gas and pressure control

Boil-0ff Gas (BOG) is produced by LNG fuel systerms when the storage tanks absorb heat fram
the environment, Additional BOG may be produced during bunkering operations due to flashing,
gtc. If this BOG is not managed, it may result in an increase of temperature and pressure in the
storage tank. Eventually the pressure relief valves may operate, allowing a release of LNG to
the environment.

Vapour control during bunkering operations is critical and can be handled in several different

ways, including:

= Vapour Return Line (VRL) allowing the vapour displaced from the receiving tank to be refurned
to the supplier's tank.

+ Pressure accumulation in suitably constructed tanks.

» BOG and LNG conditioning provisions, such as sub-cooler,

+ Burning of BOG in an approved consumer, such as a Gas Combustion Unit (GCU) or Dual Fuel
Diesel Engine (DFDE).

»  Cooling via top spraying/filling in the storage tanks,

Personnel responsible for LNG bunkering operations should be fully familiar with the means fitted
ta their ship or facility to control BOG and the associated procedures.

The IGF Code states that venting of fuel vapour for the control of the tank pressure is not
acceptable except in emergency situations and that LNG fuelled ships must be filled with means
of maintaining tank pressure below the set pressure of the relief valves, with the ship in idle
condition, for 15 days.

Additional information for Liquefied Natural Gas as a fuel and Liquefied
Natural Gas bunkering

The SGMF provides detailed information, advice and guidance to help seafarers involved in
LMNG bunkering operations act in compliance with the appropriate regulations and industry
best practices.

Ancillary substances

From time to time, tankers may load substances other than fuel. These include:
= Lubrication oil,

= Hydraulic ail.

+ Caustic soda.

» Magnesium oxide.
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They may be loaded and stored packaged, i.e. in drums or other containers, or they may be
loaded and stored in bulk in dedicated tanks. See chapter 13 for further information on carrying
and storing hazardous materials. The bunker station for an ancillary substance should be clearly
identified with appropriate safely signage.

If an ancillary substance, e.g. lubricating oil, is to be loaded in a way that presents similar hazards
as bulk burker fuel, the requirements for conventional bunkering should apply (see sections 24.1
and 24.2).

For hazardous ancillary substances a health safety and environmental risk assessment should
identify hazards and implement risk mitigation.

Risk mitigation measures should be reflected in an ancillary substance bunkering plan, with
the reguirements of conventional bunkering (see sections 241 and 24.2) and the additional
requirements due to the hazardous properties of the substance.

Crews should be trained to handle hazardous ancillary substances, including how to deal with
medical emergencies resulting from accidental exposure, The required PPE is dictated in the 505
for the substance.

Alternative fuels

The characleristics and behaviour of alternative fuels, such as Liguefied Petroleumn Gas (LFG),
hydrogen (Hz), ammania (NHs) and methanel (CH30H), are significantly different to conventional
marine fuels and LNG. Risks should be mitigated and avoided. Throughout the alternative fuel
tunkering chain, each element should be carefully designed and constructed. Dedicated safety,
operational and maintenance procedures should be in place o be executed by trained personnel.

Most of the guidelines in section 241 apply to all possible alternative fuels. Future risk mitigation,
guidelines and regulations will be based on growing industry knowledee, standards already
existing for other applications, risk assessments, HAZ|Ds and HAZOPs and other safety
management tools as referred to in chapter 4.

See chapter 8 for guidance on the due diligence requirements for introducing alternative and
emearging technologies.

Bunker checklists

Safe bunker operations depend on good communication between the bunker vessel and the
receiving ship, from pre-arrival to post-departure, and on compliance with the agreed safe
procedures at all stages. The bunker checklists help to ensure that all the appropriate checks are
formally agreed, carried out and recorded.

General

The responsibility for the safe conduct of a bunkering operation is shared between the Master of
the receiving ship and the Master or manager of the bunker facility. The effective responsibility is
usually delegated to designated Responsible Officers on the receiving ship and the bunker facility.
Before the bunkering starts, the Responsible Officers shouid:

= Agree in writing the transfer procedures, including the maximum transfer rates and volurnes.
« Agree in writing the action to be taken in an emergency during transfer operations.

« Complete and sign the bunker checklist sections appropriate to the operations.

Detailed instructions for completing the bunker checklist are provided in section 24.6.5, where
the process that uses multiple parts {see figure 24.2) for each stage of the proposed operation
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is described, Each part contains a number of statements and all relevant statements should be
reviewed with the associated responsibility for compliance accepted, either jointly or singly. Each
statement provides a reference where guidance on the subject may be found in ISGOTT Sixth
Edition. This may be shown either as:

1. A complete chapter or technical section with multiple cross references in the sub-paragraphs
to the topical issue, e.g. smoking restrictions (410).

2. A specific sub-paragraph within a technical section, e.g. fendering (22.4.1).

This guidance is primarily written for tankers at conventional terminals and berths (except where
otherwise stated) and, therefore, may not specifically relate to all forms of bunkering operalions.
However, the guidance is referenced for 2 general understanding of issues that should be
considered, and further aid the preparations for and execution of, a safe operation. For example,
references to tanker or terminal in the guidance should be considered in the context of its
application to the receiving ship or bunker facility, as appropriate.

Some bunkering operations will involve LNG or other alternative fuels and, where this is the

case, guidance on items relaled to these operations should also be sought fram the appropriate
industry association e.g. SGMF or the Society of International Gas Tanker and Terminal Operators
(SIGTTOD.

Bunkering checklist for residual fuel oil and distillates

The bunker checklist is structured for loading bunkers fram a bunker vessel, but can be adapted
for use when taking bunkers from a jetty or loading bulk lubricating oil or gasoil from a road
tanker. These all come under the term "bunker facility” in this chapter.

The bunker checklist is an official agreement record that helps to ensure the three points in
section 24.6.1 are properly facilitated. The compatibility between firefighting or other emergency
responses should be checked {see section 911} along with the operational parameters

(chapter 12).

The bunker checklist may also be seen as a guide for addressing the critical risk management
suidelines in chapter 4 and for ensuring other operational safety factors and concerns elsewhere
in this publication are considered at the pre-transfer conference. Further guidance is in sections
214, 215 and 21.6.

The individual secticns of the bunker checklist can be used or adapted to supplement any
specialised safety checks and procedures that OCIMF, or other appropriate industry guidelines,
recommend for any product transfer between a receiving ship and bunker facility.

The principles of the bunker checklist for residual fuel oil and distillates

The burker checklist uses statements that assign responsibility, Ticking or initialling the
appropriate box, and signing the declaration, confirms the acceplance of the appropriate
obligations. Once signed it is the minimum basis for safe operations.

The assignment of responsibility and accountability does not rmean that the other party is excluded
from carrying out checks lo confirm compliance. It is intended to clearly identify the party
primarily responsible for initial and ongoing compliance checks thraughout the transfer.

The Responsible Officers completing the checklist should be the personnel wha carry out the
bunkering operation or who supervise the nominated crew mermbers daing the work. It is the
responsibility of the Master of the receiving ship and the Master or manager of the bunker facility
to ensure that only competent people act as their representatives in undertaking the checklist and
signing the declaration.

The bunker facility's Responsible Officer should personally check all elements within the
responsibility of the bunker facility. Similarly, the receiving ship’s Responsible Officer should
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personally check everything that is within the responsibility of the ship, The Responsible Officers
should assure themselves that the standards of safety on both sides of the operation are fully
acceptable. They may dao this by:

» Sighting appropriate records.

= Jaint inspections, where appropriate.

For mutual safety, before the start of operations and then from time to time, the Responsible
Officers should inspect the receiving ship to ensure that it is effectively managing its obligations
agreed in the bunker checklist. If basic safety requirements are not being met, gither party may

stop bunker operations (see sections 4.3 and 7.7) until the situation is corrected. See parts H and
| of the checklist.

The composition of the bunker checklist for residual fuel oil and distillates

The bunker checklist for residual fuel oil and distillates has five main sections, some of which
include sub-sections specifically applicable to each party:

«  Pre-arrival.

» Checks after mooring.

» Checks pre-bunkering, including pre-transfer conference.

»  Summary of repelitive checks during bunkering.

= Checks after bunkering.
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Figure 24.2: Eunkg_r-check_ifst flowchart

The parts of the checklist that apply to a specific process step should be completed before that
part of the bunkering process begins.

The receiving ship or bunker facility representatives should keep the original copy of their
relevant sub-section (parts) and any declarations, but they should give the other party a copy
whenever requested.
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Where either the receiving ship or burker facility is not prepared to accept an assigned
responsibility, 8 comment should be left in the Remarks column. it will then need to be decided
whether transfer operations can proceed.

Further, where a particular item is judged not to apply to the receiving ship or bunker facility, or to
the planned operation, a note to this effect should be written in the Remarks colurmn.

Any information added to the Remarks column should be clear - any decision about the safety of
operations should be based on facts and not assumptions or interpretations.

The safety of operations requires that all relevant statements should be reviewed by each party
as appropriate,

Statements should be answered with the Yes box checked, except in the Agreements Parts
AS1/AS2/AS3. If that is not possible, an appropriate comment should also be written in the
Remarks colurnn. If & "Yes' answer is not confirmed, it may be appropriate to delay or cancel the
{ransfer operation.

The Agreement Sheets (AS) allow free text to ensure thal agreed values and limits are written
down and that all parlies confirm they understand those values and limits. This shauld be
displayed in the control stations on the receiving ship and the bunker facility, so that all personnel
can refer to them.

The joint declaration should be agreed before starting bunkering operations. It should not
be signed until all parties have checked and accepted all appropriate checklist sections and
their assigned responsibilities and addressed any comments in the Remarks column by
formal agreement.

The repetitive checks time period for both parties begins after signing the declaration, regardless
of when actual cargo transfer started.

Instructions for completing the bunker checklist

Pre-arrival

The receiving ship should complete part A, then forward it to the bunker facility for review. The
burker facility should complete part B, then forward to the receiving ship for review.

If it is not possible for either party to transmit the completed part A or B then the representative

of the receiving ship or the bunker facility (as applicable) should send a message confirming the
time and date of completion to the relevant party before arrival. If there are any outstanding issues
not marked ‘Yes' in the status box, this should be explained in this communication for pre-arrival
review by the representatives.

Checls after mooring

The receiving ship shauld complete part C and give a copy to the bunker facility representative as
soon as possible, but no later than at the pre-transfer conference.

The bunker facility should complete part D and give a copy lo the receiving ship as soon as
possible, but no later than at the pre-transfer conference.

Checks before transfer - the pre-transfer conference

Before the operation starts, a representative of the receiving ship and bunker facility should meet
to conduct a pre-transfer conference (see section 24.1.3). The receiving ship and bunker facility
should both complete part E as pari of the pre-transfer conference, with each party retaining

a copy.

During this process, both parties should complete and agree the checklists AS1, AS2 and
AS3. These documents summarise the detailed operational factors agreed at the pre-transfer
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conference. A copy should be displayed al the control stations on the receiving ship and at the
bunker facility, so personnel can refer to them.

Pre-bunkering technical checks

On completion of the pre-transfer conference (including agreements), the representatives of both
the receiving ship and bunkering facility should undertake final technical checks immediately
before the transfer. Checklists part F (receiving ship) and part G (bunker facility) are provided
for this purpose. Before beginning the bunker transfer, each party should confirm salisfactory
completion to the other party.

Where it is not possible to satisfactorily tick a Yes box, the issue should be brought to the
immediale attention of the other party and corrected before beginning. If it is not possible to
correct the issue, a further review should be undertaken to confirm whether the transfer operation
can safely proceed and whether additional mitigations are required to be agreed. These may
require to be risk assessed and additional docurnentation provided outlining the steps taken to
ensure operational safety.

Copies of completed checklists parts F and G, along with any supporting dacumentation, should be
exchanged before signing the declaration.

The declaration

When completed, each separate part of the checklist should be checked off and initialled by
personnel from the receiving ship or bunker facility (or both if appropriate) in the relevant boxes
on the declaration form. When all parts are completed, and the times for the repetitive checks
noted, the details of the two representatives agreeing to start the operation should be added.

Summary of repetitive checks during and after transfer

The receiving ship should complete the repetitive checks in part H at 1he agreed intervals and
have the record available for review by bunker facility personnel.

The bunker facility should complete the repetitive checks noted in part | at the agreed intervals
and have the record available for review by receiving ship personnel.

The receiving ship and bunker facility should both provide a final copy of their parts H and | to the
other when operations are completed.

Post-bunkering checks before disconnecting

At the end of the operation, both parlies should complete the supplemental declaration when they
have confirmed their pre-disconnection checklists (parts J and K) are satisfactory. At that point,
they may disconnect.

The receiving ship and bunker facility should keep copies of all checklists and the declarations.

Liquefied Natural Gas bunkering safety checklists

ISO have produced LNG bunker checklists to support the IGF Code. These are contained in 150
20519:2017 Ships and marine technology — Specification for bunkering of liguefied natural gas
frelled vessels.

In addition, the International Association of Ports and Harbors (IAPH) has developed harmonised
checklists for known LNG bunkering scenarios: STS, shore to ship and truck to ship. These
checklists are available on the Ingbunkering.org website and aim to standardise procedures across
different ports/countries. ISO 20519 allows alternative checklists to be used as long as they
contain at least the same information that is lisled in its own checklists.
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Chapter 24 Bunkering Operations

The checklists develaoped by IAPH may be used in place of the standard IS0 20519 checklist if:

1. Both parties agres to use the alternative checklists.
2. The competent authorities permit their use.

3. The checklists are used from pre-operations through to the completion of the transter (no
mixing of checklists).
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ISGOTT Bunker checklist: pre-arrival

Date and time:

Fort and berth:

Receiving ship:

Bunker facility:

Part A. Checks at the planning stage for the receiving ship

Itemn | Check Status Remarks |
1| Mecessary permissions are granted (12.91, ' O ves
2122}
2 | Local requirements are observed (129, 2123, | [ ves i
2131 ! |
[ 3 All personnel are aware of operations (23.5.3, [ ves
241
4 Bunker plan is exchanged (21.2.3, 215, 21.6) [ ves
5 | Mooring and fendering arrangerment is agreed | [ yes
(2230 ! [
Part B, Checks at the planning stage for the bunker facility
ltem | Check Status | Remarks
& | Mecessary permissions are granted (21.2.2) O Yoz

T ‘ Local requirements are observed (129, 21.2.2, O Yes
213.2)

8 Al personnel are aware of operations (235.3) | [ ves

9 | Bunker plan is exchanged (215, 216,2410) | [J yes

10 | Mooring and fendering arrangernant is agreed O ves
| | (22.3.2)
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ISGOTT Bunker checklist: checks after mooring

Date and time:

Fort and berth: B

Receiving ship:

Bunker facility: -
Part C. Checks after mooring for the receiving ship |

ltern Check Status Remarks

11 | Fenders are effective (22.4.1) | O s

:_15__I_Mlaﬂring is QF}E:':;\:.EE_EI_E_'_Z_ZL.&-SJ ......._._____Ii_.;l.l:_e_ls ...........................................

Part D. Checles after mooring for the bunker facility

Item ! Checl Status Remarks
14 PFenders are effective (22.4.1) [ Ves
15 | Mooring is effective (22.2, 22.4.3) [ Ves

{18 | Access between ship and facility is safe (16.4) O Yes
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ISGOTT Bunker checklist: pre-transfer conference

Date and tirme: =
Port and berth:
Receiving ship:
Bunker facility: _
Part E. Pre-transfer conference i
l Receiving Bunlker |
ltern Check ship facility Remarks
status status
17T | Effective communications are established O Yes O ves |
[ (2111, 21.4, 241.3) | |
18 Bunker watch is established (12.1.6.4, 214, 1 ves i O ves '
231 |
W Smaoking restrictions and designated smoking [ Ves O ves 5 |
areas are established (410, 23100 |
20 | Naked light restrictions are established (410, [ ves 1 ves |
24.2.1) . |
IO . e _ e
21 | Safely data sheets are available (1.4.4, 20., O ves [ ves | i
214) |
22  Hazardous properties of the product to be Oves | Oves i
transferred identified in the safety data sheet ! i
are discussed (1.2, 1.4, 24.1.2) : :
AS51. Agreement sheet part 1
Bunkers to be transferred (21.4, 21.5, 21.6)
! \ . :
Productand | o | 10uMe et | deawin | Meewsie
grade 5 e temperature transfer rate pressure
temperature

a9z




Chapter 24 Bunkering Oparations

= =
AS2. Agreement sheet part 2
Bunlker tanks to be loaded (volume in m?®) (21.4, 21.5, 21.6)
[ ' Valume of |
Capaci Volu i
: Product and pacity of | i inne | [reccapacty | Volume iy yolume
- Tank number S tank. ok Bt aof tank ({in m"} to be Gin m®)
| o (volume in m? | (volumeinm® | loaded
bunkering |
| i
! = Sl T i
| i . I
i
i 1 —
i ol e sumgmonfs |
AS3. Agreement sheet part 3
Operational management controls
| u Receiving Bunler
Det
Hem:vet Agraent | A ship initials | facility initiats
17 Process for starting transier Initial flow rate:
Increase of flow to [ull rate:

| Quantity transferred check intervals:

18 Process for completing transfer | Slowdown of flow:

Transfer stap: : J ‘
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ISGOTT Bunker checklist: pre-bunkering

Date and time:

Port and berth:

Receiving ship:

Bunker facility:

Part F. Recelving ship: technical chechs before bunkering

ltem | Check Status Remarks

| 23 Electrical insulation is effective (12.9.5, 1T4.2, O Vo=
1745, 18,2140

24 | Bunker transfer equipment: (18} O vas

= iz in good condition

« is appropriate

s line up is checked

+ s properly rigged

+ s secured to manifolds
& s fully bolted

25 | Firefighting eguipmant is ready for use {5, 238} | [ yag

34 | Very high frequency and ultra high fregquency O Ves
transceivers are sel 1o low power mode (4116,
§13.2.23

| 26 Scuppers and savealls are plugged (23.7.4, 1 ves
2375, 24.2) !
27 . Portable drip rays are correctly positioned IO ves
and emply (23.7.5) |
i :
28 Unused bunker connections are blanked and I O ves
fully bolted (2371, 23.7.6)
| 29 High level and overfill alarm units are | P
i aperational (12.1.6.6.1, 24.1.3)
30 | Bunker operation emergency stop s [ ves
operational 118,51 i
31 | Bunker tank openings are closed (23.3) l O ves
32 | il spill clean-up material is available (20.4, i 1 ves
24.2) {
33 Medium frequency/high frequency radio I Bes |
antennae are isolated (4.11.4, 413,21 :

{Shore
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ISGOTT Bunker checklist: pre-bunkering

Date and time:

Port and berth:
Receiving ship:
Bunker facility: i
! Part G. Bunker facility: technical checks before bunkering
| Item Check Status Remarks
| 35 | Flectrical insulation is effective (1295, 1742, [ yes
17.4.5,18.2.14) ; _ - B
3 | Bunker transfer equiprient: (16 !  ves
= i5 in good condition
= is appropriate

| | = line up is checked
I » s properly rigged

¢ iz secured to manifolds |
« s Tully bolted ‘

37 ‘ Firefighting equipment is ready for use (5,194, | [ yes

238) _
i 38 | Scuppers and savealls are plugged (23.7.4) O ves
| 39 | Portable drip trays are correctly positioned [ ves
and empty (23.7.3)
40 | Unused bunker connections are blanked and | O ves
I | fully bolted (23.7.], 23.7.6)
i 41 | High level and overfill alarm units are 1 ves

operational (12.1.6.61, 241.3)

42 | Bunker operalion emergency stop is 1 ves
operational (18.5)

44 Oil spill clean-up material is available (20.4, | 01 ves
24.2} ........................ e
45 | Medium frequency/high frequency radio O ves

antennae are isolated (4114, 413.2.1)

| 46 | Vary high frequency and ultra high frequency ' 0O vas
, | transcejvers are in low power mode (4.11.6, _
41320 i
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ISGOTT Bunker checklist: repetitive checks

Date and time:

Port and berth:

Receiving ship:
Bunker facility:
Part H. Receiving ship: repetitive checks during bunkering
|
“ET Check Time Time Time Time Time Time Remarks
re : :

| Interval timet.. .o e eernrees AFGS

1 Fenderingis effective | [Tves | [Jves | [Ves [lves | Clves | [Ves |

12 Moaring arrangemenit O ves | O ves L Yes ¢ Oves | Oves | U ves
iz effective i | ;

and bunker facility '
is safe

: - e . :
13 | Access betweenship  [ves | Ol ves [ ves ‘ Oves i Olves | Oves

17 Communications are Oves  wes | O ves ' Oves | Oyes | O ves

[ effective

19 | Smoking restrictions | [Qves | Oves O ves | O ves
and designated
smoking areas are

| complied with

Oves | [ ves

20 | Naked light restrictions | [ yas = [ Yes
are cornplied with

26 | Scuppers and savealls | [ yes ‘ O es [ ves COves | Oves E [ ves

O ¥es [ Yes -D‘f'es DVEEE

|
| are plugged | |
AS3 | Bunker tank contents Oves | Oes | Oves | Oves  Oves | [ ves
are maonitored
| | {
| Initials ; | |

cerf Terminal) Interface
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Chapter 24 Bunkering Cperations

ISGOTT Bunker checklist: repetitive checks

Date and time:

Port and berth:

Receiving ship:
Bunker facility:
| Part I. Bunker facility: repetitive checks during bunkering
| ":;" Check Time l Time | Time | Time | Time | Time Observation |
T |
| Interval times. . TS i _
14 | Fendering is effective Oves | [ ves I Oves | Oves | O es | O es
15 Mooring arangement | [Jves | Cves | COves  Clves | Dlves | Dlves
iz effective i ! . :
16 | Access between ship | Oves | Oes | Oves | Dves | [ ves ' O Yes
and bunker facilily is | ' ' |
safe
R [ e 1L AT : ; i =
{ oiF Communications are O ves | LI ves Oves | Oves | [ ves O ves |
effective : .
| 19 Smoking restrictions [ ves l Oves | Olves  DlYes | Dves | O ves
i and designated 3 i i | i
| smoking areas are ! :
| complied with _ i o
20 | Naked light restrictions | [ ves | [1ves | ClVes | Ol ves | Ol ves | [l ves
are complied with i ]
| 38 | Scuppers and savealls [ ves | Oves DOves | Oves | Oves L[ ves
i ara plugged i E
{ AS3  Tank confents are Oves | Oves | Oves  Oves Dlves | Oves
i rmonitored i |
| !
i Initials |
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ISGOTT Bunker checklist: post-bunkering

Date and time:

Port and berth:

Receiving ship:

Bunker facility: _

Part J. Receiving ship: checks before disconnecting

[tem Check Status Remarks
47 | Bunker hoses, fixed pipelines and manifolds [ ves
are drained {12114, 18.4, 24.2)

48 Remote and manually controlled valves are [ ves
| closed (121,607, 12134.3, 23.7.0)

Part I. Bunkering facility: checks before dizsconnecting

Itern Check Status | Remarks

49 | Bunker hoses, fixed pipelines and manifolds O ves
| are drained (12174, 18.4, 24.2) '

50 | Remole and manually confrolled valves are O Yes |
closed (121,617, 121043, 23.7.6) '
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Chapter 24 Bunkering Operations

Declaration

We the undersigned have checked the iterns in the applicable parts A to G as marked and signed below:

Receiving ship Bunker facility
Parl A. Checks at the planning stage for the receiving ship O O

Part B. Checks at the planning stage for the bunker facility
Part C. Checks after mooring for the receiving ship

Part D. Checks after mooring for the bunker facility

Part E. Pre-transfer conference

Part F. Receiving ship: technical checks before bunkering

[ ) o
B 00O 0O 0 0O

Part G. Bunker facility: technical checks before bunkering

In accordance with the guidance noted in chapter 24 of ISGOTT, we are satisfied that the entries we have
made are correct to the best of our knowledge and that the receiving ship and bunker facility are in agreement
to undertake the transfer operation.

We have also agreed to carry out the repetitive checks noted in parts H and | of the ISGOTT bunker
checklist, which should occur at intervals of not more than ____ hours for the receiving ship and not more
than hours for the bunker facility.

If, to our knowledge, the status of any item changes, we will immediately inform the other party.

l Receiving ship Bunker facility |

i . = e s = |

CRank | i :; Positian ' ' |

Tgiéﬁéture ........................... Is.ngaE; ...................................

Et_e ....... e e Date—_ e P ‘
Tie - hﬁe |
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ISGOTT Sixth Edition

To be completed after any transfer operation:

Receiving ship Bunker facility

Fart J. Receiving ship: checks hefore disconnecting ] O
Part K. Bunkering facility: checks before disconnecting O |
i=d i
Receiving ship Bunker facility
MName Marne
Rank | Position
' Signalure : Sigr;élure
= U] i
Tirme: Time

i
i
=
[
I

=

(Tanker/T
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CHAPTER 25

251 General

25.2 Composition of the Ship/Shore Safety Checklist

25.3 Example safety letter

25.4 Instructions for completing the Ship/Shore Safety Checkdist

Safe transfer operations depend on good communication between the terminal and tanker, from
pre-arrival to post-departure, and on complying with agreed safe procedures at all stages. The
SSSCL described in this chapter is a means to ensure that all the appropriate checks are formally
agreed, carried out and recorded.

251 General

The responsibility for the safe conduct of operations while a tanker is at a terminal is shared
between the tanker's Master and the Terminal Reprezentative. Before cargo or hallast
operations start, the Master (or their representative) and the Terminal Representative should
communicate and:

= Agree in writing the transfer procedures and sequences of products, including the maximum
loading or unloading rates and initial and topping-off rates (see part 6 of the S55CL).

«  Agree in writing the action to be taken in an emergency while the tanker is at the terminal,
«  Complete and sign the 555CL sections appropriate to the operations.

The communication process (see chapter 21) should start before the ship arrives at the terminal,
so that any potential mismatches can be addressed before a problem can occur.

Once at the terminal, matters should be discussed face to face in what is known as the
pre-transfer conference. This should be a clear flow of information on all aspects of the propased
operations and should lead to an agreement between both parties. It should not consist of

just handing a set of rules over and assuming the other party fully understands. The S55CL
should be seen as the official conference record, helping to facilitate the three points above. The
compatibility between the security plans of the tanker and terminal (see chapter &) should also
be discussed and confirmed, along with the joint approaches to firefighting or other emergency
responses (see chapters 9 and 20) and the operational parameters (chapters 12 and 23).

The SSSCL may also be seen as an aide-rmermoire for addressing the critical risk management
guidelines (chapter 4) and for ensuring other operational safety factors and concerns elsewhere
in this publication are covered in the pre-transfer conference. Further guidance is in sections 21.4,
215 and 21.6,
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Some specialised operations, e.g. 5TS transfer and transfors at offshore terminals, require
procedures to be followed that use a safely checklist specific to the appropriate industry guidance
and the operations involved. The SSSCL can be used or adapted to supplement these ather
checklists, where appropriate, o ensure consistency of best practice in comman operational
safoty checks.

For mare complex transfers, specific arrangements encompassing each tanker involved and the
terminal may be needed, wilh clear agreement on how to use the sections of the S55CL relevant
to each parly’s operational safety checks.

Terminals should issue an explanatory letter to the Masters of visiting tankers about the shared
responsibility for safe operations. An examnple of suitable text is in seclion 253,

The SSSCL is mainly for cargo handling, but it can also be used when a tanker arrives at a berth
for tank cleaning ar other cargo related operations. A separate checklist for bunker fuel Iransfers
is in chaptor 24.

Instructions for completing the SSSCL are in section 25.4.

The Master, tanker personnel, Terminal Representative and shore personnel should all follow
ISGOTT guidelines and recormmendations throughout the ship’s stay at the terminal. Each should
cooperate with the other in the mutual interest of safe operations. All partics should agree
appropriate actions and record thern on the 555CL.

Respansibility for the statements in the checklist are noted within the document and associated
guidance. Cither party accepts responsibility by ticking or initialling the appropriate box and
finally signing the declarations in the checklist. Once signed, the checklist is the agreed basis for
safoc pperations.

Depending on the phase of the operation, some checklist staterments are directly addressed to
the tanker, and some are directly addressed to the terminal. Some ather statements require the
agreement of both parties.

The assignment of responsibility does not mean that the other party is excluded from carrying oul
checks to confirm compliance. It is intended to clearly identify the party primarily responsible for
initial and ongoing compliance checks throughout the ship’s stay al the terminal.

The Master is responsible for ensuring that the tanker meets all its responsibilities. Similarly, the
Termninal Representative should personally check everything within the terminal's responsibility. In
fulfilling these responsibilities they should assure themselves that the standards of safety on both
sides of the operation are fully accoptable. They can do this by:

+ Confirming that competent people have satisfactorily completed the checklist. If there are any
concerns, senior personnel may need to complete the checklist.

« Arcessing relevant records.

= Joint inspection, where appropriatc.

For mutual safcty, before the start of operations, and then from time to time, a Terminal

Representative and a Responsible Officer should inspect the ship to ensure that it is effectively

managing its obligations agreed in the checklist (see parts 8 and 9 of the S55(L). Similar checks

should be carried out &t the terminal. If basic safety requirements are not being met, either party
may stap cargo and ballast operations (see sections 4.3 and 7.7) until the situation is corrected.
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Chapter 25 The Ship/Share Safety Checklist

Composition of the Ship/Shore Safety Checklist

The chocklist has four main seclions:

= Pre-arrival.

= Checks after moaring.

» Checks pre-transfer (including agreementsh

= Summary of repetitive checks during and after transfer, until the tanker departs.

These are divided into multiple sub-sections, cach one for different parts of the proposed
operation, for cither the tanker or terminal or both, and for differing tanker types; oil tanker (figurc
25.1), chemical lanker (figure 25.2) and gas tanker {figure 25.3).

Each party should keep the original copy of their relevant sub-sections and any declarations, but
should give tho other party a copy.

Al relevant staternents should be reviewed and the associated responsibility for compliance
accepted, either jointly or singly. Each stalement provides a primary reference where additional
guidance on the subject may be found in ISGOTT Sixth Edition. This may be shown pither as:

1. A complete chapter or lechnical section with multiple cross references to the topical issue, e.g.
gas measurement (2.4).

2. A specific sub-paragraph within a technical section, e.g. fendering (22.41).

Somc staternents in part 5B {bulk liquid chemical} and part 5C (liquefied gas) have no linked
guidance to [SGOTT Sixth Edition. Guidance on these technical topics should be sought from the
relevant Chemical or Liquefied Gas Safety Guides produced by ICS or SIGTTO.

Where cither party is not prepared to accept an assigned responsibility, a comment should be left
in the Remarks column. 1t will then need to be decided whether transfer operations can procesd.
Any information added to the Remarks column should be clear — any decision about the safety of
operations should be based on facls and not assumptions or interpretations.

Where a particular item is judged not to apply to the tanker, the terminal or ta the planned
operation, & note to this effect should be written in the Rernarks column.

Statements should be answered with the Yes box checked for those in the parl 6 (Agreements)
table. If that is not possible, an appropriate comment should be written in the Remarks column. if
a "Yes' answer is not confirmed, it may be appropriate to delay or cancel the transfer operation.

The part & (Agreements) table allows free text to ensure thal agreed values and limits are
written down and that all parties confirm they understand those values and limits. This should be
displayed in the contral stations on the tanker and terminal so that all personnel can refer to it

The joint declaration should be agreed before starting transfer operations, but neither party should
sign until both have checked and accepted all their appropriate checklist parts.

The repetitive checks time period for both parties begins after signing the Declaration, regardless
af when actual cargo transfer started.
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Figure 25.1: Ol tanker flowchart

ISGOI T Sixth Edition
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Chapter 25 The Ship/Shore Safely Checklist

Figure 25.2: Chemical tanker flowchart
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Figure 25.3: Gas tanker flowchart
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25.3

Chapter 25 The Ship/Shore Safety Checklist

Example safety letter

Company

Terminal

Date
The Master S5/MV =
Port ~

Dear Captain,

Accountability for the safe conduct of operations while your tanker is at this terminal rests jaintly
with you, as Master of the tanker, and with the Terminal Represenlative. Before operations start,
your full cooperation and understanding is required lo ensure the safety requirements set out in
the ship/share safety checklist are followed. These requirements are based on safe practices thal
are widely accepted by the oil terminal and tanker industries.

We cxpect you, and all under your command, to adhere sirictly to these requirements throughout
your tanker's stay alongside this terminal. We will ensure that our personnel do likewise and will
cooperate fully with you in the mutual interest of safe operations.

Before the start of operations, and then from time to time, for our mutual safety, a member of
the terminal staff, together with a Responsible Officer where appropriate, will make a routine
inspection of your tanker.

Where corrective action is needed we will not agree to operations starting. If they have started,
we may require them to be stopped immediately. Sirnilarly, if you consider that safety is being
endangered by any action on the part of our terminal staff or by any equipment under our cantrol,
you should request operations to be stopped immediately.

There can be no compromise with safety.

Please acknowledge receipt of this letter by countersigning and relurning the attached copy.

Signed =
Termninal Representative

Terminal Representative on duty is:

Position or Title: S

Contact Details: )

Signed s

SHMY

Date/Time )
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25.4.3

25.4.4

[SGOTT Sixth Fdition

Instructions for completing the Ship/Shore Safety
Checklist

Before completing the $55CL, tanker and terminal representatives should read and understand
the following instructions to ensure satisfactory completion.

An cffective application of the SSSCL will provide a basis for safe operations while the tanker is at
the terminal, It is important that each applicable part is completed as required to ensure this.

Pre-arrival

The tanker should complete part 1A (and 1B if using an 1G system) and then forward a copy to the
terminal for review befare arrival. The terminal should complete part 2 and then similarly forward
a copy to the tanker for review before arrival,

On complction of the pre-arrival parts, if it is not possible to send a copy of the completed part
la the tanker and/or terminal, then a messagze should be sent confirming the time and date of
completion to the relevant parly before arrival, |f there are any outstanding issues not marked
Yes' in the status box, this should be explained in this communication.

Checks after mooring

The tanker should complete part 3 and give a copy to the Terminal Representative as soon as
possible, but no later than at the pre-transfer conference.

The torminal should complete part 4 and give a copy to the lanker as soon as possible, but no later
than at the: pre-transfer conference.

Checks before transfer — the pre-transfer conference

Tanker and terminal personnel should both complete part SA as part of the pre-transfer
conference. Each party should retain a copy. This requires completion by ALL tankers.

If bulk chemicals are lo be transferred, the tanker and terminal personnel should also complete
the additional part 5B as parl of the pre-transfer conference, and each should retain a copy (for
further information, scc 103 Tanker Safety Guide: Cheriicals),

If bulk gases are to be transferred, the tanker and terminal personnel should also complete the
additional part 5C as part of 1he pre-transfer conference, and each party should retain a copy (for
further information, see ICS' Tanker Safety Guide: Liquefied Gas).

The tanker and terminal personnel should discuss and agree the content of part 6 (Agreements),
which surmmarizes the detailed operational factors agreed at the pre-transfer conference. A
refercnce copy for personnel on the tanker and in the terminal should be displayed at the relevant
control stations.

Tanker personnel should also complete the additional pre-transfer checks for all tankers in part 7A
immediately before beginning transfor aperations.

If COW is planned, they should also complete part 7B.

All tankers planning on tank cleaning and/or gas freeing alongside should discuss the intention
during the pre-transfer conference and, once agreement is reached, provide a copy of part 7C to
the terminal before beginning operations.

The declaration

When completed, cach separate checklist part should be checked off and initialled by tanker
persannel, terminal personnel, or both, in the relevant boxes on the declaration form.
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25.4.5

Chapter 25 The Shin/Shore Safely Checklist

When all parts are addressed, tanker and terminal representatives should agree the infervals at
which they will undertake repetitive checks of items applicable to their responsibility from the
SSSCL, and that could impact on the safety of the operation if not monilored. This interval should
be nated in the declaration, after which the two representatives may agree to start operalions and
add their details.

The tanker and terminal should retain a copy of all checklist parts and the declarations for their
files in accordance with the operator's document retention period.

Summary of repetitive checks during and after transfer

Repetitive checks to be undertaken at intervals agreed in the pre-transfer conference by the
tanker and terminal representatives are provided to:

« Act as an aide memoire for tanker and terminal personnel to monitar key operational iterns
during the period of oporations.

»  Provide a basis for status checks at watch or shift handavers,

» Enable decision making in the event that conditions change during the course of operations,

\Where an item reviewed during the repetitive checks is no longer in compliance with the ariginal
status agreed during the pre-transfer conference, the lanker or terminal representative should
\ake immediate steps to remedy the issue or cease operations until the stalus agreed at the
pre-transfer conference can be reinstated.

If cessation is necessary, the tanker and terminal representatives should meet lo agree the course
of action taken to resolve the issue and agree that a resumplion is acceptable.

The tanker personncl should complete the repetitive checks in part 8 at the agreed intervals. The
record should be available for terminal personnel to review.

The terminal personnel should complete the repetitive checks noted in part 9 al the agreed
intervals. The record should be available for lanker personnel to review.

The tanker and terminal personnel should provide a final copy of their parts 8 and 9 to the
ather when operations are completed. This will provide a basis for review of the operation and
verification of checks underlaken.
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ISGOTT Checks pre-arrival Ship/Shore Safety Checldist

Date and time:
Port and berth:
Tanker:
Terminal; _

Product to be transferred:

BGOTT Sixth Edition

Part 1A. Tanker: chechs pre-arrival

1
Item Checl Status i Remarls [
1 I Fre-arrival information is exchanged (6.5, O ¥es
21.2%
| 2 i International shore fire connection is available [ Yes
i | (5.5 19431
3 | Transfer hoses are of suitable construction O ves
| (18.2)
& i Terminal information booklet reviewed (15.2.2) O Yes
[
i 5 | Pre-berthing information is exchanged (213, s
l | 223 .
i & | Pressurefvacuum valves andfor high velocity O ves
| | vents are operational (11.1.8)
7| Fixed and portable cxygen analysers are O ves
| operational {2.4)
| Part 1B. Tanlker: checks pre-arrival if using an inert gas system |
e 2 = == e e
| ltem Check | Status Remarls I
i [nert gas system pressure and oxyaen 1 vex
| recorders are operational (111.5.2, 11111}
B Inerl gas system and associated equipmeant O ves
| are operationzl (111.5.2, 11101
|10 | Cargo tank atmospheres” axyeen content is O ves
| less than 8% (111.3)
11 Cargo tank almaspheres are al positive [ ves

| pressure (11130
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Chapter 25 The Ship/Shore Safety Checklist

Part 2. Terminal: checks pre-arrival

‘ Item ‘ Check Status Remarks
12 Pre-arrival information is axchanged (6.5, O ves
212}
13 | International shore fire connection is available O ves ‘
(5.5,19.437,194.35)
= |
14 Transfer equipment is of suilable consltruction O ves |
(181, 18.2) . |
T T TR s 1 |
15 Terminal infermation booklet transmitted to [ O ¥es |
tanker (15.2.2) ' |
16 Pre-berthing informalion is exchanged (213, O ves |
223
I
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ISGOTT Sixtin Editian

ISGOTT Checks after mooring Ship/Shore Safety Checklist

I Part 3. Tanler: checks after mooring
ltem Chech Status Rerarks
17T Fendering is effective (22.4.1) [ O ves
18 | Mooring arrangement is effactive (22.2, O ves
22.4.3) |
19 Access 1o and from the lanker is safe {164 O ves
20 Scuppers and savealls are plugeed (23.7.4, : Oves |
2375 [ i
21 Cargo systern sea conneclions and overboard O ves .
discharges are secured (23.7.3) i

|22 Wery high frequency and ulira high frequency O Yes |
| transceivers are set 1o low power mode (4116, ’

|
( 4132.2) [
|
! 23 | External openings in supersiruciures ars O Yes I
I I controlied {23.1) [
!. S —
| 24 | Pumproom ventilation is elfective (1032.2) O Yes
|
fl | -
! 25 | Medium frequency/high frequency radie 1 ves
antennae are isolated (4114, 413.2.10
26 Accommodation spaces are al positive O Yes
pressure (23.2)
27 | Fire control plans are readily available O ves

an.2.5)

Part 4, Terminal: checks after mooring

Item Check Status | Remarls '
28 Fendering is effective (22.41) | O Yes
29 Tanker is moored according to the terminal O ves
maaring plan (22,2, 22.4.3) .
30 Access loand from the terminal is safe (16.4) | [ yes
3 Spill containment and surnps are secure Clves |

(1B.4.2, 1843, 2374, 23.7.5)
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Chapter 25 The Ship/Shore Satety Chocklist

ISGOTT Checks pre-transfer Ship/Shore Safety Checklist

Date and lime:

Port and berth: -

Tanker:

Terrinal:

Product to be transferred:

Part 5A. Tanker and terminal: pre-transfer conference

Tanker ! Terminal

[k Checle
. o status | status Remarls
32 Tanker is ready to move at agreed notice [ Yes 1w
period (911, 21711, 22.5.4)
33  Effective tanker and terminal communications [ vies [T s
are established (2117, 211.2)
3 Transfer equipment is in sale condilion O ¥es O ves
{isclated, drained and de-pressurised) (18.41)
33 Operalion supervision and watchkeeping is O Yas O Yes
adeguate (7.9, 2311
36 There are sufficient personnel to deal with an 1 es [T ves
emergency [501.2.2, 2311}
37 Smoking restrictions and desiznated smaking O es O Yes
areas are established (4.0, 23100
3B Maked fizht restrictions are cstablished (4,10.1) O Ve 1 Ves
39 Control of elecirical and electronic devices is O ves . e
agreed (4,11, 4120 ;
40 Means of emergency escape from both tanker | [ voe O ves
and terminal are established (20.5)
41 | Firefighting equipment is ready for use (5,194, [Tvee [ ves
238!
42 0il spill clean-up material is available (20.4) O ves O ves=
43 Manifolds are properly connected (23611 O s O Yes |
44 Sampling and gauging protocols are agreed 1 Ves O Yes
(23532 23775 [
45 Procedures for cargo, bunkers and ballast O es [ ves ;_‘:
handling operations are agreed (214, 215, i
D
21.61 8,
_ | P — S5+
46 Cargo transfer management controls are Oves [ ves L
agreed (12.1) = Y
 —— o T T O e W e ek
47 Cargo tank cleaning requirements, including O ves [ ves  See also parts TE/TC as applicable E’TE
crude oil washing, are agreed (12,3, 125, = )
ekl
2140 i)
)
e
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|SGEOTT Sixth Edition

HE I [ ——_ = T AT T

Par! SA. Tanker and terminal: pre-transfer conference (cont.)

ltem | Check el | Sl | Remarks

status status |
48 Cargo tank gas freeing arrangements aeresd : O ves [ yag = Seealso part 7C
(12.43
49 Cargo and bunker slop handling requirements O ves O yo  Seealso part 7C

agreed (121, 21.2, 21.4)

50 | Routine for regular checks on cargo transferred O ves O o=

are agread (23.7.21
51 ! Emergency signals and shutdown procedures O Yes O ves
| are agreed (12163, 185, 211.2)
57 | Safety data sheets are available (144, 201, 214) | [ Yea O ves
53 | Hazardous properties of the products 1o be O ves O ves
transforred are discussed (1.2, 1.4) [
54  Electrical insulation of the lanker/terminal [ [ Yes O ves
interface is effective (12.9.5, 17.4, 18.214)
55  Tank venting systern and closed operation : O ves O ve=
| procedurss are agreed (11.3.30, 214, 215, 23.3.3)
| 55 | Mapour refurn line operational parameters are 0 ves 0 vos
| agreed (115, 18.3, 237.7)
57 | Measures to avoid back-filling are agreed Eives | Tl

| 121130

58 | Status of unused cargo and bunker conneclions O ves [ ves
is salisfactory (2371, 23.76)

o9 Porlable very high frequency and ultra high | O ves O ves
frequency radios are intrinsically safe (4.12.4,
2110 |

&0 Proceduras for receiving nitrogen from terminal O ves O yes
fo cargo tank are agreed (12.1.14.8]

Additional for chemical tankers Checlis pre-transfer

Part 5B. Tanker and terminal: bulk liquid chemicals. Checks pre-transfer

tem | Check Tanker  Terminal PO

status slatus
61 Inhibition certificate received GF reguired) from O ves 1 Vas
manufaciurer |
(Y Appropriate personal protective equipment | O Yes O vas
{ identified and available (4.81) i
- | | [
| &3 | Countormeasures against personal contact with Oves | OWVes

| cargn are agroed (143

&4 | Carge handling rate and relationship with valve O ves | O ves
| closure limes and automatic shutdown systems '
i is agreed (16.8, 21.4, 215, 21.6}

65 Cargo syslem gauge operation and alarm set [ Yes ' O ves
points are confirmed (216,610
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Chapier 25 |he Ship/Shore Safely Checkiis)

Part 5B, Tanker and terminal: bulk liquid chemicals. Checks pre-transfer (cont.}

Tanker | Termninal :
It [ [
em | Checl aiiais stibuis Remarks |

66 Adequate partable vapour delection instruments | [ yoe ' O ves
are in use (2.4) '

67 | Information on firefighting media and procedures | [Jves | [ Yes
i exchanged (5, 19 |

&8  Transfer hoses confirmed suilable for the O ves [ ves
product being handled (18.2) |

69 Cenfirm cargo handling is only by a permanent | [ vee 1 vos
installed pipeline sysiem i

T0 Procedures are in place o receive nitrogen from O Yes [ ves
the lerminal for inerting or purging (12.114.8)

Additional for gas tankers Checks pre-transfer

Part 5C. Tanker and terminal: liquefied gas. Checks pre-transfer

ltem Check Senkw: | Thrinins Remarks
status status

Tl Inhibition certificale received (if required) trom ' O ves O ves
rranufaciurer

T2 Water spray system is operalional (5.31, 19.4.3) Oves | Oves

T3 Appropriste personal protective equipment is D ves: | Clves |
identified and availabic (4.8.1) |

T4 Remote control valves are operational e | s : o
i | |
15 Cargo pumps and compressors ane cperational 1 Yes O ves |
Th Maximum working pressures are agroed | s O e |

betwesn lanker and terminal (21,4, 21.5, 21.6)

7 Rellquﬁachnn or hoil-ofl contrel equipment is O ves 1 Yes _
operational [ [

T8  Gas detection equipment is appropriatoly set for I Oves | Oves

the carge (2.4)
— =Lt = S [ , |
79 Cargo system gauge aperation and alarm set Dves | Oves |
points are confirmed (12.1.6.6.1) |
80 Emergency shutdown systems are tested and O ves [ ves :
|

operational (185

81 Cargo handling rate and relationship with valve O Ves B b
closure times and automatic shuldown systems |

(1211, 21.2, 2143 |

iz agreed (16.8, 21.4, 215, 21.6) ;
— e A S [ )
82  Maximum/minimum temperatures/pressures [ 7 vas [ ves : =
of the cargo to be transferred are agreed (214, [ !

215, 218) ' 5 @®

83 Cargo tank relief valve sellings are confirmed O ves [ ves : B E?
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ISGOTT Sixth Edition

Part 6. Tanker and terminal: agreements pre-transfer

Part5 |

3 reement
item As

Tanlker

Details initials

Terminal
initials

32 | Tenker manosuvring readiness

33 Security prolocols

33 Effective tanker/terminal
communications

Motice period (maximum) for full readiness to
ITIATNOELNTE;

Period of dizablement GF permitledl:

Securily level:

Local requirements:

Primary systerm;

Backup syslerm:

35 Operational supervision and
watchkeeping

37 | Dedicated smoking areas and
9 | naked lights restrictions

45 Maxirmum wind, current and
seafswell criteria or other
environmental factors

45 Limits for cargo, bunkers and
g6 ballast handling

Tanker:

Tanker:

Terminal:

Terminal: |

Stop cargo transfor:

| Disconnact:

Unizerth:

| Maxiruem transfer rates:

Topping-off rates:
Maximum rmanifold pressure:
Cargo lempearalure;

Other limitations:
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Chapter 25 The Ship/Shore Salety Chocklst

Part 6. Tanker and terminal: agreements pre-transfer (cont.)

Part5 | ' ; Tanker | Terminal
reement [
tem | Agtesnst ; Details initials | initials
45 Pressure surge control Minimurm nurnber of cargo tanks oper:
4 !

Tank switching prolocols: |
Minimum: number of cargo tanks open:
Tank switching protocals:

Full lead rate: l
Topping-off rate: ;

Closing time of automatic valves:

& Cargo franster management Action nolice periods:
procedures

Transfer stop protocols:

30 Rautine for regular checks on Routine transferred quantity checks: |
cargo transferred are agresd

al Emergency signals | Tanker:

Terminal:
515 Tank venting systermn Procedure: -
55 Closed operations Requirements: - I
56 Vapaur returr line Dperational pararmeters: ! [

Maximum flow rafe: |

| |

60 Mitrogen supply fram terminal Frocedures o receive: | i

Maxirmum pressure:

Flow rate:

HoUS/diug & 1MYd
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ISGOTT Sith Edition

Part 6. Tanker and terminal: agreements pre-transfer (cont.)

: . Tanker Terminal
"r:;“ Agrsaman! Dietails initials | initials

| 83 For gas tanker only: Tank 1;
cargn lank relief valve settings Tank 2-
Tank 3:
Tank 4:
Tank 5:

Tank &
Tank T:
| Tank 8:
Tank 9
Tank 10;

HH Exceptions and additions Special issues thal both parties should be
aware of:
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Chapter 25 The Ship/Shore Safety Chocklist

Date and time;

Port and berth:

Tanker:

Terminal:

Product to be transferred:

Part TA. General tanker: checks pre-transfer [

I
ltem | Checlt Status Remarks

B4 | Portable drip trays are correctly positioned O ves

and empty (237.5)
B85  Individua!l cargo fank inerl gas supply valves O Yes

are secured for cargo plan 012.113.4)
86 Inert gas system delivering inert gas with O Yes

oyEen content not more than 5% (11.1.3)
87 | Cargo tank high leval alarms are operalional O Yes

f21a6n
88 All cargo, ballast and bunker lanks openings O ves

are secured (23.3)

= sy

Part 7B. Tanker: checks pra-transfer if crude oil washing is planned |

| ltem | Chack Status Remarks |

89 The completed pre-arrival crode ol washing | [ yos [
checklist, as contained in the approved crude | '
oil washing rmanual, is copied to terminal [

(1252 21.2.3)

90 Crude oil washing checklists for use before, O ves
during and after crude oil washing are in place
ready to complete, as contained in the approved
crude oil washing manual (12.5.2, 21.6)
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[SGOTT Sieth Edition

ISGOTT Checks after pre-transfer conference Ship/Shore
Safety Checklist

For tankers that will perform tank cleaning alongside and/or gas freeing alongside

Part 7C. Tanlter: checlks prior to tank cleaning and/or gas freeing

| Check

Status | Remarks

91
92
93

94

95

Permission for tank cleaning operations is
confirrned (21,23, 21.4, 25.4.3)

Perrmission for gas frecing operalions is
confirmed {12.4.3)

| Tank cleaning procedures are agreed (1232,
| 214, 216

| If cargo tank entry is required, procedures
for entry have been agreed with 1he terminal
(10.5)

Slop reception facilities and requiremants are

confirmed (12,1, 21,2, 21.4}

L] ves
L ves

— Rl =

[ Yes
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Chapter 25 The Ship/Shore Satety Checklis)

Declaration

We the undersigned have checked the items in the applicable parts 1to 7 as marked and signed below;

Tanker Terminal
Fart 1A, Tanker: checks pre-arrival O O
Fart 1B. Tanker: checks pre-arrival if using an inert gas system O O
Part 2, Terminal: checks pre-arrival | O
Part 3. Tanker: checks after mooring O O
Fart 4. Terminal: checks after mooring O O
Fart 5A, Tanker and terminal: pre-transfer conference | O
Part 5B. Tanker and terminal: bulk liguid chemicals, Checks pre-transfer O O
Part 5C. Tanker and terminal: liquefied gas. Checks pre-transfer O O
Part &, Tanker and terminal: agreements pre-transfer O O
Part TA. General tanker: checks pre-transfer O O
Part 7B. Tanker: checks pre-transfer if crude il washing is planned O O
Part TC, Tanker: checks prior to tank cleaning and/or gas fresing O O

In accordance with the guidance in chapter 25 of ISGOTT, we have satisfied ourselves that the entries we have
made are correct to the best of our knewledee and that the tanker and terminal are in agreement to undertake
the transfer operation.

We have also agreed to carry out the repetitive checks noted in parts 9 and 10 of the ISGOTT SSSCL, which
sheuld occur at intervals of not more than ____ hours for the tanker and not more than ____ hours for
the terminal.

If, to our knowledge, the stalus of any item changes, we will immediately inform the other party.

[
Tanker | Terminal

Nar‘ne- . - Marne |
Rank - - - Pasiticn ]
Sigr:lalure ----- i Si_gna!ure =

Date - - Dae

_-TfrnE - - ] Tirme -
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ISGOTT Sixth Edilion

ISGOTT Checks during transfer Ship/Shore Safety Checklist

Repetitive checks

el oo —_ S S

Part B, Tanler: repetitive checks during and after transfer

“"';" . Check Time | Time | Time | Time ! Time | Time Remarks
| re | - | ! | |
Interval time:.....owe. iesiaries NG ! !
B Inert gas system Owese Oves Oves Owes Oves O ves

pressure and oxypen i
recording operational

DM:D‘:’ES D"I’EG.D"I'ES Oves [yes

9 Inert gas system and all
associgled equiprment [
are operational |

1| Cargotank Oves Oves OvYes DOves DOves Oves
atmospheres ara at

posifive pressure

| — | ! !
18 Mooring arrangement | [ves  [ves | [ ves | Oves | Oves O es
is cffective | !

e —— |

19 | Accessloand fromthe | [Jves | dves d¥es ¥es Oves [ ves
tanker is safe |

20  Scuppersand saveslls  [Oves Oves Oves DOves Oves Dves |
are plugaed '

73 External openings in Oves Oves Oves Owes DOwes [Oves
superstruciures are

controlied [

Pumproom ventilation | [Jyes | (ves [l¥es ves Oves DOves
| is effective | [

== ! — S | M

28 | Tankerisreadytomove [Jyes [Ives [Ives [Ives [ves [Ives
al agreed notice period

29  Fenderingiseffective  ves [ves OvYes OvYes Dves [ves
33 Communications are Oves O ves | Oves Ove | Oves | Oves
pffoctive | | |

35 | Supervision and O Yes COvYes Oves Oves Oves Dves
| walchkeoping is [
| adeguats

36 Sufficient personnelare Oyes Oves Oves Oves DOves Oves
available to doal with

&N emergency

37 Smoking restrictions [ TIves | Dlves | [ Yes COYes O ves O ves
' and desigrated ' ; '
| smoking areas are
| complied with

[~a
£

38 | Maked light restrictions  Jves Oves DOves Oves [Oves [ves
are complied with
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Chapter 25 The Ship/Shore Satoty Chacklis)

Part 8. Tanker: repetitive checks during and after transfer (cont.)

? I

39 Control of electrical Oves Oves Oves  Oves | Oves O ves
devices and equipment |
[

in hazardous zones is [ [
complied with [ '
40 | Emergencyresponse  [yes | [ves [ Ves ‘ [ vas | Oves O ves

41 | Preparedness is [ |
a2 salisfactary
|

51 ' !

54 | Electrical insulation . Oves Oves Oves Oves Oves [ ves
af the tanker/terminal [

interface is effective

iz | R
3 Tankvenlingsystem | Clyes Cves DYes DOves O ves |

and closed operation
procedures are as {

85 Individual cargo Oves Oves OvVes | OvVes | O Ves |
tank inert gas valves [

|
setfings are as agreed E : | .

86 Inert gas delivery Oves | OYes Oves | Oves | Oves [ ves
maintained at nal more | i
than &
U oxymen

BT | Cergotankhighlevel | [ves [ves Oves Oves Dlves [ ves |
alarms are operational | |

[ ¥es

O
3
o
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VEGOT T Sexth edition

Part 9, Terminal: repetitive checks during and after transler

":: Chech Time Time I Time Time Time Time Remarks
Interval iMet. commmme. N8

18 | Mooring arrangerment Olves | Oves | Oves | O ves Oves | O ¥es
i effaclive

19 | Accesstoand tromthe | [Jyes | Oves | Oves | Oves | Oves | Oves
tereninal is sole

29 | Fandering is affective Clves | Chves | Oves | O Yes Oves | O ves

32 | Spill containment and Olves | Oves | Oves | Oves | Oves | O ves
SUMPS are SecUre

33 | Communications aro Oves | Oves | Oves Oves | Oves | O ves
ctfective

35 | Supervision and Oves | Oves | Oves | O ves Oves | Oves
watchkeeping 15
adequate

a5 | Sufticient personnelare | [Jyes | O ves | O ves Oves | Oves | O ves
awailable to deal with

an emergency

37 | Smoking restrictions Olves | Clves | Oves | Oves | Oves | Oves
and designated

=moking areas are
complied with

98 | Maked tight restrictions | D ves | O ¥es Oves | O tes O es | O ves
are complied with

39 | Contral of electrical Clves | Oves | Oves | Oves | Oves [ Yes
devices and cquipment
in hazardous 2ones is

corplicd with

40 | Erpergency responst Clves | Clves | Oves | Oves | Cives | D ves
41 | preparedness is

safisfact
41 afistactory
i
54 | Electrical insulation Olves | Oves | Oves | Oves | O ves | O ves
af the tankerferminal
interface is effective
55 | Tank venling system Oves | Oves | Oves Oves | Oves | Oves
and closod operation
profedurcs are as
agront
Initials
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