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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,

¢ 1yvd
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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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