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Regulations and Guidelines developed by the Subcommittee on Fire Protection of
the Intergovernmental Maritime Consultative Organization (IMCO) as well as
lmaterial aspacts dev , —_
W Aeanorn BTk - rrﬂ\y;‘.f R N TR0 L )

The documents ﬁ?ictu&-mﬁﬁ[\a nev international regulation on inert gas
systems for tank vessels, adopted in November 1979 by the Assembly of the |
Intergovernmental Maritime Consultative Organization (IMCO). This regulation |
is the result of several years of study internationally by the IMCO Subcommit=i
tee on Fire Protection, in which some 20 countries participated.

inert gas systems in tank vessels in accordance with Regulation 62 of Chapter

|
!
In addition, Guidelines which are recommended to governments when fitting {
II-2 of SOLAS 1974 are attached. |

i

A third attachment represents the findings by the National Materials Advisory |
Board concerning material aspects of inert gas systems,
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THE COMMANDANT OF THE UNITED STATES COAST GUARD
WASHINGTON, D.C. 20593

)

TO UNITED STATES MARITIME INTERESTS:

INERT GAS SYSTEMS FOR TANK VESSELS

The documents attached concern a new regulation on inert
gas systems, adopted in November 1979 by the Assembly of the
Intergovernmental Maritime Consultative Organization (IMCO).
This new regulation is supplemented with Guidelines for Inert
Gas Systems,

This new regulation and Guidelines are the result of
several years of study internationally by the IMCO Subcommittee
on Fire Protection, in which some 20 countries participated.

In addition, the findings of a National Materials Advisory
Board study on materials aspects of inert gas systems are
included.

The taxt attached and the supplementary information I
commend to your attention in the interest of Maritime Safety.

Toward our coumon goal of safety at sea,

£5
J. B. HAYES

Admiral, U. S. Coast Guard
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REVISED REGULATION 62 OF CHAPTER I1-2 OF Wasii mmnm, 1300,
THE INTERNATIONAL CONVENTION FOR THE | -
SAFETY OF LIFE AT SEA, 1974

THE ASSEMBLY,

RECALLING Article 16(i) of the Convention on the Inter-Governmental Maritime
Consuitative Qrganization concaming the functions of the Assambly,

RECALLING ALSO resolution § of the International Conference on Tanker Safety and
Poliution Prevention, 1978 which recommends |IMCO to re-examine the requirements relating
1o inert gas systems in Reguistion 62 of Chapter |12 of the Internationsl Convention for the
Sefety of Lite at Ses, 1974, and t0 develop guidelines 10 suppiement the requirements of that
requlation,

NOTING WITH SATISFACTION that the 1974 SOLAS Convention will come into forcs
on 2% May 1980,

NOTING ALSOQ that the Maritime Safety Commuttes at its forty-first sassion spproved a
revised text of Regulation 62 for inciusion in the amendmaents to the 1974 SOLAS Convention
‘ Q and that supporting guiddlq. are under development,

1. URGES Governmentd, under the provisions of Reguiation 5 of Chapter | of the interns-
tionsl Convention for the Safety of Life at Sea, 1974, to apply the revised Regulation 62 set out
in the Annex to the present resolution in placs of the existing requiremnents;

2. REQUESTS the Maritime Safety Committes t0 continue with all possible speed the develop-
maent of the guidslines for inert gas systems;

3. AUTHORIZES the Maritime Safety Committes t0 circulate the compileted guidelines to all
Governments concerned,

ANNEX

REVISED AEGULATION 82 OF CHAPTER i1-2 OF
THE INTERNATIONAL CONVENTION FOR THE
SAFETY QF LIFE AT SEA, 1974

Inert Gas Systems

(@) The inert gas system referred 10 in Reguiation 60 of this Chapter, as amenced ty the
1978 SOLAS Protocol, shall be designed, constructed and.tested to the satisfaction of the

( Admimistration. 1t shail be designed and operated so as t0 render and mamntain the aimoschere of
the cargo tanks® non-flammabie at ail times, axcept when such tanks are required 0 te 3as free

* Throughout this unw;non the term ““Ca3rgo Wank’* »neiudes aso “siod ‘anks'
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In the event that the inert gas system is unable to meet the operational requirement set out q
above and it has been assessed that it is impractical to effect a repair, then cargo discharge,

deiallasting and necessary tank cleaning shail only be resumed when the “emergency

conditions” 13id down in the guidelines on inert gas systems are complied with.

{b) The system shall be capable of:

{i) inerting empty cargo tanks by reducing the oxygen content of the atmosphere in

cach tank to a ievel at which combustion cannot be supported.;

{iil} maintaining the atmosphers in any part of any cargo tank with an oxygen content
not exceeding 8 per cent by volume and at 3 positive pressure at all times in port
and at saa except when it is necsssary for such a tank to be gas free;

{iti) eliminating the need for air to enter a tank during normal operations except when it
is necessary for such a tank to be gas free;

(v) purging empty cargo tanks of hydrocarbon gas, so that subsequent gas fresing
operations will at no time create a flammable atmosphare within the tank,

(e} (i) Thesystem shall be capable of delivaring inert gas to the cargo tanks at g rate of at
least 125 per cent of the maximum rate of discharge capacity of the ship expressed
as 3avolume,

(i} The system shail be capabie of delivering ingrt gas with an oxygen content of not
more than 5 per cant by voiume in the inert gas supply main to the cargo tanks at
any required rate of flow,

(d) The inert gas su.ply may-be treated flue gas from the main or auxiliary boiler(s), from one .)
Or more Separate gas generstors or other sources or from any combination thereof. The Adminis-

tration may accept systems using inert gases other than flue gas, provided that an equivalent

standard of ssfety is achieved. Systems using stored carbon dioxide shall not be permitted uniess

the Administration is satisfied that the risk of ignition from generation of static electricity by

the system itself is minimized,

(e) Flue gas isolating vaive(s) shall be fitted in the inert gas supply main(s) between the boiler
uptake(s) and the flue gas scrubber. These vaives shall be provided with indicators to show
whether they are open or shut, and precautions shall be taken to maintain them gas-tight and
keep the sestings clear of soot. Arrangements shail be made so that boiler soot blowars cannot
be operated when the corresponding flue gas vaive is open.

(f) (i) A flue gas scrubber shail be fitted which will effectively cool the volume of gas speci-
fied in paragraph (¢) of this Regulation and remova solids and sulphur combustion
products. The cooling water arrangements shall be such that an adequata supply of
water will always be available without interfering with any essantial services on the
ship. Provision shall also be made for an alternative supply of cooling water.

(i} Filters or equivalant devices shall be fitted to minimize the amount of water carried ‘
over to the inert gas blowers.

{iii} The scrubber shall be iocated aft of all ¢argo tanks, cargo pump rooms and coffercams
separating these spaces from machinery spacss of Category A,

{g) (i) At least two biowars shail be fitted which together shail be capable of delivering to the
cargo tanks at least the voiume of gas required by paragraph (¢} of this Regulation. J

{i)  The inert gas systemn shall be designed so that the maximum oressure which it can
exert on any ¢argo tank will not exceed the test pressure of any cargo tank. Suitabie
shut-off arrangements shail e provided on the suct'on anc cischarge cornexions of
each tiower. Arrangements snail be prov:ded to enable the functioning of the inert
3as plant to be stabiized before commencing cargo discharge. [f the biowers are tc be .
used for gas f;oemg, their air iniets shall be provided with hianking arrangements.
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The blowers shall be located aft of all cargo tanks, cargo pump rooms and cofferdams
separating these spaces from machinery spaces of Category A.

Special consideration shal! be given to the design and location of scrubber and

blowers with relevant piping and fittings in order to prevent flue gas leakages ifto
enciosed spdces.

To permit safe rnaintenance, an additional water scal or other effective means of

preventing flue gas leakage should be fitted between the flue gas isolating valves and
scrubber or incorporated in the gas entry to the scrubber.

A gas requiating valve shall be fitted in the inert gas supply main. This valve shalil be
automatically controlled to close as required in sub-paragraphs (sHii) and (sl (iii) of
this Regulation, It shall also be capable of automatically reguiating the flow of inert
gas to the cargo tanks unless means are provided to automatically controi the speed
of the inert gas blowers required in paragraph (g) of this Regulation.

The vaive referred to in sub-paragraph (i) of this paragraph shall be located at the
forward bulkhead of the most forward gas safe space® through which the inert gas
supply main passes.

At least two non-return devices, one of which shall be a water seal, shall be fitted in
the inert gas supply main, in order to prevent the return of hydrocarbon vapour to
the machinary spaces uptakes or to any gas safe spaces under all normal conditions of
trim, list and motion of the ship. They shail be located between the automatic vaive

required by paragraph (i) of this Regulation and the aftermost connexion to any
cargo tank or cargo pipeline.

The devices referred to in sub-paragraph (i) of this paragraph shall be located in the
cargo tank area on deck.

The water seal referred to in sub-paragraph (i) of this pargraph shail be capable of
being supplied by two separate pumps, sach of which shall be capable of maintaining
an adequate supply at all times,

The arrangement of the seal and its associated provisions shall be such that it will

prevent backflow of hydrocarbon vapours and will ensure the proper functioning of
the seal under operating conditions.

Provision shal! be made to ensure that the water seal is protected against freezing, in
such a way that the integrity of seal is not impaired by overheating.

A water ioop or other approved arrangeme ! shall aiso be fitted to ali associated water
supply and drain piping and all venting or pressure sensing piping leading to gas safe
spaces. Means shail be provided to prevent suct. .cops from being ethptied by vacuum

The deck water seal and all loop arrangements shail bz capable of preventing return of
hydrocarbon vapours at a pressure equal to the test prassure of the cargo tanks.

The second device shall be a non-return valve or equivalent capabie of preventing the
return of vapours and/or liquids and fitted forward of the dack water seal required in
sub-paragraph (i) of this paragraph. It shall be providea ~ith pcsitive means of ciosure
As an alternative to positive means of closure, an ardditicrial valve having such means
of closure may be provided forward of non-return valve 1o solate the deck water

seal from the inert gas main to the ¢argo tanks.

As an additional safeguard against the pessibie 'eakage of hydrccarbon liquids or
vapours back from the deck main, means shal! be provided to oermit this section

* Gas sate space 's a space ‘nto wnich the entry of hydrocarbon gases woutd proguce hazards with regard ro
‘Hammabiity or tOXICity.




Rincate At C i ok o T I R T RS oD L oW AT Y Sql e e G Lt i o A i TR T TR, ﬂ,}‘*w,n' e

TOREST

4 XI/Res.418 -4 - P

of the line between the valve having positive means ot closure referred to in sub-
paragraph (wiii) of this paragraph and the valve referred to in paragraph (i) of this
Regulation to be vented in a safe manner when the first of these vaives is closed. ’)

{k} (i} The inert gas main may be divided into two or more branches forward of the non-
return devices requirad by paragraph {j) of this Regulation.

] (il (1) The inert gas supply main(s) shall be fitted with branch piping leading to each

i cargo tank. Branch piping for inert oas shail be fitted with either stop vaives or ~
equivalent means of control for isolating each tank, Where stop valves are fitted,
they shail be provided with locking arrangements, which shall be under the
control of a responsible ship’s officer.

{2) Incombination carriers, the arrangement to isolate the slop tanks containing ol
or oil residues from other tanks shall consist of blank flanges which will remain
in position at all times when cargoes other than oil are being carried except as

i provided for in the relevant saction of the guidelines on inert gas systems.

(i} Means shall be provided to protect cargo tanks against the effect of over-pressure or
vacuum caused by thermal variations when the cargo tanks are isolated from inert
gas main{s).

3 (iv) Piping systems shall be so designed as to prevent the accumulation of cargo or water
in the pipelines under 8l normal conditions.

{v} Suitable arrangemants shall be provided to enable the inert gas main to be connected
to an external supply of inert ges.

(I} The arrangements for the venting of all vapours displaced from the cargo tahks during

loading and ballasting shall compiy with paragraph (a) of Regulation 58 of this Chapter and shall )
consist sither of one or more mast risers, or of a number of high velocity vents, The inert gas

supply main(s) may be used for such venting. - -
; . (m) The arrangements for inerting, purging or gas freding of empty tanks as required in para-

graph (b) of this Requlation shall be to the satisfaction of the Administration and shail be such

that the accumulation of hydrocarbon vapours in pockets formed by the internal structural

members in 3 tank is minimized and that:

(i) onindividual cargo tanks the gas outlet pipe, if fitted, shail be positioned as tar as
practicable from the inert gas/air inlet and in accordance with paragraph (a) of
Regulation 58 of this Chapter. The inlet of such outlet pipes may be located either
at deck level or at not more than 1 metre above the bottom of the tank,

{ii) the cross sectional area of such gas outlet pipe referred to in sub-paragraph (i) of
this paragraph shall be such that an exit veiocity of at least 20 m/sec can be main-
tained when any thrae tanks are being simuitaneously supplied with inert gas. Their g
outlets shall extend not less than 2 metres above deck levei;

e

{(ui) each gas outiet referred to in sub-paragraph (ii) of this paragraph shall be fitted with
suitable blanking arrangements;

(ivi {1} f aconnex:on is fitted between the inert gas supply main(s) and the cargo
piping system, arrangements shatl be made to ensure an effective isolation
having regarg to the high pressure difference which may exist between the
systems. This shall consist of two shut-off vaives with an arrangement {0 vent
the space betwesn the vaives in 3 safe manner or an arrangement consisting of
a spoai-piece with associated bianks; h
e’

{2) the valve separat:ng the inert gas supply main from the cargo magin and which 's
on the cargo main side shall be o not. 7cturn valve with @ positive Mmeans ot
closure.
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(n) (i) One or more pressure-vacuum breaking devices shall be provided on the inert gas
supply main to prevent the cargo tanks from being subject to:

{1} a positive pressure in excess of the test pressure of the cargo tank if the cargo
were 10 be loaded at the maximum specified rate and all other outlets are left
shut; or '

(2) an. ative pressure in excess of 700 millimetres water gauge if cargo were to be
discharged at the maximum ratad capacity of the cargo pumps and the inert gas
blower(s) ware to fail.

~

{ii) The location and design of the devices referred to in sub-paragraph (i) of this para-
graph shal! be in accordance with paragraph (a) of Reguiation 58 of this Chapter.

(o) Means shall be provided for continuously indicating the temperature and pressure of the
inert gas at the discharge side of the gas biowers, whenever the gas blowers are operating.

(p) (i~ Instrumentation shall be fitted for continuously indicating and permanently recording
when the inert gas is being supplied:

(1) the pressure of the inert gas supply main(s) forward of the non-return devices
required by sub-paragraph (j}{i} of this Regulation; and

(2) the oxygen content of the inert gas in the inert gas supply main on the discharge
side of the gas biowaer.

(i) The devices refarred to in sub-paragraph (i) of this paragraph shall be placed in the

cargo control room where provided. But where no cargo control room is provided,

( they shall be placed in a position easily accessible to the officer in charge of cargo
- operations.

{iii} In addition, meters shall be fitted:

(1) in the navigating bridge to indicate at all times the pressure referred to in sub-
paragraph (i}(1) of this paragraph and the pressure in the slop tanks of combina-
tion carriers, whenever those tanks are isolated from tha inert gas supply main;
and

(2) in the machinery control room or in the machinery space to indicate the oxygen
content referred to in sub-paragraph (i)(2) of this paragraph. .

Ja) Portable instruments for measuring oxygen and flammable vapour concentration shall be
prov.dod In addition, suitable arrangement shall be made on each cargo tank such that the condi-
tion of the tank atmosphere can be determined using these portable instruments.

(r) Suitable means shall beprovided for the zero and span calibration of both fixed and portable
gas concentration measurement instruments, referred to in paragraphs (p) and (q) of thus Regula-
tion,

\ {s) (i) Audible and visual alarms shall be provided to indicate

(1) low water pressure or low water flow rate to the flue gas scrubber as referred to
in sub-paragraph (f){i} of this Regulation;

(2) high water level in the flue gas scrubber as referred to in sub-paragraph (f)(1) of
this Regulation;

(3) high gas temperature as referred to in paragraph (o) of this Regulation,
( (4) failure of the inert gas blower(s) referred to in paragrach (g) of this Regulation,

{5) oxygen content in excess of 8 per cent by volume as referred to in sub-
paragraph (p)(1)(2) of this Reguiation,
{6) failure of the power supply to the automatic control system for the jas regu-

lating vaive and to the :ndicating devices as referred to in paragraph (1) and sub-
paragraph (pHi) of this Reguiation,

BRPRE G IR £
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(ii)

(iii)

{iv)

(v)

{vi)

(vii)

(=33
!

(7) 'ow water level in the water seal as referred 10 in sub-paragraph (j}{i) of this
Regulation:

'8) gas pressure less than 100 millimetres water gauge as referred to in sub-
g sragraph {p)(i) of this Regulation. The alarm arrangement shall be such as to
ensure that the pressure in slop tanks in combination carriers can be mgnitored
at all times; and

(9) high gas pressure as referred to in sub-paragraph (p)(i}(1) of this Regulation.

Aytomatic shut down of the inert gas blowers and gas regulating valve shall be
arranged on predetermined limits being reached in respect of sub-paragraphs (i)(1),
(1){2) and (i}(3) of this paragraph.

Automatic shut down of the gas regulating valve shall be arranged in respect of sub-
paragraph (i){4) of this paragraph.

In respect of sub-paragraph (i)(5) of this paragraph, when the oxygen content of the
inert gas exceeds 8 per cent, immediate action shall be taken to improve the gas
quality. Unless the quality of the gas improves, all cargo tank operations shall be
suspended so as to avoid air being drawn into the tanks ang the isolation vaive
referred 10 in sub-paragraph (j)(viii) of this Regulation shall be closed.

The alarms required in sub-paragraphs (i){5), (i)(6) and (i)(8) of this paragraph shall
be fitted in the machinery space and cargo control room, where provided, but in each
case in such 8 posit.on that they are immediately received by responsible members of
the crew,

In respect of sub-paragraph (i}(7) of this paragraph the Administration shall be satis-
fied as to the maintenance of an adequate reserve of water at all times and the
integrity of the arrangements to permit the automatic formation of the water seal
when the gas flow ceases. The audible and visual alarm on the low level of water in
the water saal shail operate wnan the inert gas is not being supplied.

An audible alarm system independent of that required in sub-paragraph (i}(8) of this
paragraph or automatic shut down of cargo pumps shall be provided to operate on
predetermined limits of low pressure in the inert gas main(s) being reached.

(t)  All existing tankers, as defined in sub-paragraph (a)(v) of Regulation 1 of Chapter 11-2 of
the 1978 SOLAS Protocol, which are required to have an inert gas system, shali at least comply
with the original Regulation 62 of this Chapter as adopted by the International Conference on
Safety of Life at Sea, 1974. In addition, they shall comply with the requirements of this Regula-
tion, except that:

(i)

(ii

Inert gas systems already fitted on board such tankers or which will be fitted before
June 1981 need not comply with the following sub-paragraphs:

(e)ii); (A)ii); @) Giii); (h); GEEY: GG, () twai); (iCix), CkiCiiids (k)iv)s (m)din);
(m){iv)(2) and (s){vii);

Inert gas systems which will be fitted on board such tankers on or after June 1981
need not comply with the following sub-paragraphs:

{e)ii); (L) (g)liii) and (m)(ui).

(u} Detailed instruction manual(s) shall be provided on board, covering the operational, safety
and maintenance requirements and occupational health hazards relevant :0 the ineft gas system
and '1s appiication to the cargo tank system®. The manual(s) shall include guidance on proce-
Jures to be followed in the event of a fault or failure of the inert gas system.

* Reference is made to the quidelines on inert gas sysiems, under development, to be Circulated \n due course
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A ] Telephone: 01499 9040
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3 Ref, T4/4.03
, 1. In respcnse to resolution 5 of the International Confersnce on Tanker

Safety and Pollution Prevention, 1978 which requested the Organization to
promote studies with a view to re-examining the requirements relating to
inert gos systems in Regulation 62 of Chapter II-2 of the 1974 SOLAS
Convention and to develop guidelines to supplement the requirements of that
: Tegulation, the Assembly adspted with resolution 4.418(XI) a revised text
for inclusion in the first set of smondments to that conventicnm. . .. ...

T 2. The Committee at its forty-second session approved the Guidelines for
; Inort Gas Systems wnich ave attachad at ammex and are referred to in the
.L . rovised Regulation 62 of Chapter II-2 of the 1974 SOLAS Convention.

$ 3. Tho guidelines ore based cn the design and operatiom of current inert
gas systems using flue gas from boiler uptakes. Consideration is being
given to provisions for inert gns systems in chemical tankors.

4. Momber governments are invited to give effect to these guidelines, to
be used foxr the design, operation and maintenance of such systems.,

5. Member governments are further invited to inform the Orgenization on
2 steps token in the implomentation of draft revised Regulation 62 and the
~ - associated guidelines for inert gus systems.
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ANNEX

GUITELINES FOR INERT GAS SYSTEMS
Table of Contents

INTRODUCTION
Purpose
Application
Definitions

PRINCIPLES

Gensral

Flacnable limits

Effect of inert gas on flammability

Sources

Quality

Methods of gas replacement

General policy of. cacgo tank.atmosphere control

FUNCTION AND DESIGN CONSIDERATIONS

Description of an inert flue gas system

Function of iaert ges scrubber

Design considerations for inert gus scrubber

Punction of inert gas blowers

Design congiderations for inert gas bdlowers

Function of non=return devices

Design coasiderations -or aon-return devices

Inert gas distribution systenm

Design considerations for valves and pipework in inert gas systems
Gas pressure regulating valves and recirculating arrangements
Arrangements for inerting, purging and gas-freeing

Isolation of cargo tanks from the inert gas deck main
Liquid-filled pressure-vacuum breakers

Instrumentation and alarms

BEffluent and drain piping

Ses water service
OPERATION OF INERT GAS PLANT

APPLICATION TO CARGO TANK OPERATION
Inerting of tanks

Discharge of water dallast

Loading

Loaded condition
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5.5 Cargo discharge

5.6 Crude oil waghing

5.7 Ballasting of cargo tanks

5.8 Ballaat condition

5.9  Tank cleaning

5.10 Purging prior to gas-freeing

5.11 Gas-{reeing

5.12 Tank entxy
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1 INTRODUCTION

1.1 Purpose

The International Conlerence on Tankexr Safety and Polluition revention neld
in Fobruary 1976 passed resolution 5 recommending that tie inter-Governmental
Maxitine Conmultative (rzanizatirn develcop guidelines to supplement the
requiseaents of amendea legulation 62 of Chapter IT-2 of the 1974 SOLAS
Convention® by taking into account the arducve opersting ccnditions of
{nert ¢ne systema and the need to maintzin them to & satisfactory

standaxd, In addition Regulation 62(a) zequires thet an iiert gas aystem
shell ¢ dcs.gned, oonstxucved and tested to the satigsfaction of the
Administrai’ .. These Guidclizes have accsxiingly teea developed to
mpplemnt =ad complement the Comventicu Lequirems.ts lor inert 4as
systens. - Sheyr are offaral to Administratisns to assist them in

determinirg anpropriete dosign ard comstructional pereneters and in
formulating auitadble cpurutions procedures when inert gus syatems are
installec in ships f1yirng the flag of their State.

1.2 dpplieaticn

1.2.1 The status of these Guidelines iz advisory, Thoy are intendel to cover
the desizr 2xd opexation of:

1 inexrt gns systems *het are required on new tankers by Reculaticrn ©0
of Chaptar II-2 of the 1078 SOLAS Protccud aud in acecrdonce vith
Reguistion 62;

o¢ inert gas systsms the! are roquired oo existicg tankers t..
Regulation 60 of Cnapier II-Z of tha 1972 SOLAS Pro*ocol and in
accexdance with Reguiatisn 62(t):

«3 inert gus systems whick apr: fitted buv zot required tc .crply
vith the requirenents of Regulation 60 of Chepter II-2 of tha 1978
S0uds Frotoeol,

1,2,2 Hovewer, {or ewisting inert gue systems the Cuidelines are directed
srimarily at operational procedures and are not intended to be interpreted as
requiring modifications to existing equipment other than those which are
required on ships to which Regulation 62(t) applies.

1.2.3 The content of these Guidelines-!s dased on current general prectice
used in the deaign and operatior of inert gus asystems using flue gms
from the uptake from the ship’s main or avxiliary boilers, and installed
on crude 211 tankers and combipaticn carriers. The Guidelinses do not
exclude other sources of inert gas, such as s)etems incorporating
indeperdent inert gas generators, other designs, materials or nperational
procedures, 4ll such divergences should te carefully assessed
to ensure that they achieve the objectives ¢l %hese Guidelines,

* Wherever Regulat.ion 62 is referrsd % in these "Guidelines" {t means revisec
tet of Regulation 52 ol Chapter iI-2 of the 1974 SCLAS Convention, as aprroved
b

by the Maritime Sa’ety Committee at its forty-first session in Cetover 1 7.
and referred to in Resolution 4.418(XT).
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§ oy 1.3 Qefinitions
3 ::'f " 1.3.1 Jnert smo means a gas or a mixture of gnses, such as flue gas, oontainine
¥ insufficient oxygon to support the combustion of hydrocarbons, -
E: 1.3.2' Inert condition means a condition in which the oxygen content througtout
£ the atmosphere of a tank has been reduced to 8 per cent or less by
. volume by addition of inert gas.
1.,3.3 Ipart gne plant means all equapnent specially fitted to supply, cool,
clean, pressurize, monitor and control delivery.of inert gas to cargo
¥a tank systems,
“ 1.3.4 Joaxrt ge dietribution system means all piping, valves, and associated
fittings to distridute inert gas from the inert gas plant to cargo tanks,
to vent gasos to atmosphare and to protect tanks against excessive
e pressure or vecuum,
o 1.3.5 Inert gas system weans an inert gas plant and inert gas distribution
& systen together with means for preventing backflow of cargc geaes to the
{\; machinery spaces, fixed and portable measuring instruments and control’
,:é; devices,
\:, 1.3.6 Iperting means the introduction of inert gas into & tank with the object
y o of attaining the inert oondition defined in l.3.2.
3 1.3.7 Gas-treeing meons the introduction of fresh air into & tank with the
& object o'-f"!romiving toxic, flazmable and inert gases and increasing the
o oxygen content $o 21 per cent by volume.
e 1,3.8 Purging means the introduction of inert gas into & tank already in the
& rt condition wilh the object of:
1 &
3 = o1 further reducing the existing oxygen oontent; and/or
; E .2 Teducing the existing hydrocarbon gas content to & level below
4 vhich combustion csnnot be supported Iif air is subsequently
introduoed into the tank.,
e
3 e 1.3.9 Toppingeup means the introduction of inert @s into a tank which is
:-_;* already in the inert conditlon with the object of raising the tank
:,: pressure to prevent any ingrees of air.
B
g"-:;:.
%:
£
. ? ,3
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2 FRINCIPLES

2.1 ara.

H

With an inertv ges system the protectisn against a tank explosicn is
achieved by introdusing inert gms into the tank to keep the oxygen
content low and reduce to safe proportions the hydrocarbon ges
councentration of the tank atmosphere.

RN R

’g

.y

2.2 Flammable limits

2.2.1 4 mixture of hydrocarbon gas and aix camnnot ignite unlese its composition
lies witnir - rauge of gas.in-sir concentrations kncwn as the "flammable
range", The lower limit of this range, known as the "luwer fliaumadle
limit" ie any hydrocarbon concentration below which there is insuficient
hydrocarbon gas to supp.rt combustion. The uppexr limit of the range,
known as the "upper flammable limit" is any hydrcearbon concentration
above wich there ias imsuificient air to support combustion.
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2.2.,2 The flammable limits vary scmewh:t for differemnt pure hydrocarbon gases
and for the gas mixtures derived frcm different petroleum liquids. In
oractice, however, the lower and upper flammable limits or oil cargoes
carried in tankers can be taken, for general purposes, to be 1 per cent and
10 per cent hydrocarbon by volume, respectively.

23 Effect of inext es on {flammability

2.3.1 When an inert gas is adled tc a hydrocarbon gas/air mixture the result
is to increase the lower flammabie limit concentretion and to decrease
the upper flammable limit concentration. These effects are illustrated
in figure 1, which should be regarded only as a guide to the principles
involved.
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2.3.2 Any point on the diagram reprecents a hydrocarbon gas/air/inert gms

2.3.3

2.3.4

2.4

2.3

mixture, specified in terms of its hydrocarbon and oxygen content.
Byarocarbon/air mixtures without inert gas lie on the line AB, ths
slope of which shows the reduction in oxygen content as the hydrocarbon
ocontent increases. Points to the left of AB represent mixtures with
their oxygen content further reduced by the addition of inert gee. It
is evident from figure 1 that as inert gae is added to hydrocarbon/air
mixtures the flammable range progressively decreases until the oxygen
content reaches & level generally taken to be about 11 per cent by
volume, at which no mixture can burn., The figure of 8 per cent by
volume specified in these Guidelines for a safely inerted gas mixture
allows some margin beyond this value.

The lower and upper flammability limit mixtures for hydrocarbon ges in
air are represented by the points C and D, As the inert gas content
increases, the flammable limit mixtures chenge, This is indicated by
the lines CE and IE, which finally converge at the point E. Only those
mixtures represented by points in the shaded ares within the loop CED
are capable of burning. Changes of composition, due to the addition of
either air or inert gus, are represented by movements along straight
lines, These lines are directed either towards the point 4 (pure air),
or towards & point on the oxygen content axis corresponding to the
composition of the added inert gas. Such lines are shown for the gas
mixture represented by the point F.

When an inert mixture, such as that represented by the point F, is
diluted by air its composition moves along the line FA and therefore
enters the shaded area of flammable mixtures. This means that all inert
mixtures in the region above the line GA (critical dilution line) pass
through a flammable condition as they are mixed with air (for example
during a gas-freeing operation). Those below the line GA, such as that
represented by point B, do not become flammable on dilution. It will de
noted that it is possible tc move from a nixture, such as that
represented by F, to one such as that represented by B, by dilution with
additional inert gas, i.e. purging.

Sources

Possible sources of inert gas on tankers including combination carriers
are:

«1 the uptake from the ship's main or auxiliary boillers;
«2 an independent inert gas generator; or
3 & gas turbinc plant when equipped with an afterburner.

Suality

Good combustion control in ship'e boilers is recessary to achieve an
oxygen content of 5 per cent by volume. In oxder to obtain this
ouality, it may be necessary to use autamatic combustion control.
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2.6
2.6.1

2.603‘

Methods of £8¢ replacement

There are three operations which involve Treplacenent of &8 in cargo
tanks, namely:

+1  inerting,
2 purging;
o3 €as-freeing,

In each of these replacement operations, one of two Drocesses can
Predominaie;

«1 dilution, which is a mixing process; (see 2.6.3)
2 dimplacement, which is a layering procers. (see 2.6.4)

These two Processes have a marked effect on the method of mouitoring the
tank atmosphere and the interpretation of the results. Figures 3 and 5
show that ap understanding of the nature of the gus rerlacement process
actually taking Place within the tank is necesaary for the correct
interpretation of the reading shown cn the appropriate én# sampling

The dilution theory assumes that the incoming &8s mixes wity the
original grses to form a homogenecus mixture throughout the tony. Tre
Tesult is that the concentration of the original gaws decreases
exponentially., In practice the actual rute of gue replacement depends
upen the volume flow of the incoming &s, its entry velocity, and the
dimensions of the tank. For complete 828 replacement it is importart
that the entry velocity of tha incoming gas is high enoust: ror the Jet
to reach the bottom of the tank. It is “herefore important to confirm
the ability of every installation using this principle “c atueve the
Tequired degree of 888 replacement throughout the tany.

I’ AV TR
SR P D \——
‘ \ / 0as ,\\\ .

Figurc 2 shows an inlet and outfet configuration for the dilution process end illustrates the turbulent
Aature of the gas Mlow within the tank,

ﬂ;urcs. shows typical curves of gas concentration against time for three different sampling pesitions
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£ 2.6.4 Ideal replacement requires a stable horizontal interface between the
. lighter gas entering at the top of the tank and the heavier gas being

displaced from the bottom of the tank through soms suitable piping

arrangement. This method requires a relatively low entry velocity of

" &8 and in practice more than one volume change is necessary. It is
E o therefore important to confirm the adbility of every installation using
£ this principle to achieve the required degree of @as replacement
EF = throughout the tank.
$ - WOR === e = o
& =T \\ cone, oF h R \l
$ ORI AL ' vovo-'l 1
ris o & e o . - G:‘ r- TANK l' ‘
iﬁ l l ! ] !
; A : » t 1
{ S . ‘ | {
: Y i |uoous \
.; : \_ \. _ '| |' ‘-—- soTTOM
| S ’ \ N S S
1 :\_"' prem—— 7T
z F;{ - Pigure &, Figues 5.
&, Flgure 4 shows an ig\lct and outlet configuration for the displacement procsss, and indicaics the
£ Interface between the incoming and outgoirg gases.
E : é‘ Figure 5 shows typical cuives of gas concentration against time for three different sampling levels.
3 v-\-
¥
E’ f 2.7 ] licy of ¢ tank atmosphere control
} <
13 :“' 2.7.1 Tankers fitted with an inert gas system should have their cargo tanks
1 JEN kept in a non-~flammadle condition at all times (mee figure 1), It
; ; follows that:
";‘:'_ .1 tanks should be kept in the inert condition whenever they contain
, e cargo residues or ballast. The oxygen content should be kept at
- £ per cent or less by volume with a positive gas pressure in all
¥ ;f the cargo tanks;
‘ if «2 the ataosphere within the tank should make the transition from the
g inert condition to the gas-free condition without passing through
il the flammable condition., In practice this mesns that before any
B tank s gas freed, it should be purged vith inert gas until the
3 g;,, hydrocarbon content of the tank atmosphere is below the critical
B dilution line (see figurel);
B
i ¢ T .3 when & ship is in a gas-free condition before arrival at a loading
E . port, tanks should be inerted prior to loacing.
; S
M . Cas .
E = 2,7.2 In order to maintain cargo tanks in a non-flammable condition the inert
3 ;f gas plant will be recuired to:
e i
E .1 inert empty cargo tanks (see 5.1);
w5 .2 Ybe operated during cargo dischar deballast and necessary
'f?,"::i in-tank operstions (see 5.2, 5.5, E?é. 5.8 and 5{"9'7; v
4 .3 purge tanks prior to gas-freeing (see 5.10);

+4 top~up pressure in the ¢ tanks when necessary, during
4 ogbp:rpltl:gn of the voysge (see 5.4 and 5.8).
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FONCTICN AND DESIGH CONSIDIRATIQNS

Thio section addresses itself to inort flue ges systens. The design
of gystens other than inert flue gas systens should take into account,
vhanever appliocable, the gmeral principles outlined in this sectiom.

cxripti L insxrt flue tan

A typical arrangenent for an inert flus ges systen is shown in figure 6.
It comoists of flue gas isclating valves located at the boiler uptale
points through which pagses hot, dirty gases to the scrubber and
denister, BHere the gns is cooled and oleaned beforo being piped to
blowers which deliver tho gas through the deck water seal, tho non-
retum valve, and the deck isolating valve to the cargo tanks. 4 gns
repsure rogulating valve is fitted downstrean of the blowers to
regulate the flow of gnses to the cargo tank, A liquid filled pressure
vacuun broakor is fitted to prevent excessive precsure or vacwm fron
causing structural danage to cargo tanks, A vent is fitted between
the deck isolating/non~return valve and the gas pressure regulating
valve to vant any leakage when the plant is shut down.

For delivering inert gas to the cargo tanks during cavgo dischargs, de-
ballasting, tank cleaning and for topping up the pressure of gas in

the tank during other phages of the voyage, an inert gas deck nain runs
forward fron the deck imolating valve for the length of the carge declk,

Proo this inert gne main, inert gas dranch lines lead to the top of
each caryo tank,

ction of rt serubber

The puxpose of the sorubber is to cool the flus gas and renove most of
the sulphur dioxide and particulate soot. All three actions are achieved
by direct contact between the flue gas and large quantities of sea water.

Befors entoring the botton of the scrubding tower the gas is cooled ty
being possed either through a water spray, or bubbled through a weter
ssdl. Such a seal may also ssrve as the additional safety device to
prevent any leakage of gas fron the boilar uptake when the scrubber is
opened up for inspection or maintenance.

In the scrudbing tower itself the gas moves upwards through downward
floving wvater. For maximunm ocontact between gas and water, sevoral layers
nade up of one or nore of the following arrangenents oay be fitted:

1 spray nozzles;

2 trays of "packed" stomes or plastio obippinge;
«3 perforsted “iupingenent" platess

4 venturi nozzles and slote.

At the top of or downstreanm of the scrubbing tower, water droplets are
renoved by one or more dsmisters which may be polypropylens motiresses
or oyclane Adryers.

Designs of individunl menufacturers very comsiderably.
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343 8ign considerations for rubber

3.3.1 The scrubber should be of -a design related to the type of tanker,
.-+ cargoes and combustion oomtrol equipment. of the inert gas supply source
and be capable of dealing with tha quantity of .inert gas required by
Regulation 62 at the designed pressure differontial of the systen:.

3¢3.2 The pexrformance of the scrubbor at full gaa flow should be such as to

« . ., remove at least 90 per osnt of sulphur dioxide and to remove solids
sffectively, In produot carriers more stringent requirements nay be
needed for product quality.

3¢3¢3 The internnl parts of the scrubber should be oonstructed in corrosion
recistant materials in rospect of the corrosive effect of the gas.
Altematively, the internal parts may be lined with rudber, glase
£ibre epoxy rosin or other oquivalont material, in which case the flue
gates nay roquire to be cooled before they are introduced into the lined
sections of tho somubbder. Lot

wre, v
e

RPN
M

L R

Gl bt o

R S RS RS

eapacity of the ship sxpressed as a volune.

.3.4.2 In practice, installations vary from those which have one large blower
and cne soall dlower, whose combinod total capacity complies with
Regulation 32, to those in which each blower can meet this recuirement. The

’.} ml
SR

aw
S

; g, 3.3.4 Adequate openings and sight glasses should bo provided in the shell for
3 15 inspection, cleaning and observational purposes. The sight glasscs

i §' should he reinforced to withatand impact and be of a heat resisting

1 ’z"a type. This may be achisved by the use of double glazing,

3 g 3.3.5 The design should be such that under normal conditions of trim and

'Y 1list the scrubber efficiency will not fall by more than 3 per cemt, nor
: &‘r will the temperature rise at the gas outlet exceed the designed

R gas ocutlet temperature by more than 3°C,

3 =

'% ¥ 3.3.6 Tho location of the scrubber above the load waterline should be

3 A _ such that tho drainago of tho offluent is not impairod when the ship

; ﬁ is in the fully loaded condition,

S

g 3.4 Jupction of inert ges blowers

= 3,4.1 Blovers are used to deliver the scrubbed fluo gas to the cargo tenks.

5 o Regulation 62(0)(4) requires that at least twc blowers shall be provided
3 "é vhich together shall be copable of delivering inert ges to the carge

3 5§ tanks at & yate of at least 125 per oent of the maximum rete of discharge
i

ﬁ' advantage claimed for the former is that it is convenient to use o

s small capacity dlower vhen topping up the gas prossure in the cargo

5,:, taxks at sea; the advantage olaimed for the latter is that if either
5;:‘ blover is defective the other one is capable of maintaining a positive
rj;} €28 pressure in the oargo tenks vithout extending the duration of the
% cargo discharge.
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agisn oongldgretiong {of dnart gpe blovers

The bdlower casing should be comstructed in corroei.a resistant meterial
o wltemmativwly of nild eteol dut then its intornal surfaces should de
stove-ocated, or lined with rubber or glass fibre epoxy resin or
::ln squivalent material to ywotect it fm the corrosive offect of

[~ T

The impellers should be manufactured in a corrosion resistani raterial.
Alwminiun bronze impellers should bo stress relieved aftor welling.
411 inpellurs should be tested by verspeeding to 20 per v¢:int above
the design running speed of the electric motor or 10 per cent aoove
the_specd at which the overspeed ta:i.p of the turbine would operate,
\lhichovu' is l.pplioablo.

Subatantul draing, fitted with alsquate water seals, snould be provided
in the ocasing to prevent damnge by an accouwmlation of weter. The
drains should be in accorxdance with the nprowvisions of 3.15./.

Meams should bs provided such as fresh vater washing to removs tho build
wp of deposits which would sause vibration during blower operation.

The caging ohould be adequately ribbed to yTevent panting and should be
80 desigcned and arranged as to facilitats the removal of the rotor
without disturdbing major parta of the inlet and outlet ges oonnexions.

Sufficieni opanings in the casing sLould be provided te pernit inspection.

Vhere sopersts shafts are providszd for the priae moves ani the blover,
a flaxidle ooupling betwean ike¢se shafts ghould be provided,

When roller or bdall bearings are used, due regard should te paid to the
prodler of brinelling and thes method of lubricaticn., The type ol
lubrication chosen, i.e. oil or grease, should hsve regard to the
diamster and rotational speed of the shaft, If sicevo tearings are
fitted then resilient mountinge are not rncarmended.

The blower pressure/volume charncteristiocs should be zciciwd to the
maximun systen requirements. The oharacteristics sheuld be such that
in the event of tho discharge of any ocmbination of vargo tankc wt the
diascharge rote indicated in 3.4, a ninimm preasure of 200 millimetres
water gauge is m.tn%ad.nad in any corgo tank after allowing fcr prorsure
lossos dus to: :

+1 the sorubbor tover and denister;

«2 the pdping conveying the hot gas to the scrubbing tower;
«3 the distribution piping downstrean of the sorubder;

4 the deck water seal;

«5 the langth and diometer of the inert gos distribution systen,

3.5.10 When both blowers are not of equal capecity the pressure/volume

characteristics and inlet and cutlet piping should be sc uaitohed that
4f both blowers can be run in parallel, they are able i. levelop their
designed ocutputs. The arrangumonts should be such as to prevent the
blower on load from motoring the blower that is stovped or has tripped
out.
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2.5.11 If the prire mover is an electric nmotor them it should be of

3.6
3.6.1

34642

sufficient power to ensure that it will not be overloaded under
all possible operating canditions of the blower, The overload
poyer requirenent should be based on the dlower inlet oonditiong of
-5 C at- 400 nillinetres water gauge and cutlet conditions of 0°C
and atnospheric prossure, Arrangenents, should be provided, if
necesse=y, to maintain the windings in a dry condition during the
inoporetive perioed,

Function of non-roturn devices

The dock water scal and nochanical non-retum valve together form
tho poans of autonatically proventing the backflow of cargo gases
fron the cargo tanks to the machinery space or othexr safe arca in
vwhich the inort gas plant is located,

Deck woter seal (see Regulation 62(3))

This is the principel barrier, A water seal is fitted vhich permits
inert gas to be delivered to the deck main but prevents any backflow
of cargo ges even whon tho inert gas plant is shut down, It is
vital thot a supply of water is maintained to the seal at all tinos,
partiouwlarly vhon the inert gas plant is ahut down, In addition
drnins should be led directly overboard and should not pass through
tho pachinery spaces, There aro different designs but ane of three
principal types nay be adopted.

.1 Vet type

This is the sinplest type of woter seal, Vhen the inert ges
plant is operating, the gas bubbles through the water froo tho
gubnorged inert gas inlet pipe, but if the tank pressurc eceeds
the pressure in tho inert gas inlet line the water is pressed
up into this inlet pipe and thus prevents backflow, The drawback
of this type of water seal is that water droplets may be carried
over with the inext ges which, although it doee not inpair the
quality of the inert gas, could increase corrosion. A demister
should, therefore, be fitted in the gas outlet from the water
soal to roduce any carry-over. Figure 7 shows an exaxple of
this type.
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Gas f_low towards cargo tanks Back pressure in cargo tanks

NS )T

S

7 7 WA ety A @’:}f ///'//J/ ”~

Pigure 7. Deck water seal - wet tyre

.2 Bami-dry type

Instesad of bubbling through the water trap the inert gas flow draws
the sealing water into a separate holding chamber by venturi action
thus avoiding or at least reducing the amount of water droplets being
carried over. Otherwise it is functionally the same as wet type.
Figure 8 shows an example of this type.

Gas flow towards cargo tanks Back pressure in cargo tanks

Pigure 8. Deck water seal - semi dry type
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3.6.3

3.6.4

.3 Dry type

In this e the water is drained when the inert gas plant is in
operation (ges flowing to tls tanks) and filled vith water when
the ‘inexrt gas plant is eith. = shut down or the tank pressure
exceeds the inert.gas blower discharge pressure. Pilling and
drainage are performed by sutamatically operated valves
controlled by the levels in the water seal and drop tanks and by
the operating state of the blowers. The advantage of this tyve
is that water carry-over is prevented. The drawback could be “he
risk of failure of the automatically controlled valves which may
render the water seal ineffective. Figure 9 shows an example

of this type.

Gas flow towaxds Bacl-pressure in cargo
cargo tanks tanks

'L.

Automatic
valve control
FPigure 9. Deck water seal - ary type

Deck mechanical non-yetumm valve and deck isoclating valve,

ds a further precaution to avoid any backflow of gas from the cargo tanks,
and to prevent any backflow of liquid wvhich may enter the inert gas

main if the cargo tanks are overfilled, Regulatiom 62(3)(viii) requires

& mechanical non-return valve, or equivalent, which should be fitted
forward of the deck water seal and should operate automatically at

all times. .

This valve should be provided with a posiiive means of olosure or,
alternatively, a separate deck isolating valve fitted forwurd of the
aon-return valve, so that the inert gas deck main may be isolated
from the non-return devices. The separate isolating valve has the
advantage of enabling maintenance work to be carried out on the nan-
retumn valve.

Inert gas vent valve (see Regulatian '62(3)(11))

This valve should be opened when the inert gas plant is shmt down
to prevent leakage past the non-return devices from bduilding up any
pressure in the inert gas line between the gus pressure regulating
valve and these noan~-return devices.
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aw considerations for non-return devices

3:T.1 The material used in the construction of the non-return devices should
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be resistant to fire and to the corrosive attack from scids formed by
the gus., Altermatively low carben steel protected by a rubber lining
or ooated with glass fitre epoxy recin or equivalent material may be

used, Particular attentiom should be paid to the gas inlet pipe to the
wator seal,

The deck water seal should present a resistance to backflow of ~ot

less than the pressure setting of the pressure/vacuum breaking device
on the inort gas disiridution system and should be so designed as to
prevent the backflow of gases under any foreseeable operating
conditions.

The water in the deck seal should be maintained by a regulating flow of
cloan water through the deck seal reservoir,

8ight glasses and inspection openings should be provided on the deck
seal to permit satisfactory observation of the water level during its
oporation and to facilitate a thorough survey. The sight glasses should
be reinforced to withstand impact,

iny drains from the non-veturn devices should incorporate a water seal
in ascordance with 3,15.4 and should ccmply gemerally with 3,16,

rt gas distributi tem

The inexrt ges distribution system, together with the cargo tank venting
rystem, where applicadle, has to provide:

.1 neans of delivering inert gas to the cargo tanks during discharge,
de-ballasting and tank cleaning operations, and for topping up the
pressure of gas in the tank;

+2 means of venting tank gases to atmosphere during cargo loading
and ballasting;

+3 additional inlet or outlet points for inerting, purging and ges-
freeing;

4 means of igolating individual tanks from the inert ges main for
gas-freeing (mee 3,12,4);

5 means of protecting tanks from exoessive pressure or vecwum.

A large variety of designs and operational procedures may be used to
seet these interrelated requirements, In 3.9 are considered some of the
major design options and their more important operational consequsnces:
further advice on operational precautions is given in section 5.
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3.9 Design considerations for valves and pivework in inert gas systems

3,9.1- The flus ges uptake point should be selected such that the gas is not

too hot for the scrubber, or causes hard deposits on the flue gas
isolating valves., It should not be so clcse to the uptzite outlet
that air can be drawn into the system. When boilers are fitted with
rota:.'r,t .air heaters, the offtake point should be defore the air heater
inle .’ - ¢

3.9.2 The materials used for flue gas isolating valves should take into
account the temperaturs ofoga.s at the offtake., Cast iron is acceptable
for temperatures below 220°C, Valves exposed to a temperature exc
220°C should be made fxom a material not only compatible with the
.temperature but also resistant to the corrosive effect of stagnant
flue gases. .

3.9.3 Tlue gas isolating valvaa should be provided with facilities to keep
the seatings clear of soot unless the valve is designed to 'close with
8 seat cleaning action., Flus gas isolating valves should also be
provided with air sealing arrangements.

3.9.4 1If expansion bellows are considered necessary they should have a
snooth internal sleeve and preferably be mounted so that the gas flow
through them is vertical, They should be ocdnstruoted of matorial
resiastant to stagnant daxp acidic soot, -

3.9.5 The pipework between the flue ges isolating valve and the scrubber
should be made from heavy gouge steel resistant to corrosion and o
arranged as to rrevent the accumulation of damp acidic goot by the
avoidance of -urmecesssry bends and branches. ' .

3.9.6 The inlet piping to the scrubber should be so arranged as to percit positive
isolation from the flue gases prior to gas-freeing’ the scrubber for
entry for maintemance puxrposes., This may Le accomplished by the removal
of a suitable length of pipe section and blanking, by spectacle flanges
or by a water seal which would prevont any leakage of gas from the
boiler when the flue gas isolating valve is shut and the scrubber is
opened up for inspection and maintenance., In the ovent that the

" drainage of -the wator seal is iteelf required for inspection purposes
then isolation should be achieved either by removal of the suitablo
longths of pipe sections and blanking, or by the use of spectacle -
flanges.

3,9.7 The ges cutlet piping from the scrubber to the blowers and recirculating
lines should be made from steel suitably coated internmally.

3.9.8.: Bn.i.tabl; -mlatmg'meamems.ibould be incorporated in the inlet and

outlet of each blower to permit safe overhaul and maintemance of a blower
while permitting the use of the inert gas system using the other blower
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349.9_ The regulating valve required by Regulation 62(i)(i) should be
provided with means to indicate whether the valve is open or ahut.

.+ iheve the valve is used to regulate the flow of inert gas it should be
© osmtrolled by the inert g08 Pressure sensed botveen the deck igolating
valve -ul thn ou:'o tanks,”

., R ' ' ’ .

3.9.10 Deck un. Md be éf stoel and be 0 margea as to be gelf draining
and should be firmly attached to the ship's structure with surtabdle
arsrangenants to take into account movement dus to heavy weather,

. ihm.l u:pumien and flexing of the ship,
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3.9.11 h adameter of the inert gns main, valves and branch pdpaa should
take sccount of the system requirenents detailed in 3.5.9. To avoid
excessive pressure drop, the inert gas velocity should not exceed
40 n/s in any section of the distribution system when the inert gas
systen is operating at its maxioun capecity., If the inert gas main
ia.used for veanting during loading, other faotors may need to be taken

. imto'congideration as developed in Regulation 568 of Chapter II-2 of
the 1974 SOiAS Conventicn for cargo tank venting systems.

3.9.12 All pressure and veouum relief openinge should be fitted with flame
. soreens with easy access for ¢leanines and ronewsl, Tho {lame screens
should be at the inlots and the outletsof any relief device and be of
1 vobuat construction sufficient to withstand the pressure of gas
generated at maxicnn loading and during ballasti~g operations vhile
resanting minimam resistance.

B TR A LN T DT T LN IS % AR
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;( 3.10  Gas prespure regulsting valves and reciroulating arrangements

! £ ' ' .

2 3,10.1 Pressure oontrol arrsngements should be fitted to fulfil two functions:
2 o1 % prevent automsticaelly any backflow of gas in the event of eithor
< e failure of the inert gas blowor, scrubber pump, etc,, or when the
: . tnct gas plant is operating correctly but the deck water seal and
fv . mechanical pon-zeturn valve have failed and the pressure of gas in
oy the tank axoevds the blower discharge pressure, e.g. during

}:‘; simltanecus stripping and ballssting operations;

F

o .2 tomﬂatethnwofmﬁmtothemttmdockmin

“; 3.10.2 L tniul srrangaent by whioh 3,10.1.2 can be whimd ie as follows:
g

= Systems with sutomatic yressure control and & gas recirculating

;“; lins., These instellations permit control of imert gas pressure in
& the dock main without having to adjust the inert gas blower speed.
2 Ges not required in the cargo tanks is recirculated to the scrubbder
% or vented to atmosphere. Gas pressute regulating valves are fitted
g in both tho main and reciroulating lines; one is controlled by a
7 s essure transmitter and regulstor, while the other may be

=7 oantrolled either in a eimilar mamner or by a weight operated

R valve, The prescure transmitier is sited downstreem of the deck
s {isolating valve; this enables a positive pressure to be maintained
7 in the oargo tanks during discharge. BHowever, it does not necessarily
A sy that the scrubber is not overloaded during inerting and

5 porging opersticns,
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_ ! I GAS PRESSURE REGULATOR  ___ m
SCRUBEER : } ' . :

T Ty - PRESSURE TRANSMITTER wmmem
FLUE GAS P ! : DECK
ISOLATING | - 1 DECK WATER N.B  ISOLATING
VALVE 1.G.BLOWER | ! ‘SEAL - VALYE  VALVE

—~ — : ; 4~
' I
i
UTOMATIC GAS
. mroRco TP & PRESSURE REGULATING

3.11
3.11.1

3.11.2

LINE . - VALVE .

Figure 10. Typical automatic pressure control systen
Alternative methods which comply with Regulation 62(1)(i) may be comsidered.
ents for inert d_gas-freeing (Regulation 62(m))

The principles of dilution and displacement have alrsady been

desoribed in 2,6.3 and 2.6.4. Their application to epecific
ingtallations depends on a variety of factors, inocluding:

.1 the results of laboratory tests;

«2 vhether or not purging of hydrocarbon gas is required in every
tank oo every voyage; and

.3 the mathod of venting cargo tank vapowrs.

Several arrangeusnts are possidble. One feature which should be common
to all is that the inlet and outlet poirts should be so located that
efficient gas replacement can take place throughout the tank.

There are three principal arrangements:

Arrangement Inlet point Outlet point Principle

I top top dilution

II bottom top dilution
III top hottom displacement or

dilution

It will be noted that all three arrangements can be used for inerting,
parging and gas freeing, and that a particular ship design may
incorporate more than one arrangement.
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3.11.3 Arrangenent I

Gases are both introduced and vented from the top of the tank.
This is the simplest arrangement. Gas replacemsnt is by the
dilution method. The inooming gas should always enter the tank
in such & wvay as to achieve maximm penetration and thorough

mixing throughout the tank. Gases oan be vented through a vent
stack on each tank or through s oocmmmn vent main. (see figure 11)

, ’1.
’ . . LG MaN VENT MAIN |
- Sam——— 4 ]

Npowemer

dTzg fC

x %
\

=) QPARSS

O] adzi) 4O D

Fgure 11. Dilution (I) Figure 12, Dilutian (IT)

3.11.4 Arrsngenent II

Gas is introduoed at the bottom of the tank and vented from ths top.
Gas replacement is by the dilution method. This arrangeasnt
introduces the gas through a comnexion between the inart gas deck
sain (just forvard of the mechanical non-retuwrn valve) and the bottam
cargo lines {see figurel2). A special fized gas-ireeing fan may

© also be fitted. IExhaust gas may be vanted through individual vent
rtacks or, if valves are fitted to isolate each cargo tank from the
i.u:t &8 xain, through this main to the mast riser or high veloocity
vant.

3.11.5 Arrangement III

Gas is introduced at the top of the tank and discharged from the
bottom. This arrangement pexmits the displacement method (see
figure 13), although the dilution method may predominate if the
density difference between the incoming and existing gases is

mall or the gas inlet velocity is high (see figure 14). The inert
gus inlet point is often led horizontally into a tank hatoh in
oxder to minimize turbulence st the interface. The outlet point

is often a specially fitted purge pipe extending from within 1 metre
of the dottaw plating to 2 metres ahove deck level (to minimize the
mount of vapour at deck level).
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Figrre 13. Displacement (III) Pigure 14. Dilution (III)

1.0 Iscliatica of 1 deck main (Regulation 62(k))

3.12,1 For 4aa-freeing and tank sntry some ralve or blanking arrangement is
alwiys fitted to isolate individual cargo tanks fram the inert gas
deck: main,

1.12.2 The following fastors should be oonsidered in choosing a suitable
arrangenent :
.1 protection against gas leakage or incorrect operation during
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tank entry;
.2 ease and safety of use;
.3 facility to use the inert gas main for routine gas-freeing operations;

.4 facility to isolate tanks for short periods for the regulation of
tank pressures and mamial ullaging;

protection against structural damage ¢us to cargo pumping and
ballasting operstions vhen a cargo tank is inadvertently isolated
from the inart gas main.

3.12.2 In no case should the arrungement prevent thy roper venting of the tank.
2,12.4 Sore examples of azrrangements in use are ahown in figure 15.
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3.13
3.13.1

3.13.2

SINGLE VALVE

Mgoe 15. Examples of pethods for isolating tanks
from inert gus main

Liquid-filled presgure-vaouzs bregkers

One or more liquid-filled pressure-vacuum breakers should be fitted,
unless pressure-vacuun valves having the capacity to prevent
excessive pressure or veowmm in accordance with requirements of
Regulation 62(n) aze fitted.

‘These devices require little maintenance, but will only operate at the
Tequired pressure if they are filled ic the correct level with liquid
of the ocorrect dmsity. Rither a suitable oil or a freshwater/glycol
mixture should be used to prevent freezing in cold weather.
Evaporation, ingress of seawater, condensation aad corrosion should
be taken into consideratiot and adejuately compensated for. In
heavy weather, the pressure surge caused by the motloa of licuid
in the cargo tanks may cause the liquid of the pressure-vacunu
breaker to be blown out (see figure 16).
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, Inert gas deck main
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3 & Ataospheris pressure Cperating condition Fressure relief Vacuus relief
7 : : fe.4. 1000mm w.g) {e.g. 1600mm w.g.) . (g, ~400mm v.q.)
& Figure 16, Principles of liquid filled pressure-vacuum breakers
H NG
¥
i3 L's 3.13.3 The designer should ensure that the characteristics of the deck water
3 & seal, pressure-vacuum brea.cers and pressure-vacuum valves and
3 i the pressure settings of the high and low inert gas deck pressure
o alsrms are oampatible. It is also desirable to check that all
£ e pressure-vaouunm devices are operating at their designed pressure
3 ; settings.
2 3.4 Jostrqentation gnd glamms (Regulstion 62(p) to (s))

:\, 3.14.1 Certain fixed and portable instruments ars required for the safe and

™, effective operation of an inert gus system. It js desirable that all

“ instruments should be graduated to a oconsistent system of wnits.

3: 3.14.2 Clear instruotions should be provided for operating, calibrating and
A testing all instrunents and alams. Suitable calibration facilities
A should be provided.

A wh
; "
b A 3.14.3 All instrumentation and alam squipment required in compliance with
: ] Regulation 62 should be suitadbly designed to witbhstand supply
NS voltage variation, amtient tempersture changes, vidbration, humidity,
% shock, impect and corrosion normally encountered on boaxd shipe.

3.14.4 The arrsngenant of sorubbar instrupentation and alarm should im -
follows:

.1 The wvater flov to the scrubber should be monitored either by
a flov meter or by pressure gauges. An alarm should be initiated
vhen the water flow drops below the designed flow requirementa by a
predetermined amount and the inert gas blowars should de stopped
sutomatically in the event of a further reduction in the flow.
The precise setting of the alarm and smtdown limits should be
related to individual scrubber designs and materials.
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«2 The water level in the scrubber shall be monitored by a high water
level alarm (see Regulation 62(8)(1)(2)). This alarm should be
given when pre-determined limits are reached and the scrubber pump
shut down when the level rises above set limits, These limits
should be set having regard to the scrubber design and flooding
of the scrubber inlet piping from the boiler uptales,

o3 The inert gas temperature at the discharge side of tiie ges blowers
shall be monitored. An alerm should be given when the temperature
reaches 65°C and automatic shut down of the inert gas blowers
should be arranged if the temperature reaches 75°C,

.4 If a precooler is necossary at the scrubber inlet to protect
coating materials in the scrubber, the arrangements for giving an
alarm in .3 above should apply to the outlet temperaturc from the
precooler.

.5 To monitor the scrubber efficiency, it is recommended that the cooler
water inlet and outlet temperatures, and the scrubber differantial
pressuros are indicated,

6 All pomsing probes, floats and eemsors required to be in contact
with tho wetor and gus in the scrubber should be made from materials
resistant o acidic attack,

For the deck water seal, an alarm should be given vhen the water level
falls by a pre-determined amount but before the seal is rcndered
dnoffective, For certain types of deck water seals, such as tho dry
type, the vator level alarm may require to be supprossed when inert
ges ism being supplied to tho inert gas distribution sysier.

The pressure of the inert gas in the inert gas main shall be monitored (see
Reguiation 62(8)(1)(9)). An alarm should be given vhen the pressure
reaches the set limit. The set limit should be set having regard to

the design of cargo tanks, mechanical non-return velve and deck water
sanl,

The arrengement for oxygen anslyser, recorder and indicating equipment
should be as follows:

.1 The sampling poin: for the oxygen analyser aad recorder unit should
be located at a position in the pipework after the blowers and
before the gas pressure rogulating valve specified in Regulation 62,
At the chosen position turbulent flow canditions should prevail at
all outputs of the blowers. The sample point should be easily
socossible and be provided with suitable air or stean cleaning
somnexions.

.2 Tho sampling probe should incorporate a dust filter in accordance
with the instrument manufacturertsadvice. The probe and filter
should be capoble of being withdrewn and cleaned or renewed as
necessary.,
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9 . «3- The sensing pipe from the samplirg rwobe to the oxygen anslysex-
4 i . should be so arranged that any condensation in tho sensing
3 % - pipeline does not prevent the gas sample reaching the osygen
3 e analyeer. Joints in the pipeline ghould bo kept t¢ a minimum
E ¥ to prevext the ingress of air,
éi 5:,. Lot . i ' . '
X +4 Any coolers required in the sensing pipes should be installed at
g £ the coldest point in the system; altemativaly, in ocrtain
= instances it may bo prudent to heat the sansing pipes to provent
condensatiaon, :
' : 5 The pomition of tho. afinlyser should be chosen so that it is protected
4 & from heat and advorse ambient conditions, but it should be
; o, placed a8 ¢lose as practicable to the sempling point to reduce .
- the time between the extrastion of a sample and its annlysis to o
3 3 nindmun, '
3
{ :, . .6 The recording unit and repeater indication required by
ko Regulation 62(p) should not be located in positioas subiect to
% teat and uitue vidbratioa.
E
3 ,: . 7 The resistance of the cammecting oables between tho analysor and the
e recorder should be in accordance with the instrument manufacturers
4 £ ingtruction,
9 8 The oxygen anclyser should have an sccuracy of < 1 per cont of the
; . full scale doflection of the indicator. .
, \‘: 9 Dopendent on the principle of measurement, fixed zero and/or span
- calibtration arrongements should be provided in the vicinity of the
: L. oxygen analyser fitted with suitadlo comnaxiomo faor portsble
E g: anelysers.
£
] z.‘:;

ot
t]
[}

,‘
v ;11 0

3.14.8 A sanpling point should be provided botween tho automatioc gas prossure
regulating velve and the deck water seel for use with portcble
instrunents.,

y

\?

o 3J44.9 The inert gns pressure sensor and recorder should obtain the signal
£ from a peint in the inert gas main detwoen the deck isolating/non-
return valve and the cargo tanks (see Regulation 62(p)(1)).

e

. 3.14,10 When the pressure in the inert gas main forward of the non-return

devices falls below 50 nillinmetres water gauge means shall be provided
to give an audible alamm or to shut down the main cargo puaps
" automatioally (see Regulation 62(s)(vii)).

3,14.11 The alarme required by Regulation 62(s)(1)(7) should be givan on the
navigating bridge and in tho machinery space,
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In accordanco with Regulation 62(q) portable ingtruments shall

be providod for measuring oxygen and flammablo oonsentration, With
regard to tho hydrocarbon vapour metaor, it should be bormo in mind
that meters working an tho catalytic filament principle are wnsuitable
for measuring hydrocarbon concentration in oxygea deficient atmospheres.
Furthamore, moters using this prinoiple cannot measure concentratians
of hydrocorbon vapours above tho lower flammable linit, It is,
therefore, advisable to uso meiors using a principle vhich is not
affectod by oxygen duficioncy and which are capsble of measuring
hydrocarbon concentration in and above the flammable range. For
measuring below the lower flammable limit, provided sufficient oxygen
is present, the catalytic filament meter is suitable.

All metal parts of portable instruments and sampling tubos requiring
to be introduced into tanks should de securely earthed to tho ship
otruoture whilo the instruments and sampling tubos are boing used.
Those portable instrumente should be of an intrinsically safe type.

Sufficiont tubing etc. should be pwovided to emable fully
Teprencntative sampling of a caxgo tank atmosphere to be obtained.

Suitable openings should be provided in cargo tanks to enable fully
Teprosentative samples to be taken from each tank. Vhere tanls are
subdivided by complete or partial wash bulkheads, additional openings
should be provided for each suoh subdivision.

t and drain

The effluent piping fron serubbers and deck water seal drain pipes,
vhere fitted, should be of corrosion resistant material, or of carbon

steel suitably protected intemally against the corrosive nature of
the fluia,

The scrubber efflusnt pipo and deck water seal drain pipe, where
fitted, should not be lod $o & carmon drmin pipe and the dock seal
drain ahould bo led cloar of the cngino roon and any other ges safc
8paco,

Piping made in glass reinforced plastic of acceptable manufacture,
substantial thickness, pressure tested and adequately supported,

may be acceptable for effluent pipirng from scrubbers under the
following oonditions:

.1 The efflueat lines st.ould, as far as possible, be led throagh
cofferdans or ballast taats and be in acsordance with the load
line razulations in force.

.2 Whers effluent lines are lel through machinery sjaces
the arrangemsnts should include:

5»:::.
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2.1
.22
0243
2.4
2.5

o valve fitted to o studb piece at the shell and actuated
both from inside and ocutside the machinory epace by
meunetic or hydraulic means led through steel piping.
The valve should close automatically in the ovent of
failurc of the operating nedia., Tho valve should have &
a pooition indicator. This valve is to be closed at all
times when the plant is not in operation as well as in
the ovent of a fire in the mochinery gpace. Suitable
instructions to this affoct are to be given to tho
noster;

a flap type non-returm valve;

8 short length of steel pipe, or spool piecce, lined
internally and fitted between the valve referred to in .1
above and tho non-return valve referred to in .2 above;
this is to be fitted with a 12,5 millimetre dicnoter
flanged drain branch pipe and valve;

a further spool plece fitted inboard of, and adjacemt to,
the non-rotwm valve referred to in .2 above, sinilarly
fitted with a drain,

(ilotet the purpose of this arrangenent is to emabdle the
tichtness of the valves and non-return valves referred to
in ,1 and .2 above to be checked and to facilitate the
removal of the non-return valve Jor exanination and
replacenent., )

Heans should be provided outside the machinery space for
stopping the scrubber punp.

A suitablo arrangemant io illustrated in figure 17.

LT L
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341544

341545

3.16
3.16.1

341642

3.16.3

3.16.4

341645

A wator seal in the shape of a 'U!' bend at least 2 metres in depth
should be fitted at least 2 metres below the equipment to be drainod,
Msans should be provided for draining the lovwest point of the bend,
In addition the seal should be adoquately vented to a point abm the
wvotor level in the sorubber cr deck wc.ter goal.

The diameter of the effluent and drain pipes should be adequate for
the duties intended and the pipe mun nhonld bYe self draining from the
woter seal referved to in 3,15.4. .

Seawater service

‘It is advioable that the min mpply of water to the inert gas
scrubber as required in Regulstion 62(f)(i) should be fxom an
independent pump., The alternative source of supply of water may be
from ecnothor puop such as the sanitary, fire, bilge and dallast pumps
provided that the quaniity of water required by the inert gas scrubber
is readily available and the maquircmonts of other essential services
oare not thereby impeired,

The requirement for two séparate pumps to be capadble of cupplying
water to the dock wvater seal (see Regalation 62(J)(441)) oan de met
by any of the punpe referred to undex ultermative source of supply
in 3,16,1 subject to the same provisions applying as are reocorded in

that paregraph.

Tho pumps supplying vater to the scrubber and the deck water seal
should Ye ouch aas to provide the required throughput of water at
light drought conditions, The quantity of water at all other draught
oonditions should not flood the scrubber or increase the gas flow
rosistance excessively.

Loope in the piping of the deck water seal to prevent the backflow

of hydrocarbon vapour or inert gas should be positicwned outsile the
mochinery space and suitabdly protected against freezing, for sxample
by steen trooing, With referunce to the deck water ssal arrangenant,
provisions should be mode to prevent a pmeumatically controlied system
from froezing (eee Regulation 62(3)(v) ana (vi)).

Vacuuz breckers provided to mmt the water loops being emptied
should vent to & position an the open deck.
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- 4 . OPERATION O INEBT GAS mnr

41 Though flue gas systeas differ in deteil certain basio principles recain
the same. These are: ..

AT TOR TPRIRR A
" 1' et

. J  starting up the inert gas plant;

:_‘ .2 -shutting down the inert gas plant;

,:: .3 safety checks when the inert gas plant ie shut down.

B

¥,

’f, In all cases the manufacturer'!s detailed ingtructions should be followed.

4.2 Btu't-up prooadunl lbould be as Iollm:

«1 Bosure boiler is producing flue gsse td.th an oxygen oontont of
5 per oent by volume or less (for uxil‘d.ng ships 8  pex cent by
voluse or, vherever precticable, less). .

.2 Ensure that pover is available for all comtrol, alarm and
automatic shutdown operations.

.3 [Ensure that the quantity of water required by the scrubber and
deck water seal is being maintained satisfactorily by the pump
selected far this duty. ,

oAz e AT A Wb ALY b
R R R R

,‘
ede 3

e ’ '

:,r .4 Test operation of the slarm and shutdown features of the systexz

;:- .. dependent upon the throu@put of water in the sorubber and deck seal.
§~ -5 Check thet the gas-freeing fresh sir inlet valves gro fitted exe
s sbut and the blanks in position are cavure.

e .6 Bhut off the air to any air sealing arrangements for the flue gas

;3 isoclating valve., ..

%

s7 Open tbe ﬂua gus isolating valve, °

«8 Open the uloctod blower sustion valve. Rnsure that the other

blower suation and discharge valves are ahyt unlou it is intended
to un both blowers li.mltcneounly.

9 Btu-t the blcmz.

F i
k)

.
It}

A

‘_‘{
¥
R

+10 Test dlower "fallure" alarm.
+11 Open the bdlower discharge valve.
.12 Open the recirculating valve to enadle plant to stabilise.

«13 Open the flus gas regulating valve.

.14 Check that cxygen camtent is 5 per cent by volume or leas,
(for existing ships & per cent by volume or, vherever practicable,

pe ~ Y AN IS RE ™4
SEAURER O S R

»

e less) ihen olose the vent to atmosphere between the gas pressure
3 regulating valve and the deck isolating valve.

5 Note: Same oxygen analysers require as much as two hours to
stabilize before accurate readings can be obtained.

oy
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«15 The inert gas systenm is now ready to deliver gas to the cargo tanks.
4.3 Shutdown procedures should be as follows:

cpe e #
1 .:" e,
b

«1 VWhen all tank atmospheres have Soen checked for an ox}ge.n lsvel of
pot more than 8 per cent and the required in-tank pressure has been
obtained, shut the deck isolating/non-return valve.

Ty g

I

=

.2 Open vent to utmoephére between the ga;a pressure regulating valve
and the deck isolating/mon-return valve.

«3 Shut the gas pressure regulating valve.

TEPTRRI

B
[ 3

«4 Shut down the inert gas blower.

e At

.5 Close the blower suction and discharge valve., Chack that the drains

are clear, Open the water system on the blower while it is
still rotating with the power supply of the driving rotor turned otf,

wmless otherwise recammended by the manufacturer. Shut down the water
washing plaat after a suitable period.

3T

"

g
«r

5
b
£
o
&

.6 Close the flue gas isolating valve and open the air sealing system.

N
w®

7 [Keop the full water supply on the scrubber tower in accordance with
. the manufacturer's recommendation.

AN

.8  Ensure that the vater. ;upply to the deck water seal is rumning
satisfactorily, that an adequate water seal is retained and that
the alarm arrangexents for it are in oxrder.

*gaad
7

4.4 BSafety checks vhen inert gas plant is shutdown should be as follows: ,

%2

.1 The water supply and water level in the deck seal abould be
ascertained at regular intervals, at least once per day
depending on weather conditions.

T
A

K

«2 Check the water level in water loops installed in pipework for gas,
wvater or pressure transducers, to prevent the backflow of
hydrocarbon gases into gas safe spaces.

»,
>

«3 In cold weather, ensure that the arrargements to prevert the freezing
of sealing water in the deck sesls, pressure vacuum breakers, etc.
are in order.

"

4
e,

.4 Before the pressure in the insrted oargo tanks drops to
100 millimetres they should be re-pressurized with inert gas.

4.5 Possible failures of inert gae system and actions to be laken include:
.1 Bigh oxygen content which may be caused or indicatad by the followirg

RIR Y B EACTE

conditions:
o)
5= .1.1 poor combustion camtrol at the boiler, especially under low load
3_@7’ conditions;

3/
!

.1.2 drawing air down the uptake when boiler gas output is less than the
inert gas blower demand, especially under low load conditions:

BRRITEL T LV
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1.3 air leaks between the inert gas blower and the boiler uptake;

.1.4 faulty operation or calibration of the oxygen analysex;

1.5 inert gas plant operating in the recirculation mods; or

1.6 entry of air into the inert gas main through the pressure vacuum
valves, mast risers etc, due to maloperatiom.

.2 If the inert gas plant is delivering inert gas with an oxygen content
of more than 5 per cent, the fault should be traced and repaired.
Regulation 62(5??1,&) requires, however, that all cargo tank
operations shall be suspended if the oxygen content exceeds
8 per cent wnless the quality of the gas is improved.

«3 Inability to maintain positive pressure during cargo discharge or
deballagting operations which may be caused Yy

«3.1 inadvertemnt closure of the inert gas valves:

«3.2 faulty operation of the automatic pressure control system;

«3.3 inadequate blower pressure; or

«3.4 a oargo discharge rate in excess of the blower output.

.4 The cargo discharge or deballasting should be stopped or reduced

depending on whether or not the positive pressure in the tanks can
be maintained while the fault is rectified,
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5 APPLICATION TO C4RGO TANX OPERATION

- The inert gas systen should be used during the full cycle of tanker
operation as described in this section.

5.1  Inerting of tanke

5.1.1 Tanks that have been cleaned and gas—freed should be re-inerted
preferably during the ballest voyage to allow the inert gas systen
to be fully tested prior to cargo handling, Purge pipes/vents should
be opened to atmospherec, When the oxygen concentration of the
atmoophere in the tank has fallen below 8 per cent the purge pipes/
vents should be closed and the tank prossurized with inert gas.

SRR RV

i,

) ‘.‘.‘_“. AR <

5.1.2 During the re-inerting of & tank following a breakdown and repair of
' the inert gas system, non-gas~free and non-inerted tanks should te

re-inerted in accordance with 5.1,1. During inerting, no ullaging,
dipping, sampling or other equipment should be inserted umless it has
been established that the tank is inert. This should be done by
monitoring the efflux gas from the tank being inerted until the oxygen
content is less than 6 per cent by volume and for such a period of
tine as determined by previous test records when inerting gas-free
"tanks to ensure that the efflux gas is fully represantative of the
atnosphere within the tank.

-4

PRUO T AFTRAPE I B ol S SRS T
AR PR S AT

v ° 5,1.3 When all tenks have been inerted, they should be kept cormam with the
¥ inert gas main and maintained at a positive pressure in excess of

5 100 millimetres water gauge during the rest of the cycle of operation.
'\lj .

_ 5.2 Digcharge of water ballast

33 5.2.1 Before diacharge of carge tank ballast is undertaken, the following
;f conditioms should be checked:

’; .1 All cargo tanks are comnected up to the inert ges system end

’,’ all isoleting valves in the deck pipework are locked open.

55 «2 All other cargo tank openings are shut,

:1» .3 All valves isoleting the mast risers from the inert gas systenm
=7 . are shut.

2 .4 The arrengements required by Regulation 62(m)(iv)(1) are used o
ii_'-" isolate the cargo pain fron the inert gas main.

i’f .5 ™e inert gas plant is producing gas of an acceptable quality,
F, 6 The deck isolating valve is open.

®

5.2.2 During the deballasting operation, the oxygen content of the gas and
its pressure in the inert ges main should be continuously recorded
(eee Regulation 62(p)(1)(1) end (2)).

.
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NI

2

53 leading

When loading oargo the deck isolating valve required ty
Regulation 62(j)(viii) should be closed and the inert gas plant may
be ahut down unless other cargo tanks are being deballasted

1

w s e

IR
“

e et RO R ACEY

x simultaneously. All openings to the cargo tanks except the

F comnexions to the mast risers or oquivalent venting arrangenents

= should be kept closed to minimise flarmable veapour an deck. -Befors
. -loading commences the flame screens in the mest risers or equivalent
2 venting arrangements should be inspected and any stop valves isolating
: the oargo tanks from the irurt gas main lopked in the open position.
% 5.4  Jeaded condition

5.4.1 During the loaded passage a positive pressure of inert ges of at least
i 100 millimetres water gauge should be maintained in the cargo tanks

ol and topping up of the preaswre mey be necessery. When topping up

ke the inert gas pressure in the cargo tanks, particular attantica

K should be paid to obtaining an oxygen concentration of 5 per ocent

i or less in the inert gas supply before introducing the gas into the
e cargo tanks.

5 5.4,2 On motor tankers, the boiler loading may have to be incressed in

% order that the low oxygen occncentrstion in the inert gas supply ocan
) be achieved, It may also be necessary to restrict the output of

X, the inert gas blowers to prevent air being drawn down the uptake during
g the topping up operation., If by these means inert gas of the

& quality defined in 5.4.1 cammot be achieved then inert gas from

3_3“-‘7 an alternative source of supply such as an inert gas generator might
“ be used.

g

[

fe 5.5  Sapeo dlscharse

€.

E} 5.5.1 It may be necessary to relieve the inert gas pressure in the cargo

'i: tanks on arrival o permit msnual messuranent before cargo is

2‘5 disoharged. If this is done, no oargo or ballasting operation is

e to be undertaken and a minirun pumber of mmall tank openings are to be
e uncovered for ag shart s time as necessary to enable these measurements
= to be ocompleted,

w3

% 5.5.2 The tanks should then be re-pressurized before discharge commences.
"gV&-.

2‘~ $.5.3 Cargo discharge should not be commenced until all the conditicne

;ij have been checked and are in order.

¥y %

%{ 5.5.4 During discharge the oxygen content and pressure of the inert ges in
£ the inert gas main should be comtinuously reccrded (see

= Regulaticn 62(p)(1)(1) snd (2)).

7

& 5.6 Crude o4l yeshing (see section 5 of the Crude Oil Washing

. Operstions and Equirment Manual)

fi 5.6.1 Defore each tank is crude oil washed, the axygen level shall be

B determined at a point 1 metre delow the deck and at the middle region
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50602

5.7

5.8
5.8.1

5.8.2

5.9

5.10

of the ullage space and neither of these deteminatioms shall exceed
8 per cent by volume, Where tanks have complete or partial wash
tulkhoad, the determination should be taken from sinilar levels in
each section of the tank, The axygen ocontent ond pressure of the
inert gas baing delivered during the washing process should be
oontinuously recorded (eee Regulation 62(p)(1§i1) and (2)).

If, during the crude oil waghing:

.1 the oxygen level of the inert gas being delivered exceeds
8 per cent by volume; or

.2 the pressure of the atmosphers in the tanks is no langer positive;

then washing must be stopped until satisfactory oonditions are
restored. Operators should also be guided by 4.5.2.

Ballaptinz of caxgo tankg

The conditions for ballasting of cargo tanks are the sane ag those
for loading in 5.3. When, however, sirmltaneous discharge and
ballasting is adopted, then a close watch should be kept on the
inert gas main pressure.

] tion

During a ballast voynge, tanks other than those required to be gas-
free for necessary tank entry should be kept inerted with the cargo
tank atmosphbere at a positive pressure of not less than 100 millimetres
vater gauge having an caxygen level not exceeding 8 per cent by volume
especially during tank cleaning.

Before eny inert gas is introduced into cargo tanks to maintain a
positive pressure it should be established that the inert gas
contains not more than 5 per cent by volume of oxygen.

Zagk cleandng

Cargo tanks should be washed in the inert condition and under a
positive pressure. The procedures adopted for tank cleaning with
water should follow those for crude oil washing in 5.6.

Bursine prior to ges-frgeinz

When it is desired to gas free a tank after washing, the concentrstion
of hydrocarbon vapour should be reduced by purging the inerted cargo
tank vith {nexrt gas, Purge pipes/vents should be opened to
atmosphere and inert gas introduced into the tank until the hydrocarbon
vapour oconcentration msasured in the efflux gas has bean reduwced to

2 per cent by volume and until such time as detemined by previous
tests on cargo tanks has elapsed tc ensure that readings have
stabilized and the efflux gas is repressntative of the stmosphere
within the tank,
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5.11  Gas-fIeeinz

5.11.1 Gas-freeing of cargo tanks should only de carried out when tank entry
is neceseary (e.8. for essential repairs), It should not be
started until it is established that a flamable atnosphere in the tank
vill not be created as a result., Bydrocarbon gases should be
purged from the tank (see 5.10),

5.11.2 Geas-freeing may be effeoted by pneumatically, hydraulically or stean
driven portable blowers, or by fixed equipment. In either case it
is necessary to imolate the appropriate tanks to avoid contapination
fron the inert gas main.

g $.11.3 Ges-freeing should continue until the entire tank has an oxygen content
it of 21 per cent by volume and s reading of less than 1 per cent of lower
P flammable limit is obtained on & combustidle gea indicator, Care must

kA be taken to prevent the leakage of air into inerted tanks, or of inert
:;; 908 inte tanks vhioh are being gas-freed.

i 5.12  Tank entry

K

. 5.12.1 The entry of personnel to the cargo tank should only be carried out

under the close supervision of a responsidle ship's officer and in
aocordance with national rules and/or with the nomal industrial
practice laid down in the International Safety Guide for 0il Tenkers
and Terminals.* The particular hazards encountered in tanke which
. have been previously inerted and then gas freed are outlined in

s - 9.2,8, 9.3.3 and Chapter 10 of that Guide.

LB

il 4
S 4

e ' 5.12,2 Praotiocal precautions to meet these hazards include:

: .1 securing the inert gas branch line gas valves and/or blanks
L. in position or, if gas freeing with the inert gas blower,
= isolating the scrubber fron the flue gases;

Wy

‘ +2 olosing of any drain lines entering the tank from the inert
i &8 Duin;

N +3 oseouring relevant cargo line valves or controls in the closed
position;

. +4 kewping the inert gas deck pressurec in the renainder of the
3 oargo tank systerm at & low positive pressure such as 200 nillinetres
. wvater gauge. This mininizes the possible leakage of inert or
hydrocarbon gas from other tanks through possidle btulkhead
oracks, oargo lines, valves, etc.;

9 lowering clean sample lines well into the lower regions of the
tank in at least two locatione., These locations should be away
froo both the inlet and outlet openings used far gas-freeing.
4fter 4t has been ascertained that a true bottom sarple is
being odbtained, the following readings are required:

. ISGOTT published by the International Chamber of Shipping and the 0il
Oempanies International Marine Forum.
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5.1 21 per cent an a portable oxygen anelyser; and

+5.2 less than 1 per oent of lower flammable limit on a combustible
gas indicator;

6 the use of breathing apparatus whenever there is any doubt about
the tank being gas-free, e.g. in tanks where it is not possidle
to sample ramote locations. (This practice should be contimued
until all arsas, including the bottom structure, have been
thoroughly checked. );

.7 oontinuously ventilating and regularly senpling the tank atnosphere
wvhenever persomnel ere in the tank;

.8 ocarefully observing normal regulations for tank entry.

5.13  Recinextine aftey tepk egtyy

5.13.1 When all personncl have left the tank and the equipment has bean
renoved, the inert gas branch line blank, if fitted, should bde
renoved, the hatch 1ids closed and the gas pressure regulating

valve re—opened and locked open to the inert gas main where appropriate.

This will avoid any risk of struotural dsmage when liquids are
subsequently handled.

5.13.2 As soan as a gas-free tank is recommected to the inert gas main it
should be re-inarted (as desorided in 5.1) to prevent transfer of air
to other tanks.
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1 - 6  PRODUCT CARRIERS

te

The basic principles of inerting are exactly the same on a product
carrier as on a crude oil tanker, However, there are differences in operation
of these vessels as outlined below.

6.1 Carriage of products having a flashpoint exceeding 50°C (closed
cup test) as determined by an approved flashpoint apparatus.

6.1.1 Regulation 55(a)(i) of Part E, Chapter II-2, 1974 SOLAS Convention as
amended by the 1978 Protocol implies, inter alia, that Regulation 60 and
62 do not apply to tankers carrying petroleum products having a flashpoint
exceeding 60 C; in other words, product carriers may carry bitumens,
lubricating oils, heavy fuel cils, high flashpoint jet fuels and some
diesel fuels, gas oils and special boiling point liquids without inert
gas systems having to be fitted, or, if fitted, without tanks comtaining
guch cargoes having to be kept in the inert comditiom.
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6.1.2 If cargoes with a flashpoint exceeding 60°C, whether heated or otherwise,
are carried at temperatures near to or above their flashpoint (scme bitumen
cut-backs and fuel oils), a flammable atmosphere can gecur (Regulation 62(a)
refers). When cargoes wigh a flashpoint exceeding 60 C are carried at a
temperature higher than 5°C below their flashpoint they should be carried
in an inerted comditiom.

6.1.3 When a non-volatile cargo is carried in a tank “hat has not been
previously gas-freed, then that tank shall be maintained in an inert
candition.

6.2 DProduct contamination by other cargoes

Contamination of a product may affect its odour, acidity or flashpoint
specifications, and may occur in several ways; those relevant to ships
with an inert gas main (or other gas line) inter-comnecting all cargo
tanks are:

.1 ILiquid contamination due to overfilling a tank.
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.2 Vapour contamination through the inert gas main. This is largely a
problem of preventing vapour fram low flashpoint cargoes, typically
gasolines, contaminating the various high flashpoint ocargoes listed in
6.1.1, plus aviation gasolines and most hydrocarbon solvents.

This problem can be overcoze by:

.2.1 removing vapours of low flashpoint cargoes prior to loading; and

A

{eR

73
RS

t.

.2.2 preventing ingress of vapours of low flashpoint cargoes during
loading and during the loaded voyage.

APTRARES

N
L

Waen carrying hydrocarbon solvents where quality specificatioms are
stringent and +here it is necessary to keep individual tanks positively
isolated from the inert gas main after a cargo has been loaded,
pressure semsors should be fitted so that the pressure in each such
tank can be monitored. When it is necessary to top up the relevant
tanks, the inert gas main should first be purged of cargo vapour.
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6.3

6.4

6.5

tanination of ¢ o8 inert

For avell designed and operated flue gas systea experience

suggests that petroleum cargoes traditionally carried om product
tankers do not suffer contamination from the flus gas itself, as

opposed to contanmination from other cargoes. Eowever, uucocpublo
contaaination from the flue gas may be encountered if proper control

is not exercised over fuel quality, efficiency of combustior, scrubbing
and filtern.ng

The more critical petrochemical cargoes which may be carried by product
carriers can be contaminated by flue gas.

Goptanipation of cargoes by water

A1l ludricating oils «nd jet fusls are acutely water oritical.
Current practice requires full line draining and scpping up of any
wvater in %tanks before loading. Water oontamination may occur on
inerted ships due tos

.1 water curry-over fxom the scrubber and/or deck water seals
us t= (radequacies in design or maintenance of the various
drying arrangenents; and

.2 ocondensation of water from warm, fully saturated flue gas
delivered to the tanks.

ti el

Gas-freeing is required on non-insrted product carriers more
frequently than on crude carriers, both because of the greater
need for tank entry and inspection, especially in port, and for
venting vapours of previous cargoes. On inerted product carriers
any ges-freeing operstion las to be preceded by a purging opers-
tion (Regulation 62(b)(iv)), but gue-freeing for purely quality
reasons may be replaced by purging only. In sddition purging
may be required on the bdasis outlined im 6.1.3 above.

It should be recognised that:

.1 there ere increased risks of air lesking into inert tanks and
of inert gas leaking into a tank deing entered;

.2 purging is not a prerecuisite of gas-freeing when the
hydrocarbon gas content of a tank is belov 2 per cent by
volunme;

.3 the operation of gas-frueing for preduot purity and whure

tank entry is not contesplated does not require the s:mosphere
to have an oxygen content of 21 per cent by volume.
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7 COMBINATION CARRIERS

AR AR

The basic principles of inerting are exactly the same on a corbination
carrier as on a tanker. However, there are differences in the design
and operation of these vessels and relevant considerations are
outlined below.

7.1 §lack holds

It ir particularly important for combination carriers to have their holds
inerted because whensver g hcld in an OBO carrier (which could extend to the

full breadth of the ship) is partially filled with clean or oily ballast,

. water agitation of this ballast can occur at small angles of roll and

o this can result in the generation of static electricity. The agitation
is sometimes referred to as 'slosghing' and it ocan havpen whenever the ullage
i above the liquid level of the hold is more than 10 per cent of the depth of
s the hold, measured from the undorside of the deck {see figure 18 for remedy
R condition).

¥~: Tllage not

e more than 1C per cent

,‘;"l _rF-llmma‘)lc ulo-;hen? _— d.pth of hold
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X I —/=--. __BALLAST .:_;_"::‘-':i

~— ===
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. Pigure 138,

. 7.2 Leskage

;. To ensure that leakage of tank gas, particularly ibi-ough the hatch centre-
- line joints, is sliminated or minimized, it is essvatial that the hatch

- oovers are inspectec Irequently to determire the siate of their seals,
their ¢ligrment, etc. When the hatch cciwis have besn opened, particularly
Z’, after the ship has been carrying a dry bulk cargo, the ssals and trackways
e should be inspected and cleaned to remove any foreign matter.

&

£ 7.3 1gst void gpaces

:; The cargo holds of combination carriers are adjacent to ballast and void

Y spaces. Leakages may oocur in pipelines or ducts in these spaces, or by
<% a fracture in the boundary plating; in this event thare is a possibility
£ that oil, inert gas and hydrocarbon gas may leak into the ballast and void
% spaces. Consequantly ges pockets may form and difficulty with gas-freeing

sot

30y
LS 95

should be anticipated dus to the considerable steelwork, acting as
stiffening, which is characteristic of these spaces. Persomnel should be
alerted to this haszard.

"

[
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5 7.4 Inert ges distribution system

- Due to the special construction of combiration carriers, the vent line
l-{; from the cargo hatchway coaming is situated very close to the level of
the cargo surface, In many cases, the inert gas main line passing along
the main deck may be below the o0il level in the hold. During rough

e weather oil or water may enter thesec lines and completely dlock the

E ;q’ opening and thus prevent an udequate supply of inert gas during either
b o tank cleaning or dischaxge. Vent lines should therefore have drains
e 7 fitted at their lowest point and these should always be checked before
: 5. any operation takes place within the cargo hold,
v
. 7.5  Application vhen carrying oil
f> On combination carxiers the inert gae system should be utilized in the
" manner described in section 5 when the ship is engaged exclusively in
Lo the carriage of oil.
Q:‘;' 7.6 Application when carrying cargoes other than oil
A
B’L‘» 7.6.1 Vhen a combination carrier is carrying a cargo other than oil it should be
{ considered as a tanker unlese the requirements in 7.6.8 are complied
5. vith.
£
T 7-6.2 When cargoes ocher thar oil are intended to be carried it is essen*ial
B4 that all holds/cargo tanks other than slop tanks referred to in 7.6.6 and
= i 7.6.7 are emptied of 011 and oil residues, and cleaned and wentilated to
) such a degree that the tanks are completely gas free and internally
; inspected. The pumproom, cargo pumps, pipelines, duct keel aré other
5:; ; void spaces are to be checked to ensure that they are free of oil and
i hydrocarbon gas.
'»— 7.6.3 Wwhere holds are required to carry cargo other than oil they should bte
~,. isolated from the inert gas main and oil cargo pipeline by means of
. blanks which should remsin in posiiion at all times when cargoes other than
B2 oil are being handled or carried.
g
‘ '{E, 7.6.4 During the loading and discharging of solid cargoes and throughout the
z intervening periods all holds/cargo tanks other than the slop tanks
‘ff referred to in 7.6.6 and 7.6.7, cargo pumprooms, cofferdams, duct keels
g and other adjacent void epaces should be kept in a ges free condition
A and checlked periodically at intervals of not more than two days to
T ensure that:
L 2N
P +1 there has been no generation of hydrocarbon gas or leakage of hydrocarbon
2. gas from the slop tanks referred to in 7.6.6 and 7.6.7. If
o concentrations of more than 20 per cent of the lower flamizble limit
= are detected, the compartments concerned should be vanti.ated;
N
é‘é_’; «2 there is no deficiency c¢f oxygen which could be attributable to
< leakage of imert gas from another compartment.
e 7.6.5 As an alternative to 7.6.4, those cargo tanks which are empty of carge
27 may be re-inerted in accordance with 5.1, provided they are subsequently
e maintained in the inert condition and at a minimum pressure of
TF 100 millimetres water gauge at all times, and provided that they are
checked periodically at intervals of not more than two days to enseure
\ that sny generation of hydrocarbon gas does not exceed o..e per cent by




e . |
wy

Sl SER

SANES A RS

o

3

0

g Y WX ) PEAN o TR ST Bty 1 000
LY SRR AR

’
¢
>

Xt

AT

't >
-5

e

W

e
-~

VTR SN
LR AR A

Fub
e S

[ PUNIN

Se qun TN 40 A1
R EOTOR ‘»'{1, )

/WWIIIWW
if

RN
R
&

f“jl‘“&

T
Bk
Yy T TI
ShY
.
B

g «
£ il
X N ...
3 &
g', 3
& t 2
% =
" .
-
£ Z
o ‘ -
E :. '
b
3 e
al
g
5
<.
N
2
P
iy
&€
ek
LN
¥

b
'

v d
aw

T.6.6

7.6.7

S T L R N . - - . -

MSC/Cixe.282
ANNEX

Page 43

volume. If suoh a oomoentration is detected the compartments concernei
ashould bde purged in socordance with 5.10,

Slops should be contained in a properly comstituted slop tank and should be:

.1 discharged ashors and the slop tanks cleaned and ventilated to
‘such a degree that the tanks are completely gas-free and then
inerted; or

.2 7retained on board for not more than one voyage when, unless the vessel
reverts to oarrying oil, the slop tank should be treated as in 7.6.5.

If slops are retained on board for more than one voyage because receptiom
faocilities for oily residuss are not available, the slop tank should

be treated as in 7.6.5 and in addition a report should be forwarded

to the Adminigtration.

Slop tatks whioh have not been discharged should comply not only with the
requirements of 7.6.6, but also with Regulatiom 62(k)(ii)(2) which requires
that they be isolated from other tanks by blank flanges which will remain

in position at all times when cargoes other than oil are being carried, except
as provided for in these Cuidelines, In this connexion reference is made

to 7.6.3. On oombinatior carriers where there are also empty cargo tanks
vhich are not required to be isolated from the inert gas main then the
arrangenant for isolating the slop tanks from these tanks should be such

as toi

.1 prevent the passage of hydrocarbon gas from the slop tanks to
the empty tanks; and

.2 fesilitate monitoring (see Regulation 62(p)(iii)(1)) of and, if
necessary, topping up of the pressure in slop tanks and in any empty
oargo tanks if the latter are being kept in the inert condition as
reforred to in 7.6.5.

4 suggested mxrangemant is showa in figure 19.

Slop tank
. Reg 62 CARGS
Blank TANKS
. !
N 2&! ‘ [
#,2. valve ( 1Sam_ll
ore
tl‘ ' line $
Figura 19. Proposad by-pass

arrongenant for topping
uz cargo tanks.

In giéi%ior, a)) cazgo pipelines o or from %he slop tanks should be
blanksd off,
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7.6.8 Instead of complying with the requirements in 7.6.2 %o 7.6.7,a
ocombination carrier may be opersted as & Wulk eaveisry vithout
having to use its inexrt gas system if either:

«l it has never carried a cargo of oil; or

2 after its last cargo of oil, all its cargo tanks, inocluding slop
tanks, the pumproom, cargo pumps, pipelines, cofferdams, duct
keel and other void spaces are emptied of oil and oil residuss,
cleaned and completely gas-free and the tanks and void spaces
internally inspected to that effect. In addition the monitoring
required in 7.6.4 should be aontinued until it has been established
that gensration of hydrocarbon gas has ceased.
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FNERCENCY PROGEDURES

In the event of total failure of the inert gas system to deliver the
quality and quantity of inert gas to maintain a positive pressure in the
ocargo tanks and slop tanks, action must be taken immediately to prevent
any air being drawn into the tank. All cargo tank operstions should be
stopped, the deck isolating valve should be closed, and the vent valve
between it and the gas pressure regulating valve should be opensed.

If it is considered to be totally impracticable to effect a repair to
enable the inert ges system to deliver the quality of gas and maintain a
positive pressure in the cargo tanks, cargo discharge and dedallasting
sy ouly be resumed provided that the following precautions are taken:

«1 The flame screens are checked to ensure that they are in a
satisfactory ocondition, .

+2 The valves on the vent mast risers are opened.
3 No free fall of water or slops is permitted.

.4 No dipping, ullaging, sampling or other equipment should be
introduced into the tank unless essential for the safety of the
operation. If it is necessary for such equimment to be introduced
into the tank, this should only be dme after at least 30 minutes
have elapsed since the injection of inert gas ceased. All metal
ocomponents of equipment to be introduced into the tank should be
securely earthed., This restriction should be applied until a period
of five hours has elapsed since injection of inert gas had ceased.

If it is essential to clean tanks following ths failure of the inert gas
system, and inerted oonditions as defined in Regulation 62(b)(ii) camnot
be maintained, further precautions are necessary. These are listed velow:

.1 Tank vashing should only be oarried out on one tank at & time.

+2 The tank sbould de isoclated from other tanks and from any common
venting system or the inert gas main and maximum ventilation output
should be oonoentrated on that tank doth bdefore and during the
washing process. Ventilation should provide as far as posaidble a
free flov of air from ons end of the tank to the other.

3 The tank bottom should be flushed with water and stripped. The
piping syster including carge pumpe, cross-overs and discharge
lines should alao be flushed vith water,
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- .4 Vashing should not commence until tests have been made at various
levels to establish that the vapour content in any part of the
tank is below 10 per cent of the lower flammable limit,

.5 Teeting the tank atmosphers should contimue during the washing
process. If the vapour levsl rises to within 50 per ocent of the
lower flammable limit washing should be discontinued wntil the vapour
level has fallen to 20 per cent of the lower flammable limit or less.
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.6 If washing machines with individual capacities exceeding 60m3/‘h.our
are to be used, only one such machine shall be used at any one time
on the shir. If portable machines are used, all hose commexions
should be made up and bonding cables tested for comtinuity before
the machines are introduced into the tank and should not be broken
until after the machines have been removed from the tank.
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«T The tank should be kept drained during washing, If duild-up of
wash water occurs, washing should be stopped until the water has
been cleared.
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«8 Only clean, cold sea water should be used. Reoirculating systems
should not be used,

+9 Chemical additives should not be used.

R

«10 A1l deck openings, except those necessary for washing and designed
venting arrangements, should be kept oclosed during the washing
process.

; 8.4 During cargo operations in port, more stringent regulations of the port

Anthorities shall take precedence over any of the feregoing emergency
procedures,

.ﬁt’. At

.5 The attention of the ship's master should be drawn to Regulstion 11(c)
of Chapter I of the 1978 SOLAS Protocol in the event of the inert gas
system having become inoperative.
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9 MAINTENANCE AND TESTING

9.1  General

9.1.1 The safety arrengements are an integral part of the inert gas systen
and it is important for ship's staff to give special attention to then

Ve,

14

R PR

e,

f during any inspection.

2 9.1.2 Inspectian routines for some of the main compments are deelt with in
o this section,

: 9.2 bbe

f“ 9.2.1 Inspection may be made through the manholes. Cheoks should be made
; for corrosion attacks, fouling and damage to:

E:' .1 scrubber shell snd bottow;

;‘“ «2 ocooling water pipes and spray nozzles (fouling);

;:’i

&% «3 floot switches and tamperaturs sensors;

5; .4 other internals such as trays, plates and demister filters.

’:“ 9.2.2 Checks should be made for dauage to non-netallic parts such as:

> .1 intemal linings;

f;: «2 denisters;

£ .3 packed beds.

3

9.3 Inert gas blowers

9.3,1 To a limited degree, intemal visual inspection will reveal decmage
at an early stage., Diagnostic monitoring systens should be used as
they greatly assiest in maintaining the effectivencss of the equipment.
By fitting two equal sized blowers or, alternatively, supplying and
retaining on board a spare impeller with a shaft for each blover,
an acceptable level of availability is ensured. Visual inspection
through the available openings in the blower casing are adequate for
this purpose.

.:B
HY

3

9.3.2 An inspection of inert gas blowers should include:

.1 intemal inspection of the dlower casing for soot deposits ar
signs of corrosive attack;

S AN SR S

[

¥ +2 exminstion of fixed or portable washing systev;

Z

'f +3 dinspoction of the functioning of the frosh wator flushing
f';‘— arrasngenents, shere fitted;
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9.4
9.4.1

9.4.2

9.5

9.7
9.7.1

«4 inepection of the drain lines from the blower casing to ensure
that they are clear and operative;

«5 obeervation of the blower under running conditions for signs of
excessive vibration, indicating too large an inbalance.

Deck water seal

This unit perfornms an important function and must be maintained in
good condition. Corroded inlet pipes and damage to float controlled
valves are not uncompon., The overboard drain line and connexion are
also possible scurces of trouble.

An inspecticn of the deck water seal should include:

.1 Opening for internal inspection to check for:

.1.1 dlockage of the venturi lines in semi~dry type water seals;
1.2 corrosion of inlet pipes and housing;

1.3 corzosion of heating coils;

.1l.4 corroded or sticking floats for water drain and supply
valves and level monitoring.

«2 Testing for function:

.2.1 automatic filling and draining: check with a local level
gauge if possible;

.2.2 presence of water carry-over (open drain cocks on inert
gas main line) during operation.

Non-return velve

The non-return valve should be opened for inspection to check for
corrosion and also to check the condition of the valve seat., The
functioning of the valve should bde tested in operation,

Scrubber effiuent line

The scrubber effluent line cannot nornally be imspected internally
except when the ship is in dcy dock. The ship side stub piece,
referred to in 3,15.3.2 and the overboard discharge valve should be

inspected at each dry-docking pericd.

Testing of other units and alarms

A method efBould be devised to test the correct functioning of all
units and alarms end it nay be neceesary to sinmulate certain conditions
to carry out an effective testing programme.

R
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9.7.2 BSuch a progrenme ehould include checking:

.1 all alarn and safety functionsg
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«2 the functioning of the flue gas isclating valves;

+3 the operation of all remotely or automaticzally controlled valves;

+4 the functioning of the water seal and non-return valve (with a
backflow pressure test);

5 the vibration level of the inert gas blowers;

.6 for leakages:

should be examined for gas leakage;

.7 the interloeking of the soot blowers;

in systems four years old or more deck lines

.8 oxygen-peasuring equipoent, both portable and fixed, for
accuracy by meane of both air and a suitable calibration gas,

9.8 Suggested naintenance programme

Cotiponent Preventive naintenance Maintenance interval
Flue gas Operate the valve fefore start-up and one week
isolating
valves Cleaning with compressed air or | Before operating valve

stean
Disnantlirg for inepection and Boiler shutdown
cleaning
Flue gas Water flush Lfter use
scrubber Cleaning of denister Three oonths
Diemantling of level regulators | Six nonths
and teoperature probes for
inspection
Opening for full intermal Dry docking
inspection
Overboard Flushing with scrubber water After use
pipes and puop for sbout one hour
*g.lve {roo Dismantliing of the valve for Dry-docking/repair period

“bﬁ' overheul, inspection of pipeline
scrubber and cverboard end
[Blowers Vibration check While running
t Flushing After use

Internal inspection through After flughing and six
hatches monthe

Diemantling for full overhaul
of bearings, shaft tightenings
and other necessary work

Two years or more frequently
1¢ required/dry-docking

R 2 E S M};ﬁa
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; Caonponent Proventive naintenance Maintenance intervel
Deck water Dismantling of level regulators/ | Six months
seal float valves for inspection
Opening for total internal One year
inspection
Overhaul of auto-valves One year
Deck _  Moving and lubricating the One week ard before start
mechanical valve if necessary
i:g;:et i Opening for internal inspection | One year/18 ponths
‘Presgure- Operating and lubricating the Six nonths
vacuun valves
valves Opening for full overhaul One year
and inspection
Deck isolating | Opening for overhaul One year
valve
Gas pressure Henoval of condensation in Before start

regulating
systen

Liquid
filled
lyressure-
\vacuun

ibrea.ke:r:

instrunent, air supply

Opening of Zae pressure
regulating valves for overhaul

Check liquid level when systen
at atwospheric pressure

4ds sppropriate

When opportunity pernits
and every six months
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DD
Samarel

An inert gas installstion is an important feature of a tanker's safety
system and Sraining in 1% use is essential,

The requiremsnts for training depend upon the policies of the shipping
sompany concernsd as well as the Administration of the country in which the
ship is registered. This echapter is not intended to specify any
partioular training polioy dut $o set cut & pumber of alternatives which
oan be suisably adapted.

Msxsorpel Fequiring txeiRing

It is not the intention of this section to spell ocut in detail a syllabus
for courses in the design, operstion snd maintenance of inert gas
aystema, but it is suggested that any syllabus should cover the same
gound as that oontained in these Guidelines.

Bowever, such prectical training oan only be given if those in

charge of, and responsible for, the vessel's safety and performance

are themselves ocozpletely familiay with the type of installation fitted,
and the hasards associsted with its use. It is recommended that the
training of both dsck and engine rcom persomnel is co-ordinated to ensure
s oommon understanding of the prooedures.

Administretiong should make sure that the vessel is equipped with the
necessary manufacturers' manuals and instructions to give the necessary
information about hov to oarry out the various operatioms.

leeation of rniping

Training may take place aboard or ashore, If shore training in basic
design and operation is given, persomnel should be made familiar with
the equipment ot beard ship.

Bome ixsining mathods

There are currently three methods used in training, Companies may
prsctise one, or & permutation of the following:

ol On doaxd by shipping sempany staff

This may be carried out either by a seniby member of the ship's
eonpany who has been mstie Tesponsible for tralining or by &

specialist who Joins the vessel for part of & voysge, Sach &
Sraining programme oan be enhanced by films and other suitable sudio-
visual aids, if they ave availadle. Under these oircumstances, it -
should be possible %o deal vith the theorstical ss well aa the

pIotionl aayeets.

* wU@%%~
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baanadeati

.2 Specialist shore-baged training

T™is can be undertaken by nautical colleges either in comsultation
vith shipping companies or vith manufacturers.

_ it has been found that & one-week course shruld cover the subject
- adequately.

.3 Shore based by shipping compeny staff

Training under this heading may ocour either as part of a company
oargo courre, or, for example, as part of a senior officer's
seminar where appropriate time may be devoted to a discussion of
inert gne and opersting problems.
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INSTROCTION MANUAL(S)

Instruction Mamuals required to be provided on board by Regulation 62(u)
sbould contain the following information and operational instructions.

"A line drawing of the inert gas system showing the positions of the

inert gas pipework from the boiler or gas generator uptakes to each
cargo tank and slop tank; gas scrudbber; scrubber cooling water pump and
pipework up to the effluert discharge overboard; blowers including the
guction and discharge valves; recirculation or other arrangements to
stabilize the inert gas plant operation; fresh air inlets; autcmatic
gse pressure regulating stop valve; deck water seal and water supply,
heating and overflow arrangements; deck non-return stop valve; water
traps in any supply, vent, drain and sensing pipework; cargo tank
isclation arrangement; purge pipea/%ents; preesure /vacuum valves on
tanks; pressure/vacuum breskers on the inert gas main; permanent
recorders and instruments and the take~off points for their use,
arrangements for using portable instruments, complete and partial wash
bulkheads, mast risers, mast riser isolating valvee; high velocity
vents; manual and remote controls.

A description of the system and a listing of procedures for ohecking
that each item of the equipment is working properly during the full
ocycle of tanker operation. Thie imncludes a listing of the parameters

to be monitored such as inert ges main pressure, oxygen concentration in
the delivery main, oxygen concentretion in the cargo tanks, temperature
at the scrubber outlet and blower outlet, bdlower running current or
power, scrubber pump running ocurrent or power, deck seal level during
inert gas discharge to cargo tanks at maximum rate, deck seal level at
nil discharge, etc. Established values for these parameters during
acceptance trials should bde included, where relevant.

Detailed requirements for conducting the operations described in
sections 4 and § particular to the imstallation of the ship such as
times to inert, purge and gas-free each tank, sequence and mumber of
tanks to be inerted, purged and grs-freed, sequence and mumber of purge
pipes/vents to be opened or closed during such operations, etc.

Dangers of leakage of inert gas and hydrocarbon vapours and precautions
to be taken to prevent such leekages should be described relating to
the particular comstruction and equipment on board.

Dangers of cargo tank overpressure and underpressure during the various
stages in the cycle of tanker operation and the precautions to be taken to
prevent such conditions from arieing should also be described in detail
relating to the particular construction or the ecuipment on board.

* e L g&# i .
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12
12.1

12,2
12.2.1

12,2.2

12.2.3

SOME SAFETY CONSIDERATIONS WITH INERT GAS SYSTEMS

Backflow of CArgo gases

To prevent the return of cargo gases or cargo from the tanks to the
pacihinery spaces and boiler uptake, it is essential that an effective
barrisr is always present between these two azeas, In addition to a
non-return valve, a weter eeal and vent valve should be fitted on the
deck mein, It is of prime importance that these devices are properly
maintained and correctly operated at all times.

An additional water seal is sometimes fitted at the bottom of the
scrubber (see also 3.9.6).

Health hazards
Oxygen deficiency

Exposure to an atmosphere with a low concentration of oxygen does not
necessarily produce ary recognizable symptom before unconsciousaess
occurs, when the onset of brain damage and risk of death can follow
within a few minutes. If the oxygen defioiency is not sufficient to
cause unconsciousness, the mind is liable to become apathetic and
complacent, and even if these symptoms are noticed and escape ie
attempted, physical exertion will aggravate the weakness of bdoth mind
and body. It is therefore necessary to vemtilate thoroughly

to ensure that no pockets of oxygen-deficient atmosphere rewain. When
testing for entry a steady reading of 21 per cent oxygen is required.

Toxicity of hydrocarbon vapours

Inert gas does not affect the toxicity of hydrocarbon guses and the problem
of toxicity is no differemt from that of ships without an inert gas system.
Because of possidle gas pockets, regeneration, etc., gas-freeing must
contimue until the entire compartment shows a zero reading with a

reliable combustible gas indicator or equivalent, or a 1 per cent

of the lower flammable limit reading should the instrument have a
sensitivity scale on which a zero reeding is not obtainable.

Toxicity of flue gas

The presence of toxic gases such as sulphur dioxide, carbon monoxide
and oxides of nitrogen can only be ascertained by measurement.
Hovever, provided that the hydrocarbon gas content of an inerted tank
exceeds about 2 per cent by volume before gae~freeing is started, the
dilution of the toxic components of flue gas during the subsequent gas
freeing can be correlated with the readings of an approved combustible
gas indicator or equivalent. If by ventilating the compartment, a
reading of 1 per cent of the lower flammable limit or less is obtained in
conjunction with an oxygen reading of 21 per cent by volume, the toxic
trace gaees will be diluted to concentrations at which it will be safe
to entesr. Altermatively, and irrespective of initial hydrocarbon ges
oontent, ventilation should be contimued until a steady oxygen reading
of 21 per oent Ly volume is obtained.
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Tank pressure

When an inerted cargo tank is maintained at a positive pressure, persomel
should be advised of the practical hazards of this pressure. Such
Pressure must be adequately reduced before any tank-lids,

‘ullage plugs or tank washing openings are opened.
Electrostatio hazards

Small particulate matter carried in flue gas can be electrostatically
charged. The level of charge is usually small, but levels have been
observed well above those encountered with water mists formed during
tank washing.

Because cargo tanks are normally in an inerted condition, the possibility
of electrostatic ignition bhas to be considered only if the oxygen

content of the tank atmosphere rises as & result of ap ingress of air or
if it is nscessary to inert a tank which already has & flammable
atmosphere (see 5.1).

Repair of inert ges plant

Inert gas is asphyxiating. Greet care must be exercised vhen work on
the plant is undertaken. Although the worker may be in the open air,
inert ges leaking from the plant could render him unconscious very
quickly. Before opening up any equipment therefore it is recommended
that the inert gas plant is completely ges-freed.

If any unit (e.g. the inert gas scrubber) is to be examined internally,
the standard recommendations for entering enclosed spaces must be
followed. Blind flanges should be fitted where applicable or the plant
should be completely imolated.
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ABSTRACT

This study was undertaken to identify materials problems
that might arise in inerting systems in cargo tankers. Inerting
systems provide a means of replacing the atmosphere over the
cargo in a ship's tanks with an inert gas to reduce the possi-
bility of explosion. This study identifies design and materials
requirements for the hot gas area, piping systems, blowers,
valves, instrumentation, and control and alarm systems comprising
inerting systems.
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Chapter 1

INTRODUCTION

Inerting systems provide a means of replacing the atmosphere over the
cargo in a ship's tanks with an inert gas to reduce the possibility of
explosion. A properly designed, maintained, and operated inerting system
can hold the oxygen content of the gases over the cargo below the level
at which ignition can occur.

These systems are of two general types. In one type the inert gas is
flue gas produced in firing the ship's boilers. 1In the other type the inert
gas is produced in a separately fired gas generator. Gas-generator systems
are used on diesel-powered ships and on ships whose boiler capacity is too
small to provide enough flue gas for the inerting system.

U.S. Coast Guard regulations have required all new U.S.-flag tankers
over 100,000 dead weight tons (dwt) to operate with inerting equipment. The
Coast Guard has proposed that the requirement be extended to tankships* and
combination carriers of 20,000 dwt or more, and the United States has
proposed to the Intergovernme .tal Maritime Consultative Organization (IMCO)
that the requirement be made worldwide.

This study was undertaken by the National Materials Advisory Board
to identify materials problems that might arise after the new requlations
covering small tankers are imposed. The objective was stated as follows:

The committee will assess the materials aspects of Inert Gas
Systems. The scope of the study will be limited to flue gas
systems and separately fired gas generators. It will be con-
cerned with the selection (and treatment) of materials and

with the design objectives related to component performance.
The study will consider the major components of a typical flue-
gas inert-gas system from the boiler uptake to the gas distri-
bution piping. For each component, the relevant maintainability,
reliability and safety aspects will be addressed. The study
will not consider: operating requirements, overboard discharge
of effluent, detailed design aspects, alternate systems (e.g.,
nitrogen), nor identification of specific manufacturers.

Inerting does not guarantee freedom from accident for at least two
reasons. First, the equipment must be operated and maintained properly.
Systems installed by the Military Sealift Command on several of its ships
operated by contractors were later removed, partly because it was recog-
nized that operations were lax, so that the systems were engendering a
false sense of security. Secord, should an inerting system fail, problems
might arise that would not occur in the absence of the system. Such
problems include generation of static charges and pyrophoric iron sulfide,

*Each U.S.-flag tankship that is certified to carry Grades A, B, C, D,
and some E liquids.
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which can ignite spontaneously or emit sparks when scratched or struck.
Both of these situations are beyond the scope of this committee. They
have been recognized and have been, and can be, dealt with by proper
contingency planning and training. Nevertheless, there have been major
explosions in ships equipped with inert gas systems.

This report does not present a bill of materials for an inerting
system. The design of a ship and its elements is an exercise in
engineering judgment in which performance, initial cost, upkeep costs,
maintenance schedules, and anticipated manner of operation are considered.
Most of these factors involve tradeoffs. Specific materials and design
solutions can be arrived at only during the actual design of a specific
ship. Therefore, what follows are the identification of problem areas
and suggested materials (and, in a few cases, design options) which should
be considered to produce a relatively trouble-free inerting system.

Throughout the report specific generic materials and proprietary
products are cited. No endorsement is intended. Rather, the materials

cited are representative of the types satisfactory for the service being
discussed.
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Chapter 2

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Blowers

Hot Gas

Area

The components that comprise the hot gas area of the inert gas
system are exposed to an extremely corrosive environment.

Certain components require high-grade alloys to perform reliably.
These materials are currently available.

Compromises in materials for certain components should not be
accepted.

When selecting equipment for a particular application, the type
of fuel that will produce the flue gas and the maximum temperature
to which each component may be exposed are significant factors.

Components should be inspected on a reqular schedule through
suitable access openings, particularly in those areas most
susceptible to corrosion.

Contaminated sea water from the scrubber system is much more
corrosive than clean sea water.

The most reliable corrcsicn-resistant materials must be used
wherever there may be contaci with contaminated sea water.

Acceptable materials are commercially available.

Application or use of these materials is critical. Proper and
careful application of coatings and installation of pipe is
essential,

Interior inspection of scrubber piping systems is required at
regular intervals. Cleaning and any required repair must be done
at this time.

Blowers in inert gas generator systems are not exposed to the
hostile environment experienced by blowers in a flue gas system.
They present no unusual problems and, therefore, require no
special material considerations beyond normal marine design
considerations and practice.




* Suitable materials are available for blowers in flue gas inerting
systems, but design, operation, and service life must be balanced
with maintenance requirements.

* The materials selected for the components of the system are not
totally independent of design or operating considerations and
practices. (This is true of other parts of the system as well.)
For example, washing of the blower materials after each use can
permit use of a less exotic material (from an anticorrosive
point of view) than would be the case with a blower that was not
washed after each use, all other things being equal.

Valves
* The body, lining, and seat must be of mutually compatible materials.
* Valves must be removed from the line, cleaned, and inspected at
each biennial drydock period. Ease of repair between drydock
periods is a consideration.

* Soot should not be allowed to accumulate.

Instrumentation; Control and Alarm Systems

* Instrumentation to assure the reliability, maintainability, and
safety of the inert gas system includes the continuous measurement
of temperature, pressure, flow, water level, and oxygen concentra-
tion.

* Measurement of the oxygen concentration in the inert flue gas is of
prime importance. Several reliable ways to measure oxygen concentra-
tion are available. The degree of sample conditioning (primarily
filtration) prior to the analyzer will depend on the quality and
pressure of the flue gas available.

RECOMMENDATIONS

Table 1 provides specific recommendations on material selection and
certain additional recommendations for the hot gas area, piping, blowers,
and valves.
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Chapter 3

TYPICAL INERT GAS SYSTEM

Figure 1 shows, in schematic form, a typical inert gas system
using flue gas produced in firing the ship's boilers and exhausted
through the boiler uptakes. The flue gas is drawn from the uptakes
through the boiler uprake valve. The gas is then passed through the
scrubber where it is cleaned and cooled. Regardless of the type of
scrubber used, excess water must be removed either by demisters or a
separate water separator.

Blowers distribute the inerting gas to the tanks.

Valves in the system include the blower discharge valve, the main
regulating valve, a deck nonreturn valve, and a deck isolation valve and

tank valves.

A deck water seal is installed to prevent hydrocarbon gases from the
tanks from flowing to the fan or engine room.

A recirculating line between the blower outlet and the scrubber inlet
protects against those periods when the system is in operation and no inert
ga:. is reguired, and also allows start-up without sending air to the tanks.

Salt water pumps provide sea water for the water seals and the
scrubber.,

A drain system is provided for the water seals, the scrubbing tower,
the water separator, and the fans.

Some installations contain a fresh water wash system for the fans, the
water separators, and the scrubber.

Figure 2 shows, in schematic form, a typical inért gas system using
gas from a separately fired generator. Such systems, as noted earlier, are
used on diesel-powered ships and ships whose boiler capacity is too small
to provide enough flue gas for the inerting system.

The subseqguent chapters will discuss materials problems and requirements
for each element of the flue gas system.
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Chapter 4

HOT GAS AREA

Inert gas systems contain a number of distinctive areas from a
corrosion viewpoint. Those 1tems installed from the boiler uptake to the

scrubber—boiler offtakes, flue gas piping, boiler uptake valves, andé
scrubbers—make up the hot gas area. Each component is exposed to hot
corrosive gases and must be made of suitably corrosion-resistant materials

if it is to perform reliably.

Boiler Offtakes

The inerting system draws its inert gas from the stack at the boiler
offtake. Boiler offtake points should be carefully located above the
economizer to prevent the formation of ferrous salts and hard soots as a
result of fresh water washing of the economizer. Offtakes should not,
however, be so close to the top of the stack that the inerting system draws
fresh air down along the inside edge of the stack into the inerting system.
This can be a problem, particularly when the inerting system is operating
and the boiler is steaming at low load; the problem should be considered
during the early design stages of the installation.

When installing an inerting system aboard a vessel that will use a
rotary gas regenerative air heater for heat recovery, the uptake points
should be located before the air heater and away from the seal area between
the gas and air sides within the heater. Consideration should alsc ke given
to the direction of rotation of a rotary air heater relative to the uptake
connection below the air heater to minimize the possibility of air carry-
over. Seal leakage of fresh air across the heater into the flue gas will

decrease the effectiveness of the inerting system.

Boiler scoops, if used, should be made of corrosion-resistant steel
similar to that being used for the boiler uptakes, such as Conﬁiﬁp, galva-
nized mild steel, or their equivalent. Boiler scoops may, however, affect
the reliability and safety of the inerting system, particularly the uptake
valves, because they may trap and direct soot into the inerting system,
particularly during noninerting modes of operation. This could eventually
result in an accumulation of soot in the area of the uptake valves.

Boiler scoops have not been widely used, however, and should not be required
if the stack design is properly evaluated and the flue gas uptake points
are properly located in the stack relative to the boiler heat recovery

equipment.

Flue Gas Piping from Boiler Uptake to Scrubber

The flue gas piping between the boiler uptake and the scrubber (Figure 3)
provides a gas-tight means of transporting the hot flue gases into the
inerting system. The boiler uptake valves and expansion bellows (if required)
are located in this piping. Conditions within this piping are quite severe
because the gases are hot and corrosive, particularly wher. the ship is kurning
currently available Bunker C fuels, and contain significant gquantities of

soot.

FrECEDING PAGE BLANK~NOT F1iED
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AIR SEAL LINE
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INSPECTION/ACCESS

—
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FIGURE 3 Flue Gas Piping from Boiler Uptake to Scrubber
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Generally, the flue gas line is made of heavy-gauge galvanized mild
steel or CORTEN . It should be well lagged to maintain the temperature of
the gas above the SO, dewpoint. Lines should be kept as short as possible
and free of pockets to prevent accumulation of soot. If an expansion
bellows is fitted, ideally it should be fitted in a vertical position.

The bellows should be of acid-resistant materials such as Hastelloy €276,
Inconel 625, or Incoloy 825. Nonmetallic bellows can also be considered,
but they must be made of materials suitable for the temperatures
associated with the particular installation.

Bellows should be flanged, not welded, into the flue gas line to
facilitate maintenance. The design of the flue gas line must consider
proper application of the expansion bellows for both lateral and axial
movement and proper support considering high vibration levels to be en-
countered. If an internal support sleeve is required, it should be fitited
s0 that it will not accumulate soot.

Boiler Uptake Valves

Boiler uptake valves protect the ducts, scrubber, and blowers from
infiltration of flue gas, which can cause corrosion in the ducts. These
valves also prevent air from being drawn into the inerting system from
the uptake of an idle boiler when the system is operating on only one
boiler.

At least one boiler uptake valve should be installed in each duct
from the boiler uptake to the scrubber. The valve should be of the butter-
fly type with metallic seats having small positive clearances in the cold
condition. The valve body and disc should be of cast or nodular iron;
however, for higher temperature applications, Meehanite HA, cast steel,
or their equivalent should be considered. The valve shaft should be cf at
least 316 stainless steel or equivalent. Each valve should have a
pneumatic operator, limit switches, and position indicators.

During the shut-down condition, flue gas can enter the uptake piping
if the flue gas valves leak. Leaks can result from corrosion or from
a build-up of soot and salts that prevent the uptake valves from closing
completely. Leaks are probably the major maintenance and reliability
problem associated with uptake valves. Valves can, however, be kept
zelatively free from corrosion or buildup of deposits by installing an
air sealing system as well as a soot blowing system for each valve.

An air sealing system should be installed on either the uptake side
of the flue gas valve or between the valve and scrubber. This sealing air
will help prevent flue gas from leaking into the inerting system. If
sealing air is introduced downstream of the isolating valve, however, it
must be secured when operating the inert gas system with one boiler idle.
Sealing air can be obtained by tapping off the boiler-forced draft fan(s);
however, during low-load operation, the effectiveness of this system is
questionable. Alternatively, small independent sealing blowers can be
installed to supply the sealing air when the valves are shut; these
have prover quite effective. Two flue gas isolating valves 1 ay be used

PR Y]



FS L b o

CTITIMOTYIVEEE
AN *

oI v S G a4

TR

55

TR

TR S

T ey

e iery

A

AR B e

VTR 53 AR o

Foenp )

e R S

R anr T s

it Kol A
T e R S <ot

et

:

16

for each uptake, thereby permitting the sealing air to be introduced

between the valves. Another arrangement would be a double disc valve
with sealing air between the discs.

Each valve should have some means of keeping the seat clean. Com-~
pressed air or steam may be used and should be automatically controlled
by the valve shutoff actuator to clear the valve each time just prior to
closing. Two cleaning heads for each valve, or a circumferential blowing
arrangement, have proven suitable. Compressed dry instrument air (if
enough is availakle) is often preferred inasmuch as it prevents the intro-

duction of moisture into the uptake area, which could contribute to the
corrosion of the materials present.

An interlock must be provided between the inerting system uptake
valves and the vessel's boiler soot-blower system to precluide the blowing
of soot wher: the uptake valves are open and the inerting system is
operating. B hamer blind or spectacle flange should be provided between
che boiler uptake connection and the boiler uptake valve to allow for
maintenance and valve removal when the boiler is operating. It is also
recommended that an inspection opening be provided adjacent to the uptake

valve on the scrubber side of the valve to allow for inspection without
valve removal.

Flue Gas Scrubber

Boiler stack gas can be processed to provide a continuous, reliable
source of inert gas. The system is based on a highly efficient scrubber
whose purpose is to cool the inert gas and remove soot and 502. It is
located between the uptake valves and the inert gas fans in a flue gas
system (Figure 1) or directly after the inert gas generator in a separately
fired inert gas generating system (Figure 2). The scrubber should
efficiently cool the flue gas and remove a large portion of the soot and

S0, through direct contact between the flue gas and large quantities of
Seawater.

There are many different types of scrubbers, but most of them basically
employ bubble cap trays, packed trays, or impingement and agglomeration.

Each type has its own particular design features and characteristics but
performs essentially the same basic function.

On entering the scrubber tower, the flue gas is cooled by being
passed through a water spray or bubbled through a water seal. This water

seal, if provided, may also be designed to serve as an additional safety
device to prevent backflow of gas to the boiler uptake.

The inlet area to the scrubber is one of the most demanding, a&s far
as construction materials are concerned, in the entire inert gas system.
This area, often called the inlet foot, must cope with the rigors of hot
condensing sulfuric acid, cold salt water, and various combinations re-
sulting from the mixing of the two. Although they can help to cool the
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gases, seawater sprays ané associated cold seawater piping should be
avoided in this area of a flue gas system, if possible, because of the
hot corrosive conditions. If used, however, the sprayers and piping
should be made from acid-resistant materials such as Hastelloy C276,
Inconel 625, or their equivalent.

The inlet foct itself should be made from Incoloy 825 or titanium,
both of which have performed quite well even in hotter applications. Other
materials which appear quite suitable for this area are Hastelloy C276 and
International Nickel EPE 5.

The scrubber bazse acts as a foundation for the sciubber and, in
certain designs, may also provide a water seal. This area is also subject
to severe corrosive conditions. Mild steel covered with rubber or
glass-reinforced epoxy lining has proven quite successful. Mild steel
clad with Incoloy 825, Inconel 625, or the equivalent, should be considered,
however, in hotter applications. Care must be taken in preparing and
welding these materials since dilution of the weld with material of
inferior corrosion resistance will prove self-defeating. Painted steel
in the area should be aveoided.

After entering the scrubber through the inlet foot, the gases move
upward into the scrubber tower through the downward flowing seawater. To
maximize contact between flue gas and seawater, several layers of spray
nozzles, pack trays, impingement trays, venturi nozzles, slots, or
any combination of these are installed.

The scrubber tower should be fabricated from mild steel with an
ebonite rubber or glass-reinforced epoxy lining or the equivalent. To
I obtain a good bond, sharp corners should be avoided and care should be taken
; during the installation of the lining. Welding in this area should be
avoided, for obvious reasons, once the lining is applied. Fittings in thas
area should be made from corrosion-resistant materials such as polypropylene,
Incoloy, stainless steel, or the equivalent., Externally, the scrubber
# should be suitably stiffened to preclude inward deflection because of fan
suction, which can cause separation of the internal lining. The scrubber
tower could be fabricated of Inconel 625 if a need existed for the best of
all possible materials. This, however, has not been the case to dece.

S T T

o

Where gas scrubbing or bubbling trays are used, they should be fabricated
from Incoloy 825, polypropylene, or the equivalent. Holding~-bolts should be
fabricated from Incoloy 825 or its equal. Whenever packing bars are used
they should be fabricated from fiberglass. Slotted impingement plates should
. be made from Incoloy 825.

o Grrtvra e

Spray nozzles and water lines in the scrubber tower should he made
from 90/10 copper-nickel, nickel-aluminum-bronze, or equivalent materials.
When they are located in hotter areas of the scrubber, Incoloy 825 should
be considered.

Because of the scrubbing interaction between the flue gas and seawater,
some moisture will become trapped in the gas. A significant portion of
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this moisture, as well as additional soot, can be removed by demister pads,
cyclone separators, or a combination of the two. The demisters or cyclone
separators may be separate units or integral to the scrubber tower. When
demister pads are used, they should be made from knitted polypropylene.
Holding trays which support the pads can be fabricated from Incoloy 825,
316 stainless steel, or the equivalent.

1f large quantities of soot are anticipated, it might be prudent to
use a cyclone separator an lieu of demister pads, as the latter may easily
become clogged and require frequent cleaniny. Cyclone-type separators, if
used, should be fabricated of mild steel lined with glass-reinforced epoxy
lining, or noncorrodible reinforced plastic.

Float switches, if fitted in the scrubber base, should be plastic
coated. Any associated fittings that are exposed to the salt water and gas
should be fabricated of nickel alloy. Alternatively, by using polyvinyl-
chloride encapsulated ultrasonic leveling devices, float valves can be
removed from the corrosive environment of the scrubber base.

Installing a means of fresh water washing of the inlet foot and the
scrubber tower after each use can greatly enhance the life of the scrubber
materials.

Suitable access doors, preferably of the quick release type, should
be installed to allow easy access to the scrubber for inspection and
removal of scrubber internals, especially in those areas most susceptible
to corrosion. In addition, spectacle flanges or hamer blinds should be
provided before and after the scrubber to preclude the possibility of gas
leakage when the scrubber is opened for inspection and maintenance.

If a gas recirculation line is installed, it should be protected with
the coatings used for gas distribution piping described on pages 19 and 20
of this report. The line should be routed in such a way that gases and
water spray that may enter the line are returned rather than held in a low
point of the pipina system.

Separately fired inert gas generators usually are not exposed to the
severe environment encountered in flue gas systems inasmuch as they normally
use a much better grade of fuel oil to produce the inert gas. Therefore,
less exotic materials can usually be used to fabricate scrubbers for use
with separately fired inert gas generators.

The gas generator and scrubber often are combined into an integral
unit. After the gas leaves the generating area, where it is partially
cooled by the combustion chamber cooling water, it enters the scrubbing
portion which can be a series of spray nozzles or a combination of spray
nozzles and trays. The scrubber is normally made of 316 stainless steel cr
equivalent materials, as are the spray nozzles, travs, and attachments.

If a particular application of a gas generator requires very clearn
gas, a secondary scrubber may be installed. This scrubber usually made
of materials similar to those used for the scrubbing towers of flue gas
systems.




Chapter 5
PIPING
This chapter covers the requirements of the cold water supply piping
system, the seawater drain piping system, and the inert gas distribution

system.

Cold Water Supply Piping System

The cold water supply piping system supplies colé seawatar at moderate
pressures to the scrubbing tower, the scrubber seal, and the deck seal.
The piping materials for all three applications are similar; the materials
currently used are 90/10 copper-nickel pipe, glass-reinforced plastic pipe,
and aluminum~bronze pipe. Of the three types, the glass~reinforced plastic
is the most corrosion-resistant and requires the least maintenance. The
copper-nickel and aluminum-bronze pipe have been used in greater volume for
this purpose until the present because the glass-reinforced plastic pipe has
only recently been approved by the regulatory agencies for shipboard use.
Reliability of each type of pipe is good; glass-reinforced¢ plastic may be
somewhat more reliable than the other two.

Seawater Drain Piping System

Seawater drain sources, in descending order of corrosion severity, are
scrubber drain, scrubber seal drains, water separators in gas line from
scrubber, fan drains, and deck seal.

Conditions for the scrubber drain and the scrubber seal drain are
the most severe; conditions in the other drains are only slightly less
corrosive. The conditions are: seawater; temperature (approximately 5°F
above ambient seawater); pH 2-3; and seawater containing sulfur dioxide,
carbon dioxide, oxygen, and soot. Accumulations of soot can b2 strongly
corrosive to local areas, and piping systems should be designed to eliminate
spots where such concentrations can occur. The piping materials in use for
these very severe conditions are glass-reinforced plastic pipe (GRP) made
with acid-resistant polyester resins, and rubber-lined steel pipe. The
shell penetration for overboard discharge of effluent is made with Schedule
160 steel pipe welded into the hull wath a flange connection close on the
interior of the hull. This outlet is rubber-lined (neoprene or hard rubber)
or designed with a PVC insert. The overboard discharge valve is a flanged
steel valve, rubber~lined. 1If GRP is used for effluent piping, an
additional nonreturn valve inboard of the overboard discharge valve usually
is required. This valve must be of similar construction to the overboard
discharge valve. These piping systems are critical because of the severely
corrosive conditions. If perforations occur, flooding results. Glass-
reinforced plastic pipe has proven most effective and trouble free.

Inert Gas Distribution System

Inert gas distribution systems consist of piping that carries inert gas
from scrubber to fans, from fans to deck seal, and from deck seal to main
distribution line; individual tank piping; and vent lines.
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The diameter of the piping in %he inert gas distribution system
ranges from 30 inches to approximately 8 inches. The pipe sections are
flanged, or use Dresser couplings for connectors so that sections can be
removed if corrosion or damage occur. Many installations also includs
clean-outs every 40 feet downstream of the deck seal fur removing soot
and corrosion. These clean-outs usually consist of a flanged Y or T
with a blind flange covering the clean-out opening. The conditions within
the pipe are: gas at ambient temperature; gas of an average composition
of nitroger (81%), carbon dioxide (12-14%), oxygen (2-4%), sulfur dioxide
(0.002-0.003%), water vapor (the remainder); soot accumulation; and water
condensate mixed with soot. Thus, serious corrosive conditions usually
can be found in areas where the protective coating is deficient, such
as along welds, on the interior edge of flanges, and in the pipe adjacent
to flanges or couplings. The water condensation can be acidic because
of the sulfur dioxide and carbon dioxide in the gas. The distribution
lines must drain to a low point with a drain opening so the corrosive
condensate does not concentrate.

The materials used for the inert gas distribution piping are heavy-
walled steel pipe lined with:

* A coal tar epoxy lining which generally consists of an epoxy
primer with a high-build, amine-cured coal tar epoxy lining applied to
a total dry-film thickness of approximately 20 mils.

* A so-called pure epoxy coating which is an amine-cured epoxy
applied as a primer and two finish coats, with a total dry-film coating
thickness of not less than 10 mils.

* An epoxy phenolic coating with a total thickness of approximately
10 mils, preferably baked or stoved for maximum resistance.

The application of any coating exposed to the above corrosion con-
ditions is critical. Before installation, each section of pipe should
be tested with a nondestructive holiday (uncoated area) detector for
coating imperfections.

The pipe lining that has been used most frequently in the inert
gas distribution piping systems is the coal tar epoxy coating. It has
proven effective providing it has been applied with care.

Periodic inspection of the lining is required at the usually
scheduled drydock and repair periods. Necessary maintenance can be done
at this time. The valves used in the gas distribution system are primarily
cast iron or steel butterfly valves, rubber lined or epoxy coated.
Rubber-lined valves have been the most trouble-free and reliable.

The conditions in each of the above piping systems are strongly
corrosive. The most reliable piping and the most resistant lining material
should be used to assure trouble-free operation and maximum safety.
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Chapter 6

BLOWERS

This chapter identifies desirable material and design character-
istics of blowers in inerting systems using boiler flue gas.

Inerting systems that use separate gas generators also require
blowers, but they handle only air. The blowers in these systems are
located upstream of the combustion chambers, much like the forced draft
fans which provide the combustion air for the ship's boiler(s). The
service environment has no impact on materials selection for these
blowers, which present no unusual problems. They are treated only briefly
here. A straight-forward engineering approach, considering the service
requirements, capacity and pressure, and the usual marine environmental
requirements, is sufficient for selecting materials.

Blower Service

The blowers determine the quantity of gas delivered to the tanks and
must, therefore, be designed to deliver the proper quantity under the
designated condition. Operations of the inert gas system which affect
the design reguirements of the blowers are:

* Pumping cargo - during which the flow of inert gas to the tanks
must exceed or at least egual the flow of liquid from the tanks.

* Purging tanks and re-inerting after gas freeing - during which
inert uas blown into tanks replaces air or hydrocarbons, which are dis-
charged to atmosphere by either mixing or displacement.

* Tank washing - similar requirement to that which exists for
pumping cargo, but with lower flow rates.

* Topping up inert gas pressure on ballast or loaded voyage - to
maintain pressure in tanks above atmospheric. Gas flow initially at
high rate but low pressure and, as the tanks £ill, concludes at low flow
rates but high pressure.

* Gas freeing - with fresh air to allow personnel to enter tanks.
Flow characteristics are the same as for purging tanks.

Pumping cargo is the most important of the above operations since

entry of air during pumping must be avoided. Most classification societies

and government authorities require that inert gas systems be designed to
deliver at least 125% of the maximum rated capacity of the cargo pumps.
It is strongly recommended that each blower in an inerting system be sized

,for the full design capacity of the system, although this is not usually

required by classification societies. This recommendation is based on
experience that has indicated that the blowers are the system component
most prone to failure.
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The requirement that blower capacity be 25 percent above the rated
capacity of the cargo pumps allows for the variations in system head/
capacity characteristics that are encountered in service at the various
discharge terminals, where cargo discharge rates can go beyond normal
maximum pump ratings at lower than rated heads. 1In such cases the cargo
discharge would have to be slowed down. With proper design, which is
beyond the scope of this docurent, this remote possibility can be
avoided. It is, in the main, a question of the proper shape of the
blower head/capacity curve, associated with controls which monitor where .
one is operating on the curve. This control system precludes operation
in certain areas of the curve where the blower/head capacity and systems-
resistance curves are not properly matched.

Blower Type

System design head/capacity requirements coupled with tne need to
control oxygen content determine whether a blower or compressor is
selected for any given system. With the characteristics required in
today's systems utilizing flue gas, a centrifugal blower is the optimum
choice. With the hostile environment in which the blowers operate, this
is a simple, effective solution to the maintenance problems that would
be encountered with a compressor.

When system pressures are higher and there is also a need for
close control of gas quantity (for control of oxygen content), a com-
pressor is called for. These conditions exist with inert gas generator
systems (Figure 2), but not with flue gas systems. 1In the former instance,
only air is handled, as noted earlier; hence, conventional marine
equipment is satisfactory.

Blower Component Requirements

Impellers

The usual choices of materials for impellers are nickel-aluminum=
bronze or low-carbon austenitic stainless steel. Welded impeller con-
struction is often subject to corrosion or brittle fracture in the case
of nickel-aluminum-bronze if stresses are not relieved properly. Riveted
or cast construction could eliminate problems caused by improper welding;
however, riveted aluminum-bronze units are prone to severe wastage from
the inner edges of the vanes. Riveted construction of impellers is not
recommended.

Since most blower failures are caused by corrosion or erosion of
the impeller, which leads to imbalance, a fixed fresh water rinsing
system for the blowers is highly desirable. The blower manufacturer
should be consulted about nozzle placement and method of rinsing to ensure
that erosion is not aggravated by the rinsing procedure.

Impellers supported on both sides by pedestal-mounted bearings are
generally preferred to overhung impellers, to minimize balancing and
vibration problems, which can be expected to appeur with age.
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Shaft

Impeller shaft materials usually are nickel-aluminum-bronze or low-
carbon austenitic stainless steel, the same as for the impeller. Impel-
lers should be keyed to the shaft and secured by set screws or inter-
ference fit.

Bearings and Seals

Shaft bearings and seals should be accessible for inspection without
having to dismantle ducts or casings. Bearing housings of the pedestal
type, mounted remote from the casing, are, therefore, preferred. Con-
sideration should be given to using split-type ball or roller bearings
designed to permit removal without dismantling the shaft, disconnecting
the coupling, or moving the blower or motor. Shaft seals must be gas-
tight to prevent leakage into the surrounding space or ingress of air in
the case of bearings on both sides of the impeller.

Casing

The blower casing should be constructed of welded carbon steel of
suitable thickness and adequate stiffening to prevent panting. It is
preferable that the casing be of a split design which will permit removal
of the rotor without dismantling any connections to ducts cor piping. An
acceptable alternative design is a horizontal split casing, provided that
the arrangement of piping allows removal of casing and rotor without
removing more than the expansion bellows and transition piece. Expansion
bellows should be fitted between the fan casing and connecting piping to
ensure that no loads are transferred to the casing. Expansion bellows
should be nitrile rubber reinforced with steel rings. Woven asbestos
with steel rings has proven unsatisfactory.

All connections to the casing should be flanged for through-bolting.
Threaded connections should be avoided on the casing. Access doors
should be provided on the upper and lower half of the casing to allow
for inspection of the impeller and insertion of a lance for water washing.
The access doors should be retained by a single strongback for ease of
opening for inspection. A flanged drain connection, a minimum of 2
inches in diameter, should be provided at the low points of the casing.

The casings should be lined internally with rubber or fiberglass-
reinforced plastic. Fiberglass linings have the advantage of eacy
repair, but may be more affected by abrasion than rubber. Coal tar
epoxy has also been used, but with far less success than the rubber or
fiberglass linings because of coating breakdown through erosion and sub-
sequent corrosion. Glass-flake-filled polyester resin coating is being
used to repair failed coal tar epoxy coatings.
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Couglings

The coupling between the blower and driver should be a forged or
cast steel flexible coupling, preferably nonlubricated. The coupling
should be keyed to the shafts. C(oupling guards should be fitted.

Bedplate and Resilient Mounting

The blower and driver should be fitted on a common bedplate with a
suitable drainage arrangement. Naturally, the shafts of the blower and
driver should be aligned parallel to the vessel's centerline to minimize
the effect of roll. The bedplate should be stiff enough to prevent dis-
tortion and misalignment. This is particularly important when bearings

are pedestal-mounted remote from the casing.

The bedplate and foundation should be deep enough to allow access
to drain connections and piping beneath the casing.

Drivers

Electric motors or steam turbines have been the usual choices for
blower drivers. Electric motors are preferred because they have proven
more reliable than turbines. Totally enclosed fan-cooled motors with
space heaters and insulation suitable for their location in the ship

have generally proven most reliable.
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Chapter 7

VALVES

Blower Suction ancé Discharge Valves

The purpose of the blower suction and discharge valves is to
isolate one or both blowers from the system. Butterfly valves are
recommended. The first choice of material is cast steel. Cast iron
may also be used; it is less expensive, but more difficult to repair.
In either case, the body should be rubber-lined, with the rubber
liner forming the seat. Glass flake coating (30 mils dry film
thickness), based on polyester or amine cured epoxy resin, is %good
alternative to rubber because it is easily repaired, A Teflon™ seat
can be inserted and is easily replaced on board, especially if the
valve is the butterfly type, which is handily removed from the line.

When choosing a rubber-lined valve, avoid those with bonded
liners because they are difficult to repair to their original
state and will have to be sent to an outside repair facility.
Amine cured coal tar epoxy and polvester glass flake are both possible
linings. The former may wear slightly less well than the latter,
but can be repaired just as readily. Both linings require grit
blasting before application. Replaceable rubber liners should be
used because of ease of replacement in the field.

For the disc and spindle, 316L stainless steel is a good choice.
Bronze is an alternative, but the spindle should also be bronze so as
to avoid electrolytic corrosion.

Whatever the material, these valves will certainly have to be
removed from the line, cleaned, and inspected at each drydock period.

Even if the seat, disc, and linings are in good condition, there
will almost certainly be a build-up of soot that must be periodically
removed to prevent impairment of the sealing capability of the valve,
which would render it useless as an isolating device.

Regulatinc or Main Control Valve

The main control valve is fitted downstream of the blowers,
generally close to the final bulkhead that separates the safe from the
hazardous area. 1Its primary purpose is to ensure constant pressure

to the deck distribution system. Excess pressure is relieved by venting

gas to the atmosphere or sending it back to the scrubber via a
recirculation line and valve.

The regulating and recirculating valves together incorporate

important safety features into the system; the regqulating valve must
be automztiically actuated or may be a dead-weight valve. When one
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of these valves closes, the other opens, keeping a constant predetermined
pressure on the deck mains., The safety aspect results from the
regqulating valve closing to automatically prevent backflow of gas. This
can be triggered by failure of the inert gas blowers, scrubber pump,
etc., or by failure of the deck water seal and mechanical nonreturn
valve so that the pressure of gas in the tank exceeds the blower
discharge pressure, e.g., during simultaneous stripping and ballasting.
The regulating and recirculating valves should have a fail-safe
capability to ensure closure upon failure of actuatiny power. An
inspection opening should be provided adjacent to the regulating valve
on the scrubber side of the valve to allow for inspection without valve
removal.

The requlating and recirculating valves operate in the same
environment as the blower isolating valves, so the same options for
materials apply. The relative simplicity of a dead-weight valve makes
it a good choice as a recirculator. Whether the valve is operating
can readily be determined with a positioning arm. A dead-weight valve
should be mounted in a horizontal and fore-and-aft position. Hinges and
other moving parts must be maintained to keep them operating freely.
Good choices for the disc of the dead-weight valve are 316 stainless steel
or aluminum bronze. The seat ma&be of removable Teflon or, if
rubber-lined, of riubber or Viton - . A suitable material for a spring,
if fitted, is 316L stainless steel.

Deck Mechanical Nonreturn Valve

The deck mechanical nonreturn valve is a further precaution to
avoid backflow of gas from the cargo tanks; it also prevents backflow
of liquid that may enter the inert gas main if the cargo tanks are
overfilled. This valve should be fitted forward of the deck seal and
should operate automatically at all times. It is available in a
fairly elaborate form or as a simple dead-weight or spring-operated
valve. The simpler is the better choice, because the simpler the
system the less chance of mishap.

A cast steel body with a 316L stainless steel seat, clapper,
and spindle is a good selection. All exposed steel parts should be
coated with a polvester glass flake or amine cured co%% tar epoxy coating.
If a stainless steel body is used, a removable Teflon ~ seat would be
better,

This valve should always be mounted in a horizontal and fore-and-
aft position. The amount of water carryover depends on the type of
water seal employed; it could require more frequent intermal inspection
to clean out accumulated soot and ensure that internal parts are
moving freely.
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Deck Isolating Valve

The deck isolating valve is fitted just downstream of the
nonreturn valve to provide positive isclation of the deck main from the
deck water seal and the remainder of the system. An inspection
opening should be fitted between the nonreturn valve and deck isolating
valve to allow for inspection of both valves without their removal.

This valve may be either a hand or remote operated valve, pre-
ferably a butterfly type. It should be a coated cast steel valve with
a 31-AL stainless steel disc and spindle. If polyester glass flake
or amine cured coal tar epoxy coatings are used, a removable Teflon
or Viton“'seat is desirable. Reliability and maintenance of the deck
isolating valve are similar to those of the nonreturn valve because
they perform the same kind of service.

Deck Water Seal

The deck water seal is the principal barrier to leakage of
hydrocarbon gas back into the space occupied by the blowers and
scrubbers. A water trap is fitted that permits inert gas to be
delivered to the deck main but prevents any backflow of cargo gas,
even when the inert gas plant is shut down. It is vital that a supply
of water to the seal be maintained at a.l times, particularly when the
inert gas plant is shut down, s¢, two independent supplies should be
provided. Both water inlet pipe and drain from deck seal overioard
should be fitted with water traps that vent to the open deck. In
addition, drains should be led directly overboard and not passed
through machinery spaces.

Several types of deck water seal are available, The sinmplest
is the wet type; its drawback is water carryover downstream. To raduce
this, and the obvious conseguence of corrosion downstream, a
Jamister (a mesh that entrains water droplets, preventing their carry-
over dowustream) is fitted. An outer casing of mild steel with an
internal coating has proven satisfactory, e.g., mild steel grit-blasted
to SA 2-1/2 and coated outside with an incrganic zinc primer and epoxy
topeoi. and inside with 3 mm of ebonite. Repairing a rubber-lined
intesic> can be difficult; care should be taker to ensvre that no
welding is done on the exterior casing because it would destroy the
lining. The acidic conditions so prevalent in the scrubber are less
severe in the deck seal, but nonetheless must still be reckoned with.

A compromise lining for the seal interior is a polyester glass
flake or amine cured coal tar epoxy lining, in that order. These
should be appiied to a grit-blasted surface (S4-3) with gpray equip-
ment to a dry film thickness of 30 mils. Either system is easily
repaired by spot blasting and touch-up.
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If the wet type of seal is used, a demister is required. Poly-
propylene mesh is strongly recommended, with a demister mounting material
of 316L stainless steel. A weir arrangement is also used in this type.

N Milé steel, rubber lined, ha: proven trouble-free. That portion of

3 the gas inlet pipe always awesh has been kept corrosion-free when

3 constructed of Incoloy B25, as have the vernturi inlets in the dry types
of seal. An acceptable alternative is coated mild steel.

Care must be exercised to prevent rapid erosion in the area of
the weld. Extreme care must be used when welding dissimilar metals;
the proper rod must be used, and an extremely smooth weld must be
achieved.

Copper-nickel 90/10 or 70/30, is a good selection for steam coils
and drains. It welds more easily than aluminum-bronze and gives a good,
smooth profile.

Static, ultrasonic level floats encapsulated in PVC have
g proven extremely reliable. Monel floats, unprotected, have been found
. wasted within a year.

The part of the gas inlet pipe above the water level should be
coated inside and out. Means should be provided to check the condition
3 of this pipe easily. Should it develop holes, the seal will not
5 perform properly in shutdown condition.

Glass ports should be provided in the seal to allow visual
inspection of level and conditions. Thorough internal inspection must
be made at least every two years. This inspection should include the
system as a whole. This would be the minimum for good maintenance.
inspection, at intervals established by a classification society, should,
of course, be carried out by a competent, certified inspector.
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Chapter 8

INSTRUMENTATION; CONTROL AND ALARM SYSTEMS

Instrumentation required or recommended to assure the realiability,
maintainability, and safety of the inert gas system should measure
continuously the following parameters:

* Temperature

* Pressure

* Flow

* Liquid level

*+ Oxygen concentration

Flue-Gas System

Figure 4 illustrates the instrumentation recommended for an
inert gas system employing flue gas from the ship's boilers. This
illustration starts at the flue-gas scrubber, since combustion control
and boiler operation instrumentation is assumed to be already in
place and is not the primary concern of the inert gas system.
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Table 2 is an instrumentation guide that augments Figure 4 by
identifying sample points, measurement involved, type of readou* d
alarm, and automatic control regquirements. Locations for readout:
and alarms are also recommended.

Inert Gas Generator System

The instrumentation recommended for an inerting system usin¢ an
inert gas v -nerator is necessarily more elaborate since the reliability
of the com_ustion process and its auxiliary monitors and controls must
be included in the system.

Figure 5 illustrates a typical flow sheet of an inert gas
generator with the instrumentation parameters involved.

Table 3 identifies sample points, measurements involved, readout

requirements, alarm recommendations, automatic control-shutdown
requirements, and suggested readout locations.

Instrumentation Requirements

As mentioned above, the instrumentation on an inert gas system
includes instruments for measuring pressure, temperature, flow, and
level., Most of the instruments are relatively simple and reliable; they
have long been employed, both on shipboard and throughout the industry,
and need not be further described here. However, the required continuous
oxygen measurement, because of its importance to the safety of the
inert gas system, deserves further discussion. Also, the conditioning
of the sample that must be delivered continuously to the oxygen analyzer
is of equally vital importance to the success of the measurement
in respect to reliability, maintainability, and safety.

Oxygen Analyzers

There are a variety of ways to measure continuously the oxygen
concentration of gases. The three most common methods are:

Magnetic susceptibility-—the oldest teclinique, but still widely
employed for many applications throughout indus-vy. The gas stream
being analyzed must be reasonably free of particulates. The sensor
is somewhat sensitive to shock and tilt compared wi.h the other types.
However, this type of analyzer has an excellent histo.y in tanker fleets.
Speed of response is excellent (90 percent in less than one minute).

Polarographic measurement-——a newer technique that has found
excellent acceptance. The sensor consists of an elect:iochemical cell
into which the oxygen diffuses through a porous membrane. The sensor
is very rugged and can tolerate reasonable amounts of particulates.
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The golid oxide "fuel cell"-—is z newer method that employs
a heated (850°C) zirconium oxide sensor. It is widely used in
combustion control processes. However, its usefulness in this applica-
tion may be questioned because of the potentially hazardous condition
it might create when the sample gas exceeds the lower explrsive linut.
Because of this aspect, the method is not recommended unless special
means are provided to guarantee that the sensor cannot be a source of
ignition.

For assistance in selection, Table 4 compares the recommended
types of analyzers.

TABLE 4 Compariscen of Oxygen Analvzers

Shock Speed of Sensitivity
Type Accuracy Sensitivity Response to Dirt Simplicity
Magnetic A B B C B
Susceptibility
Polaroyraphic R A B B A

(A = Best, B = Good, C = Acceptable)

Both the magnetic susceptibility and polarographic analyzers are
available as portakle battery-operated instruments or continuous
menitors.

The range of the analyzer, ideally, should be 0-10 percent O, (by
volume) to permit a mid-scale 5 percent maximum allowable O, and with
an alarn to be set at 8 percent. The analyzer also should have a
selectable 0-25 percent O, range to permit periodic air calibration
(21 percent Op). Automatic alarm deactivation during calibration shoula
be coupled to this high-range position.

Materials of construction recommended for sensor, tubing, and
fittings exposed to sample stream include PVC, polypropylene,
fluorinated hydrocarbon, 316 stainless steel, ceramic (alumina,
etc.), fluorinated hydrocarbon-lined steel, and synthetic or natural
rubber gasketing and O rings.

Analyzer calibration by use of ambient air (21 percent O;) should
be performed daily. Routine preventive maintenance, and replacement
of consumable parts should be performed every 30 days or at a
frequency recommerded by the analyzer manufacturer.
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Sample Handling Requirements for Continuous Oxvgen Analysis

The major parameters requiring attention in the sampling of gases i
from combustion involve:

Particulates

Condensate and saturated water vapor
* Corrosivity

Temperature

L

From a maintenance standpoint, particulates are the major problem.
Typically, they can be removed by various porous ceramic filters at
sample intake (Figure 6) followed by a spool-type large area
fiberglass or woven plastic filter downstream. These devices are
subject to blinding, increasing pressure drop across the filter, and
eventual loss of flow unless they are replaced or cleaned regularly.

The spool-type guard fil ter should be replaced monthly or as
needed.

Although a positive pressure will exist downstream from +he
blowers, it may be variable and not adeguate for the sample flow to
the analyzer. If this is the case, it is recommended that a water
eductor be employed (Figure 6). This will require 2-~3 GPM of seawater
at 50-80 psig. Sample flow should be about 250 cc/min. If employed,
the eductor will also serve as a further particulate remover to
provide a cool, particulate-free sample to the analyzer. Flow
switches on the eductor and sample stream leaving the analyzer are re-
commended to provide audible and visible alarms should either flow stop.

The analyzer can be calibrated manually or automatically
(manual operation shown) simply by opening the sample line ahead of
the eductor and drawing in ambient air. If an eductor is not used,
it will be necessary to stop the sample flow and force ambient air into
the analyzer. With the polarographic sensor, an alternate method of
calibration is simply to remove the sensor from its holder and expose
it to ambient air. Since the analyzer typically will be on a 0-10
percent O, range, it will be necessary to switch to a higher range,
such as 0-25 percent O,, to calibrate at the 21 percent Op-in-air
level. During this interval, the true oxygen level of the flue gas
must be "frozen" to avoid alarm actuation. Again, this and the complete
calibration procedure can be automated.

All components shown in the sample handling system can be obtained
in fluorinated hydrocarbon, 316 stainless steel, Hastelloy C, and/or
appropriate plastic materials. The sample line from the blower discharge
to the three-way air-calibrate valve should be 1/2-inch armored
fluorinated hydrocarbon; thereafter, 1/4-inch fluorinated hydrocarbon
tubing should be used.
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Portable Oxygen and Combustibles Analyzers

As mentioned above, both the magnetic susceptibility and polaro-
graphic analyzers are generali.y available as battery-operated portable
instruments. Older portable oxygen analyzers, based on chemical
reaction colorimetric/volumetric techniques, also are available.

The combustibles analyzer typically reads out in 0~100 percent
lower explosive limit (LEL). Usually it consists of an active and
reference catalytic element within a Wheatstone bridge. Hydrocarbons
diffusing into the cell are oxidized, causing a rise in temperature
and change in resistance within the bridge. Thus a measure of per-
centage under the LEL is obtained. These are simple, rugged analyzers
that are available for continuous or portable spot-check duty.

Since most portable oxygen and combustibles analyzers are
battery operated and theoretically capable of producing a spark, care
must be exercised in sampling from individual cargo hold taps.

Various battery-powered or manual air pumps are available to pull the
sample through the analyzers if necessary. It is recommended that
portable analyzer inlets be equipped with flame arresters as a further
precaution.

Auxiliary Supplies and Spare Parts

Because of the importance of the oxygen level in the inert
gas, it is recommended that an interchangeable sensing element be
maintained as a replacement in the event of sensor malfunction or
failure.

A number of spare filter elements or cartridges should be
stocked.

The combustibles analyzer must be calibrated against a standard
hydrocarbon gas such as methane or propane. Typically, a 50 percent
LEL gas blend is supplied in a pressurized cylinder for calibration
purposes. As mentioned earlier, ambient air is all that is required
for calibrating the oxygen analyzers.

The recommendations of the suppliers for both analyzers and
sample handling system components should be followed in respect to
recommended spare parts.
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THE NATIONAL ACADEMY OF SCIENCES was established in 1863 by Act of
Congress as a private, non-profit, self-governing membership corporation for the fur-
therance of science and technology, m‘c-l’uired to advise the federal government upon
request within its fields of competence. Under its corporate charter the Academy estab-
lished the National Research Council in 1916, the National Academy of Engineering in
1964, and the Institute of Medicine in 3370.

THE NATIONAL ACADEMY OF ENGINEERING was founded in 1964 as a non-
profit membership institution, by action of the Nationa] Academy of Sciences under
the authority of s congressional charter of 1863 establishing it as a private, self-
governing corporation to further science and technology and to advise the federal gov-
ernment. The two Academies share those purposes in their fields.

THE NATIONAL RESEARCH COUNCIL was established in 1916 by the National
Academy of Sciences to associate the broad community of science and technology with
the Academg purposes of furthering knowledge and of advising the federal govern-
ment. The Council operates in accordance with general policies determiced by the
Academy by authority of its Congressional charter of 1863 as a non-profit, self-governing
membership corporation. Administered jointly by the National Academy of Sciences,
the National Academy of Engineering, and the Institute of Medicine (all three of which
operate under the charter of the National Academy of Sciences), the Council is their
principal agency for the conduct of their services to the government and the scientific
and engincering communities.

THE COMMISSION ON SOCIOTECHNICAL SYSTEMS is one of the major com-
ponents of the National Research Council and has general responsibility for and
cognizance over those program areas concerned with physical, technological, and in-
dus.tx:’dal sm;ms that are or may be deployed in the public or private sector to serve
societal n

THE NATIONAL MATERIALS ADVISORY BOARD is a unit of the Commission on
Sociotechnical Slstems of the National Research Council. Organized in 1951 as the
Metallurgical Advisory Board, through a serics of changes and expansion of scope, it
became the Materials Advisory Board and, in January 1969, the National Materials
Advisory Board. In consonance with the scope of the two Academies, the general purpose
of the Board is the advancement of materials science and engineering, in the pational
interest. The Board fulfills, its purpose by: providing advice and assistance, on request, to
government agencies and to private organizations on matters of materials science and
technoiogy affecting the national interest; focusing attention on the matenals aspects
of national problems and opportunities, both technical and nontechnical in nature, and
making appropriate recommendations as to the solution of such problems and the
exploitation of these opportunities; performing studies and critical analyses on mate-
rials problems of a national scope, recommending approaches to the solution of these
problems, and providing continuing guidance in the implementation of resulting
activities; identifying problems in the interactions of materials disciplines with other
technical functions, and defining approaches for the effective utilization of materials
technologies, cooperating in the development of advanced educational concepts and
approaches in the materials disciplines; communicating and disseminating information
on Board activities and related national concerns; promoting cooperation with and
among the materials-related professional societies; maintaining an awareness of trends
and significant advances in materials technology, in order to call attention to opportuni-
ties and possible roadblocks, and their implications for other fields, and recognizing and
promoting the development and application of advanced concepts in materials and ma-
terials processes,
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