


Foreword

In recent years, medium speed dual fuel diesel engines have been chosen to power a number of new LNG
carriers in preference to the traditional steam turbine powered propulsion plant arrangements. This has
improved operational efficiency and reduced engine room space requirements. Furthermore dual fuel and
single fuel engines have been successfully installed and operated in a number of offshore support vessel
and ferry applications. ‘
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3.5
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3.8

» The vessel and systems are to be arranged with sufficient redundancy so as to provide continuity of
electrical and propulsion power in the event of an automatic safety shut down of fuel gas supply.

¢ Explosion protection and fire protection, detection and extinguishing arrangements and systems are to
~ be provided to protect the vessel and crew from possible hazards associated with using natural gas as
fuel. '

Definitions

Block and Bleed Valve
Block and Bleed Valve means a set of two valves located in series to the fuel supply to each of the gas

utilization units with a third valve that vents that portion of the gas fuel piping that is between the two

valves in series. See also 5/3.1ii) of this Guide. This set of valves is referred to as “Double Block and Bleed”
by the Interim Guidelines. ’

BOG Utilization System

A BOG (boil-off gas) Utilization System is an arrangement of BOG consumers (e.g., gas combustion unit,
re- Liquefaction units, dual fuel auxiliary generator) including piping systems, electrical systems, control
and safety systems, which may be used for controlling gas fuel storage tank pressure and maintaining it
below the maximum allowable relief valve setting.

Certified Safe Type

Certified Safe Type means electrical equipment that is certified safe by a competent, independent testing
laboratory based on a recognized standard.’ The certification of electrical equipment is to be suitable for the
category and group for methane gas. See also 4-8-3/13 of the Steel Vessel Rules.

CNG

CNG means compressed natural gas.

Dual Fuel Diesel Engine -
Dual Fuel Diesel Engine is a diesel engine that can burn natural gas as fuel simultaneously with liquid
(pilot) fuel and also have the capability of running on liquid fuel only.

Dual Fuel Propulsion or Auxiliary Gas Turbine

Dual Fuel Gas Turbine, Propulsion or Auxiliary is a gas turbine using natural gas as fuel and also having
the capability of running on liquid fuel.

Enclosed Space

Enclosed Space means any space within which, in the absence of artificial ventilation, the ventilation will
be limited and any explosive atmosphere will not be dispersed naturally: See also 4-8-4/27 of the Steel
Vessel Rules.

Fuel Containment System

Fuel Containment System is the arrangement for containment of fuel including, as applicable, a primary
and secondary barrier, associated insulation and any intervening spaces, and adjacent structure if necessary
for the support of these elements. If the secondary barrier is part of the hull structure it may be a boundary
of the hold space.

The spaces around the fuel storage tank are defined as:

3.8.1 Hold Space ‘
Hold Space is the space enclosed by the ship’s structure in which a fuel containment system is
located. :
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3.8.2 Interbarrier Space

or partially occupied by insulation or other material.

3.8.3 Tank Connection Space

Tank Connection Space is a gas tight space surrounding the parts of the fuel tank containing all
tank connections and tank valves.

l Interbarrier Space is the space between a primary and secondary barrier, whether or not completely
»
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3.19

3.20

3.21

3.22

3.23

3.24

Master Gas Valve

Master Gas Valve means an automatic gas shut-off valve in the gas supply line to each individual gas
utilization unit and which is located outside the machinery space of the gas utilization unit. See also 2/6.2.1
of this Guide.

Natural Gas

Natural Gas (dry) is defined as gas without condensation at common operating pressures and temperatures
where the predominant component is methane with some ethane and small amounts of heavier hydrocarbons
(mainly propane and butane). The gas composition can vary depending on the source of natural gas and the
processing of the gas. Typical composition in volume %:

Methane (C,) 94.0%
Ethane (C,) 4.7%
Propane (C,) 0.8%
Butane (C+) 0.2%
Nitrogen 0.3%

Density gas 0.73 kg/Sm’
Density liquid 0.45 kg/dm?
Calorific value (low) 49.5 MJ/kg

Methane number83

The gas may be stored and distributed as CNG or LNG.

Normal Boil-off Gas Rate (NBOR)

For the purposes of this Guide, the Normal Boil-off Rate is the specified BOR in the shipbuilding or
manufacturer contract, conforming to the design boil-off rate at the upper ambient design temperatures as
specified in 5C-8-7/1.2 of the Steel Vessel Rules.

Primary Barrier
Primary Barrier is the inner element designed to contain the fuel when the fuel containment system includes
two boundaries.

Recognized Standard
A Recognized Standard is an international or national standard acceptable to ABS.

Re-Liquefaction Unit

A Re-liquefaction Unit is a system used for taking the boil-off gas from bunker tanks and condensing it in
a refrigeration system. LNG is then returned to the tanks. A typical re-liquefaction plant will comprise an
electric motor-driven boil-off gas compressor, cryogenic heat exchangers, pre-coolers, separator, nitrogen
storage tanks, an LNG transfer system, electric-driven refrigeration compressors/expanders with interstage
coolers, a discharge cooler and associated control systems. '

Rules
Rules means the applicable edition of the ABS Rules for Building and Classing Steel Vessels (Steel Vessel
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4.1

4.2

4.3

4.4

4.5

4.6

Classification Notations

Gas Fueled Ship

Where a vessel is arranged to burn natural gas as fael for propulsion or auxiliary purposes the requirements
for gas fuel storage, fuel bunkering systems, fuel gas preparation rooms and fuel gas supply system
arrangements are to be designed, constructed and tested in accordance with Sections 2, 3, 4, and 5 of this
Guide. The GFS notation may be assigned in association with one or more of the following additional
notations (e.g., GFS(DFD, GCU)).

Re-Liquefaction Unit

Where a Re-Liquefaction Unit is designed, constructed and tested in accordance with Section 2 .and
Section 6 of this Guide, the RELIQ notation may be assigned.

Gas Combustion Unit

Where a Gas Combustion Unit is designed, constructed and tested in accordance with Section 2 and
Section 7 of this Guide, the GCU notation may be assigned.

Dual Fuel Diesel Engine Power Plant

Where a dual fuel diesel engine power plant is designed, constructed and tested in accordance with Section 2
and Section 8 of this Guide, the DFD notation may be assigned.

Single Gas Fuel Engine Power Plant

Where a single gas fuel engine power plant is designed, constructed and tested in accordance with Section 2
and Section 8 of this Guide, the SGF notation may be assigned.

Dual Fuel Gas Turbine Power Plant

Where a dual fuel gas turbine power plant is designed, constructed and tested in accordance with Section 2
and Section 9 of this Guide, the DFGT notation may be assigned.

Materials of Construction

Materials in general are to comply with the requirements of the ABS Rules for Materials and Welding
(Part 2).

Materials used in gas tanks, gas piping, process pressure vessels and other components in contact with
cryogenic liquids or gases are to be in compliance with Section 5C-8-6 of the Steel Vessel Rules.

For CNG tanks, the use of alternative materials not covered by Section 5C-8-6 of the Stee! Vessel Rules
may be accepted provided such materials are approved in connection with the design and that they are
verified or tested by a Surveyor, as applicable, as complying with the approved specifications. For further
guidance on CNG tanks, see the CNG Guide.

Operating and Maintenance Instruction Manuals

Detailed instruction manuals are to be provided onboard, covering the operations, safety and maintenance
requirements and occupational health hazards relevant to the use of gas as a fuel.

The manuals are to include, but not be limited to, the regular test and maintenance procedures for the gas
detection systems, safety shut-off systems and the integrity of backup systems.

In addition there is further guidance regarding the contents of the operating and maintenance manuals in
each of the individual sections of this Guide such as the gas fuel storage, fuel bunkering and fuel gas
supply systems. Reference is to be made io the requirements in each section of this Guide. Inspection and
maintenance of certified safe electrical equipment is to be in accordance with the applicable requirements
of Section 9 and 10 of IEC 60092-502.
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Altgmatives

Equipment, components, and systems for which there are specific requirements in this Guide, or its associated
references, may incorporate alternative arrangements or comply with the requirements of alternative
recognized standards, in lieu of the requirements in this Guide. This, however, is subject to such alternative
arrangements or standards being determined by ABS as being not less effective than the overall safety and
strength requirements of this Guide or associated references. Where applicable, requirements may be
imposed by ABS in addition to those contained in the alternative arrangements or standards so that the
intent of this Guide is met. In all cases, the equipment, component or system is subject to design review,
survey during construction, tests and trials, as applicable, by ABS for purposes of verification of its
compliance with the alternative arrangements or standards. The verification process is to be to the extent as

- intended by this Guide.

Where these alternative or equivalent equipment, components and systems are intended to be used in lieu
of the requirements of IMO Resolution MSC.285(86), or the to be developed IMO IGF Code, such application
is subject to approval by the Flag Administration prior to issuance of a Certificate of Fitness on behalf of
the Flag Administration by ABS. ‘

Certification

Design review, survey, testing, and the issuance of reports or certificates constitute the certification of
machinery, equipment and systems; see also 4-1-1/3 of the Steel Vessel Rules. There is guidance on the
certification requirements for machinery, equipment and systems in each of the applicable individual
sections of this Guide. The applicable edition of the Steel Vessel Rules is to be used in association with the
subject Guide.
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iv)

v)

LNG storage tanks with a connection below the highest liquid level, (see 3/3iii) of this
Guide) are to be fitted with drip trays below the connections which are to be of sufficient
capacity to contain the volume which could escape in the event of a leakage from pipe
connection. The material of the drip tray is to be stainless steel, and there is to be efficient
separation or isolation so that the hull or deck structures are not subjected to low temperatures
below the allowable design temperature of the material, in case of leakage of LNG.

The drip trays located below the tank connections and other sources of vapor release on
the tanks are to be located not less than 3 m from entrances, air inlets and openings to
accommodation spaces, services spaces, cargo spaces, machinery spaces and control stations.

Gas storage tanks located above deck are to be shielded with class A-60 insulation towards
accommodation, service spaces, cargo spaces, machinery spaces and control stations.

Gas Storage Tanks — Storage in Enclosed Spaces

Y

i)

iii)

LNG fuel may be stored in enclosed spaces, with a maximum allowable working pressure
of 10 bar.

Storage of compressed gas in enclosed spaces is to be in accordance with the CNG Guide.

The location of compressed gas storage tanks with a design pressure greater than 10 bar in
enclosed spaces would be acceptable, provided the following is fulfilled in addition to

2/2.2.2iv) of this Guide:

a) Adequate means are to be provided to depressurize the tank in case of fire which
could affect the tank; and

b All surfaces within such enclosed spaces are to be provided with suitable thermal
protection against any high pressure gas leakage and resulting condensation unless
the bulkheads are designed for the lowest temperature that can arise from gas
expansion leakage; and

¢) A fixed fire extinguishing system is installed in such enclosed spaces; and

d Means are to be provided to relieve pressure resulting from a catastrophic failure
of the containment system so that hull structural integrity can be maintained.

Gas storage tanks are to be located as close as possible to the ship centerline and:

a) Minimum, the lesser of B/5 and 11.5 m from the ship side measured inboard from
the ship’s side at right angles to the centerline at the level of the summer load
line; and

b Minimum, the lesser of B/15 and 2 m from the bottom plating; and nowhere to be
less than 800 mm from the shell plating..

c) Gas storage tanks for ships other than passenger vessels, or where gas storage
tanks are not located adjacent to accommodation, service or control stations, may
be located closer than B/S from the ship side provided the following criteria is
applied:

d) Minimum, the lesser of B/15 and 2 m from the bottom plating; and

e Nowhere less than d, where d is as follows:
1. For storage tanks V< 1,000m*> d=0.8m
2. For 1,000 m* < ¥<5,000m®*  d=0.75+ ¥ x 0.20/4,000 m
3. For 5,000 m® < ¥<30,000m*> d=0.8+ #/25,000 m

Where V corresponds to 100% of the gross design volume of the individual
storage tank at 20°C, including domes and appendages and d is measured at any
cross section at a right angle from the molded line of the outer shell.
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iv) Gas storage tanks located in enclosed spaces are to be arranged in accordance with the fuel
containment and secondary barrier principles of the IGC Code Chapter 4, as incorporated by
Section 5C-8-4 of the Steel Vessel Rules. Atrangements are to be such that the effects of any
release of gas or liquid are mitigated while providing safe access for operation and inspection.

All tank connections, fittings, flanges and associated valves are to be located on the open
deck except that for Type C independent tanks, such connections may be located in a gas
tight space. This tank connection space is to be arranged to safely contain any leakage from
the tank connections, without this leakage spreading to other spaces, or leading to hazardous
incidents. Tank connection space boundaries including access doors are to be gastight.

The material of this space which may come into contact with liquid or gaseous fuel is to
have the same minimum design temperature as the gas storage tank, and the space is to be
designed to withstand the maximum pressure build up. Alternatively, pressure relief
venting to a safe location (mast) may be provided.

The space is to be isolated thermally so that the surrounding hull is not exposed to
unacceptable cooling, in case of leakage of the liquid or compressed gas. Calculations in
accordance with 5C-8-4/8.2 of the Steel Vessel Rules are to be undertaken so that the
temperature of the hull structure cannot fall below the allowable design temperature for
the material, .

v) Where LNG is carried in a storage tank requiring a complete or partial secondary barrier
(storage tanks other than Type C) hold spaces are to be segregated from the sea by a
double hull space.

vi) Bilge systems installed in areas where gas fuel may be present due to leakage from the

storage or piping systems are not to be connected to the bilge system for the rest of the ship.

A bilge well in each gas containing system surrounding an independent liquid gas storage
tank is to be provided with both a level indicator and a temperature sensor. An alarm is to
be provided to indicate a high liquid level in the bilge well. The temperature sensor low
temperature indication is to lead to automatic closing of the main tank valve.

vii) Fuel containment systems are not to be located adjacent to category A machinery spaces.
Separation is to be by means of a cofferdam, the separation is to be at least 900 mm.

However, a hold space containing a Type C fuel storage tank with no connections to the
tank inside the hold space may be separated from a category A machinery space by a
single gas tight class A-60 bulkhead.

vii{) ~ Tank connection spaces and ventilation trunks to such spaces below the bulkhead deck
are to be constructed to class A-60.

2.3  Access in way of Gas Storage Tanks

i) Where access is required for inspection between the gas storage tank surface (flat or curved), and
structural elements (such as deck beams, stiffeners, frames, girders, etc.), the distance between that
surface and the free edge of the structural elements is to be at least 380 mm. The distance between
the surface to be inspected and the surface to which the above structural elements are fitted (e.g.,
deck, bulkhead or shell) is to be at least 450 mm for a curved tank surface or 600 mm for a flat
tank surface. See also 5C-8-3/5.2.1, 5C-8-3/5.2.3 and 5C-8-3/5.2.4 of the Steel Vessel Rules.

ii) ‘Where access is not practical between the surface to be inspected and any structural elements, the
distance between the free edge of the structural element and the surface to be inspected is to be at least
50 mm or half the breadth of the structure's face plate, whichever is the larger. See also 5C-8-3/5.2.2
of the Steel Vessel Rules.

iii) Where applicable the minimum distance between the plane surfaces of a bunker tank sump and
adjacent double bottom structure in way of a suction well is not to be less than 150 mm and that
the clearance between the edge between the inner bottom plate, and the vertical side of the well
and the knuckle point between the spherical or circular surface and sump of the tank is to be at
least 380 mm. If there is no suction well, the distance between the bunker tank sump and the inner
bottom is not to be less than 50 mm. See also 5C-8-3/5.2.5 of the Steel Vessel Rules.
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2.4 Fuel Bunkering Station
i) The bunkering station(s) and manifold(s) are to be located on the open deck so that sufficient
natural ventilation is provided. Alternatively closed or semi-enclosed bunkering stations may be
approved subject to the provision of effective mechanical ventilation.

The bunkering station is to be physically separated or structurally shielded from adjacent normally
manned areas such as accommodation, cargo/working deck and control stations. Particular
consideration is to be made to the provision of adequate structural protection where vessel cargo
handling operations increase the risk of mechanical impact damage. Connections and piping are to
be positioned and arranged so that any damage to the gas piping does not cause damage to the
vessel's gas storage tank arrangement leading to uncontrolled gas discharge.

ii) In case of leakage of LNG the surrounding hull or deck structures are not to be exposed to low
temperatures below the allowable design temperature of the material. Accordingty drip trays are to
be fitted below liquid gas bunkering connections and where leakage may occur. The drip trays are
to be made of stainless steel and the drainage arrangements may be temporarily fitted for
bunkering operations. Where the leakage containment arrangements are such that damage to the
hull structure from accidental spillage of LNG during bunkering operations cannot be precluded,
additional measures such as a low-pressure water curtain, are to be fitted under the bunkering
station to provide for additional protection of the hull steel and the ship’s side structure.

For compressed gas bunkering stations, low temperature steel shielding is to be providéd as
necessary to prevent possible cold jet impingement on the hull structure.

iii) Bunkering stations are to be shielded with class A-60 insulation towards other spaces, except for
spaces such as tanks, voids, auxiliary machinery spaces of little or no fire risk, santtary and similar
spaces where the insulation may be reduced to A-0 class.

25 Gas Compressor and Fuel Preparation Rooms
i) Compressor and fuel preparation rooms are to be in compliance with SC-8-3/3 of the Steel Vessel
Rules. Compressor or fuel preparation rooms may be located below the open deck provided the
arrangements are in accordance with the applicable requirements of 2/2.2.2, 2/3.3, and Subsection
3/6 of this Guide. Particular consideration is to be made to the provision of adequate structural
protection where vessel cargo handling operations increase the risk of mechanical impact damage.

Y ii) Gas compressor or fuel preparation rooms are to be treated as if they were category A machinery
spaces for the purposes of fire protection.

2.6 Machinery Spaces Containing Gas Utilization Units
i) ‘When more than one machinery space is required for gas fueled engines (see 2/5.4 of this Guide)
and these spaces are separated by a single bulkhead, in order to maintain continuity of power, the
arrangements are to be such that the effects of a gas explosion in either space can be contained or
vented without affecting the integrity of the adjacent space and equipment within that space.

i) hen more than one. machi g Js reanired (sep 2/3.4 of ids),
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3.2

3.3

4.1

----‘,‘-----_-

Arrangement of Entrances and Other Openings

General

i)

Direct access through doors, gastight or otherwise, from a hazardous area classified as zone 0 or
zone 1 to a non-hazardous area is generally not permitted. Where such openings are necessary for
operational reasons, an air lock which complies with the requirements of 5C-8-3/6.2 through
5C-8-3/6.7 of the Steel Vessel Rules is to be provided. '

Access to a single wall fuel gas piping concept machinery space is to be by self-closing gastight
doors. An audible and visual alarm is to be provided at a permanent manned location. Alarm is to
be given if the door is open continuously for more than 60 seconds. As an alternative, an arrangement
with two self-closing doors in series may be acceptable. See also 8/2.5 of this Guide.

Gas Compressor and Fuel Preparation Rooms

If the compressor or fuel preparation room is located below deck, the room is, as far as practicable, to have . .
an independent access direct from the open deck. Where a separate access from the open deck is not
practicable, an air lock which complies with the requirements of 5C-8-3/6.2 through 5C-8-3/6.7 of the
Steel Vessel Rules is to be provided.

i)

iii)

Gas Storage Tanks and Fuel Containment Systems

D)

Access to the tank connection space is, as far as practicable, to be independent and direct from the
open deck. If the tank connection space is only partially covering the tank, this requirement is also
to apply to the space surrounding the tank and where the opening to the tank is located. Where a
separate access from the open deck is not practicable, an air lock which complies with the
requirements of 5C-8-3/6.2 through 5C-8-3/6.7 of the Steel Vessel Rules is to be provided. The
access trunk is to be fitted with separate ventilation. The dimensions of horizontal and vertical
openings are to be in accordance with 5C-8-3/5.3.1.2 and 5C-8-3/5.3.1.3 of the Steel Vessel Rules.
Arrangements are to be such that it is not possible to have unauthorized access to the tank
connection space during normal operation of the gas system.

Inspection openings in accordance with 4-4-1/17.3 of the Steel Vessel Rules are to be provided for
Type C gas fuel storage tanks. Where applicable, circular access openings are not to have diameters
less than 600 mm, as per 5C-8-3/5.3.3 of the Steel Vessel Rules. Consideration will be given to
alternative arrangements which can be shown to provide for an equivalent degree of internal inspection.

For independent tanks operating with inerted interbarrier spaces, access arrangements are to be
such that unintended entry by personnel is to be prevented. If access to such spaces is not from the
open deck, sealing arrangements are to prevent leakage of inert gas to adjacent spaces.

Gas Pipe Design and Arrangements

General

9

i)

iii)

Gas piping is to comply with 5C-8-5/2.1.2, 5C-8-5/2.1.4, 5C-8-5/2.1.6, 5C-8-5/2.2.1, 5C-8-5/2.3.2,
5C-8-5/2.4.1 through 5C-8-5/4, 5C-8-5/2.5, 5C-8-5/4.2 through 5C-8-5/4, and 5C-8-5/4.6.2 of the
Steel Vessel Rules. ‘

Gas pipes are not to be located less than 800 mm from the ship’s side. Where necessary, low
temperature piping is to be thermally isolated from the adjacent hull structure to prevent the
temperature of the hull from falling below the design temperature of the hull material.

The piping system is to be of welded construction and flange joints are to be kept to a minimum.
Gaskets are to be protected against blow-out. Where liquid piping is dismantled regularly, or
where liquid leakage may be anticipated, such as at shore connections or pump seals, protection
for the hull beneath is to be provided.
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iv) The gas piping system is to be installed with sufficient flexibility to accommodate the oscillating
movements that may be applicable without risk of fatigue failure. Arrangement for provision of the
necessary flexibility is to be demonstrated to maintain the 1ntegr1ty of the piping system in
normally foreseen service situations.
v) An arrangement for purging gas bunkering lines and supply lines with nitrogen is to be provided.
vi) If the fuel gas contains heavier components that may condense in the system, a vapor-liquid
separator or equivalent means for safely removing the liquid is to be fitted.
vii) Gas piping is to be protected against mechanical damage.
viii)  Gas pipes are to be color marked based on a recognized standard.
4.2 High Pressure Gas Piping

4.3

12

)

vi)

vii)

The arrangement and installation of high pressure gas piping is to provide the necessary flexibility
for the gas supply piping to accommodate the oscillating movements of the main engine, without
running the risk of fatigue problems. The length and configuration of the branch lines are
important factors in this regard.

High pressure gas piping systems are to have sufficient constructive strength which is to be
confirmed by carrying out stress analysis taking into account the stresses due to the weight of the
piping system including acceleration load when significant, internal pressure and loads induced by
hog and sag of the ship.

All valves and expansion joints used in high pressure gas fuel supply lines are to be of an approved
type.

Joints on the entire length of high pressure gas fuel supply lines are to be butt-welded joints with
full penetration and are to be fully radiographed, except where specially approved.

Pipe joints other than welded joints at the specially approved locations identified under 2/4.2iv) of
this Guide are to comply with recognized standards or may be accepted subject to specific
approval on a case by case basis.

For all butt-welded joints of high pressure gas fuel supply lines, post-weld heat treatment is to be
performed dependant on the type of material.

High pressure installations are to be provided with means for rapid detection of a rupture in the gas
supply line. When rupture is detected, a valve is to automatically close. This valve is to be located
outside but as close as possible to the machinery space; it can be a separate valve or combined
with other functions such as the master gas valve. Acceptable means of detection are:

a) An orifice or flow fuse detecting excess flow and located close to the point of entry to the
machinery space;

b) A combined excess flow detector with automatic shut off valve located as close as
possible to the point of entry to the machinery space;

¢ A low pressure detector located close to the engine inlet connection.

Distribution Outside of Machinery Spaces

Gas piping is not to be led through other machinery or enclosed spaces. Alternatively, double wall fuel gas
piping may be approved, provided the danger of mechanical damage is considered negligible, the gas piping
has no discharge sources and the space is equipped with a gas detection alarm. See also Subsection 5/4 of
this Guide.
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5 System Configuration
5.1 General :

i) The propulsion and auxiliary arrangements and fuel supply systems are to be arranged so that in
the case of emergency shutdown of the fuel gas supply the propulsion and maneuvering capability,
together with power for essential services, can be maintained. Under such a condition the remaining
power is to be sufficient to provide for a speed of at least 7 knots or half of the design speed, whichever
is the lesser.

i) Automatic means are to be provided to stop the supply of natural gas into an area or space where a
gas release has been detected.

i) Means are to be provided to control the pressure and temperature of the fuel gas delivered to each
gas utilization unit.

5.2  Alternative System Configurations

Two alternative system configurations may be accepted:

)

Double Wall Fuel Gas Piping Concept. Arrangements in machinery spaces are such that the spaces
are considered non-hazardous under all conditions, normal as well as abnormal conditions. This
concept is in accordance with the principles of the IGC Code, which relies on encased gas fuel
pipes and a ventilation duct or hood over the potential sources of leakage.

Single Wall Fuel Gas Piping Concept. This concept may only be applied to machinery spaces
containing dual fuel or single fuel engines using low pressure, 10 bar (10.2 kgf/cm?, 145 psi) or
less; fuel gas supply systems. The entire engine compartment is to contain only the engine(s) and
minimum necessary equipment. The machinery space, or engine compartment, is to be as small in
volume as practicable without compromising maintainability, in order to facilitate effective ventilation
and gas detection. By the adoption of redundant ventllatxon systems, gas detectlon and assocxated
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i) A dual fuel diesel engine plant for propulsion and power generation




7 Ventilation Systems - General

i) Any ducting used for the ventilation of hazardous spaces is to be separate from that used for the
ventilation of non-hazardous spaces. Ventilation ducting arrangements are to be of a gas tight
construction. The ventilation is to function at all temperature conditions the ship will be operating
in. Electric fan motors are not to be located in ventilation ducts for hazardous spaces unless the
motor is certified for the same hazard zone as the space served.

l Section 2 _Ship Arrangements and System Design
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Electrical Systems

General

)

i)

iii)

i)
v

The electrical requirements in this Subsection and in each individual Section of this Guide are to
be applied in conjunction with the requirements of Part D of SOLAS Chapter II-1 and Chapter 8
of Part 4 of the Steel Vessel Rules.

Electrical equipment and wiring is in general not to be installed in hazardous areas unless essential
for operational purposes. :
Hazardous areas on open deck and other spaces not defined under 2/8.3 of this Guide are to be

determined based on a recognized standard (e.g., IEC 60092-502 or IEC 60079-10-1). Installed
electrical equipment is to be of a certified safe type based on that standard.

Cable penetrations are to satisfy the requirements regulating the dispersion of gas.

An inspection and maintenance manual is to be prepared for electrical equipment that is installed
in explosion hazardous spaces and areas in accordance with Section 9 and 10 of IEC 60092-502.

Area Classification

i)

Hazardous areas are spaces where flammable or explosive gases, vapors or dust are normally present,
or likely to be present. Hazardous areas are to be classified based on the likelihood of presence and
the concentration and type of flammable atmosphere, as well as in terms of the extent of the space.

Area classification is a method of analyzing and classifying the areas where these explosive gas
atmospheres may occur. The object of the classification is to allow the selection of electrical
equipment able to be operated safely in the defined areas.

In order to facilitate the selection of the appropriate electrical equipment and the design of suitable
electrical installations, hazardous areas are divided into zones 0, 1 and 2 in accordance with
recognized standard IEC publication 60079-10-1.

Area classification of a space may be dependent on ventilation. A space with opening to an adjacent
hazardous area on open deck, may be made into a less hazardous or non-hazardous space, by
means of overpressure.

Hazardous Area Zones

8.3.1

8.3.2

Hazardous Area Zone 0
Hazardous Area Zone 0 includes:

i) The interiors of gas tanks, any pipework of pressure relief or other venting systems for
gas tanks, pipes and equipment containing gas.

Hazardous Area Zone 1
Hazardous Area Zone 1 includes:

i) Fuel containiment system spaces (except spaceé containing Type C fuel storage tanks with
no connections to the tank in the space, which are considered zone 2);

ii) Gas compressor or fuel preparation room with ventilation arranged according to
Subsection 5/7 of this Guide;

iii) Areas on open deck, or semi-enclosed spaces on deck, within 3 m of any gas tank outlet,
gas or vapor outlet, bunker manifold valve, other gas valve, gas pipe flange, gas pump-
room ventilation outlets and gas tank openings for pressure release provided to permit the
flow of small volumes of gas or vapor mixtures caused by thermal variation;

iv) Areas on open deck or semi-enclosed spaces on deck, within 1.5 m of gas compressor, gas
pump or fuel preparation room entrances, gas compressor, gas pump or fuel preparation
room ventilation inlets and other openings into zone 1 spaces;
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v) Areas on the open deck within spillage coamings surrounding gas bunker manifold valves
and 3 m beyond these, up to a height of 2.4 m above the deck; and

vi) Enclosed or semi-enclosed spaces in which pipes containing gas are located (e.g., ducts
around gas pipes, semi-enclosed bunker stations).

8.3.3 Hazardous Area Zone 2
Hazardous Area Zone 2 includes:

i) Areas within 1.5 m surrounding open or semi-enclosed spaces of zone 1.
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2 Storage Tank Operation

In accordance with Subsection 1/6 of this Guide detailed instruction manuals are to be provided onboard,

YT f : o 3 at AT enrdo. roleyias B




Section

3 Gas Fuel Storage

4

6.1

6.2

6.3

20

CNG Storage Tanks
i) The storage tanks used for compressed gas are to be designed in accordance with the CNG Guide.

i) Tanks for compressed gas are to be fitted with pressure relief valves with.a set point below the
design pressure of the tank and with the outlet located as required in 3/3v) of this Guide.

Gas Storage Tank Monitoring

i) Gas storage tanks are to be monitored and protected against overfilling as required by 5C-8-13/2
and 5C-8-13/3 of the Steel Vessel Rules.
i) Each tank is to be monitored with at least one local indicating instrument for pressure and remote

pressure indication at the control position. The manometers and indicators are to be clearly
marked with the highest and lowest pressure permitted in the tank. In addition, high-pressure
alarm, and if vacuum protection is required, low pressure alarm are to be provided on the bridge.
The alarms are to be activated before the set pressures of the safety valves are reached.

iii) Each tank is to be provided with at least two devices for indicating temperature, one placed at the
bottom of the tank and the second near the top of the tank, below the highest allowable liquid
level. The lowest temperature for which the tank has been designed is to be clearly indicated on
the tank itself, or by means of a sign on or near the temperature indicating devices.

The temperature indicating devices are to be capable of providing temperature indication across
the expected operating temperature range of the tanks.

Where thermowells are fitted they are to be designed so that failure will not occur due to fatigue in
normal service.

iv) For storage tanks requiring a full or partiai secondary barrier, means are to be provided to detect
leakage from the primary barrier. :
v) The monitoring and safety shutdowns for gas storage tanks and gas fuel storage rooms are to be in

accordance with Section 3, Table 1 of this Guide.

Gas Fuel Storage Room and Tank Connection Space

General

The requirements of 3/6.2 through 3/6.4 of this Guide are applicable to Type C tanks with connections
below the highest liquid level. Where the tank connection space is only partially covering the tank these
requirements are also to apply to the gas fuel storage room surrounding the tank and where the opening to

the tank is located.

Ventilation

i) The tank connection space located below deck is to be provided with an effective mechanical
forced ventilation system of the under pressure type, providing a ventilation capacity of at least 30
air changes per hour.

i) Approved automatic fail-safe fire dampers are to be fitted in the ventilation trunk for the tank
connection space. In the event of fire detection the ventilation should stop and the fire dampers
should close automatically.

Gas De_tection

i) Permanently installed gas detectors are to be fitted in the tank connection space.

ii) Audible and visible alarms from the gas detection equipment are to be located on the bridge and in
the control room.

iii) Tank connection space gas detection is to be continuous without delay.
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6.4

Fire Detection

i) An approved fixed fire detection system is to be provided for the tank connection space and the
ventilation trunk for the tank connection space below deck.

ii) Smoke detectors alone are not to be considered sufficient for rapid fire detection.

iii) Where the fire detection system does not include means of remotely identifying each detector
individually, the detectors are to be arranged on separate loops.

6.5  Alternative Arrangements

Inert gas or dry air filling of the hold or void spaces surrounding gas storage tanks, as an alternative means

of providing a non combustible environment in accordance with IGC Code principles, may be accepted.

Such arrangements are to be in accordance with the applicable environmental control, ventilation and gas

detection requirements of Sections 5C-8-9, 5C-8-12, and 5C-8-13, respectively, of the Steel Vessel Rules.

7 Fire Extinguishing Systems
71 General

i) The requirements for gas fuel storage fire extinguishing systems given in this Subsection are to be

regarded as additional to the requirements of SOLAS Chapter II-2.
7.2  Fire Main

i) The water spray system required below may be part of the fire main system provided that the
required fire pump capacity and pressure are sufficient for operation of both the required numbers
of hydrants and hoses and the water spray system simultaneously.

ii) When the storage tank is located on open deck, isolating valves are to be fitted in the fire main in
order to isolate damaged sections of the fire main. Isolation of a section of fire main is not to
deprive the fire line ahead of the isolated section from the supply of water.

7.3 Water Spray Systems

i) A water spray system is to be fitted for cooling and fire prevention and to cover exposed parts of
storage tanks located above deck. )

ii) The system is to be designed to cover all areas as specified above with an application rate of
10 liters/min/m? for horizontal projected surfaces and 4 liters/min/m? for vertical surfaces.

iii) For the purpose of isolating damaged sections, stop valves are to be fitted or the system may be
divided into two or more sections with control valves located in a safe and readily accessible
position not likely to be cut-off in case of fire.

v) The capacity of the water spray pump is to be sufficient to deliver the required amount of water to
the hydraulically most demanding area as specified above.

v) A connection to the ship’s fire main through a stop valve is to be provided.

Vi) Remote start of pumps supplying the water spray system and remote operation of any normally
closed valves to the system are to be located in a readily accessible position which is not likely to
be cut off in case of fire in the areas protected.

vii) The nozzles are to be of an approved full bore type and they are to be arranged to provide an
effective distribution of water throughout the space being protected.

viii)  An equivalent system to the above detailed watér spray system may be accepted by special
consideration and subject to satisfactory demonstration of its on deck cooling capability.
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8 Surveys during Construction

This Subsection pertains to surveys during fabrication at the manufacturer’s facility and installation and
testing of gas storage tanks and associated systems onboard the vessel. For surveys at the manufacturer’s
facility, the scope of the survey will be confined to only those items that are supplied by the manufacturer.

8.2  Surveys at Manufacturer’s Facility
Construction and testing of gas storage tanks, valves, pumps and associated piping is to be in accordance
with 5C-8-4/10, 5C-8-4/11, 5C-8-5/3, 5C-8-5/4, and 5C-8-6/3 of the Steel Vessel Rules, as applicable.

Certification of the complete gas storage tank and associated systems cannot be accepted based only on the
prey il D ofao ADE Lo . ; i i Ephriagt
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Section 3 Gas Fuel Storage

v) Control system and shutdowns are to be tested for proper operation.

vi) The gas storage tank and gas fuel storage room operation systems are to be checked for proper
operation in accordance with the ABS approved installation test procedure.

84 Surveys During Trials

During the initial gas trials, the gas storage tank and associated systems are to be confirmed for satisfactory
operation, including associated controls, alarms and shutdowns. The tests are to be conducted in
accordance with the ABS approved testing procedure during gas trials.

TABLE 1
Monitoring and Safety System Functions
for Gas Fuel Storage Tanks and Gas Fuel Storage Rooms

Monitored Parameters Alarm Automatic
Shutdown of the
Main Tank Valve
High or low liquid level in gas fuel storage tank X
High or low pressure in gas fuel storage tank X
High or low temperature in gas fuel storage tank X
Gas detection in tank connection space above 20% LEL ¥ X
Gas detection in tank connection space above 40% LEL ¢ X X
Fire detection in tank connection space ¥ X X
Bilge well high level in gas fuel storage room X
Bilge well low temperature in gas fuel storage room X X
Notes:
1 Where the tank connection space is only partially covering the tank these requirements are also to apply to the gas
fuel storage room, see 3/6.1 of this Guide.
2 Ventilation is to be stopped and fire dampers closed automatically, see 3/6.2ii) of this Guide.
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v TABLE 2
Certification of Gas Fuel Storage Tanks and Gas Fuel Storage Rooms

This Table has been prepared for guidance only and annotated to agree with the Steel Vessel Rules, IMO IGC Code and other IMO
requirements. The list is not to be considered exhaustive; should additional equipment not listed be fitted onboard, same will be subject
to special consideration for compliance with the Steel Vessel Rules, the IGC Code and other IMO. requirements. This list is not to be
considered as substitutive or integrative of the content of the Steel Vessel Rules and/or other applicable Regulations. In case of conflict
between the content of this list and the applicable Steel Vessel Rules and regulations, the latter are to be considered applicable.

Code Explanation
MD Manufacturer’s Documentation — Manufacturer should supply documentation as evidence that the material or the
) equipment complies with an acceptable standard (e.g., standard tests reports, ex certification, etc.).

DR Design Review — Design review required.

MT Material Testing — Material testing is to be witnessed by the Surveyor.

MS Manufacture Survey — Product is to be surveyed during fabrication stages by the Surveyor.

FS Final Survey — Finished product is to be subject to final hydrostatic, nondestructive, operational testing, or any other

required tests, and witnessed by the Surveyor at manufacturer’s facility.
Equipment MD | DR MI | MS FS
LNG/CNG tanks X X X X
LNG pumps ' X X
Pump motors (rated at 100 kW and over) ) X X
Main tank valve and associated piping ) xX® X X X
Pressure relief valves and associated piping ‘ X® | X X X
Fuel gas piping system in tank connection space and gas fuel storage room, as applicable ) X X X X
Fuel gas piping ventilation system x®
Ventilation system and fire dampers in tank connection space and gas fuel storage room, X X
as applicable
Hold space inert gas system X X
Gas storage pressure vessels &
Tank monitoring system X X
Fire detection system X X
Fire extihguishing system X X
Gas detection system X X
Automatic shutdown system X X
Notes:
1 Design verification only.
2 See Appendix 1, Table 1 of this Guide.
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Section 4 _Fuel Bunkering Systems
3 Fuel Bunkering Operation ’

In accordance with Subsections 1/6 and 3/2 of this Guide detailed instruction manuals are to be provided

onboard, covering the operations, safety and maintenance requirements and occupational health hazards

relevant to the use of gas as a fuel.

The fuel bunkering operation aspects of the manuals are to include, but not be limited to, the instructions

for connecting, inerting, warming up/cooling down, pumping bunker, draining, purging, disconnecting,

emergency shutdown procedures and emergency ship to ship transfer.
The manuals are to be submitted for review solely to verify the presence of all the information required by
this Section.
4  Fuel Bunkering Station

Fuel bunkering station arrangements are to be in accordance with 2/2.4 of this Guide.
5 Fuel Bunkering System
5.1 General

i) The bunkering system is to be arranged so that no gas is discharged to air during the gas storage
tank filling operations.

i) A manually operated stop valve and a remote operated shutdown valve in series, or a combined
manually operated and remote valve, are to be fitted in every bunkering line close to the bunker
supplier connecting point. It is to be possible to release the remote operated valve in the control
location for bunkering operations and/or another safe location.

i) Means are to be provided for draining the liquid from the bunkering pipes at bunkering completion.

iv) Bunkering lines are to be arranged for inerting and gas freeing. During operation of the vessel the
bunkering pipes are to be gas free.

5.2 Fuel Bunkering Manifolds
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Emergency Shutdown System

)

~
Rt

iif)

An emergency shutdown system is to be fitted to stop bunker flow in the event of an emergency.
The design of the ESD system is to avoid the potential generation of surge pressures within bunker
transfer pipe work.

The ESD system is to be activated by the manual and automatic inputs listed in Section 4, Table 1
of this Guide. Any additional inputs should only be included in the ESD system if it can be shown
their inclusion does not reduce the integrity and reliability of the system overall.

A functional flow chart of the ESD systém and related systems is to be provided in the fuel
bunkering control station and on the bridge.

One ESD valve is to be provided at each manifold connection. The ESD valve may also be the
remote operated valve required by 4/5.1ii) of this Guide.

ESD valves are to be remotely operated, be of the fail closed type (closed on loss of actuating
power), are to be capable of local manual closure and have positive indication of the actual valve
position.

ESD valves in liquid piping systems are to close fully and smoothly under all service conditions
within 30 seconds of actuation. Information about the closure time of the valves and their operating
characteristics is to be available onboard, and the closing time is to be verifiable and reproducible.

The closinig time of
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Ventilation System

Where gas bunkering lines pass through enclosed spaces they are to be installed within a ventilated
pipe or duct. The air space between the gas fuel piping and the wall of the outer pipe or duct is to
be equipped with mechanical under pressure ventilation having a capacity of at least 30 air changes
per hour.

The duct should be dimensioned according to 5/3.2iii) or 5/3.2iv) of this Guide.
The ventilation inlet for the duct is to always be located in open air, away from ignition sources.
The fan motors are to be placed outside the ventilated pipe or duct.

The ventilation outlet is to be covered by a protection screen and placed in a position where no
gas-air mixture may be ignited.

!l';n
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10.2

Surveys at Manufacturer’s Facility

Construction and testing of fuel bunkering components and associated piping is to be in accordance with
5C-8-5/3, 5C-8-5/4 and 5C-8-6/3 of the Steel Vessel Rules, as applicable.

Certification of the complete fiel bunkering system cannot be accepted based only on the ABS Type
Approval Program, and therefore ABS Surveyor’s attendance is required during fabrication for unit certification.
However, component parts of the unit can be certified in accordance with ABS Product Quality Assurance
(PQA) Certification system outlined in Appendix 1-1-A3 of the ABS Rules for Conditions of Classification
(Part 1).

When Surveyor’s attendance at the shop of the manufacturer and at the assembly site is required by the
applicable Rules or this Guide, the manufactured/assembled system components will be verified to be
satisfactorily in compliance with a recognized standard. Surveyor’s attendance is required typically for the
following purposes: ’

i) To confirm that the facility to manufacture, fabricate or repair gas storage tanks or its components
do have and maintain a quality-control program effectively covering design, procurement,
manufacturing and testing, as applicable, and meeting the requirements of a recognized standard
applicable to their product.

ii) To qualify or verify welder’s qualifications, welding procedure specifications and corresponding
weld procedure qualification records to the extent deemed necessary by the attending Surveyor.

i) To verify material certificates/documentations, particularly for materials of piping, main pressure
retaining parts of valves, including safety valves that have flanged or threaded ends or other
specialty fittings. Witness of material testing where required by the Stee! Vessel Rules.

i) To survey final weldments.

v) To witness, as far as deemed necessary, weld nondestructive examination tests and to review records
of nondestructive examinations.

vi) To witness pressure and/or proof-load testing of equipment components and as a unit, as applicable
and as called for in the fabrication procedures.

vii) To witness testing of subassemblies and completed units as called for in the fabrication procedures.

Viii) To verify all certified safe systems, motor controllers, consoles and instrumentation and control
panels are in compliance with approved drawings.

ix) To carry out other inspections and to witness the final Factory Acceptance Test (FAT) as agreed
upon during prefabrication meeting.

10.3 Surveys During Installation
The following surveys are to be carried out to the satisfaction of the attending Surveyor on the gas fuel
bunkering components, piping and associated systems during installation and testing:
i) Piping systems are to be visually examined and pressure-tested, as required by 5C-8-5/5 of the
Steel Vessel Rules. .
i) Electrical wiring and connections are to be in accordance with Part 4, Chapter 8 of the Stee/ Vessel
Rules and checked for continuity and proper workmanship.
iii) Instrumentation is to be tested to confirm proper operatioh as per its predetermined set points.
i) Pressure relief and safety valves are to be tested.
v) Control system and shutdowns are to be tested for proper operation.
vi) The fuel bunkering systems are to be checked for proper operation in accordance with the ABS
approved installation test procedure.
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10.4 Surveys During Trials

During the initial gas trials, the gas fuel bunkering components and associated systems are to be confirmed
for satisfactory operation, including associated controls, alarms and shutdowns. The tests are to be
conducted in accordance with the ABS approved testing procedure during gas trials.

TABLE 1
Monitoring and Safety System Functions for Fuel Bunkering Systems
Monitored Parameters Alarm Automatic
Shutdown of
the Manifold
ESD Valves ¥
Gas detection at enclosed or semi enclosed bunker station above 20% LEL X
Gas detection at enclosed or semi enclosed bunker station above 40% LEL X X
Fire detection at bunker station X X
Fire detection in gas fuel storage room, compressor room or fuel preparation rooms X X
Loss of ventilation in ducting around the gas bunkering lines X
Gas detection in ducting around gas bunkering lines above 20% LEL X
Gas detection in ducting around gas bunkering lines above 40% LEL X X
High level in gas storage tank X X
High pressure in gas storage tank X X
Manual ESD shutdowns X X
Manual or automatic ESD signal from bunker supplier X X
Loss of ESD valve motive power @ X X
Notes:
1 ESD signal and automatic activation of the ESD valves on the bunker receiving ship to activate automatic shutdown
of the ESD valves and supply pumps at the bunker supplier.
2 ESD valves are to be of fail closed type as per 4/5.4 v) of this Guide.
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TABLE 2
Certification of Fuel Bunkering Systems

This Table has been prepared for guidance only and annotated to agree with the Sreel Vessel Rules, IMO IGC Code and other IMO
requirements. The list is not to be considered exhaustive; should additional equipment not listed be fitted onboard, same will be subject
to special consideration for compliance with the Steel Vessel Rules, the IGC Code and other IMO requirements. This list is not to be
considered as substitutive or integrative of the content of the Steel Vessel Rules and/or other applicable Regulations. In case of conflict
between the content of this list and the applicable Steel Vessel Rules and regulations, the latter are to be considered applicable.

Code Explanation

MD Manufacturer’s Documentation — Manufacturer should supply documentation as evidence that the material or the
equipment complies with an acceptable standard (e.g., standard tests reports, ex certification, etc.).

DR Design Review — Design review required.

MT Material Testing — Material testing is to be witnessed by the Surveyor.
MS Manufacture Survey — Product is to be surveyed during fabrication stages by the Surveyor.

FS Final Survey — Finished product is to be subject to final hydrostatic, nondestructive, operational testing, or any other
required tests, and witnessed by the Surveyor at manufacturer’s facility.

Equipment | MD | DR | MT | MS | FS
Bunker manifolds X X X X
Manifold valves, ESD valves and associated piping X0 x X X
Fuel gas bunker piping system X X X X
Fuel gas bunker piping ventilation system x®
Monitoring system X X
Fire detection system X X
Fire extinguishing system X X
Gas detection system » X X
Automatic shutdown system X X
Notes:
1 Design verification only.
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3.1

¢ Failure Modes and Effects Analysis (FMEA) to determine possible failures and their effects in the safe
operation of the fuel gas supply system (see 5/6.1ii) of this Guide)

e Emergency shutdown arrangements
¢  Operating and maintenance instruction manuals
¢ Forced and natural boil-off gas supply system from the tanks to the consumers

o Testing procedures during sea/gas trials.

Fuel Gas Supply System Operation

In accordance with Subsections 1/6, 3/2, and 4/3 of this Guide detailed instruction manuals are to be
provided onboard, covering the operations, safety and maintenance requirements and occupational health
hazards relevant to the use of gas as a fuel. The manuals are to include maintenance procedures for all
technical gas-related installations, and are to comply with the recommendations of the suppliers of the
equipment. The intervals for and the extent of the overhaul or replacement/approval of gas valves are to be
established. The maintenance procedure is to specify who is qualified to carry out maintenance.

The fuel gas supply operation aspects of the manuals are to include, but not be limited to, the instructions
for BOG management, LNG pumping, vaporization, warming up/cooling down, gas compression and
emergency shutdown procedures. ‘

The manuals are to be submitted for review solely to verify the presence of the information required by this
Section.

Gas Supply Systems in Machinery Spaces

General

i) The main gas supply line to each engine or set of engines is to be equipped with a manually
operated stop valve and an automatically operated gas valve (master gas valve) coupled in series
or a combined manually and automatically operated valve. The valves are to be situated in the part
of the piping that is outside the machinery space containing the gas fueled engines. The master gas
valve is to automatically cut off the gas supply as per Section 5, Table 2 of this Guide.

The master gas valve is to be operable from at least two separate locations in the machinery space
containing gas fueled engines, from a suitable location outside the space and from the navigation
bridge.

ii) Each natural gas utilization unit is to be provided with a set of three automatic valves. Two of
these valves are to be in series in the gas fuel pipe to the gas utilization unit. The third valve is to
be in a pipe that vents to a safe location in the open air, or to an alternative acceptable location to
safely dispose of the gas, that portion of the gas fuel piping that is between the two valves in series.

These valves are to be arranged so that when automatic shutdown is initiated as per Section 5,
Table 2 of this Guide, this will cause the two gas fuel valves that are in series to close automatically
and the ventilation valve to open automatically.

Alternatively, the function of one of the valves in series and the ventilation valve may be
incorporated into one valve body, so arranged that the flow to the gas utilization unit will be
blocked and the ventilation opened.

The three shut off valves are to be arranged for manual reset either locally or remotely. Where
remote reset is fitted, the control system is to be arranged such that the natural gas utilization unit

cannot be made operational in gas mode until the abnormal conditions that caused the shut-off of
i vt~ i .
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3.2

i)

Provision is to be made for inerting and gas-freeing the gas fuel piping system. An automatic purge
is to be activated upon automatic closure of the master gas valve. Arrangements are to be such that
a ventilation valve will ventilate the gas fuel piping between the master gas valve and the block and
bleed valve. Discharges are to be led to a safe location in the open air. See also 2/6.2.2 of this Guide.

For high pressure systems the system is to be arranged so that the gas fuel pipe between the master
gas valve and the gas injection valves is automatically purged with inert gas when the master gas
valve is closed.

For normal stop of engine on high pressure systems the gas piping between the block and bleed
valve and gas injection valves are to be automatically vented.

There is to be one manually operated shutdown valve in the gas supply to each engine to provide
safe isolation during maintenance of the engine.

For single engine installations and multi-engine installations where a separate master gas valve is
provided for each engine the master gas valve and the block and bleed valve functions may be
combined.

Gas Supply System for Double Wall Fuel Gas Piping Concept
i)

Gas supply lines passing through enclosed spaces are to comply with Subsection 2/4 of this Guide
and are to be completely enclosed by a double pipe or duct. This double pipe or duct is to fulfill
one of the following: '

a) The gas piping is to be a double wall piping system with the gas fuel contained in‘ the
inner pipe. The space between the concentric pipes is to be pressurized with inert gas at a
N : , e o3
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i) For high pressure piping the design of the ducting is to be taken as the higher of the following:

a) The maximum built up pressure: static pressure in way of the rupture resulting from the
gas flowing in the annular space; or

b) Local instantaneous peak pressure in way of the rupture: this pressure is to be taken as the
critical pressure and is given by the following expression:

k
2 Ye1
* = —_—
L k+1

where:
p, = maximum working pressure of the pipe

k = C,/C, constant pressure specific heat divided by the constant volume
specific heat

k 1.31 for CH,

!

As an alternative to using the peak pressure from the above formula, the peak pressure
found from representative tests may be used. Test reports are then to be submitted.

The tangential membrane stress of a straight pipe is not to exceed the tensile strength divided by
1.5 when subjected to the above pressures. The pressure ratings of all other piping components are
to reflect the same level of strength as straight pipes.

iv) Ducting for high pressure piping is to be pressure tested to at least 10 bar.

v) For low pressure piping the duct is to be dimensioned for a design pressure not less than the
maximum working pressure of the gas pipes.

vi) Permanently installed gas detectors complying with the requir