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Abstract

" Safety and Reliability" has been and will continue to be a keyphrase in marine
transportation of LNG.
MES (Mitsui Engineering & Shipbuilding Co., Ltd.) has utilized its all expertise and
state-of- the-art technologies to realize this objective, resulting in exceptionally
successful operations of LNGCs built by MES.
In line with the growing global concern about environmental issues, we need to
pay more attention to the environmental aspects of the design and construction of
LNG carriers.
Accordingly, in this paper, we present some topics related to safety and
environmental concerns which need to be taken into consideration in LNGC
design and construction.

1. Safety aspects
1.1 Operational records
Since the start of marine transportation of LNG by the "Methane Pioneer" in 1964,
the safety record of the world LNGC fleet has always been the best of all types of
merchant vessels.
This is due to the joint efforts of the parties concerned, i.e., charterers, ship
owners, ship operators, classification societies and shipbuilders.
Each party has utilized its professional expertise and know-how to achieve
"safety and reliability" in the following fields;

Preparation of technical specification
Evaluation and selection of shipyard
Basic and detail design
Vender selection
Construction
Quality control
Commissioning
Sea and gas trial
Crew training and familiarization program
Operation
Onboard maintenance
Drydocking

The ten (10) LNGCs delivered by MES (Table 1) including "ALZUBARAH" (Fig.1)
the first vessel for the Qatar LNG project, have contributed to the excellent safety
record of the world's LNGC fleet.



Table-1 LNGCs delivered by MES
Ship Name
Senshu Maru
Wakaba Maru
NW Swallow
NW Snipe
NW Sandpiper
Al Khaznah
Shahamah
Ghasha
Ish
Al Zubarah

Tank capacity (m3)
Moss 125,000
Moss 125,000
Moss 125,000
Moss 125,000
Moss 125,000
Moss 135,000
Moss 135,000
Moss 135,000
Moss 135,000
Moss 135,000

Delivery
1984
1985
1989
1990
1993
1994
1994
1995
1995
1996

Project
Indonesia(Badak)
lndonesia(Arun)
Australia
Australia
Australia
Abu-Dhabi
Abu-Dhabi, KHI*
Abu-Dhabi
Abu-Dhabi, MHI*
Qatar

^Subcontracted

Fig.1 S/S "Al Zubarah"

1.2 Safety in Ship Design and Construction
We believe that this remarkable safety record could not have been established
and maintained without superior ship design/construction, so let us look at the
efforts made in the design and construction fields.
Firstly, the cargo containment licensers and the shipbuilders spent large amounts
of money and time on research and development ranging from conceptual
experiments to production technologies to satisfy the " Safety & Reliability"
requirements.
For example, in 1971 MES made a license agreement with Moss Rosenberg for
the construction of Moss spherical tank system. Since then, we have carried out
various tests, including the following, before building first our LNGCs.;

+ Welding test of 9% nickel steel and aluminum alloy 5083-O
+ Fabrication test of 9 meter diameter model tank
+ Cooldown test of four different tank insulation systems
+ Cooldown and gasfree tests of 9 meter diameter model tank
+ Fabrication tests of full sized spherical blocks
+ Cargo piping/insulation cool-down test



+ Model basin and wind tunnel test
+ Sloshing experiment

In this way, MES developed its own technologies as the best way to fulfill its
responsibility as a shipbuilder.
Secondly, the cargo tank system design is very conservative.
In case of the Moss Spherical Tank System, the design of the cargo tank is
carried out in the following steps;

1st step : A detailed 3D FEM stress analysis is done.
2nd step : A fatigue analysis covering the ship's design lifetime is done to

ensure there is no possibility of fatigue cracks developing.
3rd step : A crack propagation analysis assuming a fatigue crack is done to

assure cracks do not penetrate in the ship's lifetime.
4th step : A crack propagation analysis for 15 day after detection of leakage,

assuming a penetrating crack, is conducted to design "partial
secondary barrier" required for IMO independent type B tank.

In this way, double or triple level safety is assured in the design of cargo tanks.
Thirdly, an extensive and consistent QA/QC system applied throughout the
design and production processes as the final key to ensuring the safety and
reliability of the cargo containment system, and, in this regard, we are proud that
MES is the first Japanese shipyard to receive an ISO 9001 certificate.

1.2 Cargo handling safety
The cargo handling system and associated instrumentation/control systems are
the heart of LNGCs.
Cargo handling machinery and equipment are designed with sufficient design
margin, and duplicated as appropriate, for example;

+ Duplicated installation - cargo pumps, H/D compressors, L/D compressors
nitrogen generators, level gauge (Capacitance +
Float), Hydraulic power unit for valve control

+ Back-up function - H/D heater as back-up of LVD heater
Similarly, redundancy is also maintained for essential control systems such as;

+UPS power supply (Uninterrupted Power Supply)
+Separate sensor between control and trip
+Duplicated data highway for CRT monitoring system
+Self-diagnostics function

In addition, a fail-safe ESDS (Emergency Shut-Down System) is provided for
ultimate safety as shown in Fig.2.



Fig.2 Emergency shut-down system

CAUSE OF EMERGENCY SHUT DOWN SYSTEM

c
c

MANUAL SWITCH

MELTING PLUG (ELECT. TYPE : 98°C • 104°C)

CARGO TANK VERY HIGH LEVEL (99.5% Vol)

HYD. OIL LOW PRESS. (420Okpa)

CONTROL AIR LOW PRESS. (350kpa)

ELECTRIC POWER FAILURE

ESD SIGNAL FROM SHORE (OPT)

ESD SIGNAL FROM SHORE (ELECT)

PNEU. LOW PRESS IN SHIP/SHORE CONNECTION

ESDS SELF DIAGNOSIS

ACTION OF EMERGENCY SHUT DOWN SYSTEM

ALL SHIP/SHORE CONNECTION VALVE •SHUT-

FUEL GAS MASTER VALVE "SHUT

ALL CARGO PUMP "STOP"

ALL SPRAY PUMP "STOP"

TWO HIGH DUTY COMPRESSOR "STOP'

TWO LOW DUTY COMPRESSOR "STOP"

INERT GAS GENERATOR "STOP"

ESD SIGNAL TO SHORE (OPT)

SHIP/SHORE PNEU LINE AIR RELEASE

1.3 State-of-the-art technologies
The most advanced design technologies and design tools are utilized in the
design of our LNGCs to ensure total reliability.
Computational Fluid Dynamics (CFD)
CFD is now being used in a wide range of applications, such as fluid dynamics
and thermal plant design. Examples are shown below;
Fig. 3 shows the bow wave pattern and Fig.4 shows the gas flow pattern in the
main boilers of the AL ZUBARAH.

Fig.3 Bow wave pattern



Fig. 4 Gas flow pattern in main boilers of the AL ZUBARAH.

Cargo Pump Speed Control
It is well known that a shock is observed in liquid piping when starting up the
cargo pumps. This occurs when liquid accelerated to full speed in one or two
seconds after start-up hits the pipes and valves.
Although, the piping system is strong enough to withstand such shocks, a soft
start is used for psychological reasons. This is achieved via thyristor control by
which supply voltage is gradually raised to start the cargo pumps at a slower
speed.

1.4 Contingency system
As mentioned above, safety is a primary consideration at every stage of design,
and is further enhanced by contingency systems;
Emergency Discharge
Spherical tanks are very strong with respect to both external and internal pressure,
and accordingly can be pressurized up to 2.0 bar to discharge the cargo by
internal pressure, in case of trouble with both of the two submerged cargo pumps
in each tank.

Fig. 5 Emergency discharge operation
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Ship to Ship Transfer
Even if a ship is immobilized, its cargo can be safely shifted to an other ship by
ship-to-ship transfer. For LNG fleet, essential ship- to- ship transfer equipment is
supplied as depot spare, and includes;

+ Twelve (12) cryogenic flexible hoses ( 250 mm dia.x 4m length)
+ Optical cable for ESDS link (80m length)
+ Power cable (80 m length)

Fig.6 Mooring pattern for ship-to-ship transfer

1.5 Maintenance
Good maintenance is essential for safe operation of LNG carriers, and it also
promotes longer lifetime and reduction of overall maintenance cost.
Together with the establishment of an onboard maintenance scheme, the
selection of a reliable maintenance/repair yard has a major influence on ship
safety. In this respect, we have been proposing the "Mitsui Home Doctor" concept,
which features a preventive or predictive maintenance philosophy to avoid trouble
in operation.

Fig.7 Mitsui Home Doctor concept
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2. Environmental aspects
2.1 Propulsion system - greenhouse effect and acid rain
As is well known, almost all LNG carriers are powered by conventional steam
turbine plants, however increasing demand for energy conservation and
environmental friendliness has encouraged the selection of alternative propulsion
systems.
MES has developed GIDE (Gas Injection Diesel Engine) jointly with MAN B&W
Diesel A/S. The world's first GIDE (Fig.8)with an output of 40MW was completed
at our Chiba works as a stationary generating plant in July 1994.
Since then, valuable operational data and technical know-hows have been
accumulated for future application to marine transportation as a "proven" design.
GIDE is superior to conventional steam turbine in terms of fuel consumption as
shown in Table-2.

Table-2

F.O.Rate
Thermal Eff cy
FOC Ratio

Steam Turbine
216g/PS.h
30.5 %
100 %

GIDE
133g/PS.h
46%
66%

Fig.8

Further, GIDE has big exhaust gas emission advantages.
As is well known, carbon dioxide is the major gas causing the greenhouse effect
and NOx and SOx cause acid rain.



As shown in Table-3, GIDE only exhausts 50% of CO2 compared to steam
turbines. Further, the GIDE NOX level is 25-30% lower than that of conventional
oil-fired diesel engines and meets the guidelines proposed by IMO.
It is meaningless to mention SOx level in exhaust gas because it depends largely
on fuel oil sulfur content and the fuel policy (BOG vs. Fuel Oil), which might differ
project by project. However, to offer a wider selection of fuels, modern LNGCs are
now provided with a forcing vaporizer to fill the gap between the natural BOG and
the gas fuel requirement.

Table-3

CO2
NOx

Steam Turbine
1.0Kg/KW.h
1.2g/KW.h

GIDE
0.50 Kg/KW.h
15g/KW.h

2.2 CFC(Chlorofluorocarbon) gases - ozone depletion
International awareness of the serious ecological impact on plants and animals
including human beings caused by harmful solar ultraviolet radiation resulting
from ozone depletion resulted in the Montreal Protocol which seeks to limit and
phase-out CFC gases which are considered to be the major Ozone-Depleting
Substances.
CFC gases also act as "greenhouse" gas. The ODP(Ozone Depletion Potential,
CFC-11=1) and GWP(Global Warming Potential, CO2=1) of certain gases are
shown in Table- 4.

Table- 4
Name of gas
CFC-11 (R-11)
CFC-12(R-12)
Halon1301
HCFC-22 (R-22)
HCFC-123
HCFC-124
HCFC-141b
HCFC-142b

ODP
1.0
1.0
10.0
0.05
0.02
0.02
0.10
0.06

GWP
4,000
8,500
5,600
1,700

93
480
630

2,000

Montreal Protocol
stop by 1996
stop by 1996
stop by 1994
phase-out by 2030
phase-out by 2030
phase-out by 2030
phase-out by 2030
phase-out by 2030

New halon firefighting systems have been already prohibited since
October/1/1994 by SOLAS 1992 amendments, so other fire-fighting systems are
used in the engine and cargo machinery room of Qatar LNG project vessels.
R-11 and R-22 have been used as the refrigerant for the provision and air-
conditioning system respectively. In the case of the Qatar project, alternative
refrigerant and refrigeration plants were not commercially available at the design
stage, so R-22 was selected for provision refrigeration plant, air-conditioning plant
and refrigerating dryer of IGG as the less harmful refrigerant.
It seems that HFC gases such as HFC-134a would be promising as the
alternative refrigerants, because HFC gases do not contain chlorine, which is the
main cause of ozone depletion.



CFC gases have also been used as the blowing agent of polyurethane foam for
the insulation of cargo tanks and cargo piping. The polyurethane foam for Qatar
project was blown with HCFC 141 b instead of CFC-11.
Similarly, polystyrene foam (Styrofoam) for cargo tank insulation was blown with
HCFC-142b instead of CFC-12.

2.3 Marine pollution caused by anti-fouling paint
As a result of great efforts made by the Japanese administration and industries
over the last few decades, Japan now has some of the most stringent regulations
concerning marine pollution.
In 1990, the Japanese shipbuilding/ship repair industry took a great step towards
combating marine pollution, namely by stopping the use of TBT(Tributyltin)
containing anti-fouling paints for both new-building and repair work.
The influence of TBT on marine animals was firstly noticed in the late 70's in
Europe, where commercial oyster fisheries suffered a great reduction in
production as well as malformation of adult oysters. The analysis of malformed
oysters indicated an abnormally high concentration of tin.
Triggered by this problem, government scientists started extensive studies of the
influence of TBT on marine plants and animals, whether commercial or non-
commercial products. Such research revealed various effects of TBT on the
marine environment and led to the introduction of regulations to stop the use of
TBT for small craft (below 25m in length), being first applied in France in 1982.
In Japan, periodical monitoring of the contamination levels in sea water, the sea
bed and animal samples has been performed for substances believed to be toxic
or having a negative influence on plants and animals.
In 1990, measurements showed 0.06 to 0.75 ppm TBT concentration in fish
samples taken from a major bay, necessitating urgent action.
Although there were teething problems at the beginning with newly developed
TBT-free paints, they have now reached to the same level of effectiveness as
TBT-containing paint, and this policy has been widely acknowledged by the
marine world and is now being followed by other countries under the guidance of
IMO.

2.4 Marine pollution caused by garbage and sewage disposal
If dumped to sea, garbage and sewage will damage not only beautiful scenery but
also threaten the ecology of marine resources.
For example, a lot of sea birds and turtles die every year due to ingestion of
plastic garbage.
To meet MARPOL (Convention for the Prevention of Pollution from Ships)
requirement the Qatar Project vessels are provided with;

+ Garbage compactor + incinerator
+ Sewage treatment system + Holding tank ( 50 persons x 4 days )

2.5 Shipboard life - Safety and amenity
Attention is also paid to the safety and amenity of shipboard life which is the
background for safe navigation and operation of LNGCs.
The main areas of concern and our responses are;



+ Asbestos-free
Because asbestos is known to cause lung cancer, no asbestos is used.

+ Noise
The stringent noise levels below, targeted at the design stage, were
successfully achieved in sea trials.

Table-5
Space

Private cabin
Cargo control room
Engine cont. room
Engine workshop

IMO code
60 dB(A)
65
75
85

Design.
55 dB(A)
55
70
75

Mreasurement
45-55

55
65
72

+ Vibration
Vibration is also vital to the comfort of shipboard life, therefore extensive
analysis including 3D FEM was done at the design stage.
The measurements obtained in the sea trials show excellent results, as shown
in Fig.9

Fig. 9
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3. Conclusions
Various efforts in relation to safety and environmental aspects in LNGC design
are presented in this paper.
Thanks to the efforts by people involved in LNG business, we can now enjoy an
excellent reputation for safety and environmental friendliness.



And Mitsui Engineering & Shipbuilding Co., Ltd.(MES) will continue its leadership
in the design and construction of "safe and green" LNG carriers, for the benefit of
the world.

Reference
1. Organotin in anti-fouling paints, environmental considerations, pollution

paper No.25, Department of the Environment, UK
2 . " What LNG Carrier Does the Market Need", Halfdan H. Iversen, LNG-10
3 . " Gas Injection Diesel Engine Propulsion Plant for Next Generation LNG

Carriers", K. Sasaki and M. Ohtsu, LNG-11


