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CHAFTER ONE

INTRODUCTION

Zince the early 19407%= natural gas has hesrn revealed
a= orne of the most bountiful products of rmnature’s

JaE oocuwrs in the develo-

ping countries where, of distance or intervening
seas, it cannot he economically by pipeline to
the great industrial compleves of the world.

ztesl shructural

e world wide Liguefied Natural Gas tr

a
well ahead of the previous vear s levels in 1988 Howsver

the increase in LNG gas shipped on board vessels which are

tries and handled in the

of new technolo

1]
-
m
i
m
m o
i
il
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can only be achieved by employving hiohly trained and

skilled seamen and terminal workers who are led by & well-

educated management and who work within an excellent

crganizational structure.

It is hard to find fault with the safety record
compiled by the Ligusfied Natural Gas (LME) transport and
even with storage over the vears. An acute awareness of
the hazards associated with handling vast amounts of flam—
mable gas, condensed at cryogenic temperatures, has led to

high standards of

LL'J

ring performance and stringent
operational procedures. Together they underpin the com—

mendably hich safety record.

Since the start up of commercial scale deliveries
244, there have been no accidents in-

volving the breaching of a gas carrier’s cargo tank or a

Although cargo carried by LNG tankers freguently is
hazardouws in nature, accidents are infreqguent. LNG
ers are constructed according to stringent
reguirements contained in the IMD liguefied Ges Carriers
Code, which also addresses handling a

r
Consequently, oreat emphaszis is placed on safety in the

ﬂ

caron area onboard a LME carrier. This emphasis carriers
over i1nto other areas of safety., which complicates normal

csatety practice and planning.

Finally, for a complete understanding of the impor-—
tance and complexity safety onboard LNG tankers, we have
to define the word safety so that it will not be lost from
our vocabulary because it is rather abstract and

perplexring.

k)
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state of safetv of shipping as whole .
The =cope of =safety does not stop with the ship
desigrners and the onboard ship operators: it continues

with the shore management. SBhip owners have the

il

respon

ability of ensuring that their ships are built to a
t

reguls ent and
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d safety standard and manned by compe

o
n

ot
i
-3
B

ey d = FENS . Claszifications societies and Maritime
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Administrations have the responsability laying down
rules and regulations to regulate shipping and at the same

time they have to make sure that the rules and reagulations
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The cvole of =zafety mentioned above h &
success for most of countries involved in LNG
But in many developing countries there iz & sericus resson

to think that the svstem of safelby iz not clear. A

example of transport by sea of LNG in Algeria will he
presented later in this paper showing a lack of safety
which can compromise the operations of the LME fleest that

represents an integral part of the country™s sconomy.



CHAFTER TWO

Ship Safety

2.1 General.

The scientific definition of safety is not the
objective of this paper but it iz nec

the concept of saftety. In order to understand what zsafety

ie on board an LMNE carrier?
The safety az defined in the Collins Cobuwuild

ary is "the state of being =zafe'. Aot e

L a
the acceptability of risk, and rigk, in turn, as a measure

of the probability and severity of harm to human health".

nd he continues his statement as follows: "RMotice that
1

very different activities are reguired for determining how

g: meEasuring risk, an objective hut
probabilistic puwrsuit, and judaing the acceptability of
t

ety)., a matter of personnel and

risk {(judging saf
social value judgement”.
It is recognized that hazards always exist evervywhere
and anvwhere. Consequently, the risks are there which
can be evaluated through exact sciencez or the empirical
sciences. Then the safety is estimated according to the
evaluation of risks calculated or estimated by probability
or consequences of events. However, the evaluation of
riske can be interpreted by Jjudgement.
Therefore the safety of LNG ships in this paper will

be based on the judgement of acceptable risks to aszess.



The snlution proposed in turn leads to the enhancement
v operations, the reduction of the

n
rnte and the increacse in the effectivenesss

linked by long contract between the deliverer and

receiver), of manufacturers of sophisticated and expensive

.
H

equipment, and finaelly of local aut
general public.

However , safety standards are under continuows review

and revisions of sately requirements are reducing the risk
to life and property.

2.2 Importance of safety:
ar LNG ship iz a zcene where gas is handled, stored

in tanke and carried on the sesa. Bhe becomes exposed to

various hazards and consequently the context of safety

will be expos

i
a8
fd
o |
in
m
-«
i
i 5
2 b 1]
o
m
n
o

injury by accident, on the permanent potential of hazard
to the port, and finally on the link between economic and
accident risk reduction.

2.2.1 Economic aspects:

In shipping generally, safety and economy are cl

n}
Bl
m
—t

related to each other.
The relation between sconomy and safety is based on
the factors influencing the overall economy of shipping.

However ,in this paper we need only to identifty soms



actors which are involved i Lk

hey are as followino:

-~ Direct operation costs including cost of crews,

stores, maintenance, insurance, bunkers, port

ul

charges overheads and boil-off gas uzed for

propulsion.

-~ The indirect operation costs incurred through 1o

due to reasons

tn}

3]

How do theses factors influence safety?

Firstly, there are obvicusly potential harards
ciated with the transportation and handling of liouefied

these continuously present.

Ty may arisze from many

reason encountered in
squipment siding the ship in its opesration.

Fimally, the consequences comming from any lack of

zafety mav affect a part of or all factors mentionned in
this chapter and lead to zerious firmanciel losses for the
parties involved in the carriage of the liguefied natural

To illustrate the philosophy of this chapter there is
an excellent paper by Frofessor F.S85. Vanchisvar in his
volume entitled Maritime Admnistration /Maritime Safety
Admnistration {(revised 1987/198%9). From the point of

view of a Maritime Administration (MARAD) he evamined both

the developmerntal and regulatory functiorns, where the
first comtributes directly to maritime development and the

second — usually the responszibility of a Maritime Safety
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csuch development and

sconomic advantages. It is understocod largely through his
paper that safety has a contribution in the economic
aspects inter—-alia:

ta)— In the masimum efficiency in ship operations

with consequent economic advantages.

ibY— In the reduction of the maintenance coszts for

ships.
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{d)— In the avoidance of dicaster
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loss or damage to life, property, and marine

resaurces involving heavy expenditure

n

Y~ In the maintenance of Marine insura
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an advantaocegus level.

For some economists, safety becomes important in
terms of the way operating the ship itsel. F. Alderton
in his book "Bea transport operation and economics!. He
states that the ecornomic advantsges for each method
depend fundamentally on the distamnce the gas has to be
carried. The methods in guestion are:

a— carrvying the LKNG in

celcius when it has to be carried in fast well

carrying

3]
|
0

b- converting it into methyvl alcohaol



it in conventional tanbkers

the

:
LEd

Why is safety important in the port and on board the ship?

Before answering this guestion, the importance of

satety 1 gensrally angles which are
notential riske, casualties arnd losses.

which
small or severe casualties and through
permanent hazards which exist in placesz such as the ship
and the LNE terminal and its vicinity.

I was mentioned earlier that safety is defined asz
de

% )
P

Jjudgement of acceptable risk into which inclug

{]
1]

Then what kind of possibhle 1o

id

ses Can occur on the scens

i

Ih

con red™

i
s

0

In the port:

1



The Terminal cannot be made harmeless or operation-
naly totally safe. It i= exposed to many risks which are
hidden in the energy potential. EBecause if any disaster

happens, then numercus losses might occur as follows:
(a=- In the area of Terminal:
= Obstruction of access from the sea to the
terminal caused by a collision bhetween
two ships or other objects, which consequently
cripples the port infrastructure.

{bY— In the land Terminal :

of any accident may lead to

- Industrial constructis

aME .

— Facilities.

- Storage tankes.

- Crvogenic pipe -—work on the surface of the
land.

~ Vessels in the vicinity of loading/
discharging

— Feople working in the Terminal {(deaths or
injuries).

- Living guarters for pecple working in the

terminal .

{(c)=— In the environment:

Generally, the Terminal is constructed an area

]
r

least several kilometers from populous urban areas. I+



any accident happens

quetisd natural ga
threated.
{dy On board th

near the Terminal which is caused
=, whatever the reason, will be
e vecszel:

Fortunatelv, on board LHNGE vessels, the maintenance
record is good, so is the safety standards. These
contribute to low eccidents rates and the turn round of
the vessel is not adversely atffected.

The latest edition of LNG Log published by SIGTU
shows that by the end of 1982 LNG =ships had together ma
£845 voyvages, salled over 12 172 millions miles and
delivered about 290 millions cubic meters of carqgo.

Therefore this informetion tellse us that a well
maintained vessel has a guick turn round
2.2.3 Human aspects:

In this paper, human aspects i a reference to the
human element which mavy be identified as a shipping
communiity involved— closely or not —in the chain of
transport of LNG by sea.

The
b Y i mproy

accident

(1,3 =

human element plavs an
ing =11
on board LNG carriers.

The crew on board have

to prevent cargo fires

the

important role in

efforts to reduce potential

cargo vVapour,

ignition coming together.

ricks

and

responsibilityve

sources of

ignition
areas such as cargo

spaces and on deck.

tanke,

Cargo

which result from
oxygen and sources of
Aleo all possible
should be eliminated from

machinsry

safety



- To take initial action in handling a b reas

situation caused by arounding, collision, fire,
r

explosion or engine break-down because in any

emergency response timely action can prevent a
minor casualty from becoming & maior disaster.

{i1)— The shipowner has the responsibility inter—
a

- to keen the ship in a seaworthy condition a1l
t

=]
- to manage a satety policy by training the crew

{1111~ The shore crew in the terminal have the

responsibility to cohserve the same strict

-
et
-
il
3
Hil

{ivi- Other people such as designers and shipbul
f

ication societies and authorities are

Human behaviowr in LNG carriers:

The factors thet influence performance to avoid
humarn error are inter—alia
= Froper education and kowledge about the trade.

- Sufficient time and advice to be skilled in the

13



operations of handling the cargo.

Mormal working howrs to savold fatigues.
structions and information on who 1=
 what in the organizational
rm board the ship.

c o
Undated clear information.



CHAFTER THREE
COMFLEXITY OF SAFETY

nt componente constituing the
complesity of safety on board the L
combined to enhance to

.F
the kinds of extrems values ti

belong to the following struct

- the technical asnec

construction,

~ the Cargo itseld and ite handling,
= the persons on ship- 1.8 crew, stevedores for

= the differents regulations in the form of:

s=ification sccieties, and

ines for handling the carago

F.1 LNG Containment Systems:

Z.1.1 Introduction:

The development of Marine LNG tramnsport started in

192%, when the ‘YMethene Fioneer" gas carrier transported



by sea about 5000 cubic meters of LNG from Lakes Charles

(US4 to Carmvay Island (UED . = a consequence, the first

1]

Al
eqgan in 1944 with two ships: Methanes

o

commercial project

Frincess and Methane Frogress from Algeria to the United
Fingdom followed later by Jule Verne in 19&6% operating
betwesen Algeria and France. Finally the shipment of gas
experienced rapid growth and at the same time the
technology of LMG transport evolved.

Nowadays liguefied natural gas iz transported in
large vesszels in big guantities. The vessel is called and
LNG Carrier, which is defined by Mo Guire and White in
their boock "Liguefied Gas Harmdling Frinciple on Ships and

in Terminalse"” as specialised vesselse bullt to transport

large volumes of LHE at its atmospheric pressure boiling
point of —147 degrees Celsius". These ships are now
tvpically of between 120,000 cm and 130,000 ocm capacity

e
and are normally dedicated to a specific project where
they will remain for their entire contract life, which may

be around 20-25 vears. Im recent vears thesze ships have
b

{(1}— Gas transport membrane.
{ii)—~ Techrniogazr membrane.

{i11}- kKvoerner Moss Sphericel-~-Independant type.

3.1.2 What kind of containment systems are found in LNG

carriers”?

During the development of LNG transport several con-
tainments system designe were approved. They are divided
in two general categories which are the independent or
self-supporting and the membrane type.

What is the indepedent containment system?

14



The incorporated tanks are independent of vessel

m
i+
= i
il

]
i

r+
o
Y

hull: they are supporting their own weight and the sta

and the dynamic loads of the liquid cargo.
What is the membrane containment system?

It consists of the membrane tanks which are made of
thin metallic materials and are non-self-supporting. The
tanks are attached indirectly to the ship's structure
load-bearing insulation. Revond the tyvpes men-—
Mo Guire in the beginning of this chapter,
there are several other containment systems.

Some of them are delsted for reasons of technical
fallure like Conch (independant,Tvpe A). While the cthers
are nowadays 1n commercial service like Esso (Independant,
type Ay Hitachi Zosen Esso {(Independant, Typel sphers and
Anc the last group are under development like IHI

Semil—membrane, tvpe B), Ocean Fheoeniyx (Indenendant

re deftined in the IMO-
ntenational Code for the Construction and Equipment of
Carrying Liguefied Gases in Bulk Volume II1 and they

are as follows:
Type A independant tanks:

r ankes which are designed primarily using
Recognized Standards {(for this purpose. the Recogniserd
t laid down and maintained by

= recognized by the fAdministration)

in

of classical ship-structural analvsi procedure where such



tanks are primarily constructed of plane surfaces (gravity

tank), andthe desion vapour pressure Fo should be

than 0.7 bar.

Type B independent tanks:

They are tanks which are designed using model tests,

refined analvytical toels and anzlvsis methods to determine

in

tress levels, fatig life and crack propagsation

LiE
characteristices. Where such tanks are primarly constructec

i}
in
ii

of plane surfaces {(gravity tanks) the design vapour

T
5
m
m
]
i
%
i
'D
0
n
=
2

: ’

1

T

m

-

il

in

]

fa

!

~J

PAMN Q. bhar.

{Also referred to as pressure vessels) they are tanks
meeting pressure vessel criteria and having a design
vapour oresswre not less than Fo. given under the

following formula:s

Fo =2 + 46 0C ( Er ) (har) lWhere: A = 0.018% ( _Om )

O0m = design primary membrane s

ri

-

m
in
n

]
1

inl

e

DOA llowable dynamic membrane stress (double amplitu
10

at probability level O = }
9o N/mmZ for ferritic/martensitic steel

THES

23 N/mm2 for aluminium Alloy (S0B3-0)

C = a characteristic tank dimension to be taken as the
greatest of the following hy ©0.75% by or .45 1
with:

v = height of tank ( dimernsion in ships vertical

]

direction? {m).



b = width of tank (dimension in ship’s transverse

direction) {(m).

]

1 = length of tank (dimensicon in ship’

longitudinal direction) (m).

by
I
m
i

e

Er = the relative density of the cargo (Er = 1 for

water) at the design water.

t 1s not the objective of this chapter to describe

I
211 the technigues of all contaimnment syvstems used
n

same in differents articles of LNG carriers fram many



“r= the relative density of the cargo (Er=1 for {fresh
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objective of this chapter to describe
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containment svstems used

Z2.1.2.1 Gas transport membrane:

The descripticon given in many articles relative to

the techrigue of gas carrier construction says thalt this
= develaoped in 1947 by Gas transport.

It consists of using 24 ¥ nickel-iron low-espansion
alloy finvar! for both the primary and secondary harriers.

Imnvar was cho
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Mo Guire, in hi manual {(see introduction of Chap.
Zel of this paper), alsc mernticormes that nowadavs the gas
transport systems utilise invar membrane of 0.7 mm
thickness and strengthened pyvwood boxes to hold the
1

iite 1s silicinized to make 1t

[
3
T
i
]
<
[ 'S
8}
=
i
r
0
z
1]
n
B
2]
3
=
]
o
in
t "3
=
i
i}

{eee Figure 1).

F.1.2.2 Technigaz membrane:
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Interbarrier space
Water balast

| Invar membrane ;,
7 primary barrier /
s 1
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Figure 1 Gaz Transport membrane containment system

as utilised on larger-sized LNG carriers.
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FiQLU"E 2 TE‘Chnigaz membrane Insulation with

. splash barrier
containment system
as utilised on

larger—sized LNG

carriers. Cargo tank : \
i /Insulalion

Stiffened support skirt part way

down skirt

Insulation \x ' Water ballast

Figure = Self-supporting’sphérical

type B tank.
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t consists of a primary barrier of 1.2 mm thick
stainless steel with raised corrugation or "wafles", to
f “pansion and contraction in the form of bhendin.

e
The insulation that supports the primary consists of

laminated balsa wood panels between two plywood lavers:
the inner {(cold! plvwood laver form and plywood scale and

nll o
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:1.2.3 Kvaerner—-Moss (independent, type E):

The svstem is described in Fairplay article entitled

to the vessel s hull. The sphere can thus expand and
contract freely since all movements are compensated for in
the top half of the skirt. The insulation consists of
Folyvurthane foam applied over the entire surface of the
=phere, and to part of the skirt, to control thermal
stresses and limit heat leakage (see Figure 3.

While Mc Guire qualified this kind of system only as
independent tanks type B he euplainsd in his book that the
tanks can be constructed of plane surface or of pressure
vessel type. The mandatory stress analvsis for t
type comprises fatigue life and crack propagation studies.
Also. the hold speace in this design is normally filled

with dry innert gas.

12



Z.1.2.4 Comments:

The techniques described above, are designed to solve
one common problem which is to contain licuefied natural
gas with the low boiling temperature of — 1462 degrees

Celsius. Therefore measures have been taken to mabke

+

1
However ; the containment systems are quite

options might include arm effort to

7

reduce the building cost st the same time. Therefore, the

selection has & large impact on the final ship desiagn,
where many factors ars considered like efficiency of cubio
utilization in the ship. the vertical centre of gravity of
cargo, welght, material cost, need for
second barriers, type of insulation, boil off rate,

visibility from the bridge, tank cool down and many more

criteria.

3.2 Ship design and construction:

Z3.2.1 General:

Safety is also considered compler from the aspect of

de

n

tgn and construction of LNME carriers.

The hull has a sahpe and strength switable for the
tanks carvied. Special steel or aluminium is provided for
tanks capable of containing low temperature (-140 degrees
Cel=zius) without becomming brittle.

m
architects trv to design s€hips to fulfill the

]

Nava
conditions of stabiliuty by finding the optimum breadth,

draught and body shape.

Z2.2.2 LNG carrier construction:

.
b}



During the period of evolution of LNG transport., the
LNG ships have had a common ohiject, which iz to carry a
cargo with a low temperature. THerefore these vescsels
have caommon basic rules for their construction.

The layvout is defined as a mandatory reguirement in
the Internatiuvonal Maritime Organisation’s (IM) "Code for
the Constructions and Equipment of Ships Carrving
Liguefied Gases in Bulk" which was recomende
internationaly in 1974, and made mandatory under Solas
1984,

However we can cover the layvout globally as follows:
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- separate balliast tanmks,
= cargo tanke spaced a minimum distance from the
sheil,

i

- the primary cargo containment

take avone

of several configuratio

a

=

3.2.2.1 Construction of hull:

funt

v oand it runs

4

i

ortion
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The hull form is chosen pro

o

continuously from the fore to the att of the cargo tanks
and the double hull is in accordance with the LNG rules.

A part from reinforcing eppropriately the tanks as
required, the hull is arranged so that inspection and
manitenace can be out without difficulties .

This feature provides exzcellent protection for the
cargo tanks in the event of collision or grouding. The
studies of incident cases show that the damage caused to
the side shell or bottom plating was abscbed by the
+

internal ructure without def
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on board the following vessels

- "EL Paso Faul kKayser!" grounding in 1976&.
- "LNGE Tawus” grounding in 1980,
- "Ben Framklin® colliding with a sinking

research vessel in 197&.

eel guality and grades of selected parts of the
hull are chosern through studies on hull steel. Local
1

le pococurs by over flow on weather dechk.

3.2.2.2 Construction of tanks:

The cargo tanks along the sides and the bottom of the

in

vessel form the inner hull.
The space along the sides of cargo tanks bhetween the

inner bhull and the outside hull constitutes the ballast.

o
The construction of cargo tanks is very comples. I+

we analvyse the envelope of one cargo tank of one kind of

containment system, we can find respectively. from the
inside of cargo tanmk to the inner hull of cargo tank, the

fol lowin

(im ]
n
m
n

Figure 4):

- primary membrane,
- primary insulation,
- secondary membrane,

- secondary insulation.

The corstruction of these membrarnes is variahle from

one technigue of containment system to another.

3.2.2.3 Tank insulation:

The insulation is fitted to the inside of the inner

LTt

e



Fig. 4. Structwral construction of tanlk.

Gaz-Tranzport Irnvar membrane techrndogue.

Source: Fatigue test on LHG carriere ~Gaz Transporl

Technique. F. Vercamer and . Sawve, Gar de France, &t

Pent=z.— Gas Tech. 84 p.2d
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inner hull of the caragc tankes for two reasone:

L
v
[l
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o
Hi
o
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ot
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- to control heat flow and therefore re
off.
— to protect the general ship structure around the

cargo tankes from the effects of low temperature of ocvarago.

The materials for ionsulation are chosen rationally
for their main caracterics as introduced by Mc Guire in
his book:

{al— low thermal conductivity,

(b}— nmnon—-flammables or

(c)— ability to bea

-
{d}— ability to withs

o

{e)— light wesight,
{f1— material should not be affected by cargo liguid

or vapowr .

In order to fulfill the conditions numerated above,
the insulation of tanks is based on a system devel oped
earlier for "Methane Fionneer®, It is primarly composed

f an assembly of plywood faced balsa woond panels.

Mo Guire has presented in his book the full details

)

+ nor

[n]
3

al gas carrier insulation system as per:

{a)—- Folyuwrethane: performed, sprayed or foamed.

(h)— Mirmeral wool: lab or all foam.

{c)— Balsa: load bearing insulant used in LNG
containment system designs.

(d)— Ferlite.

{f)— Folystvlene.

J3.2.2.4 Strenght of material:

Any physical body subjected to forces or stresses

)
£
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under the action of these forces,
In general gas carriers must hav

e &
cope with the following forces or combinations th

-Hogging and sagging,

- Reolling, pitching, vawing., heaving,

— Hydrostatic, vibration, propeller forces,

— Grounding or docking,

= Tugs locads,

— Longitudinal losd distribution.

The density of cargo carried in the tanks and the
boiling temperature constitute the following loads:

= Internal and external pressure,

- Dynamic locads due to the motion of the ship,

= Tank and cargo weight with the correponding

reacticons in way of supports,

ficcording to the load conditions and

The classification sccieties provide the structural
safety criteria besed upon intensive research of ship
structwe and materials.

Det nork Verita

in

gives table for minimum design
temperatures for some actual tank materials and they give
also a table for design temperatures and densities typical
cargoes for liguefied gas carriers { see Tables 1.1 and

123

In liguefied gas carriers, low temperature service

requirements may be encountered in the cargo tanmks

portions of the hull affected by
a



.2.5 Stabilitys:

(1) - General :

The ship is designed to float upright in the water
and move through the water in safety.
This stability must be considered in 2 phases before

the chip i

n

built: the intact stability and damage
stability .

An LNG carvier is not different from the other ship
from the point of view of stability.

The purpose of this paper i

m

in

not to give all details

,

of stability for LNG carriers; it is only limited to soms

[ S

in

solution

nformation on the existing problem and it
according the reguirement in the IMD Codes.

After 1970 the IMO put forward international

recommenadtions for the subdivision of liguefied gas

carriers ito categories of ships like tankers for oil,

2d a gas ship code which was
directed toward the licuefied gas carriers of at time.
to the code were expected to

survive the normal effects of flooding following certain

Bt

med levelsz of hu amage externally caused . In

m d
addition ., in order to protect the ship and the
environnment, the cargo tanks were resguired to be
protected from penetration in the event of minor damage to
the ship as for example, from handling alongside by tugs.
They were alsc reqguired to have a dearee of protection
from damage in the event of collisions or stramding.

Therefore, the caroo tanks were reguired to be situated

within the hull a certain minimum distance from the =

3
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Material Min. temperature

degrees Celesius

Speciélly treated carbon—-managanese - S0
steel

S % Ni-steel - 105

9 % Ni-steel - 1&5

Aluminium ' - 1924

Austenitic stainless steel - 19&

{ex. 'AISI 204

Table. 1.1. material in relation with temperatures.

Cargo design. temp. design. densit.
degrees Celesius t/c

Methane (LNG) - 144 0.42

Fropane - 4z 0.58

Butane - 10 0.60

Fropylene oxyde + 335.9 .84

Table. 1.2 Design temperatures and densities for some

liquefied gases and chemical gas carriers.

)
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Table. 1.3%.- Requirements for liquefied gas carriers,
Flates, sectéons for cargo tanke, secondary barriers and
process pressure vessels for design temperaturecs below -55

deg. Cel. and down tc —-145 deg. Cel.

Minimum design Chemical composition and impact test

temperatures heat treatment temperatures

deg. Cel. deg. Cel.

- 60 1 1/2 % Nickel steel - 65

normalized

- &GS 2 1/4 % Nickel steel =170
normalized or normalized
and tempered

- Q0 2 1/2 % Nickel steel - 95
normalized or normalized
and tempered

- 105 o% Nickel steel - 110
Normalized or normalized
and tempered

- 1085 ? %4 Nickel steel -double ~ 194
normalized and tempered

- 145 Austenitic steels, such as - 196
types 304,304 L,Z16 T16L,
321, F27 and Z47 solution treated

= 165 Aluminium alloys; such as type S0O83 annealed not

————————————————————————————————————— requi-
- 165 ' alloy steel 36 % nickel red.

Source: American Bureau Shipping.



free board and initial stability alsc had to be considered
carefully {(see Figure 5).

(ii)—- Normal behaviour of a ship at sea:

We are aware of the consequences of ship motions in

waves which involve both hull structures and cargo tanks

i}

as well as mechanical effectse of carge motions in tanks

{(sloshing as defined below).

Sloshing: Some conditions of filling tanks associated with
the pitching and rolling of the ship and the liguid free
surface can create high impact on the tank surface.

Therefore it can cause structural damage.

{(iii)- Structural fatigue:

It is known that a small GM in association with a

aood righting lever cur ombined with a good freeboard,
deck from the water’= surface
erve bucovaoncy, results in
small angular scceleraticns and thus minimises the dynamic
effects of ship motions. Besides, the rolling period of
the ship increases when the initial stability decreases.

Thise means that medium and of course larage size ships
with small GM will decreases generally by ocutside rolling
resorance conditions. As a consequence, rolling

accelerations {(and rolling amplitude generally, too? will

be small.
(iv)— Liguid motions:

The design of gas carriers with a too high initial

stability 1is also very unfavorable as far as liguid



Fig. 5. Regquirements for stability. Code on Liguefied

Gases in Bull Liguefied Gas Carriers.
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motions are concerned.

Calculaticons and experiments have shown that liguid
cargo mations in tanks due to ship motions are small when
the excitating periocds are far from the natural period of
the liguid cargoc. But when the excitating period reaches
the natural pericd of free surafce cargo in tamks, very
amplified motions appear on tanks szhells and furthermore
on tank fittings (pipes, instrumentations. lattice work,
otc. LG

For instance, a 120,000 cum methane carrier designed
with a GM of 2 meters, has & natural period when rolling
ranging from the 20 seconds and gets excitated from
pitching only when period exceeds 6.4 seconds.

For a given tamk, the liguid resconance period depends
on the liguid level. Concerning the example of the
120,000 cum LNG carrier mentionned above, when the level
ranges between BO and 98 % of the tank depth, resonence
appears for a pitching period of & seconds.

The difference between this period and the ship
rolling pericod is such that pratically mo motion is
induced in the tamks because of rolling.

Important motions may appear when the ratico of liguid
level to tank depth ranoes 20 to 20 % only. 0On the other
hand, for smaller ship with a higher GM, important motions

may appear for cargo levels in normal loading conditions.
(v)—-Damage satbility:

LNG carriers have been subject to several studies
concerning all kinds of stability tacking in account all
heeling forces acting like wind forces (LNG carrier is
high free board), manoeuvrability operations moving weight
{loading cargo with deballasting or discharging cargo with

ballasting).



L

The survival of a damaged ships is dependent on a

number of factors: this subject is very complex for LNG
carriers.

With reference to IEC code, the LNG carrier is a gas
carrier intented to transport the commodity of methane in
liquefied form and clacszed as type ZG. The carrier, which
is more than 150 m. in length, should be assumed to
sustain damage anywhere in its length.

IMO has established, in the Gas Carrier Code,
requirements for the following items:

- extent of damage,

— dam=sge location,

- permeability factor in flooded spaces.

— damage surwvival.

- Extent of damage:

It is assumed that damage can cccur from either
collisions or grounding damage, and the damage may
consists of the most disabling penetration of sides or

bottom of the ship. The assumed extent of damage a

in

required in IMO IBD Code i

(H]

Side damage:

Longitudinal extent: 172 or 14.5 m, whichever is

in
o
m
in
in

"
m
i
n

Transverse extent: BE/S or 11.% m, whichever i

measured on board from the ship®s side at right angles to

the centreline at the level of the summer load line

Vertical extent: upwards without limit from

the moulded line of the bottom shell plating &t centreline

-
PSR



EBottom damage: for O.2L from
the forward

perpendicul ar

Longitudinal extent: 1720 or 14.5m,
whichever is less

Transverse extent : B/ or 10 m,
whichever is less

Vertical extent: EALTD or Zm,
Whichever iz less

measured from the
mowlded line of
the bottom shell
platting at

centreline.

-Damage location:

- om

vertical extent of dam
less than 720 mm from the shell plating

measuwred inboard).

—Permeability factors in flooded spaces:

any

1/3L or

Code recommended for the type

n f
hottom shell plating at the centreline not
g

e mentionned before

other part

of the ship

STy

whichever is
e

B/ or Sm,

Whichever is

less

BALS or Zm,

Whichever is
less
measured from
the moulded
line of the
bottom shell
plating at

centreline.

ZE that cargo

the moulded line of the

lesse than the

and nowhere

{(distances

The permeabilities of spaces assumed to be damaged

o il
.



should be as follows:

Spaces Fermeabilities

Appropriated to stores 0. &0
Occupied by accommodation Q.85
Occupied by machinery I
Voids 0,95
Intended for consumable liguids 0 to 0.5
Intended for others liguids D oto 0.95

'me buocvancy of any superstructure directly above the
mage should be disregarde. e untlocded parte of

wes beyvond the extent of damage., however , may

Z. Openings in such divisions are capable of being
closed by remoctly operated sliding watertight
doors and unproteted openings are not immersed
within the minimum range of residual stability
reqguired in stage of flooding; however , the

immersion of any other openings capable of being

et

closed weathertight may be permitted.
—Damage survival:

LNG carriers should be capable of surviving the

assumed damage

n
13
m
n
P
“+

ied in extent damage to the standards

provided in standard of damage in IBC Code in a condition



of stable

criteria:

a— In any
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b— At fina
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The waterline, taking into account sinkage, heel

and trim, should be below the lower edge of any

cpening through which progressive flooding or

downflooding may take place. Such openings

houwld include air pipes and openings which are
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by means of weathertight deoors or hatch
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The maszimum anole of heel duese to unsymmetricale

-

flooding should not exceed Z0 degrees; and

-

v

b4

flonding should be to the

idual stability during intermediate

of the Administration. However,

never be significantly less than

required by (i) above.

1 egquilibrium after flocding:

The righting lever curve should have & minimum

range of 20 degrees bevond the position of
eguilibrium in association with a maximum

residual righting lever of at least

S

.1 m

e
Rl



within the 20 degress range: the ar undesr the

]
m

[ag

curve within this range should not be less than
00175 mfrad. Unprotected openings should not
be immerszed within this range unless the space
concerned is assumed to be flooded. Within
thi=s range, the immersion of any of the
cpenings listed in any stage of flooding and
other openings capable of being closed

weathertight may be permitted; and

{ii1)- the emmergency source of power should be

capabhle of operating.
—Conclusion:

Ore important and po

Hi

itive aspect of IMO work is th

uniformity set for gas carvriers. In fact the application
1

nswre a certain reliability of the ship

efore to carry out

ions required for the subdivision of the actusl
C ffects of the given damage on

estimate the residual figures for

ighting arm GZ range of inclination angle and area under
t

P —

3.%.1 General :

Several specialized authors in LNG transport have
written in their manuals about safety and training on
LNG carriers,

fte

m

In point of fact, every shipping industry wants <



liquefied gas ships
1

considerations

F.C Gray— British shipbuilder, Uk- in his
introduction to a saftety and training session (Gas
Technigue 1981 LNG/LFE Conference. page ZE7) brings a
right note so far as the liguefied gas industry is
concerned.

The citation iz as follows:

In my euperience , people follow safe operating
procedures when they understand the potentail

hazards and the basic science of safe operation

erience

I

T3

tidd =

after periods of supervised operating eu
o

all parts of the process: hevocan then be made

A
5
-
in
q
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r

I am r ement . but I would
like to discuss the specific to problem of crew throuoh
e

vemple of my country.

-

The crew 1= expected to achieve safety on board by
considering the sources of hazards which stem from the

specific nature of the cargo.

in

3.2.2 Consideration of the potential hazards in LNG ships:

I stressed indirectly in the beginning of this paper

that high technoclogy in gas vessels reguires great care

ir
operations. Therefore the primary objectives in LNG
safety are toc assess and quantify the potential hazards of
an accidental release and to develop improved acoident

prevention and contingency measures.
Im today’™s study on construction standards and

setting criteria, there is also identified the need t

8]



develop better information on operator error rates, in
other words human ervror.

The relative degree of safety achieved by a human is
a function of his ability to understand use the knowledge
of handling and conducting the ship. Therefore the major
failuwre risk relative to humans might be categorized as
operational risks leading to external risks of groundings
and ceollisions. It might also be that the effects of
those mentiorned risks will produce internal risks such as
sloshing.

However, the potential hazard remains the accidental
release of ligquefied gas, which upon ignition will result
in a fire or possibly an espleosion. Evente leading to
such spills are most probably caused by severe collision

or grouding accidents.

Safety is related to the probability of accidents
which relates in twn to injuries and to damage to vital
equipment.

The people on board, without the exception of the

eople working in gas terminale in co-operation with the

m m

hip , are wellgualified today.
The first step in understanding behaviour motivation
in relation to safety is to realise that safety is made up

of certain elements:

SAFE EBEHAVIOUR = KNOWLEDGE + UNDERSTANDING + SKILL +
MOTIVATION

Fnowledge is the first rquirement of a crewman on
board in order to carry cout the job assigned to him. The

knowledge comprises cargo handling, navigation, maintenace



and repairs, where most of the hazards are hiding.

The understanding is that there may be certain
dangers in carrying eout the alleoted job. As it will be
described later in this paper, the job on board an LNG
carrier is alsc complex. Therefore, in order to behave
csaftely, it i necessary to understand the sequence and
steps to follow in discharging and loading liquefied
natural gas.

Should it become clear that the crew is unable to
perform the iob, it is necessary to ensure the necessary
training for them. Eafer and more efficient ships comes
from proper shipboard planning for training the younager
crew members.

The situation on board the ship itself msy be
considered as guite a different part of the problem. &
ship at sea is a relatively independent Z4 - hours
community that constitutes a socico—technical system. This
leads to specific ergonomic problem=s. Therefore, there
are many factors which motivate the crew to perform at the

job station inter—alia:

- FParticular levels of intelligence, education ,
backaround or special physical ability depending o

the jcbh assigned.

- Necessary problems to maintain the desired level of

performance in normal and abrnormal work situations.

— Health problems affecting the crew’s ability to
carry out physical duties. The adverse effects of
medication and drinking {(normally more controlled

on gas shipl.

— Stress from family problems, work pressure, work-



mates and even from msnagement.

- -

F.3.4 Safety training on LNG carriers:

For many years, the training set down to meet statu-
tory requirements for certificates of competency and

= adequate for all types of ships.

similar standards wa
1

RBasic skills and knowledge were the same for all

types of ships and all that was reguired was a change of

=i

ased complexity and numbers of
specislized ships carrying what are often potermtially

hazardous cargoes there arcse special training
&

requirements for the crews.

Judge Learred Hand, Eeen V. Overseas Tarmk Ship Corp.
194 F.2d.515 has given the principle in his citation:
"O4n owner is responcsible for the seaworthiness of his ship

are logical, factors which would heave a bearing on the
seaworthiness of a ship.

The Convention on Standards of Training,Certifica-—
tion and Watchkeeping for Seafererse 1978, which entered
into force on the 28th April 19284, has established in
regulation VY/2 mandatory minimum reguirements for the
training and qualification of master, officers and rating

of liguefied gas tanker (see appendix no.l.1.1).
3.3.4.1 How is training to be accomplished?

In the past, ship personnel training was accomplished

s
g0



on board. Today, this tvpe of training sxposes the owner
to risking capital loss

W
expozes officers to the to

0

1
react effectively to emergencies. Therefore, today the

t

-

ining of tanker personnel in general comprises two

ra
teps:
- shore hazed formal imnstruction.

- ship board training.

Z.3.4.1.1 Shore based formal instruction:
This training couwrse complies with regulsation V/ 2 of
IMO international convention STOW for Seaftarers of 1978.

The aim of this cowse is to provide personnel with an

ing of the general principles by which

n
these vessels operate, their construction, the potential

3]

harards aszociated with the cargo and the necessary
precautions to take to ensure sate operations. And the
nfficer responsible for cargo operation must be familiar
withs:
- duties in connection with the cargo handling
system,
— ML t and imnstrumentation
— harards peculiar to this cargo, such as fire,
health and cargo release ha-ards,
- cargo behavicouwr under all situations
- eqguipment available for trouble shooting and
decizsion—making in realistic emergency situations,
- teamwork =situations.
Those requirements can be covered in the form of
formal lectures, models, field trips and extensi: uwse of

audiovisual teaching aids.

«3.4.1.2 Shipboard training:
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raining is & continuation of the first one, and

it is ususlly where the trainee is involved in such
activities as:

— long periocd on board the ship to be familiar with
loading, discherging, cargo conditionning and &ll
possihilities of malfunctions that migh occur
during the stay on board,

- transfer of knowledge from the instructor {(who may

be chief engineesr or chief officer) fo the

- experience at sea in jobh effenciency,
- freguent emsrgency training on board.

-

F.2.4.2 Example of training in Algeria:

The Algerian fleet of "Compagnie Maetionale Algerienns
de MNavigation" (CHAN) started with many gas carriers over
a short period of time. Under demand and advice of CNAN,
Gazocean Company in France specialized training guestions
=] esented and professionnal method t

bt follow have been

r
introduced on two levels.

The hasic level concerns the whole crew and consists

1

of safety training centred on the dangers presented by the
cargo, the prevention methods to be adopted and involves
practical training similar to that given to sea—going
people.
The second level consisting of special training of
the personnel having gas—-related duties, including:
{i)- the cargo officer in charge of cargo handling
(usually the first mate).

{(ii}— the gas man f(eguivalent to pumpman on a crude



il tanker) who assists the first mate in all
cargo guestions and in the arrangement of the
various cargo circuits.

{iii)— The engineer officers who operate the cargo
installations and keep them in running order.

In this case there are two solutions envisaged for
the practical training which forms the main part of the
whole teaching:

- Simulating true conditions.

- 0On board gas carriers.

The zoluticon on board gas carriers ie the best but
it presents many difficulties which are:

— Mecessity to have an cperational ship with
edperienced Ccrew.

— Training will necessarilly be long and incomplete.

~

fe a matter of fact, the trainees can stay on board a
methane carrier for a long time without ever attending to
the whole process of operation of a ship.

The first solution might be expensive. Therefore ,
Gazocean presents a half way sclution which consists ofthe
following =

The fircst mate does not

eed to be trained on board

n
the ship az he i€ already posted. The engineers in ch

4]

LT Qe

a d

i

of gas-related operations and the mern will be train

i n]

i

ashore only when training i not

“+H

easible on board the

1]

ship.

Therefore, the sclution is to train the sea going
people partly on board ship and partly ashore in a train-—
ing centre. The training centre comprises mainly:

— a gas chemical physical laboratory.

— an auvtomation room.

- an inert machinery room.

- a training units which comprises:

¥ two pressure tanks containing butane.



¥ a religuefaction unit for cocling the product and
simulating an atmospheric pressure installation.
¥ a cargo control desk similar to the eguipment in
ships.
Toc highlight the consistency in the training centre
the Appendix 1.1.2 indicates the contents of training for
the first mate and duraticon of training.

-

J.3.9 Primary cooperation shore/ship:

F.3.59.1 General:

The concept of

in
'.J
ﬂ]
+

l’l
i L 8
j'
)‘1"

points where it was sai carrying liguefied gas
requires inter—disciplinary co-operation between the
design and the gperation of vessels. For this purpose
there is a need for an’ orchestra’” comprising the
shipowner, the designer, and the shipbullder togetvher
with regulstory avthorities and assocciated industries
sharing responsabilities respectively The balance
between design and operations gives birth to the optimum
level of =safety see Figure &.

JF.3.5.2 Ship/shore coordinated control:

The diagram in Figure 7 shows the various aspects of
design safety and operational safety as appli-ed to
liguefied gas carriers, Also it shows the position of
terminal operators who come into the scene during the
period when the ship is connected to a shore terminal and
engaged in the transfer of cargo.

The svstem mentioned above 1= instelled to enable the
ip's persocnnel to safely shut down both the ship and the
nd

h
cshore plant in an emergency situation and also provide the
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OFTIMUM SAFETY
.
|
DESIGN SAFETY OFERATIONAL SAFETY

|

builder Class. Gov. IMO Ship/0Operator Safe and efficient

use of equipment

Card% tanks

Maintenance

Fipings . 4 41
l Terminal
Crew operators
Containment spaces and l
interbarriers spaces Communication

<

Electrical equipment Training

—

Instrumentation (fined Operating manuals

and portable)

G

Safety guides
Void spaces et.

Fire fightinng and

Accommodation Emergency Frocedures
Ship to shore syetem Trafic control and
routing

Fersonnel protection and
fire fighting equipment. Fort and local

regulations

Dockings and refits

Fig. &.— Diagram of optimum safety between design and

operations.
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shore personnel with the same control over both ship
arnd shore operations.

A requirement for this type of protection is that
both ship and terminal caracteristics are &

together at the design stage in order to ensure that
I

adegquate control of pressuwe swge is provided. In this
way, pipeline systems and, most importamt of all the ehip

to shore connection are protected agsinst the highly

lamaging effects of surge.
F.3.5.F Ship/shore emmergency shut down system(ESDS):

The definition of this system, which is given in
recommendations and guidelines for linked ship/shore
emergency shut down of liguefied gss cargo transfer, is a
system that enables rapid and effe

relevant operations and equipment in zate and controlled

Ul

manner. It is initiated mamnually or by automatic control

vision of a linked ship/s

o

{i)— Fressure damage to ligquid cargo transfer system,
especially to the ship/shore ligquid lime cormnection, with
conseqguent release of product during amy emergency shut
down .

(ii)— Consequences of excessive ship movement at the
berth.

£ii1i1)— Overfilling of ship or terminal storage tanks.

The linking is technically powered electrically,
pneumatically or by radic. The link svystem stands alone
ceparate from the ship and terminal system (see Figure

7).
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J3.3.5.4 Need to estabish ship/shore ESDS:

In 1987 IMO"Recommendations and Guidelines for Linked

=

Ship/Shore Emmergency Shut Down of Liguefied Gas Cargo

[in]

Transfer" were completed. Those guidelines offered a
eignificant advance in safety at the ship/sshore interface
during liguefied gas transfer. They were generated in
response to the IMO EBulk Chemicals Sub-Committes who had

nvited industry to develop guidelines for an acceptable
ship/shore link as a matter of priority.

Linking the ship and shore emmergency shut-—down

systems 1= but one component of safe emergency shut-—down .
SIGTTO is a non profit making organisation dedicated to
the protection and promotion of the mutual interests of
ite members in the sate ocperation of liguefied gas tankers

and liquetied gas loading and receiving terminals. It i=
crganizsed to represent its membership before, and consult
with, the Intermnetional Maritime Organisetion and other
bodies. It has also completed Guidelines for the

elimination of exdessive SUroe DrESSUNrESs 1N an emergency

. 3.6 Secondary ship/shore co-operation:

This refers to public auvthorities concerned either
with the normal management of ships or with crisis
manaocement resulting from serious accidents. The
authorities are identified as follows:

- Fort authorities.

- Official authorities representing the government,

regional and local authorities.

— The navy or coa

- The fire brigade.

- The police department



- The ocwner.

An example of essential operational disciplines
associated with cargo transfer operations - ship/ishore is
given in Figure 8.

In case of a sericous accident, these public
authorities are generally available to the ship at any
time. They are involved to protect pecple, property,

o0

de and port operations from any conseguences of serious
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aragraphs, it will be laid down
what are considered to bhe the basic reguirements of what

Carriers.

—
a
AR
2
-y
n
5
il
3
3
H
-r
m
-
in
A
3
i}
2]
=4
[R5
o
ifl

3.4 Legislation:
Z.4.1 General problem: — How to Develope a safe system on
gas carriers?
For Z0 yvears now the transpor gas has been a
matter of concern with regerd to the safety of ships,
1= el and even terminal plants with equipment.
1

ved in the

-
The aim of this chapter is to indentify what legal
system is applicablie to the gas carrier.

To understand legal system 1t 1s necessary to define
what legislation is=s. In the internal law of state=s,the

term legislation designates the process of enacting,
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amending or repealing laws. Aleso, international
legislation is considered to emerge whenever an original
agreement is adopted which authorizes subsequent action by
less than umanimity. However, in many countries there may
be no domestic regulatory legislation to control gas carr-—

iers. In this case, the operator or whoever iz responsible

u

may refer to interna
This present chapter will identify IMD as the
oroganization which is plavinog a wide role in the enac—

temernt of internaticnal legislation.

—

There have been many types of regulation for gas
&

¥
carriers in domestic and international classification

csocieties and internsationel asscociated industries up to
the present days, but the most zignificant is the Inter-—
national Maritime Organisation {(IMO) that have produced

or the construction,

e f
equipment and operation of chemical tankers and gas

3.4.2 Instruments of legislation applicable to gas

carriers:

There are different aspects that have to be taken
into account when we talk about safety in the context of
liguefied gas carrierse. There is the kind of cargo, and
the kind of danger that may eveolve in transport or in
cargo transfer, there is the danger to the ship that may

be caused by the cargo and there are the regquirements a

ship has to meet to make the transport safe for itself,
the crew and the environment.

For the sake of clarificaetion, the identification of
the cargo transported on board gas carriers as dangerous

n
Py



substances in the defimition of dangerous substances found
in IMD recommendations on the Ssfe Transport, Hanmdling and
Storage of Dangercous Substances in Fort Areas p.? London,
19287 defined as follows:

Dangerous substances: "Means any substance whether
packaged or in bulk.intended
for carriage or storage, and
having properties coming with-—
in the classes listed in the
IMO "Imnternational Maritime
Dangerous Goods Code" (IMDED)
Furthermore 1t means any sub-—
tance shipped in bulk not
coming within the the IMDGD
clazzes but which is subject

to the requirements of the IMI

%)

"Code for the Constructiion

f &

-

and Equipment

n}
T
o

1

n

CAF Y-

T

ing Damgerous Chemicals in

bulk", the IMO Code " Code for

1]

the Construction and Equipment
of Shipe Carrving Liguefied

Gazses in Bulk®.

Within IMO the baszic rules for safe transport of bulk
dangerous cargoes have been developed and are contained in
Chapter VII of Solas Convention, in & form of codes and
recommendations.

In 1975 the first "Code for the Construction and
Eguipment of Ships Carrying Liguefied Gases in Bulk" and
the "Code for Existing Ships Carrying Ligquefied Gases in
Bulk" were adopted by reszolution A ZZB{IX) and ATER{IX)
respectively. Under the amended Solas Convention, which

came into force in 1984 and which had a special part C,



in chapter VII, the " Hew Intermatio = for the

Y
!
)
3

n
Construction and Eguipment of EShips Ca

5
i
~
-
3

g Liguefied
Gases in Bulk", came into force for cehips constructed on
or aftter July 1,198&4.
The codeszs mentioned above, basically prescribe
design and construction standarde of gas carriers,
equipment to be carried, arrangement and control of cargo
transfer, tank ventilation systems, electrical
insetallations,fire protection etc...
It is necessary to clarify the definition of a code.
ecommendation to governments, masters
and others involved in transport of ligquefied ges. To make
it mandatory for ships entitled to fly it's flag, the
relevant government has to establish the necessary
hie can simply be done in one
nce in the law, but it may be necessary to have the
t

he national language and relate to

that.

fAs a consequence, the construction and equipment of
vessels transporting liguefied gases in bulk is governed
by the following codes all details of which it is not
possible to study in a paper of this nature .
Code Application
—Code for Existing Ships ehipe built before
Carrying Ligquefied Gases July 1977.
in Bulk,.
—International Code for cships built after
the Construction and @74 but before

1
Egquipment of Ships Carrying July 198&.

Liquefied Gases in Bulk.

g



b (the Interna-—

1 Gases Carrier Code-—

Z.4.3 Role of International Organizations:

During the development of LMNG transport,
international codificstion of practices for the
operation of gas carriers was born in the shape

formulated by IMO, which is the most important publisher

of nautical legi=slation and codes of practise.
Bepzide IMO s work on gas carriers, therese are ship
classitication society requirements which became more

rnational Asscociation Classification

.i.
However ,there are several industry-based interna-

-
tional orgenisations publishing operational o

uides that
tant. Such guides are more written from the

e
lation and

0

-
side of industry than from the =side of legi
=]

—International Chamber of Shipping (ICS).
—The 011 Companies International Marine (FORLIM) .
—The Scciety of International Gas Tanker and Terminal

Operatores Ltd (SIGTTO) .

Those international organisations are working in co-

operation with IMO,.

-r

3.4.3.1 Classification societies:

o

)



Historically a classification socie is an

]
=

organisation whose function was to evaluaste ships by
classifying them in several grades, thus giving insurance
a common standard for evaluating these ships to enable
them to see if a specific ship ise strong encugh to carry
its cargoes. In the past, classification societies were
involved in free board assignment. Later they set up new
requirements for issuing a clase certificate of
construction for ships.

is to

it
P
1]
in

Today the role of classification societ

n
o

3

ication surveys according v thelr own

Wi
i+
M

.f
nd regulations for the benefit of under-
writers and, at the same time, to execute statutory
f of the admnistraticns according to the
various international regulations and codes relative to

ship safety and prevention of pollution of the marine

environment.
3.4.3.2 Activities of classification societies :

The services offered by classificetion societies are

o
in general divided into three groups as follows

{iy-Classification services: They develop and
administer the technical standards for the design, cons-—
truction, and periodical survey of ships and other
structures (i.e mobhil offshore). Through their staff,
classification societies certify that the ships comply
with their rules.

{ii)Y-Statutory services: Many administrations
authorize classification societies to act on their behalf
( i.e: entrust surveys, and issue of statutory
certificates ), for example, the articles of regulation of

the load line convention 1%9464. FRegulation 1 annexe 1j

\—l \—l
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1974, Ammendment and the Frotocol of 1978 Marpol

s
-0
“J
2

Classification sccieties play a role in admnistration
of major international conventions, among them the
International Gas Carrier Code (IGC) , and the Code for
the Construction and Equipment of Ship Carrying Liguefied
Gase=s in Bulk.

{i1i)-Technical advisory services: Utilising their
expertise in the marine industry, safety at sea and
international maritime legislation, classification

societies are continuously performing their services to

The example given in this paper of Det norsk Veritas
was given beceuse of the shortage of information on other
ication societies which, without doubt, have worked

.F
under the same chjectives az Det norske Veritas.

Z2.4.3.3 Det norske Veritas work on gas carriers:

n
ot
]
n
n
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It ie stated thet DnVY was the first of the
=

th
_h
8}
5
W
i

c ocieties to publish comprehensive rul
tankere. Therefore the first (terntative) DInV rule
tarkers carrving liquefied gas originated about 1960 and
have later been amended on a more or less continuous basis
refflecting developments in technoleogy and in the trade.

Ey the entry into force of IMO'ES gas carrier codes in
1974, the design, equipment and operations of gas carriers
became subject to international regulations.

The DnV s rules for gas carriers are considered also
to include the International Gas Carrier Code which now is
mandatory under the Solas convention. Det Morske Veritas
has established rules in the classification of a steel

ship of January 1970 by Division Ship and Offeshore, Fart 5

n
a-



Chap. © cover Liguefied Gas Carvriers. These rules are
o the contente as follows:
1.General requiremesnts.
Z.Materials.
Z.Damage stability and ship arrangements.
4.Arrangemants and environmental control in hold
Spaces.

2.8cantlings and testing of cargo tanks.

i

H.Fiping systems in cargo area.
7.Cargo pressure/temperature control, cargo heatin

arrangements, insulation.

B.Marking of tanmks, pipes and valves.
g.Gas—freeing and venting of carcgo tanks and piping

10, Mechanical ventilation in cargo area.

il1.Fire protection and extinction.

1S.A4dditionnal reguirementse for certain cargoes.
14.6as operated propulsion machinery.

17.Filling limits for cargo tanks.

18.Inert gas plants.

3.4.7.4 The International Association of Classification
(IACS) :

IACE is composed of eleven classification societies
as follows:

—-American Bureau of Shipping.

-Bureau VYeritas.

—-Det norsk Veritas.

—Germanical Loyd’s

n
<



—-llovd'e Regicster of EBhipping.
—Nippon Kaiil Eyokai.
—Registro Italianc Navale.

—UZER Register of Ehipping.

— Poliski Rejest Statkow.
- Forean FRegistry of Shipping.

er in order to harmonize their
Jwhich was established in 1948 and has been

tatus with IMO since 1948, has the

-To promote improvement of standards of safety at zea
and prevention of pollution of the marine
environmemt.

-To conswlt and cooperate with relevant international

~To maintsin close cooperation with the worlid's

ACS relative to gas carriers ig
moulded in resolutions which take the form of regul-
m

n ogaz taenker and unified

F.4.3.5 The International Chamber of Shipping (ICS):

The Chamber was fi

"
-
1n
i
-+
n}

med in 1921. The membership
is mainly from the long established maritime nations, and
represente about half of the world’s merchant tonnage.
The ICS has an important role in maintaining and
improving the operational standards of shipping, and ite
publication reflects that role. Among others things, ICE

has published the "Tanker Safety Guide".
P Y

n



J.4.3.6 The 0il Companies International Marine Forum
(OCIMF):

The interesting point of this organization isg th

]

transmission of the opinion and views of oil companies tao
bodiez =such as IMO. It has an important role in safety
and pollution prevertion. Their guides in the application
of emsrgency procedures in case of fire in marine
terminals are interesting.

The publications of this organisation are found on
board gas carrier for the purpose of guidelines. in

association with ICE and the Internaticnal

Fortse and Harbours {(IAFH) OCIMF have published the

"International Safety Guide for 011 Tankers and

.4.3.7 The Society of International Gas Tanker and
Terminal Operators Ltd (SIGTTO):

The society waz founded in 1979 and the members are

involved in the operation of gas terminals and/or the
operation of gas tankers. 0One of the main ressons for its
existence is therefore the safe and efficient operation o

tankers and terminals. Although a relatively new body, it
has consultant status with IMO and has produced two major
reference works which are "Liquefied Gas Handling
Frinciples on Ships and in Terminale" and "Recommendations
and Buidelines for Linked Ship/Shore Emergency Shut Down
of Liquefied Gas Cargo Transfer"

The society iz continuing its work on the "Guides to
Contingency Flanning"” as follows:

-Volume one on"Contingency Flanning for the Gas

Carrier at Sea and in Fort Approach".



-Volume two on "Contingency Flanning for the Gas
Carriers Alongside amd Within Fort Limits".

-Volume three on "Comtingency Flanning for Marine
Terminals Handling Ligquefied Gases in Bulk'.

-

3.4.3.8 National safety legislation:

The statutory instrument is the mearms by which na-
tional regulations are formulated. The definition of a
statutory instrument az " a rule, order, or admnistrative
regulation having the form of law " ise found in the
dictionnary. Therefore a motion of legislation adopted on
the safety of gas carriers falle in the general category

of regulations monitoring other ships (i.e:Fassenger
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administrations involved in the gas industry
adopted intc national regulations IMIO codes which are
internationaly documents necessarily containing some very
broad and general language. Therefore, those
administrations have the responsibility to interpret a
comprehensive content in issuing regulations.

Those national regulations are the methods by which
safety should be brought to the attention of seaferers and
management, or to the gas industries. Because an LNG
transport system must always be regarded as an element
within a total system comprising terminals, ship
procedures, and gas industries.

Therefore, it should be necessary that what we call
national regulations drawn up in the Merchant shipping gas
carrier requlations {(specifically the IGC code) becoms

mandatory for national ships throughout the world and even



a survey rouirements for
national gas carriers and and note that,in addition to an

i
initial survey for the issuancs of the "certificate of

n o odical survey for the renewal of the
certificate, annual survevys and at least one intermediate

survey are also reguired during the validity of the
it
F.5 Cargo handling:

Z.5.1 General:

The cargo handling eguipment is similar to that of

oil tankers: shore cargo arms are connected to the ship’s

of LNG carrier cargo handling arrangements are thats

,,.,.
[ N
—
|
<r

arc

E-

entry of air permitted in the cargo tank

i

piping, excliuding when the tanks are prepared
for inspection or dry docking.
C

{ii)— Cargo vapour must never be permitted to be

vented to the atmosphere either at sea or
alongside in port.

{iii)— All proper arrangements must be made for the low
temperatures involved (refrigeratyed ships) both
as regards selection of materials and allowances
for expansion and contraction.

{ivi— Separate piping and religuefaction equipment

will he reqguired where two o more grades are

-
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aas carriers are quite different from those of an il

tanker. This applies in particular to carge loading and
cleaning of cargo tanks.

This chapter describes in broad outlines the cargo,
the carao handling equipment and the operations relative

to the carriage of gas.

3.5.2 Properties and hazards of liquefied gas:

-

3.59.2.1 Description:

Generally liguefied gases which are categorized as
LFE, LMG, and liguefied chemical gases are mixtures of

low—-mollecular weight hydrocabons transported as bulk

b
liguid by special ships usually referred to as gas
carriers.

-

3.5.2.2 Composition of LNG:

LME is the product of liguefaction of a natural
mivture of hydrocarbons obtained in petroleum bearing
regions. Its composition varies from field to field: 654
to 100% can be methane, 0% to 1&% ethane, any balance
being propane, butane, pentane, nitrogen and carbon

dioxyde.
3.5.2.3 Properties:

Substances, which under ambiant conditions are gase-—
ous, are transported as bulk liguids of the gas (LNG or
LFGEY), which this reduces the volume by a factor of
approvimately &00. When transported at low temperature,
the inleak of heat will cause the liquid to evaporate.

The vapour is sent to the engine and used as fuel (see



Fig. 10 - Vapour pressure and boiling point of some

liguefied gases.

Cargo Boiling Foint Vapour Fressure Practical
at Atmospheric at 45 iC carriage
Fressure Kg/cmZ abs

N-Butane - 0.5 5.2

Fropane - 42.1 15.0

Fropylene - 47.7 18.5

Ethylene - 104.0 Above critical Semi—refrié.
Temperature Fully-refri.

Methane - 161.0 Above critical Fully
Temperature refrigerated
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Fig. 11 — Flammability ranae of some liquefied gases.




Figure 9).

-

3.9.2.4 Hazards:

2

The major hazards of liguefied gases derive from
their flamability and their low temperatures. Some hazards
are identified under the following list below and the

complete list is shown in appendix 1.1.3.
(i)-Flammability:

In a liguefied gas fire only the vapour burns. Thus
the major danger is the ignition of the wvapour cloud. The
flammable vapour can ignite only when mixed with air in

certain proportions as shown in Figure 10,

fiil—-Explosivity:

In confined spaces an ignition of vapours of
liquefied gases can develop into a viclent explosion,
creating forces sufficient to destroy structures.

{iii)—Cold temperature hazards:

Human contact with liguefied gases or materials
chilled to low temperatures can produce deep and severe
freering of body tissues. Most steels lose their ducti-

bility when their temperature falle below 0C. this means

that they become brittle and lose much of their resistan-

ce to impact.

(iv)-Toxicity, asphyxia, and anasthesia:

LMG cargo is toric because of its chemical properties



can present temporary health hazards causing symptoms such
as irritation, tissue damage or impairment of faculties.
In general, for every gas considered, a maximum expo-
sure limit is given. The limit, called Threshold Limit
value (TLV), refers to the maximum concentration of gases
in the air to which it is believed that persons handling
the gazes may be exposed, day after day, without adverse
effects assuming an B hours per day, 40 hours per week
exposure. Exposure to higher concentrations than the TLV.
may be permitted for short periods (designated by short
term exposure limit :8TEL) but for prolonged working above
the TLY respirators should be worn. Figure 10 gives values

for some gases.

3.5.3 Cargo handling systems for gas carriers:

-

D.3.1 General:

A complete system of piping, pumps, compressores etoc..
ie provided on board ship for handling the cargo.The sys-—
tem i= a closed one and it ie used exclusively for this
pPUrpose.

In the scope of safety, all connections to the cargo
tanks are required to be situated above the weather deck
and it is therefore necessary to arrange for the cargo
tanks,or domes on the cargo tanks, to protrude above this
deck . The necessary connections for liguid and gas lines,
relief valves, liquid level gauging devices, pressure
gauges and thermometers should be located on this portion
of the cargo deck.

Frior to firet leocading a cargo of liquefied flammable
gas the system of tanks and piping should be purged of air
in order to prevent any explosive mixture forming in the

system with the consequent risks, especially if vapour

o
e



compressors are being used for handling the cargo gas.
When we talk about purging it is usually carried out by
means of an inert gas which may be produced or stored on

board ship or cbtained from shore.

3.5.2.2 Cargo pumping and piping arrangements:

The main carge pumps are located inside the cargo

tanks at the tank bottom and they are of two basic types

{a) deep well and (b} submerged.

i}
|
I
]
D
e
z
]
ot
()

In this type of pump the driving motor is located on
deck and it is driven by & shaft which passes through a
cargo sight gland at the tanmk top down to the pump. The
pump is usually suspended from the cargo tamk top by a
pipe through which the cargo is discharged to deck and

which alsc encloses the pump driving shatt and bearings.

{b}-Bubmerged:

This type is situated at the bottom of the tamk and
is a fully submerged, electrically driven centrifugal
pump. The pump sucks the liguid through ite centre and
the liguid is sent up to the deck via the pump discharge
pipe. Strict precautions are taken to ensure that the

pumps never operate in an explosive atmosphere.

3.5.3.3 Vapour blowers, or compressors:

They are provided on board for handling cargo vapour

and for pressurising the cargo tanks. These compressors

are also used for handling the inert gases and atmospheric

d

[



air when inerting, gas freeing and puwrging the cergo tanks

and containment spaces, etc...

J3.9.3.4 Spray rails:

These are pipes located within the cargo tanks and
used for cococling the tanmk before loading and also for ret-
urning the condensate during passage. The spray rails
used for the returning condensate have larger holes which
permit the returning liguid to mix with the cargo before

evaporation takes place.

A

«5.3.5 Purge lines:

Thesze are used to change the tank atmosphere. Furge
lines lead to both the top and the bottom of a tank as the
replacing element may be lighter or heavier than the

previous atmosphere.
3.5.3.6 Relief valves:

Relief valves are fitted to cargo tamks so that if
tank pressure exceeds the pre—-set limits the vapour is
vented to the atmosphere. This venting is undesirable as
the gas is flammable and toxic, and because the cargo loss
is costly.
3.59.3.7 Cargo valves:

These are operated hydraulically or pneumatically. An
automatic quick closing system can close all cargo related

valves 1n an emergency.

3.5.3.8 Refrigeration and reliquefaction plant:

&8



The cargo conditioning plant may consist of two or
more units. A unit is a complete mechanical system with
compressors, pumps. heat exchangers. etc.. that is
capable of converting the boil off cargo vapor back to
ligquid.

During the loaded passage gas will evaporate from the
cargo, the processz being known as "boil off". (On LNG
carriers the beoil off is vented to the atmosphere or,

alternatively, 15 use

L

as propulsion fuel in the boilers.
The units of a cargo conditioning plant may be relique-

faction, refrigeration or a combination of the two.

3.5.27.9 Ballast tanks:

The cargo tanks are never used for ballast and thus
the ballasting arrangements are completely separate from
the cargoc system.

3.5.3.10 Inert gas plant and gas freeing:

This svstem is used for purging to avoid conditions
that may cause an explosion. And it is a closed cone and
normally alwaves be full of gas with no explosive mixture.

3.9.3.11 Tank dome:

This provide the entry point into the tank for cargo

lines, sensors, control and monitoring equipment.

3.5.3.12 Tank monitors and controls:

There are three basic monitoring parameters:

&9



measuring the column

Cargo and tank

Cargo liguid:

temperatiures: within ardi

of the tank.

measured by a variety of devices

{i.e: gauges, pressure gauges, ultrasonic
- Tank pressure: gauges measure high and low

pressure within the tanks.

gauges) .

In addition to the monitoring function, tarnk instru-
ments alzo activate alarms and in some cases auvtomatically
corntrol eqguipment such as cargo valves.

J3.9.3.137 Gas detection sensors:

These monitor spaces other than the cargo tanmk such
as accommodation, duct bkeele, void spaces, control
room.religuefaction plant, and peak tanbks. They are
connected with gas detection alarms in the bridge and in
the cargo comirol room.

Z2.59.4 Operational procedure:

b 4
R

.5.4.1 Safety procedures:

Szfety procedures are linked to the hazardes that

the cargo itself presents. Gas

explosive, toxic, asphyxiating, poiscnous, corrosi

can inflict frostbite or other injuries on
maintenance and operability of the ship in
state are essential to
satisfactorily between
facilities,

this being verified by certification,

inspection and check lists.

VE 4

personnel .

the ability to handle the cargo

vapour can be flammable,

and

The

a satisfactory

the ship and its shore reception



However,

shore and within the port area, the same

a
method of safety is applied in order to handle cargo
t

safely.

(=

he preceding chapters the design of the ship

P
has been discussed in association with IMO regulations,
la

ssification societies and national authorities.

Therefore, it may appear that safety procedures for

handling LNG cargo safely are complex which are commented

below and shown through the Figure 11 representing

overview of ship/ shore cargo operations.

Advance information prior to arrival of the vessel
with cargo at the port and terminal.
Frocedures for verification of valid certificetes
of the ship.

All equipment for cargo conditioning, monitoring.
and transfer is in proper working condition.
Emergency shut down devices have been tested and

ez have been

N

communication and =signeling devi
understood, including emergency procedures and the
areas of responsibility of key persomnel ashore
and on board.

Tracing and checking of pipelines on board ship
from cargo tank to fixed storage tanks or
secondary transport system ashore has been done
and the necessary fixed and portable

ienlation devices have been fitted to non-
compatible cargo tanks.

Security has been arranged ashore and warning
notices have been placed in the right position,
and all fire fighting appliances and fixtures in
relation to the preposed cargo transfer operations
have been agreed on. Emergency fire water supply

and connections have been tested.
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Fig. 12. Typical overview of shipishqu cargo operations.
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a-

Fre—-inspection has been conducted by the shore
authorities at the terminal of the ship and its
equipment and a simular exercise has been
undertaken by the ship®s officers of the shore
piping, tanmk storage or transport facilities.

Ship and shore staff have been assured on the
current validity of certificates and documents
associated with testing and surveys, these have
beenchecked and verified together with an approved
check list, with special attention being paid to
overtliow arrangements by use of buffer tanks. And
the method by which ship/shore hose lines will be
tested for leaks prior to cargo transfer. A
surpricse element of cross-checking should be
introduced to prevent collusion. A relatively
zafe technique of topping up ship’s cargo tanks is
by using the two line recirculation technigue
where the ship’s staff are provided with the

» rate

0

facility to control loading rates from zer
to full ashore pumping capacity. v
Identification of the vapour lines to be used and
the manner in which such vapour will be disposed.
Hot or cold cargo procedure for the pre-heating
and cocling of cargo tanks ashore and on board
ship have been provided.

Arrangements for inerting and oxygene control dur-—
ing cargo operations are available from the
terminal if required.

Agreement to initiate an emergency situation and
themanner in which ship/shore response will be

tested and measured.

Cooling a tank for loading:



Eefore cocling takes place, the tamk must first be
inerted and then purged with vapour compatible with the
methane. Some vessels are equipped with deck storage tanks
containing liquefied nmatural gas which can be used for the
purging and coecling coperations. 0On other vessels the
purging vapour and cooling ligquid natuwral gas must be
taken from the shore.

The methane is introduced into a tanmk via the cooling
spray rails. When the liquid droplets are spraved into the
tank, vaporization of the droplets will occcur. The heat
required for the vaporization process is obtained from the
tank atmosphere and structures and thus the tank i= coocled.
The rate of cocling must be controled. The time taken for
cocling depends on the tank =size and the construction
materiale. The temperature of the tank structure must be
carrefully monitored to ensure that the temperature diffe-
rential between various parts of the tank doese not become
EHCESSIVE.

Fressure within a tanmk will increase due to the
vaporization of the liquid droplete. This pressure is
relieved by the reliquefaction process or by returning the
vapouwr to the shore by & pipe which connecte to a shore
line at the manifolds and which is known as the vapour

return line.

3.59.4.3F Loading on LNG carrier:

Eefore loading starts, the tanks must be dry and free
of oxygen. The tanks will therefore have been dried with
air which has been passed through a dehumidifier. The
dewpeoint of the air must be low encough to prevent conden-—
cation of water vapouwr onto the cold tanmk structure. The
tanks will then have been inerted with nitrogen to prevent

the formation of an explosive atmospheric mixture. Methane
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vapouwr is introduced from the shore until the inert gas 1s
vented, usually to the atmosphere, and & suitable positive
loading pressure is attained. A vessel may also arrive
alongside gas—free and under an BOY vacuum which is broken
by the introduction of the shore methane vapouwr and the
atmosphere inside the tank is raised to a slight positive
pressure. When methane is detected in the vented exit gas,
cooling commences via the spray rails. Once a suitable
level of liguid is formed in the bottom of the tank.
loading is carried ocut as previously described.

During loading the cargo, vapouwr must be returned to
zshore tankkese via the ship’s piping and the shore wvapour
return hire. The rate of loading is determined by the rate
at which vapouwr is generated within the tanmk and the
gbhility of the vapour retwn line to remove the vapour to

3.5.4.4 Loaded passage:

On LNG ships cargo vapow is withdrawn from the

vapour space, passed through the religuefactio ant
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the condensate returned to the tamk. On LNG ve

il
in

gels the
[ & . 4 s § s
boil off ie either vented to the atmosphere or used as

propulsion fuesl.
.5.4.% Discharging:

Before commencing the discharge on an LNG ship, the
ligquid limes on deck must be cocled. The discharge may be
aided by the use of ship’s booster pumpese which assist the
individual tank pumps. Discharging usually commences with
one tank only and once the system is chserved to be furnc-
tionning satisfactorily all the tanke are discharged simu-

ltanecusly. Fressure must be maintained within the tank

“



during all stages of the operation.
J3.5.4.6 Ballast voyage:

In order to maintain pressure in the cargo tanks, and
to use a cooling pilot, some gquantity of cargo is retained
in the cargo tanks after discharging.
3.5.4.7 Preparing a tank for entry after cargo

discharging:
The following procedure should be adopted:

a— The puddle heaters should be used to boil off any
remaining ligquid is boiled off by the introduction
of heated vapour.

b— Isclate the tank from any religuefaction plant and
secure any cargo inlet or outlet valves in the
closed positicon.

c— Carefully raise the tank temperature to the
ambiant {(or surrounding! temperature.

d- FPurge with inert gss to prevent any remaining
cargo vapour forming a flammable mixtwre with air.

e— Ventilate with fresh air using fixed o portable
foamse of approved fire—proof construction.

f- Institute entry to enclosed spaces procedures.
3.5.4.8 Comments on operationnal procedures:

After delivery, shipyards provide ships carrying
liguefied gases with technical manuals giving details
regarding cargo handling eguipment and instructions for
ship operators. Therefore, the different operations

described above are only summarized in order to show the



complexity of safety invelved in the sequence of LNG ship
operations.

Several industry-based international organizations
which have already been mentioned in earlier chapters,
publish coperational guides that are very useful and
important and which may not be ignored by ship and shore

management. one of Those manuals is namely:

-"Tanker safety guide liguefied gas" is published

<
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the ICE and its purpose is to provide those serving on g

carriers with information or recognized good operationnal
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following items:
—~ Informaticn on the general properties of liquefied
gas, the hazards of such, and how to transport them

n safety.

i

- General precauvtions for the safety of the ship,
specially the avoidance of fire.

~ Cargo operational guidance, including loading,disc-
arging, reliquefaction, purging and sampling.

- Information on cargo equipment , instrument opera-
tion and maintenance.

- Correct procedures for entry intoc enclosed spaces,
fire fighting, emmergency actions, and personnel
protection.

The gquide is written in pratical terms, the physical
properties of gases are explained at some lenth and
explanations are given as to why special precautions
are nNecessary.

There is ancother guide drafted by Graham Mc Guire and

Barry White of the Hazardous Cargo Tank Unit, Leith

~J
~J


ammonia.lt

Mautical College (now center for Advanced Maritime

studies), entitled "Liguefied Gzs Handling Frinciples on

Ships and in Terminalse". Thie edition i=s similar in

contentsthan the ICE manual.



CHAFTER FOUR

CASUALTIES

4.1 Casualty types :

In this chapter the types of casualties are
classified, with their definition az per "Lloyd’'s Register
casualty" given below:

Collision:

Striking ancther ship, regardless of whether under-
way, anchored or moored. this category does not include
striking underwater wrecks.

Grounding:
Vessel touching sea bottom, underwater wrecks etc...

Fire/explosion:

Where the fire and/or explosion ise the first incident

reported.

note: It therefore follows that casualties involving fires
and/or explosions after collisions, or stranding
etc...would be categorised under "collision" . Scavenger
fires will be included in fire and explosion.

Foundered:

Includes ships which sank as a result of heavy



weather, springing of leaks, breaking in two, capsizing

etc... and not as concsequence of colilision and grounding.

Machinery damage:

Ships lost or damaged a result of machinery, shatt,
rudder or propeller failure.
Contact:

Striking an external object but not another ship or

sea bottom. This includes striking a pier or off-shore

structure.

Missing:

After a resconable periocd of time, no news having been

received of a ship and its fate being therefore

undertermined, the ship is reported as missing at Lloyd’s

and is included in the missing category.

4.2 Casualty categories:

Cazsualties can be divided in I categories as follows

131

{(i)=all casualties (non

serious and serious),
(ii)-serious,
{iii)—-total los=.

Non serious:

Any incident occuring
ant ship of 100 tons gross

tion of the ship

to a propelled seagoing merch-

and above in which the condi-

suffers adverselv.



Serious:

Is a casualty to a ship which results in:

a)— structural damage which renderse the ship unsea-
worthy, such as penetration of hull underwater,
immobilisation of main engine, eztensive damage
etc..u.

b)— breakdown necessiting towage or shore
assistance.

cY— actual total loss.

Total loss:

Fefers to a merchant ship which as a direct result of
being a marine casualty, has ceased to exist, either by
virtue of the fact that the ship is irrecoverable or has
csubseguently been broken up.

Ships which have been declared constructive total
losses but which are undergeoing or have undergone repairs

during the vear are not included.

4.3 Casualty statistics:

4.3.1 Introduction:

In the abscence of updated statistice specific to LNG

shipes in comparison with LFG and even with shipe other

than LNG/LFG ships. The following Section is based on the

limited informations available from the following sources:

a)— Analvesis of the record 1944 to 1981 on Ligquefied

g1



Gas Ship Safety hy FOTENS & FARTHER™S NewYorbk.

bY- Safety Review of Bhips for Ligusfied Gases and
Features Legislative hNeeds by D.S Aldwinckle and
D.8 Fc Lean—-Lloyd’ s Register of Shipping Londorn-—
paqge 120 (Gas Tech.B4, LNG/LFG -Conference

Amsterdam .November &6-9,1%84).
4.3.2 Gas ships casualty and damage statistics:
4,%.2.1 Ship casualty statistics:

LNG and LPGE are both inflammable when evaporated and
mived with air. Casualties which are judoed "serious" are
those where there was some actual or potential threat to
the cargo containment syestem. The accidents which result
in a cargo spill o leskage, or in a cargo fire, are

t erous. ANy spill or leakage of
cargo creates a possibility of fire which could endanger
nearby persons or property. A survey of serious

incidente on LNGE ships h

it}
in

bheen undertabken by FOTTEMN &
Fartrners Inc. and they are summarised in Table 1.5

helows

Table 1.4 — Summary of sericus incidents (LNG ships):

Type of incident Number of incidents Cargo Cargo

1981 12464-1980 leakage fire

Collision while

rJ

underway 1

Struck while moored O 1 0 0

i)
iJ



Contact with station-—

ary object
Grounding 5]

Explosion/fire aon

board 1
Spillege of cargo 0O
Tot al 2

Ariother approach to studyin
losses is to compare bhoth LNGE an
as shown in Table 1.5 .The sourc
{of reference (h) presented) in
Section.

4,3.2.2 Reports on casualties:

The folliowing records, whic

dicate thet in no instance was a
cargo escaped and no case of ser
found.

The range of the following

limited to those which affected

system or cargo handling system
spill and lightning strike, grou

1 ]

2 0

4 0

i i

11 1
g casualties and total
d LFG with dry cargo shi
e 1s drawn from page 122

the introduction of this

h are not definitive, in
tank damaged so that
ious cargo fire is to be

accidents and incidents
the cargo containment
and they include liguid

nding and stranding.

Therefore the data related to consequences of accidents

that are less sericus as shown t

Grounding:

he following reports.

pl =



O, 00 0,56 O,.32 8} =

0.00 1.08 25 He. B2

O, 00 1.43 G QOO &.b4
=

!}

O.00  O.00 O O

Contact A 0,00 0,00 0, 000 0,7
E D.00 0,34 0,32 1.88
c .00 0,.3& 0.3 2.08
) O.00 O, 00 0, 00 .25
Fire 7 T4} 0,00 0,72 0,673 1.82
Explosion K 0,00 E.58 . DL 37
C O.00 4,730 H T e 20
D .00 2,87 R 4.98

Foundered & O.00  1.473 .26 2.61
B 0, 00 0. 34 s o [ g A
G 00 1.7 1.58 2.94
D

0,00 0,00 O 8,75

(SIENIH] 0,00 0,00 Q.2

Hull 7/

A
Machinery E Z.65 9.32 .52 g.0d
damage £ 2.65  9.32 g2.52 8.34
D OO0 0,00 O. 00 0.2
Miscella— & 0. 00 O, 00 0, 00 0,08
neous E O.00 0,00 O .00 0,272
C 0,00 0,00 0,00 0,25
D 0,00 0,00 0 .00 0,00

24



Missing & GL00 0 0,00 O, O 0,15
E 0,00 0,00 1, OO .01
> O,00  O.00 0.0 O.14
D i:) . l':'Ji:) O e O l':) o i:) i:) 0,00

War loss / A .00 0,00 0. 00 0,25

Hostility E Q.00 0,00 0,00 0.6

- OL.00 0,00 0.88
D O, 00 D, 00 1.0
Wrecked 7 & 1, 0 1 el 7 1.58 Z. 81
Stranded H 10 &8 2.5 .47 e

= 186 55 - B udld o

D O.00  0.00 1, 00 1.20

Total A Q.00 4.3E0 el &.98
w4y e - —

E 12.24 17.20  1&6.73 2771

C 13.24 21.50  20.52 Db AT

B 0.0  2.87 2535 bR A

i = number of reported total losses v FPer 1000 Ship

E = rnumber of reported serious casualties ) Years

C = total of A plus B 7 drounded to

D = number of people killed or missing ) two decimal
prlaces)

Sources : Safety Review of Ships for Liguefied Gases and

Features Legislative Needs by D.S Aldwinckle and D.S Mc
Lean— Lloyd’s Register of Shipping London— page 121.
(Gaz tech. B4, LNG/LFG . Conference Amsterdam November

-9, 1984).



Ship: El Feso Faul Kayser
Date: 29 June 1979
Category: Grounding

Type: LMNG

Capacity: 25,000 mI

The grounding hapenned in Gibraltar. The ship, fitted
with a Gaz Transport membrane tank system, was severely
damaged as reported atter the survey in drydock.

The bottom pleting on the starboard side was ripped
open and set up a masimum of about 2.2 m from the bow
thruster room aft to the aftermost cargo tank. The great-
est damage appeared to be in way of cargo tanks Nos. 2 and
Z. 0On the port side, damage was confined primarily to the
double beottom in way of cargo Tanks MNos. 2 and %, the bo-
ttom pleting being ripped open and set up about 1.5 m.

The damage on the starboard side extendesd to a

%}

rtion of the inner bottom plating forward, where the

ot

p
plating and the containment system components above were

set up, it was alleged, about 15 cm. The containment sys—

r+

em, including both the primary and secondary barriers,
ema

remained ligquid tight despite the deformation to which it

z

as exposed.

Ship: LMG Tawrus

Date: 12 Decembre 1980
Category: Grounding

Type: LNG

Capacity: 125,000 m3

The grounding of LNG Tawrus happened at Mutsure
Anchorage in Japan. The damage is likely eimilar to the
damage that cccured to El1 Faso Faul FHayser but on LNE

Taurus the damage exntended over much of the cargo area of



the ship. In this case the author doss not give more

information.

Ship: El Fasc Columbia
Date: 16 December 1981
Category: Grounding

Type: LNG

Capacity: 125,000 m3

The grounding of El Fasc Columbia happened on the
Coast of Nova Scotia near Cape Bable Island. The ship
was being moved, in an incomplete state, from Boston to
Halifax for lay—up.

The damage as stated by the author was worse than
the damage in the preceding cases.

The damage caused flooding of the engine room and,
apparently, one cargo hold. The cargo tamk in the hold is
=tated to have floated, releasing the deck pleating and

pushing 1t upwards.

LNG Spill:

Ship: Methane Frincess
Date: Early 19&5
Category: Ligquid Spill
Type: LNG

Capacity: 27,400 m3

The site of casualty was not stated by the author.
The damage consisted of the fracture of deck plating which
occured on Methane Frincess after discharging on an
earlier voyage. The discharging arms were disconnected
hefore the liquid lines had been completely drained, and a

sliver of FTFE lodged next to the wedge of a shipside gate

e7v



valve, causing LNG to pass through the imperfectly closed

e ]

valve and into a stainless steel drip pan underneath. The
eliver of FTFE had been sheared from the face of the wedge

by prior valve openings and closings.

Ship: Jules Verne
Date: May 19&T
Category: Liguid spill
Type: LMG

Capacity: Z5,500 mI

The casualty hapened during loading in Arzew,
Aloeria. It was caused by overtilling Cargo Teank No.i,
which rezsulted in the fracture of tank cover plating and

the adjacent deck plating.

Ship: Mosteta Ben Boulsid
Date: g April 1979
Category: Liguid spill

Type: LNG/LPG

Capacity: 125,000 m3

During a discharge of Mostefa Ben Boulaid at Cove
Foint Marviand, an LNG spill occured, resulting in the
fracture of a certain amournt of deck plating.

The spill was caused by the escape of LNG from a
swing—check valve in the liguid line. In this valve, the
hinge pin i retained by a hex head bclt which penetrates
the wall of the valve body. In the course of operating
the ship and/or caraoo pumping system, it appears that
vibra—-tion caused the bolt to back out, releasing & shower
of LNG to the deck. The vessel was taken out of service

after the incident and the structural work renewed.



Ship: Follenger
e

Date: 25 April 1979
Category: Liguid ESpill
Type: LNG

Capacity: 87,600 m3

The damage hapened during the discharging of LNG at
the Distrigas terminal at Everett, Massachussets. The
LNG leaked from a valve gland and apparently fractured the

tank cover plating at Cargo Tank No. 1. The guantity of

LNG that spilled was probably, as stated by the author,
only a few liters. The fractures in the cover plating

covered an area of about ftwo square meire

Lightning Strike:

Ship: Methane Frogres

i

Y
-1
i

4oz

Date: 25 december
Category: Lightning Etrike
Type: LNG
Capacitys: Z7,400 m3

During loading at Arzew, lightning struck the forward
vent riser of Methane Frogress and ignited vapour venting
routinely from the ship®s vent system. Loading had been
terminated when a thunderstorm broke upon the terminal
area, but vapour generated by the loading process was be-
ing released toc the atmosphere through the ship’s venting
system, the shore return piping not yvet being in
operation. The fire was extinguished in & short time by

the use of the nitrogen purging connection to the riser.

Ship: Jules Verne

Date: Undetermined



Category: Lightning Strike
Type: LNG
Capacity: 25,300 m3

As in previous case, a lightning strike occured on
board Jules Verne, and the ensuing vapour fire was
extingui-shed using the nitrogen purge connection.

In the same manner, a lightning strike happened tao
LNG ship "LNG Aguarius" while discharging LNG at Tebata,
Japan. This ship experienced a simultaneous lightning
strike on two vent masts and the fire was extinguished in

a short time.

4,.3.2.7 Damage cause analyses:

These various casualty statistics were presented in
this Secticn with minimum interpretation by the authors in
the stastics tables together with short written reports.
In further developing an explanation concerning the causes
of such marine casualties, I found it particulary helpful

to consider the study case by case.

(i)-Analysis of Table 1.4:

In this tahble it is shown that the total of eleven
ser—-ious accidents over eighteen years, as per Foten %
Fartners Inc., does not tell us a lot about critical
elements to decide which factors to pay attention to and
which to igrnore. Furthermore, we can accept what is
causal may well be dependant on the possibilities of these
LNG ships have always set high standards of satfety and
there is no evidence from the data given in Table 1.4 that

standards of safety are declining.

(ii)-Analysis of Table 1.5:

Qo




In this table the causes of casualties are presented
1

<
]
"
i1l
M
in

0

o

[

m

N
+

—Collision (between mooring
—Contact with a stationnary
—Fires and explosion
—Wrecked/stranded

—War loss/hostility

—Hull/machinery damage

~Foundered

—Mis=sing

-Miscelleancus.

fs in any classiftication system of casualties, there
are problems with this categorisation. Une difficulty is
that a casualty may fall intoc more than one category ( for
instance, & fire in the steering gesar room causing the
gear to fail, which in turn causes a collision or groun-
ding in shallow water).

For the purpose of anslysing the causes of damage in
this, table it may be essential to make a connection
between one type of casuslity and another figuring in the
same table.

The casualty fregquency of LNG ships regarding the
various types of casualties containmed in Table 1.6 will
clearly differ from that of LFG and dry cargo ships but it
can be clearly seen that only in the latter two areas are
there comparable numbers.

Let us consider the numbers of reported serious
casualties and total losses in LNG, LPG and dry cargo

ships. It i shown that:

al— In hull/machinery damage:

F1



LNG Dry cargno LFGE

2.65 8.36 .32

b= In wrecked/stranded:

LFG Drv cargo LNG

4,50 10,19 10,59

The high number for LNG in (b)), may not be accurate
and I feel that it should have been examined at the time
of writing this statistices table ( Movember 84 ).

Let us consider the two areas presented in the above
stastics and analyse them.

Generally, hull/machinery damage tends to be a con-
sequence of a dietinct chains of events such as collision,
contact with a staticnary cohject, stranding or ground-ing,
fire/explosion etc...

The causes are difficult to discuss in detail.
Nevertheless, the particular casualty of stranding, which
ie mentionned above in Table 1.&, will serve as an
example of investigating the cause of damage.

The first idea brought to mind, is why stranding or
arounding happens 7.

Stranding or grounding tends to cccur near the coast
an near approach to the land. Therefore, in general, a
warning of shallow water should have been obtained from
the echo sounder, is the primary navigational equipment.
Therefore, the cause of stranding or grounding is due the
non-use of the echco sounder by navigators.

Some groundings on apprcach to land might be attribu-
table to fatigue or stress of the officer as a conseqguence

of experiences during the vovyage.



Frequently, they may he attributed to some errors in
position fixing, in the equipment or in identifying buoys.

As a consequence of this brief analysis, there is no
doubt that the human element in stranding or grounding
may be greatly involved. And hull/machinery damage may

come as the consequence of the grounding and the

in

tranding.

(iii)— Analyse in the reports:

Grounding:

These points were discussed briefely in analysing the
Table 1.5 relative to grounding and the position was taken
that to the human element is a cause for such casualties.

This conclus

s
B

r was suported

n

arlier by the source

quoted by Reen Admiral W.M Benkert U.S5.C.G6 in his manual
"Reasone for Collision and Groundings" (0il Companies
International Marine Forum. 17th - 18th January 1978),
arid where he stated the following: << Aproximately BE ¥ of
all marine casualties have bheen the result of the human
factor >k,

Looking now at some specific details relative to
groundings in the reports, it seems, at the first approa-
ch, that deficiencies might exixt in the standard D? na-—
vigational equipment provided on board but in the great

majority of cases in this category of accidents, the



cause remains humans on board.

mn

The man in charge of marine operati on board the

0
in

n

ship has all means and facilities to accomplish a safe

ravigation. He has modern aids to navigation of all types

-
fin}

such as:

- Radar
- Decca

- Gyro-compa

n
11

- Log speed system

— Omegsa

- A-0 Loran

- Batellite Syestem ( Transit )}

- Doppler Sonar

~ Echo sounder

- Conventionnal marine radio- eguipment.

He has the responsability of o ecting L large

o

amount of data such as restrichtion

navigation in certains areas with traffic

and making a choice of the route according to the weather.

The vessel is fitted with efficient hanmdling and with

maneuvrabhility capabilities.

i}
1=
]
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So far as equipment and design are concerned, to be
identified as contributing causes of damage, 1t

that their reguirements are satisfied and a very

csafety record is achieved. if the human on board h
obeserved the general state of the vessel by making
vigilant checks /controls of the vessel's performances by,
keeping equipment in good working and condition through

maintenance and repairs.

EBecausze, regarding at thi

n

last point, it may
be, that the reader has accepted that the causes of damage
1

may come from the failure of a2 vital eguipment causing the



grounding. Therefore, part of the answer is that, the
equipment is always under the control and maintenance of
the human on board.

In addition, the causes of grounding are attributable

te human error under the following two major sources:

- failure to navigate safely despite properly trained
and competent personnel and an adeguately eguipped

ship.

— Insufficient knowledge or inability to use availa-
hle equipment correctly to navigate the ship

zatelv.
LNG Spills:

LNG spills accidents and damage have been discussed
in the reports in =so far as they are due to normal events
considered as known and expected to ccocuwr over the ship’s
life time, or to abnormal events if they are beyond the
control of humans {(builder or operator).

Arn LNG =pills is the most lik
under small LNG streams, potentially cracking of the
weather deck or cther euposed plating. They have occured
mostly at load staticns in the vicinity of vent masts, and
manifold shore connections.

They also happen during leoading / unloading while the
hu-man on board is operating. The LNG spill might be
human on board is operating. The LNG spill might be the
result of overfilling, of discomnecting the loading arms
before draining the LNG line of deficiencies in thigteness
of the shore connection.

Although the report, presented here are not explicit

orn this case of damage, it must be assumed that in
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general the causes might be attributable to the human
element.

Rare is the external factor such as a heavy swell
during bad weather or a natural catastroph causing to the
ship & rupture and disconnection of loading arms. In
other parte euperiment and experience have verified that
this case in the general dynamice of ship are insensitive
to such external factors.

The occurence of LNG spill damage is shown in the re-—
rte to be minimised by a short duration of contact
betwesn LNG and exposed steel when the human on board is

trained for emergency cases, and he responses immedia-

ode of ship lay—up during repsirs.

I

Lightning Strike:

Lightning strikes have generally occured on venting
masts. In this case the =spill is limited only to vapour
escaping from the mast and the exztent and duration of ths
resulting fire is function of the mavimum credible spill.

The causes are attributable toc external factors as a
thunderstorm. The ability and fast response of the
operator on board may extinguish the fire very fast by

using nitrogen.

4,.3.2.4 Conclusion:

It has been shown thaet the safety record of LNG ship

iz of high standard compared with other shipz. There is

no high number of casualties. The statistics tables and



reports have indicated there are possible safety
deficiencies. Nevertheless they are not all serious, and
if they are, generally the extent of damage wherever
obzerved was limited by the immediate response of a human
on board or by the high level of confidence in the levels
of safety provided earlier by existing requirements such
as the design and construction codes or other IMO
recomendaticons.

For the purpose of comparison, the crude cil carriers
of present day design may have more severe damage
consequences after grounding thanm LNG ships.

Finally, we must conclude that up to now designers,

legislatore have solved technical safety of

(a8

industry an
LNG carriers. However, an exception exists regarding the
human element which plavs an important role in maintaining
the whole safety level onboard LNG ships.

The human on board should be selected and trained to

i

comply with national and international reguirements, to be
familiar with the cargo handling coperations, and to
conduct the vessel in a safe way. Eecause the
requirements for classroom training as requested are not
and never have been, designed to substitute for long
superience on board operaticnal training is & must on gas
carriers before the personnel should be given responsible

positions.



CHAFTER FIVE

THE SAFETY OF LNG CARRIERS
WITH FARTICULAR REFERENCE
TO THE ALGERIAN FLEET

S.1 General:

In Algeria the most important trade goes by sea.
Amorig the objectives assigned by the national charter to
the

n

eatrade is to fit the country with a maritime fleet
whichk constitutes = logistic support necessary for the
expansion and independance of the international trade".
Therefore the Algerian governmemt developed over a

period of time:

- the maritime fleet,
- the construction of new ports, and

- the training of humans.

The companies of maritime navigation were born as
CHNAN (Compagnie Nationale Algerienne de Navigation) and
SNTM —-Hyproc (Societe Naticnale des Transports Maritime

des hydro—-carbures et produits chimigues).

Joint venture companies are associated with the

Algerian fleet such as AMFPTC, COMAUNAM, CALTRAM, CORENAM.

In 1972, Algeria started with one LNG ship — Hassi
R*°mel, LNG carrier of 40,000 m3 - to export gas from
Skikda (east coast of Algeria) to Fos (South coast of
France) in the first phase of the first contract with "Gaz

de France".

28



Four other LNG carriers named Bern Eoulaid. Larbi EBen
M*hidi. Abane Ramdarne, and Bachir Chihani were recelved
and ready toc ship the LNE but they were delayed due to the

extension of negociations of Sonatrach with its partner

1=

in

Algeria is the main supplier of natural gas to

France, and aleo evports it to Belgium, the US, and Spain.

1

The LLNG fleet is spreading with contracts in its

i

respective scheduled lines. However during the pericd of
1987 to 1988 the Algerisn LHE ships were not in opsration.
They were lving idle in Algerian ports for lack of
employvment. This was due to the conseguence of the
conflict with the USA raised from gas price wich was tied
to crude oil price by algerian government.

=
The above reascon lead to ceasing the services of some

fore, the long standing

-
m
L
=
i
+
2
-
(B
-+

w13
m
&
1
0
|
2
m
—
]
ot}
w
(8]
bl
5
]
i
a
oL
31]
ifi
0
‘a
a}
-+
T
i
N
T3
n
i
'
P
]
3

S.1.1 LNG carriers in the fleet:

Alogeria had always aspired to build up a shipping

fleet as shown below in the Table 1.6.

Table 1.& — Algerian fleet

Ships Nber of 1000 1000
types ships=s DWT grr/iat ntr

29



0il Tankers 2 191.3
Chemical

carriers 01 S50
Liguid gas

carriers 0Og 4073 .4

Bulk and ore

carriers 05 126.0

General cargo

shipes:

Single deck 10 G .0

Multi deck KXW 1971

Ferries Oé 14.8

Total 75 9464, 4 25 . 493,35
borld fleeset B5120 Gl5252 .8 IT7ELEETL] 2E4044 .0
% share of total 0.2

Ranbk ocut of 152 54

Alogerian LNG production, which representse 25 ¥ of the
world®s LNG was not eupected to bhe aon full stream until
1977. ESince that vyear Algeria has constructed five new
LNG carriers as shown in table 1.7 - each having appro-
vimatively a total capecity of 125,000 m3 . Those new LNG
carriers were built by French shipbuilders.

These shipsz owned by SNTM Hyproc, are built and
operated to the highest degrees of safety and reliability.
This fleet regulary services the Algerian— USAS France/
Belgium/ Spain LNGE routes for the full Z20-vyear life of the

normal contract. They are fitted with advanced safety
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equipment and modern,

and propulsion machinery. They

integrated control

systems for cargo

are propelled by steam

turbines designed to provide flexible and economic

"boil-off"
Thece

cperation, using gas

primary fuel. als

ships

n}

esign type, each equipped with

d
give the vessel itse distinctive

Table 1.7 — Report of algerian

from their LNGE cargos as a

have tanks of the membrane

five giant LNGE tanks which

outline.

gas fleet.

Name of ship Capacity of Tank design Yesr EBullder
tamnbks (m3)

Hassi R mel 4, 109 G.T 1971 CNIM

Larbi Hen M hidi 129,500 G.T 1977  CMIHM

Bachir Chihani 129,500 G.T 1979  CHIM

Mostefa Ben Boulald b b T.M 1979 CIOTAT

Mourad Didouche 12&, 000 G.T 19850 Atlan-—
tique

Famdane Abane 124,000 G.T 1981 Atlan-—
tique.

G.T = GBaz Transport membrane tvyvpe

T.M = Technigaz membrarne type.

Source: Research by JAMIRK.

S5.1.2 Ports:

Delimited in the north by

a lenagth of 1200 km,

This situation promotes the littoral

=ea at any seaszons

the Mediteranean Sea with

Algeria has good climetic conditions.

which i= navigable by

{see annexe 1.1.4)

The Algerian littoral has a specific reputation for a
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qood nautical safety ( depth, shelter, easy access }.The
choice of portse would constantly make reference to the
safety aspects of shore terminals in the interests of the
lives of personnel on board, onshore in the area, and also
the need for some form of traffic control to minimise the

risk of collisions in the approach to the terminal.

For the purpose of LNE projects, Algeria has
constructed two great ports for exporting this gas,
namely:

- port of Arzew and

- port of Skikdsa.

The gas terminal in the port of Arzew is called
Eethioua, which is & ligified gas terminal East of Arzew.
It was almost completed when extensively damaged during a
storm in 1980. Vessels await a pilot anchor between 1 and
1.% n. miles North of the breakwater. Two pilots are
compuleory during the entry and one for the departure.
The towage is compulsory and six tugs are reguired on
entry and four on departure. THe maximum draft 1s 26.4
meters. There are four LNG berths called M1, MZE, MI, and
M4: their maximum lentgh is 480 meters , their depth is

re; and finally their maximum tonnage is 125,000

The gas terminal in the port of Skikda is situated
400 km east of Aloiers, the port formed by a breakwater
1,615%m in lentgh with an entrance 100m wide. The depth in
the entrance channel is 15.0m. The pilotage is compulsory
and there is one tug available. A pier provides two

berths for loading LNG with maximum draft of 14.0 meters.

S.2 Background:
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The p

wrpose of this paper is to identify the actual
programme of safety applied with regard to liquefied gas
carriers in Algeria.

Generally this category of ships falles as a matter of
routine into the group of other ships in the whole Alge-
rian fleet such as tankers octher than for liquefied gas
carriers, cargo ships other than tankers and passenger

vessele.

The Algerian Maritime Safety Administration, under
the auszpices of the Ministry of Transport, is responsible

for the ocwnership, registration, management, cperation,

maritime training, maritime industries {( desi construc—

H
P
03
3
=

kY

tion, alterations, rapairs ) of merchant vesszels under the

CH& ( Code Maritime Algerien ).
Integrated in one complex structure which is the
Maritime Safety Administration, the whole programme of

ate

safety, relative to the LNG ships, is developed in the
flow of international and national legislation and
enhanced by the national laws issued for this purpose.

A& large part is therefore devoted to the Maritime
Safety Administration and its relations with other
international maritime affaire, which are both necessary
for understanding the issue of safety in Algerian LNG
carriers.

-

5.3 Existing system of Maritime Safety Administration:
5.3.1 Algerian system of government:

Algeria, which is a socialist country, had the
constitution of 1975 revised in 1985 based on the

principle of division of power between the erecutive

power, the legislative power and the judicial power.
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Since 194%, the vesar of independence, maritime

affairs have been in the hands of Ministry of Transport
+

which zhares related functions with several ministries as

43

shown in Table 1.8.

Table 1.8 Ministries concerned with maritime atfairs.

Ministrie=s degree of wori functions
Finance full tavation matters
Justice full Commercial 1law

local gvt. partly Safety matter
Environment partly 01l pollution
Netence Full Saftety inspection
{(Cozast Guard)

Foreign affairs Fartly Delegaticon of
{(Consulates}. maritime affairs

im broad.

5.3.2 The Algerian maritime law:

The most important act on which martime affa a
based is the CMA. It wa=z adopted in October 1975 and
ronsists of 887 articles written in two books d

parts, chapters and paragraphs.
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rine Directorate and the Fort Directorate which are under
the responsability of Ministery of Transport.

Making constant reference to safety regarding LNG
carriers, I will deal only with this matter taking in
account that the subject of maritime affairs in Algeria

is very larage.

S5.%.4 The Merchant Shipping Directorate:
The principal ocbiectives of the Merchant Shipping

Directorate are to:

|
m
n
m

=

n the saftety of navigation,

- deal with contingency plan to combat marine
pollution.

- regulate the organisations of the maritime admi-
nistration.

— adopt the minimum standards as regards safety at
sea within the framework of the national maritime

legiglation.

To avoid work overload, the directorate is divided

into two sub-directorates which are as follows:

— The Bub-Directorate of Maritime Transport.

— The Sub-Directorate of Maritime Navigation.

-

5.3.4.1 The Sub-Directorate of Maritime Transport:

Eriefly this Sub-Directorate has a role to play

connected to office activities:
- the trade and fleet office,

-~ the economics analvyeis office,

— the development and international relaticons office.
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- the Maritime Navigation Office,
— the Maritime Safety office,and

— the Seamen office.

—The Maritime Navigation Office

It ie in charge of preparing or proposing of:

- rule of ship routings ( controling maritime

navigation and the quality of navigation);

- rules of ship status proceeding with the

status and plamns/ programms for the
m

development of the mariti

e navigation sector:

— contributions to the preparation and negotistion of

international converntions and agreements regarding

3
U
=
r+

ime navigation:

-The Maritime Safety Office:

It i=s in charge inter—-alia of

- preparing stendards of the safety of ships

safety of maritime laboursg

- preparing, proposing and co-ordinating the

and the

setting

up of all kinds of measures to ensure the safety of

maritime navigationg
- preparing rules and standards of safety of

sea and controlling their applicationsg

-The Seamen®s Office:
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It i€ in charge inter-alia of:

— defining criteria affecting the manning of ships;

- preparing and proposing the professional status of
Seamen;

= contributing to the preparation of training
programmes for sea-going personnel.

— preparing and proposing all measures to ensure the
welfare of merine personnel within the framework
of the national regulations and rules which are in

force.
S5.3.5 The Fort Directorate:

The Fort Directorate is responsible for preparing
projects and orientaticns to fulfill the cbjectives of the
national policy as regards portse activities. It is in

charge of co-ordinating national port activities.
5.4 Basic principles of Algerian gas fleet operations:

The LNG ships and other ships of the Algerian merch-
ant fleet were built under the inspection and according to
the rules of classitication sccieties and international
rules. Construction and drawings were reviewed under the
responsibility of the Ministry of Transport— to ascertain
compliance with those regulations for LNG carriers. Upon
the satisfactory completion of its first delivery to Al-
geria, each vessel was issued a permanent classification
certificate by a recognised classification society and an
approval of compliance by the Ministry of Transport. In
order to keep those deocuments in force, it is necessary to

undergo periodic inspections and surveye by the
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representives of the classification societies and the
Maritime Administraticn. The purpose is to ensure that

the cuner is maintening the vessel—- its machinery, carqo

equipment, all safety devices, and alarm system— in a safe
and satisfactory operating condition.
To make vessels available for such surveys, scheduled

a

dry—docking is normally part of every vessel’ s shipping

schedule, After a discharge of cargo, the vessel goes to
sea for gas freeing, and then retuwrns to & ship vard

designated in the schedule by the owner.

Depending on its =iz

]

the vessel will normally spend
a pericd of time in drydock for hull work (scrapping,

painting and plate work). Tail shaft and propeller

survevs are conducted at the same time.
The vessel will spend & long time &float for machi-
nery repairs, cargo tank inspection, safety relief valve

checking, plus armny other work which requires gas free

conditions.
S5.4.1 Actual model of LNG ship construction:
S5.4.1.1 General idea:

Gas carrierse have been subjected to zpecial atten-—

om naticonal authorities, shipvards, ocwners and

Matiomal authorities have to deal with security

problems, because the governm

ente reqguire rules which en—
sure a minimum resistance of the ship structure and secu-
rity in case of caesualties

IMO has considered this problem and a set of rules
has been written in IBC. These rules have beern based on
the experience and studies of classification societies .

New sophisticated methods have been used, and are
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accepted by shipyards and owners in spite of their
complexity and cost, because a gas carvier 1g an intri-
ate and eupensive ship. Both security and cost lead to
more precise methods of calculation and building. Direct
calculation methods using large computer facilities are
veed.
This section covers the whole purpose and functions
of safety on Algerian LNG carriers and the way in which it
is carried out in terms of the dutiess of shipowners, in
the contruction within the shipyard, inspections and
surveys by the national authorities or classification
societies, and the role of IMO rules and other provisions

.F
of International organisations.

S5.4.1.2 Shipowner:

A part of the economic need to build the vesse
cwner has to decide that his ship must carry & certain
kind of cargo {which ie liguefied natural gas) and that
the vezzel must be able to do & designated speed to

respect the engagment of contracte in the project of
t

He may reqguire that the vessel will be propelled by

- the ship does not

cpecific type of engine and th
a o

-

caded =o that she will

h
i

et

o deeply in the water when

i+

e able to enter a certain port when the depth of water is
The shipowner may be so specific in his reguirements,
that he will issue the ship builders with & lenagthy

document in the form of a bo called '"new-building
cspecifications”.
On the other hand, there may be investigation of

certain details with a view to the use of low and less
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costly materials, more efficient design and improved

r
A complete analyeis of the potential costs of opera-

ting and maintaining a flest of shi ig an extremely

o
n

demanding task.

The shipowner, who represents the state of Algeria,
ie in a position to discuss the matter with a naval
architect once he has decided on the main service
requirements for hies new LNG carrier.

The shipowner or state usually employs his own ship
desian staff and the board of directors will ask its naval
architect to submit a preliminary proposal based on
certain reguirements.

In pratice in Algeria, the task is not done in this

e there ie & lack of people with either high
1ical training or general educaticon in design and

echn
construction of LNG carriers. For example, I have seen in
i..

the vard a young engineer taking decisions in matters of

s

iy

ship building., and he was not capeble of judging design,

ecauze he wazs too fresh for yard work and not gualified.
Taking into consideration this lack of manpower, the

cwner calls in the services of a firm of consulting naval

architects who will do the same job.

The shipowner forwards his plans and specifications
to several shibuilders, inviting them to tender for the
construction of the vessel with a price and a delivery
date. The main shipbuilders for Algerian gas fleet are

in France as shown in Table 1.9.

Table 1.9 — Liset of Algerian LNG carriers with their ship-

builders.

Ship’s name Shipyard Volume Nb of Type Fropul-
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Bachir Chihani CNIM La Seyne 129,500 & G.T
(Z2YT705) (197%)
Has=i R mel CNIM La Seyne 40,B50 & G.T
(ZPFP175) (1971)
Larbi Ben Mhidi " 129,500 5 G.T
(Z2X704)
Mostefa Ben Chantiers Naval 125,27 & TGZ Mark 1
Mhidi (ZORBIZ) de la Ciotat (197&)

Mourad Didouche Chantier de 26,131 = GT E
(Z2&EB73) 17Atlantique (19800
Ramdane &bane i 126,131 5 GT H
(ZZ2HET4) (1e81)

E = Dual fuel boiler.
Mote: Mourad Didouche znd Ramdane Abane are fitted with
partial LNG liquefied plant.

Sogurce: Bureau Veritas { August 1985 .

In addition to evervtthing else the designer has to
ohserve the requirements of classification societies
authorized by Algeria ( see the chapter relative to
avthorized classification societies!. The regulations t

which the ship must conform in matters of safety are most
stringent and are governed by international agreement (
Sclas 74 ).

=

5.4.1.% Recognized classification societies in Algeria:

Under the orders of 2 February 1972 and 10 April
1973, Algeria has recognized the following classification

societies:

I



{i)-Bureau Veritas (B.V}

-
m
0

{ii)-Lloyd e Register of Shipping

(iiiY-Det Norsk Veritas (Dn\)

{iv)-Germanisher Lloyd (GL)
{v)—-American Bureau of Shipping {(A,E,S5) and,

(vid)=Nipon kaiji Kyokai (NKE).

All the above mentionned societies are members of the
International Association of Classification sccieties
and the Algerian Administration has delegated to them the

duties of:

{i)— assigning leoad line markes and issuing the
corresponding certificetes in accordance with
the LL Convention.

(ii)— following up conmstructions and issuing the
corresponding safety certificates in accordance
with Socla=s and,

(iii)— ensuring the clas

n

ification of Algerian ships.

For the purpose of information the Algerian LNG fleet

iz classified in Bureauw Veritas as shown in Table 1.10

Certificate Ref. Auth. Cert. issue Type of Cert. Infor-

mations

Tonnage Decree NoBD.0O77 E.V Oslc 1947

London 19&%9
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Load Line Decree dated E: ¥ ILLE &&

10.04.73
Marpol Telew 152 N B.V "IOFF Certificate
of ZB.11.83 for ships of compliance"

CHNANLSNTH {Anneves TandlIl}

Bureau Veritas

Ref VTX : S0OIML1 Guidance Note NI 190 A - R. 10.08.87

5.4.1.4 Algerian gas fleet under Bureau Veritas:

- set up the concept approval procedure after review—

ing detailed drawings and supervising relevant

-

estz or trials on LNG comtainment and hull design.
- Bet up surveye and certificates of approval on
major components to be fitted on board gas

carriers.

Gas carriers are subjected to various International
Maritime Organisation instruments depending on the date
on which their buliding contract was placed. Among those,
they are to comply with the code for existing ships carr-
ving liguefied gas in bulk, resclution A.ZZB. Besides
classification, Bureau Veritas checks compliance with the
applicable IMO regulation.

The other possible function of EB.Y, is to provide
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technical assistance to either shipyard engineers or ship-
owriers. Therefore, it ie possible to work out computer
programmse which perform calculations required by rule
viz:
{i)— Hull structure temperatuwre calculation,
(ii)— Safety relief valvez flow calculation,
{iii)— Filling curves drawing,
{iv)— Different pointes on calculation and statistical
analyses to determine ship behaviour at sea,
{(v)— Hydrodynamice efforts,
{vi)— Safety factors on calculation of dynamic
ztresses associated with fatigue analyses and
ecstimation of lifetime or acceptable stress

-

concentration for a given lifetime of the ship.

Approval, certification and survey:

A

geria aranted a delegation to EBE.V which delivered a
formal document called attestation or certificate of
compliance.

In respect of the aim of classification or
certification az defined in the rules of B.V classifica-
tion society, there is an approval to be issued by B.V
at different steps of performance in & building { ®.g:
basic approval, design approval and final approvall).

In order to maintain the classification, Bureauw
Veritas carry out sufficient surveys to assuwre that the
ship’e degree of compliance with requirements warrants the
continued possession of the certificates and that the ship
can continue to be operated with safety. The surveys
contained in regulations of Bureaw Veritas are the

following:

(1)'— special survey,
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(ii)— annual survey,
(iii)— periodic survey other than annual survey,

{iv)— other survevys.

Special survey:

The special survey contains , in addition to the
surveys of the hull which must be examined at least twice
during the whole period of S years, one general survey of
the hull, engines, fire fighting eguipment and other
installations.

The conditions of survey must be detailed and strict.
Fefore carrying out the inspection outside and inside of
Full and accessories, the ship must be prepared for this
purpose. The tanks, holds and the thickness of structural

hecked

n

elements might be rnd measwred respectively.

i an
Special precavtions might he taken for the inspection of
cargo handling equipment, to eliminate all kinds of danger
for the survevor. All cargo tanks must be examined from
inside. The inert gas installation must be suwrveved
during this special survey as well the engines, electric
equipment, automatic installations, and prevention

inetallation of oil pollution.
Annual survey:

At each annual viegit, the ship must be available to

the general survey afloat, which consists of:

0

- sufficient visual survey of the ship and its
equipment and some tests to show their working
maintenance.

— visual survey to check that only approved

modifications have beern made to the ship and ite

1ié



egquipment.

The annual visit consists th

]

refore of the following
items:
- the hull,
- engine and electrical equipment,
- fire—fighting equipment,
— inert gas installations, isoclation protection,
drying,
— weather deck for different cargo handling
installations,
= pumproom and handling cargo room,
- automatic installations, and

- il pollution prevention installaticons .

Feriodic survey other than annual survey:

The survey is carried out outside in the dry-dock to
check the state of the hull for corrosions or
detericration or other deformatiocon. The anchors must bhe

examined

0

well a= the rudder , propellier and shafttail.

+m

This visi m

i}

v be done by diving.

Intermediate visit:

This visit consistse of the following operaticons:

- to check arrangments for drain release circuit,
— to be sure cargo tanks and cargo line are to earth
connection,
— to check in detail that that the electrical
equipment in hazardous areas is in good order .
- to make a general inspection and test of ballast

tanks,



- to make a general inspection of cargo tanks,

— to conduct a test on leakage detection in the
isnlation of barriers in the cargo tanks,

- to check cargo lines for detecticon of gas and if

they are corroded, different gas instrumentation

analyse are used here, and

- to check inert gas installations.

Bureau Veritas makes other visite such as occcasional
visite in case of grounding or other damage caused to the
ship, in case of alteration in the ship classes, or when

the ship is laid up.
5.4.1.5 Identification of surveying body in Algeria:

The =zurveving bodies which are responsible for the
implementation of the provisions wf the Algerian Maritime
Code and the international ceonventions pertaining to the

safety of 1if

m

at sea, working conditions and welfare of

ceafarers { conventicons IMO and ILOY) are called Committees
under article 235 of the Code Maritime Algerien. And they

are as follows:

{i}— Central Committes of Safety located at central
level and

{ii)- Local Inspection Committee at local level.

The power of those committees is limited to the
implementation of safety legislation in the port areas,
while the national Coast Guard has the responsibility for
enforcement of laws outside the port areas.

Under the Ministry of Transport, the Central
Committee of Safety is composed of representatives of

the Ministry of Transport, the National Coast Guard
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Service, the Ministry of Telecommunications, the Ministry

of Health and shipowner.
Local Inspection Committee:

Under the head of the Maritime Affairs Bureau , the
local inspection committee is composed of representative

a
membere of the natiornal Coast Guard Service: nautical

n

surveyors, and engineer surveyor, a radio communications

surveyor, and a medical doctor for seamen and shipowner.

Overview of responsibilities of the two committees:

The responsibilities of the committees are summarised

i

8]

follows

a1}

{(i)— Rewiew and approve drawings and documents of
new buildings .
{ii)— Review and approve reconstruction drawings

£

(n}
mn

visting ships.

]

{iii)— Rei
t

w and approve life saving appliances and
her

safety equipment,

{iv)— Carry out initial survevys on ships,
{v)— Examine appeals to the decisions of the
local inspection committees.
{vi)— Investigate shipping casualties relating to
ships,

{vii)— Carry out different suwveys on board ships.
Coast Guard National Service:
The CGNS (Coast Guard National Service) was created

by ordinance no 73-12 under the authorities of the

Ministry of Defence in 1972 and their responsabilities are



inter—-alia:

{i)— enforce laws relating toc maritime
naviagtion, immigration and customs.
fii)— participate in search and rescue operations,
{i11)— contribute to enforcement of laws pertainimg to
the prevention and combat of cil pollution, and
{iv)— ensure policing of the territorial waters and

the protection of the public maritime domain,
LNG carriers under the survey of MSA:

The Maritime EBafety Administration guarantees the
efficiency of the suwrveys. The severity of the survey
should depend upon the conditions of the ship and its

t. However, the LNGE gas fleet has been, as a
matter of routine, subject to the mandatory annual suwrvey
L tional surveve arising from special events

invalving the ship.

The mandatory annual survey consist of:
{(i}— an examination of the ship’s certificate and,
{(ii)Y— a2 wvisual examination of sufficient extent
together with certain teste of ship’s eguipment
to confirm that its condition is properly
maintained.
(iii)— a visual examination to
confirm that no unauvthorised modiftications have

been made to the ship and its equipment.
Surveys on LNG carriers:

Under aricles ZZB, 2322 and 241 of CMA mentioned that

"every ship " is subject to:

-
k)
T



{(i)— initial survey before the gas carrier is put
into service,
(ii)- periodical survey to renew the certificates,
{iii)— additional surveys as QCCAasions arise,
(iv)—- unscheduled survey, and
(v)— departure survey at the initiative of the head
of Maritime Bureau Affairs, shipowner, master,
or crew member.
The above surveys are to be carried out by the Mari-—
time Safety Administration ( article 234 of CMA } which

shall issue the following certificates:

- cargo ship safety certificate,

- cargo ship equipment certificat,
- cargo ship radioteleqgraphy rertificate,
- pther additiconal certificates in the
responsibility of the MSA and proper for the policy
of the country.
- tonnage measurement certificate and class

certificate.

Other certificates such as Internaticnal Certificate
of Fitness for the Carriage of Liguefied Gases in Bulk
{mandatory VII of Sclas 74 for gas carrier constructed on

or after July 1%8&)

Survey procedure:

The inspector is carries out the required annual
inspection on board Algerian LNG carriers. He looks at
zafety and anti-polluticon standards so far as these are
operational and not eguipment related.

The inspector is empowered to require boat arnd fire
drille and to generally ensure that the ship’s officers
and crew are competent to deal with any routine or emer-—

gency situations that they may be faced with. in the

b
i)
-



event of seriocus operational deficiencies being detected

the inspector will mnormally report to his control office.
In general, the inspectors are comprise a numbe

mariner officers, who are salaried staff, and they are

stationed at certain selected portes.
Problems faced LNG surveys:

Among matters which demand constant attention iz the
problem that the LNG ship inspection function is not as
well carried cut as it is supposed to be because of:

= the shortage of surveyors, and

— the large volume of work which has to be dealt with

by a Marine Directorate,

The problems of shortage of survevors arises from
inadeguate recruitment, & shortage of qualification and

unacceptable working conditions.
Recruitment:

The recruitment of surveyors by the Maritime Safety
of Algeria is inadeguate. This is due to the fact that
the career of the surveyor is less attractive in terms of
conditions of employment relatino to renumeration, hours
of work, employee benefits and general working conditions
Applicants may have to accept lecss pay compared to their

previcus job on board a ship.

Bualification:

o

Actually, the surveyors are recruited as " ship

nautical or engineer surveyor ", the titles commonly used

in the Algerian Maritime Safety Administration to indicate

the division of work contained in the given survey.

122



Traditionally, the marine surveyor is nominated on the

erience in the field. Nowadays with the
high level of techrnology in the Algerian gas fleet the
surveyors are expected to have at least five years of sea-
going experience as marine master or marine chief

engineer. This is because a surveyor of LNG ships needs
w S

ledoge of ships in practical

1]
fud
et
i
'll
J d‘
]
]
n}
i
.
2
u]

ied by the ability to grasp the technical

sigrnificance of any reguirement being dealt with.

hbefore, a qualified master

+ practical experience in the
o day managment of a ship. Work on board ship often
doss not reguire too much organi-

M
fort: tradition and customs of the trade form

Now if we compare this to the office, the work is
completely different. There are several small tasks at
he task, for instance, of a surveyor in
in very dificult

o do his job may be

he recollection by people who have
obhserved past eventse. The informant re numercus or far
away or simply the informa has not beern or cannot be
collected easily.

This example is only one on the list of elements
which make the appointment of surveyors difficult as many
candidatures refuse the job of surveyor.

=

5.5 Inquiries/investigations into casualties:



5.5.1 General information:

In principle, the investigations conducted in Alogeria
conducted of LNG carriers are the same as those of cothers

ships in the fleet.
The MS5A undertakes to conduct an investigation of any

casualty under the following regulations:

At the national level:
aGrticle &£04 of the Code Maritime Algerien states the
obligation to report a casualty as follows: " If during a

voyage, any casualty happens wiith seriocus damage to the

ship and/or cargo or injury to the crew on board, the
master must within 24 hours on arrival at the first port,

gstablish a sea protest which must be deposited with the
competent asuthority’.
tes that the master

0% stipul

m
1]

In additicn, Articl

he)

11

must follow the procedure of verification reqguired by the
competent authority receiving the sea protest . The
authority receiving the sea protest is:
{i)— the Maritime Bureau Affairs in Algeria,
{ii)— the Consulate representation outside Algeria,
{iii)~ where there is no Consulate representative, the
master must follow the procedure prescribed by the local

law.

At the international level:

Snlas 74: In accordance with regulation 21 of chapter I of

solas 74, each admnistration undertakes to conduct an
investigation of any casualty occcuring. Conducting an
investigation may assist in determining what changes in

the present regulations of Solas might be desi

-
-
i}
i
toa
i

fas

Marpol 73/78: Article 12 obliges the administration



conduct investigations into casualties causing major harm

to the marine environment.

IL0 Convention: Article 29 reguires states to hold an
official inguiry inteo any serious marine casualty,

particulary those involving injury and/or loss of life.

UNCLOS: In acrcordance with the mew law of the sea conven-—
tion, article 94(7) it is required that each state shall
hold am inguiry into marine casualties involving a ship

flying it=s flag.

5.5.2 Identification of maritime casualties:

Maritime casualties are not identified in the Code

o

Maritime Algerien, therefore the appreciation and
identification of those casualties are the responsbility

&
of the writer of the sea protest. However, the c

]
i

n
m

SLLE

4
in

tie
+.

may be categorised in general as per the foll

]
-
e

Wing

=

{i)— Violation of: —szafet

W

regulation, and

y
- marine palliution regulations.

{ii)= Accidents such a

- collision,

if

- grounding,

- fire or explosion,
- human failure,

- leakage,

- hull/erngine damage,

- injury to death.

f{iiit— Incidents which could have caused a casualty.

5.5.3 Accidents and investigations on Algerian gas ships:

~e
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5.5.3.1 Accidents and incidents:

The following accidents were recorded in the
t

Ministery of Transport and the list is not definitive.

Ship: Larbi Ben M Hidi

Date: 182 June 1981

Category: Celliszion at anchorage in Arzew (Algerial
Type: LMGE

e it

Capacity: 25,000 m3

While at anmchorage in Arzew, & collision happened
hetween LNG Larbi Ben M Hidi and the Greek ship "Toannls
Commander® , caused by a drift due to a current . The LNG
Larbi Eer M°Hidi was stranded by portside (hull). Ehe

staved in good sailing condition anrnd the damage was

estimated at 100,000 US dollars.
Ehip: Mostefa EBen Boulaid
Date: 8 April 19779
Category: LNG spill

Type: LMNG/LFPG

Capacity: 125,000 m3.,

During a discharge of Mostefa Ben EBoulaid at Cove
Feint, Maryland, an LNG spill occured, resulting in the
fracture of a certain amount of deck plating. The spill
was caused by the escape of LNG from a swing check wvalve
in the liquid line. The vessel was taken out of service

after the incident ard the structural work renewed.

Ship: Mostefa Een Boulaid

Date: July 8% and March 88

fas

1}

il

oy
|

Category: Defectuosity in steering gear and regular

nic visit not done.

m

ot
i3
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LMNG/LFG

n

-~

{ ~

b I
i

h

n

3.
i+
e

125,000 m3.

The first deficiency was only menticoned in the report
and the repair was carried out later.

d

The secaor efectuosity, which is more administrative

nd d
was found by port state control in France, and at that
e the ship was detained and released after the
e

tim
intervention of the consulate of Algeria.

5.5.3.2 Investigation procedures:
The main purpose of investigation as analysed in
Aflgeria is to:

~ ascertain the causes of accidents

- gvaluate present international or nati

i
.
&)
3
1]

ions, and

—~ consider criminal or other liability on the part of

Algerian statutory requirement in investigation:

The existing instruments of law in the system of
inguiry in Algeria are:

- Articles &04 and &0% in the CHA relative to the
obligations of MS8A and master of ship in case of
accidents,and

— The order promulgated in 1988 relative to the
procedure of verification of sea protest and investiga-—
tion.

Algeria does not vet have a Merchant act in the

investigation into maritime casualties.



The accidents happen:

Accidents may befall ships or people on board and an
reference to accidents brings to mind a guestion: What
kind of accidents are we facing?

fActually the normal practice on board is that the
master or the writer of the first sea report shall
mention in his report the accident,the causes,the damages

and the conclusions, a5 ocbliged by law.

Information to the authority:

The sea protest is deposited with the appropriate
competent authority which is in this case the Maritime

Bursau Affairs.

First stage of inquiry:

The procedure of verification and investigation is
carried out by the survevyor.

Fratically the surveyor is the person appointed by
MEA to carry out an inguiry. The surveyor 1s a sea—-going
master/chief engineer versed in shore jobs; he deals with
the normal tasks of a surveyor such as surveys and diffe-
rent visits on board ships. He is probably not suitable
in particular circumstances for the investigation into
casualties. In the case of cauvalty, he may fallback on
his own experience to make the best possible assessment of

what happened.

The task of surveyor in the inquiry:

The first task of the surveyor is to collect and to

verify the gathered information regarding the casualty:

129



it— verification of information given by the master
to the ship

that

ner concerning any related defect
fore the casualty.

{ii)- evamination and comparison of information
contained both in the log book and the sea
protest.

{iii)=— investigation intc the :
- circumstances, causes and damage to the ship.

{ivi— identificetion and aszssezsment of the

responsibility degree of the persons T R
the casualty.
{vi— organisation of the hearing with witnesses andc

persons involved in the casualty.

This papsr 1

i

not leading to suggestions for the
surveyor, but I will express my own views in this
important tashk. I would =ay that the reports written by

the surveyore are weak, because some investigations

Final report:

n
+
m
a
i

The survevyor submits his report to the comp

authority with his conclusions.
Impact of weak investigation:

The reporte on investigation into LNG carrier
casualties shown in this chapter show that there i1s litle
help to understand what has happened. The range of
information given cobvicusly reflects the extent of the
preliminary investigation done by the apointed surveyor.

t

The statments about casualties in the mentionned reports
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asy it iz to mi

interpret official

study may reguire it. Howesver, it iz

tant to notice what dats are not

further

0
3
i}
rt

.
e casualty reports and to ask gestions t

h
background information.
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CHAFTER SIX

GENERAL CONCLUSION

I have discussed, in the background of my paper, the
objectives and the general situation of safety on board
LNG carriers, namely: construction, training of the crew,
the handling of the cargo, and finally the rules

monitoring the whole structure of saftety.

Maritime Organisation regulaetions, resolutions and codes
as well as the rules of classification societies and

regulations.

But, in point of fact, the proklem lies in the
conversion of this planned safety concept into guanti-

fiable safetv obiectives and safety criteria.

atter of fact, the selected ezamples of the
accidents illustrated in my paper show a failure of safety
from which I conclude that the consequences of incidents
could be severe in these reports. Therefore those conse-
quences could be a threat to the ship itself, to the life

at sea and to the reliability of the working environment.

The riskse of such incidents are somehow created by
humans through poor operating procedures and poor train-
ing.

Mow to encouwrage safety, it is recommendesd that
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regulations should be enacted.

By the way an important recommendation for the safety
on LNG carriers is the necessity of training humans in all

aspects of new techrncoclogy.

Because there are no major changes with regard to
technical development: I recognize efficiency and
reliability in the guality of safety on board LNG carriers
which 1s due to the development of a high degree of
technichnology and which will not resch this level without

the support of IMG.
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APFERNDIX 1.1.1

Regulation V/3

Mandatory Minimum Requirements for the Training and
flualifications of Masters, Officers and Ratings

of Ligquefied Gas Tankers

1. Officers and ratings who are to have specific duties,
and responsabilities related to those duties, in

connexion with cargo and cargo equipment on liguefied gas

tankers and who have not served on board a liguefied gas

tank

m

r as part of the regular complement, before carrying
ut

0
-t
n

ut such duties zhall have completed an appropriate shore-—

a +1i

1
L

[ng

e

-
i}
|
by
o
in]
b
[

ing course: and

(=) an appropriate period of supervised shipboard
service in order to acguire adecuate knowledge
of sefe operticonal practises; or

(b} an approved liguefied gas tanker familiarization

course which includes basic safety and pollution

prevention precavtions and procedure

t

of different types of cargo,

T

n

-

3
5 B

il iH

2]

i}

T

o

n

31}

a

]

their handling eguipment, general rerational

o

csequence and liguefied gas tanker terminoclogy.
Z. Masters, chief engineer officers, chief mates, second
engineer officers and, if other than the foregoing, any
person with the immediate responsibility for loading,
discharging and care in transit or handling of cargo, in

addition to the provisions of paragraph 1, shall have:



(a) relevant experience appropriate to their duties

on liguefied gas tankers; and

(b} completed a specialized training program
appropiate to their duties including liquefied
gas tanker safety, fire safety measures and
systems, pollution prevention and control,
operational practice and obligations under
applicable laws and regulations.

Z. Within two vears after the entry into force of the

Convention for a Farty, a seafarer may be considered to

on

ave met the reguirements of paragraph 2{b) if he has

n
1))

Y

n

d in a relevant capecity on beoard ligquefied gas

rt
U

ni for a period of not less than one year within the

n
n

s

preceding five years.
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AFFENDIX 1.1.2

Trainning of the first mate (responsible for the cargo)

Professional situation Field Means

object

{i)—Having & good Chemistry: being Chemical 1labo-
perception of the capable of using ratory
behaviowr of the gas the operation hand-—

tramnsported in ook

different phases and Fhyesics and thermo— Laboratory of
being capable of dynamics: gas physics
foreseseing this be- acguiring a gqood

haviowr and its perception of the

consequences on the and thermodynamical

installation behaviouw of gases

Duration:3 weeks zatetyradoptingof case studies

positive bhehaviour

in relation to the

dangers presented by

gaEEes

Construction reguls— &Ship model
tions.

linderstanding the why

and the wherefore of

gas carriers and the
regulations applying to

these ships.

e
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[Im}
n
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inl
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T
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diagrams of
installations
and of figuring out

correct locations

from piping diagrams

and drawings

Durstion: 2 weeks

{(iii)—-Being capabhle
of shaping the

circuits in view of
the main operations

- filling with gas

T

The means NeECesSsary
for loading and
loading

Lim

gas and liguid

- Bafety valves
Feeping in cold state
light ship

- Spray nozzles
~Recovery Dpumps

—Gas freeing/filling

with

air
Mitrogen

Inert gas generator

[in]

Air line.

cargo installation

control room

134

Reconstitu-

of

tion

Comparison
with actual
installation
diagrams
Application
to models and
and marking

on actual

]

circuits

circuit pumps

- True
diagrams

madel

room simulator



- keeping in cold
state, light ship

- vaporizing of

unpumpable liguids
- heating of the tanks
- inerting of the tanks

- inerting

— $illing with air

- cargo changing

- simultanecus transporta

"

of Z different cargoes

=%

duraticn 1 2 weeks

priate manner when

+a tential inciden
at sea and under various
conditions related to 1an
ship situation.

-

Duration 1 2 weeks

(v} Fnowing how to use
the mezasuring apparatus
of the cargo instasllation
-reading

—setting

-current maintenance

—current emergency

- training

periocd on board

ship for a

short voyage

L L OmnE an

Cargo opers

il
+

any related incidents

ts

f

detectors/gauges

s Level indicators

Training
unit/exa—

mination

Laboratory
and trai-

ning rooms

Temperature recorders Training

Fressure recorder

Ammeter

Any apparatus used

organized

by

manufactu—



repairs

Duration : 2 weeks
{vi) Being capable of
finding out the reasons
of a technical break-
down :

- with the automatic
units

- with the regulating

circuite which allow the

correct utilization of this

apparatus,
to know what can be
expected from them.
Duraticn : 1 weeh.
{vii}) Being capable of
keeping in good order and
repairing the cargo
installations

Diagnosis

n

Interpretation of anomalies

Evamination of possible

repair or substitution

Determination of repairing
conditions
Duration : = weeks

(viii) Knowing how to

making it possible

by the first mate

Automatic units
Fneunatics devices
Electropneumatic
units

Control lines

Cargoc pumps/
blowers,reli-
quefaction
unit
Vaporizer and

heaters

rers

Training
unit
Training

roomes

Training unit
Inert machi-
nery room
Flans of

equipment

Fipes and flanges

Safety valves/

nitrogen tank

Expansion compensators

Droplet separator

Useful calorific
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calculate the cargo weight
and the leosses during
transportation

Enowing and applying

port authorities regulations

Energy due to
evaporations/
losses due to
evaporation

excess (released)

ard cther current regulations to the atmosphere

Duration : 1 week

(iX) Being capable of
preparing, organizing and

controlling dry dockings

(X} Showing initiative in
case of danger resulting
from a cargo incident
Enowing how to apply the
zafety or pevention means
available.

Being capable of directing

a group intervention

Organizing and preparing on

board safety exercices.

Duration @ 2 weeks.

delivered to the

condenser) .

Cargo installa-
tion auvtomatic
devices, safety

installations

Discussions
Evercises
a few

examples

Training
period
during dry

dockings.

mn
gl
il
]
[y
31}
e
=
-
Y
a

training

__Duration of training periods retained._

Firet mate il Caklieiie .55 s
Engineer officer..coececess
Gaesman. K eih R 5855 i 0% e - s

The whole crew.sesscasaussas

o

E=T

rJ

months
months
months

weeks
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AFFENDIX 1.1.3

a— Fiammability:

- Controlled combustion (flame or flare)

- Explosion - violent ignition

— Detonation—- restricted ignition causing extremely
powerful explosion-

~ Blow— back, caused by low velocity vapour flow

after igrnition-—

b— Towxicity and other health hazards:

They may be temporary or permanent health hazard
- Tissue damage.

- Irritation.

— Impairment of faculties.

Tavic effects by:

- Tissue contact

- Irnmhalation

— Irnspection

- fAbsorpition.

+ heat exwchangers
- Relief valve malfunction.
— Yaccuum causing damage to tanks and equipment.
— Sampling
— Fressure testing

- Sloshing.
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d— High temperature:
- Ignition in its various forms.

— Exothermic reactions.

e- Low temperature:
- FPhysical contact.

— Brittle fracture from spillage.

Venting— vapour buoyancy affected.

— Ice and hydrate formation.

f- Reactivity and chemical stability:
-~ Interaction - carge/ cargo/ other matter.
- Peroxide and polymer formation.

- Pyrophoric components.

g— Static electricity:
— Steaming operations.
- 2
- Lightning.
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