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Introduction

* Launched in November 1998

° Developed with Clients cooperation with clients and
monitored by the French technical committee

AIMS:

° To contribute to a rational ship operation with respect to human
life and environment preservation standards, and with respect to
ISM code and TMSA requirements (element 4),

° To increase ship reliability,

°* To move from a reactive approach (final inspections) to a pro-
active approach é_e_qm ment condition assessment and
maintenance au |t|ng$0

EFFICIENCY:
Methodical
Very detailed
Adapted to each vessel (type and operation)
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Risk Assessment - Scope

The risk analysis covers equipment needed for:
* voyage (propulsion, steering, navigation),

ship specific mission (loading, unloading, cargo
containment, ...),

human life saving,
° environment protection,
ship and cargo integrity.
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Risk Assessment - Steps

1 Ship modeling 2 Failure Modes and 5 Risk reduction
6 Results

Effects Analysis
Criticality Analysis

Risk quantification &
|dentification of
« critical » items

= Ship owner’s participation in the risk analysis is essential to its

carrying-out and success.
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Risk Assessment - 1. Ship modeling

The ship is split up into:

Production (evaporator)
Pumping
Cooling/Heating

Production prine mover (auxiary, deselengne,  Incineration - .
steam/gas turbine, main diesel ping| l | I
engine);generatorfalternator, DC Pumping (drainage, drying, ...) i - Treatment(hot wel, fiters, ...) S P P O R S
generator, battery etc.) Piping/Valves/Fittings/Storage [

Distribution main, secondary, emergency Heating Production
switchboards, cabkes, ... . Pumping
Refrigerant Cooling/Heating
Piping/Valves/Fittings

Electricity Waste Treatment(gas washing)
DT Inert Gas

I(-;ig:ri"g L Production (boier, superheaters)
e i Condensation
SHIEIEELE Light Piping/Valves/Fittings

Steam Heating (exchangers)

Information SUPPORT

Thermal Oil Thermal oil heatingboiers, heaters)
Piping/ValvesFittings
Communication Heating (exchangers) EEEE [ ]

Processing

Storage Crew
. Lubricating/Cooling/Sealing Oil
guiteain  Ajr Ventilation ~ Compressed Air
Capacity
Tools
Hydraulic Oil Fuel Oil / Gas T s
Ventilation Cooling/Heatin, '
CoolingHeating e s — SHIP'S MISSION
Air Ducts Treatment(iters, purfiers, ...)
Treatment Medium
7 Pumping -
Fittings (flaps) P . ) .
CoolinglHeating Cooling (exchanger) Cooling/Heating pred
Treatment iping it ping it A #
J (including reducing valves) Treatment(fiters, puriers, ..
Vedium Treatment(air drying, fitering, de- M R
oiing)

PRESERVATT A
SALLING SHIP SPECIFIC ISSION LI SHIP INTEGRITY

AND ENVIRONMENT

CAPABILITIES

‘ Dredging ‘

Reduction Gear R G By e Trawling Calamity ‘ ‘ Py ‘
Propeller
' P v 1 Y

n Propulsion Drilling Milltiplirpose Research Calamity Calamity Cause
Carrying Prevention Detection
Main Engine + + + + +—ﬁ
Steeri Anchoring Clutch Qil Liquefied Gas Cable/Pipe/
== Moorin
9 Shaft Line . Py
Sterntube Detection Fighting
Floatability Stability Vehicles Towing Life Support
Structural Integrity Transportation Pushing (crew, passengers)

Refrigerated Cargoes

Carrying Products Carrying

‘ Oil/ Asphalt/Chemical
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Risk Assessment - 1. Ship modeling

From BV Generic database ) Generic databas_
containing: =L =

* Generic equipment,
* Failure modes,

* Maintenance procedures,

* Occurrence probabilities,

Ship specific database is built up :
* Ship model,

* Located equipment,

* Maintenance and damage
histories.

BUREAU
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Risk Assessment - 2. Failure Modes and Effects Analysis

The evolution of a failure may :

* |lead to several consequences: functional consequences, consequences on
environment and human life

* Happen either without any additional event, or with the occurrence of an event (hidden
failures on protective devices).

BUREAU
VERITAS

_—

Main Engine

Unexpected stop —> ...

FO supply to ME

disabled

Event: Oil ignition
(hot surface ...)
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Risk Assessment - 2. Failure Modes and Effects Analysis
The evolution of a failure may:

* Be interrupted or modified by a Failure Effect Interruption (FEI)

* Be tempered by a Failure Effect Limitation (FEL),
detection.

This mean may be implemented permanently, automatically or manually in time after

[
»

FEI = HP piping
skinning and fuel

drainage

R

1

-

A\

hi

FEL: Bilge HL alarm
+ Bilge pumping
valv

o
>
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Risk Assessment - 2. Failure Modes and Effects Analysis

The evolution of a failure may:

* Be stopped when the feared situation is reached (at Ship’s mission level), or when

insignificant.

Event: Heavy
weather or Coast

. . near—by
Unexpected stop ——>  Propulsion loss < >
~ Electricity
%:lmm;u% ﬁ%y
Electricity supply to End
galley equipment —> Unavailability

disabled

BUREAU
VERITAS

Ship’s mission

Ship loss

End
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Risk Assessment - 2. Failure Modes and Effects Analysis

Assessment of equipment failure impact on ship’s mission (example)

LO supplyto e T PRy

it Diesel engine Srbrtririrts - Engine damage et
J sl i
Medium ¢ FEI=LOTow Y
i ressure and { ;
) row. E auFt)omatic s s, Unexpected stop -~ B
interruption : P ‘

p A Dieselenging. ...
FEI = Filter by-pass o “
spring-loaded valve
opening

Non-filtered LO
» supplied to Diesel —> Engine damage

engine

ﬁ LI

More than 4000 studied failures per vessel ...
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Risk Assessment - 3. Criticality Analysis

Significance of consequences on Ship’s mission is quoted:

. by) BV on safety side (ship loss, pollution, physical injury

* by Customer on economic side (cargo damage, ship voyage
delay, equipment damage, waste treatment disabled ...).

Significance Index

Deaths; ship loss; environmental catastrophe Catastrophic 1
Critical injury; major ship damage; pollution Critical 1.10
Minor injury; ship damage; ship unavailable for days Severe 1.10-2
Possible injury or damage; ship unavailable for hours ~ Marginal 1.10-3
4#X) Ship s performance impaired Negligible 1.104

7828
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Risk Assessment - 4. Risk quantification & « critical » items

Risk = Significance of failure effects X Probability of failure occurrence

In this calculation, estimated equipment usage rates are taken into account, as
well as the expected ship life.

Acceptable risk criterion has been defined on:
* Analysis of historical maritime catastrophes over the last 40 years,

* Aeronautics methodologies
(Maintenance Steering Group-3, Federal Aviation Regulation...),

* B.V.’s expertise

wU VE
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Risk Assessment - 4. Risk quantification & « critical » items

low probability
high significance

)
O
-
(O
O
i
-
D
N high probability
low significance
iso risk
curve
(sate @ ©
s Probability
% Among 4000 studied failures, half may be critical ...
e January 31, 2007 — Cyprus — Tanker Operator Conference 14
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Risk Assessment - 5. Risk Reduction

Risk
domain

Risk limit

Probability
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Risk Assessment - 5. Risk Reduction by Maintenance

MAINTENANCE POLICIES

l

PREVENTIVE
before failure

!

PERIODIC
time triggers maintenance

|
| l

LIFE BLOCK
maintenance maintenance
resets periodic does not reset

interval periodic interval

High
Predictability
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Risk Assessment - 6. Results

The risk analysis leads to:

* |dentification of critical equipment onboard
* Validation of the ship maintenance plan

* Proposals of maintenance modifications :
adjustment of existing preventive maintenance
intervals, addition of preventive maintenance

* Issuance of a report.

The risk analysis can be carried out:

* In the scope of classification, by means of
an additional class notation STAR-MACH

* Qutside the scope of classification as a

consultancy service. V. ER NNV
Machineryac
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Classification - STAR-MACH notation assignment

Risk Assessment

Design
review

STAR-MACH
notation
Joint assignment
review | =
Owner =
& B.V E:?
g — . MR STAR

Machinery%

—»4“

. Maintenance
plan review -

BUR$
SV LV
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Classification - STAR-MACH notation assignment

Risk Assessment

* Ship Risk analysis carried out,

* Ship maintenance plan validated.

BUREAU
VERITAS

Approval of CMMS*

* Required software functionalities approved | |
for audits purposes (NR496 DTM). |‘

On board Implementation survey

* Procedures and supporting tools ready
for operation,

(SUR’

A4P» Crew familiar with the CMMS*.

*CMMS: Computerised Maintenance Management System

718298
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Classification - STAR-MACH notation maintenance

The maintenance of the STAR-MACH notation is based
on the PMS* survey system:

Ship in service
Ship board audits are carried

Surveys may be conducted by the Ch. Eng. Ship board Audit
at an interval which is stated in the %
maintenance plan and may be based on
equipment running hours, and are then
credited by a BV Surveyor.

out at the same time as Annual
Machinery Surveys to verify the

The Ch. Eng. is allowed to carry out effective implementation of
inspections on behalf of BV except for:

) ) maintenance plan by auditing
*pressure vessels, boiler, tail shaft

the CMMS.

[
L

=2 SR s

: 1 ] ] ] 1 >

-

* PMS : Class Renewal Survey (Planned Maintenance Scheme)
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Classification - STAR-MACH notation maintenance

Need of maintenance tuning:

* Effective service life of equipment is different than forecasts made

during the risk assessment,

* Changes in ship operational profile: routes, fuel oil quality...

The maintenance of the STAR-MACH notation includes an
additional annual audit at ship owner’s office: :

Equipment performance deviation,

Failures and maintenance records, E ?

Ship specific database up-date,

Risk assessment review if necessary,

Maintenance plan tuning,

Statistics comparison between ships.
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VeriSTAR Machinery - References

67 risk analyses completed,
13 risk analyses in progress.

15 are non-BV classed vessels.

PUV

BUR$
va\‘b

1828

BUREAU
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O Cargo / Container
O Tanker

OLNG

B Passenger

O Navy

H Special

YA

ey
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VeriSTAR Machinery - Benefits

VeriSTAR-Machinery exhibits owner’s
commitment to safety:

* Critical items identified by means of risk analysis,
* Implementation of maintenance procedure,
* Records to demonstrate effective implementation.

Ship is maintained:

* to its highest value (global reliability),

* in compliance with rules with a
minimum of ship down time.
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THANK YOU FOR YOUR ATTENTION

veristar.mach@bureauveritas.com 57
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