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Multiple systems driven by strong ownership, accountability and responsibility of the team




1. SINGLE POINT FAILURE



Single Point Failure Analysis

= Multi-disciplined team formed
comprising of Process, Mechanical,
Electrical, Instrumentation and Controls

= All equipment on the gas supply process
identified for SPF analysis

= Failure modes and preventive measures
identified to prevent equipment tripping

Examples of preventive measures

_[System

Open Rack
Vaporizer/ Seawater

SPF Analysis Preventive Measures

Implemented seawater flow, pressure and level 2002 voting

Implemented booster pump flow, pressure and level 2002 voting to
prevent spurious tripping

m Electrical Implemented redundant power for UPS control circuit

‘—

Booster Pump




Reliability Excellence

Identify
causes of

Identify components with
exploded view drawings

Press 3
Button cap_

Static contact

Identify possible
failure mode of
components

Identify components
for 130 critical valves
& ESD buttons

Conversion
NO contact = NO contact

closed I

42,
&
disconnected o~ =~ contact }

" contact

Static contact Movable contact

Tag Fail HEIIRE T elleEd Valve Actuator Pressure
h with Pressure Valve OEM Model Valve type X L Air regulator
number  Action L Size Model Monitoring Tag
Monitoring Number
41-USV- F.C Yes AMPO/POYA B.3.28"12A  Ball-Top  28"600 Rotork 41P12020 Bifold
2008 M entry BW GP-200S
trunnion
Component Failure Mode Failure Symptoms Possible Causes

Quick exhaust Diaphragm failure leading to Valve goes to fail close position Rubber material failure, end of life

valve external air leaking

failure modes

Occasionally

' Component Failure Analysis

Implement
Measures

Identify mitigation
measures to
reduce risk of
failures

@ Actual finding match with analysis —
deteriorated diaphragm can lead to
Pipeline valve closure if not replaced

CTEx External Pneumatic Faillast  Flow port  Check
Exhaust ) Flow regulator
Filter Valve relay regulator  Valves
Valve
Bifold S06- No NA Bifold NA Bifold S06- No
QEV S06-CPV-01 PFR
Likelihood Recommendation

1. Replacement of diaphragm material every 5 years
2. Improve material to Viton
3. Evaluate the need for QEV




2. CONTROLS FOR RELIABLE OPERATIONS



Controls for Reliable Operations

Utilize control logic to aid Panelman and enhance Reliability of
Gas Supply

= Flow Nomination Automation for automatic distribution of flow
set value to ORV and Metering Skid using Master Confrollers in
event of equipment trip for quick restoration of gas supply

= Seawater low header pressure logic to enable restoration of
seawater flow to ORV and prevent cascading trip in event of
seawater pump trip

= Logics and operator guide to prevent accidental selection to
calibration or manual mode of critical to gas supply reliability
controllers




3. DIGITALIZATION



Predictive Maintenance Analytics - Framework

* Project is funded by National Research Foundation & managed through EMA
* A Predictive Maintenance framework using big data
« Enhance the reliability of SLNG critical rotating equipment

* Improve standardization, efficiency and accuracy of equipment health
assessment and fault identification as the data (i.e Process, Mechanical,
electrical) are co-related and integrated for a holistic evaluation

* Provide an insight of the parts required for next overhaul. Hence, parts can
be made available in advance to avoid extended downtime.

Machinery Diagnostics

Amperage
Process Parameters Vibration Operating Modes
Flowrate Equipment
Pressure Capacity

Temperature (50%, 75%, 100%)

— : Health status of equipment
L erecicte Mantenance pnayic Predicated date for overhaul based on PM & PdM

-




4. MANPOWER CAPABILITY BUILDING



Operator Training Simulator

Name: Ng Liang Kia

OTS primarily used for training for Panelman & to
perform process simulation for Process Engineers

Developed structured OTS training and
qudlification program. OTS scenario training
conducted every quarter o

Scenarios developed together with Panelman
to recreate high stress environment during o -
incident

OTS upgraded in FY2022 to mimic actual control
room environment

OTS Before Upgrade

WE ARE WHAT WE
REPEATEDLY DO.
EXCELLENCE, THEN,
IS NOT AN ACT,

BUT A HABIT.

Operator Training Simulator

Low Pressure case, Pipeline 3 at 40% of total flow, 6
MTPA

\ |
BOOSTER PUMP ; Es

41pIC1202

Low Pressure case, Pipeline 3 at 40% of total flow, 6
MTPA

41PIC1202




SLNG Operations Team acquired skills & experiences
to perform critical equipment maintenance 2
Self Reliance & reduce dependence of OEM

Replacement of cryogenic seal Removal, service and Removal, service and

for Marine Loading Arms

installation of In-Tank installation of Booster
pump into tank pump into well




5. OPERATIONS ABNORMALITY REPORT



Operations Abnormality Report

=For early identification and prevention of potential gas
supply incident

*OAR raised for abnormal operations that has the
potential to affect gas supply and customer

*OAR cultivates ownership by all stakeholders

Shift Team raise SME lead the

Provide Investigation Management

preliminary details Identify root review and
to facilitate cause & approve
investigation preventive actions




6. OPERATION EXCELLENCE



Operations Excellence

Operations Excellence achieved through Operational Discipline -
driven by Plan and Procedure Review (PPR) Program

r A
Does the ] Does the
Plan/Procedure Plan/Procedure
achieve minimal time, produced the desired/
cost and effort ? intended results
\. o : J
Efficient Effective
Plans and
Procedure
Review
4 Compliant Does the Plan/Procedure |

contain clear instructions
to ensure reader has
complete understanding
of the steps in order to
eliminate Human Errors
and rework y

. Operations Excellence

Is execution compliant
to the plan/Procedure ?

Identify any deviations
to be addressed J
\.




Thank You
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