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* Asignificant number of personal exposure monitoring results for identified
high-risk work units exceed the daily noise exposure limits recorded as of
2020.

(However, results are below the NEL after considering the noise reduction rating from
personal hearing protection worn by workers)

Lex,8hr >85dB(A)
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PTS 18.34.01 Hearing
Conservation revisedto
align with new Noise
Exposure Regulations 2019
and incorporated ‘Buy
Quiet requirement

+ Embarked on Noise
Engineering Control
(NEC) with pilot at SBA

@ Governance

=
-4 Assurance

Performed situational
assessmentand noise
exposure analysisto
determine impact from new
Noise Exposure
Regulations 2019

PETRONAS

Operational
improvement

)

Background

Enhanced noise
management requirements
in HSE Exhibit5

‘Buy Quiet’ requirement
incorporatedin PDOnTIH
procedure

Established Upstream
process flow for managing
abnormal audiometry

@ Governance

@ Operational
improvement
Enhanced Operation
Readiness Assurance
checklist
Incorporated noise checklist
requirementas part of
Equipment Safety Passport
Established and rolled-out
NEC to other Assets
Established minimum Noise
Reduction Rating (NRR) for
grasscutters
Established Personal
Hearing Protector (PHP)
Selection Flowchart with
minimumNRR and
Maximum Duration Limit

Issuance of Upstream
specific functional checklist
on Hearing Conservation
Performed situational
assessment for MA
compliance status for
enhancednoise
requirements

Upstream Personal Hearing
Protector (PHP) Campaign

Business journey towards Sustainable Noise Risk Management included various interventions and
initiatives to address noise risks for different aspects of the operations and project since 2019.

Sustainable

Noise Risk
Management

NEC Maintennace

o— \
a- (\/; Assurance @ Culture &
5= == communication
Operational Operational
improvement improvement
* Strengthen governance - Phase 2 NEC
on maintenance Maintenance Strategy
requirements for NEC in Enhancement
U-IMAGE for prioritized + Real-time noise monitoring
high noise equipment study using identified
. \alternative devicesand
solution to verify noise for noise measuring
high-noise producing portable applicationsto measure the
equipment brought by noise levels from equipment
contractor

@ Culture &
D Communication

Sharing of lateral learning
from hearing loss incidents
across Upstream

Strategy Enhancement
is one of focus
Improvement in
2022/2023

© 2021 Petroliam Nasional Berhad (PET
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Afe[elaleln I[LX."W Noise Regulatory & Company Requirements
Hygiene 2023

Collaboration for Sustainable
Health in Future of Work * Noise Engineering Control to reduce excessive noise at

facilities as 1st control option

 Components of Hearing Conservation Program

(2) Where it appears to an employer that any of his employees is exposed
to an excessive noise exceeding the limit specified in subregulation (1) based
on the report referred to in subregulation 4(4), the employer shall take such
measures to reduce the excessive noise.

(3) The employer shall, before taking the measures under subregulation
(2), make an assessment whether it is practicable to reduce such excessive
noise by way of engineering control or administrative control.

Noise control - -
) _ (4) If upon the completion of the assessment made under subregulation (3)

» the employer found that—
(a) itis practicable to reduce such excessive noise by engineering control,
the employer shall reduce the excessive noise by such engineering
control;

(b) it is not practicable to reduce such excessive noise by engineering
control solely, the employer shall reduce the excessive noise by
engineering control together with administrative control;

(c) it is not practicable to reduce such excessive noise by engineering
control together with administrative control, the employer shall reduce
the excessive noise by administrative control solely; and

(d) it is not practicable to reduce such excessive noise by administrative
control, the employer shall take other effective measures, which shall
include personal hearing protector, to reduce such excessive noise.

(5) The employer shall make a report on the assessment, and shall, upon
request in writing from the Director General, give the Director General a copy
of that report within thirty days after the request is received.

Engineering Control (6) Where the employer reduces such excessive noise by engineering

control specified in paragraphs (4)(a) and (b), the employer shall ensure that

such engineering control is maintained in an efficient state and good working
order.

A 4

Open




Ergonomics &

Collaboration for Sustainable
Health in Future of Work

= Recurrent findings related to NEC effectiveness :
v Acoustic enclosure was not in good condition

v Panel door (act as acoustic enclosure) left open due to
overheating

Damage door (acoustic enclosure)

Damage silencer/ muffler at exhaust

v

v

v’ air leakage on the existing silencer / muffler

v" Current silencer/ muffler not able to reduce the noise
v

High noise emitted from pump due to poor NEC maintenance

Hygiene 2023 Gaps on compliance from Noise Risk Assessment/ Noise Engineering Control

Ineffective maintenance strategy for noise
engineering control equipment to mitigate
high noise emission from equipment.

Unclear criteria for noise engineering control
equipment maintenance requirement

Damage door (acoustic enclosure) Air leakage on the existing High noise emitted from pump due to
Open silencer / muffler poor NEC maintenance
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Collaboration for Sustainable ECA Impact Rating and Descriptors for People Health and Safety

Equipment Criticality Assessment (ECA) and Maintenance Priority

(9 Health in Future of Work
‘ IMPACT RATING AND DESCRIPTORS M Od erate
Insigl:qifil:ant Migor Modcolate M.gor Catngophil: C
. . . . . . People First aid injury or Medical Treaiment Case Pempgrt_Pa_ﬂial Dr'ng_'\s:rvt _Tolal MU\T!DlE fataliies or
ECA Process Limitation in addressing noise Ll - S = L Permanent Partial
impact to people S, e | R By || Dsabitty, signiicant
gig;g;-elo non :N?E;ES:::MEFO; E:ir?immrsgm E:::;?:o‘_{’re»e_’we n:?%;u:wmme h;;;"? ( bl f
: : . : ant VISDe a0 Mant | vbralon cremcal | sabii arcealh 60, Gause nutce efiects (¢capabie 0
« Equipment failure impact to people is tend to be = e (e ey ol b St
2 Q 2 poisoning bacteria) naitizers) exnosi probable human acute toxic . ' -~ X
lower com pared to _FlnanC|aI (production loss T e damage
and repalr COSt) durlng ECA proCeSS rais;;';lalznlownﬂ( :rcincgan , or results ?a:vi\-nrs m:‘g’; Nt_nCl l.[ ':)SS Ot "re. 9 C
gia)alsneaum:akeafew E]\sg,rrim N AR Gistoroe nNoISE| po.cr mnua‘
* Hence, noise exposure risk to people was not e g handiing tasks,
considered/ addressed during Equipment sermanee e hand/arm
.. . term such as 141 !
Criticality Assessment S . /ibralien. chemicals
Tora e 4 6. causing systemic

Maintenance Timeline identification based on Maintenance Priority
LeSS prlorlty on aCtlon taken to mltlgate any Priority Ref: Petronas Description Timeline* User Data
1 1 Rating MCF RAM
elevated noise level (from baseline) _——————

H 0 g i ek fedsas Email Address joycelyn_urai@petronas.com.my
* Lower failure impact — lower maintenance b C5,B5AS5D4 HighMAH  Urgont72hours
priority — less stringent timeline to mitigate the 2a  C4D3E2  High(nonMAH) 2weoks
1 H 2-b B4,C3,D2,E1  Medium (non 4 weeks Consequence Category AST  Asset / Production
equment fa'lure MAH? Consequence Class AS2  Asset: Minor Damage
. . . . L Sa A4,B3,A3 :?)::::; impact 8 weeks Probabilty Class C Medium (2 weeks to 3 months)
* No noise risk impact to people identified — no b C28242  Routine-Minor 6monihs
maintenance plan to be established 3¢ D1,C1,B1,Af Fo”unn:. 12 months —
:‘aigni loant Required Start 11.12.2018) 110:36:52| Priority Priority 3 v
*Note: Impact mitigated/ izlmraalzt!,conected within stated Required End 0:00

timeline and/or derate/ reduce /stop process

Open Table 1.6 Timeline based on Priority rating mapped with Petronas HSE Risk Matrix
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Maintenance Strategy.

 Focusing on its intended function

»e.g. Diesel Generator - focus on ensuring the generator able to
generates power.

* Noise is not taken into consideration in defining the function of
equipment.
»>No equipment performance standard related to noise e.g.
operate within equipment noise design limit/baseline

* No maintenance strategy been established for noise
engineering control (NEC) equipment.
» Understanding of NEC (considered as equipment accessories)
design philosophy is Run to Fail
»NEC issue to be mitigated upon recommended by NRA
(corrective maintenance)

Maintenance Philosophy and Strategy Plan for High Noise Producing Equipment

Unavailability of noise risk evaluation criteria for
equipment noise condition assessment

» No specific details on how to evaluate the

continuous effectiveness of NEC.

» Requirement to inspect/ maintain/ replace NEC

generally as part of equipment's’ M-plan via
sensory inspection

Open

Orgral Point a2 which a failure Functional Faliure : The
D Design I installation of the Asset. <an begin to be asset s 70 longer able to
detected. perf s fuection
A A I-Pinterval A P-F Interval A ey kb sarted t:
< ple »l
1
Dfer R Precision Installaticn
URrasoni Spee
DferM “Laser Algnment ] ]
Thermel Growth "‘::g' (Vibration Anahysis) |
Pipe Strain, etc. (Odl Anadysa) |
s Precision : CBM/Predictive : n
Aucible Noise %
B Maintenance, " Maintenance {Sensory inspection) |
°
c | Hot t0 Toueh
S | Preventive  (Thermograshy)
g 1 Maintenance  Mechancaty Lo
2 ; {Senscry Inspection)
1 i e
1 Ancilary Damage
| Corrective Maintenance
Run-To-Failure
I Catastrophe Falure

Asset Degradation Diagram




NEC MAINTENANCE
STRATEGY ENHANCEMENT




Health in Future of Work

. Rina Cheong/ Zulkefli A Razak

GHSE Team
GTS Team Team Leader

Nor Hafizalena (UHSE)
M Hafiz B Husin (IVA)

Project Coordinator/

Facilitator
Fadzlysham Yusop (UHSE)

UHSE: Thishalini
PMA: Farah Nafeesha
SKA: Goh Joe Shien

SBA: Cyril Jinusie

IVA Team (Asset)

M Subhinor (SBA)
W Norakmal (PMA)
M Zaha Mira (SKA)
Izzul Zikri (SKA)

Lim Jia Qing (SKA)

VA & COE Team

Suneel Kamath
Ngeow Yew Ken
Sundralingam

Sura Venkata Srikanth

Fiopione 2023
Hygiene 2023 Collaboration Effort

Collaboration for Sustainable Ny |tj — Discipline Teams including IH, safety , maintenance, reliability,
operation and system governance.

PROPOSED IMPROVEMENT

Noise Engineering Control

Equipment Maintenance Strategy

Enhancement through

1. Leveraging existing
equipment maintenance
management program

2. Preventive maintenance
strategy approach.

3. Sustainable maintenance
practice.
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* Key challenges in Development and Implementation of
Maintenance Strategy Enhancement Plan

Insufficient Standard and Reference Lack of Support from Stakeholder

- Unavailability of noise performance - difficulty in measuring success of
standard in existing maintenance maintenance enhancement

guideline and standard

D

-
>

Lack of Resources Stakeholder Resistance to Change

- Lack of Expertise in acoustic - HSE is HSE personnel responsibility
engineering , budget and manpower

constraint

. Increase Workload and Employee
Burnout

- manpower optimization in lean
organisation

ldentify and Overcome Challenges

* Overcome Challenges and Move Forward

N\
N
%

Evaluation of risk exposure to prioritize high noise
equipment with Noise Engineering Control (NEC)

\

Develop criteria/ method for Noise Condition
Assessment (NCA)

\

)

|

@ Develop Guideline on NCA Implementation

[

Embedment of NEC maintenance requirement
during Maintenance Strategy Review (IMISR)

Strategise the Operationalisation of Procedure

),
4

—



Health in Future of Work

Equipment Noise Source Data

Reference — NRA &
Company Maintenance and
Inspection Guideline

»Review the latest noise
Mapping

» ldentified high Noise
Source for zone area
>85dB(A)

»Confirmed equipment type
based on working principal

Ergonomics & 1. Focus Equipment Establishment

Hygiene 2023 Evaluation of risk exposure to prioritize high
Collaboration for Sustainable NOIS€ producing equipment with Noise
Engineering Control (NEC)

Risk ofiPersonal Exposure

Reference — NRA & HRA

» Reviewed personal
exposure monitoring data

> ldentified worker’s daily
task and common working
area

»>Understand the nature of
work, frequency and duration
of task

»ldentified current type and
NRR of PHP applied by
workers at facilities.

NEC associated with
Equipment

Reference — NRA, NEC
Study & Equipment Design
Spec Identified

»ldentified equipment noise
source based on working
principal

»Listed down the NEC
associated with equipment

» ldentified equipment that
noise as an indication of
critical component failure,
which may lead to severe
consequences

Enclosure panel
Positive
displacement
compressor

Air compressor

Acoustic insulation
Air dryer package Muffler/ silencer
Exhaust/ silencer
Gas Turbine Generator Skid

Enclosure panel
Gas Turbine

Exhaust/ silencer
Gas turbine compressor Skid

Enclosure panel

AODD pump (Wilden) Exhaust pump

Injection pump Extension of Cl vent outlet

Positive

Displacement Pump Portable water pump

Acoustic insulation
Chemical Skid pump

D AIEA =131 Cooling fan- HVAC/ process gas

Power generation (continuous running unit),
Mechanical drive Exhaust

Enclosure panel

Insulator

Gasl/ Diesel engine

Prioritization of equipment shall be done with consideration of the
following factors:

v Equipment producing high noise above 85 dBA in the area with high
exposure (frequency & duration) to personnel

v Equipped with Noise engineering control equipment

v" Equipment those that have acceptable baseline noise, and may
increase over time, due to degradation.

v" Those that have noise as an indication of critical component failure,
which may lead to severe consequences

Open m
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. For new plant operation/ equipment:
Equipment > Equipment noise source data from project
Noise For existing equipment / operation
Baseline > Established process flow for baseline development based on
existing data

2. Noise Condition Assessment (NCA) Criteria / Method Establishment

Establish baseline on noise level for high noise
producing equipment

Quantitative
Assessment > Pilot the method evaluation at facilities

Noise source measurement by using sound level meter as per NRA

Method

Conduct Quantitative Noise Source Assessment

Why Increment of >3dBA (50% Dose) will reduces
3dB(A) ? the working duration to half

Qualitative Developed Equipment Noise Condition Assessment Checklist
»  Assess any critical component failure on equipment,
Assessment =  Any breakage, corrosion, looseness

Method = Malfunction NEC
= Abnormal operation activities

Increment of
Noise Level —
>3dB(A)?

Conduct Qualitative Equipment Noise Condition
Assessment

Detail Noise Root cause identification /diagnostic
» Further Trouble shooting
Root Cause » Sound waveform, sound spectrum, vibration analysis, flow study,
Study lube oil analysis, etc

Noise Level = 115 Hoiseltevel Noise Level <
dB(A) =1 00dB(A) =115dBE) 100dB(A)
+*HIGH findings
(rectify within 3
months)

Maintenance

« MEDIUM
findings (rectify
within 6 months)

« LOWV findings
(rectify within 1
year)

Priority

I

Observed
Critical
Component

Failure?

Rectification/ repair based on Maintenance Priority

No Further

Action Required

Detail Noise
Root Cause

Assessmentto
be Conducted

Note:

Medium & High
findings, RA is required
to determine interim
intervention.
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Collaboration for Sustainable
Health in Future of Work

Embedment of NEC maintenance requirement during Maintenance Strategy Review (MSR)

EBC Walk around-  Daily Details on Abnormal Noise, Operation
(Equipment Look listen e.g. for higher than usual Personnel
Basic Care) feel (LLF) noise, specific type of noise,
NCA emphasized on noise producing
checklist component for specific equipment
CBM Noise level 1 yearly Details on Abnormal Noise, CBM
(Condition monitoring (Once 3 years e.g. for higher than usual Personnel,
Based (based on data have been  noise, specific type of noise, Sound Level
Maintenance) NCA criteria)  collected, emphasized on noise producing Meter
interval can be component for
extended) specific equipment.
PPM Routine 8K / Corrective * Visual & performance based Rotating
(Plant Maintenance  Maintenance * Detailed assessment Team
Preventive * Prioritize repair P1 from CBM
Maintenance) findings.

d
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4. Readiness of System for Sustainable NCA Procedure Implementation

Collaboration for Sustainable Cost and Impact Analysis NCA Business Process Workflow (BPW)
Hea,th [-n FUtUre Of Work COMPETENCY CBM optimized Operation HSE Noise Measurement BPW proposal from xTS5 -
Vel (elEsi (LRl 23,000 157,000 199,300 5
M Existing CBM Team — Existing Contractual
. . Engagement SeSSion Wlth Asset anpower contractual basis Operation Team basis .
' ‘ re|evant team (CBM & rel|ab|l|ty team) Total Manhours 328 hrs 328 hrs 328 hrs =
Noise Quantitative
l Assessment Yes Yes Yes .
o~ Equipment B
O  condition Yes Yes No
5 Assessment
0 0 = 7 B
Conducted Cost & Benefit Analysis | FElllhEy
=  Troubleshooting Yes No No 25
(CBA) 8 skills
Total Training %
session required 1 7 1 &
per asset -
Database Internal database development by HSE g
Embed noise as one of failure mode Benefit Criteria Scoring 73 55 58 -
into Equipment Reliability Study (ERS) Cost/Benefit Ratio 315.07 2854.55 3436.21
to derive appropriate mitigation action. . Ranking 1 2 3
l
L Testing NCA Method with Asset
b
I } I NCA Business Process Workflow
» ? ¢« (BPW) & Procedure Establishment
L
A

NCA Requirement incorporated into
business Inspection and Maintenance
Assurance Guideline




Ergonomics @ 5. Strategise NCA Operationalisation ,
Hygiene 2023 - -

Collaboration for Sustainable
Health in Future of Work

Improve NCA
Procedure
Based on Pilot
Program

Operational of
NCA at Pilot
Location by
January 2023

Full'lmplementation of

Revised NCA Procedure
Targeted in September
2023

Standardisation
Of NCAData IIIIIIIII>
Management

Brought to you with the collaboration of
UHSE XDD

Upskilling on —_—
EEEEEEEEEEEEEEEEN What is NCA ?
Re I evant P ersonn el > Noise Condition Assessment Program serves as a procedure for Upstream Feedback from Stakeholder Involved in Pilot
operation to manage the facility noise risk through noise level inspection

program.

w NCA l‘ I ' ' ? thll. c “ ? Positive Feedback Feedback for Improvement %Q
l ; =0

wary geod initiative to discover the gaps on the NCA Establish/develop BIW for NCA by UHSE

wous performance
monltnrlngon high noise Good initiatives. To closely monitor the findings Team should understand that CBM only perform
pmdudng aqulpmenl and its closure plan imspection, rectification by maintenance/eq. Owner
looks forward for implementation. Propose as discussed to set NEC as SCE. this will

Resource Availability
(Equipment & Manpower)

llllllllllllllllllllll» Preventive maintenance manage NEC effectively
On the reporting and data of noise monitoring , UNSE

o relook of existing BPW

Io proceed for revision by COF an LIMAGE and ERS.
guideline

To add naise: fGilure mode in ERS.

Should establish checklist for qualitative assessment
with diagram to ensure standardize practices.

Identification of
PilotLOCatiOn llllllllllllllllllllll>




Ergonomics &
v Hygiene 2023

4 Collaboration for Sustainable
"‘ Health in Future of Work

Outcome of NCA Pilot Implementation at Identified Facility of Malaysia Asset

Day 1:
Conditioning/
upskilling with

Reliability & CBM

Day 2
“Hands-on” data
collection with
CBM Team

Day 3
Detail root-cause
& feedback
session

v
o PETRONAS

Overall Achievement of NCA Pilot Implementation

Understandon | ——— | Understand on
selaction of | Understand on how Noise Understand the
NCA priority how baseline measurement requirement of
equipment obtained should be taken >3dBA
8 Overall 94% 96% 94% 94%
Overall rating on g
¥ Understanding and
NCA Pilot . z
s Satistaction ar NN I s N - 4
Implementation e gt
5 NCA Procedure / /
at Malaysia Asset St
by Involved Party among Reliability o o 8¢
Y and CBM Team 89% 89% %
understand on Understand that Understand on Understand on
how Qualitative detailed root how to classify how to use the
Assessment cause study the finding NCA
should be prionity/ Checksheet &
conducted when maintenance NCA Database?
equipment prionty
measure
>3dB(A)

© 2022 Petroliam Nasional Berhad (P
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Way Forward

Roll out of NCA Procedure targeted in September
2023

Detail Noise Root Cause Analysis Upskilling for
relevant SMEs

Study on linkage between CBM Vibration Analysis
and Octave Band Analysis/Noise Vibration
Analysis
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Take Away

management team is important to ensure clear maintenance philosophy and
noise evaluation criteria for equipment preventive maintenance program able to
w be established effectively for proactive identification and rectification of noise

risk at source.

@ - Effective collaboration between industrial hygiene with operation maintenance

ﬁ PETRONAS © 2022 Petroliam Nasional Berhad (PF
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Do Something Today That Your
Future Self Will Thank You For

THANK YOU




Overall Achievement of NCA Pilot Implementation

967%

Overall rating on
NCA Pilot

Implementation
at Malaysia Asset
by Involved Party

Internal

Overall
Understanding and
satisfaction on

NCA Procedure
among Reliability
and CBM Team

Understand on

Understand on

selection of Understand on how Noise Understand the

NCA priority how baseline measurement requirement of

equipment’ obtained should be taken >3dBA
94% 96% 94% 94%

— — e o o e  Em me —  — — — E — E—==

understand on
how Qualitative
Assessment

Understand that
detailed root
cause study
should be
conducted when
equipment
measure
>3dB(A)

Understand on
how to classify
the finding
priority/
maintenance
priority

Understand on
how to use the
NCA
Checksheet &
NCA Database?




Feedback from Stakeholder Involved in Pilot

Internal

Positive Feedback

Very good initiative to discover the gaps on the NCA

Good initiatives. To closely monitor the findings
closure plan

looks forward for implementation.

Feedback for Improvement

Establish/develop BPW for NCA by UHSE —

Team should understand that CBM only perform
inspection, rectification by maintenance/eq. Owner

Propose as discussed to set NEC as SCE. this will
manage NEC effectively

On the reporting and data of noise monitoring , UHSE
to relook on existing BPW

To proceed for revision by COE on UIMAGE and ERS
guideline

To add noise failure mode in ERS.

Should establish checklist for qualitative assessment
with diagram to ensure standardize practices.
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