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1.0 INTRODUCTION

This document describes more what and how process of maintenance and inspection manage at
Sirikit Oil Field (S1) asset. This document cascades down from Maintenance and inspection guideline
13245-GDL-1-S1M-ALL-MMS-001.

2.0 SCOPE

This guideline covers the followings:

» Several sources and formations of the maintenance and inspection strategy by selecting the
most appropriate approach for the asset

« Concept of the maintenance and inspection approaches with appropriate options plans and
definition of the resources required and the impact on production targets.

« Planning layer cascaded and rolled over to scheduling into execution step.

+» Recommended key performance indicators for maintenance and inspections after execution.

3.0 KEY REQUIREMENTS

3.1 WOK FLOW DESCRIPTION

Maintenance and Inspection Management can be described in 4 major stages: Strategy and
Approach, Planning & Scheduling, Execution, and Review & Improvement.

Planning & Scheduling

. ME} pretngy - Flammang = Vanficeren Testing: . Lemsan Bxam | Bast practice.
2 Asut Regestration . Fehaduling . Mgirmain [ inipast . imprmes FMUTY procadurs
= oh Pan f Task [ SCE ek +  Commcung . L
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- . .
¢ Feporting * tostreporting
Figure 1 — Maintenance and Inspection Management
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4.0 STRATEGY AND APPROACH

Maintenance Approach involves formulating maintenance and inspection strategies that conform
to PTTEP objectives, reviewing, confirming, or updating requirements or assumptions.

Refer to high level maintenance and inspection direction well and facilities, the maintenance and
inspection requirements are established the following approaches

4.1.1 The 5-Year Key-Activities roadmap

The 5-year key activities roadmap identifies key M&| activities that interrelated among other
stakeholders to achieve mutual goals. MRP has been already incorporated.

Having been Integrated with RAl expectations, OMI co-KP!| target, Production target, M&| cost, and
manning strategy of S1 contributed by M&I, the 5-year key activities roadmap Is purposefully used
as reference to confirm whether approved budget is slill adequate.

The 1% year is considered firm while the following years are changeable fo suit business needs.
However, maintenance and inspection activities that cause significant facility outage will require more
detailed planning and integration into PTTEP Business Plans. The roadmap can be revised in yearly
basis by default to ensure key M&| activities are addressed and well reconciled among stakeholders'

needs.
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Figure 2 — 5-Years key activities roadmap

4.1.2 Maintenance Reference Plan

Maintenance Reference Plan (MRP) is another set of maintenance and inspection tasks look ahead
in high level for 5-10 years magnitude of time scale, associated OPEX/CAPEX, implications for the
plant and equipment. MRP incorporates all constraints and business requirements underlying with
equipment current condition is another main portion of maintenance.

MRP often split apart from typical approach for non-routine M&I activities such as upgrade,
obsolescence management, and MOC related with debottlenecking or plant major change.

MRP is based on “Operation Philasophy” and “Maintenance and Inspection Philosophy™ and sets the
way things will be done according to business direction (FDP), current equipment reliability, integrity,
performance, and statutory requirements as key drivers underlying with OEMS framework. MRP
provides information needed to implement of Cost, Time, and Resources requirement over a long-
term period in budgetary scale; i.e. accuracy could be slipped in certain extent up to 20-30%; the
closest to current year will be more precise.

October 2022, Revision No.04 Company Confidential - Uncentrolled When Printed Page 2 of 24
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MRP determines what needs to be achieved in the years ahead, typically 10-years ahead with a one-
year firmed element, a four-year rolling element, and significant elements over the remaining life
cycle. MRF can be updated either yearly, or any change based on field development and/or business
plan catered for the original MRP.

S1 has recently reviewed its MRP in 2019 due to concession renewal via 12153-GDL-5-MMS-001,
and in 2022 LPG plant operating direction change via 13245-GDL-1-S1M-LKU-MMS-002. Figure 3
gives one example of MRP deliverables in cost perspective along the life of LPG plant.

Sum of Budget (MUSD) Coturlall : :
0.09

— Electrical 0.01] 0.08
OPEX 001 0.06 007
CAPEX 0.02 0.02
= Inspection 073 023} 002 003] 051| 001 019| 0.01 179
OPEX 079) 023] o002 0o03] 051| 001 019] 0.01 179
1 00a| 013] 019 08| O068| 0.06) 006] 0.06] 006 006 1.51
OPEX Ops) O11) 019| 0I8] OBE)| OO6) 006 006| OO6) 006 1.49
CAPEX 0.0 0.02
h | 030 057] o062 038] 071| 030| 019] 0.00] 000 000 3.09
OPEX 0.30 0.22 025 0.38 071 0.30 013 0.00 000 0.00 237
CAPEX 0.35] 037 072
|Grand Total 113) 1.02] 0B83| 060] 150| 037 044 0.07| 006 0.06 6.48

Lnit: Million USD
Figure 3 — MRP example: case of LPG review in 2022 till EOC.

4.1.3 Risk and Reliability Approach

Proactive approach drives via Criticality of Asset during Register. Itis a list of the equipment on which
maintenance and inspection activities are required and are maintained in CMMS. The high-level
asset hierarchy is also represented in the Chart of Accounts (COA) structure. The asset register
forms the common database for Maintenance Management Module, Inspection Management
Module, Materials and Procurement Module, and is fully integrated with the Finance Package.
Hierarchical structure of Asset is registered in compliance with 1SO14224 and is in line with OEMS
RAI requirements.

Refer to Reliability and Integrity Framework, a short summary of RA| guides how each group of
equipment is managed based on its criticality ranking result.

Different criticality of equipment is treated and managed by different sirategies and approaches.
Therefore, assessment of asset criticality is the risk-based assessment and is the key process to
determine how critical equipment is. The criticality will bring all what and how S1 manage its
equipment.

October 2022, Revision No.04 Company Confidential - Uncontrolled When Printed Page 3 of 24
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For High criticality rank of asset register i.e. SCE 4 and some selective VITAL 3, Risk and Reliability
Maintenance (RRM) tools are recommended approach. These tools are Reliability Centered
Maintenance (RCM), Risk Based Inspection (RBI) and Safety Integrity Level Classification and
Verification Review (SIL class, SIL ver; also called Instrumented Protective Function or IPF review).

* RCM: Typically well applied to rotating equipment
* RBI: Typically well applied to static equipment
*  SIL: Typically well applied to instrumentation, control and safeguarding systems

The intermediate rank of criticality (remaining VITAL 3, and CRITICAL 2); unless otherwise specially
required, the framework recommends to approach by Failure Modes and Effect Analysis (FMEA),
OEM manual of M&| recommendations, experienced based maintenance strategy from similar kind
of equipment specification/functionality.

The lowest rank of criticality;, SECONDARY 1, run-to-fail approach is preferred as long as the
consequence of failure is less than repair cost.

The selection of the maintenance and inspection strategies is also approached by Quantitative Risk
Assessment (QRA) and any Statutory requirements e.g. Gas sale agreement, EIA, local authorities
regulations, etc.

RRM which includes but not limited to RCM, RBI, IPF or SIL can be read its methodology in more
detail: 10012-GDL-5-MMS-002 for RCM, 10015-PDR-4-PRS-056 RBI, and 10008-GDL-5-INS-005
SIL Verification Guideline

4.1.4 Strategy Implementation and Job Card Development

The right maintenance and inspection options are presented in Maintenance and Inspection Strategy
documents. Include appropriate interval or frequency to carry out tasks, it wil be M&| strategy:
WHAT/WHEN; which could be run-hour or calendar basis,

Applicable options deployed into strategy and approaches:

Applicable M&I| Options Failure behavior Commeon Examples

Time-Based Replacement Wear & Tear with known Rotating equipment:

lifetime or confident MTBF. Gearbox, Bell, bearing,

impeller, engine, compressor
valves,
|

Condition-based Maintenance | Random Complicated system, DCS,
control system, Instrument,

Risk-Base Inspection Wear or Corrosion rate Stationary, Vessel, Flowlines,
dominated failure or LOPC Pipelines

Failure Finding Hidden failures Safeguarding
Function Test

Precision Based Maintenance | Infant failure relocation, recommission,
conversion, startup, major

Craftmanship and B atonnd

competency related failure

Table 1 — Correlation between M&I Options, Failure Behavior, and common Equipment

Cetober 2022, Revision No.04 Company Cenfidential - Uncontrolied When Printed Page 4 of 24
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From strategy, detailed procedures (Job Cards and/or Task Lists) are developed to provide steps or
HOW to execute the maintenance and inspection task with respect to anticipated criteria (QA/QC)
Specifications or standards (of pass or fail) required to be revised should be included. Total set of
maintenance and inspection strategies and tasks are implemented in CMMS for further deployment
and implementation.

5.0 PLANNING AND SCHEDULING

MRP consolidates with M&| strategy embedded in CMMS form the basis of the overall planned
maintenance schedule and is used for making strategic decisions on Maintenance Management; and
in most cases incorporated with impact of production and business direction.

Maintenance Reference Plan can give indirect view of downtime to project to production deferment
which varies over period of time and the consumption of resources due to foreseen M&I activities. It
determines what needs to be achieved in years ahead

With a one-year firmed element, a four-year rolling element, and significant elements over the
remaining life cycle. MRP together with 52-week plan will be settled.

The medium-term plan contains a firm element of 3-months and a rolling element up to 1-year to
proposed to 3-months IOP (integrated operation plan) look-ahead across stakeholders including
drilling, well services, engineering etc. Normally when plan comes to the shorter and closer time in
the period of 3-to-1 month usually confirmed upon |OP (integrated operation plan)

Scheduling will be rolling in magnitude of 1-month or 4-weeks lookahead with frontline production
and maintenance team to simultaneously optimize and prioritize among various crew and resources
to fit for actual daily production against situations at site.

Note that interval (5-yearly, 1-yearly, 3 monthly, 4-weekly, weekly, etc.) within hierarchical concept
of planning could be timely adjusted based on dynamic of the asset production behavior.

The hierarchy of maintenance and inspection plans are conceptualized from upper level cascaded
down to daily scheduling of work is depicted as below.

Rolling element
Year 11-15 Year 16-20 Year 21-25

_JSJJ_?J.EJLQIE)J 21|22/ 23|24[25

Asset or Field

Weskly Scheduls PLANNING HORIZONS

Figure 4 — Hierarchy of Maintenance and Inspection Plans

October 2022, Revision No.04 G [of ial - Ur trolled When Printed Page 5 of 24

PTTEP paintenance and Inspection Management

)

13245-GDL-1-S1M-ALL-MMS-002-R04

Scheduling is a time related process whereby the resources from pre-agreed plans are synchronized,
sequenced, and converted into a detailed set of tasks to carry out within a discrete period. It
essentially evolves around the development of the longer-term plans into weekly and daily work
schedules.

The schedule should be continuously rolled forward with a time horizon of typically one-month firm
and two-month rolling. Figure 5 below illustrates correlation between maintenance and inspection
planning types (refer to 10012-GDL-5-INT-008-R00, Maintenance and Inspection Planning
Guideline).

B ’ 155

5-Year Plan

12-Month Plan

Shutdown Plan

3-Month Plan

Monthly Plan

Daily Plan

Figure 5 — Correlation between Flan Types (from 10012-GDL-5-INT-008-R00)

5.1 RESPONSIBILITY FOR PLANING AND SCHEDULING

Responsibility of the preparation and approval of the various plans and schedules is shown in
Table 2 below.

Plan and Schedule Type Prepared by: Approved by: Notes

Field Development Plan PTN/P PTN

Maintenance Reference Plan (MRP) | PS1/M and OMI P31 1

52-Week Look Ahead PS1/M Supervisor PS1/Mand PS1/P | 2,3
PS1/M Scheduler

3-Month Activity Plan (Integrated FS1/M Supervisor PTN/P, P51, 4

Operation Plan, IOP) PS1/M Scheduler PS1/T, PS1/P and

PS1/M

2-Week Work Schedule PS1/M Supervisor PS1/Pand PS1IM | &
PS1/M Scheduler

Daily Work Schedule PS1/M Team Leader | PS1/P and PS1/M | 6
PS1/M Scheduler

October 2022, Revision No.04 Company Confidential - Uncontrolied When Printed Page 6 of 24
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Notes:

1. PS1 approves MRP for further planning, deployment, and budget preparation.

2. To be per 52-week plan based on set strategy in CMMS. PS1/M Scheduler develops weekly
look ahead, and PS1/M supervisor to review the plan.

3. Plan to incorporate maintenance, inspection and re-certification activities.

4. To be incorporated into IOP facilitated by PS1/T and presented in IOP monthly for review
and approval.

5. PS1/M Supervisor and PS1/P to endorse 1-to-2 weekly work schedule.

6. PS1/P to endorse and revalidate via Permit-to-Work (PTW) to proceed M&l tasks.

Table 2 — Planning and Scheduling Responsibility Matrix

5.2 MAINTENANCE AND INSPECTION PLAN

5.2.1 52-Week Look-Ahead Plan

Regarding the 1t year of 5-Year Plan and MRP, they provides list of activities to be implemented
within the year. It will be incorporated with routine 52-week maintenance and inspection plan. The
52-Week Look-Ahead Plan will form the high level plan. Performance will be judged against and form
the basis for the more detailed 3-Month activity plans. The 52-Week Look-Ahead will also form the
basis for the ordering of materials with long lead items, i.e., more than 3-Month Plan.

5.2.2 3-Month Activity Plan

This schedule is for the maintenance and inspection activities within 3-month period and are revised
monthly on a rolling basis; they contain preventive and condition monitoring routines as well as
approved corrective routines. Therefore, 15t month of the plan is considered firm, with the following
2 months tentatively agreed to enable the preliminary establishment and securing of manpower and
materials. The 3-Month Activity Plan shall incorporate key equipment availability and resource
utilization reports. The activities require partial or full facilities shutdown and/or having deferment
potential included into the Integrated Operations Plan (IOP).

P51/ 0P
Depertrn + | Period * | Location | Activities =1 ‘StwtDate * | FinishDet = |  Duratios - |
PSLM Ag-27 FISTH M ME _{ENGINE + COMPRESSOR 1¥) K-3200- Plon 08 - 11 August bl L chay Bhupa 1-dug-22 Apay
[ Augdd FisTA [ ME GiA.E COMAR K- 555030 2-Aug2l 212 Lhes,
PELM Wiag-23 FisTs [P ME GAL COMAR K- 3350 1M B Aug 2l 621 b,
PELM g2 FiST [P ME (ENIGINE 6Y + COMPRESSOR 1Y) €- 5750 - Plan 15.26 Ay 5t 2630 total 12 days 15-Aug-23 26-Ag.21 12 Days
PSLM Aug-37 FisTH. [P ME (EMGINE + COMPRESSOR IV) K-3400 - Flan 25 August - 02 Saphermber 2022 total 5 dey: B-hup 2-5ep-22 3 Days
PSLM g 23 FiSTH. P-2401- £, THHEE MKINTHLY, 88! 3 E I-fupz 3-tug-22 £hes.
[ N33 FisThe THREE MAONTHLY, SESVENTIVE MAINTENANCE A-dup 2hug13 thr
[ Aig-2n LRL-E P HEEE MONTHLY, PREVENTIVE MARTENANCE W &) 4-Aug2l 4 00 A
PELM Aug-23 p. HFEE WACHTHLY, PREVENTIVE MAINTENASCE (WS-8} A-Aug ) e Ares.
DELMY Mg 22 - 3154, THREE MONTHLY, PREVENTIVE MASTESARCE 5 &) ERLTT 2 3Aug 22 Apys.
PELM g -T2 P-1135. THREE MCMTHLY, ENANCE (WS-8} Ifupz 3-Aug77 Abry
PSLW g-37 [P-E45-4, THEEE MICNTHLY, P (WS-E] A-Bup73 & dug-23 by,
[ Mg 3 = ) A-Aug 4-Aug 32 4ber,
PEL/M Aogg-33 P-£42-4, PREVENTIVE MUbINTERANLE (W5-5] 4Aug2l & hogaz Ahes.
PEEM A1 [P-143-A, PREVENTIVE MAINTENANLE (WS-£) A-hug2l & g 12 dbs,
g 3% - 8000, YEARLY, PREVENTIVE INTERENCE IAuEED Irdg-22 3 Days
Ag-33 PT0-& GASMETERING 30- 2 VEASLY CALIBRATION T-huga T-ug-23 Ehrs,
Ag-23 [STH-A GAS WETERING 08-FFTR- /8 e B3-FFTR-45AA/8 VEARLY CALBEATION B-Aup Ehrs.
Acgoz | nrwa s ass mermine o whugz Bes.
A 23 FiSTN | CRLICE WETERG MW ONTHLY 2 -Aup-21 20aye
g 22 FiaT8 [T- 3006 CALIBSATION AND PREVENTIVE MAINTENANCE Al-Aug-22 Ehs.
L WGY S G O hugE Ehrs,
ag-22 n [BPR T-202 12-Bup-23 Bhrs.
g2 G- 1N WSG-2, ES0/D5D Furction test 17 BT s,
EL NPE-A IN A4, ESCY0SD Tundtion tast 1Y 1h-Aug! B,
-5 WEGE 1N A9 -E, ESDYDED Tunciion T9s 1% 13- Aup. .
A [ IN LR, ESD 0 1 I5-Aup b,
Aog-2i FiSTH MESELS K-3BILA 1YFM + Engine Change out + AGE A0-RBug-; L 3Days.
Ag-22 FisTH. [PM ME-EL*M K-380L8 1TYSN S-Aug- 2 Tag22 A Days
L FiSTH [PM EL K-3BMC 2300 HES P B-fup® B-dug-22 Ehrs.
Figure 6 — 3-Month Activity Plan
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5.2.3 2 Week Work Schedule

Derived from the firm plan for 1* month of 3-Month Activity Plan and updated on a weekly cycle.
Concerns the maintenance and inspection activities for 14-days ahead, based on the activities on
the monthly activity plan supplemented by work orders raised on an ad-hoc basis and required to be
executed within 14-day timeframe. The 2-Week Work Schedule typically covers a period Monday-
Sunday, with first 7 days firm and last 7 days tentative.

The following basic requirements applied to the 2-Week Work Schedule:

* Schedule is issued in MS Project or MS Excel

« Activities are grouped by location, i.e,, Crude, LPG, well sites, outstations (essentially
grouping by asset cost center)

+ Activities are resourced in MS Project or MS Excel, including required trades, number of
trade staffs and special resources (where required).

+ Activities are assigned estimated duration, represented as grant chart.

+ Activities are scheduled with due account given to operational constrains, i.e., LPG coolers
to be starting in early momning, crude transfer pumps after morning production surge, etc.

« Planned resource usage is provided with schedule.

Maintenance Highlight Activity 15 - 28 August 2022

Pl -t

]

4| O -

= |

- T

£

{

|

€ Tagdt | Magn

= VBRGNS T )
i =~ LT
[

=

Figure 7 — 2-Week Work Schedule
5.2.4 DAILY-TO-WEEKLY WORK SCHEDULING
The Daily Work Schedule is a list of activities to be carried out the next day. It is not subjected to a

separated approval; however, a review may be required at the morning of the workday itself for high
priority work that may have been occurred overnight.

October 2022, Revision Mo.04 Company Confidential - Uncontrolled When Printed Page 8 of 24
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S e —— Tt o — 5.2.5 Shutdown Plan
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T i | e | v | et [ eRERR AT ~ - . e . " .
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v [ ousn | smoom | e | mowotewn | i e s rrn e ™ ne requiring partial or full plant shutdown. These activities are typically grouped to take place in the
e s e e e e = £z same concurrent period; e.g. vessel internal inspection, and relief valve recertification, that cannot
sy i o T .. e be carried out during plant normal operation which may cause high production deferment, mainly on
e e ] s [ tom e : = Lo process safeguarding and/or major vital equipment. Plant Turnaround approaches like project non
R g iy e b, e - e routine works. S1 manages its shutdown activities in alignment with L3 Shutdown management
O R e ; - - 10012-PDR-5-MMS-003.
A ] —— w r—— ) ~
. T T rr— ] ===
i e P Ty —— ~ o—
m 8 [T T ~ ~
W g o =
w sodowr | _wam .. ~ awrt [o|ole|lz|{o]le]|s5|[e]lo]]o]o]e 15 0
2 LR T ] 2 ex o JoJo[o[z|o]o[o]o[m][o]o]o|]o]e]o
R .. - wr o |o]oels5]oe]aoajo[o]e]o]o]ec]o]5]ol]:o0
o | waw ™ =
) | e ™ - : ;
= v | vam = = Figure 9 — Shutdown Plan (driven by RBI)
» e ~ —
=] —— ] we ™ -
» T ~ =
o g o — ™ =
w e | o | AW [tV WA PR Y ~ ~
w oy | Toe o rrase ™ -
= e g e = = 5.3 PLAN AND SCHEDULE PROCESS
" = - Latn bl - - L
] o | T [ ™ ~
I I e T el T e e e e ~ o 5.3.1 Plan and Review Cycles
Ol e T I T ™ ~
e e T e i = = Plans and schedules will have to be prepared and reviewed in a timely manner, consistent with
o | s | s | wmem | uawwon | s wismie ~ a— PTTEP Sirikit Qil Field (S1) asset’ other processes. The process is illustrated in Figure 10 below.
! st | embmm | GSOCOLAY | P 1008118 Ry 24 CRETT
e R R T LT T N
I T T T ol T e CHECT
v s | mames | o [ S [ s eyt CHE
N e ol B e T |
o —
2l = v | s | o N w | ram
)
o = G T
IO A R Y CRECS
BT e e ™ | s
o s | e | oo P 8 T e P P ™ | v
10| - .y e ol ol P e P P ~ ey
I TR - e gl il . AT
W T | o cuow o | ez
. o 7 3 [t
" ) o =) R
N e B Tl LT ™ | haym
7w | o | oo T | S
[ oo | e | wa | wiasceam [ s s CRE
R Tl BT T TN Y e [ et
T T TR T ey | b
BT g [y —— )
| e | seow | e L v v e Lot R
g B | bt
5 T [ g
&l > —— T =Ty pyrenre— o | e
T I T TR e | e
B e e T e e e R
| e | e | wae R ¥ T ey prvp—T—Y ™ | iam
| e e Wl =i P L T EPRCT R Rty ol e
w | i | s - LEIEBAE | ot S D AT PRTEET P 1 | e
7 3 e e [T I ot 75
. ot
[ s | s | i e o n [es
5] wor | s | - weeun o W Lo
| hand st Tow W FITRA n LangTl
W[ | e | wane I T T — ™ [
Figure 8 — Daily Work Schedule
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Figure 10 — Planning and Scheduling Process
5.3.2 Plan Review Meetings
Plans will be reviewed and updated on a regular basis to ensure plans reflect the latest work
progress and changes to work scope.

1) 3-Month Activity Plan: The 3-Month Activity Plan will be established in two (2) phases, to link
the maintenance and inspection activities into 51 Integrated Operations Plan (IOP).

Phase 1 - Prior to IOP meeting, PS1/M, PS1/M Supervisor and PS1/M Scheduler will meet to:

October 2022, Revision No.04 Company Confidential - Uncontrolled When Printed Page 11 of 24
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Obtain overview of maintenance activities in next 3-month period;

Review priority setting of maintenance activities;

Agree tentative plan (priorities, dates and resources) for next 3-month period;

Prepare draft plan, clearly identifying deferment related activities and technical integrity
related activities;

» Review work preparation plants and agree the list of actions.

+ Proposed released date: Every 10" of the month

Phase 2 — The draft maintenance and inspection plan will be presented to IOP meeting for
review and approval. The IOP meeting will be attended by delegates from Asset Planning,
Reservoir, Production Planning, Maintenance and related sections. Proposed review date is
Every 15" of the month.

2) 2-Week Work Schedule: The 2-Week Work Schedule will be derived from the approved 3-
Maonth Activity Plan, supplemented by approved work order’s not featuring on the plan. The 2-
Week Work Schedule will be reviewed on a weekly basis in order to:

* Review next week's planned activities against approved (monthly) plan;

Review progress against approved (monthly) plam;

Review maintenance backlog;

Review additional, non-planned activities;

Confirm maintenance activity prioritization;

Confirm next week's schedule.

The weekly review meeting will take place every Thursday afternoon and be attended by PS1/M,
PS1/M Supervisors, PS1/M Team Leaders and PS1/M Scheduler with the final plan as
established during the meeting issued on the same day. Although the 2-Week Work Schedule is
considered firm, the opportunity exists for items to be added to the schedule later as requirements
and/or opportunities arise. In order to ascertain the requirement for late changes to the agreed
schedule, all requests for additional items to be added shall be reviewed as to its priority as further
described in this document.

3) Daily Work Schedule: The Daily Work Schedule Is for use by the maintenance executor in order
to direct maintenance staffs. The Daily Work Schedule is produced in every afternoon before
and issued o relevant persons; a copy of daily work list is provided. Daily Work Schedule is
reviewed the operation/maintenance morning meeting, where further work requests may be
identified. Depending on the priority of additional work requests, changes to the daily work list
may be required.

5.3.3 Prioritization of Maintenance Activities

To ensure the timely execution of maintenance activities, it is essential that priorities are assigned
to the various maintenance and inspection activities and these priorities are used to schedule the
activities. The priorities are recognized by 51 which considered in CMMS. The general meaning of
priority based on risk assessed is well applicable to CM or Cl that recommends completion date of
work order.

Unlike CM/CI WO, Recommended completion date defined for Priarity will not be applicable to the
other plannable WO types (PM/P| or GSM/GSI, or MD) because some are carried out as campaign
whose the completion interval can be longer than 3 months e.qg. flowline UT inspection campaign.

Due to this constraint, Priority definition in CMMS is however more effective work around via
Planning because PM/PI or GSM/GSI is the prevention and validation approach; L.e., nature of the
work is to prevent, validate, or assure rather than to recover or reinstate the functionality or integrity
of equipment back to normal like CM/Cl's working nature.
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Figure 11 — Risk Based Priority corresponded to recommended completion date

6.0 EXECUTION

This is the only stage when field activities take place that is those directed at anything other than the
acquisition and the processing of information. It is the part of the process which yields the return in
the form of hydrocarbons and in which the physical implementation of planned activities takes place.
Once the execution phase has been initiated, the activity management role changes from “Planning
the work” to “Working the plan”. The ability to significantly influence the reduction of costs or schedule
has passed and the focus shifts to keeping to the plan in order to avoid time and cost overruns. Work
Order generated by CMMS at scheduling phase is how the on-site supervision gets its instructions
and how it controls and feedbacks information to the schedulers.

Maintenance and Inspection Management of 51 Asset recognizes four (4) steps for the execution
workflow in daily work which to be described in the following Clauses.

6.1 SITE PREPARATION AND INTEGRITY ASSURANCE

Upon identification of the activity to be executed, as detailed in the relevant Work Order), the activity
is further detailed in separate steps inclusive of the preparation required before the actual work taking
place. Typically, preparation of the site will be considered as part of the actual activity to be
undertaken; however in some circumstances the site preparation scope will form a separate activity
itself, then follow the general structure outlined in Figure 10. The below outline is controlled by PTTEP
S1 Asset Permit-to-Work (PTW) system as described in 13247- PDR-SSHE-505/08, SSHE Rules
and Requirement Procedure.
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Figure 12 — Site Preparation and Integrity Assurance
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Work Description | By Notes
Detailed activity into separated work steps | Job executor, PS1/M Team Leader | 1
Undertake job safety analysis for each - | Job executor, PS1/M Team Leader | 1
separate work step | (supported by Safety Officer

- F'ﬁ;pare permit to‘;\rmk (including work | Jnt;—éxecutc;'-. P:31.fl:«u.‘1_Te;m Leader [ 1 i

analysis sheet)

Submit permit to work to Production section for | PS1/M Team Leader
review

Determine mechanical and electrical isolation PS1/M Electrical, PS1/PP/PF/PO 2,3
requirements

Carry out required operational preparation PS1/PP/PF/PO
activities (drain, flush, etc.)

Carry out mechanical and electrical isolation PS51/M Electrical, PS1/PPIPF/PO | 3,4

Carry out additionally required safety | Job executor

precautions |

Undertake task (including toolbox talks) | Job executor | &
Notes:

1. Maintenance jobs are normally executed by Maintenance/Inspection crews (under PS1/M
Team Leader's supervision) who will be responsible for correctly identifying the separate
work steps and permit requirements. For non-routine activities, the activity may be assisted
by PS1/M Supervisor and/or Maintenance Discipline Engineers.

2. |solation requirements and additional safety precautions are established as per the
requirements of PTW system and operation procedures, Electrical |solation is carried out per
Electrical Safety Rules procedures.

3. Upon request, isolations may be brought in place by competent persons (typically PS1/M
staffs) under the supervision of Production section. For electrical isolations, special
requirement applied, as detailed in Electrical Safety Rules.

4. Additionally required precautions (barriers, gas testers, etc.) are normally brought in place
jointly by Maintenance/Inspection crews and Production section (PS1/PP/PF/PO}, with
ultimate approval of adequacy of these provided by Production section.

5. Standard forms for toolbox talks to be used.

Table 3 — Responsibllity for Site Preparation and Integrity Assurance

6.2 TASK UNDERTAKING

Once site preparation and integrity assurance are completed and approval to proceed work has been
obtained as per the requirements of PTW system, actual task can be executed in accordance with
the task description shown on the job cards and permit. A task is considered complete when all
described tasks have been executed, the site has been re-instated, and the equipment worked on
has been returned to a status in which it can safely resume operation.

For various maintenance and inspection activities, detailed procedures are available to provide
further clarification to the activity described on the job card and to ensure the consistent execution of
maintenance and inspection tasks. Relevant procedures are included in vendor manuals or separate
PTTEP maintenance work procedures available from PTTEP's intranet.
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Where a task involves the investigation of a failure, the conduct of this investigation and associated
reporting shall follow the process outlined in the relevant S1 procedures including PTTEP
maintenance work procedures.

6.3 HAND-OVER PREPARATION
This clause covers the process required to administer the resources used during the undertaking of

the task, as well as the process to administer any relevant findings obtained during the undertaking
of the task. This process exists of various separate steps as outlined in Figure 13.

Undentake Task

.

Recoedd an WO teeed copy daily hours werkes and
resmiroes used

v

Entar WO hours usage into GBS

v

Enbeér WO resources usage into CMMS

4 s parts? > veo—p| RUD U arcre
L
%

No

Enfer refatilty information
(as appeopriated)

v

‘ Complete job step

(GMMS transaction)

Figure 13 — Hand-over Preparation Process

6.3.1 Work Order Hardcopy Data Record

During the undertaking of tasks, usage of manpower resources (hour worked on WO per individually
named person) and other resources are recorded on WO hardcopy on dally basis by the maintenance
or inspection techniclans. Upon completion of the work, the technicians return the WO hardcopy to
their Foreman for entering the relevant data into CMMS.

6.3.2 WO Hours and Resource Usage Entering into CMMS

The information recorded on WO hardcopy Is transferred to CMMS within two (2) working days of
physical completion of the work, so called “posting of hours usage and resource usage”. It is
important that timely entry of this data is strictly adhered to, as it forms the basis of an efficient and
effective maintenance scheduling process. Furthermore, it provides the necessary input to the
automatic accrual system and thus the link between work management and finance system.
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6.3.3 Unused Part Return

All parts and/or consumables reserved or consumed during the undertaking of the task shall be
properly balanced against the Work Order bill of materials.

Unused or excess material, spare parts, and/or consumables shall be returned to the material
warehouse (5101 is warehouse designated for S1 Maintenance section).

Hint: Stuff replaced by new material but considered reusable if refurbished can also be returned to
warehouse as long as they are stock registered and were drawn to use via the WQ's bill of Material.
Once they are refurbished/reconditioned, the process to return can be further proceeded to the same
WO that has yet not technically completed (TECO) under “USED" code of stock — Seek advice from
local warehouse personnel for returning “Used part” to Warehouse.

6.3.4 Reliability Information Recoding

In order to capture data on equipment failure modes and frequencies, performing activities and
reliability data needs to be entered into CMMS for all corrective maintenance activities. The format
adopted by PTTEP S1 asset complied with the requirement of 1ISO14224, standard for reporting of
equipment reliability, and as such requires the following data to be entered:

Symptom of problem (how did the problem manifest itself?)
Equipment cause of failure

Equipment downtime

Equipment repair time

Corrective action undertaken

Further details of the entry of reliability data is provided in the relevant PTTEP maintenance work
procedure.

Signals completion of work and administrative effort as described in the earlier Clause of this
guideline for the relevant job step, and as such a quality check to confirm work completion and correct
entry of relevant manpower, resource and materials utilization data. With the approval of a job step
to be complete, all transactions are deemed complete, and the WO is ready for close-out.

6.4 WORK ORDER CLOSE-OUT

This process covers the final process of execution process and serves to add deferment data and
quality checking the job history data, including reliability data and close out the entire work order, i.e.,
confirms that all job steps on the subject work order have been completed. For all jobs related to
deferment of production, the associated deferment shall be entered by Production Planning section
(PS1/T). Deferment related jobs can be identified by the deferment code associated with the work
order.

Notes:

1. Where the Work Order involves corrective maintenance, completion also signifies that
reliability information has been entered into CMMS.

2. Where a certain job step has not been completed but cancelled, the job card can still be
closed out. The relevant cancelled job step will; however, remain shown as cancelled instead
of complete in CMMS.

3. WO final closure will be by relevant PS1/M supervisor, discipline engineer followed by
PS1/M, dependent on WO scope of work, and its criticality.
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7.0 REVIEW AND IMPROVEMENT

Review is the stage in which all the results obtained during execution are analyzed to determine
asset status and its performance in various perspectives.

The main source of data for analysis stage is the completed fulfiliment on Notifications and Work
Orders (WO) via CMMS with relevant parameters and quality of data; both master data of asset and
transaction data of execution in a single work order on such registered asset.

S1 adopts Corporate’s framework of Maintenance and Inspection Management System underlying
with OEMS RAl where every company within PTT Groups are mutually developed, revised, and
agreed to conform to develop S1 asset master data structures while transactional fields are
configured for user to input relevant parameters into CMMS.

S1 CMMS architecture is therefore built in common with other assets of PTTEP and using the same
data catalogue in order that they can be benchmarkable when performing analysis.

Other sources of information including PDMS (Production Data Management System, PDMS),
Process Indicator monitoring system (P1), etc.

The analysis results have 3 major categories of outputs. Asset performance, Asset integrity condition,
and Work Performance and Effectiveness.

7.1.1  Asset Performance

This activity is concerned with the performance of the physical facilities including items of equipment
of the asset. They all have purposes to deliver intended function in efficient and reliable performance
within operating context.

Performance Indicators (Pl's) used in this area are the equipment performance in term of

Key equipment or plant availability
Key equipment or plant efficiency
Mean Time Between Failures (MTBF)
Bad actor lists

Trips of key equipment

Plant unplanned shutdown

Plant reliability Index (RI)

7.1.2  Asset Integrity Condition

This activity is concerned with the technical integrity and safety status. Most facilities usually have
additional dedicated systems to safeguard, protect, prevent, terminate or retard escalation of
undesired circumstances in case the facilities were failed or run out of safe operating envelop.

The dedicated systems: so called SCE or safety critical elements, which determine asset's technical
integrity status:

Structural integrity

Process containment

Ignition control

Protection systems

Detection systems

Shutdown systems
Emergency response systems
Lifesaving systems

Asset technical integrity condition must also be analyzed in conjunction with performance and validity
of the asset design intent under the current conditions. Technical Authorities and Performance
standards substantially involves with this analysis.
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Examples of asset integrity condition or status are exampled below:

s Safety relief valve inspection and certification status

+ Static equipment (vessel, heat exchanger, tanks, piping) inspection status

* Instrumented Protective Function testing (ESD test, F&G system test) status

« Known variations of Equipment (safeguards overrides, temporary repairs, run out of
operating envelop)

+ PM compliances

+ SCE Backlogs

* Anomalies List

s Critical Alarm Rates

+ Findings and comective action management related to technical integrity

s Corrosion Rate and remaining useful life of process containment.

7.1.3 Work Performance and Effectiveness

This activity is concerned with execution efficiency and effectiveness of maintenance activities
themselves. These will include cost, time, and resources consumption to achieve the various
deliverables. This analysis of resource performance data Is at the core of management information
and will bear directly on all aspects of Maintenance and Inspection management.

The impact will range from plans, designs, practices, and procedures and the Cost Model in whole
process of Maintenance and Inspection.

Typical Performance Indicators are exampled below:

Meantime to Repair (MTTR)

Turnaround compliance

PM:CM ratio

Overdue or Ready Backlogs

Manhour analysis (Actual and Planned Manhour)

Cost Analysis (expenditure by asset, activity, WO type)
Cost per asset replacement value

7.1.4 Feedback and Lesson Learned

Key performance indicators will highlight the improvements and gaps to be fulfilled for the planning,
resources, execution tactic, crew competency.

The improvements can be started more upfront to M&! appreach and strategy or even further to
engineering and design. Enablers and Technologies should enrich to all stages of M&1 work process.
Life-Cycle-Cost and Risk-based Approach is always underlying of M&| work process as itis the heart
and M&I continuous improvement process.
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8.0 ROLES AND RESPONSIBILITIES

The following table outlines the roles and responsibilities associated with this document.

Roles

Document Author

Document Custodian

Document Owner

Document Reviewer

Responsibilities

The author of Maintenance and Inspection Execution
Management is S1 Maintenance Superintendent or equivalent or
person as assigned by Document Owner, with responsible for:

+ [nvestigate and plan of a document structure and its contents
+ Create andfor update a document as planned

* Report to Document Owner on the progress of the work on a
document

= Issue draft revision of a document for review, and embed all
comments made by Document Reviewers to the document

The custedian of Maintenance and Inspection Execution

Managment is S1 Maintenance Superintendent or equivalent or
higher level who assigned by Document Owner, with responsible
for:

« Identify deficiencies or potential improvements

« [nitiate periodic revision

« Maintain revision history and document status register

The owner of Maintenance and Inspection Execution

Management is VP, S1 Production Operation Department, with
responsible for:

+ Issue this document and its revisions

The reviewer of Maintenance and Inspection Execution

Managment is Technical Authority in reliability and integrity
engineering or equivalent or higher level, with responsible for:

« Review the document contents to ensure adequate quality

« Provide comments and/or suggestions on document issued
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9.0 DEFINITIONS

9.1 LANGUAGE

In this document, the following verbal forms are used.

May
Must
Shall
Should

9.2 TERMINOLOGY

Indicates a possible course of action or permission.
Indicates a mandatory and regulatory course of action.
Indicates a mandatory course of action or requirement.

Indicates a preferredflogical course of action or recommendation.

The following terms and definitions apply to this document.

Terminology Description

Approval

The authority in writing given by COMPANY to Contractor on a
procedure or to proceed with the performance of a specific part of the
work without releasing in any way the Contractor from any of his
obligations to conform with the technical specifications, requisitions,
etc. The words “Approve”, “Approved” and “Approval” shall be
constructed accordingly.

Asset

! Asset Integrity (Al)

| Availability

Barrier

Company

Contractor

Any physical facilities used in the exploration, production, processing
or transportation of oil and gas, and any supporting facilities or
equipment.

The ability of an asset to perform its required function efficiently and

effectively whilst safeguarding life and the environment.

The ability of an item to performs its required function under given
conditions at a given instant of time or during a given time interval.
The availability of an item does no necessarily imply that it is
performing, but it is a state to perform.

| Measure which reduces the probability of releasing a hazard's

potential for harm or which reduces its consequences. The hierarchy
of barriers is prevention, detection, control, mitigation and emergency
respornse.

PTT Exploration and Production Public Company Limited

PTTEP Siam Limited

Any company PTTEP has signed a contract with for the Engineering,

Procurement, Construction, Installation, Maintenance and Inspection
of a part of service work.

Major Accident Event
(MAE)

Any incident that results in multiple fatalities or equivalent damage,
production loss, environment impact as per the risk matrix.

| Quantitative Risk
Assessment (QRA)

QRA is the evaluation of the extend of risk arising, with incorporation
of calculations based upon the frequency and magnitude of

hazardous events.
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Reliability

S1 Asset

Safety Critical Element
(SCE)

Technical Authority (TA)

Technical Integrity

Al

CM
CMMS
COA
CPFT
ESD
F&G
FMEA
IOP
IPF
MRP
MS
MTBF
OMmI
QRA
Pl

PM
P31
PS1/M

The ability of an item to perform a required function under give.
conditions for a given period of time. This is document it is used as
“Reliability Performance” and refers to probability of failure.

| sirikit il Field under PTTEP Siam Limited

Safety Critical Elements are any part of the installation, plant or

computer programs whose failure will either cause or contribute to an
MAE, or the purpose of which is to prevent or limit the effect of an
MAE.

PTTEP personnel responsible for technical standards, providing

advice on issues relating to their discipline and Four Pillars of integrity
as defined in CMS. There are two levels of TA as defined in CMS.

Technical soundness, within E&P context it is “The technical integrity

of a facllity is achieved when, under specified operating conditions,
there is no foreseeable risk of failure endangering the safety of

personnel, environment or asset value”,

COMMON ACRONYMS

Set out below in alphabetical order are commeon acronyms as found within this document.

Asset Integrity

Corrective Maintenance

Computerized Maintenance Management System
Chart of Accounts

Critical Proof Function Test

Emergency Shutdown

Fire and Gas System

Fault Modes and Effect Analysis
Integrated Operations Plan

Instrument Protective Function
Maintenance Reference Plan

Microsoft Software

Mean Time Between Fallure
Maintenance and Inspection Department
Quantitative Risk Assessment
Performance Indicator

Preventive Maintenance

S1 Production Operations Department

51 Maintenance and Inspection Section
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PS1/P
PS1/T
PTN/P
PTW

REI
RCM
RRM
81
SCE
SSHE
TA
wo
WR

51 Production Section

S1 Production Support Section
51 Asset Planning Department
Permit to Work

Risk Assessment Matrix

Risk Based Inspection

Reliability Centered Maintenance
Risk and Reliability Maintenance
Sirikit Oil Field

Safety Critical Element

Safety, Security, Health and Environment
Technical Authority

Work Order

Work Request

10.0 DOCUMENT REFERENCE LIST

PTTEP internal references, international codes and standards, provincial legislation, and other
references pertinent to this document are indicated in the table below.

Document Code Document Title

PTTEP internal references
10012-GDL-5-INT-008-R00
10017-PDR-5-MM5-001-R00

Maintenance and Inspection Planning Guideline

Maintenance and Inspection Approach

13245-GDL-1-S1M-ALL-MMS-001-R04 1 Maintenance and Inspection Guideline

. 10015-5TD-4-PRS-006-R00

. HQ.2020.01082.3

. 12153-GDL-5-MMS-001-R0D0
I 13245-GDL05-MMS-002-R00

Reliability and Asset Integrity Management Standard
Reliability and Integrity MGT Framework
S1 MRP 2019-2031

. S1MRP LPG 2022-2031

. International codes and standards, provincial legislation, and other references

| 1S0 14224

Petroleum, Petrochemical and Natural Gas Industries —
Collection and Exchange of Reliability and Maintenance
Data for Equipment
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1.0 PURPOSE
The objectives of the maintenance strategy are:
e To demonstrate and maintain the technical integrity of (safety critical) assets

e To fulfil maintenance activities in the most business-efficient manner by effective and
efficient deployment and use of resources

e To improve asset reliability, availability and performance and optimise maintenance efforts
such that company targets in terms of product quantity, quality and unit maintenance cost
can be met

e To have in place and operate an auditable system of asset performance and maintenance
controls

e To comply with all applicable legislation and company SSHE policies

2.0 SCOPE

This generic maintenance strategy is written to cover well flowlines and well gas lift lines in
perimeter of PTTEP Siam, S1 Asset. The term “flowline” is used to define line from wellhead to the first
common manifold including the part of the manifold, which is directly connected to the well (i.e. the
section after the choke valve).

3.0 REFERENCES
3.1 PTTEP CONTROLLING DOCUMENTS

Document Number Document Title
S1.SMNT.PH.00 PTTEP S1 Maintenance Philosophy
EP 2000-5008 Carbon Steel Pipeline Corrosion Engineering Manual

3.2 OTHER REFERENCE DOCUMENTS

Document Number Document Title
API 570 Piping Inspection Code
NACE Standard RP0274-98 High Voltage Electrical Inspection of Pipeline Coating

Control of External Corrosion on Underground or Submerged

NACE Standard RP0169-96 Metallic Piping Systems

ASME B31.3 Process Piping

ASME B31.8 Gas Transmission and Distribution Piping System

4.0 DEFINITIONS

Terminology Description
Flowline B31.3 Process piping between wellhead to manifold
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41 COMMON ACRONYMS
Set out below are common specific terms presented in alphabetical order:

SAP PTTEP Computerized Maintenance Management System
PI Planned Inspection (Work Order Type)
Cl Corrective Inspection (Work Order Type)

5.0 ROLES AND RESPONSIBILITIES
5.1 OWNERSHIP OF THE DOCUMENT: PS1/M
The owner of the document is Superintendent, Maintenance with responsibilities for:
e Issuing the FLOWLINE AND WELL GAS LIFT LINE INSPECTION Procedure and its

revisions
e Ensuring effective implementation of the procedure

5.2 CUSTODIAN OF THE DOCUMENT: TA1
The custodian of the document is TA1, In-service Inspection and Corrosion with responsibilities for:
* Identifying deficiencies or potential improvements
e Initiating periodic revision
e Maintaining revision history and document status register

6.0 STRATEGY

The need for the regular inspection of flowlines on PTTEP facilities to assure integrity in service
is identified in PTTEP Maintenance Philosophy and also in Statutory Regulations.

6.1 FLOWLINE

In PTTEP the wells are drilled from common well site locations and grouped in manifolds after a
short distance from wellhead.

A. INTERNAL CORROSION

Currently the field operates with low carbon dioxide contents (approx. 1.5% mole) and minor
amount of hydrogen sulphide. The water cut averages at 50% across the field with some wells
producing up to 90% water. With the introduction of the water flooding of the reservoir the water cut will
increase more rapidly than before.

B. SAND EROSION
Some wells are producing high volume of sand and sand erosion takes place at flow direction
change location such as elbow, and tee junction.
C. EXTERNAL CORROSION

A large portion of the flowline is underground. That section is protected against external
corrosion by protective wrapping. No cathodic protection is applied. In some well locations that section
of the flowline is routed through open concrete trench and some have no protective coating, as such
they are more vulnerable to external corrosion.
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6.2 WELL GAS LIFT LINES
A. EXTERNAL CORROSION
Same as well flowlines
B. INTERNAL CORROSION

The lift gas is generally dry. However with the introduction of wet gas wells directly to the gas lift
system there is an increasing risk of internal corrosion.

6.3 INSPECTION FREQUENCIES

Since well fluid condition of each well is changed with hardly to notice and re-evaluate
inspection frequencies on time. Therefore, thickness monitoring frequency of each flowline is 3 monthly
as campaign basis on February, May, August and November.

SAP shall regularly generated Pl Work Order of each well site accordingly. Thickness
monitoring location for each flowline and manifold shall be followed Appendix Il using Ultrasonic
Thickness Measurement to find minimum thickness of each location.

In case possibility of high wall thickness loss due to well fluid condition changing such as high
sand alert from lab sampling, Cl Work Order shall be manually created in SAP for the concerned well to
monitor thickness ASAP.
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7.0 APPENDIX
7.1 APPENDIX I: CALCULATION OF MINIMUM ALLOWABLE PIPING WALL
THICKNESS

A. The Final retirement thickness for piping is based on the higher of two thicknesses:
e Pressure design thickness under internal pressure - Wall thickness required for pressure
competency can be calculated with the following formula (as per ANSI B31.3)
t=P *D/[2(SE+PY)]
Where
D= Nominal outside diameter of pipe, mm
P= Operating pressure, barg
S= Stress value at design temperature, MPa
E= Quality factor
Y= Coefficient

t= Pressure Design thickness, mm

e Wall thickness required to cover other loading on the pipe, besides internal pressure, e.g.
support loading, third party damage, vibration etc., which are very difficult to quantify, often
called the "Structural retirement thickness"

NPS (in) Recommended retirement Thickness (mm)
0.5-3 2.50
4 3.00
6 3.75
8 4.50
10 4.75
12 4.75

B. Line standards

A standard well flowline consist of the following sections:
e 3”-SCH 160 line pipe and elbows, material API 5L Grade B (Yield Strength 241 MPa), from
X-mas tree until the choke valve
e 3’- SCH 80 line pipe and elbows, material APl 5L Grade B, from choke valve to the
manifold
e 17- SCH 80 line pipe and elbows, material APl 5L Grade B, drain line after choke valve

e Gaslift lines are 2" SCH 80 line pipe, material API 5L Grade B

NPS (in) SCH OD (mm) WT (mm)
1 80 33.4 4.55
2 80 60.3 5.54
3 80 88.9 7.62
3 160 88.9 11.13
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7.2 APPENDIX I: THICKNESS MONITORING LOCATION GUIDELINE
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