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P = Refresh Training

1 New Staff Orientation Orientation

1.1 BEE Introduction & Regulation Orientation Mandatory

1.2 Human Resource Management :HRM Orientation Mandatory

1.3 Human Resource Development :HRD Orientation Mandatory

1.4 Administration services & Employee Relations Orientation Mandatory

1.5 BEE IT Orientation & Policy for User Orientation Mandatory

1.6 Ethics Orientation Mandatory

1.7 SSBR Process & Product Knowledge Orientation Mandatory

1.8 Maintenance Management Knowledge Orientation Mandatory

1.9 Energy Conservation Orientation Mandatory

1.10 Accounting Orientation Mandatory

1.11 PSM Awareness PSM Law

1.12 MOC Procedure Orientation Mandatory

1.13 Quality Assurance ISO9001 Orientation Mandatory

1.14 Document controlled system Orientation Mandatory

1.15 Quality Awareness Orientation Mandatory

1.16 Safety, Environmental & Occupational Health Orientation Orientation Law

1.17 SHE Management & Emergency System Orientation Orientation Mandatory

2 Quality System (QA) Quality

2.1 ISO9001 & ISO14001 Internal Auditor Quality Mandatory

2.2 VDA 6.3 process audit Quality Mandatory

2.3 ISCC+ Basic Knowledge Quality Mandatory

3 Process Safety Management (PSM) PSM

3.1 OD Awareness PSM Mandatory

3.2 Incident Investigation (II) Awareness PSM Law

3.3 Incident Investigation (II) Knowledge PSM Law

3.4 Lockout Tagout & Line Break (LOTO/LB)  Awareness & Knowledg PSM Law

3.5 Lockout Tagout & Line Break (LOTO/LB) Skill Demonstration PSM Law

3.6 STOP Program PSM Mandatory

3.7 Felt Leadership PSM Mandatory

3.8 Process Safety Information (PSI) Awareness PSM Law

3.9 Process Safety Information (PSI) Knowledge PSM Law

3.10 Process Hazard Analysis (PHA) Basic Knowledge PSM Law

3.11 Train the Trainer for PSM  (TTT) PSM Mandatory

3.12 Mechanical Integrity (MI) PSM Law

3.13 PSM Internal Auditor PSM Mandatory

4 Safety, Environmental & Occupational Health (SHE) Safety
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4.1 Life Critical Safety Procedures Safety Mandatory

4.2 Chemical Handling & Spill Control Safety Law

4.3 SHE OC Safety Law

4.4 Crane Operation Safety Law

4.5 Safety in Electrical Works (EE,IE,RP) Safety Law

4.6 Electrical Technic Skill in building Safety Law

4.7 Basic Fire Fighting Safety Law

4.8 Technical Fire Fighting Safety Mandatory

4.9 Advance Fire Fighting (PPD,FPD) Safety Mandatory

4.10 Confined Space (4 Positions) Safety Law

4.11 Safety Officer : Supervisor Level Safety Law

4.12 Safety Officer : Management Level Safety Law

4.13 Fire Command Safety Mandatory

4.14 On-Scene Command Safety Mandatory

4.15 First Aid & Rescue Safety Mandatory

4.16 Defensive Driving for car Safety Mandatory

4.17 Scaffolding inspection Safety Mandatory

4.18 Fire Watch Man Safety Mandatory

4.19 Environmental Aspect Identification (ISO 14001) Safety Mandatory

4.20 Fire Leader Safety Mandatory

4.21 Pre-Incident Plan Safety Mandatory

4.22 Confined for Rescue Team Safety Mandatory

4.23 JSEA + Permit holder Safety Mandatory

5 Accounting & Finance (AC) Accounting

5.1 Process of Payment Request - PR-Non PO (Phase I , II) Accounting Mandatory

6 Digital and Data Literacy IT & ISR Sub

6.1 Personal Data Protection ISR Sub Law

6.2 Cybersecurity IT Mandatory

6.3 Information Security IT Mandatory

6.4 IT Policy & Procedure IT Mandatory
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Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Scene : location @
Flexible Hose line 
circulation leak 

BST ENEOS Elastomer Company (BEE)

Emergency Drill Level 3

)

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24 Together, 
we make 

everyday safer  
for everyone 

 

Emergency Exercise Level3 – Aug 16 ‘24



Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Plot plan location
Unit : 20800

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Scene : location @
Flexible Hose line cire    
leakage and get fire

Injury person No. 2 at top 
tank while try to close 
valve on top tank

Injury person No. 1 Injury 
at bund wall while try 
to close manual valve 
of PCV-28-4

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Plot plan Fire Water System

T-20802

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Manual call point
JB MC-02/32

HD-PD-44 Foam Tank Ph-2 Delude Phase II HD-PD-36

HD-PD-35

HD-PD-12

HD-PD-34

HB-PD-36 / 45

HD-PD-13

HD-PD-33

GD-28-10

GD-28-7 & 8

HD-PD-14

Delude & Foam 
Tank Ph-1

Plot plan Fire Water System



Together, 
we make 

everyday safer  
for everyone 

Scene : location @
Flexible Hose line cire    
leak

Drone

Emergency Exercise Level3 – Aug 16 ‘24

Solvent Leak Volume

Pool Fire in Bund wall U-20800

Flexible Hose Damaged 

Together, 
we make 

everyday safer  
for everyone 

Abnormal Emergency L#1 Emergency L#2 Emergency L#3

An unusual event 
occurred and have an 
impact on the 
outside can be 
corrected by yourself 
No need the 

support/ decision-
making from 
external party

- Quickly stop the 
incident by BEE. 

- No need any 
support from 
external party

- Resource : BEE & 
NPC Fire Team 

- Can’t control the 
situation by BEE. 

- Need supporting 
from external 
party (near by 
factory/ IEAT-
MTP)

- The area of 
incident was 
spread, 
increasing impact. 

- Need supporting / 
decision from 
external party 
(municipality-
MTP)

CRISIS Management
- The situation can’t be controlled. The severity has trend to be increased and impact to the 
business, image, laws, customer, fatality, properties.
- Emergency Level 2 onward // Incident level 4 

Emergency  L#1 
Municiplaity -

MTP

Emergency L#2
RYG province

Emergency L#3 
Eastern

Emergency L# 4 
Thailand

Emergency L#1

- Quickly stop the 
incident by BEE.

- No need any
support from
external party

- Resource : BEE & 
NPC Fire Team 

Emergency L#1
Municiplaity -

MTPM

Emergency Level

Emergency L#3

- The area of 
incident was
spread,
increasing impact. 

- Need supporting / 
decision from
external party 
(municipalp ityy-
MTP)MTP)MTP)MTP)MTP)MTP)MTP)

48%

40%

Solvent = 53T , 68 m3

Solvent Leak Volume

Deep Pipe



Solvent Leak Volume

Pool Fire in Bund wall U-20800

Flexible Hose Damaged 





Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Foam Tank Ph-2 Delude Phase II

Together, 
we make 

everyday safer  
for everyone 

Emergency Exercise Level3 – Aug 16 ‘24

Together, 
we make 

everyday safer  
for everyone 

CMT : Process Overview



Together, 
we make 

everyday safer  
for everyone 

CMT & ERT Team

Together, 
we make 

everyday safer  
for everyone 

BEE Emergency Line Chanel

01
CMT Room 
CMT Team (BEE & BST)

Update Information BEE Emergency line
Crisis Management

02
ERT RYG
ERT Rota Team & Div. Mgr. RYG up

Information, Update progress & 
report an emergency case

03
BEE Emergency Line
BEE Employee (BKK & RYG)

Information ERT ROTA by Weekly
Information, Update situation 
emergency case by press release

04
BEE & NBL ERT Team 
ERT Team (BEE & NBL) 

Information, Update progress & 
report an emergency case
Send by ED Support #3

CMT Call Team 
(Internal BEE)

Together, 
we make 

everyday safer  
for everyone 

ERT & CMT Room



Together, 
we make 

everyday safer  
for everyone 

Resource for CMT team

Organization/ Contact no. VDO conference

MS team meeting

Tools Recording

MS team meeting

Together, 
we make 

everyday safer  
for everyone 

Together, 
we make 

everyday safer  
for everyone 

CMT Record Viewing Together, 
we make 

everyday safer  
for everyone 

CMT Checklist



Table Top 
CMT Emergency Drill 

Level#3
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19. การตรวจสมรรถภาพการไดšยิน 
การตรวจสมรรถภาพการไดšยิน มีวัตถุประสงคŤเพื่อเฝŜาระวังการไดšยิน สำหรับรายการตรวจนี้ จัดใหšเปŨน

สวัสดิการเพ่ือเฝŜาระวังสุขภาพทั่วไปของพนักงาน และพนักงานที่สัมผัสเสียงดัง ซึ่งไมŠไดšอยูŠในระดับที่กฎหมาย
กำหนด 

ในงานอาชีวอนามัย การตรวจสมรรถภาพการไดšยิน ใชšเพ่ือเฝŜาระวังการไดšยินของพนักงานที่สัมผัสเสียงดัง 
อšางอิงตามประกาศกรมสวัสดิการและคุšมครองแรงงาน เรื่อง หลักเกณฑŤและวิธีการจัดทำมาตรการอนุรักษŤการ
ไดšยินในสถานประกอบกิจการ พ.ศ. 2561 กำหนดใหšกรณีที่ลูกจšางไดšรับเสียงดังเฉลี่ยตลอดระยะเวลาการ
ทำงาน 8 ชั่วโมง ตั้งแตŠ 85 เดซิเบลเอขึ้นไป ตšองเขšารับการตรวจการไดšยินอยŠางนšอยปŘละหน่ึงครั้งเพ่ือเฝŜาระวัง
การไดšยิน อยŠางไรก็ตาม จากการเฝŜาระวังเสียงดังในพ้ืนที่ปฏิบัติงานของบริษัทฯ ไมŠพบพ้ืนที่เขšาขŠายหลักเกณฑŤ
ดังกลŠาว 

การแปลผลสมรรถภาพการไดšยิน ใชšแนวทางการแปลผลสมรรถภาพการไดšยินในงานอาชีวอนามัย โดยใชš
การเปรียบเทียบกับผลตรวจการไดšยินพื้นฐาน กรณีพบวŠาการไดšยินลดลงตั้งแตŠ 15 เดซิเบลขึ้นไป (15 dB-
shift) ที่ความถี่ใดความถี่หนึ่ง จะรายงานผลวŠาผิดปกติ 

 
วิเคราะหŤผลตรวจสมรรถภาพการไดšยิน ประจำปŘ พ.ศ. 2566 

ประเภท จำนวน รšอยละ คำแนะนำ 
ปกติ 170 70.83 - 
ผิดปกติ 70 29.17 ตรวจซ้ำภายในสามสิบวัน และสŠงผลตรวจใหšแพทยŤ

ท่ีปรึกษาดšานอาชีวอนามัย 
รวม 240 100.00  

หมายเหตุ ผิดปกติ หมายถึง พบการไดšยินลดลงตั้งแตŠ 15 เดซิเบลข้ึนไป ที่ความถ่ีใดความถี่หนึ่ง 
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                               บริษทั บีเอสที เอเนออส อิลาสโตเมอร์ จาํกดั  
175 อาคารสาธรซติีѸทาวเวอร์ ชั Ѹน 10 ถ.สาทรใต ้แขวงทุ่งมหาเมฆ เขตสาทร  
กรุงเทพฯ 10120 โทรศัพท ์+66 (0) 2679 6644 โทรสาร. +66 (0) 2679 6650 

 

ประกาศ ฉบบัทีÉ 19/2565 
เรืÉอง นโยบาย อาชีวอนามยั ความปลอดภยั สิÉงแวดล้อม และอนุรกัษ์พลงังาน 

 
 บริษัท บีเอสที เอเนออส อิลาสโตเมอร์ จํากัด ให้ความสําคัญสูงสุดต่ออาชีวอนามัย ความปลอดภัย และ
สิÉงแวดล้อม รวมถึงการใช้ทรพัยากรธรรมชาติ และการอนุรกัษ์พลงังาน ตลอดจนความรบัผดิชอบทีÉมตี่อสงัคม และชุมชน 
โดยถือเป็นส่วนหนึÉงของการดําเนินธุรกิจ จงึได้นํามาตรฐานระบบการจดัการอาชีวอนามยัและความปลอดภยั สิÉงแวดล้อม 
และพลงังาน มาใช้ปฏิบตัิ เพืÉอธํารงรกัษา พฒันาและปรบัปรุงอย่างต่อเนืÉอง ซึÉงพนักงานทุกคนต้องมีส่วนร่วมภายใต้แนว
ปฏิบตัิดงันีÊ 
 

1. ปฏิบตัิตามกฎหมาย กฎระเบยีบ มาตรฐานสากล และระเบยีบปฏบิตัิงานของบรษิัทฯ รวมถงึพนัธสญัญาทีÉ
บรษิัทฯ ได้ทําขอ้ตกลงไว้อย่างเคร่งครดั 

2. สร้างระบบทีÉเป็นเลศิ และวฒันธรรมความปลอดภยัทีÉเขม้แขง็ เพืÉอลดความเสีÉยงด้านอาชวีอนามยัและความ
ปลอดภยั และป้องกนัอนัตราย การบาดเจบ็และการเจบ็ป่วยจากการทํางาน 

3. ปกป้องสิÉงแวดล้อม ลดและควบคุมผลกระทบต่อสิÉงแวดล้อม รวมถึงปรบัปรุงประสทิธภิาพการใช้ทรพัยากร
และพลงังาน ให้สอดคล้องกบัการดําเนินธุรกิจและเทคโนโลยี 

4. ปรบัปรุงและพฒันาระบบการจดัการอาชวีอนามยั ความปลอดภยั สิÉงแวดล้อม และอนุรกัษ์พลงังาน อย่าง
ต่อเนืÉอง 

5. ให้การสนับสนุนทรพัยากรอย่างเพยีงพอในการดําเนินกิจกรรมอาชวีอนามยั ความปลอดภยั สิÉงแวดล้อม และ
อนุรกัษ์พลงังาน 

6. ทบทวนผลการดําเนินงานให้เป็นไปตามวตัถุประสงค์ และเป้าหมายทีÉสอดคล้องตามจุดประสงค์ และบรบิท
ของบรษิัทฯ  

7. ยนิดเีผยแพร่นโยบายและผลการดําเนินงานต่อสาธารณชน รวมทั Êงเปิดโอกาสให้พนักงานและผู้ทีÉเกีÉยวขอ้ง 
ทุกคนมส่ีวนร่วมในการแสดงความคดิเห็น 

 

 ทั ÊงนีÊให้มผีลตั Êงแต่วนัทีÉ 1 เมษายน 2565 เป็นต้นไป 
 
 
 

ประกาศ ณ วนัทีÉ 1 เมษายน 2565 
    บรษิัท บเีอสท ีเอเนออส อิลาสโตเมอร์ จํากดั 

 
 

_________________________________  _________________________________ 
          ( นางสาวณัฐฐนีิ บุญธรรม )                  ( นายโชเอ ทสจึ ิ) 

 
กรรมการผู้จดัการ 



SHE situation

SHE Excellence (Sustainability Development)

SHE Excellence (Sustainability Development)

Safety 

Health

Environment 

S1-1

S1-2

S1-3 Environment

Health



Past Safety incident record

2017 2018 2019 2020 2021 2022 2023

Past Safety incident record

Past Safety incident record

Safety S1-1

Incident level classification

  * 1.5 
      . 3)  

  



Procedures for using vehicles provided 
by the company

Key 

Complete implementation of PSM

Continue OD

PHA 

MI-QA

Revalidate risk management & security 

Challenge 

Revalidate risk assessment report to DIW 

(May 2024)

Upgrade security system



Safety

ronment

Health

ISCC+

Customer

CO2 
emission

Internal 
Environment

Business operation

- CO2 cap & trade by industry

- Nox

- BD emission 

Government

Global trend

Sustainability

- Carbon footprint

- CO2 reduction

Internal 
Environment

Business 
operation

Key action
No environment impact to other

Good waste management

Maintain/ improve the performance treatment unit

Correctly measurement the environment parameter

Intime report for environmental control 

Up to date the laws & regulations

Key 

Treatment & measurement the emission 

Laws and regulations have accumulated

TOX project

New COD online equipment 

Set up the limit & effective control 

Challenge 

Top up new laws & new tasks

Need more collaboration

Be a part of working team for new limit by law 

Closely internal communication



Safety

Environment

Occupational Health Management

 

 

1) Health Risk Assessment and Planning

2) Industrial Hygiene and Control of Workplace Exposures

3) Medical Emergency Management

4) Management of Ill-Health in Workplace

5) Fitness for Task Assessment and Health Surveillance

6) Health Impact Assessment

7) Health Reporting and Record Management

8) Public Health Interface and Promotion of good Health

 

 

Occupational Health Management

3) Medical Emergency Management

4) Management of Ill-Health in Workplace

7) Health Reporting and Record 

Management

8) Public Health Interface and Promotion 

of Good Health
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1. Executive Summary 
Introduction

Aon Global Risk Consulting (AGRC) was requested by Aon Thailand, to undertake a two-day survey 
for insurances purposes of the BST ENEOS Elastomer Co., Ltd (BEE  ex JBE) Solution Styrene 
Butadiene Rubber (S-SBR) plant at Map Ta Phut, Thailand. The survey took place on 14th December 
2023.  

Survey objectives included an update of the insurance risk status and a review of the Estimated 
Maximum Loss (EML) in respect of Property Damage (PD), Machinery Breakdown (MB) and Business 
Interruption (BI) cover.   

This was the ninth survey by AGRC that has been carried out at this facility. The previous site survey 
was for 2-days, 20th  21st December 2022. Due to Covid-19, the site was reviewed only virtually in 
October 2021 and October 2020. All surveys before this were site visits.  

As there were no significant changes reported, most of the site facility data was obtained from the 
prior reports and examined during the current survey. 

Site Facilities 
Ownership 

BST ENEOS Elastomer Co., Ltd. (BEE) is established in April 2022 as a joint venture between 
ENEOS Materials Corporation and Bangkok Synthetic Co., Ltd (BST). Its predecessor was JSR BST 
ELASTOMER Co., Ltd (JBE) which was established in 2011 as the first S-SBR (Solution 
Polymerization Styrene-
JSR Corporation and BST. 

Background 

T e Butadiene Rubber (S-SBR) plant is located in the 
Map Ta Phut Industrial Estate in Thailand. It first entered into commercial operation in February 2014 
(Phase 1); with Phase 2 expansion project entering commercial operations in November 2016.   

The BEE facilities are located adjacent to an NBL plant (BST Site 2) that is owned by Bangkok 
Synthetics (BST, a shareholder in BEE) and with which it has some common facilities such as the 
flare and firewater systems.  

BEE obtains butadiene from the original BST plant (some 1.3km away), which is on a completely 
separate site, and returns excess butadiene back to this plant for recovery. The other main raw 
material is styrene monomer, which is obtained by pipeline from SSMC (also located in the Industrial 
Estate).  

Both Phase 1 & 2 plants are each designed to produce 60,000t/y (nameplate capacity 50,000t/y) of 
solution styrene butadiene rubber (S-SBR) using the low temperature/low pressure solvent 
polymerisation process. The process is well-established, and the polymerisation reaction takes place 
in fairly large amounts of flammable solvents such as cyclohexane. However, the final product is solid, 
synthetic rubber that is packed into 1,050kg boxes (30 x 35kg bales) for storage in an automated 
warehouse. 

The site has also completed incremental improvements to the processes, allowing additional grades 
of product offering, and in response to environmental improvement requirements. 
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Long term purchase agreements are in place for power and steam from the Glow Group and fresh 
water from GUSCO. BEE shares a flare stack with the adjacent NBL plant (BST Site 2).   

There is no bulk storage of butadiene at the plant, and it is contained in 3 relatively small pressure 
vessels. Propane (for a refrigeration system) is also stored in a pressure vessel, while styrene 
monomer is stored in a small, atmospheric tank. There are also a number of small tanks for 
flammable solvents.  

2023 Status 

At the time of the survey, the site was on a planned shutdown. 

The overall prime production volume in 2021 is increased to 112,174 tons (t) compared to 66,300t in 
2020 (which was affected due to draught and Covid-19 outbreak). The 2022 rate is 83,428t, which is 
lower than 2021 due to planned turnaround activities since September 2022. The budgeted volume 
for 2023 is about 81,000t coupled with market demand. 

There are no major unplanned shutdowns reported since previous survey.  

BEE has managed the pandemic as part of COVID-19 response measures that were introduced in 
early 2020 aligned with national and regional practices. There were no Covid-19 related shutdowns 
and/or deferments in 2021 and 2022.  

-
(production grade) with 4 smaller pumps. The commercial operation is tentatively planned in April 
2024.  

Risk Exposures 
The main fire and explosion hazards associated for this facility are unchanged. BEE has been 
operating reliably to date. Stable operations reduce the risk of process type incidents. 

The most hazardous sections of the plant are at the front end where the raw materials (butadiene, 
styrene and solvent) are purified and the polymerisation reaction takes place. Here there is exposure 
to pool and flash fires, BLEVEs and VCEs. 

Both butadiene and styrene have a tendency towards spontaneous polymerisation and so have to be 
inhibited. Also, the polymerisation reaction is exothermic and so there is exposure to a runaway 
reaction. Suitable controls and protections are in place. 

Because of common utility equipment that is unique to Phase 1: If Phase 1 is shutdown, then Phase 2 
also needs to be shut down; but if Phase 2 is shutdown, then Phase 1 can continue running. 

The main machinery exposure is associated with large rotating equipment, such as the Compressors, 
Dewatering Machines and Mechanical Dryers with the estimated recovery time of 1-year (Including 
delivery and installation).   

There is sufficient hazardous material at the front end of the plant to generate a large vapour cloud 
explosion that could cause 100% damage to the facilities. Therefore, both our Property and Business 
Interruption Estimated Maximum Losses are 100% of the sum insured.   

The product is solid, combustible S-SBR rubber that is stored in boxes in an automated warehouse. 

The weather in Thailand is hot and humid throughout the year and is generally fairly benign. At this 
location there is virtually no exposure to significant earthquakes, tsunamis or typhoons, although 
tropical storms with torrential monsoon rains are experienced. There is exposure to lightning strikes.  

The process technology for the BEE plant is from the JSR Corporation and has been established for 
some 30 years. There is no novel technology or prototype equipment.  
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At the south side of BEE, there are about 12 storage tanks installed in 2022 that contain flammable 
materials (such as gasoline). As a result, storm water drainage modification is underway in the NFC 
area and completed by 2Q 2023, which is managed by NFC, and it has been aligned with BEE 
because it is downstream of BEE. There are no flooding issues reported. 

Layout and Construction 
The hazardous process units are located at the southern end of the site farthest from the public road. 
The latter is at an elevation of about 15m above sea level and the site slopes gently down to the 
south. The various process, storage and utility blocks are separated by good quality, in-plant roads. 
After the construction of Phase 2, the site is fully developed. The Step-04 project changes, that was 
completed in 2020, the scope is to change the Phase 2 capabilities, but without changing its capacity. 

Control and Safeguarding 
The plant is controlled by a Yokogawa DCS system that incorporates interlocks and Emergency Shut 
Down functions. The software was provided by the licensor. The DCS is upgraded from Centum v5 to 
v6 during the 2022 shutdown. The system is in the central control room, which is pressurised and 
where the wall facing the plant is blast resistant. 

A Yokogawa alarm management system has been insta
spurious alarms.  

In the field, emergency isolation valves (EIV) have been installed in the liquid outlet lines from the 
vessels containing more than 2.5 tons of hazardous hydrocarbons. Their location was defined by the 
licensor. The natural gas supply to thermal oxidisers has EIVs with double block and bleed 
configurations. 

The plant shares a flare drum and stack with the NBL plant next door (where the flare is located). To 
prevent butadiene entering the flare there is a catalytic converter in the flare system designed by 
Callidus Technologies (Honeywell).  

The information technology security handbook is revised (version 2) recently, which covers cyber 
security and incident management. The information technology (IT) organisation overseas the cyber 
security related activities. There are six members and a consultant to support the site and they are 
supporting BST as well. There is a Security Centre planned in January 2023 to provide IT services 
and continuous monitoring of abnormal activities. 

Management Systems 
The various positions in the company have been filled with properly qualified people. The turnover of 
personnel is low with no current reported vacancies.  

Site personnel are being trained as per Centre Training and Development Programme (CTDP). All the 
trainings are completed as per the plan. 

Operations  

There are 4 teams that work 12-hour shifts, and the personnel were found to be knowledgeable about 
the process and equipment. The various operating and emergency instructions, P&IDs and process 
safety management systems (PSM) such as Work Permits, Mechanical and Interlock Isolation, MOC, 
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etc., are in place. Most of the PSM procedures were obtained directly from BST (where DuPont had 
an input) and are of a high standard. Some were improved still further by input from BEE and SCG.  

The current refresher training programme is comprehensive and set for every 3 years (or whenever 
the procedure is modified) to cover all the procedures in operations department.  

Check sheets for S-SBR process emergencies reviewed show emergency operating procedures 
(EOPs) of failures on power, cooling, instrument air, steam and DCS. They include identifed actions 
that to be performed by control and/or field operator; then verified by supervisor/foremen. The drills 
are carried out on quartely basis. It is reiterated that the site should look into all the applicable 
emergency scenarios (such as flare flame failure, runaway reaction, loss of feed, key process 
equipment trips, etc) and include them in the drill.  

There are no abnormalities noted on the work permits during the 2023 survey. 

It is also noted that the trip bypasses are recorded in the shift logbook and dedicated form, with MOC 
number also captured in the trip bypass form. There are no active bypasses noted. The instrument 
repair works beyond 72 hours are now captured in MOC. 

Maintenance 

The department appears to be well-organised, and the different sections (Mechanical, Electrical, and 
Instrument & Control) are led by experienced engineers.  

Maintenance is handled in-house and uses MAXIMO (since 2016) for planning/recording of work. 
Currently it is in the progress of upgrading to MAXIMO Anywhere (7.6.1.1.) to connect the workforce 
with a mobile solution that would help improve data management and could take advantage of the 
latest techniques to help reduce resource costs and increase performance/completed job output. 
There are 7 tablets at the site and 3 additional ones will be purchased in Q1 2023. 

The preventive maintenance (PM) compliance rate in 2022 is 100% (as of November 2022), which is 
above the target of 95%. 

Further to the previous recommendation, the site has performed a detailed review on the existing 
PSM (Process Safety Management) items to revise the PM strategy. Prior to that, the procedure is 
amended as per SCG guidelines. The experts from SCG/REPCO are also involved in this review. The 
total number of equipment at BEE is 6,552 items and the latest re-evaluation reduced the PSM 
equipment to 3,269 items (which is reduced to 50% from the previous 80% of total equipment). Since 
February 2022, there have been no backlogs reported. As of November 2022, there are 1,216 PM 
activities that have been completed as planned. It is reported that all the backlogs (if any) are listed on 
every 23rd of the month and sent to stakeholders to review and indentify countermeasures. If they are 
unable to complete them within the month, they will be approved according to the existing deferment 
process. 

Major turnarounds are scheduled every five years for 29 days (to coincide with propane tank test 
inspection frequency; this is part of the government requirement). In addition to that, there are interim 
turnarounds are taken every two years for 19 days (to primarily washing and cleaning activities, with 
other critical maintenance activities as planned). The 2022 turnaround for both phases was in 
progress at the time of this site survey from 17 September 2022. Phase 1 will be started on 21 
December 2022 and Phase 2 on 3 January 2023. There are no major surprises or incidents reported, 
and the site is expected to start as per the schedule. 

The need for capital/insurance spares has been assessed by the discipline engineers using advice 
from stakeholders that includes the changes required due to Covid-19 outbreak and geopolitical risks. 
As of 2022 survey, the site has 5,022 stocks in the warehouse with the value of THB 276 million. 

There is a slight lube oil leak from the propane compressors. The cause is due to the mis-location of 
the set screw. Therefore, the site is in the process of performing a feasibility study to permanently fix 
the lube oil leak from the seal. 
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The level indicator of propane receiver vessel (V-0702) was changed to magnetic type in the 2022 
turnaround. At the 2023 survey it was confirmed to be calibrated with the level transmitter. 

Inspection 

The Inspection function has been separated from the Maintenance department in the beginning of 
2019. As part of this initiative, a Manager for Reliability recruited from the Licensor. There are no 
vacancies reported. 

The Risk Based Inspection (RBI) programme is managed by Red Basket software (Authorized partner 
of DNV Software in Thailand) from 2021. The relevant training to site personnel was also completed. 
The risk assessment matrix adopted is based on DNV. For RBI development, consultants from 
DNV/REPCO have also been involved. The site has more than two cycles of inspection data that is 
being used for RBI. The current RBI completion rate is about 96%. Some of the Phase 2 equipment 
still need to be uploaded. 

The RBI data is normally repopulated after every turnaround (TA). The site is currently in the process 
of incorporating inspection data from TA 2022 and pending the final report. As part of this, a summary 
of medium and high-risk items including recommendations tracking will be developed, that including 
subsequent demonstration to management for resource allocation.  

According to the most recent inspections during the turnarounds, the site does not have any 
excessive corrosions on the piping and pressure vessels. 

Direct fired thermal oxidiser (DFTO) is subject to inspection by a supervisor from Germany in May 
2023 after its 10th year of operation.  The current operation, as well as the parameters such as NOx 
and volatile organic compounds (VOCs), are normal.  

Most of the PSVs are tested during turnaround, such example noted in the field at the 2022 survey 
(PSV-248-4 was tested by Delta Elmechs on 5 November 2022 and block valves are locked open). 

Based on the latest inspections, there are no CUI issues reported. 

The RBI software (Red Basket) is not compatible with MAXIMO. Therefore, the data transfer is 
manually performed. 

Engineering

There is a small Process Engineering department to handle modifications and any new projects. 
Where necessary the discipline engineers from Maintenance are used for detailed designs.  There is 
also a formal arrangement with the extensive resources of BST. Site staff have been trained in 
HAZOP studies, and the site recently completed revalidation of Phase 1 & 2 HAZOP studies. 

There is a comprehensive MOC procedure, including for any changes of senior personnel. The MOC 
subcommittee has developed good KPIs for MOC effectiveness. Temporary MOCs are tracked and 
either extended or closed before the expiry date. They are reported at the PSM meeting on a monthly 
basis. There are no overdue MOCs reported during the 2023 survey.  

Safety 

There is a dedicated safety team at the plant and the safety policy, procedures, regulations, etc., are 
similar to those at BST, some of which were prepared with the assistance of DuPont.  

PSM and SHE Governance Manager is assigned to handle the Process safety management initiatives 
such as IEAT audits, safety excellence transformation project (suggested by Siam Cement Groups, 
SCG). He was previously from SHE department Manager. We consider the PSM procedures to be of a 
high standard.  

Site has upgraded the element of Process Safety Information (PSI) in 2021 for one of the pilot units 
and the rest of them is at 93% completion in 2022 with SCG. 
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The previous external PSM audit was conducted in 2020, and there was an internal audit conducted 
between 28 March to 8 April 2022. Further to these audits, the corrective and preventive actions 
(CAPA) that are derived from findings are closely followed up by the site for closure. The CAPA status 
are reviewed during the monthly PSM committee meeting. The plan for 2023 is, there are two internal 
audits by BEE in Q1 and Q2, after that, an external audit by third party (who are registered auditors 
from IEAT) in Q3. 

Security  

The Security Organisation is stable. There are 121 security CCTV cameras, which are positioned to 
cover all of the external fence line, buildings and process units. 

Loss Mitigation 
There are good, fixed fire protections systems as appropriate throughout the facilities noted during 
previous site visits and new deluge systems have been retroactively installed on several high-risk 
Phase 1 pressure vessels containing a high inventory of LPG type materials.   

The site has a dedicated firewater system that is interconnected with that of the adjacent NBL plant 
(BST Site 2). On-site, there is only one fire pump, but the main pumping station at the NBL plant has a 
further 3 units. The system can more than meet the maximum anticipated demand with one pump out 
of service.  

The fire pump is operated every week (by Safety, Maintenance and Operations) for 30 minutes. There 
is an annual performance test and maintenance program undertaken by a contractor (Somkiat Safety) 
as per NFPA 25. The results of the last test results (22 June 2022) were satisfactory. The three 
pumps at NBL are tested by Premium Equipment and Engineering on 14 October 2022 and the 
results were also good. 

The extensive distribution system loops around all areas of the plant, storage areas and buildings and 
is buried. Deluge systems are retrofitted on hazardous vessels in the Phase 1 plant and the 
hazardous tanks have both deluge and foam protection. There are a number of sprinkler systems in 
the various buildings and in the automated warehouse (including between the racks).  Manned 
electrical rooms have Inergen total flooding systems, while unmanned areas have carbon dioxide 
protection. 

During 2022 site survey, BEE advised all fire and gas detection and fire protection systems are in 
service.  No impairments are in place across the site.  

There is good fireproofing of the pipe racks and structures. 

There are detailed plans that involve a well-trained, but auxiliary fire brigade comprising process 
operators (with regular exercises). There is a contract with NPC S&E to provide professional fire-
fighting services and for the servicing of firefighting equipment. There are 11 in-house and one major 
emergency drills per year. There is practical fire-fighting training at the NPC S&E fire ground. 
Emergency response is not affected due to Covid-19. 

Business Continuity Management
BEE has the generic steps to prepare Business continuity plans (BCPs). However, that is not 
comprehensive to serve for continuous business activity if the damage is prolonged for long period of 
time. 
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Risk Rating & Conclusion 
The following is our assessment based upon the Aon Energy Risk Engineering risk rating system.  
This system is based upon the standards we see of hydrocarbon processing plants worldwide.  The 
risk exposures and the risk controls are separately assessed.  For the risk exposures, each element is 
evaluated and rated on a 1-5 basis using the following criteria: high, significant, moderate, low and 
very low.  For the risk controls, each element is assessed and rated on a 1-5 basis using the criteria 
shown in the table below. In deriving each element score, weighted sub elements are assessed. The 
element scores are then combined for an overall rating. 

Score Range Description 
Traffic 
Light Comment 

5 4.50 Excellent Industry leading practice worldwide

4 3.75; <4.50 Above Standard Some of the best practices in the industry

3 2.50; <3.75 Standard Acceptable practice for insurers but potential 
room for improvement 

2 1.46; <2.50 Below Standard Some areas of deficiency compared to 
acceptable practices 

1 <1.46 Poor Few or none of the practices expected in the 
industry. 

The overall rating is depicted on the Hazard Rating vs Risk Quality Rating chart below.  This shows 
BEE at Map Ta Phut, Thailand to have moderate hazard exposure and standard controls when 
assessed on an industry wide basis. 
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Loss Estimates 
Based on the values provided the following loss estimates were made: 

Section EML event 

PD loss 
(USD 

million) 

BI loss 
(USD 

million) 

PD + BI 
loss 

(USD 
million)

Property Damage VCE from V-0702 (Propane Receiver) 265 161 426 
24-month indemnity period 

Machinery Breakdown One of the Propane Compressors  5 20 25 
12-month reinstatement period 

Loss History 
There have been no serious incidents, either during the construction projects or during commercial 
operations to date. However, reference should be made to the relevant underwriting submission for 
details of any losses. 

Recommendations 
As a result of the December 2023 survey no new recommendation was. Progress has been made on 
six (6) previous recommendations with five (5) of them now considered closed. 

The six (6) previous observations from 2019 (1) and 2022 (5) surveys have also been reviewed, with 
all of them now considered closed. 

Details of these are given in the Risk Improvement Recommendations section of this report.  In 
summary the status is: 

Previous recommendations 
Title/Description 2023 Status 
R21.01 Refresher Training for Emergency Operating Procedures 

(EOPs) Category B Closed - Complete  

20.03 Deferred Inspection, Testing and Preventive Maintenance 
(ITPM) Category B Closed - Complete 

20.04 Long term plan/Permanent fix for leaking lube oil at 
Propane compressor Category A Open  In Progress 

19.02 Business Continuity Plan and Drill Category B Closed - Complete 
19.03 Management of Change (MOC) Improvements Category B Closed - Complete 
19.04 Trip Bypass Improvements Category B Closed - Complete 
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2. Introduction 
Objectives and Scope 
Aon Global Risk Consulting (AGRC) was requested by Aon Thailand, to undertake a two-day survey 
for insurances purposes of the BST ENEOS Elastomer Co., Ltd (BEE  ex JBE) Solution Styrene 
Butadiene Rubber (S-SBR) plant at Map Ta Phut, Thailand. The survey took place on 14th December 
2023.  

The objectives of this survey were to: 

 Review significant facility changes, the operational status, site key performance indicators, 
projects and incidents relevant to Property Damage (PD) and Business Interruption (BI) risk 
exposures. 

 Review the status of outstanding Risk Improvement Recommendations and Observations made 
during previous insurance surveys. 

 Review and update the Estimated Maximum Loss (EML) scenario. 

BEE presentations are retained on file by AGRC.  As there were no major changes reported, most of 
the site facility details have been taken from the previous reports and reviewed during the current 
survey.  

This was the ninth survey by AGRC that has been carried out at this facility. The last site survey was 
20th  21st December 2022. Due to Covid-19, the site was previously reviewed via virtually in October 
2021 and October 2020. All surveys before this were site visits. As there were no significant changes 
reported, most of the site facility data was obtained from the prior reports and examined during the 
current survey. 
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2023 Site Tour 

The survey included site inspections of control room, propane compressors, fire pump, and process 
blocks. A map of the tour route is shown below. 
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3. Site Facilities 
Background
BST ENEOS Elastomer Co., Ltd. (BEE) is established in April 2022 as a joint venture between 
ENEOS Materials Corporation and Bangkok Synthetic Co., Ltd (BST). Its predecessor was JSR BST 
ELASTOMER Co., Ltd (JBE) which was established in 2011 as the first S-SBR (Solution 
Polymerization Styrene-
JSR Corporation and BST. 

The BEE S-SBR plant (current design capacity 120,000t/year and original nameplate 
capacity 100,000t/year) employs a solvent polymerisation process that is licensed from the JSR 
Corporation (Japan). This process has now been in commercial operation for over 30 years and so is 
considered to be well-established.  

Production consists of two separate trains, Phase 1 & Phase 2, both producing 60,000t/yr. 

Phase 1 is single production train with 6 polymerisation reactors that can be operated in batch or 
continuous mode. Phase 2 is a single production train with 5 polymerisation reactors which can only 
be operated in batch mode. 

The reactions take place in a hydrocarbon solvent at a pressure of about 2 barg and temperature of 
100oC. After the reaction stage there are various blending, stripping and finishing stages before the 
solid product is stored in 35 kg boxes in an automated warehouse. The solvents (mainly cyclohexane) 
are recovered, purified and then recycled.  

The BEE Plant is located on a discrete site which is adjacent to an NBL Latex plant (BST Site 2) that 
is owned by Bangkok Synthetics (a shareholder in BEE). BEE shares some of the facilities with NBL, 
such as the flare and firewater systems.  

There is a common Administration building (and canteen), which is located in open land between the 
2 facilities. It is 3-storeys high and is protected by smoke and sprinkler systems. Although a 
reasonable distance from the process units, the considerable number of large, glass windows would 
probably be vulnerable to a vapour cloud explosion.  

Ownership:   

BEE has 2 shareholders as follows: 

ENEOS Materials Corporation (Japan) 51% 

Bangkok Synthetics Co. Ltd. (Thailand) 49% 

History:   

Phase 1 was commissioned in November 2013 and commercial operations started in February 2014. 
Phase 2 was commissioned in July 2016 and commercial operations started in November 2016. 

Location
There are no changes in respect of location factors and related exposures.  

The S-SBR plant (together with the adjacent NBL plant, BST Site 2) is located on part of the site of 
the former National Fertiliser plant. Access is from Road 1-2 in the Map Ta Phut Industrial Estate, 
which is in Rayong Province on the eastern seaboard of Thailand some 200 km south-east of 
Bangkok. The site is about 1.3 km away from the older BST/BSTE site, as illustrated below.  
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The plant is located about 1.5km inland from the Map Ta Phut harbour and the process area is some 
12 m above sea level. See Appendix 1.

8/1, I-2 Road, Map Ta Phut Industrial Estate, Muang, Rayong 21150. 

Feedstocks
There have been no feedstock supply changes since the last report in 2022. 

.3 km 
away on the Industrial Estate; and is stored onsite in a horizontal drum V-0105. It is inhibited to 
prevent spontaneous polymerisation, but the excess butadiene recovered from the process is not. It is 

-processing.  

Company, which is only 1 km away on the Estate. The SM is inhibited to prevent spontaneous 
polymerisation. 

Various solvents (mainly cyclohexane from PTT) and extended oil are delivered by road tanker.  

Process Facilities 
Phase 1 and Phase 2 plants 
Both Phase 1 & 2 plants are each designed to produce 60,000t/y (nameplate capacity 50,000t/y) of 
solution styrene butadiene rubber (S-SBR) using the low temperature/low pressure solvent 
polymerisation process. 

There are no major changes in respect of process and related exposures. A simplified process flow 
diagram is shown below. 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 18

General details of each section are as follows; with the description being for Phase 1. 

Unit 100: Monomer and Solvent Purification:  Water and other chemicals are removed from the 
butadiene (BD) and styrene monomers (SM) by distillation and absorption.  
Some 10m3 of wet BD received from BST is stored in a horizontal pressure vessel (V-
0105 - 17m3 capacity).  Following purification (by distillation at 4barg and a 
temperature of about 40oC), some 40m3 is stored in a vertical pressure vessel of 
50m3 capacity. Finally, 12m3 of recovered BD is held in a smaller, 15m3 vertical 
vessel. The recovered BD is returned to BST by pipeline in 7te batches. These 
storage vessels have EIVs in the outlets and the wet receiver also has a water boot. 
Water from the SM is removed using an absorption process. 
Fresh and recovered solvent is purified by distillation (at about 2barg) and the off 
gases are routed to a Direct Fired Thermal Oxidiser (DFTO), supplied by Durr, for 
disposal. 

Unit 200: Chemicals Preparation. Catalysts and other chemicals are prepared prior to pumping 
into the polymerisation reactors.  

Unit 300: Polymerisation:  The plant has 6 reactors, each of 30m3 capacity, that normally 
operate at a temperature of 100oC and a pressure of about 2barg (the vapour 
pressure of cyclohexane). They can be used for either continuous or batch operations 
and in each case the throughput is 200t/day. 
Reactor No. 1 (R-0301) is only used for the continuous operating mode (90% 
conversion) and in this case the heat of reaction is removed by a jacket cooling 
system. For continuous operations Reactors 2, 3 and 4 can also be employed.  
Reactors 2 to 6 are used for batch production (reaction time of about 1 hour) and in 
this case have internal cooling coils.  
Agitators are located on the tops of the reactors and containment is maintained by a 
common seal oil system.  

Unit 400: Blending: Antioxidant and other chemicals are introduced in 3 large blending 
tanks.  

Unit 500: Stripping: The solvent and un-reacted monomer are removed for purification 
and recovery. Solvent is recycled and the excess butadiene monomer is returned to 
BST on Site 1 for purification.  

Unit 600: Finishing: The S-SBR product is solidified and packed into 1,050kg boxes 
(30 x 35kg bales) in separate packing lines for Phase 1 and 2. After packing it is 
transported by forklift truck the short distance to a conveyor at the entrance of the 
automated warehouse.  
Wastewater from this stage is routed to a treatment plant, while the off-gas is burned 
in a Regenerative Thermal Oxidiser (RTO) supplied by the Chugai Ro Co. Ltd.  
The finishing plant is in a large building that has sprinkler protection.  

Phase 2 process description is like the above; except that there are only five (5) batch reactors in 
Unit 300 (and no continuous reactor). 

The Step-04 project (for grades SL5585, HP776 and BDI) was completed on 30 September 2020 with 
total sum insured of THB 135 million. Final acceptance certificate issued on 30 September 2021 
without any reservations (or no issues reported). The project scope is to change the Phase 2 
capabilities, but without changing its capacity. The EPC contractor was ITALTHAI Engineering 
Company Limited (ITE). 
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Refrigeration 
Cooling for the process is provided by a propane refrigeration system with 2 parallel screw 
compressors for Phase 1 and 2 parallel screw compressors for Phase 2. These machines are located 
in a common building (for noise abatement) which has positive ventilation and has a Zone 1 area 
classification. The compressors have deluge protection. Photo below taken during 2023 site tour. 

It is this cooling system capacity that limits the rate of production; therefore, the operation of the 
reactors during batch operations is staggered.  

Propane is imported by road tanker and is stored in a 40m3, horizontal propane receiver vessel (V-
 at the top of the vessel and it 

contains an excess flow valve. Further to the previous recommendation 17.01, the level indicator was 
changed to magnetic type in the latest turnaround in December 2022, with calibration to the level 
transmitter confirmed at the 2023 survey. 

Operational Status (2023) 
Operational status aspects and events during the 2023 survey are noted below. 

 Production Throughput / KPIs 
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Planned Shutdown / Turnaround 

Phase #1 planned shutdown is from 15th December 2023 until 22nd January 2024 (planned startup). 

Phase #2 planned shutdown is from beginning of November 2023 until 25th January 2024 (planned 
startup). 

Shutdown for economic reasons. The site has taken advantage of this to bring forward planned 
maintenance activities. 

Unplanned Shutdown  

The statistics of unplanned shutdowns for the last three years are provided below. 

Unplanned Shutdowns 2022 2023 
 4 days ? 2

1  3 days ? 4
Total 3 6

Latest unplanned shutdown case was 1st November, lasting 4.2 days (Motor M/Dryer line A had high 
noise). 

Utilities
There have been no major changes reported since 2022 survey.   

Steam 
For Phase 1 some 43 t/hr of medium pressure steam at 14 barg is obtained from the Glow Group 

Glow.  

There is a separate steam line, of similar capacity, installed to supply Phase 2. 

Some steam is let-down to 4.5 barg. 

There are no steam production/boilers on-site. 
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Electricity 
Power is imported from the Glow Group at 22kV through a single, underground feeder cable. This 
terminates at two 22/6.6kV step down transformers, each with a capacity of 8MVA and each supplying 
Phase 1 & 2 independently. There are four further 6.6/0.4-0.23kV transformers, each of 2.5MVA 
capacity, for Phase 1; and same setup for Phase 2. All transformers have water spray protection 
(which can be manually activated from control room) and fire walls. An example from 2022 survey is 
provided below. 

The substation in the control building has separate MV and LV switch rooms, both of which are 
protected by Inergen. There are vacuum insulated switchgear and circuit breakers supplied by ABB. 

The plant has a large emergency generator of 1.5MVA capacity that is located within the building for 
sound attenuation. It supplies power at 400V to the important safety and control systems, emergency 
lights, the UPS systems, etc. It has a carbon dioxide fire protection system that can only be 
successfully activated after the generator is shutdown and the room sealed.  

The large diesel tank is located outside the building, in a bunded area, that is equipped with a water 
drain (closed) and a sump to collect any spill of oil. The fuel tank has the capacity to keep the engine 
running for 2.5 days. 

The plant has 2 UPS battery systems, one of 120kVA capacity for the DCS/Instrumentation and the 
other of 30kVA capacity for the electrical/safety systems. Each has 2 x 100% sets of batteries that are 
inspected every month.  

Instrument and Plant Air 
Phase 1 has two (2) Ingersoll Rand compressors that supply 2,000 Nm3/hr of air at about 7 kg/cm2. The 
output is divided into instrument air, which is dehydrated, and plant air that is not. An additional one 
(1) compressor unit and dryer were added for Phase 2. 

Water 
Some 150m3/hr of raw water is obtained through a 10-inch line from the private company, GUSCO 
under a long-term supply contract. It is treated in a 150m3/hr plant supplied by the Dynamic 
Engineering System Co. The same vendor has supplied a 30m3/hr Demin Water Plant. Treated water 
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is stored in a 3,000m3 tank (T-4101 where process water is taken from the top section and the bottom 
40% is dedicated to firewater. 

Potable water (15m3

The plant also has a concrete cooling tower with 2 cells and 2, electric circulation pumps.  The 
6,800m3/hr system was supplied by Industrial Cooling Solutions Inc. There is cathodic protection for 
the underground distribution pipework. Two additional cells & associated pumps were added as part 
of Phase 2. 

Fuel Gas 
N dizers and 200Nm3/hr
is obtained through a 3-inch line. 

Nitrogen
This is obtained through a 4-inch pipeline from Bangkok Industrial Gases (BIG). On the site it is purified 
further in a 60Nm3/hr plant supplied by SAES Pure Gas Inc.    

Effluent 
There are underground drainage systems and toe walls around the various process blocks. 

Wastewater from the process is handled internally in a wastewater treatment plant that was supplied 
by the Dynamic Engineering System Co. Ltd. It has a treatment capacity of 150m3/hr; using both 
chemical and biological treatment. 

Storage Facilities 
There are no major additions reported.   

Atmospheric Storage  
There are several relatively small cone roof tanks for the storage of styrene monomer (SM), solvents 
and other chemicals. The most significant tanks include: 

Stock No. Dia. Capacity (m3) Inventory (m3)
Styrene monomer T-0170 8.71 m 500.0 395.6 
Cyclohexane T-0201 4.46 m 77.0 71.1 
TLN (Toluene) T-0203 3.06 m  
Oil T-0225 10.2 m  
Wet & Dry Solvent T-0801  

T-0802 
9.68 m 802.0 641.6 

High Randomiser T-0803 6.60 m 256.0 204.8 
Styrene monomer T-0170 8.71 m 500.0 395.6 

The atmospheric tanks are relatively closely spaced inside concrete bunds that have drain valves. 
The tanks each have 2 separate level gauging systems, each with high and low-level alarms. There is 
also a high-high alarm on one of the transmitters. However, the risk of overfilling is low because the 
contents are imported by road tanker. 

For Phase 2, four additional storage tanks were installed: Dry & wet solvent (one each), styrene 
monomer and TLN.  

The tanks inspected were on good quality, concrete foundations and the bottom plates are sealed 
against water penetration under the tanks by what looks like bitumen.  
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The tanks containing flammable liquids are protected by both deluge (exposure protection) and fixed 
foam (extinguishing) systems. There are gas detectors within the bunded areas. 

of tetra hydro furan. This tank has a nitrogen blanket.  

The process includes 3 large Blend Tanks (one set of 3 for both Phase 1 & 2), which are located in a 
good quality, reinforce concrete bund with concrete floor.  

Pressurised Storage 
There is no bulk storage of butadiene, styrene or propane on the site, and these are stored in normal 
pressure vessels in the plant areas. For BD there are 3 vessels: Wet BD (V-0105 - 17m3 capacity, 
horizontal), Dry BD (50m3 capacity, vertical) and Recovered BD (15m3 vertical). Propane refrigerant is 
stored in a 40m3, horizontal pressure vessel (V-0702).  

Deluge systems are installed on a number of these hazardous vessels.   

Warehouse
Boxes (1,050kg) of solid S-SBR are stored in a 13,650t capacity (13,000 cells) automated warehouse. 
The racking is 16 slots high, 12 slots wide and 68 slots long. It is protected by an automatic sprinkler 
system, which includes within the racks.  

At one end of the warehouse there is a truck loading bay where sprinkler protection is provided 
underneath the large canopy. 

At the rear of the site there are segregated Hazardous and Non-Hazardous Chemicals Warehouses 
where the former has sprinkler protection.  

The Waste Storage house was visited during the 2023 survey. Maintenance work was in progress 
replacing the shutter door; work permit was valid and portable gas monitor in place (due to hot work) 
along with fire hose laid out as backup firefighting. 

An external warehouse that is dedicated for BEE is also available as per the contract, where about 
10,760 boxes (1.05 tons, each) can be stored. It is not reviewed in this survey. 

Import/Export Facilities 
There have been no changes reported since 2022 survey.   

Pipeline 
B  1. Excess butadiene 
that is recovered from the process is then returned in batches through a 2-inch line to Site 1 for 
purification.   

Apparently, there is a gas detector located at the expansion loops located towards the middle of the 
1.3km long lines. 

Styrene monomer is also imported by pipeline. 

Road
There is a truck loading area at the front of the site for distributing boxes of solid S-SBR to many 
rubber tyre manufacturing companies. Lorries do not have to enter the hazardous process area.  

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 24

There are separate road tankers facilities for the import of solvents and other chemicals. It is located 
at the south of the site adjacent to the utility area.  

Projects 
Current/Future Projects 
During the 2023 site tour, new minor project area was visited. New pump installed (P-0292D). Noted 
that neighbouring vessel (V-0291) has magnetic level gauge installed. 

Minor Projects 
Other projects are minor and mostly handled as part of the MOC process. 
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4. Risk Exposures 
Inherent Hazard Exposures 
Property Damage Exposures 
The main fire and explosion hazards associated for this type of facility are unchanged. 

 Fire and explosion associated with hydrocarbons processed onsite; these hazards are present in 
most areas onsite, including process units, import / export areas and storage facilities. 

 Fire in infrastructure buildings, for example, warehouses, control rooms, offices, substations and 
laboratories.   

The level of exposure is considered typical for this type of operation. 

The production process involves fairly high amounts of flammable hydrocarbons, albeit at relatively 
low temperature and pressure. Liquid butadiene and styrene can also be unstable (spontaneous 
polymerisation), but only small amounts are kept in storage. The propane refrigeration system is also 
hazardous. Thus, in all of the processing areas there is exposure to pool and flash fires and BLEVEs. 
A loss of containment could release a significant amount of vapour and the plant is sufficiently 
congested to generate a sizeable Vapour Cloud Explosion (VCE). Protection is afforded by automatic 
interlocks, ESD, fixed monitors and hydrants.  

The final product is solid, synthetic rubber that is combustible. Hence there is a significant fire risk in 
the Automated Warehouse, which is protected by an extensive sprinkler system.  

The butadiene monomer feedstock is stored in a small (17m3) pressure vessel while the styrene 
monomer is held in a 500m3 capacity cone roof tank (blanketed). The largest tank contains 882m3 of 
cyclohexane, while the other solvents are stored as follows; toluene (30m3), wet and dry solvent (each 
800m3). The tanks are relatively closely spaced and so there is exposure to multiple tank fires. 
However, they are well protected and so the risk is relatively low.  

Machinery Breakdown Exposures  
Machinery breakdown exposure is typical for this type of operation. 

The main exposure is associated with large rotating equipment, such as the Compressors, 
Dewatering Machines and Mechanical Dryers with the estimated recovery time of 1-year (Including 
delivery and installation).   

There are also hazards associated with smaller rotating equipment, vessels and columns. We also 
understood from the site that the distillation columns in series (C100 and C110) at BD unit would take 
maximum of 1-year to get it installed in the site. The column will be from Korea and whereas the 
catalyst is from Japan.  

The largest items of rotating equipment are the 2 propane refrigerant compressors for each Phase 1 
and 2. Each unit outage would reduce the production by 25% during the peak production rate. The 
same goes for Dewatering Machines and Mechanical Dryers. See Loss Estimates for the list of large 
equipment in the site. 

There are no boilers or generators on the site and steam/power are imported. Critical equipment 
includes the motors, gearboxes and agitators on the polymerisation vessels, thermal oxidiser units 
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(RTO and DFTO) and the cooling water fans and pumps. If DFTO is unavailable for weeks, the 
production rate can be maintained by diverting to flare.  

Business Interruption Exposures  
A property damage or machinery breakdown event could affect gross profit generated by the 
company. 

The property damage EML (due to the VCE described in the Loss Estimates section) shows that the 
whole of the process area (Phases 1 and 2) will be destroyed and will have to be re-built. During this 
period there is no possibility of any mitigation. 

While in some areas there are several parallel systems, Phase 1/2 is essentially a single stream 
process and so any problem with one area will stop production completely. If there is a problem with 
one of the propane compressors, dewatering machine and/or mechanical dryer then the peak 
production will be reduced by 25%. The reinstatement time for this equipment is at least 12 months.  

A review of the long-term impact on production from both thermal oxidisers is outstanding. 

BEE has the generic steps to prepare Business continuity plans (BCPs). However, that is not 
comprehensive to serve for continuous business activity if the damage is prolonged for long period of 
time (see Recommendation 19.02). 

BI exposures are discussed in Loss Estimates. Gross profit is higher than last year due to an increase 
in selling price and sales volume.   

Technology Exposures 
There were no technology issues highlighted during the 2023 survey.  

Both Phase 1 & 2 plants are each designed to produce 60,000t/y (nameplate capacity 50,000t/y) of 
solution styrene butadiene rubber (S-SBR) using the low temperature/low pressure solvent 
polymerisation process. This was developed over 30 years ago by the JSR Corporation and so is 
well-established.  

Natural Hazard Exposures 
Natural Hazards exposure has been assessed using the SwissRe CatNet® program. The full report 
can be seen in Appendix 3. 

Earthquake 
The Swiss Re CatNet® natural hazards atlas indicates that the site is located in a negligible 
earthquake area.  This implies a probable maximum pseudo spectral acceleration less than 0.014g 
with a return period of 475 years.   

There is no tsunami risk exposure. The Gulf of Thailand is not known for tsunamis and the site is inland 
at an elevation of some 10m above sea level.

Volcanoes 
There are no active volcanoes in the region.   
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Windstorm and Flood 

wind is typically light, and the maximum velocity of instantaneous gusts is estimated to be less than 
50m/s.  

Based on the SwissRe CatNet® natural hazards review, the area is classified as no tornado risk 
exposure. Thunderstorms can occur during the monsoon seasons causing lightning, strong winds and 
heavy rainfall.  The annual average is over 1,300mm and the maximum recorded rainfall is 320mm in 
24 hours.   

The Swiss Re CatNet® natural hazards atlas identifies the following storm exposures for the location: 

 Very low wind exposure, with 50-year peak gusts below 20m/s.   

 There is no tropical cyclone track shown within 250km from the location. 

 Very low exposure to hailstorms. 

According to the same data source, the site is located outside any river flood hazard areas and 
outside coastal flood hazard area.  

Lightning
The Swiss Re CatNet natural hazards atlas indicates that the site is in a high-risk lightning area.  This 
corresponds to an annual flash rate per km2 of between 16 and 20. 

In addition, thunderstorms can occur during the monsoon seasons causing lightning, strong winds and 
heavy rainfall. Lightning protection is afforded by means of lightning conductors on buildings and through 
effective grounding systems. There is surge protection for the instrumentation. 

Climate 
Typically, the ambient temperature varies between about 25°C to 38°C and the humidity is normally 
high. 

Subsidence 
The site is not on reclaimed land and has been occupied for many years. Piles were installed for 
major equipment (pipe rack, blending tanks and propane compressors) and the storage tanks have 
deep concrete foundations. There was no evidence of subsidence during the 2023 site visit and so 
this does not appear to be an issue. 

Exposures from Third Parties 
BEE is at the Map Ta Phut Industrial Estate. This estate is extensive and that the separation 
distances between the various facilities are quite generous. The occupancy of the plots adjacent to 
the site is as follows: 

 North: Some 200m to the fence line of the TPC Paste Resin plant. 

 South: A National Fertiliser Biomass (NFC) plant. There are about 12 storage tanks installed 
in 2022 that contain flammable materials (such as gasoline). As a result, storm water drainage 
modification is underway in the NFC area and completed by 2Q 2023, which is managed by NFC, 
and it has been aligned with BEE because it is downstream of BEE. There are no flooding issues 
reported. 

 East:  2) which is majority-owned by BST and also processes 
hazardous materials. Th
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contains the common administration building, canteen, a car park and open space). The distance 
between the hazardous production units is more than double this figure (250m).  

 West: This plot is occupied by a non-hazardous steel plant.  

In conclusion, the main exposure to the BEE plant appears to be the nearby NBL facility. Exposure 
from third parties with respect to fire and explosion are considered to be low. 

Impact Exposures 
The exposure to serious impact damage appears to be low.  

There are no airports in the vicinity of the plant and the closest is a small facility at Sattahip, some 
20km away. The plant does not appear to be under the normal flight path. Exposure to aircraft impact 
is considered low. 

Road tankers importing solvents & chemicals are offloaded at the rear of the site while the solid S-
SBR product is loaded into containers from the warehouse at the front of the site. There is no need for 
these vehicles to enter the production area. Exposure to severe impact damage is considered low. 

Simultaneous Operations Exposures 
During cleaning and maintenance activities there will probably be some medium sized cranes on the 
site to remove heat exchanger for cleaning, pressure relief valves, etc. Thus, there will be some risk of 

objects .

There are minor Simultaneous operations (SIMOPS)-related exposures due to minor projects on the 
site (see Projects). 

Security Exposures 
According to the 2023 Terrorism and Political Violence Risk Map from Aon and the Risk Advisory 
Group the country risk exposure for Thailand is a high risk. 

In recent years Thailand has suffered from some unrest, but the troubles have largely been restricted 
to Bangkok. There is no history of these perils on the Industrial Estate. However, protests about 
environmental emissions at Map Ta Phut resulted in the stalling of over 70 new projects in late 2009.  

Loss History 
There have been no serious incidents, either during the construction projects or during commercial 
operations to date. However, reference should be made to the relevant underwriting submission for 
details of any losses. 
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5. Layout and Construction 
Layout 
Site Layout 
The overall site is L shaped with the main production and storage facilities occupying a rectangular 
plot measuring about 300m deep by 190m wide (about 7 hectares). Then to the SE of the site there is 
a small, square area of some 1.5 hectares that contains the utility systems and the interface with the 
NBL plant.  The land rises gradually from south (about 12m above sea level (ASL)) to north (14m 
ASL).  

The area of overall site is some 8.5 hectares. The layout is illustrated below. 

The layout is logical with a natural flow from the reaction area at the south of the site to the product 
warehouse and distribution facilities in the north. Each stage of the process is located in a separate 
block that is surrounded by in-plant roads.  

Unit Layout 
The Solvent Storage and Chemical & Catalyst Preparation areas are at the southern end of the 
process area with the Polymerisation and Monomer/Solvent Purification units immediately to the 
north. Hence the most hazardous facilities are farthest away from the control room, workshops, public 
road, etc. Further to the north are the Blending, Stripping and Refrigeration Units, with the Finishing 
Unit beyond. Here the solid polymer is recovered and boxed ready for transfer to the Automated 
Warehouse at the most northerly part of the site.  

The centre of the site (and the locations highlighted in the red colour below) has been filled with the 
Phase 2 facilities.  
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There is a plot plan in Appendix 4 including location of Step-04 project changes, that was completed 
in 2020. The project scope is to change the Phase 2 capabilities, but without changing its capacity. 
Appendix 2 shows the latest overall plot plan. 

Construction 
The Front-End Engineering Design (FEED) for Phase 1 & 2 was undertaken by the licensor (JSR). 
The detailed engineering, procurement and construction (EPC) contract for the Phase 1 process area 
was with Toyo Thai Corporation and Hitachi for Phase 2. The EPC contractor for Step-04 changes 
was ITALTHAI Engineering Company Limited (ITE). 

The project specification required the use of mainly American/Western engineering standards such as 
API, TEEMA, ASTM, ASME, NFPA, IEC, etc. 

There were separate contracts for the Automated warehouse (Menam Mechanika) and the buildings 
(Siam Titan, a civil contractor). The installation of the utilities was managed by BEE. 

The front end of the plant, up to the blending stage, is manufactured from carbon steel. After this 
stainless steel is mainly used in the Stripping (for corrosion protection) and Finishing (for cleanliness) 
areas. The process area is open to promote good ventilation and access, while equipment is 
supported on conventional steel structures that are fireproofed almost to the full height. In many areas 
there are steel floors.  

A soil survey was undertaken and although the land is not reclaimed, piled foundations have been 
employed for some of the heavy equipment such as the pipe rack, blending tanks and propane 
compressors. 

In our opinion, layout and construction features are rated standard when assessed on an industry 
wide basis. 
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6. Control and Safeguarding 
Process Control 
The BEE plant has a central control/substation building that is located about 100m from the Phase 1 
Polymerisation reactor. It is about 30m from the Blending Area and is closer to the Phase 2 facilities. 
Explosion studies were undertaken and the wall facing the plant is of blast resistant design. The 
building is pressurised by the air conditioning system and the differential is monitored by a pressure 
indicator, which is in the positive at the 2023 site survey.  

There are flammable gas detectors in the air inlet, which is also equipped with a damper. The control 
room and substation are protected by automatic Inergen systems. These are activated by fire 
detectors and there is a time delay to allow the evacuation of personnel. The protection extends to 
cable runs under the floors and in the ceilings. The doors of the various protected areas are kept 
closed by springs.  

The Analyser houses in the field have positive pressurisation with ventilation air drawn through an 
elevated intake (with a low-pressure alarm).  

Control System  

The plant is equipped with a Yokogawa DCS system with control software provided by the licensor. 
There is a dedicated control panel area for Phase 1 & 2 (with workstations) and the same for the 
Finishing Area. The system is monitored from a separate DCS Engineering room. The DCS was 
upgraded from Centum v5 to v6 during the 2022 shutdown. 

spurious alarms. The priorities of alarms are listed, and the data recording system can store details of 
some 50,000 (10MB) past alarms. BEE has reviewed the set-points for alarms and relevant software 
updated were recently completed.  

Instrumentation for the process area is hard-wired back to the control room, but much of the finishing 
area is operated by local PLCs. Here there is a fibre-optic link to the control room. Each control loop 
has anti-surge protection. 

Cyber Security  

The information technology security handbook was recently revised, to include cyber security and 
incident management. The information technology (IT) organisation overseas the cyber security 
related activities. There are six members and a consultant to support the site and they are supporting 
BST as well. The IT organisation chart is shown below. 
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USB pen drive is not allowed in distributed control system (DCS). Firewall segregations are provided 
between DCS and other connections. DCS vendor (Yokogawa) has performed cyber reviews against 
latest threats. 

A Security Centre was established in January 2023 to provide IT services and continuous monitoring 
of abnormal activities. 

There are no major incidents reported in 2023.  

During the December 2023 survey, the cyber team gave an overview of the architecture and 
protection systems. 

Main highlights include: 

 Firewall  IT/OT 

 SSL 

 DLP  data loss prevention 

 MIP  information protection 
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 Antivirus 

 EDR  end point detection and response 

 Proxy and web filtering 

 Mail gateway and filtering 

 LAPS  local admin password soln 

 Microsoft sentinel 

 Microsoft Intune 

 Cloud security centre 

 SOC service 

Emergency Shutdown and Isolation 
The control consoles have panels of ESD buttons for manually shutting down the facilities. Following 
the latter, operators use a checklist to ensure that all equipment has been successfully shutdown.  

In the field, emergency isolation valves (EIV) have been installed in the liquid outlet lines from the 
vessels containing more than 2.5 tons of hazardous hydrocarbons. Their position was defined by the 
licensor, and they are installed, for example, in the Purification area on column C-0120 and the 11m3

capacity reflux drum V-0135. They are ANSI Class 6 valves and are designed to fail closed in 
3 seconds. They are closed from the DCS panel, but there are no local switches in the field. These 
are considered to put the operators in danger.  

The natural gas supply to thermal oxidisers has EIVs with double block and bleed. 

After the Phase 1 and Phase 2 projects (based on our previous recommendation), Safety Integrity 
Level (SIL) studies were performed by PTT Maintenance and Engineering Company Limited 
(PTTME). There were no SIL 3 items in the BEE. However, there were four (4) and three (3) SIL 2 
items for Phase 1 and Phase 2 plants, respectively. 

The interlock systems are fully tested immediately prior to a turnaround.  

For the latest Step 01 to Step 04 projects, the SIL study was performed by Technip FMC. There were 
two (2) SIL 2 items at Step 04 project. We understood that there was no SIL 3 item in the new projects 
also. 

The plant is monitored by CCTV cameras (most in the finishing area), with the monitor located in the 
control room (see Security for further details). 

The control room also contains separate panels to indicate the status of the Fire Alarm System (a 
mimic panel), the extensive gas detection system and the various deluge systems.  

Pressure Relief and Flare System 
The plant shares a flare drum and stack with the NBL plant next door (where the flare is located). 
Hence, there are 2 inlet lines to the drum, and it was recommended during our survey of the NBL 
plant that all block valves on these relief systems should be carefully controlled and locked open.  

The flare was sized for both Phases 1 & 2; and so, no modification was required when Phase 2 was 
built. 
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Liquid in the Knockout (KO) drum is removed by a small, air driven, diaphragm pump that is in 
automatic operation. There is a second pump to maintain the water seal at the bottom of the flare 
stack.  

The pilots for the flare are fuelled with imported natural gas and the NBL system is continuously 
purged with nitrogen. This is injected using rotameters in each of the headers, and so these must be 
checked regularly. There are 2 oxygen analysers in the flare drum because some of the NBL plant 
operates under vacuum conditions.  

To prevent butadiene entering the flare there is a catalytic converter in the flare system designed by 
Callidus Technologies (Honeywell).  

In our opinion, control and safeguarding features are rated above standard when assessed on 
an industry wide basis.   
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7. Management Systems 
Management Organisation 
The organisation structure for the BEE Company is typical for a facility such as this and previously two 
Managing Directors (MDs) have been appointed to reduce the reporting burden. One of them is 
responsible for all Production, SHE, Maintenance and Project activities (based at site) while the 
second MD oversees Finance, Administration and Sales & Marketing (based at Bangkok head office).  

BEE Organisation structure is provided in Appendix 5 (2021 status). No organisation changes were 
reported at the 2023 survey (same as 2022). The total number of employees stands at 281, with 236 
at the site and remainder at the HQ offices in Bangkok. The turnover of personnel is low. No reported 
vacancies.  

The expatriate strength from BEE is stands at 8 personnel (each location has 4 personnel  Bangkok 
office and Rayong site). 

The overview of Manufacturing, SHE and Plant Reliability organisation chart is provided in Appendix
6 (2022 survey status; still valid at 2023 survey).  

Site personnel are being trained as per Centre Training and Development Programme (CTDP). All the 
trainings are completed as per the plan. 

BEE is certified for the new ISO 45001 (Occupational Health and Safety).  

In our opinion, the management organisation is rated above standard when assessed on an 
industry wide basis.   

Operations
Organisation 
The production personnel are divided into 4 teams that work 12-hour shifts. There is a Shift 
Supervisor in control of 2 operating teams, one for the Polymerisation area and the other for 
Finishing. Each area has a Forman, while the Poly area has 2 panel operators and Finishing area 
only 1. Each Area then has 3 Field Operators per shift. In addition, the Finishing Area has 7 
contractors to cover HP Jetting, forklift truck driving and general duties.  

Experience, Training and Competency 
The manpower loading, and level of experience/expertise appears to be satisfactory. 

The majority of the Operations team was recruited from BST/BSTE, with remainder from elsewhere 
with relevant experience (and a few recruited straight from technical college). The length of relevant 
experience is good with supervisors having some 15 years, foremen, 13-15 years and panel 
operators 10 -13 -
(JSR) and at the BSTE plant in Thailand. The field operators then received specific training from the 
Supervisors and Foremen using documentation provided by the licensor.  The latter included: 

 Work Instructions (detailed) - for each item of equipment 

 Technical Manual - A detailed description of the chemical engineering and chemistry of the 
process. 

 Operating Instructions - Containing procedures for start-up, normal operations, shutdown, process 
emergency shutdown, etc.  
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For Phase 2, panel operators and above were found from within the company, while the field 
operators were recruited over a 6-month period in the middle of 2015. Hence, they had at least 
12 months training before the new plant was commissioned. 

The HR department has a formal training plan with detailed spreadsheets for all employees, which 
in  targets. The plan includes initial orientation, health safety & 
environment, process, technology, quality management, managerial competency, etc.  

Check sheets for S-SBR process emergencies reviewed show emergency cases of failures on power, 
cooling, instrument air, steam and DCS. They include identifed actions that to be performed by control 
and/or field operator; then verified by supervisor/foremen. The drills are carried out on quartely basis. 
The site has now assessed emergency scenarios (such as flare flame failure, runaway reaction, loss 
of feed, key process equipment trips, etc) and included them in the drill (Recommendation R21.01 
now closed). 

In addition to this, there is a refresher training programme is set for every 3 years (or whenever the 
procedure is modified) to cover all the procedures in operations department. 

Organisation chart for the continuous learning and improvement division, as provided at the 
December 2023 survey, is included below. 

Documentation
The Operating Procedures and Work Instructions were originally provided by the licensor and then 
translated into Thai and re-formatted into the BEE standard. 
available only as soft files and should be re-verified on an annual basis. There are no hard copies 
present in the control room and this will ensure that only the latest version is available to the 

controlled.  

details of Drawn By/Approval By signatures & dates. BEE has a CAD system to update these 
drawings as and when necessary. 
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The pump swing schedule is followed. 

Permanent operating instructions have been placed on the foam tanks. 

There is a slight lube oil leak from the propane compressors (B-20701A and B) noted at the 2019 
survey. The cause for the slight lube oil leak was due to the mis-location of the set screw. The site is 
in the process of permanently fixing the lube oil leak from the seal (see Recommendation 20.04). In 
the meantime, the lube oil leak rate is monitored by using the newly installed level gauges. The new 
tubes and the small storage tank to collect the slight leak are in stainless steel (SS). Leak status is still 
in acceptable range for all 4 compressors. Drills are conducted annually.  

The level gauge at the Propane Receiver is now aligned with the Level transmitter (Observation 
O22.04 is now closed). 

Work Permits 
BEE has a comprehensive Work Permit procedure which has separate forms for hot and cold work 
and vessel entry. There are 2 HW options, one for welding, etc., and the other for less hazardous hot 
work such as photography, vehicle entry, etc. In addition, there are further checklists for excavation 
and radiography.  

Permits are initiated by Maintenance who describe the job to be done and prepare a Method 
Statement and Job Safety Analysis. The latter lists the various steps of the job, details any hazards 
and finally defines the necessary corrective/mitigating actions. The safety checklist includes reference 
to any isolation requirements.  

Permits are then approved by the shift supervisor before the work is allowed to start. Hot work permits 

boards.  

Copies of active permits are clipped to a notice board in the control room and the location of the job 
site is highlighted on a magnetic plot plan of the plant. At the job site there is a permit stand 
containing the permit, JSA, the plot plan, pictures, SDS and, if necessary, a copy of the P&ID.  

Gas tests are conducted by trained operators before the permit is approved and details are recorded 
on the form. Repeat gas tests are conducted after 2 hours and results recorded on the copy of the 
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permit in the field. Gas testers are approved by Safety and the detectors are re-calibrated every 
month by the laboratory.  

Permits are valid for one day shift (7am to 7pm) and hot work is not permitted during the night shift or 
at weekends. Exceptional cases should be approved by Plant Manager. Cold permits however can be 
extended by the incoming shift supervisor with only one extension allowed before the permit is signed 
off. If the work is not completed, a new permit is issued the following morning.  

Finally, permits are signed-off by maintenance and operations on suspension or completion of the job.  

BEE has a Scafftag permit for the construction and approval of scaffolding. 

There are no abnormalities noted on the work permits during the 2023 survey. Example of work 
permit preparation for live permits on 14th December was reviewed in the control room during survey. 

Isolation Procedures 
Substation  

There is a Mechanical Isolation procedure that requires full specification blinds to be inserted 
whenever equipment is isolated and opened up. Isolations are planned on a copy of the P&ID and full 
details of the blinds installed, valves used and any LOTO of electrical equipment are recorded on 
compreh
made and when the system was restored.  

Operators identify the location of blinds by attaching yellow tags to the appropriate flange and block 
valve, while Maintenance use red tags. There is also a First Line Break procedure that requires the 
first flange to be loosened slowly and carefully so that if there is hazardous material inside the system 
any leakage is minimal. At this point, all hot work is stopped.  

When one of the reactors is taken offline it is first isolated and then washed with CX, which is returned 
to a slops tank. It is next vented to the flare and purged with nitrogen to leave it in a safe condition.  

und the PSVs, and these have been recorded on a 
formal checklist that is used every month. The list includes other CSO valves (such as in blowdown 
lines from the reactors, nitrogen blankets on tanks and deluge valves) that are not associated with the 
relief systems.  

An audit from SCG suggested the site to upgrade the safe work practices of line breaking procedure 
and LOTO system with lockbox facility (BEE to confirm the status). 

The electrical group has a formal Lock Out/Tag Out procedure for isolating the electrical supply to 
equipment. In this case red tags and hasps for several padlocks are used by the electrical, operations 
and mechanical groups. Local switches in the field are also tagged, red by Electrical and yellow by 
Operations. The individual groups keep their respective keys. 

Trip Bypass Procedure 
There is a formal procedure for bypassing interlock systems and when required the panel operators 
issue a request to the shift supervisor and this is passed on to the Plant Manager for approval. Details 
are recorded in a dedicated logbook that records the reason for the bypass, countermeasures 
required, when it was made and when it was reinstated. If the latter is not being done within 72-hours 
(for example if spare parts or a plant shutdown are needed), details are referred to the Management 
of Change procedure. This applies to a change in the set point of an alarm, different feedstock 
composition, etc.  

During the 2023 survey, Recommendation 19.04 was closed out. MOC numbers are now cross 
referenced in trip bypass form, trip bypasses recorded in shift logbook and dedicated form (confirmed 
Dec 2022 survey), instrument repairs >72hrs are captured within the MOC system (linked to 
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Observation O22.01  also closed out) and trip bypass forms regularly audit to check for 
discrepencies etc.  

Housekeeping 
Good practices were observed throughout the site during the 2023 site survey.  

In our opinion, the Operations organisation is rated above standard when assessed on an 
industry wide basis.   

Maintenance 
Organisation 
The BEE plant has a dedicated Maintenance Division that reports to the SHE and Plant Reliability 
Department Manager. After the removal of the Reliability and Inspection from Maintenance, it is 
divided into 3 sections covering Mechanical, Instruments and Electrical & Maintenance planning.  

The number of manpower has been reviewed recently and rotated within the department as part of 
the progression. There are no vacancies reported. 

Shift cover is provided by Instrument, Electrical and Mechanical technicians (1 of each /shift). Details 
are as follows: 

Section Engineer Supervisor Shift Day 
Mechanical 1 3 4 3
Instruments/DCS 2 2 4 2
Electrical 1 1 4 2

In addition, there are one Planning Technician, a Storekeeper and a Store helper. 

All of them reporting to individual section managers.  

Recommendation 20.03 was reviewed at the 2023 survey and closed out; example Area 300  PSMC 
identification sheet. 

Experience, Training and Competency 
This an experienced Maintenance organisation reflective of site history.  

The Managers have over 15 years of relevant experience, and the engineers have over 10 years. 
Most moved over from BST/BSTE, and one of the instrument technicians previously worked for 
Yokogawa.  

Philosophy 
The overall maintenance strategy is to maximise the effectiveness of equipment with no breakdowns 
of critical equipment and no maintenance backlog.  

Procedures and Records 
All historical records are kept in both hard copy and soft copy. Originally BEE used Datastream D7i 
software to manage the maintenance activities. In early 2016 they transferred to MAXIMO. Latest 
versions of software are being upgraded in regular intervals from the same vendor:  currently it is IBM 
MAXIMO (contract in place to keep up to date).  Advantage is taken in using remote tablets to record 
information in the field; with now ten (10) tablets at the site; confirmed at 2023 survey. 
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MAXIMO generates work orders, controls the inventory of spares, keep equipment records, etc. Work 
orders are monitored weekly; with additional monthly reviews in case workarounds are required. 

The preventive maintenance (PM) compliance rate in 2023 is 98.38% (as of November 2023), which 
is above the target of 95%. The distribution of works is depicted below. The month of March has the 
most jobs, but they are reportedly simple tasks. 

The corrective ma
requests in 2022 is made up of 71.97% mechaninal, 14.53% electrical and 13.49% instrument 
activities. 

Details of unplanned shutdown from equipment failure are summarised below. 

Further to the recommendation 20.02, Site has performed a detailed review on the existing PSM items 
to revise the PM strategy. Prior to that, the procedure is amended as per SCG guidelines. The experts 
from SCG/REPCO are also involved in this review. The total number of equipment at BEE is 6,552 
items and the latest re-evaluation reduced the PSM equipment to 3,269 items (which is reduced to 
50% from the previous 80% of total equipment).  
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The minimum PM target for PSM equipment is now set at 98% (Observation 22.05 is considered 
closed). 

As per the current practice, the inspection, testing and preventive maintenance (ITPM) deferments are 
listed in a register to get the approval from division managers and shared with respective team for the 
documentation and further follow ups. In addition, there are now formal reviews performed to 
understand the risk escalation in event of delay of ITPM to the new due date (Recommendation 20.03 
is now considered closed). 

Planning 
To achieve this, a Reliability Centred Maintenance (RCM) program has been introduced for rotating, 
instrument and electrical equipment. The criticality takes into account the failure mode and rate, the 
consequences of failure, redundancy, etc. and resulted in 3 classifications as follows: 

 Class A:   Critical. Both Predictive and Planned maintenance programs (about 450 items). 

 Class B:   Normal. Planned maintenance program. 

 Class C:   Breakdown maintenance/run to failure.  

quality-related equipment. 

Equipment reliability is reported monthly with unplanned shutdowns due to equipment failures. 

All equipment failures are assessed with corrective action and preventative action (CAPA) plans. The 
recording is performed for major cases.  

Turnarounds 
Overview 

Major turnarounds are scheduled every five years for 29 days (to coincide with propane tank test 
inspection frequency; this is part of the government requirement). In addition to that, there are interim 
turnarounds are taken every two years for 19 days (to primarily washing and cleaning activities, with 
other critical maintenance activities as planned). 

Because of the common utility equipment that is unique to Phase 1: If Phase 1 is shutdown, then 
Phase 2 also needs to be shut down; but if Phase 2 is shutdown, then Phase 1 can continue running. 

A summary of previous turnarounds is provided below. 

Year Type Period Activities 
2015 Phase 1 was subject to a 1-year warranty inspection 

2017 September to 
October Phase 1 & 2 shared a common turnaround 

2019 Minor 23 March to 11 
April 

Phase 1 was subjected to 17 days, and Phase 2 to 20 days. 
The flare was live since there is a provision to block off from NBL. 

2020 Minor  21 February to 4 
April  

Shut for 43 days. Flare was also shut for a week. The budget 
utilised was about THB 58 million. 

2022 Major  
17 September 
2022 to 9 January 
2023

Shut for 90 days with the budget of THB 115 million. 

Common flare is shut down together with overhauling critical motors 
(including 6.6KV motors) and internal inspection for storage tanks 
(this is the first internal inspection). 

The subsequent turnarounds are: Minor for 19 days in 2024, 2026 and 2029; and Major for 29 days in 
2027. Flare is normally shutdown during a major turnaround that is aligned with NBL. 
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Budgets
Summary of maintenance budget for 2023 is shown below. 

Contractors 
There are local contracting companies for mechanical (JS Tech), electrical (yearly contractor from 
SIRI) and instrumentation (JS Tech) work. For contractors there is a comprehensive pre-qualification 
procedure that covers their safety management system. Post work evaluations are also systematic. 

During turnarounds there are further 1,000 or more contractors on-site.  

Before work commences there are daily toolbox meetings, led by the Foreman.  

Mechanical 
The plants do not have a large inventory of high-speed rotating equipment. However, critical 
machinery includes the thermal oxidiser units, cooling water fans/pumps, the screw type propane 
refrigerant compressors, the agitators/motors/gearboxes on the polymerisation reactors, etc.  

Vibration monitoring is undertaken by the Inspection technician for some 500+ items using a portable 
Emerson system, where the data is analysed by computer. The default test frequency is every month, 
until history is built up and frequency can be decreased. Site has set-up a following criteria to 
differentiate the conditions of equipment in to normal, alarm, warning and danger. 

Lube oil samples from some 15 of the largest machines are taken every 6 months for analysis by an 
external laboratory (Focus Lab).   

The site has is working on a permanent fix to the slight lube oil leak from the seal of propane 
compressors (B-20701A and B) - see Recommendation 20.04. 
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Electrical 
There is a planned maintenance program for all electrical equipment. For transformers there is 1 
inspection per year, with samples of the oil taken and analysed for dielectric, moisture, DG, etc., by an 
external laboratory (EKARAT).  

All the protection relays are tested and calibrated during the turnarounds. 

There is an annual check of the whole electrical system by an independent, certified engineer and the 
report must be sent to the authorities. It is also a requirement to make annual checks of the grounding 
and lightning protection systems. 

An inhouse thermographic camera is used annually and after major electrical installation work to look 
BEE 

staff are now trained to do the inspection.  

The 1.5MVA emergency generator is run-up every week for 30 minutes and there will be a major 
overhaul and switching tests during the turnarounds. The un-interruptible power supplies (UPS) for 
the control systems are visually checked every month and there will be battery discharge tests by the 
vendor every 3 years during turnarounds. The one lot of batteries (521 items) were changed in 
February 2023, followed by discharge test. 

There is cathodic protection for the underground cooling water system and the voltage will be 
checked regularly. Cathodic protection is inspected annually, around November/December each year.  

Instrumentation
There is a maintenance contract with Yokogawa for the inspection and servicing of the DCS system 
twice per year. Currently full calibration checks and proof tests of the interlock systems are only 
planned during turnarounds. There are no bypass switches and so jumpers have to be used. 

The level indicator of propane receiver vessel (V-0702) was changed to magnetic type in the latest 
turnaround in December 2022. At the 2023 survey it was confirmed calibrated with the level 
transmitter (Observation O22.04 now closed). 

Spares 
The BEE workshops/stores are in a well-ventilated, masonry building with sprinkler protection. Store 
includes open rack storage, and climate-controlled room for instrumentation spares. There is also a 
calibration room for pressure/temperature sensors etc. The inventory is managed by the MAXIMO 
system.  

The need for capital/insurance spares has been assessed by the discipline engineers. 

For the cooling tower there is a spare gearbox and fan, while for the reactor agitators there are spare 
mechanical seals and a gearbox.  

The site has some 5,100 stock items in the warehouse with the value of THB 303 million. 
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In our opinion, the Maintenance organisation is rated standard when assessed on an industry 
wide basis.   

Inspection 
Organisation 
The Inspection function is separate from the Maintenance department. As part of this initiative, a 
Manager for Reliability recruited from the Licensor. Now the team has a Reliability and Inspection 
Engineer with two technicians, and for the warehouse, a supervisor and 5 operators. 

The team is responsible for inspection, warehouse and project (as a support team) activities  see 
Appendix 7 for Organisation chart. There are no vacancies reported. 

The NDT work is undertaken by an Inspection Technician and helper, neither of whom have formal 
NDT qualifications. They undertake mainly a comprehensive vibration monitoring program and some 
on-line ultrasonic thickness measurements. Properly qualified contractors (REC and SIWA) are used 
when more detailed tests are required.  

NDT equipment available on site includes UTM and portable vibration monitoring. 

Experience, Training and Competency 
The manager has 20 years of experience; whereas engineer has about 10 years and technicians 
have about 20 years of experience. 

The manager was from licensor, he has extensive experience in the inspection of plants such and are 
providing assistance in developing the programme. Details are recorded in a QA/QC manual, which 
contains inspection procedures, and work instructions (including the design of temporary pipe 
clamps). 

It was previously reported that the in-house inspection staff have received external training in 
inspection techniques; supported by DACON for turnaround inspection work. 

Philosophy 
The work orders are issued by using IBM MAXIMO.  

RBI started 2019, before that the site relied on time-based inspection intervals. 

The Risk Based Inspection (RBI) programme is managed by Red Basket software (Authorized partner 
of DNV Software in Thailand) from 2021. The relevant training to site personnel was also completed. 
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The risk assessment matrix adopted is based on DNV. For RBI development, consultants from 
DNV/REPCO have also been involved. Upon the review, the priority of the plant units for Phase 1 are 
revised as below. The similar strategy is adopted for Phase 2 units. 

The site has more than two cycles of inspection data that is being used for RBI. The current RBI 
completion rate is about 96%. Some of the Phase 2 equipment still need to be uploaded. Area 600 
(finishing section) is still pending. The RBI data is normally repopulated after every turnaround (TA). 
The site incorporated inspection data from TA 2022. As part of this, a summary of medium and high-
risk items including recommendations tracking will be developed, that including subsequent 
demonstration to management for resource allocation.  

Phase 1 complete. 

Phase 2 complete. 

2023 is considered Yr1 for the current 5-year cycle. High risk items first for piping and equipment. 

In general perspective, the following table summarises the frequencies that are used for inspection of 
the different items of equipment. 

Category Frequency Type of Inspection/Comments 
Pressure vessels turnaround 
Process piping 1 year (scheduled as per RBI) Ultrasonic 
Pressurised storage tanks 5 years Internal  
Atmospheric storage tanks 5 & 10 years 

Pressure safety valves 
Natural Gas and Propane services  
 every year as per regulation 

Performed by 3rd party 

BD  every year 
Others  every turnaround  

As per the current practice, the inspection, testing and preventive maintenance (ITPM) deferments are 
listed in a register to get the approval from division managers and shared with respective team for the 
documentation and further follow ups. In addition, there are reviews performed to understand the risk 
escalation because of the delay of ITPM to the new due date (Recommendation 20.03 is closed). 

Pressure Vessels and Piping 
For pressure vessels there are inspection data sheets that were prepared by the 3rd party QA/QC 
contractor appointed during the construction project and record some UT test readings. However, the 
external UT thickness measurements are typically taken at only 4 points for both vertical and 
horizontal vessels. After that, the internal inspections are performed during turnarounds and currently 
the site has more than two cycles of inspection data that is being used for RBI (see above). 
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For process piping 
UT measurement frequency is determined by the level of criticality and in this case is annually. UT 
thickness measurement and Dye Penetrant inspections are performed by external vendor. 

Offsites piping is visually checked every 3 months and UT thickness measurements are taken 
annually in accordance with IEAT regulations. 

According to the most recent inspections during the turnarounds, the site does not have any 
excessive corrosions on the piping and pressure vessels. 

It is reported that the stainless steel hoses are pressure tested prior to using at loading bay 
(cyclohexane and chemicals). 

Fired Equipment 
Direct fired thermal oxidiser (DFTO) was subject to inspection by a supervisor from Germany in May 
2023 after its 10th year of operation.  The current operation, as well as the parameters such as NOx 
and volatile organic compounds (VOCs), are normal.  

For the Phase 1 RTO (Regenerative Thermal Oxidizer), further to the hot spots from 2021 with 4 
points that have more than 100oC, it is under surveillance by the Reliability team, and there is 
constant discussion with Licensor (Chugai from Japan) about the condition. Then, minor insulation 

completed in 2022 turnaround. 
temperature was within an acceptable range when tested in December 2022. These reviews are 
performed twice per year with the Licensor support (who is also having manpower in Thailand). The 
same activities and checks are also performed for Phase 2 RTO. 

Lifting Equipment 
Fixed cranes are inspected in accordance with the regulations and require (depending on the 
capacity) 2 inspections/year by an authorised, professional engineer. Portable chain blocks, soft 
slings and shackles are inspected, and load tested every 6 months as per the regulations and are 
then identified by an inspection tag.   

Atmospheric Storage 
External thickness and settlement measurements are planned for the atmospheric tanks every 
5 years, while there will be an internal inspection (including UT floor scan) every 10 years. Some base 
line information has been obtained at 1 point on each shell sheet evaluated and at representative 
points on the roofs.  

The associated Pressure Vacuum Valves (PVV) valves are checked every 12 months and we have 
also suggested that the flexible connections on the tanks have a routine inspection in accordance with 

As of 2023 survey, the inspections of storage tanks are as per the plan and there are no major issues 
reported.  

Relief Valves 
The pressure safety valves (PSVs) on the propane refrigerant system are tested every 12 months, 
while the schedule for the remainder is every 3 years. Most of the PSVs are tested during turnaround. 

Pre-pop tests are undertaken, and the results recorded on the data sheets. It was reported that the 
site has amended the procedure to adjust the test frequency in event of a PSV failing a test based on 
the previous recommendation. 
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Corrosion Under Insulation 
Corrosion under insulation (CUI) is part of the RBI programme and will require inspection for piping 
and vessels that operate from 4 to 120oC every 5 years. It includes lines that cycle through this 
temperature range and stainless steel, where dye-penetrant will be used to check for cracking.  

Most of the equipment with insulation is stainless steel construction (no concern re CUI); whereas 
majority of carbon steel lines do not have insulation. 

Based on the latest inspections, there are no CUI issues reported. 

Positive Materials Identification (PMI) 
During the construction project some PMI was undertaken for the critical, stainless-steel vessels and 
the welding rods used. At present there is a check of the mill certificates and PMI is only undertaken if 
a problem is suspected. The site indicated that since there are no exotic alloys at site (stainless steel 
at most), there is no requirement for additional checks. 

Welding
Contractors are used for welding, and they are tested at the site before they are approved to start 
work.  

Documentation and Records 
Inspection records are kept within IBM MAXIMO; as well as hard copies kept on file. 

The RBI software (Red Basket) is not compatible with IBM MAXIMO. Therefore, the data transfer is 
manually performed. 

In our opinion, the Inspection organisation is rated standard when assessed on an industry 
wide basis.  

Engineering
Organisation 
BEE has a small Process Engineering Department with Manager (20 years of experience in BST 
Group) and 3 Process Engineers (each engineer for Phase 1, Phase 2 and New Projects). They are 
responsible for the management of change (MOC) procedure, troubleshooting, investigation of 
incidents, project engineering, etc. There is no formal Engineering Department and so when 
necessary, the qualified mechanical, electrical and instrument engineers from the Maintenance 
department are utilised. There is also a link to the resources at BST/BSTE.  

The Laboratory is under the control of the QC Manager.  

Engineering Standards 
The Front-End Engineering Design (FEED) was undertaken by the licensor (JSR) and then the EPC 
contract for the process area was let to the Toyo Thai Corporation (Phase 1) and Hitachi (Phase 2). 
The project specification required the use of mainly American/Western engineering standards such as 
API, TEMA, ASTM, ASME, NFPA, IEC, etc. 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 48

Process Hazards Analysis 
At the conceptual design stage of each of the Phases, an Environmental Impact Assessment was 
undertaken by the Consultant of Technology Company, and this included some Hazard Analysis. The 
worst-  1 
and the impact of thermal radiation, gas dispersion and vapour cloud explosion scenarios was 
investigated. The scenarios analysed are considerably smaller than is normally considered for an 
EML calculation. Others included a rupture of the return BD line (2 inches), and both BD (2-inches) 
and styrene monomer (1 and 2 inches) lines on the reactors.   

Later, during the detailed engineering of Phases 1 & 2, an extensive HAZOP study was made of the 
process design. This was undertaken at the  office in Japan over a period of 2-3 weeks and 
was chaired by Toyo Thai (not independent!). These HAZOPs have been completed for Phase 1 and 
Phase 2 on 31st July 2013 and 29th June 2019, respectively.  

The site also completed HAZOP studies for Step 01 (lead by Technip) and Step 02 (led by in-house 
team trained by Technip) projects in March 2018. HAZOP study for Step 04 project was also 
performed by Technip. It had 16 nodes, and all the recommendations were incorporated/completed in 
the project. 

It is a legal requirement in Thailand to update a hazard analysis every 5-year and this takes the form 
of a review of the original HAZOP study. The site completed revalidation HAZOP studies for the whole 
site in April 2019; led by TechnipFMC. The overall site had 167 nodes. There were 48 reduction plans 
developed to implement the recommendations from the HAZOP by PHA committee. The details were 
submitted to Department of Industrial Works (DIW) and Industrial Estate Authority of Thailand (IEAT). 

equipment and should there 
be an excursion this is discussed the following day in the morning meeting.  

After the HAZOP study
eye review for HAZOP by Baker Risk in 2020).  

In addition to the above studies, based on the Siam Cement Groups (SCG) suggestion, the site has 
performed a consequence analysis with REPCO (Rayong Engineering and Plant Service, which is 
subsidiary of SCG) to understand the maximum impact to the site. The major scenarios identified 
including flash fire, jet fine, vapour cloud explosion and BLEVE (see picture below). 
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There are Materials Safety Data Sheets for all chemicals on the plant.  

BEE has a comprehensive pre-start-up safety review (PSSR) procedure (a process safety 
information, PSI, document) that comprises an extensive checklist (that meets IEAT guidelines), 
which is completed by all concerned divisions. Engineers then attend a PSSR review meeting to 
complete the procedure and if there are no remaining Punch List A items, to sign their approval to 
start up. For a large project the whole review may take 2-3 days. For the start-up of Phases 1 & 2, a 
comprehensive PSSR of the plant was undertaken by Bureau Veritas.  

BEE has previously submitted the details of gap analysis performed or the status in the site for the 
below recent incidents from the industry. This is to prevent similar occurrences in BEE site. 

 BST cooling water system incident (BST site is not part of the BEE insurance programme) 

 Styrene vapour release incident in other country during Covid-19 lockdown period 

Further details are provided in Appendix 8. 

Management of Change 
BEE has a formal Management of Change procedure that is coordinated by the Process Engineering 
Manager and reviewed/audited by the MOC Sub-Committee. The same procedure is used for 
handling high level/critical personnel changes. Changes can be permanent or temporary (defined time 
limit from 90 days to 1-year as per the procedure). 

The MOC procedure is comprehensive and covers a wide range of hard- and software alterations. 
The latter includes any changes to the set points of alarms or trips or a situation where an interlock 
cannot be restored within 72 - -in-
changes and is completed in several stages, each of which must be signed off by management.  

All alterations are initiated by the completion of a proposal form that contains a description of the 
change and the approval to proceed by the Division Manager. It then contains a lengthy checklist to 
define the category of change and details of the required circulation. 

The MOC 1 stage is the preparation of the basic design package, while Stage 2 is the detailed design 

of a Risk Ranking procedure. Stage 3 is a Safety Evaluation System (SES) using a detailed checklist. 
Stage 4 is the update of documentation, training and a final check that the change meets the original 
intent.  

MOC-Personal change (MOC-P) is also in use.  

Based on the previous recommendation 19.03 (now considered closed), the MOC subcommittee has 
developed good KPIs to monitor MOC effectiveness. Temporary MOCs are tracked and either 
extended or closed before the expiry date. They are reported at the PSM meeting on a monthly basis. 
There are no overdue MOCs reported during the 2023 survey. 

Summary of the KPIs developed recently and their values are within the following targets. 
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The prioritization of MOC/its action items is based on the two major classifications as per the 

the rest of them (non-SHE/u

In our opinion, the Engineering organisation is rated standard when assessed on an industry 
wide basis.   
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Process Safety 
Organisation 
BEE has an independent SHE department that comprises a manager (who was moved from 
Maintenance department with overall industry experience of more than 20 years), 3 Engineers (all 
certified professionals) and 5 SHE Inspectors (3 of them are contractors). The SHE Division Manager 
reports directly to the DMD. The previous SHE department Manager (24 
moved to PSM section to handle the Process safety management initiatives such as IEAT audits, 
safety excellence transformation project (suggested by SCG). In addition to that, the PSM team has a 
Process Safety Competency Leader. 

The SHE Department organisation is shown in Appendix 9.  

Process Safety Framework 
The safety policy is driven by the SHE Steering Committee, which meets every 2 months and is 
chaired by the managing director. The safety manager is the secretary, and it is attended by all the 
department managers. It formulates the annual action plans and reviews overall performance. 
Reporting to the Steering Committee there are various sub-committees responsible for different 
elements of the overall SHE Management system.  

Details of the current SHE Steering Committee structure is included below (provided at December 
2023 survey). 

The safety program for the BEE plant is virtually identical to that of BST/BSTE, from where it was 
obtained. BST first obtained TIS/OHSAS 18001 certification in 2003 and then in 2006 DuPont 

comprehensive Safety Program was introduced throughout the Company. This included a vision of 
 The PSM Transformation 

Roadmap from 2018 to 2027 is provided below. 
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During 2023, the site has focussed on no incidents, with action plan accordingly.  

BEE has completed the process safety improvement for Incident Investigation and LOTO (Lock out 
Tag out) Line Break programme by Siam Cement Groups (SCG) in previous years.   

New PSM policy is published in July 2021. BEE
mode at the end of 2021 from the current improving mode. Safety culture assessment by SCG is 
completed in 2021. The revised target is depicted below. 

Recent regulations announced by the Industrial Estate Authority of Thailand (IEAT) require the full 
implementation of the PSM programme (OSHA 1910.119).  The IEAT uses the Engineering Institute 
of Thailand to audit the PSM programme.  For this, a PSM governance committee has been created, 
and the following six additional elements have been included with the original 14 elements that are 
required by IEAT. 

 Safety Training Observation Program (STOP),  
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 Operational Discipline (OD),  

 Off the Job Safety (OJ),  

 Life Saving Rules (LSR),  

 Energy Management (EM) and  

 ISO14001 & Eco-factory (EF) 

Process Safety Information 
BEE has a formal process safety information, PSI, procedure that defines those documents covered 
by PSI that include: 

 Process Chemicals:   Safety Data Sheets, etc. 

 Process Technology: Design information, Process Control, Operating Windows, etc. 

 Process Equipment:  P&IDs, Area Classification, PSV calculations, Interlocks, etc.  

The programme is managed by a Document Controller in the QA division and there are annual 
reviews, although this is not recorded on the individual documents.   

The existing SHE Manual contains 39 items including procedures such as Work Permits, MOC, 
Accident Reporting & Investigation, Safety Audits, HAZID, LOTO, Emergency Response, etc. It is 

Safety Performance 
Safety performance is monitored by calculating several Key Performance Indicators, both leading and 
lagging. Altogether safety accounts for 60% of the total number of KPIs generated. The leading 
indicators include; PSM system tracking for critical items, risk elimination participation and reports, 
etc.

BEE has a formal accident/incident reporting procedure that involves a report form that must be 
 hours. These events must be investigated within 3 days using 

a Root Cause Analysis procedure (TapRooT) to identify the underlying problems with their corrective 
and preventive actions (CA/PA). 

The classification of incidents follows the snapshot below. 

For the lagging indicators, there are 4 different levels adopted and shown below. 
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The SHE KPIs, as of December 2023 survey, are provided below.

Audits
There are internal and external PSM audits conducted in the site.  

The site was subject to an internal PSM audit in 2023, with results highlighted below. Of 35 items 
highlighted, just one (1) remains outstanding. 
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In addition, the site was also subject to an external PSM audit in 2023 (following the internal audit; 
performed by registered auditors from IEAT). No major non-conformances were noted; just some 
opportunities for improvement, OFI .

In addition to that, there is a PSM management field walk every month prior to the committee meeting. 
It is conducted for about 30 minutes to mainly concentrating on the latest issues. Based on the 2022 
survey comments, the site has increased / extended regular audits from the PSM committee on the 
elements such as MOC and trip bypasses (Observation O22.03 is now closed). An example of Trip 
Bypass audits during 2023 is shown below. 
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In our opinion, the Process Safety organisation is rated above standard when assessed on an 
industry wide basis.   
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Personal Safety 
HSE Policy 
Committees 

The safety committee required by law is called the SHE Operating Committee. It is attended by 
representatives from all departments and all levels of the company (50:50 management and 
employees). It meets every month and is reinforced by weekly safety meetings that involve the 

anticipate future problems.  

Contractors 

(assistance obtained from DuPont) 
and before they are issued with security passes they must attend a ½ day safety induction course. To 
improve communications, only Thai nationals are allowed on the site. Toolbox meetings are held 
every morning before the work commences and there are frequent inspections of the works sites. Pre- 
and post-  Visitors to the operational areas 
must undertake a safety briefing and relinquish all sources of ignition including any matches, lighters, 
mobile phones, cameras, etc. 

Performance 
An extensive safety training program has been undertaken by all of the employees and included all 12 
elements of the Process Safety Management system.  It was conducted by NPC S&E and each 
section was concluded with a written test.  All new employees and contractors received induction 
training in the safety rules and regulations, the hazards in the workplace and basic firefighting.  

ers the various procedures in the 
safety manual. For Operations and Maintenance personnel it includes PTW, MOC, LO/TO (electrical), 
First Line Break, Cardinal Rules and Safety Awareness. Additional courses cover specific topics such 
as water jetting, vessel entry, cranes, forklifts, risk assessment, rescue & first aid, etc. Flammable gas 
testing is undertaken by operators who have been trained and approved by Safety. 

Inspections and Audits 
In order to improve safety awareness there is a Safety Training Observation Programme (STOP) with 
regular intervals, as follows. 
 Managing Director:  1/6 months 
 Dept. Managers  2/month 
 Engineers:   1/week 
 Supervisors/Foremen: 3/week. 

The teams are trained in auditing and reporting techniques.  Where appropriate, photographs of any 
problems are taken, and recommendations followed up.  

and improved. These are encouraged by setting competitive targets (KPIs) for each person. The 
overall target is at least 1 report/person/year for the BKK office and 2/person/year at the plant.  

There is a Tracking system in place for the Observations & Improvements (that are from the internal 
and external audits), to record progress and close out of items. 

In our opinion, the Personal Safety organisation is rated standard when assessed on an 
industry wide basis.  
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Security
Organisation 
The Security Force is provided by the ISS Company and is managed through the Safety Division. 
There are normally 10 on duty during the day shift (12 hours) and 6 at nights. Their posting is as 
follows: 
 Main Gate (G1): Supervisor and guards (day 6, night 3) 
 Gate 2:  Guards (day 2, night 1).  This gives access to the hazardous areas.   
 Gates 3 and 6: Guards (day 1, night 1) at each gate. 

The guards make regular patrols, but only of the safe areas outside the plant. They are also involved 
in the emergency response plans. 

Preventive Measures 
Employees, visitors, temporary contractors and permanent contractors have different ID cards that 
must be worn at all times. A different card is required to pass through the inner fence to the control 
room and the hazardous process area. The doors in the Administration building are opened by 

plant. 

Speed limit on site is 20km/hr. 

There are 121 security CCTV cameras, which are positioned to cover all of the external fence line, 
buildings and process units. Monitors are located in the SHE office at the main gate and in the CCB. 
The films are kept for 1 month and s
detection system on the perimeter fence. 

The locations of CCTVs are depicted below. 

In our opinion, the Security organisation is rated standard when assessed on an industry wide 
basis.  
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8. Loss Mitigation 
Fireproofing 
BEE has a comprehensive Fireproofing standard that refers to API 2218 and UL 1709.  Good quality 
reinforced concrete protection has been applied to the structural steel in the various process blocks 
and the pipe racks up to a high level. It provides protection for 3 hours in a hydrocarbon fire with a 
steel temperature of 538oC. The need for fireproofing is defined on Fire Area drawings (like Area 
Classification drawings).  

The 6 large polymerisation reactors are suspended from just below the top and we have been advised 
previously that the support beams are protected with an intumescent coating. In this area the process 
structure has several steel floors.  

Fire & Gas Detection 
Manual call points are located throughout the site and raise the alarm on a mimic panel located on a 
wall in the control room.  

Smoke and heat detectors are located as appropriate in the 6 buildings on the site and have local 
control panels.  There is also a beam type fire detection system in the finishing area. All fire detectors 
also raise the alarm on a panel in the control room.  

The plant has around 160 fixed flammable gas detectors that raise the alarm on a separate GP-ProEx 
panel in the control room. The detectors are of the IR type (more reliable) and the alarm levels are 10% 
and 30% of the LEL. Gas detectors are located throughout the process area, in the cooling towers (7 of 
them: 4 at basin and 3 at walking area) and in the air inlet for the control room.  

In addition, there is an air monitoring system that takes samples from 32 separate locations and 
analyses them for butadiene and styrene. The 1st and 2nd alarm levels are set for health reasons at 
50% and 80% of TLV respectively, but this is also an extremely sensitive flammable gas detection 
system. The alarm is raised on the gas detector panel in the control room.   

Firewater System 
Pressure in the ring main is maintained at about 11barg by 2, electric jockey pumps (P-17201 A/B) 
that are rated at 22.3gpm at 169psi.  

The plant has a single, diesel engine driven Peerless fire pump of 2,000gpm (454m3/hr) capacity at 
150psi that draws water from the 3,000m3 treated water tank (T-4101). The firewater connection is at 
the bottom of the tank and that of the service water is at an elevation of about 5m. Hence, a 
proportion of the water in the tank is reserved for firewater. The pump and 1,300-litre fuel tank are 
located under a shelter (level shown as 1,050 litres at time of 2023 survey). There is a flow indicator 
for testing the pump in the return line to the water tank. The diesel fire pump was confirmed as being 
on auto startup during 2023 site tour; with site also confirming recent installation of two new batteries, 
associated with startup. 
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Foam/Firewater valves were observed to the labelled normally open (NO) and normally closed (NC) at 
2023 survey. 

There is only one pump because the firewater network is connected to that of the NBL plant next 
-

17202 A/B/C), each with a capacity of 341m3/hr at 9barg (1,500gpm at 131psig). They are supplied 
from a dedicated 1,300m3 firewater tank, which is interconnected to the treated water tank of capacity 
1,700m3. Two of the pumps are driven by diesel engines and the third by an electric motor.  

The fire water storage and fire pump capacity from both BEE and NBL sites are depicted in the 
following picture. 
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At the BEE site the latest maximum anticipated firewater demand is 811 m3/hr (13,524 l/min) in the 
solvent purification unit (Area 20100). The sufficient capacity will be available (with NBL pumps) even 
one of the pumps is out of operation. It was previously confirmed by BEE that the addition of Step-04 
project has not changed the maximum firewater demand of BEE since modifications are scattered in 
two areas (U-20100 and U-200), that are not adjacent to each other. 

The underground firewater network at the BEE plant is fabricated from HDPE and loops around the 
various process and storage blocks. It is equipped with isolation valves and is fed by 2 parallel lines 
from the system (from both north and south) at the adjacent NBL plant.  

Fixed Protection 
Process Equipment 
The protection systems have been designed in accordance with the NFPA codes.  

The Phase 1 process areas are mainly protected by the monitors and hydrants, and the deluge 
systems are retrofitted (with the Phase 2 project) on a number of the high hazard vessels such as the 
propane and butadiene receivers based on the previous recommendations. Phase 1 originally had 14 
deluge systems that can be actuated locally or from a panel in the control room to protect: 

 Transformers (10)  Coverage 37.2 l/min/m2

 Tanks (11) 

 Propane Compressors (4)  Coverage 20.4 l/min/m2

There are 32+ hydrants (19+ with fixed water monitors) provided throughout the plant and each has a 
cabinet containing 4 lengths of 1.5-inch fire hose and 2 combination (fog/straight stream) nozzles. The 
hydrants have 2.5-inch threaded nozzles and so the cabinets also contain suitable adapters.  The 
water monitors have a capacity of 114m3/hr.  

We understood that the similar strategy has been used for Phase 2 as well.  

Buildings
For the Control/Substation Building the wall facing the hazardous plant is blast resistant, although we 
do not know the design criteria. The 2-storey building is pressurised by the air conditioning system 
and an inlet damper, interlocked with gas detectors, has been provided. There is a DP gauge to 
monitor the internal pressure in the building, which is in positive range during 2022 survey.  

There are no windows in the control or electrical rooms, but there are elsewhere in the building.  

There are automatic Inergen systems to protect the control, DCS and other electrical rooms, including 
the cable routes under the floor and in the ceilings. There is a time delay to allow the escape of the 
occupants and there are also abort switches.  

The cable penetrations appear all to be properly sealed.  

The automated warehouse has an extensive sprinkler system, which includes within the storage 
racks. There are also sprinklers in the hazardous chemicals warehouse, chemical preparation house, 
finishing building, box preparation house and plant air building.  

The emergency diesel generator is located in a building and has a local, fixed CO2 system. However, 
it is difficult to see how this can be effective when the roller shutter door is open and there is a large 
airflow through the building generated by the cooling fan on the engine.  Apparently, the CO2 system 
is not activated until the engine is stopped, which means there is no emergency power.  

The fume cupboard in the laboratory is also protected with Inergen. 
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The 2-storey Administration building is of masonry construction and is also protected by a sprinkler 
system. 

Storage 
The storage tanks that contain flammable materials all have deluge systems for exposure protection 
and fixed foam systems for extinguishing fires. Foam concentrate (3% AR-AFF) is stored in a bladder 
tank of 400 US gallon capacity.  

Foam tanks are visited during 2022 survey, and operating instructions have been placed. The foam 
tank 24201 is connected to tanks T-0801, T-0802, T-803, T-0170, T-0225, T-0201 and T-0203 (see 
2019 Observations). 

Summary 
The latest list of Fire Protection System/Equipment in the site is provided below (2021 survey status). 

The layout of Inergen, CO2, Water Sprinkler, Spray & Foam System is shown below (2021 survey 
status). 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 63

Mobile Equipment 
Fire Appliances 
There is no fire appliance at the site, but the PTTGC s NPC Safety and Environmental Service (NPC 
S&E) fire station is only some 2-3km away and the response time was stated to be 5 minutes. It was 
previously reported that NPC S&E has some 30 full-time professional firemen per shift and is 
extremely well equipped with details tabulated overleaf: 
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The nearest government fire station is a similar distance away and is alerted by radio or telephone hot 
line. In this case the first response is with one appliance with a crew of 4 (a driver, leader and 2 
firemen). In total there are 4 appliances at this station.  

Emergency arrangements have also been made with local hospitals (Map Ta Phut and Rayong).  

Portable Monitors 
Portable equipment includes some 300 dry chemical extinguishers located throughout the site. In 
addition, there are 37 CO2 extinguishers for the protection of electrical areas.  

Testing of Equipment 
There is a weekly check of the fire-fighting equipment by NPC S&E and a full inspection every month 
by the SHE Division. Extensive checklists are employed for the extinguishers and confirmation of the 
inspection is noted on tags on the equipment. The hydrants and hose boxes also have these tags for 
the monthly inspections. 

The fire pump is run-up every week (by Safety, Maintenance and Operations) for 30 minutes. As of 
2023 survey, it is currently operated for 143.9 hours, in auto mode and batteries are healthy. There is 
an annual performance test and maintenance program undertaken by a contractor (Somkiat Safety) 
as per NFPA 25. The results of the last test results (21 June 2023) were satisfactory. Very 
comprehensive report  photos of setup, IR thermography while pump running etc. 

The three pumps at NBL are tested by Premium Equipment and Engineering on 14 October 2022 and 
the results were also good. Awaiting results from 2023 (Oct). 

The Electrical group tests heat and smoke detectors every 6 months and manual call points once per 
month. Gas detectors are re-calibrated every 6 months by the vendor (Honeywell), using standard gas 
samples.  

All of these tests are included in the PM program. 

Impairment Management 
There is an impairment procedure for fire protection and firewater supply systems. 

During 2023 site survey, BEE advised all fire and gas detection and fire protection systems are in 
service.  No impairments are in place across the site.  

Emergency Preparedness and Response 
Organisation 
The response to significant incidents is handled by Crisis Management and Emergency Response 
Teams (CMT and ERT respectively). The CMT is led by the MD and includes other managers, while 
reporting to this there is an ERT (with a call tree). This is led by the Emergency Director (the Plant 
Manager) and includes the On-Scene Commander (the PD Div. Mgr/Shift Supervisor) and supporting 
teams.  

The site has revised the organisation chart as shown below in 2021, where the workload has been 
distributed and made manageable. 



Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 65

2023  no vacancies. 

Also, a dedicated Emergency Command Centre has been allocated to improve the communication 
between the teams. 

Mutual Aid 
Professional firefighting services have been contracted to NPC S&E and the response time is some 5 
minutes.  The location of emergency control centre (ECC) and BEE is depicted below. 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 66

Professional firefighting services have been contracted to NPC S&E and the response time is some 5 
minutes.  The MTP municipal fire brigade is also available. 

In the control room, there is an emergency fire alarm push button that triggers an alarm for IEAT. 

Emergency Plan 
BEE has prepared contingency plans that define 3 categories of emergency as follows: 

Level 1: - Can be handled on site by the Emergency Response Team (ERT) and NPC S&E. 

Level 2: - Requires the assistance of the NPC S&E and nearby external resources  

Level 3: - 

For Levels 2 and 3 both the Crisis Management (CMT) and Emergency Response Teams (ERT) are 
mobilised. There is a duty roster team to cover out-of-hours emergencies and the shift supervisor 
takes control until more senior people arrive at the site. When on call these personnel must remain 
within 30 minutes of the plant and each carries a 
the team. 

The Emergency Control Centre Is in the CCB, while there is an office in the Administration building 
(the CMT room) equipped for the Crisis Management Team.  

The site has an overall alarm siren with 4 signals for Fire, Gas Release, Evacuation and All Clear. The 
system is tested every week.  

NPC S&E has assisted with the preparation of 116 pre-incident plans, a copy of which is contained in 
a lever arch file in the control room. The plans are being updated to contain plot plans of the affected 
area & thermal radiation contours based on the previous recommendation. 

Meetings.  
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Simulations 
There is an established system of drills, and simulations for 2023 is shown below (totalling 6). 
Simulations are completed as per the plan, with last one scheduled for 18th December 2023. 

In our opinion, the Loss Mitigation organisation is rated above standard when assessed on an 
industry wide basis.  
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9. Business Continuity Management 
Planning and Responsibilities 
Crisis Management Team (CMT) is designed to handle emergency situations that may expand 
beyond the capability of the Emergency Response Team (ERT), where the assistance from external 
sources is required, which will have effect as follows: 

 Consequence of lawsuit against the Company 

 Damage to business partner 

 Loss to people, both inside and outside the Company 

 Effect to the Environment and Community 

Organization Chart for CMT is provided below. 

Chairman for CMT is Managing Director and Core Members are department managers for the 
following disciplines. The roles and responsibilities are defined (held on file). 

 Plant Manager  

 Marketing Department 

 Accounting and Finance Department 

 Corporate Administration & Procurement Department 

 Corporate Coordinator Division 

 IT Department 

 OLC Department 

 CSR Division 

Site has a following process overview for the activation of CMT during emergency situations. 
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BEE has the generic steps to prepare Business continuity plans (BCPs) for identified scenarios. This 
has been extended to serve for continuous business activity if the damage is prolonged for long 
period of time (Recommendation 19.02 is now considered closed). 

Vulnerabilities and Mitigation 
Business interruption exposures are discussed in the Business Interruption EML section of the report 

Availability of Resources 
The factors that could impact the downtime following an insured loss event include: 

 Contingency planning including business recovery plans; 

 Damage levels sustained and likely rebuild times; 

 Investigations and regulatory constraints; 

 Removal of debris and site clearance; 

 Any re design or reengineering required; 

 Contract awarding process and need for tenders; 

 Ease of plant access for construction; 

 Commissioning and testing. 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 70

Catalyst supply and the availability of labour are not expected to be critical in reinstating loss of a 
major unit.  The more significant factors for BEE will likely be the reaction of authorities given local 
sensitivities and the fact that Map Ta Phut has experienced a significant industrial explosion where 
there was a major loss of life in 2012 and a need for good governance in respect of contract awards. 

The availability of specialist labour to access the site may require advance planning. 
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10.Loss Estimates 
Property Values 
We have been provided with the following insured values; they relate to the declared values for the 
2024 policy year. 

Description Value (USD $ million) 
PLANT & BUILDING 

Plant & Machine 
Utilities & Facilities System 
Building & Others 
Subtotal 392

STOCK VALUE 
Raw Materials 
Chemicals & Packaging 
Equipment & Spare parts 
FG - Products 
Subtotal 90 

Total 482 

The following values are based on the 2021 survey report after aligning with BE latest 2023-2024 
insured values since we have not provided with the latest asset valuation report. The following value 
breakdown was used for EML calculation. Note that the block number in the table below refers to the 
block numbers used in the ALERT analysis included in the next section. 

Block number Description Value (USD $ Million) 
1 CCR 24.90 
2 Cooling Towers 8.66 
3 Propane Refrigerant Building  12.15 
4 Solvent Storage Ph1 6.86 
5 Solvent Storage Ph2 2.53 
6 Phase 1 54.72 
7 Phase 2 52.68 
8 Utilities 75.41 
9 Chemical Warehouse 4.81 
10 Truck Loading 2.41 
11 Finishing & Warehouse 66.15 

Subtotal 311.25 

We have then applied an inflation factor of 26% to account for the latest declared value. 

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 72

Business Interruption Values 
The business interruption values, as provided by the client, for the 2024 policy period are shown 
below. Gross profit is slightly higher than last year (11.3%) due to an increase in selling price and 
sales volume.   

Gross Profit (24 months): USD $ 161 million 

Estimated Maximum Loss 
Estimated Maximum Loss Definition 
Our definition of Estimated Maximum Loss (EML) is as follows: 

"The largest, low probability loss which could be caused by a single occurrence of the peril in 
question. Reasonably adverse conditions are assumed to exist; fixed protection systems are assumed 
to be inoperable". 

Note: Unless there is a very severe exposure this would not normally include a consideration of 
Natural Hazards. 

It is worth noting that within the Insurance industry there is no single, universal definition of an EML.  
A number of (slightly) different definitions are in common use, originating from different Brokers and 
Insurers.  In fact certain Insurers use a slightly different terminology, such as Maximum Foreseeable 
Loss (MFL).  Despite the differences some common characteristics of an EML are found, in particular: 
 Expressed in monetary value. 
 Linked to a single event. 
 Having a low probability of occurrence.   
 Only passive systems effective. 
 Based on Industry loss history. 

Based on the above, the approach which has been adopted to calculate the EML for the site has been 
to model a limited number of well-defined and carefully selected worst case credible scenarios, which 
could possibly constitute an EML event, and selecting the maximum of the modelled scenarios.  This 
is outlined in the next sections.   

The tool which has been used for the modelling of the loss scenarios is the Aon Loss Estimation Risk 
Tool  ALERT.  This is a software tool which has been custom built for Aon by TNO, and is based on 

d
Explosions (VCE), high pressure ruptures, jet fires, pool fires and tank fires.   

Property Damage EML 
Vapour Cloud Explosion 

W -confined process plants there is a risk of a VCE.  This 
risk arises from the accidental release of volatile hydrocarbons present in the process.  If a flammable 
vapour cloud were to accumulate within the process areas before ignition, damaging overpressures, 
with subsequent knock-on fires, could be produced.   

Fundamental research and experiments carried out over the last decades have demonstrated that the 
strength of the vapour cloud explosion will depend on a number of parameters.  These include fuel 
reactivity, ignition strength, degree of confinement, energy in the vapour cloud, geometric proportions, 
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and obstacle layout.  Moreover, it has been demonstrated that damaging overpressures cannot be 
produced by, even large, vapour clouds in open area (ref. Maplin Sands and China Lake). 

The above characteristics and explosion mechanisms have been incorporated into the TNO Multi-
Energy Model, following the Guidance on the Application of Multi-Energy (GAME) correlations, which 
are used in the ALERT software tool.   

In order to model the vapour clouds, use is made of the discharge and dispersion models included in 

areas near the release over time, and provide the input into the Multi-Energy Model, which is used to 
assess overpressure as a function of distance. 

Another key feature of the ALERT model are the asset vulnerability models for different classes of 
-

Based on the latest information provided by the site, the following process vessels have been 
identified as those likely to be the source of a VCE:  

Vessel Description Content 
Operating 

Pressure (barG) 
Operating

Temperature (°C) 
Hold-up at normal 

liquid level (tonnes) 
V-0115 Dry BD drum Butadiene 2.0-2.6 

(Normal 2.3) 
15-30 

(Normal 25) 
15.0 

V-0702 Propane 
Receiver Propane 15.7 25-35 

(Normal 30) 
12.0 

C-0120 Distillation 
Column

Solvent - 
Cyclohexane 

1.1-1.3 
(Normal 1.2) 

110-120 
(Normal 115) 

1.8 

The case that results in the largest loss is a release from the Propane Receiver (V-0702).  An 
accidental release through a 150 mm diameter hole has been modelled as the worst-case credible 
event.  The consequences of this event as modelled in ALERT, with the overpressure isobars plotted 
to scale on a plot plan of the site, are detailed below.  The graph shows the VCE with the cloud drifted 
towards the area with the largest property value density to maximise property damage.  The table 
details the corresponding damage caused.    
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Property Overpressure Damage

Name 
Value
[USD

Million] 
Type 700

mbar 
350

mbar 
200

mbar 
100

mbar 
[USD

Million] 
[1] CCR 24.90 Blast resistant building 20 % 41 % 39 % 0 % 10.63 
[10] Truck Loading 2.41 Utilities unit 0 % 0 % 99 % 1 % 0.72 

[9] Chemical Warehouse 4.81 Non blast resistant 
building 0 % 4 % 84 % 12 % 2.25 

[8] Utilities 75.41 Utilities unit 0 % 0 % 3 % 72 % 3.35 

[7] Phase 2 52.68 Petrochemical process 
unit 82 % 18 % 0 % 0 % 48.86 

[6] Phase 1 54.72 Petrochemical process 
unit 71 % 20 % 9 % 0 % 46.84 

[5] Solvent Storage Ph2 2.53 Storage tank 0 % 31 % 69 % 0 % 2.53 
[4] Solvent Storage Ph1 6.86 Storage tank 17 % 69 % 15 % 0 % 6.86 
[3] Propane Refrig Bldg 12.15 Utilities unit 0 % 20 % 46 % 34 % 3.35 
[2] Cooling Towers 8.66 Cooling tower 4 % 35 % 56 % 5 % 8.43 
[11] Finishing & 
Warehouse 66.15 Non blast resistant 

building 6 % 15 % 22 % 57 % 23.12 

Total 311.28 156.94 

The VCE depicted above is thus estimated to cause a property loss of value USD 156.94 million for
direct blast damage and fire following.  

Jet Fire 

There are significant pressurised liquid and gaseous inventories at the site which present a jet fire 
exposure, however the consequences are not considered to exceed that of a vapour cloud explosion. 

Spill Fires 

There are significant liquid inventories at the site which present a spill fire exposure, however the 
consequences are not considered to exceed that of a vapour cloud explosion described above. 

Conclusion 

The worst-case scenario is considered to be associated with a vapour cloud explosion event as 
evaluated above.  In arriving at an EML, additional costs need to be added to this loss estimate as 
follows: 

Additional Costs Item Value [USD 
Million] 

Calculated loss 156.94 
Plus inventory 0.00 
Plus cost inflation to current date (26.0%) 0.00 
Sub total 197.74 
Allowance for associated buildings and utilities 0.00 
Allowance for interconnecting pipework, etc. 0.00 
Redesign, procurement engineering, supervision, testing and commissioning (2%) 4.00 
Calculated loss at beginning of policy year 201.74 
Plus removal of debris (15%) 30.26 
Plus firefighting (2%) 4.03 
Plus Inflation to end of policy year (1 year @ 6.0% p.a.) 12.10 
Plus cost escalation on "S" curve (2 years @ 6.0% p.a.) 16.94 
Total 265.07 

We would therefore recommend a Property Damage Estimated Maximum Loss based upon a vapour 
cloud explosion event US$265 million (rounded).

Aon Commercial Risk Solutions 
Global Risk Consulting | Energy Risk Engineering Proprietary and Confidential 

BEE Dec 2023 Draft Report 75

Machinery Breakdown EML 
Machinery breakdown exposures are typically those affecting the cost of replacing or repairing large 
items of mechanical equipment following breakdown.  For such a failure to be considered as 
potentially insurable it needs to occur in a sudden and unforeseen manner.  The following is a brief 
summary of the key higher risk items. 

The largest items of rotating equipment are the 2 propane refrigerant compressors for each Phase 1 
and 2. Each unit outage would reduce the production by 25% during the peak production rate. The 
same goes for Dewatering Machines and Mechanical Dryers. 

There are no boilers or generators on the site and steam/power are imported. Critical equipment 
includes the motors, gearboxes and agitators on the polymerisation vessels and the cooling water 
fans and pumps. 

High Risk Rotating Equipment 

Based on the latest information provided by the site, the key items of rotating equipment are listed 
below. 

Equipment Set/Unit Capacity
Design
Pressure 
(bar g) 

Design 
Temperature 
(°C)

Power 
(kW) 

Estimated 
Cost per 
Set (THB 
Million) 

Estimated 
Cost per 
Set (USD 
Million) 1

Estimated 
Recovery 
Time
(Including 
delivery 
and
installation) 

Impact on 
Operation 

Propane 
Compressor 
(B-0701 /
B-20701) 

2/4 3,604,650 
kCal/hr  19 130 170  140.09 4.52 12-Month 

Each unit 
outage 
would
reduce the 
production 
by 25% 

Dewatering 
Machine 
(X-0602 /  
X-20602) 

2/4 6.5 T/hr 12.2 200 460 81.73 2.64 12-Month 

Mechanical 
Dryer
(X-0603 /  
X-20603) 

2/4 6.5 T/hr 15.3 200 720 80.81 2.61 12-Month 

Notes 

1. Exchange rate of THB 31 per USD used. 

Generally major items of rotating equipment are provided with on-line monitoring systems that should 
shut the machine down before excess vibration or overspeed results in a catastrophic loss.  However, 
the EML event assumes that the equipment item in the unit suffers damage effectively requiring its 
replacement.   

High Value Fixed Equipment Items 

Fixed items such as pressure vessels, heat exchangers, thermal oxidisers and transformers are of 
conventional design and to established codes.  The risks of failure are therefore considered as low. 

A review of the long-term impact on production from both thermal oxidisers is outstanding. 

Conclusion 

Based on the information provided by the client, we would suggest a catastrophic failure of a Propane 
Compressor to be the maximum loss event.  A MB EML of USD $ 5 million (rounded up) is
suggested. 
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Business Interruption EML 
In evaluating a business interruption EML we look at the scenarios that could lead to an interruption, 
and the factors that could affect the rebuild period. 

Loss of a Supplier 

Raw Materials: 

 Butadiene (BD) is supplied by pipeline from BST. Now, bypass line is available at BST side to 
directly supply from MTT (Map Ta Phut Tank Terminal). There is no unloading facility to receive 
BD by trucks. 

 Styrene is supplied by pipeline from SSMC. If SSMC cannot produce, then alternative supplier 
can deliver to that site, and supply BEE by same pipeline. There is also facility for road truck 
delivery (normally from IRPC) to BEE site (as some on site storage). 

 Solvents are delivered by road tankers from PTTGC. Can arrange alternative supplies to delivery 
direct to site. There is no pipeline for cyclohexane. 

 Electricity is supplied by GLOW. They self-generate electricity with redundancy of generation and 
can also import from EGAT national grid. 

 Steam is also supplied by GLOW. They have redundancy of steam generation. No alternative. 
 Nitrogen is from Bangkok Industrial Gases (BIG). No alternative. 
 Raw & Potable Water are from GUSCO. No alternative. 
 Natural Gas is from PTT gas header line. No alternative. 

Loss of a Customers 

Product: 

Product is 17% local consumption and 83% export. There are a large, diversified range of customers. 
No single customer should affect demand more than 10% of output. 

Loss of Critical Machinery 

If there is a problem with one of the propane compressors, dewatering machine and/or mechanical 
dryer then the peak production will be reduced by 25%. The reinstatement time for this equipment is 
at least 12 months.  

Therefore, a ground-up MB BI exposure of USD $ 20 million (rounded up) is suggested for the 12 
months reinstatement period. 

Conclusions 

Property Damage Business Interruption EML 

The property damage EML (due to the VCE described above) shows that the whole of the process 
area (Phases 1 and 2) will be destroyed and will have to be re-built. During this period there is no 
possibility of any mitigation. We assume the loss to happen on the last day of the policy period. 

Both of the phases took some 1.5 years to construct, but in the event of a major accident it is possible 
that the authorities will impose further delays. These could be for the accident investigation, obtaining 
permits to remove the debris, further permits to commission the new plant, etc. Thus, for our BI 
calculation we have assumed a total loss of production for 2 years, with the accident occurring at the 
end of the present insured period.  

Therefore, Business interruption EML is 100% of the insured value for the 24-month 
indemnity period. This equates to USD$ 161 milli61.
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Loss Estimate Summary 
A summary of the loss estimates is as follows: 

Section EML event 

PD loss 
(USD 

million) 

BI loss 
(USD 

million) 

PD + BI 
loss 

(USD 
million)

Property Damage VCE from V-0702 (Propane Receiver) 265 161 426 
24-month indemnity period 

Machinery Breakdown One of the Propane Compressors  5 20 25 
12-month reinstatement period 
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11.Risk Improvement Recommendations 
Definitions
We have assigned a category to each recommendation using a basic risk rating approach: 

Category A 
It should receive the urgent attention of plant 

management who should put forward a plan to mitigate the risk immediately; and then to fully address 
the risk as soon as practicable. 

Category B Recommendation to remedy a situation or practice considered to 
according to our Risk Rating  

Category C Recommendation to bring the site into line with current Best Practice according to our 
Risk Rating. 

Observation: An Observation is a survey finding worthy of addressing to remedy a situation or 
p
cases, and not considered a systemic issue, such a finding is not considered to warrant a 
recommendation but is brought to the attention of plant management for further investigation and 
review. 

Observations & Recommendations from 2023 Visit 
The following observations and recommendations, which were discussed on site, make no claim to 
completeness or identification of all the hazards that may exist at the site.  As suggestions for risk 
improvement and for minimising potential losses, they are based on brief general observations and 
discussions at the site and are not the result of detailed engineering study.   They should therefore be 
fully reviewed  (MOC) procedures prior to any final decision 
to implement on the site. 

Observations from This Visit 
None. 

Recommendations from This Visit 
None. 

Observations & Recommendations from Previous 
Surveys
The following observations and recommendations are outstanding from previous insurance surveys 
and were reviewed during the current survey.  The status of these observations and 
recommendations is given below based on our discussions with the management team and site tours.  
Where the status of a recommendation is noted as CLOSED it will not appear in subsequent reports.  
All other recommendations will be considered as OPEN, awaiting further attention by the site, and will 
be carried forward in the next report. 
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Observations from Previous Surveys  
2022 Observations: 

 O22.01: The instrument repair works beyond 72 hours are not captured in MOC (example 
reviewed was the low-level interlock for LT 32-5 that was bypassed between 27 July to 13 
September 2022). MOC procedure needs to be amended such that even for maintenance works 
on interlocks beyond 72 hours should be reviewed under MOC process. 

See also Recommendation 19.04. 

2023 Status: Closed  Completed. Procedure has been updated; showed evidence of use at 
survey. 

 O22.02: PSV inlet valves are in open position at P-20801A/B, but not car sealed or locked. They 
also should be car sealed like other PSVs. 

2023 Status: Closed  Completed. Car seals in place. Photos shared at survey to confirm. 

 O22.03: More regular audits from the PSM committee are required on the elements such as MOC 
(Rec 19.03) and trip bypasses (Rec 19.04). 

2023 Status: Closed  Completed. Monthly audit for both MOC and Trip Bypasses. 

 O22.04: The Level gauge scale of the Propane Receiver Vessel is not aligned with Level 
transmitter. It should be calibrated. 

2023 Status: Closed  Completed. Level Gauge has been replaced with magnetic type. Viewed 
during survey. All calibrated. 

 O22.05: The minimum PM target for PSM equipment is set at 95%. We have suggested the site 
to review this target and set it higher at 100%. 

2023 Status: Closed  Completed. Target has now been reviewed and set at 98%. 

2019 Observation: 

 During the site visit long bolted flanges (some of them were part of the casing) were observed on 
B-20701A/B/C/D Propane compressors (see pictures below). In the event of a fire, the long bolts 
can expand causing it to spring open adding more fuel to the fire. In latest design practices, such 
long bolts are not used in fire hazardous zones. 

Therefore, i or the appropriate flame 
impingement protection, and it should be implemented in the site. 
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Note: One of the temporary measures is passive fire protection provided via two wraps of 
stainless or galvanized steel with appropriate fire rating. In this case, the covers should be 
removed periodically to inspect the flanges and casing under the cover. 

Oct 2020 Status: In Progress. These are dual-plate check valves and installed as part of the 
vendor package. The site is in discussion with vendor for further improvements (if required). 

2021 Status: Open. JBE has clarified with vendor and these long bolts are per the acceptable 
design. However, site is still proceeding with the insulation around these long-bolted flanges and 
compressor piping to minimize the dropping of the condensing water on the surrounding 
equipment that may cause external corrosion issues. Site has stated that, after the installation of 
insulations, these pipe works will be included in the inspection plan for CUI. JBE is requested to 
provide the summary of vendor feedback related to the long-bolted flanges for review. 

2022 Status: Open. A detailed review was performed with OEM (Mayekawa). Further to that, 
new bolts with special coating (Takecoat-100 as per JIS B 0205 1-4 standards, which is 
reportedly identical to ISO 68-1, 261, 262, 724 and 956-1) have already been replaced. Jacket 
insulation (easy to install) will be performed in 2023. This is part of MOC review and inspection 
plan is also revised. BEE has confirmed with OEM that the other plants with similar long-bolts are 
also going for jacket insulations. 

2023 Status: Closed  Completed. Jacket insulation completed over the bolts. Viewed during 
site survey and photos taken for record. 
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Recommendations from Previous Surveys 

R21.01   Refresher Training for Emergency Operating Procedures (EOPs)  Category B 

The current refresher training programme is set for every 3 years (or whenever the procedure is 
modified) to cover all the procedures in operations department. The status as of October 2021 survey 
is provided below. 

However, Refresher trainings for control room and field operators for emergency operating 
procedures (EOPs such as power failure, reactor runaway reaction, utility failures, DCS failure, etc) 
should be conducted more frequently compared to other standard operating procedures (SOPs).  

Therefore, we recommend that,  

a) A formalised programme should be implemented to discuss EOPs on a regular basis as exercises 
or drills. A typical frequency is one drill per month per shift.  

b) The drills should also include field operators to ensure they take the correct actions at field. 

c) The drills should be documented to record who attended, scenario discussed and any required 
improvement actions such as additional training, procedure improvement, etc. Absentees should 
be trained in appropriate intervals. 

d) The programme should be audited to ensure that it is being followed. 

2022 Status: In Progress        OPEN 

Check sheets for S-SBR process emergencies reviewed show emergency cases of failures on power, 
cooling, instrument air, steam and DCS. They include identifed actions that to be performed by control 
and/or field operator; then verified by supervisor/foremen. The drills are carried out on quartely basis. 

It is reiterated that the site should look into all the applicable emergency scenarios (such as flare 
flame failure, runaway reaction, loss of feed, key process equipment trips, etc) and include them in the 
drill.  

This programme has not yet been audited by BEE. 

2023 Status: Closed  Completed. KPI for 2023 Emergency Drill shared during survey. Drills 
performed every quarter. Topics include: Loss of  Power, Cooling, Process/Instrument Air, Steam, 
DCS, Flare, Reactor and Propane Tank. Example drill exercise for Flare Failure (on 6th April 2023) 
was reviewed. 
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20.03 Deferred Inspection, Testing and Preventive Maintenance (ITPM) Category B  

As per the current practice, the inspection, testing and preventive maintenance (ITPM) deferments are 
listed in a register to get the approval from division managers and shared with respective team for the 
documentation and further follow ups. However, there were no formal reviews performed to 
understand the risk escalation because of the delay of ITPM to the new due date.  

 After the survey, the latest Sep 2020 inspection backlog list has also been provided from 
Reliability and Project department. They are mostly related to the pending items to measure 
thickness and waiting for scaffold installations. The majority will be completed in Nov/Dec 2020. 
However, the risk assessment ranking (PSM - A, B, C and AS) is not stated for all the items. 

It is also not clear that the supporting information such as historical ITPM records for the specific item 
assessed prior to quoting the new due date.   

The alternative inspection or monitoring techniques that to be employed during the deferment period 
is mostly generic (such as monthly patrol check). However, it is not clear the alternative inspection or 
monitoring techniques are based on the risk assessment or sufficient to mitigate the risk to minimal. 
Also, the responsible person to perform the task is not assigned in the list. 

Therefore, it is recommended that the site should have a dedicated deferral procedure for ITPM items, 
which includes:  

1. A formal review of the equipment (including the ITPM history) to understand the risk escalation 
because of the delay of inspection to the new due date. The maximum duration of deferral should 
be well defined in the deferral procedure, as well as the maximum allowable number of deferrals. 

2. The definition/classification for risk assessment ranking (PSM - A, B, C and AS). Then the 
ranking should be filled up in the form for all the items as per the risk assessment. 

3. The acceptable alternative inspection or monitoring techniques based on the risk assessment 
performed.  

4. The assignment of responsible personnel to perform the task. 

2020 Client Comment: JBE has planned to finish this improvement by the end of January 2021. 

2021 Status: In Progress. Survey discussion is summarised below. 

1. Open  Risk assessment (RA) is not being performed for ITPM items.  Procedure is still to be 
updated. 

2. Open - Site has revised the equipment ranking (it was mentioned as risk assessment ranking in 
the 2020 recommendation statement but needs to be modified to equipment ranking) and filled up 
the form accordingly.  

JBE is requested to provide the revised procedure to show the classification on the latest 
equipment ranking.  

3. Open - As the item 1 (RA) is still pending, alternate inspection/monitoring techniques stated in the 
form are not sufficient (e.g., external visual inspection for overdue on safety valve PM items) 
also see 2021 comments on recommendation 20.02.

4. Closed  responsible team/personnel are updated in the form. 

2022 Status: In Progress        OPEN 

1. Open  Same as 2021. 

2. Open
However, the escalated risk of not performing the ITPM is not assessed or updated since no RA 
is performed.  
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3. Open  The review of the deferments on thickness measurements revealed that the 
countermeasures stated only were patrol checks, which is insufficient. It is still unclear if previous 
thickness records have been reviewed to make this decision.  

2023 Status: Closed  Completed. (1) procedure updated. (2) revised procedure shows equipment 
classification and associated risk assessment. (3) Overdue Inspection for thickness measurement 
monitored and assessed on interim review type. 

20.04 Long term plan/Permanent fix for leaking lube oil at Propane compressor Category A   

Further to the recommendation 19.01, it was reported that a feasibility study performed for the 
conversion of single to double seal for the propane compressors to permanently fix the slight lube oil 
leak from the seal.  

Therefore, suggested the site to provide the proposed plan, budget and timeline for the 
implementation of double mechanical seal. It is further recommended to fully implement the outcome 
of feasibility studies (i.e. installation of double seal). 

2020 Client Comment: The invitation to bidding (ITB) is in draft stage to re-design the mechanical 
seal for refrigeration compressors. The plan is to have a double mechanical seal with pressurized 
system (Plan 53A/53B/53C or 54) and inboard leakage detection alarm. 

The timeline for this project is provided below.  
 2021: Detailed study will be performed for final budget proposal; 

 2021: Budget will be requested to start a trail change for one (1) compressor first in 2022; 

 2022-2023: Based on the results of the first compressor, budget will be requested for other three 
(3) compressors in 2023. 

2021 Status: In Progress. Same as 2020 comment. JBE is requested to provide the revised timeline 
once the quotation is finalised. 

2022 Status: In Progress        OPEN 

In 2021, a spare compressor was purchased, which was replaced with existing one in 2022. This is to 
be disassembled to take exact measurements of the seal, which will be used to study the next step in 
2023. For this, Johncrane and other competitors are approched for quotation. All of this is reviewed as 
part of MOC and will be implemented at the next available opportunity or TA. 

The same process will be followed for subsequent compressors during their overhaul. 

2023 Status: OPEN  In Progress 

New Compressor in place. Monitoring in progress. Previous compressor was disassembled in 
November 2023 to take exact measurements. Both STB and John Crane have quoted for design/API 
53A/75 plan. BEE are deciding which company to appoint. Plan is to replace X-20701 A/B in 2025, 
0701 A/B in 2027 and have spare available in 2030. 

19.02 Business Continuity Plan and Drill  Category B 

JBE has the generic steps to prepare Business continuity plans (BCPs). However, that is not 
comprehensive to serve for continuous business activity if the damage is prolonged for long period of 
time. And there is no BCP provided to us for review. 

It is important that JBE is aware fully of the scenarios (not limited to - fire and explosion, flooding, 
cyber-attack, security-related threats, and loss of key equipment, customers and suppliers) that are 
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causing the business to be affected for medium to long period of time, so that mitigating steps can be 
prepared to recover the business activity in a timely manner.  

Therefore, it is recommended that: 

1. Business continuity plans (BCPs) should be developed for the range of initiating scenarios 
described above. 

2. Drills/exercises should be performed based on the above BCPs to ensure the actions stated are 
doable. 

Oct 2020 Status: In Progress. The site is still working on the detailed BCP. Aon will provide 
examples to support the development of BCP. 

2021 Status: In Progress. Aon has provided overview of BCP to JBE at 2021 survey. JBE is 
requested to update the plan on BCP procedure development. 

2022 Status: In Progress        OPEN 

The site had revised the existing BCP in an Excel spreadsheet, but it is still not detailed enough to 
conduct drills. 

2023 Status: Closed  Completed. Drill conducted in March/April 2023, covering major fire/leak. 
Details reviewed at survey. 

19.03 Management of Change (MOC) Improvements Category B  

There were numerous observations where change management can be improved, e.g.: 

 The overall MOC completion rate is low (only 46%); 

 There is no KPI tracked to understand the efficiency of the MOC system; 

 There is no system to trace temporary MOCs. Therefore, unable to understand how many 
temporary MOCs are currently within the allocated timeslot and how many of them are expired. 

These observations suggest gaps in management of change (MOC) tracking system and the audit 
process. Therefore, we recommend that: 

1. Process Safety KPIs related to MOC effectiveness should be developed and monitored to ensure 
the MOCs are implemented/closed within the specified time period; 

Examples of Process Safety KPIS related to MOC are  Number of Open MOCs, Number (and 
Percentage) of overdue temporary MOCs, Number (and Percentage) of changes without MOC 
and Number of incidents where deficiency in MOC is found to be a contributing factor. 

2. Temporary MOCs should be tracked and extended/closed before the expiry date; 

3. Senior management site inspections / walkabouts and SHE audits should be focused on change 
management effectiveness. 

Oct 2020 Status: In Progress  

1. The MOC subcommittee is working to have KPIs for MOC effectiveness by the end of 2020 and it 
will be in practice from 1Q 2021. 

2. Temporary MOCs have been tracked by monthly and updated the status via PSM meeting. 
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3. The site has had PSM internal audit in April 2020 and external audit in July 2020. During these 
assessments, the auditors visited MOC tracking system and there were no findings reported. 

A total of 610 MOC requests have been issued from 2013 to 2020. In overall, the MOC completion 
rate has been improved from 46% to 57% compared to the prior survey (see Appendix 11  2020 
report). 

See New Observation for the prioritisation of MOC/Its action items. 

2021 Status: In Progress. There are improvements related to this recommendation, that include: 

1. Good KPIs have been developed to confirm the MOC effectiveness. 2021 MOC completion rate is 
78% (accumulated). 

2. Temporary MOCs are being tracked.  

3. MOC effectiveness are checked by internal (every year) and external (every 3 years) audits, 
including site walkabouts. However, the frequency on checking on the actual MOC effectiveness 
still need to be improved. 

As part of the survey, JBE is requested to provide supporting documents/evidence from audits or site 
walkabouts to demonstrate the items (1 to 3) in this recommendation fully implemented at the site. 
Example of supporting documents include summary of good and improvement findings from audits, 
and minutes of meeting (MOM) after walkabouts  comments should be related to MOC effectiveness 
against the site procedures. 

2022 Status: In Progress        OPEN 

Temporary MOCs are tracked and either extended or closed before the expiry date. However, the 
other parts of the recommendations are not fully implemented yet. 

2023 Status: Closed  Completed. Audit resulted shared at 2023 survey. 

19.04 Trip Bypass Improvements Category B  

Despite the brevity of the visit, we have observed the following gaps on the trip bypass activities. 

 There is no column to note down the MOC number on the trip bypass form.  

 Interlock bypasses are not recorded in the shift logbook. Because of that, the following bypass 
has been slipped without closure. 

 In an instance, PIDI 9-9 bypassed for more than 8 months without closure in the operations 
version of trip bypass form. However, this item has been closed immediately after the bypass 

 Gas detectors (6A1-28-16 and 6A1-28-17) are by passed for 12 days and there is no MOC 
initiated (even that is for more than 72 hours). 

Trips or interlocks are the last line of defense to prevent incidents or accidents. Therefore, their 
bypasses should be controlled and mitigated effectively without any gaps. 

It is recommended that: 

1. Separate column should be added to note down the MOC number in the trip bypass form. This 
will help to track the appropriate MOC for the specific bypass. 

2. Bypasses should be recorded in the shift logbook to capture latest update. And it should also be 
updated in the trip bypass form without delay. 
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3.
hours.  

4. Senior management site inspections / walkabouts and SHE audits should focus to identify the 
effectiveness of trip bypass management. 

Oct 2020 Status: Completed – Pending site visit 

1. A separate column has been added to note down the MOC number in the trip bypass form (see 
below). The production division (PD) is responsible to complete this form. 

2. In the latest practice, all the three (3) remaining shift supervisors have to sign the form to 
understand the changes on the trip bypasses.  

3. As per the current procedure, the requester has to initiate MOC and update the form if the bypass 
is over the period of 72 hrs. 

4. The site has had PSM internal audit in April 2020 and external audit in July 2020. During these 
assessments, the auditors visited trip bypass system and there were no findings reported. It will 
be continuously assessed during the subsequent audits. 

2022 Status: In Progress        OPEN 

This recommendation is reopened due to the following observations: 

1. Open. The MOC number is not captured yet in the trip bypass form. 

2. Closed. Bypasses are recorded in the shift logbook and dedicated form. 

3. Open. The instrument repair works beyond 72 hours are still not captured in MOC  see 
Observation O22.01 

4. Open. Above discrepancies should be checked as part of the internal audits. 
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2023 Status: Closed  Completed. Items 1  4 are all considered complete. MOC and trip bypass 
linked; Bypasses recorded in both shift logbook and dedicated form; instrument repairs recorded; 
audits are used to review any discrepancies. 
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12.Appendices 
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Appendix 1: Site Location 
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Appendix 2: Latest Scaled Plot Plan 
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Appendix 3: SwissRe CatNet® Location Report 
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Appendix 4: Step-04 Project Layout 
A simplified plotplan for major changes related to Step-04 Project 

A detailed plotplan for Step-04 Project that shows other modifications in the existing unit is provided 
below. 
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Appendix 5: BEE Organisation Chart 
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Appendix 6: Manufacturing, SHE and Plant Reliability Organisation Chart 
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Appendix 7: Warehouse Management-Reliability & Project Division 
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Appendix 8: Gap Analysis for Industry Incidents 
BST cooling water system incident 

Further to the BST cooling water incident site has revised the procedure in the site and double 
checking of results were performed between NALCO and BEE. The results were almost the same and 
within the specification (see below  2020 survey status). 
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The summary of passivation results is provided below. It shows the conditions are within the limits. 
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Styrene vapour release incident from monomer tank in other country during Covid-19 lockdown period 

Some of the causes reported related to process safety management (PSM) are listed below with the practices in BEE (2020 survey status). 

Causes reported from the 
incident from other plant 

BEE

Design deficiencies 

Less than adequate 
temperature indicators in 
the tank (only one at the 
bottom of the tank) 
therefore, not enough 
monitoring to understand 
the hotspot generation 
due to runaway 
polymerisation  

Location/set-point of gas 
detector early release 
of styrene in ppm level 
was not alerted 

BEE has two temperature indicators in the styrene storage system as shown below. For the long shutdown without 

There is an area air monitoring (AAM) system that takes samples from 27 separate locations and analyses them for 
butadiene and styrene. The 1st and 2nd alarm levels are set for health reasons at 50% and 80% of TLV respectively, but 
this is also an extremely sensitive flammable gas detection system. The alarm is raised on the gas detector panel in the 
control room.  The latest locations of gas detectors (GD) and area air monitoring (AAM) system are provided in Loss 
Mitigation section.
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Safety critical equipment  

 Refrigeration system was 
not in operation for 24 
hours; no interlock 
between temperature 
instruments and 
refrigeration system to 
start back on time.  

No redundant 
instruments/accessories 
available for critical 
equipment 

BEE
refrigeration system abnormalities (see the dedicated panel below). Then, operator has to start the spare refrigeration 
upon investigation. 

Critical inventories of 
inhibitors are not 
maintained.

 Insufficient inventory of 
inhibitor TBC (Tertiary 
butyl catechol) that to be 
added at regular intervals 
to the tank 

 TBC monitoring was not 
performed to understand 
the depletion of its 
concentration over the 
time. 

BEE
daily log sheet is provided below.
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The overall trend of TBC content results is provided below. 
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Appendix 9: SHE Department   
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Time Topic Division
9:00 Site arrival

Site entry process and safety induction for visitors
SHE

09:15 – 09:30 Introductions
Organisation and key focal points
Confirmation of agenda and schedule
Review of requested survey documentation

SHE & all Div.

09:30 - 10:10 Site operations review
Refer item 6 in Data and Documentation for the details required.

PE/ FPD/ MT

10:10 - 10:20 Review of previous outstanding recommendation
Refer item 1 in Data and Documentation for the details required.

SHE

10:20 – 10:45 Review of estimated maximum loss (EML)
Refer items 2 - 5 in Data and Documentation for the details required.

FN

10:45 – 11:45 Operations Management
Updates to Organisation / Qualifications of staff / training – since July 2023 ODE & HRA
Standard Operating Procedures (SOPs) and Emergency Operating Procedures (EOPs) PPD/ FPD/ SHE
Trip Bypass Review/Status PPD/ FPD 
Alarm Management Review PPD/FPD/ MT
Examples of audits on work permit, mechanical/electrical isolation, shift log SHE (line walk report)
Cyber Security (item 13) IT

11:45 - 13:00  Lunch
13:00 – 15:30 Site Visit

Please provide paper copies (A3) of Latest site scaled plot plans of the entire plant for use  during the site visit (item 
14)

PPD/ FPD/ SHE/ MT/ PE

Site inspection to include:
• Control room,
• Process locations: Phase 1 & Phase 2 – walkthrough; Atmospheric Storage Tanks, Warehouse
• Utilities: Refrigerant Building, Instrument & Plant Air, Water Cooling Towers, Thermal
Oxidisers, Nitrogen Plant, Wastewater Treatment plant
• Electrical substations/transformers, emergency diesel generator, foam concentrate
• Firefighting systems: electric jockey pumps, diesel fire pump, Inergen gaseous systems

15:30 End of Day One
08::45  Site Arrival
09:00 – 09:45 Inspection (Item 7) WRP
09:45 - 10:30 Maintenance (Item 8) MT
10:30 – 11:00 Engineering & Projects (Items 9 & 10) WRP
11:00 - 11:30 Safety/Process Safety Management (Item 11) SHE
11:30 - 12:00 Emergency Response Organisation and Security (Item 12) SHE
12.00 - 12.30 Survey closeout with Management SHE and all Div.

12:30 - onwards Lunch / Departure

Item Documents Responible 
Division 

Remark

1 Previous Observations and Recommendations
1. Written status of all open risk improvement observations and recommendations (see Chapter 3 –
Risk Improvement Observations/Recommendations) with planned completion date. For the
implemented recommendations/observations, please produce evidence (e.g., photographs,
screenshots scanned checklists etc) to demonstrate the activities are completed

SHE

2 - 5 Estimated Maximum Loss (EML)

Please refer EML section in Chapter 4 for the previous study and update us for the changes.
2. Latest property sums insured with breakdown into individual areas.
3. Most recent asset valuation study showing breakdown of values by unit/section.
4. Latest 2024/25 Business Interruption (BI) value broken down by major product or unit.
5. Insurance loss record for the last 5 years with description of any major incident and list of
remedial measures taken

FN

6 Site Operations:
Brief overview of site operations since previous survey including:
• Changes in the organisation (vacancy and recruitment status),
   - Change in feedstock, units, utilities, storage, export and location factors
• Facility additions and capacity changes PE No new in 2024
• Key performance indicators in 2023 (full year) and 2024 (year to date)
   - Throughput rates achieved (in 2023) and actual/planned (in 2024) for each of the section/units FPD
   - Unplanned downtime in 2024 year to date FPD
   - Recent/future turnarounds and budget involved MT No TA in 2024 - 2025

7 Inspection
• Organisation chart, vacancy & recruitment status
• Inspection KPIs (2024) - Scheduling, overdue control and Deferment management
• Highlights of any inspection issues

WRP (Relia)

8 Maintenance
• Organisation chart, vacancy & recruitment status
• Maintenance KPIs, Turnaround (minor, 2024) & Budget - Highlights of any maintenance issues
• Details of critical spares holding (machinery & static equipment)

MT

• Fire pump maintenance and latest annual performance test results MT PM plan of fire pump
SHE Fire pump weekly test
RP Fire pump yearly inspection report

9 Engineering
• Organisation chart, vacancy & recruitment status 

RP

• Management of Change - Number of requests in last 12 months (temporary/permanent) - Overdues MOC - TWI
• HAZOP revalidation – Overdue PHA actions
• Consequence Analysis

PHA - TWN

10 Projects
• Organisation chart, vacancy and recruitment status
• List of completed, current and upcoming projects.
• Brief description of the project(s) indicating cost or budget

WRP

11 Safety / Process Safety
• Organisation chart, vacancy & recruitment status
• KPIs - List of personnel safety, process safety, loss of containment and fire incidents (with

investigation/root cause analysis report and remedial actions taken)

SHE - PRA

• Process safety management (PSM) initiatives in the site PSM - MV SHE AM, OP & LCS, others
• List of recent PSM/safety (internal and external) audit findings and the status of their implementation PSM - MV Audit report, slide summary CA

12 Emergency response and Security
• Organisation chart, vacancy & recruitment status

SHE - KTV ERT & CMT organizations

• Emergency response recent changes - Pre-Incident Plans and Drills SHE - PRA Emergency drill practice plan & results
PD - NS Practice plan & result of PD

• Fire pump maintenance and Latest annual performance test results (repeated from Maintenance) RP Fire pump yearly inspection report
• Security Organisation and Programmes SHE - PRA/ 

TNT
13 Cyber Security

• Organisation chart (vacancy and recruitment status)
• Preventative measures (systems/technologies/fire walls) and response plan for cyber threats/attacks

IT

14 Latest site scaled plot plans of the Site SHE - KTV
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Div.Joined

Rota Line Walk Report : 

Safety Talk  
 , ,

Date : 29-09-24
Area : F/N1

 F/N 1

ROTA ; KTS

FPD 

SHE TEAM

 Work Permit / BBS
 ,  , 

CF : 0304
Div.Joined

Rota Line Walk Report : 

 PPE   
 

Date : 29-09-24
Area : F/N1

Open / close Cage Bar Check gap

ROTA ; KTS

FPD 

SHE TEAM

 Work Permit / BBS

HW2 : 35742

 

Rota Line Walk Report : Jet Cleaning

THINK SAFE-  WORK PERMIT 
-
-  SAFETY  
-  PPE 

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024HOT WORK 2 : 288998 AREA : 20600

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@ itii et
JSJ EA
SaSS faa etee yt HaHH zaa azz ra d

ChCC eme icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz ra d
Underee srr tss att nd Risii knn

- WORK PERMIT
-
- SAFETY
- PPE

 Rota Line Walk Report : install Distributer

THINK SAFE-  WORK PERMIT 
- SAFETY   
-  PPE 
-   
- SAFETY HARNESS 

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024HOT WORK2 / CF : 29796 AREA : 100

- WORK PERMIT
- SAFETY
- PPE
-
- SAFETY HARNESS

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@ itii et
JSJ EA
SaSS faa etee yt HaHH zaa azz ra d

ChCC eme icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz ra d
Underee srr tss att nd Risii knn



Line Walk Report :  Plate 

THINK SAFE-  WORK PERMIT HOTBOX 
-
-   SAFETY  
-  PPE 
-  1 

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024HOT WORK1 : 29491 AREA : 100

- WORK PERMIT HOTBOX
-
- SAFETY
- PPE
- 1

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@ itii et
JSJ EA
SaSS faa etee yt HaHH zaa azz ra d

ChCC eme icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz ra d
Underee srr tss att nd Risii knn

Line Walk Report :  Support UPVC

THINK SAFE-  WORK PERMIT HOTBOX 
-
-   SAFETY  
-  PPE 
-  1 

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024HOT WORK1 : 29490 AREA : WWT

- WORK PERMIT HOTBOX
-
- SAFETY
- PPE
- 1

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@ itii et
JSJ EA
SaSS faa etee yt HaHH zaa azz ra d

ChCC eme icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz ra d
Underee srr tss att nd Risii knn

Daily Stop Line Walk Report :  pipe 

THINK SAFE

 PIPE   REPCO / THAI POINT PIPE 
  WRP   THAI POINT
  TAG   

3X6X6  2-12-24  

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024AREA : 300 REPCO/THAI POINT

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@@ itii et
JSJJ EA
SaSS faa etee yt HaHH zaa azz raa d

ChCC emee icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz raa d
Underee srr tss att nd Risii knn

PIPE REPCO / THAI POINT PIPE
WRP THAI POINT

TAG
3X6X6 2-12-24

Daily Stop Line Walk Report : 

THINK SAFE

 WWT  PPE 
  6006   

 6001  BMC 

Tool Box Talk 
Supervisor @Site
JSEA 
Safety Hazard

Chemical Safety
Physical Hazard
Understand Risk

Date : 14-12-2024
AREA : WWT BCM

WWT PPE
6006

6001 BMC

THIHH NII K SAFE
ToTT ooo l BoBB x TaTT lk

Supuu ep ree vrr isii oss roo @S@@ itii et
JSJ EA
SaSS faa etee yt HaHH zaa azz raa d

ChCC emee icacc l SaSS faa etee yt
PhPP yh syy icacc l HaHH zaa azz raa d
Underee srr tss att nd Risii knn



Safety Talk   

Line walk report 2024

1

Remove sensor level to Calibration

26
Dec.

: 20400: HW#2
: Confined

  2

Blower  V-204023

Lin

Gas dectector 4

V-20402

Line walk report 202426
Dec.:

1

2

   
 

“ ”

 5  . 
SCBA 

 SCBA   7 
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 (Pre-Incident Plan) 

  



  :  S-SPR-SE-S-P291     :  2   : 18  2566   1/60  ISE-152/23

 

(Pre Incident Plan)  

 V-0291 ( BDI M/U Tank) UNIT 0200

  BDI    Gate Valve Discharge P-0291

Canned PUMP CAPACITY 22 m3/hr Diff Head 35 m 1,2-Butadiene (BDI) UN Number

Vessel Vol. V-0291  Volume 13.4 m3  2.5 Kg./cm2 <10 c  <-50 oC 10.9 oC

1.6 % - 18.0 %  -13.2 oC

1.  1  Discharge Pump  260 

2.  2  Discharge Pump Density  (Odor)  (Sweetish)

   -

 NFPA

1 V-0292  = 70 %  BDI 1.57 m3  4  1

2 P-0292A/B  BDI  - 4

3 P-20292  BDI  -  -

4 V-0291 = 50 %  BDI 6.7 m3 

5  

 ( Isolation / Shutdown )

 Operate  Electric / Instrument / Mechanic

1  Strat Reactor  Phase  BDI 1  P-0291

2  Isolate P-0291   EV2-91 , LXV2-92A/B 2  MT  Stop Leak

3   manual valve   pump  

 

 1  Gate Valve  Dischrge P-0291

 ( ....  ( ..

1    . . 1    .

2 . .  200 . 2 . .  200 . 

3  Fix monitor  WM-15   Spray  Leak 3  Fix monitor  WM-15   Spray  Leak

4  2   WM-13  Coold Down V-0291 1  ,  V-0292 1 4  2   WM-13  Coold Down V-0291 1  ,  V-0292

5  1   WM-15  Spray  Safety 1 5  1   WM-15  Spray  Safety 

 1   WM-15  Spray  Attack 1   1   WM-15  Spray  Attack 1

6  Stop Leak    30 6  Stop Leak   

7  Stop Leak 7  Stop Leak 

10-Aug-20

1010

Flang Leak

 
    

  

  :  S-SPR-SE-S-P291     :  2   : 18  2566   2/60  ISE-152/23

8  Switch Sludge Gate  Impound Basin 8  Switch Sludge Gate  Impound Basin

9  Gas /VOC  LEL , O2 . .   . .  30 . 9  Gas /VOC  LEL , O2 . .   . .  30 

 2   Discharge Pump 

 ( ....  ( ..

1    . . 1    .

2 . .  200 . 2 . .  200 . 

3  Fix monitor  WM-15   Spray  Leak 3  Fix monitor  WM-15   Spray  Leak

4  2   WM-13  Coold Down V-0291 1  ,  V-0292 1 4  2   WM-13  Coold Down V-0291 1  ,  V-0292

 Fix monitor  WM-13   Fox  Cool Down  U-020  Fix monitor  WM-13   Fox  Cool Down 

5  1   WM-15  Spray  Safety 1 5  1   WM-15  Spray  Safety 

 1   WM-15  Spray  Attack 1   1   WM-15  Spray  Attack 1

6  team Support  MT  SCBA   Safety  Attack 6  team Support  MT  SCBA   Safety  Attack 

 Stop Leak  Stop Leak

7  Stop Leak    30 7  Stop Leak   

8  Stop Leak 8  Stop Leak 

9  Switch Sludge Gate  Impound Basin 9  Switch Sludge Gate  Impound Basin

10  Gas /VOC  LEL , O2 . .   . .  30 . 10  Gas /VOC  LEL , O2 . .   . .  30 

 

Pressure Portable Gas Detector

1   -  -  -

2  -  -  -

3  -  -  -

4  -  -  -

 -  -  -

       =  2,700 m
3

Foam Tank AFFF 6%     = 400 gal. 1  ( , , , ) 2  SCBA 

Hydrant 2.5           = 30 m3/hr Fire Water Pump           = 300 m
3

/hr 3   Chemical suit 4  LEL Clip

     (foam solution application Rate15 minutes 0.2 gpm/ft
2

) 5  O2 Clip 6   VOC

1  Fire water sprinkler    N/A  -  -  
2  Hydrant 2.5     Flow rate  30 m3/hr  -  -
3  Foam chamber    N/A  -  -
4  Foam nozzle    N/A  -  -
5  Mobile foam    N/A  -  -
6  Fire GUN    Flow rate 75,100,125,150 GPM  -  -
7  Fire water and foam hose     20  -  -

 Foam  :  form    Foam  bunwall  4 

Volume area  Foam  Foam 

 :

   WWW

TAG % LEL .  15 Temp Level

P-0292A/B

 -

 -

 -

 -

P-20292  -

V-0292

V-0291

  1   2

 -

 -

 -

 -

 -

  3
 

 -
 -
 -
 -
 -
 -

 
    

  

  :  S-SPR-SE-S-P291     :  2   : 18  2566   3/60  ISE-152/23

   :

1.  (  ,  ,  )    BDI  CHX   

    

2.    :  

   WWW

   :

 Cooling (Plot plan)

Cool Down Equipment

Cool Down Structur

SafetyAttack

 
    

  

  :  S-SPR-SE-S-P291     :  2   : 18  2566   4/60  ISE-152/23

 
    

  



  :  S-SPR-SE-S-P294     :  1    :  18  2566   1/60  IDE-152/23
 

(Pre Incident Plan)  

 V-0293  (HMI MAKE UP TANK) UNIT SPEP 04

  HMI  Ball Valve Discharge   P-0294

CANNED PUMP CAPACITY 7.0 m
3

/hr Diff Head 30 m HMI (Hexamethyleneimine  UN Number

Vessel Vol. V-0293 6.3 m3  2.8 kg. 28 c   22 138 

2.2 %  7.6 %  -37 

1.  1  Discharge Pump  330 

2.  2  Discharge Pump   Toxicity

   -

 NFPA

1 P-0295A/B  HMI  -  3  3

2 V-0293  HMI 3.15  m3 0

3 V-0294  HMI 0.97 m3  -

4 V-30252  TPA 3.99 m3

5 V-30254  OTC 9.38 m3

6 V-30250  DBSK 1.176 m4

7

 ( Isolation / Shutdown )

 Operate  Electric / Instrument / Mechanic

1  S/D process poly Phase 1&2 1  P-0294  

2  Isolate P-0294   shut off valve LXV 2-94A/B 2  MT  Support Stop Leak

3  Isolate P-0294   manual valve BTM V-0293

10-Aug-20

20200

 
    

  

  :  S-SPR-SE-S-P294     :  1    :  18  2566   2/60  IDE-152/23

 

 1  expansion joint 

 ( .....  ( ..

1    . . 1    . .

2 . .  200 . 2 . .  200 . 

3  Fix monitor  WM-11   Spray  Leak 3  Fix monitor  WM-11   Spray  Leak

4  2   WM-44  Step 01 4  2   WM-44  Step 01

5  1   WM-45  Spray  Safety 1 5  1   WM-45  Spray  Safety 1

 1   WM-36  Spray  Attack 1   1   WM-36  Spray  Attack 1

6  Stop Leak     30 6  Stop Leak     30 

7  Stop Leak 7  Stop Leak 

8  Switch Sludge Gate  Impound Basin 8  Switch Sludge Gate  Impound Basin

9  Gas /VOC  LEL , O2 . .   . .  30 . 9  Gas /VOC  LEL , O2 . .   . .  30 .

 2  expansion joint 

 ( .....  ( ..

1    . . 1    . .

2 . .  200 . 2 . .  200 . 

3  Fix monitor  WM-11   Spray  Leak 3  Fix monitor  WM-11   Spray  Leak

4  2   WM-44  Step 01 4  2   WM-44  Step 01

 Fix monitor  WM-45   Fox  Cool Down  Step 01  Fix monitor  WM-45   Fox  Cool Down  Step

5  1   WM-36  Spray  Safety 1 5  1   WM-36  Spray  Safety 1

 1   WM-14  Spray  Attack 1   1   WM-14  Spray  Attack 1

6  team Support  MT  SCBA   Safety  Attack 6  team Support  MT  SCBA   Safety  Attack 

 Stop Leak  Stop Leak

7  Stop Leak    30 7  Stop Leak    3

8  Stop Leak 8  Stop Leak 

9  Switch Sludge Gate  Impound Basin 9  Switch Sludge Gate  Impound Basin

10  Gas /VOC  LEL , O2 . .   . .  30 . 10  Gas /VOC  LEL , O2 . .   . .  30 .

 

Pressure Portable Gas Detector

1   -  -  -

2  -  -  -

3  -  -  -  -

4  -  -  -  -  -

5 V-30250  -  -  -  -  -

       =  2,700 m
3

Foam Tank AFFF 6%     = 400 gal. 1  ( , , , ) 2  SCBA 

Hydrant 2.5          = 30 m
3

/hr Fire Water Pump           = 300 m
3

/hr 3   Chemical suit 4  LEL Clip

     (foam solution application Rate15 minutes 0.2 gpm/ft
2

) 5  O2 Clip 6   VOC

1  Fire water sprinkler   200 m3/hr  -  -  
2  Hydrant 2.5     Flow rate  30 m3/hr  -  -
3  Foam chamber    N/A  -  -
4  Foam nozzle    N/A  -  -
5  Mobile foam    N/A  -  -
6  Fire GUN    Flow rate 75,100,125,150 GPM  -  -
7  Fire water and foam hose     20  -  -

TAG % LEL .  15 Temp Level

V-0293  -

V-0294  -

V-30252

V-30254

  1   2   3
 

 -
 -
 -
 -
 -
 -

 
    

  

  :  S-SPR-SE-S-P294     :  1    :  18  2566   3/60  IDE-152/23
 Foam  :  form    Foam  bunwall  4 

Volume area  Foam  Foam 

 :

   WWW

   :

1.  (  ,  ,  )   :  HMI   CHX   

    

2.    :  

                                WWW

   :

 Cooling (Plot plan)
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3. IDE-087/23                 -  Logo &  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 SSBR Operation Manual 
   I-MF-PD-M-0001  08  2566

   3   3/198 IDE-087/23 

______________________________________________________________________________________________________________ 

      
 

 
 
 

 

 SSBR Operation Manual 
   I-MF-PD-M-0001  08  2566

   3   4/198 IDE-087/23 

______________________________________________________________________________________________________________ 

      
 



Table of Contents  
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 (Work Permit) 























 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     1/60  IDE-188/23 

 

     
   

 
 

 

 

     

 

 

 

 

Procedure for Work Permit of Confined Space 
 

 

  

    OP & Life Critical Procedure Safety  
  
  
  

   
   
  
  

   
     

 Plant Reliability 
  

  

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     2/60  IDE-188/23 

 

     
   

 
 1. IDE-183/13 (re.0)      -  

                                        -     

2. IDE-098/14(Re.1)   -  
3. IDE-270/16(Re.2)   - Version    

4.IDE-174/17(Re.3)  -  Gas  

        H2S  

       Working in confined space pond with sediment  

      accumulation. Must be measurement H2S before start works ever time. 
5. IDE-301/14(Re.4)   -  Work Permit       
6. IDE-116/21(Re.5)  -  
7. IDE-373/22(Re.6)  -  Dike Wall  
8. IDE-188/23(Re.7)  -  SHE > SPR 
 
 

 

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     3/60  IDE-188/23 

 

     
   

1.  

 

2. ,   

   

 

 

1.   

  ,   

  

 

 

1.  S-SPR-SE-S-0304  (Safety Manual) 

2.  S-SPR-SE-P-0005  Tag Out /  Lock Out  

     

3.  S-SPR-SE-P-0008  

 

 

1.  S-SPR-SE-F-0052  

2.  S-SPR-SE-F-0072  

3.  S-SPR-SE-F-0033  

4.  S-SPR-SE-F-0100  Isolation Package 
5. S-SPR-SE-F-0068    

6. S-SPR-SE-F-0059  (Ventilation Scheme) 

7. S-SPR-SE-F-0015  

8. S-SPR-SE-F-0061  (Confined Space Log Book) 

9. S-SPR-SE-F-0014   (High Risk Jobs) 
 

 
 
 



 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     4/60  IDE-188/23 

 

     
   

 

1.       

2.    

/     

3.  Permit to Work   (Cold Work), /

 (Hot Work),  (Confined Space) 

  

 

4.  (Confined space)   

4.1   

4.2    

4.3  -  

4.4    

             

 Cable Cellar(  Substation)     

5.   

 

          5.1  19.5   23.5  

5.2       10  

   (Lower Flammable Limit  Lower 
Explosive Limit) 

5.3      

   (Lower Flammable Limit  Lower Explosive 
Limit)                     

5.4  4 (1) 

6. Digging/Excavation Check List   

   30  

7. Radiography Check List   

8.      ( )   

  /

  

8.1  

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     5/60  IDE-188/23 

 

     
   

8.2      

 Air Mover -    

8.3    

8.4  
9.     

   

   

9.1      

  (Work Permit)   

9.2     

9.3  (PPE)  Rescue 

  

9.4  

9.5                       

9.5.1    

9.5.2  ,    

/  

   

    

(S-SPR-SE-F-0052) 

9.5.3

 

 (S-SPR-SE-F-0052) 

9.5.4    

9.5.5  (S-SPR-SE-F-0052)  

   

 (S-SPR-SE-F-0052) 

 

9.5.6       

 

 

9.5.7   (S-SPR-SE-F-0052)  

     

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     6/60  IDE-188/23 

 

     
   

(S-SPR-SE-F-0052)  ( ) 

9.5.8  

  

9.6    

  : 1)  Confined Space   

   

 

  

  2)  /   “ ” 

   Basic SHE 

(Orientation ) , 

 

   

  

10.   

     

.   

11.     

   

  

 :  

   (S-SPR-SE-P-

0004, S-SPR-HW-P-0001),  (S-SPR-SE-P-

0016) ,  Tag Out /  Lock Out  (S-SPR-SE-P-

0005)  (Toxic Gases)  

  

 

12.  (Rota on Duty Manager)  

   

13.        –   . - .  . 

-     

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     7/60  IDE-188/23 

 

     
   

14.  (Hole Watch Man)     (

 ) 

    “Hole Watch 

Man”  (Truck Mobile)  Control Room   

CO  Confined Space Log Book 

 1 /1  –  

  

       

14.1     

14.2  

14.2.1    

14.2.2  (S-SPR-SE-F-0015)      

14.2.3  

14.2.4  

14.2.5  

14.2.6   

14.2.7 -  

14.3    

    JSEA 

14.4  /  

14.5             

           

14.6      

                 / /   

14.7     

             

        

14.8   (  )    

  –   –    

“    ”   

14.9      

    

14.10    



 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     8/60  IDE-188/23 

 

     
   

            ( ) 

15.  (Fire Watch Man)     (

 Basic Fire Fighting  

)    ( ) 

 “Fire Watch Man”   /

   

 (Hot Work)     (  

 /  )  

16.      (

 

 )  

     

  

16.1   , ,   

16.2   

  

16.3 /   

16.4  (PPE)  Rescue   

16.5 /   

16.6   

16.7   

16.8  JSEA 

16.9 / -   

17.    

5   30   5  ( ) 

 (Basic Fire)  

 

18. Air-Purifying Respirator   

    

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     9/60  IDE-188/23 

 

     
   

                                          
 

 

 

 

19. Atmosphere-Supplying Respirator 

   

 (Air Line)   (Air Hose)   

 3     

 

 

20. Canister   

21. Cartridge   

22. Demand Respirator  Atmosphere-Supplying Respirator  

Negative Pressure  

23. Immediately Dangerous to Life or Health (IDLH)  

      

 

24. Negative Pressure Respirator (Tight Fitting)  

  

25. Positive Pressure Respirator  

   

26. Pressure Demand Respirator  Atmosphere-Supplying Respirator 

 Positive pressure  

27. Self-Contained Breathing Apparatus (SCBA) 

     

  5, 10  15  

 

  

(Haft face piece) 

 

 

(Full face piece) 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     10/60  IDE-188/23 

 

     
   

 (Auxiliary self-contained air supply) 

 

 

 

 
 

 

 

 

28. Supplied-Air Respirator(SAR) or Airline Respirator 

   

   

      

  

 (Auxiliary Self-Contained Air Supply) 

  

 

 

 

(SCBA) 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     11/60  IDE-188/23 

 

     
   

 

 

 

 

29. TLV (Threshold Limit Value)   

  

  The American Conference of Governmental Industrial Hygienists (ACGIH) 

   

30. PEL (Permissible Exposure Limit)  

  (Occupational Safety 

and Health Act; OSHA) 

31. TWA (Time-Weighted Average)   (TLV-TWA)  8 

  40  

 

 

  

1.   

  

1.1      

   

1.2  , ,

      

   

1.3   

 

1.4  

, /     

  : 

 

 

 

 

 

(Airline) 



 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     12/60  IDE-188/23 

 

     
   

2.   

  1  

 (Confined Space) 

1.   

2.  (Pressured Vessel) 

3.  (Tank) 

4.   

5.  

6.    1.2  

7.   

8.  Cable cellar 

9.  Skirt   Column, Vessel, Blend Tank, Stripper 

         : Dike Wall  

3.   24   2  

   12  

  

    

-    07.30 – 19.30 . 

-    19.30 – 07.30 . 

 (Confined Space)  (First Entry) 

   07.30 – 19.30 .  

  Planned Shut down  Grade Switching   

  

 

 

 

 

 

 

 

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     13/60  IDE-188/23 

 

     
   

  2  (Confined Space)  

 
 

4.        

4.1    2  

4.2   

  

4.3    

    

4.4    

4.5      

5.  Cold Work   Hot Work  (Confined Space) 

 (S-SPR-SE-P-0004, S-SPR-HW-P-0001) 

  

6.   

   

  

 

7.   ( ,  ) 
     6  

  6 
  

8.      

(  1 . )  

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     14/60  IDE-188/23 

 

     
   

  CO  Confined Space Log 

Book     

      

 
 

1.    

 1.1  , ,   (Purge) , ,   

   

 1.2    (Guide 

Line)  ( Ventilation Scheme ) (S-SPR-SE-F-0059) 

 

1.3     

  Hole Watch Man /   

(S-SPR-SE-P-0004, S-SPR-HW-P-0001)   

 (JSEA)  

   :  

 ( )   

   ( )  

 (Area Owner)  

 

 1.4      

  (S-SPR-SE-P-0004, S-SPR-HW-P-0001) 

 

  1.1.1 Blind List  

  1.1.2 Valve Isolation List   P&ID  

  1.1.3 Electrical Lock Out List  Drawing  

  1.1.4 Ventilation List    

1.1.5  

1.1.6 MSDS  

1.1.7  (   ) 

1.5   (Hole Watch Man) 1 /1  –   - 

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     15/60  IDE-188/23 

 

     
   

1.6      (DC) 24 Volt 

  

 220 volt   

 Earth Leakage Circuit Breaker  

 

1.7  (PPE) /   Rescue 

  (  3) /  

 (Safety Center)  1   Rescue 

  (Safety Center) 

 3 (PPE)  Rescue  

           

(PPE)  RESCUE 

 (Confined Space) 

1. Safety Harness 

2. Life Line 

3. SCBA 

4. Airline 

5. Oxygen Detector (O2 Clip) 

6.  (Full Face Mask) 

7.  

8.  

9.  

 

2.  

 1   

3.    

 19.5% - 23.5%  

   (Lower Flammable Limit  Lower Explosive Limit)  

   10% LFL, 

LEL  

 4 (1)  

  H2S  



 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     16/60  IDE-188/23 

 

     
   

:   

   

4.  (  4(1))  

    

  

  

4.1   

   

  

 4   
      

Chemical List 
 TLV-TWA, PEL-TWA 

(1) 

Chemical Conc. 

Haft face piece warn 

 (2) 

Chemical Conc. 

Full face piece warn  

(3) 

Chemical Conc. 

SCBA warning 

 (4) 

Cyclohexane 100 ppm 100-200 ppm 200-300 ppm >300 ppm 

1,3 - Butadiene 1 ppm 1 - 10 ppm 10 - 50 ppm >50 ppm 

Styrene 20 ppm 20 - 200 ppm 200 - 700ppm >700 ppm 

Toluene 20 ppm 20 - 200 ppm 200 - 500 ppm >500 ppm 

4.2  

 (IDLH)  

   

4.2.1 Self-Contained Breathing Apparatus (SCBA)  (Full Face Piece)  

Pressure Demand  30  

4.2.2 Supplied-Air Respirator (SAR)  Airline  (Full Face Piece)  

Pressure Demand  Auxiliary Self-Contained Air Supply 

 IDLH 

4.3      Canister  

Cartridge    

4.4   (    ) 

   

5.   2  (Interfering Work) 

 /   

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     17/60  IDE-188/23 

 

     
   

6.   

 (S-SPR-SE-P-0004, S-SPR-HW-P-0001) 

  4    4 

 ( )   

7.  Confined Space/Vessel Entry Permit Tag 

-  (Manhole) (  1 -  -

)   TAG  

8.   , 
   / ,   

    
9.   

 9.1    

 

 9.2    

 9.3   (Outer Fence)  

 (  

 )  

 9.4   

 9.5   

 (  NPC )  

 

 

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     18/60  IDE-188/23 

 

     
   

 (Confined Space) 

 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     19/60  IDE-188/23 

 

     
   

 (Confined Space) 



 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     20/60  IDE-188/23 

 

     
   

 (Confined Space) 

 (   Eng.) 

 S-SPR-SE-P-0016  05  2566  

 7     21/60  IDE-188/23 

 

     
   

 (Confined Space) 

 
 

 

 

 

 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     22/60  IDE-188/23 

 

     
   

 ( Ventilation Scheme )  

 

 

 

 1 Reactor, Stripper  Manhole   

 

 2 Vessel  Manhole   

Air Mover 

Air Mover 

Air Mover 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     23/60  IDE-188/23 

 

     
   

              
 3 Column  Manhole                                                       

Air Mover 

Air Mover 

Air Mover 

Air Mover 



 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     24/60  IDE-188/23 

 

     
   

 
 

 

 4 Cable Cellar Room  Substation 

 

 

 

 

 

 

 

 

 

                                                                     

Air Force Ventilation Fan Open the Door 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     25/60  IDE-188/23 

 

     
   

 
 

 5 Cylindrical Storage Tank  

 
 

 
 
 
 
 

Air Mover 

Air Mover 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     26/60  IDE-188/23 

 

     
   

 
 

 6 Horizontal Vessel  Manhole  

 
 7 Horizontal Vessel  Manhole   Boot  

 
 
 
 
 
 
 
 
 
 

Air Mover 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     27/60  IDE-188/23 

 

     
   

 

 

 

 

 8 Horizontal Vessel  Manhole  

 

 

 

 

 

 

 

 

 

 

Air Mover 



 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     28/60  IDE-188/23 

 

     
   

 

 

 9 Spherical Storage Tank 

 

 
 
 
 
 
 

Air Mover 

Air Mover 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     29/60  IDE-188/23 

 

     
   

 

 

 

 

 

 

 

 

 

10    1.2   

 
 
 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     30/60  IDE-188/23 

 

     
   

 
 
 
 
 
 

 

 

 

 

 

 

 11  (Dike Wall)  1.2  

 

      

 

 (   Eng.) 
 S-SPR-SE-P-0016  05  2566  

 7     31/60  IDE-188/23 

 

     
   

 

 12 Skirt  Column  Vessel 

 

 

 

 

 

 

 

 

 

 

 

Skirt Skirt 
Air Mover 
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[OBJECTIVE WORK]:  1.เพืÉอใหป้ฏบิตังิานถูกตอ้ง   2.ความปลอดภยั    3.ดา้นคณุภาพผลติภนัฑ์

[PPE REQUIREMENT]:   1. หมวกนิรภยั  2. แว่นตา / goggle   3. กรองสารเคม ี   4. ถุงมอืกนัสารเคมี

จาํพวกสารอนัตราย : …… ของเหลวไวไฟ……………………

สารทีÉใช้ในการดบัเพลิง : ……โฟม……………………………………………. จดุวาบไฟ :……31 oC…………………………..

วิธีเฉพาะสาํหรบัผจญเพลิง :  อย่าฉดีนํÊาโดยตรงทีÉกองเพลงิ เพราะจะทําใหส้ารนีÊลอยตวับนผวินํÊา และจะลกุตดิไฟขึÊน ขีดจาํกดัการติดไฟ :     คา่ตํÉาสดุ (LEL) %: …0.9...      คา่สงูสดุ (UEL) %: 6.8……

ทีÉสมัผสัถูกอกีครั Êง ฉดีนํÊาใหเ้ป็นฝอยเพืÉอหลอ่เยน็ภาชนะบรรจแุละอุปกรณ์ต่าง ๆ ทีÉสมัผสัถูกเพลงิไหม้ อณุหภมิูทีÉสามารถติดไฟได้เอง : …470 oC……………

ความเสีÉยงเฉพาะ : ไอระเหยของสารนีÊไวไฟมาก และหนักกว่าอากาศ ทําใหส้ารนีÊมกัจะไหลไปสะสมในทีÉตํÉาและ / หรอื จดุเดือด : …145 oC…………………..

จดุหลอมเหลว : …-36 oC……………….

…………………………………………………………………………………………………………………………………………สภาวะทีÉควรหลีกเลีÉยง :  ทีÉอุณหภูมสิงูเกนิ

เอกสารอ้างอิง

   I-MF-PD-S-0006 matrix อปุกรณ ์PPE
 S-OMS-SHE-S-0002 (Styrene) SDS

S-MF-PSI-S-7204 Deluge
E-OMF-SHE-F-0021 water Springer

 S-MF-PSI-S_7102 Interlock List Phase 1
  S-MF-PSI-S_7102 Interlock List Phase 2

ACTION 
BY

จดุประสงค์

1.เพืÉอใหป้ฏบิตังิานไดอ้ย่างถูกตอ้ง

2.เพืÉอความปลอดภยั

วธิกีารปฏบิตังิาน

1 เมืÉอเราจะมกีาร S/D หยุดการผลตินาน หรอื มกีารหยุด S/D ระบบทําความเยน็ U-700 งไมส่ามารถเกบ็ PE,SS

ST ไวใ้น T-170 ไดเ้นืÉองจากจะเกดิเป็น Polymer เกดิความเสยีหายได ้จงึตอ้งมกีารโหลด ST ออกจากแทง็ค์

2 ทาง PE กําหนดวนัหยุดรบั ST และคาํนวนการใชก้่อนถงึวนั S/D ให ้ST เหลอืน้อยทีÉสดุ PE,SS,FM

3 เมืÉอ S/D ระบบแลว้ทําการ Purge suction P-170 เพืÉอใส ่อุปกรณ์พเิศษ ท่อสามทางตรง FLH1-13   C/O,F/O

เพืÉอทําการต่อ Flux เขา้กบั N11 ดงัรูป ทําการ Test leak air free สายและจดุต่อใหเ้รยีบรอ้ย

4 ทําการถอด blind จดุทีÉวงกลม 1  และทําการกลบัทศิทาง check vleve ตรงจดุวงกลม2 F/O *ก่อนทาํการถอด blindและกลบัทิศทาง check valve ให้ทาํการ 

5 นํารถเขา้พืÊนทีÉทําการชั ÉงนํÊาหนักก่อนการโหลด ปฏบิตัติามเอกสาร Point and call F/O

6 ต่อสายโหลดเขา้กบัรถโหลดตรง P-172 test leak F/O

7 line up PID ตามรูปดงันีÊ  เปิด V1,V2,V3,V4,V5,V6,V7,V8,V9,V10,V12,V13,V14,V15,V16,,V18,V19,V20 F/O,F/M เคลียรข์องตรวจสอบ line และ purge VOC ตํÉากว่า 300

LXV1-28,และเปิดวาลว์ทีÉ Tuck car

ปิดวาลว์ V11,V17 , LXV1-33,

8 ทําการ Start P170A ruc cir  และคอ่ยๆเปิดวาลว์เขา้ tuck car  C/O *ตรวจสอบ P170A ว่าปกติใหม ครวจสอบรั Éวใหล

9 เมืÉอหมดแลว้ใหท้ําการ Stop P-170 และใช ้N2 Purge dischrge P-170 TO Tuck car จนหมด C/O *รถรบัได้ 15 Ton ตรวจสอบรถทีÉรบัอย่าลืมเปิดวาลว์ V16 ทีÉรถ

10 ถอดสายใหลดและนํารถเขา้ชั ÉงนํÊาหนักก่อนออกจากพืÊนทีÉ F/O C/O ทาํการตรวจสอบระดบัและปริมาณทีÉลดลงของ T-170

*Purge line discharge ระวงัแรงดนัไปทีÉรถอย่างรวดเรว็

                                     4.ดา้นสิÉงแวดลอ้ม

BST ENEOS Elastomer Co., Ltd.

BEE  WORK  INSTRUCTION

วิธีการปฏิบติังาน  Load ST Form T-170 To Tuck car สญัลกัษณ์เตือนอนัตรายตาม NFPA :

                  อนัตรายต่อสขุภาพ : ระดบั -- (สนํีÊาเงนิ)

STEP

       ความไวไฟ : ระดบั -- (สแีดง)

CHEMICAL:  ……styrene………………………..                    ความไวในปฏกิริยิา : ระดบั -- (สเีหลอืง)

                                           ขอ้มลูพเิศษ : -

5. รองเทา้นิรภยั    6. อุปกรณ์ป้องกนัเสยีง

แพร่กระจายไปตามพืÊนและเกดิประกายไฟยอ้นกลบัได้

DESCRIPTION
ACCIDENT & EMERGENCY RESPONSE

HAZARD & PRECAUTION SAFETY

ญ

 

12 12

เอกสารนีѸเป็นเอกสารใชภ้ายในบรษัิทฯ เทา่นัѸน  เอกสารฉบับควบคมุจะอยูใ่นรปูสืѷออเิล็คทรอนกิสเ์ทา่นัѸน
นอกเหนือจากนีѸ จะถอืวา่ไมอ่ยูภ่ายใตก้ารควบคมุ หา้มนําไปใชใ้นการปฏบิัตงิานโดยเด็ดขาด
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1.  ( ) 
2.   

3.  (Stopper)  

4.   
  50   

5.     
   

6.  (PPE)  

7.     

7.1   

7.2     

8.   

8.1    
8.2    
8.3   

8.4   

9.     
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Hazardous Chemical Code (HAZCHEM CODE) 
 

  

1  (JETS) 
2  (FOG) 

3  (FOAM) 

4   (DRY AGENT) 

 
  

P 
 (V)  

 
(DILUTE) 

R  

S 

 (V) 
 

S  

T   

T   

W 
 (V)  

 
 

(CONTAIN) 

X  

Y 

 (V) 
 

Y  

Z   

Z  

E  

 

 

 

 

 

 

 

 

    

Rev.10   Update 01/11/2567 

  

 08-6565-4700  
 

 -   /   

1     089-200-8995 

2             09-3143-8222 
3     061-886-3102 

4     084-387-8817 
5   Driver Trainer  097-272-6774 
6     081-358-1445 

7     097-028-2361 

8     Senior Driver  098-364-0383 

9   Senior Driver  090-726-5503 
 

  A –  

 -    
1.           09-3143-8222 

2.    097-272-6774 

3.    064-871-4544 

4.    090-726-5505 
 

  B –  

 -    

1.    084-387-8817 

2.    064-2402-304 

3.    081-110-3182 

4.      098-364-0383 
 

 

  
 ,    

 
.     

  
   .   
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 086-565-4700 
 

 -   /   

1   / Site Manager MTP  089-200-8995 

2     090-732-2184 

3     088-874-2842 

4      081-358-1447 
5      083-008-9638 

 

  A –  

 -    
1.    088-874-2842 

2.    080-471-2911 

3    063-5413878 

4.    095-5658412 
 

  B –  

 -    

1.      081-736-7896 
2.    081-781-2775 

3.    062-602-1580 
4.    091-617-7842 

 

 
  

 ,    
 

.     
  

   .   
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1.)     .)   

3.)   4.)  
.)    

  

  

1.)                .)   

.)       .)    

 

 

 

 

 

 ( ) 

 

1.AVT MTP 1 /AVT MTP 2 

      

081-683-1816 
3.AVT PPD 1 

  - -  

 - -  
 

   191 

  1193 

 CATEMAG 
087-504-4100 

 

 

  

1.   . 089-200-8995 

2.     . - -  

3.    . 084-387-8817 

4.   . - -  

5.      . 090-732-2184 

6.   . - -  

7.     . - -  
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. - -  

 

 /  

  
  

 

-  (Technical Supervisor) 
-  ( . ) 

 

-  

-   /  

-  /  CATEMAG 

 /  

 

 

 (Coordinator) 
 /  

(CATEMAG) 
087-504-4100 
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1. 

.    . ( ) 
 

 0-2679-1600 

087-504-4100 
 

.    . ( )   
- - -   

400, 081-801-4060 

, ,  
 

.    . ( )  
  

 

081-6831816 

038-683-572  
 191 

, ,  
,  

,  
 

2. .    .   
038-685- 900  

 310 
  

3. .  . /
 

 

 

082-7355773 

02-168-3288 

038-454645-7 
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 ,  

 

 

  

    
-  -  .  0-2745-9999 - 

  . -  ( ) 0-2337-1585-9 - 
   -    0-2516-4555-60  086-341-6275 

. . . (TPP)      0-2703-6085-6 
 085-496-1551  

 - -  

    
      0-2753-7007,02-753-7682-5 - 
    0-2908-2400-1  089-925-5911 

   .  038-682-268 081-552-0505 
 –    038-682-666,038-482-666 086-157-8331 

 (TSK)  .  038-681-495, 038-681-064 086-303-4509 
     .  038-897-041-4 081-802-1238 

 (TSK)  Center BKK 02-8740-011, 081-641-9621 - 
 (TSK)  .   .  038-1120-88-9 089-894-7577  

 (TSK)   036-262-851-3 - 
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 ( )  
      

1     ,  

 
 

   
029637245, 

029639845 
2    

 

 

-  

 3 .
 2 

-  39  50 

  

029588855, 

0818546226 

www.bp-tanks.com 

3  

 

 39  

 

 
 

39  7 -  
 

  

029011800-2, 

029011804-5 

4   

  

 

 

29,30,31  
  

 

025310465,  

025310933 

 

5   

 

 
 

13/278  18  
   

029959789  

 

6     , 

, 

, 

, 

, , 

 

147  
  

 

029917241,  

029927897-8  

. 029916657 

 

7     

 

 

 

515/198-9  2 

 200  -
  

  

029581530-1 

8    
 

 

 

21/31  3 -  
  

 

025672579,  

029595565 

 

9     

 

32/7 -  
   

025462309  
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8
   

2 4
   

13 3

 
     1

     1
    1

   1

 
    5

      1
   1

   1

 

( )

  

location 

 

 

 

 

Truck type 

 &  

Fire extinguishing chemical type & capacity 

 

Manpower 

( ) 
Water 

 

capacity 

 

Type 

 

Other 

 

All 

 

Shift 

 

Number of shifts 

 
Map Ta Phut 

Municipality 

 1  
1 foam fire truck. 

6,000 6,000 - 10,000 24 12 2 

 5  

5 water truck  
    14 7 2 

 1 Truck no.1  10,000 - - -    
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location 

 

 

 

 

Truck type 
 &  

Fire extinguishing chemical type & capacity 

 

Manpower 

( ) 
Water 

 

capacity 

 

Type 

 

Other 

 

All 

 

Shift 

 

Number of shifts 

 

Map Ta Phut 

Municipality 

( ) 

 2 Truck no.2 10,000 - - -    

 3 Truck no.3 10,000 - - -    

 4 Truck no.4 10,000 - - -    

 5 Truck no.5 10,000 - - -    

 2  2 ladder trucks         

 1  Truck no.1      23 . 

High 23 m. 

   

 2 Truck no.2     30 . 

High 30 m. 
   

   

1 Truck rescue other  

- - - - - - - 

 1  

1 Truck rescue chemical 
- - - - - - - 
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.  
  Add detail responsible of Crisis 

management :CM  

/ /

  
  

Add detail emergency equipment check and 

testing  

 

Add the detail of the external emergency 

response team from Map Ta Phut municipality 
5   

 

Specific Emergency Response Guide in case 

a flammable substance leaked 

 
  Fire on EV Truck 

Add the specific emergency response guide in 

case a fire on EV truck 
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