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Ageing chemical plants is a cause of concern in the 
United States

There were 131 serious chemical accidents in 2025, the government data show, up 20% 
from the year before. Of these, 89 resulted in at least one death or serious injury. All 
told, chemical accidents killed 48 people in 2025—almost double 2024’s toll—and 
seriously injured 142.

So why is this happening? Former CSB and Environmental Protection Agency officials, as 
well as industry safety experts, attribute much of the rise in accidents to years of 
deferred safety maintenance on aging plants. The average U.S. chemical plant is 46 
years old, and the average petrochemical and refining infrastructure is 61 years old in 
North America. Meanwhile, typical equipment has a useful life of about 20 years. 
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• Conducted AWE inspections for over 60 MHIs
• Focused on measures associated with 

adverse weather events

Thematic inspections introduced in 2025 to improve our  
regulatory oversight on emerging threats/concerns to MHIs

Adverse Weather Events (AWE) 

(May 2025 – Mar 2026)
Mechanical Integrity Programme (MIP) 

(Jul 2025 – Mar 2026)

Emerging threat Analysis of reported process-
related incidents

• Conducted MIP inspections for over 40 MHIs
• Focused on management of corrosion, flange 

and ageing plant-related issues 
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Owing to global climate change, extreme weather events was identified 
as one of the top risks in the global risks severity ranking 

Global Risks Severity Ranking Adverse Weather Event in Singapore in 2024

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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While adverse weather events (AWE) in Singapore may be 
infrequent, this relative rarity can create a false sense of security, 
leaving MHIs unprepared and vulnerable when such events do occur

• Adverse weather conditions such as strong winds, floods, and storms 
can impact installations that process, store, or handle hazardous 
substances, potentially resulting in the release of hazardous 
substances, fires, or explosions

• Frequency and intensity of natural hazards linked to climate change 
are expected to worsen in coming decades

o May occur in locations where they have not previously been observed

• Singapore’s geographical location protection from tropical cyclones 
creates false sense of security

o On 30 Apr 2022, a container office was blown off by strong wind during 
heavy rain proved that unexpected weather events can occur

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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AWE linked to Criterion 2.8 and Criterion 10.1 of  SC. For 10.1, MHI has the 
general duty to ensure that all SCE risks are reduced to ALARP

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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2.8 The safety case shall describe the vicinity of the installation in sufficient detail to allow the consequences of a major 
accident to be assessed.

Information on external factors which may lead to or exacerbate major accidents such as:

a) the topography, if it could have an effect on the dispersion of toxic or flammable gases or combustion products. This 
should include buildings or other structures where appropriate;

b) local weather records, including wind speed, wind direction and atmospheric stability and the relevance of this 
information to the behaviour of releases of dangerous substances;

c) history of the land on which the installation is located, together with its vicinities, may be significant when considering 
major accident causes. For example, land subsidence could be considered in reclaimed industrial land like Jurong Island 
as this is a threat to equipment integrity (i.e. contributing to stress and strain on piping and equipment);

d) historical evidence of other external events that might cause accidents such as flooding, extreme weather conditions 
including temperature, rain, wind and lightning; and

e) transport activities that may have an impact, including shipping, major transport routes and dangerous substance 
movements.



AWE linked to Criterion 2.8 and Criterion 10.1 of  SC. For 10.1, MHI has the 
general duty to ensure that all SCE risks are reduced to ALARP

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Safety Cases are expected to: So, ask yourselves… What to do…

Present options What more can MHIs do to reduce the 
risks?

• Look systematically at each SCE

• Draw up, in proportionate way, a list of 
control measures that have been 
implemented and which could be 
implemented to further reduce the risks 
of SCE

Make reasoned arguments What further risk reduction measures 
(RRM) are “reasonably practicable”? 

• Qualitative or quantitative 

• Sacrifice grossly disproportionate to 
benefits? Justify why the additional RRM 
is rejected

• If the control measure is ‘reasonably 
practicable’ based on sound logical 
considerations, implement that measure

Explain why the risk reduction 
measures put in place reduced 
risks to ALARP

Conclude What is a reasonable implementation 
timeline and who is responsible to see 
through its implementation? 

• Develop action plan



AWE ops was launched to proactively address emerging threat that could 
potentially lead to major accident in MHIs if left unchecked

• Raise awareness of possible adverse weather conditions in Singapore and emphasise the 
importance of planning for such eventualities

Educate MHIs

• Ensure that the risk of adverse weather conditions is appropriately assessed and mitigated in 
the design and operation of their installations to As Low As Reasonably Practicable (ALARP)

Identify and Assess

• Incorporate adverse weather risks into the Safety Case and demonstrate that risks to Safety 
Critical Events (SCE) and Major Accident Scenarios (MAS) arising from adverse weather events 
have been reduced to ALARP

Take Action 

62
MHIs inspected

May 2025 – Mar 2026
Programme Period

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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➢ What were the Safety Critical Events 
(SCE)/Major Accident Scenario (MAS) risks 
associated with adverse weather events?

➢ Has MHIs prepared adequate response and 
emergency plans to tackle such risks?

➢ Has MHIs addressed longer-term risks in their 
plans and managed SCE/MAS risks to as low as 
reasonably practicable (ALARP) ?

AWE inspections focused on adverse weather risk management and 
emergency response plan

1. Identify Hazards

2. Identify equipment to 
be addressed in the 

Adverse Weather Risk 
Assessment

3. Conduct Adverse 
Weather Risk Assessment

4. Response Plan

5. Recovery and 
Recommissioning

6. Review Adverse 
Weather Risk Assessment

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Control measures to be 
implemented / actions to be taken 

are identified (e.g. using portable 
flood barriers to divert water flow)

Other AWE-specific conditions 
considered that resulted in some 

change to the outcome of 
SCE/MAS (e.g. flooded 

containment dikes)

Main damage modes identified 
for the equipment were 
associated with SCE/MAS

RA further considered SCE/MAS 
due to natural hazard induced 
disruption (e.g. loss of safety 
critical utilities) 

RA conducted to evaluate SCE/MAS 
risks associated with AWE

* Strong winds was identified as 
the top adverse weather hazard 

of concern followed by heavy 
rainfall/flooding and lightning

↓

↑

↓

Although AWE is relatively new for most MHIs, almost 70% of MHIs 
inspected have conducted risk assessments (RA) on AWE

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion

12

↑



Emergency Response Recovery Documentation

While most existing emergency response plans (ERPs) and recovery 
systems were sufficient, AWE management could be better 

integrated into Safety Case for demonstration

Reviewed site-specific emergency 
response plans (ERP) 

Personal protective equipment for 
emergency response are available 

and in good condition

Means to assess damage to 
equipment, contamination risks, and 

potential failures are identified 

Assessed SCE/MAS risks due to 
adverse weather effects have been 
reduced to ALARP in the Safety case

Staff are trained on adverse weather 
risks and response procedures

Information on adverse weather 
conditions that could potentially 

contribute to accidents incorporated 
into the Safety Case

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Example of Adverse Weather RA (1)
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Example of Adverse Weather RA (2)

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Example of Adverse Weather RA (3)

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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MHD Process Related Incident (PRI) 
analysis (2018 - 2024)

Marcus Oil and Chemical Tank Explosion, 
(2004)

Chevron Richmond Refinery Fire (2012)
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Why focus on mechanical integrity? 
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Top contributor (72%) of Process-Related Incidents (PRIs) in Singapore

71.50%

10.60%

9.93%
3.97%

3.97%
Mechanical related

Human Factors

Safety & Health Management
System related

External Events

Electrical, Control &
Instrumentation related

PRIs Reported from 2018 – 2024 Breakdown of PRI Cause

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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1) Flange Management
• Pipe specification records
• Flange tightening procedures
• Flange assembly checklist
• Identification of critical flanges
• Training 

2) Corrosion Monitoring
• Inspection and maintenance 

programme/SOP
• Inspection of PVs, atmospheric 

tanks, piping

3) Ageing Plant Related Issues
• Identification of ageing 

equipment (<10 years remaining 
life)

• Inspection of ageing equipment
• Fitness For Service (FFS)

Mechanical integrity programme (MIP) was launched to harpen MHD’s 
inspection efforts relating to flange, corrosion, and ageing plant issues 

46
MHIs inspected

Jul 2025 – Mar 2026
Programme Period

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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85% of MHIs inspected have established in-house flange tightening procedures 
but more could be done for better assurance of flange assembly on-site

Availability of pipe 
specification record

Established flange 
tightening procedure

Availability of flange 
assembly checklist

Training provided to 
relevant maintenance 

personnel and contractor

• MHIs believed that flange tightening procedure is sufficient 

• MHIs opined the practicality of developing individual 
checklists for every flange

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Corrosion Management: Satisfactory for Pressure Vessels and Storage 
Tanks, but Piping Requires Improvement

Inspection conducted for 
PVs

Inspection done in 
accordance with recognised 

standards

Calculated vessel remaining 
life based on thickness 

gauging and corrosion rate

Pressure Vessel (PV)

Inspection conducted for 
piping

Inspection done in 
accordance with recognised 

standards

Calculated vessel remaining 
life based on thickness 

gauging and corrosion rate

Piping

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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Storage Tank

Inspection conducted for storage 
tanks

Inspection done in 
accordance with recognised 

standards

Calculated tank remaining 
life based on thickness 

gauging and corrosion rate
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Within 5 to 10 years, more MHIs are expected to have equipment with 
less than 10 years of remaining life. Proactive management of  ageing 
equipment required 

Proper management of ageing plant can:

According to studies done by Association of Materials Protection and Performance (formerly known as NACE), 
corrosion costs over US$2.5 trillion globally (3.4% of 2013’s global GDP), but implementing proper corrosion 
control measures could save US$375-875 billion annually (i.e. 15 – 35% cost savings).

1) Prevent loss of containment of 
equipment that could potentially lead 

to major accident scenarios 

2) Extend equipment lifespan 
and increases reliability

3) Reduce unplanned downtime 
and maintenance cost
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Importantly, ageing plant is not just related to the chronological age 
of the plant

• A plant that is chronologically 'old', but the equipment is well inspected and maintained, and remains 
fit for service may not be considered ageing plant

• A new plant can experience accelerated ageing or early ageing (due to corrosion, erosion etc) even 
though its chronological age is ‘young’
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API standards applicable to ensuring MI 

Equipment Strategy Reference 

Identification of damage mechanism.
API 571- Damage mechanisms affecting fixed equipment in the 
Refining Industry

Atmospheric Tanks API 653 – Tank Inspection, Repair, Alteration, and Reconstruction 

Pressure Vessel System, including Pressure 
Relief Devices 

API 510 – Pressure Vessel Inspection Code: In-service Inspection, 
Rating, Repair, and Alteration 

Piping System
API 570 - Piping Inspection Code: In-service Inspection, Rating, Repair, 
and Alteration of Piping Systems

Flange Management 
ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint 
Assembly

Ageing Plant API 579 – Fitness for Service
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Key takeaway: Importance of incorporate aspects of adverse weather 
elements and mechanical integrity into your Safety Case

• Adverse Weather Elements 
• Novel topic for most MHIs
• For those not engaged by MHD, to begin identifying relevant hazards and risks and implementing 

the necessary precautions in response to the impacts of climate change
• For those who have been engaged, stay up-to-date on changes and learn from past accident cases

• Mechanical Integrity 
• Most MHIs already have systems in place for flange integrity assurance and mechanical integrity 

for pressure vessels, piping, and storage tanks.
• However, continual improvement needed as more MHIs are expected to have ageing equipment 

within next 5 – 10 years,
• MHD will incorporate checks on MHIs’ ageing equipment management as part of our Safety Case 

intervention visits

Findings on Mechanical Integrity ProgrammeFindings on Adverse Weather EventsMHD Thematic Inspection: Recap Conclusion
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