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Hydrogen Related Incidents

• Electrolysis: Hydrogen storage tank explosion in electrolysis unit, Gangneung, South Korea, 
2019 (Link)

– Cause: design flaw, lacked O2 removal, no static charge prevention in H2 tank 

• Tanker: Explosion and fire during hydrogen transportation trailer filling in Santa Clara, California, 
June 2019 (Link)

– Leak in transfer hose, resulted in the temporary shutdown of multiple hydrogen fueling stations in the San Francisco 

area.

• Pipeline: Fire from a hydrogen pipeline, The Netherlands, 2007 (Link)

– Cause: leak due to ground movement in several years (unauthorized heavy traffic, heavy equipment on 
ground cover, lack of inspection, etc.)

• Hydrogen Refueling Station : Norway 2019 – H2 Refueling Station Explosion Link

• Hydrogen bus: Bakersfield California, 2023 (link) video link

– Cause : not known 
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https://www.koreatimes.co.kr/southkorea/society/20190523/hydrogen-tank-explosion-kills-2-in-gangneung
https://h2tools.org/sites/default/files/2021-06/AP_Santa_Clara_Incident_Review_Report_Rev1.pdf
https://www.aria.developpement-durable.gouv.fr/wp-content/files_mf/FD_35860_Binnenmas_2007_ang.pdf
https://ctif.org/news/hydrogen-refuelling-plant-explodes-norway
https://www.kget.com/news/local-news/fire-crews-battle-hydrogen-fire-in-central-bakersfield/
https://www.youtube.com/watch?v=ZQxEqI8v3e0


Electrolysis South Korea 2019
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South Korea 2019

• Electrolysis: Hydrogen storage tank 
explosion in electrolysis unit, Gangneung, 
South Korea, 2019 (Link)

– Cause: design flaw,

– lacked O2 removal,

– no static charge prevention in H2 tank 
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https://www.koreatimes.co.kr/southkorea/society/20190523/hydrogen-tank-explosion-kills-2-in-gangneung


South Korea 2019
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South Korea 2019
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Norway 2019 – H2 Refueling 
Station Explosion

• A hydrogen refueling station exploded and 
caught fire in Sandvika, Norway on June 10. 
According to reports from the Uno-X station, 
the explosion was very powerful. It triggered 
airbags in nearby cars and caused closures to  
the busy E18 and E16 intersection. A safety 
zone of 500 meters was recommended by the 
fire service. Link
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https://ctif.org/news/hydrogen-refuelling-plant-explodes-norway


Take away from Norway Incident

• 500 meters of land use planning

• Facility Siting – consequence 
analysis-based plant layout or 
equipment placement 

• Fire Protection Design

– Preference of passive protections 
(blast walls) over active 
protections (detection/alarms) 
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Santa Calara California June 2019
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Results of Blast Wave

• The front module explosion produced 
minor blast wave damage to at least 
one nearby structure. A window broke 
in a small control building about 125 
ft. (38 m) away from the module. The 
broken glass was found outside the 
building, indicating that the suction 
pressure of the blast wave was 
responsible.

6/1/2026 13

The Santa Clara Fire Department responded and ordered an evacuation radius of 500 yards

(457 m), but relatively few people were affected because there were not many people working

in the surrounding industrial premises at the time of the incident.

Human Error – Drivers (2 injuries)



Consequences

• Suspension of hydrogen deliveries up to 4 months

• The initial hydrogen leak was caused by either a cracked O-ring or leaking 
cone and thread fitting on the front module hydrogen isolation valve.

• The trailer driver attempted an unauthorized repair of the leaking valve 
without properly isolating the hydrogen supply piping

• There was a misunderstanding of the senior driver’s instructions to the 
trainee. The senior driver told the trainee to stop the trailer fill, but the fill 
control process had been stopped ten minutes previously. When the 
trainee attempted to stop the fill a second time, the trainee accidentally 
actuated the “Purge/Enable Trailer” control button which opened the 
pneumatic valves and allowed hydrogen flow into the disconnected 
manifold pipe.
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Aftermath

• Hydrogen Explosion –caused by the accumulation and subsequent 
ignition of hydrogen released into the front module. Confinement by the 
module walls and vessels prevented free dispersal of the released 
hydrogen. The open module roof did not provide adequate venting to 
prevent damaging overpressures from developing upon ignition of the 
accumulated flammable mixture within the module.

• Hydrogen Jet Fires 

• Subsequent diesel fuel fires and tire fires.

• NFPA 2 had no set back distances
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Report Recommendations

1. NFPA should consider providing additional guidance on GH2 system repairs in NFPA 2-2020 
section 7.1.10 Considerations should also include requirements for training all personnel with 
responsibilities on mobile and stationary hydrogen systems.

2. CGA and other standards organizations (e.g., CSA Group) to explore

improvements in their standards for PRDs intended to actuate and relieve cylinder pressures during 
fire exposure. Improvements are needed to specify direct fire exposure requirements and vent line 
thrust restraint requirements.

3. DOT and CGA should conduct an in-depth examination on fire protection of highpressure 
hydrogen cylinders and the requirements for PRDs. Transportation regulations allow cylinders 
without PRDs under certain conditions and should be part of the evaluation. All potentially affected 
parties, including the fire service/protection community, should participate in the review and 
discussion of pertinent research, testing, and incident compilations. This discussion would be 
facilitated by a comprehensive quantitative risk assessment comparing risks of cylinder use with and 
without PRDs as well as consideration of other fire protection measures.
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Report Recommendations

4. NFPA should consider including recommendations (or requirements) 
for hydrogen process and transfer controls to implement best practices 
(such as those described in guidelines and standards cited in this 
report) in NFPA 2 for clarity and operator understanding. A proposal to 
this effect is under review for inclusion in the next edition of NFPA 2.
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Hydrogen Pipeline Fire

• Fire from a hydrogen pipeline, The Netherlands, 2007 (Link)
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https://www.aria.developpement-durable.gouv.fr/wp-content/files_mf/FD_35860_Binnenmas_2007_ang.pdf


H2 Pipeline Fire, 2007

The site: 

• The Netherlands Pipeline Corridor (location of 
the accident: 300 metres from the village of 
Heinenoord (municipality of Binnenmaas) in 
the province of South Holland. 

The involved unit:

• A pipeline, transporting pressurized hydrogen 
gas (75 bar, 6 inch, steel) from Antwerp 
(Belgium) to Rotterdam (the Netherlands). 
The leakage occurred at a location at which 
the pipeline entered a building and contained 
a “CP coupling” (a device to interrupt the 
cathodic protection). 
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H2 Pipeline Incident

• An underground hydrogen gas pipeline developed a leak

• Possibily discovery was after weeks/months of leakage 

• Lasted for at least several hours

• Occurred at a specific “weak spot” … partial failure of a so-called “CP 
Coupling”

• ignited by welding activities on another pipeline in the corridor. The 
ignition resulted in a small fire on top of the soil covering several existing 
pipelines transporting several types of gases.

• As a precaution, residents of the village nearby were advised to stay 
indoors for about three hours. Busy traffic on a nearby waterway to and 
from the Rotterdam harbour area was halted for several hours. After the 
conclusion that it was a hydrogen release and fire restrictions were lifted.
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H2 Pipeline Incident

• Although the transport of hazardous substances by pipeline along the route 
of the pipeline corridor is considered to be a safe means of transport, and 
the management of the pipeline corridor is meticulous, deficiencies in that 
management have been identified, mainly in the way supervision is carried 
out during construction activities in the corridor.

• Nevertheless, the incident has been classified as serious, because the gas 
escape could have been more extensive, and other transport pipelines that 
were lying nearby might have developed leaks for the same reason, which 
might have caused the release of poisonous gases.
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H2 Pipeline Incident

• Dangerous materials: At least 8.4 kilograms of hydrogen have escaped, 
which lasted about 7 hours. probably in excess of 50 kilograms. 

• Human and social consequences :All inhabitants of the village of 
Heinenoord (3 400 people) were advised to stay indoors during 2.45 
hours. 

• Environmental damage: None

• Economical damage: estimates at least 1 million Euros 
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Cause

• Mix of several tension factors executed on hydrogen pipeline

• This includes

– Unallowed heavy traffic

– Placement of heavy equipment on the soil covering the pipeline

• There were 4 supervising bodies that in some ways were inspectors from 
foundation, separate pipeline owners, consortium and a notified body that 
was hired to inspect the safety aspects of construction of a new pipline

• As per investigation report, these inspections were uncoordinated.

• The inspectors all assumed that “the other inspection bodies” would do the 
inspections they did not do. 
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Lesson Learned

Specific lessons (mostly of a technical nature): 

• Criteria had to be established for the quality of CP couplings in pipelines 
and the installation and maintenance conditions associated with them in 
order to safeguard that the couplings are not exposed to any type of stress 
during their operational lifetime. 

• Policies with regard to the measurement and interpretation of ground 
settlement had to be reassessed.  

• A strict surveillance policy had to be developed to prevent infringements 
on rules regulating activities on top of pipelines in order to prevent the 
possible damage of these pipelines. 
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Lesson Learned

General lesson (of organisational nature): 

• An abundant series of supervisors and inspectors on a project does not 
necessarily mean that the essential requirements to safeguard a safe 
environment are met. 

• All parties involved in the management of the pipeline corridor (the 
management of the foundation as well as all individual pipeline operators) 
had to redefine supervision and inspection policies in order to get a clear 
division between each other’s tasks and responsibilities, particularly during 
construction activities in the pipeline corridor. 
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Hydrogen Bus Fire, 2023

• Hydrogen bus: Bakersfield 
California, 2023 (link) video 
link

– Cause : not known 

• A section of Golden State 
Highway was closed as 
firefighters battled the 
blaze.

• GET said in a release a 
portion of the new 
hydrogen fueling station 
and a hydrogen fuel cell 
bus was engulfed in flames.
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https://www.kget.com/news/local-news/fire-crews-battle-hydrogen-fire-in-central-bakersfield/
https://www.youtube.com/watch?v=ZQxEqI8v3e0


Bakersfield California, 2023
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• The hydrogen buses were being fueled at the time of the fire.

• According to the release, one bus was destroyed and only the dispensing 
portion of the hydrogen fueling station was damaged.

• Explosions were heard and seen from the tanks on the bus that had just 
been filled, but the primary tanks of the actual fueling station did not ignite 
due to safety technology.

• The state-of-the-art fueling station opened up just seven months ago.

• Since it's the only hydrogen fueling station in town, Sanders said there will 
be delays.

• “Because we are the only hydrogen fueling station in Kern County, we 
won't be able to fuel our 10 hydrogen buses, so it could possibly cause 
some delays on our service because there will be ten buses out of service 
because we aren't able to fuel them.”
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More Incidents

• Wikipedia link

• Europe Link

(International 
Association for 
Hydrogen Safety)
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https://en.wikipedia.org/wiki/Hydrogen_safety#Incidents
https://hysafe.info/hiad-2-0-free-access-to-the-renewed-hydrogen-incident-and-accident-database/


Local Hydrogen Related Incidents

• Hydrogen Furnace Explosion

– Cause: hydrogen entered furnace piping 
- it was not intended

– Aftermath: shutdown in fort mac plant 
for weeks 

• Close call – Hydrogen Bus on fire:

– Cause: battery 

– Aftermath: hydrogen containment was 
not to blame

– HVAC Design of the building storing 
Hydrogen Bus
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HYDROGEN PROJECTS
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Local Hydrogen Projects

1. ATCO/CPKC Hydrogen Refueling Station for Rail Fleet

2. Commercial Hydrogen Refueling Stations at Air Products

3. Mobile Hydrogen Fueling Station – City of Edmonton

4. ATCO – Hydrogen Pipeline

5. Strathcona County Hydrogen house

6. Strathcona County/Edmonton Hydrogen bus

7. Ualberta Regulatory Gap Analysis of Hydrogen Standards & Codes 
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CPKC – ATCO Enpower

• Facility features a 1-megawatt 
(MW) electrolyzer, compressor, 
storage, and dispensing systems 
designed specifically for 
locomotive refuelling. 

6/1/2026 33



Strathcona County H2 House
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H2 House

• Hydrogen Furnace in mechanical 
room with SIL 2 hydrogen 
detection and shutoff valve 

• Mechanical Room closes 
automatically.

• HVAC of Mechanical Room is 
separate from HVAC of rest of 
the house

• Pressures Trailer:2995L@3625 
psig, supply line 80 psi, house 
0.25 psi.
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H2 House

Site Details

• Hydrogen Storage Vessel on the 
pad

• Hydrogen line going into the 
house

• Mechanical Room with hydrogen 
furnace, SIL 2 detection and 
shutoff monitored by SCADA

• 6 air changes an hour – HVAC

• Trailer:2995L@3625 psig, 
supply line 80 psi, house 0.25 
psi.
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• Consequence-analysis based set 
back distances

• Engineer Stamps on 
performance of hydrogen 
furnace

• Engineering Assessments

– Risk Assessment

– Fire Protection Design Basis



Gaps in Standards
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Report available at the link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/


UAlberta Research Collab
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/


Research Collaboration - UAlberta

• 10% of pipe leak 
scenario

350 bar eqt.

• 11.8 m HAS

• 28 m DA

• 19 m TTA

700 bar eqt.

16 m HAS

39.1m DA

19 m TTA

TTA – tube trailer area

HAS – Hydrogen system area

DA- Dispenser Area
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Ref: Codes, Standards, Regulatory and Insurance Gap Analysis for Hydrogen value chain development in Alberta link

https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/
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Reference: Anirudha Joshi, Fereshteh Sattari, Lianne Lefsrud, M.A. Khan,

Hydrogen combined heat and power Facilities: Risk-Informed modeling for safety and land-use planning,

Energy Conversion and Management,

Volume 348, Part C,

2026,

120793,

ISSN 0196-8904,

https://doi.org/10.1016/j.enconman.2025.120793.

(https://www.sciencedirect.com/science/article/pii/S0196890425013172)

 Link

https://www.sciencedirect.com/science/article/abs/pii/S0196890425013172


UAlberta Insights for SCES

• Fire Code has no mention of hydrogen refueling station. California Fire 
Code has some clauses on setback distances based on volume of storage 
at site

• BNQ Hydrogen Standard and the setback distance of 5m needs to be 
evaluated and cannot be taken as is. 

• Refer to gaps in hydrogen standards in UAlberta Reports (Link)

• Distances for safe releases
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https://albertainnovates.ca/projects/codes-standards-regulatory-and-insurance-gap-analysis-for-hydrogen-value-chain-development-in-alberta/


CSA Z662 Pipeline Code

• Hydrogen is considered as a gas OR blend of natural gas +vol %H2

• Risk Assessment and engineering assessment to lead

– Flame visibility

– Embrittlement and Rapid cracking

– Low ignition energy

– Welding in-service lines

– Permeation

• Safety Class not covered in C5 for gas pipelines.

• Performance/specifications of CSA Z662 safeguards must come from 
engineering professional – gives a framework e.g. welding procedures 
and specifications, materials, coating, stresses, pipe thickness, etc.



Conclusion

• Engineering Assessments are key to prevention of incidents

– Performance Based Design

– Inspection Testing and Maintenance Plans

• Risk Management Programs

– Mechanical Integrity

– PSM

• Similarity to Journey of Propane

– Sunrise Propane Accident 2008

– Process Safety Plans: Layers of Protections 

• Complex at interface of built environment and new construction - System 
Safety Topic (Elements of Process Safety Management)
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Safety Management Systems

55
Reference: Minerva Safety Management Education 

https://safetymanagementeducation.com/


Process Safety Management

56

AIChE-CCPS PSM Elements

Pillar 1: Commit to Process Safety

1. Process Safety Culture 11. Contractor Management

2. Compliance with Standards 12. Training & Performance Assurance

3. Process Safety Competency 13. Management of Change

4. Workforce Involvement 14. Operational Readiness 

5. Stakeholder Outreach 15. Conduct of Operations

Pillar 2: Understand Hazards and Risk 16. Emergency Management

6. Process Knowledge Management 

7. Hazard Identification & Risk Analysis Pillar 4: Learn from Experience

Pillar 3: Manage Risk 17. Incident Investigation 

8. Operating Procedures 18. Measurement & Metrics

9. Safe Work Practices 19. Auditing

10. Asset Integrity & Reliability 20. Management Review & Continuous Improvement



Layers of Protection
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Reference: Link 

https://www.linkedin.com/pulse/lopa-layered-defense-strategy-industrial-safety-tamer-ramzy-yrcde/
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QUESTIONS?
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