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Overview

Timeline
Project start: 2003
Continuing

Budget
FY10 Funding: $200K
for both Best Practices
and Incident Reporting

FY11 Funding: $250K
for both Best Practices
and Incident Reporting

Barriers
Limited Historical Database
Proprietary Data

Partners
Best Practices – Hydrogen Safety 
Panel, NASA, Nuvera Fuel Cells, and 
NREL

Incident Reporting – Hydrogen 
Safety Panel and NASA
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Relevance --- Objectives

H2 Safety Best Practices (H2BestPractices.org)
Capture vast and growing knowledge base of hydrogen 
experience and make it publicly available.  The Hydrogen and 
Fuel Cells Program Multi-Year Program Plan says, “This living 
document provides guidance for ensuring safety in DOE 
hydrogen projects, while serving as a model for all hydrogen 
projects and applications.”

H2 Incident Reporting and Lessons Learned (H2Incidents.org)
Collect information and share lessons learned from hydrogen 
incidents and near-misses, with a goal of preventing similar 
incidents from occurring in the future.
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Relevance --- Goals

H2 Safety Best Practices
Update Hydrogen Safety Best Practices Online Manual 
(9/30/11)

Update existing content based on recommendations from the 
Hydrogen Safety Panel  
Add new content after Hydrogen Safety Panel review/approval

H2 Incident Reporting and Lessons Learned
Achieve Target of 220 Records in Database (9/30/11)

Currently 194 records
26 more in progress

Analyze Lessons Learned  from Incidents (9/30/11)
Publish thematic “Lessons Learned Corner” quarterly 
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Approach
H2 Safety Best Practices

Best practice = a technique or methodology that utilizes available 
knowledge and technology to achieve success
Best practices are compiled from learnings and observations from 
Hydrogen Safety Panel site visits, safety plan reviews and other 
work, and available reference materials tailored specifically to 
working with hydrogen.
Proposed new content is discussed at Panel meetings.
PNNL staff create draft strawman materials.
Panel members and PNNL subject matter experts review the drafts 
and provide comments.
PNNL staff revise drafts based on reviewers’ comments and then 
publish materials on website. 
Respond quickly to user questions submitted from the website.
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Technical Accomplishments
H2 Safety Best Practices

Added new section on Hydrogen Properties, 
focused on combustion and liquid hydrogen 
expansion
Added new section for students, technicians, 
and young engineers not familiar with hydrogen 
called “So You Want To Know Something  
about Hydrogen”
Added new section on Indoor Refueling of 
Hydrogen-Powered Forklifts with team of 
industry experts
Added new section on Chemical Hydrogen 
Storage
Added more photos to enhance website 
appearance
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Hydrogen Overview 
• Properties and Behavior
• Applications
• Systems and Controls
Hydrogen Hazards
• Leaks 
• Flames 
• Explosions

Photo: Nuvera Fuel Cells

Photo: Imageworks



Proposed Future Work
H2 Safety Best Practices

Add new content
Brainstorm with Hydrogen Safety 
Panel to identify gaps in content 
that should be addressed

Enhance website utility
Continue to link content to safety 
event records in H2Incidents.org
Add more photos, graphics, and 
videos

Encourage use of website and 
respond quickly to user questions 
with assistance from Hydrogen 
Safety Panel, NASA, and PNNL  
staff 
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Alarm System in a 
PNNL Laboratory

Fume Hood in a 
PNNL Laboratory



Collaborations
H2 Safety Best Practices

Since 2010 AMR

Hydrogen Safety Panel 
Addison Bain
Dave Farese
Don Frikken
Richard Kallman
Andy Sherman

NASA White Sands Test Facility
Steve Woods

Nuvera Fuel Cells
Aaron Harris

NREL
Carl Rivkin
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Thanks to my PNNL colleagues: 
• Nick Barilo 
• Andy Minister
• Kathleen Quick
• Steve Weiner

Hydrogen Safety Panel visits Bridgestone 
Firestone in Graniteville, SC



Approach
H2 Incident Reporting and Lessons Learned

Purpose:  Facilitate sharing of lessons learned from hydrogen incidents to 
help avoid similar future incidents, without attribution to organization, 
location, or date of occurrence

Success requires that people use the database and not fear negative 
consequences from reporting incidents.  We encourage all DOE projects 
to submit incidents and near-misses with lessons learned.

Pursue addition of new records by actively seeking news reports for 
hydrogen incidents and searching existing databases for hydrogen events.

Contact private-sector companies who experience hydrogen incidents 
and near-misses to solicit permission to publish records.

Establish and maintain a mechanism for online submissions of records.
Add links to H2BestPractices.org to emphasize safe practices for 

working with hydrogen.
Provide expert review of all incidents and lessons learned by Hydrogen 

Safety Panel and PNNL subject matter experts.

10



Approach
H2 Incident Reporting and Lessons Learned

Each safety event record contains:
Description
Severity (Was hydrogen released?    
Was there ignition?)
Setting
Equipment
Characteristics (High pressure?         
Low temperature?)
Damage and Injuries
Probable Cause
Contributing Factors
Lessons Learned and Mitigation Steps
Some records include photos
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Tube Trailer Rollover

Gas Chromatograph Piping 
Leak and Explosion





Technical Accomplishments
H2 Incident Reporting and Lessons Learned

Added 55 incident records since 2010 AMR
Currently 194 records in database, and 26 more in progress
Collaborated with national labs, universities, and private-sector firms 
in the U.S. and other countries to prepare/submit records of 
incidents and near-misses 
Significant time spent interacting with incident “owners” to extract 
maximum value in lessons learned from their perspectives
Obtained hydrogen incident alerts from DOE and Google Alerts
Created quarterly issues of “Lessons Learned Corner” to analyze 
hydrogen safety themes illustrated by database content
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Technical Accomplishments
H2 Incident Reporting and Lessons Learned

Incorporated bar graphs to 
characterize database 
contents in terms of: 

Settings
Laboratory (67)
H2 Fueling Station (20)
Commercial Facility (19)
Power Plant (16)
H2 Delivery Vehicle (14)
Others…

Equipment
Damage/Injuries
Probable Causes
Contributing Factors
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Settings



Technical Accomplishments
H2 Incident Reporting and Lessons Learned

Lessons Learned Corner (LLC)
Publish quarterly
Summarize lessons learned for specific 
hydrogen safety themes
Illustrate with safety event records  
Themes covered to date:

Management of Change
Working with Reactive Metal Hydrides
The Importance of Purging Hydrogen 
Piping and Equipment
Hydrogen Use in Anaerobic Chambers
Adequate Ventilation of Battery 
Charging Facilities
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Technical Accomplishments
H2 Incident Reporting and Lessons Learned

Sample LLC --- The Importance of Purging H2 Piping and Equipment 
All personnel should be trained on proper procedures for 

taking hydrogen systems offline and for bringing them back online.
Getting Ready for Maintenance

Always assume that hydrogen is present.
Use a properly vented inert gas subsystem for purging.

Bringing a Hydrogen System Back Online
Always assume that air is present.
Reduce oxygen levels below 1% before putting system back online.

Incidents Caused by Improper Purging
Improper purging procedure in a power plant results in hydrogen fire
Ignition of leaking hydrogen from tubing in a hydrogen production facility
Small-scale chemical reaction flash in a laboratory
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Proposed Future Work
H2 Incident Reporting and Lessons Learned

Continue to add incident records and lessons learned to the 
database
Continue to publish quarterly thematic installments of Lessons 
Learned Corner
Notify interested parties when new incident records and Lessons 
Learned Corner installments are posted
Identify additional sources of hydrogen safety event information 
(e.g., other databases)
Add links from incident records to best practices that should have 
been used to avoid incidents
Encourage national labs, universities, and private-sector 
organizations to voluntarily submit records of incidents and near-
misses to the website to share their lessons learned  
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Collaborations
H2 Incident Reporting and Lessons Learned

Since 2010 AMR

Key collaborators are organizational “owners” of the 
incidents and near-misses added to the database
Hydrogen Safety Panel

Addison Bain
Dave Farese
Don Frikken
Richard Kallman
Andy Sherman
Ed Skolnik
Bob Zalosh

NASA White Sands Test Facility
Steve Woods
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Thanks to my PNNL colleagues: 
• Nick Barilo
• Eric Berglin
• Andy Minister
• Roger Pollari
• Kathleen Quick 
• Steve Weiner

Hydrogen Safety Panel visits Bridgestone 
Firestone in Graniteville, SC



Summary
H2 Safety Best Practices

New content has been added
Hydrogen Properties
So You Want to Know Something about Hydrogen
Indoor Refueling of Hydrogen-Powered Forklifts
Chemical Hydrogen Storage

Best practices linked to hydrogen incidents that illustrate the 
hazards of not working safely with hydrogen.

H2 Incident Reporting and Lessons Learned
Database currently contains 194 records
Lessons Learned Corner (LLC) published quarterly
New graphical representation of database contents
Notices sent out when new incident records and LLCs are posted
Lessons learned linked to best practices that would have        
helped avoid the incidents
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