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PNNL Hydrogen Safety and Education Program
An Integrated Approach

The PNNL Hydrogen Safety and Education Program
contributes a number of important activities to the Fuel
Cell Technologies Program. The current main elements

of the program are shown here. _
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Overview

Timeline Barriers addressed’
 First Panel meeting: E. Variation in standard practice of safety
December 11, 2003 assessments for components and energy
« Continuing systems o
Budaget F. %?L%gsf not always treated as a continuing
* FY09 = $850K G. Expense of data collection and maintenance
« FY10 = $750K

Collaborations
* Energetics Incorporated
« Panel member organizations

« |[EA Hydrogen Implementing Agreement
Task 19 (Hydrogen Safety)

"Hydrogen, Fuel Cells & Infrastructure Technologies Program Multi-Year
Research, Development and Demonstration Plan, October 2007.

o

Hydrogen Safety Panel at NREL’s Wind Technology Center Pacific Northwest
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Objectives

» Provide expertise and guidance to DOE and
assist with identifying safety-related technical
data gaps, best practices and lessons learned.

» Help DOE integrate safety planning into funded
projects to ensure that all projects address and
incorporate hydrogen and related safety
practices.

—
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From
Laboratory
to
Demonstration
to
Deployment



What are we trying to achieve?

» DOE and the Hydrogen Safety Panel are working
to ensure safe operation in the handling and use
of hydrogen and hydrogen systems for all DOE
projects. That vision will be achieved when

m Project teams give sufficient priority to safety in their
work.

m Project teams are aware of relevant issues and best
practices that affect safe operation and handling of
hydrogen and related systems.

m Safety-related gaps are identified and addressed.

"

Pacific Northwest
NATIONAL LABORATORY

7 Proudly Operated by Battelle Since 1965



Hallmarks of Our Approach

» Engage Panel members, OEMs, energy
companies, international partners, first
responders and other stakeholders in all aspects
of our hydrogen safety program

» Focus interactions with project teams on
learning, knowledge sharing and encouragement
of thorough, continuous and priority attention to
safety

—
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Hydrogen Safety Panel
Engaging the Project Team

The Project

Organization
Safety Policy, Practice
and Culture

Safety Planning Guidance

p
>

Panel Reviews Safety Plan

Follow-up Interview

«

Safety Evaluation:
Site Visit/Telephone Interview

R&D, Demonstration,
Deployment Work

Safety Plan

o
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Hydrogen Safety Panel Meetings
Enhance Other Engagements

» Conducted two meetings of the Hydrogen Safety
Panel

m 12t Meeting, Powertech Labs, Vancouver/Surrey, BC,
Canada, June 23-25, 2009

m 13t Meeting, Energetics, Washington, DC, December
8-9, 2009

m 14t Meeting (scheduled for June 22-24, 2010),
Savannah River National Laboratory, Aiken, SC

» Center for Hydrogen Research: Hydrogen Storage Engineering
Center of Excellence

» Visit materials handling facilities using hydogen fuel cell lift

trucks
7
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Hydrogen Safety Panel

By the Numbers...

» 235 safety plans reviewed

» 39 safety reviews conducted

» 13 Panel meetings held

» 8 follow-up interviews conducted

» 6 “good example” safety plans provided

» 5 “white paper’ recommendations submitted
» 2 incident investigations completed

o
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Technical Accomplishments,
Progress and Results — Safety Planning

» Safety planning work expanded with project
Interaction

m Reviewed 56 safety plans since January 2009.
m Six project safety plans currently provided as “good

examples™ and most recently added:
e Colorado School of Mines

m Revised and updated “Safety Planning Guidance for
Hydrogen Projects” to serve as a resource for project
teams.

o
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Technical Accomplishments,
Progress and Results — Project Safety Reviews

» Safety reviews are focused on engagement,
learning and discussion with project teams

m 19 safety reviews conducted/reported since January 2009.

m Site visits result in a substantial number of
recommendations to DOE and the project teams: 41
recommendations in six reports issued since January
20009.

® Hydrogen Safety Panel conducted teleconference follow-
up interviews with project teams to discuss report
recommendations.

» ldentify actions taken and conclusions reached, measure impact
and validate approach

“Not only did it reinforce the importance of safety, %{
we benefited from having experts available for discussions.” -
] Pacific Northwest
- Florida Solar Energy Center NATIONAL LABORATORY
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Measuring Outcomes from Safety Reviews

Categorizing Recommendations and Actions...

...covering eight project safety reviews

Category Recommedations Partial or No Action Total
Implemented In Progress Recommendations
Safety Vulnerability/ 13 3 4 20
Mitigation Analysis
System/Facility 4 4 1 9
Design Modifications
Equipment/Hardware 5 4 0 9
Installation and O&M
Safety Documentation 4 4 0
Training 1 2 0
Housekeeping 4 2 0
Emergency Response 6 2 2 10
Total 37 21 7 65

7
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Secondary Protection for 70MPa Fueling

White Paper from the Hydrogen Safety Panel
» The Goal

m Ensure that a vehicle equipped with a lower service pressure fuel
tank is never filled from a 70 MPa fueling source.

» The Problem

m Many current hydrogen vehicles with 35 MPa storage systems; larger
fleet of CNG vehicles that are also equipped with lower service
pressure fuel tanks.

m There are credible scenarios that could lead to the catastrophic failure
of the tank.

» The Recommendations

m Perform an independent risk analysis of a 70 MPa dispenser filling a
lower pressure vehicle tank and develop approaches for prevention
and mitigation to meet an acceptable level of safety.

m Communicate the potential risk to responsible parties and strongly
encourage those parties to add a secondary layer of protectionﬁt@t(e
existing system of mechanically non-interchangeable Ppacific Northwest

NATIONAL LABORATORY
nozzles/receptacles.
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Future Work

» Remainder of FY2010

® American Recovery and Reinvestment Act (ARRA) fuel
cell deployments

o Review safety plans and conduct safety review site visits

m Continue to review all project safety plans and conduct
safety review site visits for Storage projects as planned

®m Propose FY2011 Annual Operating Plan (AOP) to DOE

o Consider AMR feedback from DOE and reviewers

» FY2011

m Complete ARRA safety review site visits and final report
summarizing findings and conclusions

Pacific Northwest

NATIONAL LABORATORY
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Thank you...

» U.S. Department of Energy

m Fuel Cell Technologies Program (Richard W. Farmer,
Acting Program Manager; Antonio Ruiz, Safety Codes
and Standards Team Leader)

» Colleagues at Pacific Northwest National
Laboratory, the Hydrogen Safety Panel and other

collaborators
» You, the audience

—
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The PNNL Hydrogen Safety and Education Program contributes a number of important activities to the Fuel Cell Technologies Program.  The current main elements of the program are shown here.



PNNL Hydrogen Safety and Education Program

                                        An Integrated Approach





IEA HIA Task 19 Experts Group



Hydrogen Safety Training



Hydrogen Safety Panel



Incident Reporting/ Lessons Learned and Best Practices  

PNNL

Hydrogen Safety and Education Program





We take an integrated approach to our hydrogen safety work.  In an earlier presentation, Linda Fassbender talked about two other aspects of that work: (1) incident reporting and best practices as well as (2) hydrogen safety training props.  I’ll focus on the Hydrogen Safety Panel, although, as I will point out later, the Panel does contribute to those aspects of the overall work.
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 Overview

Timeline

		First Panel meeting: 



	December 11, 2003

		Continuing



Budget

		FY09 = $850K 

		FY10 = $750K 







Barriers addressed1

E. Variation in standard practice of safety assessments for components and energy systems

F. Safety is not always treated as a continuing process

G. Expense of data collection and maintenance

Collaborations

		Energetics Incorporated

		Panel member organizations

		IEA Hydrogen Implementing Agreement    Task 19 (Hydrogen Safety)



1Hydrogen, Fuel Cells & Infrastructure Technologies Program Multi-Year

 Research, Development and Demonstration Plan, October 2007.

Hydrogen Safety Panel at NREL’s Wind Technology Center



The Panel was organized to serve the Hydrogen Safety sub-program and subsequently met for the first time in December 2003 to bring expertise to bear on the success of the Hydrogen Program as a whole.  We’ll meet for the 10th time in June.

As noted in the Multi-Year Program Plan, (1) the work of the Panel is expected to continue throughout the life of the program and (2) the work of the Panel principally addresses the three barriers I have noted here.  

The funding from DOE is noted, but I would also add that there is substantial in-kind cost share provided by many of the Panel members’ organizations.

Energetics, Inc. and Pacific Northwest National Laboratory also provide additional technical support particularly in project safety review site visits, report reviews, etc.  Although not formally a partner, I consider the experts of Task 19 (Hydrogen Safety) of the IEA HIA to have an important connection to our work. 
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Objectives

		Provide expertise and guidance to DOE and assist with identifying safety-related technical data gaps, best practices and lessons learned.

		Help DOE integrate safety planning into funded projects to ensure that all projects address and incorporate hydrogen and related safety practices.
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From 

Laboratory

 to Demonstration

to

Deployment
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What are we trying to achieve?

		DOE and the Hydrogen Safety Panel are working to ensure safe operation in the handling and use of hydrogen and hydrogen systems for all DOE projects.  That vision will be achieved when



Project teams give sufficient priority to safety in their work.

Project teams are aware of relevant issues and best practices that affect safe operation and handling of hydrogen and related systems.

Safety-related gaps are identified and addressed.

*
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Hallmarks of Our Approach

		Engage Panel members, OEMs, energy companies, international partners, first responders and other stakeholders in all aspects of our hydrogen safety program

		Focus interactions with project teams on learning, knowledge sharing and encouragement of thorough, continuous and priority attention to safety



*
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Hydrogen Safety Panel

Engaging the Project Team

*

Organization

Safety Policy, Practice 

and Culture

Safety Plan

R&D, Demonstration, 

Deployment Work

Safety Planning Guidance

Panel Reviews Safety Plan

Safety Evaluation: 

Site Visit/Telephone Interview

Follow-up Interview

The Project
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Hydrogen Safety Panel Meetings  

Enhance Other Engagements

		Conducted two meetings of the Hydrogen Safety Panel



12th Meeting, Powertech Labs, Vancouver/Surrey, BC, Canada, June 23-25, 2009 

13th Meeting, Energetics, Washington, DC, December 8-9, 2009

14th Meeting (scheduled for June 22-24, 2010), Savannah River National Laboratory, Aiken, SC 

Center for Hydrogen Research: Hydrogen Storage Engineering Center of Excellence

Visit materials handling facilities using hydogen fuel cell lift trucks

*
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Hydrogen Safety Panel

By the Numbers…

		235 safety plans reviewed

		39 safety reviews conducted

		13 Panel meetings held

		8 follow-up interviews conducted

		6 “good example” safety plans provided 

		5 “white paper” recommendations submitted  

		2 incident investigations completed



*
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Technical Accomplishments, 

Progress and Results – Safety Planning 

		Safety planning work expanded with project interaction



Reviewed 56 safety plans since January 2009.

Six project safety plans currently provided as “good examples” and most recently added:

Colorado School of Mines

Revised and updated “Safety Planning Guidance for Hydrogen Projects” to serve as a resource for project teams.  

*
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Technical Accomplishments, 

Progress and Results – Project Safety Reviews

		Safety reviews are focused on engagement, learning and discussion with project teams



19 safety reviews conducted/reported since January 2009.

Site visits result in a substantial number of recommendations to DOE and the project teams: 41 recommendations in six reports issued since January 2009.

Hydrogen Safety Panel conducted teleconference follow-up interviews with project teams to discuss report recommendations.

Identify actions taken and conclusions reached, measure impact and validate approach

*

“Not only did it reinforce the importance of safety, 

we benefited from having experts available for discussions.”

				- Florida Solar Energy Center
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Measuring Outcomes from Safety Reviews

Categorizing Recommendations and Actions…

*

…covering eight project safety reviews

		Category		Recommedations
Implemented		Partial or 
In Progress		No Action 		Total Recommendations

		Safety Vulnerability/ Mitigation Analysis		13		3		4		20

		System/Facility Design Modifications		4		4		1		9

		Equipment/Hardware Installation and O&M		5		4		0		9

		Safety Documentation		4		4		0		8

		Training		1		2		0		3

		Housekeeping		4		2		0		6

		Emergency Response		6		2		2		10

		Total		37		21		7		65
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Secondary Protection for 70MPa Fueling

White Paper from the Hydrogen Safety Panel

		The Goal



Ensure that a vehicle equipped with a lower service pressure fuel tank is never filled from a 70 MPa fueling source.

		The Problem



Many current hydrogen vehicles with 35 MPa storage systems; larger fleet of CNG vehicles that are also equipped with lower service pressure  fuel tanks.

There are credible scenarios that could lead to the catastrophic failure of the tank.

		The Recommendations



Perform an independent risk analysis of a 70 MPa dispenser filling a lower pressure vehicle tank and develop approaches for prevention and mitigation to meet an acceptable level of safety.

Communicate the potential risk to responsible parties and strongly encourage those parties to add a secondary layer of protection to the existing system of mechanically non-interchangeable nozzles/receptacles.

*
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Future Work

		Remainder of FY2010



American Recovery and Reinvestment Act (ARRA) fuel cell deployments

Review safety plans and conduct safety review site visits

Continue to review all project safety plans and conduct safety review site visits for Storage projects as planned

Propose FY2011 Annual Operating Plan (AOP) to DOE

Consider AMR feedback from DOE and reviewers

		FY2011



Complete ARRA safety review site visits and final report summarizing findings and conclusions

*

Priority
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Thank you…

		U.S. Department of Energy



Fuel Cell Technologies Program (Richard W. Farmer, Acting Program Manager; Antonio Ruiz, Safety Codes and Standards Team Leader) 

		Colleagues at Pacific Northwest National Laboratory, the Hydrogen Safety Panel and other collaborators 

		You, the audience
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Supplemental Slides
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Responses to 2009

Reviewers’ Comments

		“The Panel and PNNL should state more explicitly criteria for selecting facilities for safety plan review and a more formal method to integrate lessons learned from the plan reviews into an overall guidance document of principles for safety in hydrogen projects.”



The Panel reviews all project safety plans funded under the Fuel Cell Technologies Program with the exception of those funded under the Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project for which safety plans are considered as confidential deliverables.  Site visit safety evaluations are selected by several means including (1) as requested by a DOE program team and (2) on the recommendation of the Panel.  Based upon its experiences with such reviews and evaluations, an updated “Safety Planning Guidance for Hydrogen Projects” has been submitted to DOE to serve as both a safety planning resource and a statement of the requirement for project safety plans.    

*







*

Responses to 2009

Reviewers’ Comments (continued)

		“It seems likely that the Panel will continue to conduct important work on a case-by-case basis.  A more strategic approach that focuses the expertise of the Panel on critical issues and needs may add more value to the work of the Panel.”

		“The weaknesses identified by reviewers were that the team is perhaps too ad hoc and has a reactive approach to selecting activities to focus its expertise…”



The work of the Panel is driven by the objectives established by DOE and noted earlier.  We agree that strategic approaches are best applied that “provide expertise and guidance to DOE and assist with identifying safety-related technical data gaps, best practices and lessons learned. Subjects of two recent Panel white paper recommendations are good examples of this approach: (1) fire suppression agents for metal hydride fires; and (2) secondary protection for 70MPa fueling. As another example, PNNL recently recommended using reported safety event information and Panel expertise to more strategically identify codes and standards (C&S) gaps and inform the C&S process.

*
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Responses to 2009

Reviewers’ Comments (continued)

		“Exploration of a more formal role for the Panel in gathering information and applying its expertise to accident investigation (for the Hydrogen Safety, Codes and Standards program) should be considered.”



The Panel has not been chartered with the responsibility or formal capability to conduct accident investigations.  The Panel does have the expertise to support and participate in accident investigations at the invitation of third-parties and/or the request of DOE and has done so on two previous occasions.

		“Another recommendation was to conduct outreach of results from the safety panel to share its accomplishments so industry knows what’s being done to insure safety, show lessons learned…”



We agree. The outreach of results from the Panel as well as from other work in the integrated PNNL Hydrogen Safety and Education Program is extremely valuable and important. Publications, reports, presentations, newsletters, websites, etc. all represent important means for that dissemination to audiences that are equally diverse – industry, academia, national laboratories, first responders and other stakeholders. 
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Safety Review Reports and White Papers

2009-2010 

Frikken, D., Pero, M. and E.G. Skolnik, “Telephone Safety Interview Report: Development of a Novel Efficient Solid-Oxide Hybrid for Co-Generation of Hydrogen and Electricity Using Nearby Resources for Local Applications, MSRI, Salt Lake City, UT,” January 6, 2009.

Skolnik, E.G., “Telephone Safety Interview Report: Materials Solutions for Hydrogen Delivery in Pipelines, Secat, Inc., Lexington, KY,” January 13, 2009.

Bain, A., E.G. Skolnik, S.C. Weiner and R.G. Zalosh, “Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project, Shell Hydrogen LLC, Washington, DC,” PNNL-18191, January 27, 2009.

Weiner, S.C. and R.A. Kallman, “Secondary Protection for 70 MPa Fueling, A White Paper from the Hydrogen Safety Panel,” PNNL-18523, July 6, 2009.

Barilo, N.F., D. Frikken, E.G. Skolnik and S.C. Weiner, “Safety Evaluation Report: Development of a Novel Efficient Solid-Oxide Hybrid for Co-Generation of Hydrogen and Electricity Using Nearby Resources for Local Applications, MSRI, Salt Lake City, UT,” PNNL-18570, July 16, 2009.

Sherman, A.J., E.G. Skolnik, I. Sutherland and S.C. Weiner, “Safety Evaluation Report: Investigation of Reaction Networks and Active Sites in Bio-Ethanol Steam Reforming Over Co-Based Catalysts, Koffolt Laboratories, Ohio State University, Columbus, OH,” PNNL-18718, September 8, 2009. 

Bain, A., D. Frikken, E.G. Skolnik and S.C. Weiner, “Safety Evaluation Report: Fuel Cell Testing Facility, Argonne National Laboratory, Argonne, IL,” PNNL-18719, September 8, 2009.

Bain, A., E.G. Skolnik, S.S. Woods and S.C. Weiner, “Lead Research and Development Activity for DOE’s High Temperature, Low Relative Humidity Membrane Program, University of Central Florida, Florida Solar Energy Center, Cocoa, FL,” PNNL-18927, October 29, 2009.

Skolnik, E.G., Safety Evaluation Follow-up Report for “California Infrastructure Project: Hydrogen Fueling Station, University of California, Irvine, CA,” November 5, 2009.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Hydrogen Technology Program: Ammonia Borane Tasks, Purdue University, West Lafayette, IN,” November 5, 2009.
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Safety Review Reports and White Papers

2009-2010 (continued)

Skolnik, E.G., Safety Evaluation Follow-up Report for “Hydrogen Fuel Cell and Storage Technologies (FCAST) and Solar Hydrogen Generation Research (SHGR), University of Nevada, Las Vegas, NV,” November 9, 2009.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project, Chevron Technology Ventures/Alameda Contra Costa Transit, Oakland, CA,” November 11, 2009.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Effect of Gaseous Impurities on Long-Term Thermal Cycling and Aging Properties of Complex Hydrides for Hydrogen Storage, University of Nevada, Reno, NV,” November 12, 2009. 

Frikken, D., A.J. Sherman, E.G. Skolnik and S.C. Weiner, “Safety Evaluation Report: Water-Gas Shift Reaction via a Single-Stage Low-Temperature Membrane Reactor, Media and Process Technology, Inc., Pittsburgh and Schenley, PA,” PNNL-19090, January 8, 2010.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Investigation of Reaction Networks and Active Sites in Bio-Ethanol Steam Reforming Over Co-Based Catalysts, Koffolt Laboratories, Ohio State University, Columbus, OH,” February 24, 2010.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Fuel Cell Testing Facility, Argonne National Laboratory, Argonne, IL,” March 22, 2010.

Skolnik, E.G., Safety Evaluation Follow-up Report for “Lead Research and Development Activity for DOE’s High Temperature, Low Relative Humidity Membrane Program, University of Central Florida/Florida Solar Energy Center, Cocoa, FL,” March 26, 2010.

Skolnik, E.G. and D.J. Farese, “Telephone Safety Interview Report: Oil-Free Centrifugal Hydrogen Compression Technology Demonstration, Mohawk Innovative Technologies, Inc. (MiTi), Albany, NY,” April 2, 2010.
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Publications and Presentations

*

		Weiner, S.C., Kinzey, B. and Skolnik, E.G., “Hydrogen Safety Review Panel: Shaping Safety Awareness,” PNNL-15055, 20th Annual Center for Chemical Process Safety International Conference, Atlanta, GA, April 12, 2005.  

		Weiner, S.C., Kallman, R.A., Ruiz, A. and Schneider, J.M., “Hydrogen Safety: From Policies to Plans to Practices,” Paper 100068, PNNL-SA-45632, International Conference on Hydrogen Safety, Pisa, Italy, September 8-10, 2005.  

		Weiner, S.C., “Hydrogen Safety Review Panel: Safety Planning, Practices and Lessons Learned,” PNNL-SA-48885, National Hydrogen Association Annual Hydrogen Conference, Long Beach, CA, March 12-16, 2006.  

		Weiner, S.C., “Safety Practices and Lessons Learned: The Work of the Hydrogen Safety Review Panel,” PNNL-SA-49289, Hydrogen Safety and Risk Workshop, University of Nevada, Las Vegas, April 10, 2006.  

		Weiner, S.C., “From Laboratory to Demonstration: Safety Practices and Lessons Learned,”  PNNL-SA-50930, First European Summer School Hydrogen Safety (ESSHS), University of Ulster, Belfast, UK, August, 2006.

		Versloot, N.H.A., Hoagland, W., Tchouvelev, A.V. and Weiner, S.C., “IEA HIA Task 19: An International Collaboration in Hydrogen Safety,” PNNL-SA-55390, Proceedings of the 2nd International Hydrogen Energy Congress, Istanbul, Turkey, July 13-15, 2007.  

		Weiner, S.C., Kinzey, B.R., Dean, J., Davis, P.B. and Ruiz, A., “Incident Reporting: Learning from Experience,“ PNNL-SA-56185, International Conference on Hydrogen Safety, San Sebastian, Spain, September 11-13, 2007.  

		Weiner, S.C., “Hydrogen Safety Panel: Safety Planning, Practices and Lessons Learned,” PNNL-SA-58049, 2007 Hydrogen Codes and Standards Conference, NextEnergy Center, Detroit, MI, November 28, 2007.  

		Weiner, S.C., “Hydrogen Safety Awareness, Knowledge and Training,” PNNL-SA-60225, DOE/Contractor Fire Safety Workshop, Office of Health, Safety and Security, Gaithersburg, MD, April 29, 2008.

		Weiner, S.C. and Barilo, N.F., “Hydrogen Safety Panel: Shaping Safety Awareness and Practice,” PNNL-SA-61902, 2008 Mary Kay O’Connor Process Safety Center International Symposium, College Station, TX, October 28-29, 2008.

		Weiner, S.C., Hartsock, P.A. and Johnson, N., “H2 Safety Snapshot,” PNNL-SA-63909, Vol. 1, Issue 1, April 2009.

		Weiner, S.C., Fassbender, L.L. and Quick, K.A., “Using Hydrogen Safety Best Practices and Learning from Safety Events,” PNNL-SA-65427, International Conference on Hydrogen Safety, Ajaccio, Corsica, France, September 16-18, 2009.
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Publications and Presentations (continued)

*

		Weiner, S.C., “Hydrogen Safety: Supporting DOE’s Fuel Cell Technologies Program,” PNNL-SA-71796, Energy Facility Contractors Group (EFCOG) Hydrogen Safety Interest Group, Knoxville, TN, April 26, 2010.

		Weiner, S.C., R.A. Kallman and Skolnik, E.G., “Speaking of Safety: Learning from Safety Reviews,” PNNL-SA-71062, 18th World Hydrogen Energy Conference, Essen, Germany, May 18, 2010. 

		Weiner, S.C., Fassbender, L.L. and Quick, K.A., “Using Hydrogen Safety Best Practices and Learning from Safety Events,” PNNL-SA-70148, International Journal of Hydrogen Energy (Special Edition), 2010. 
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