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Overview

Timeline Barriers

» Project start: 10/05 » A. Limited Historical Database
» Project end: 2012 » B. Proprietary Data
B Percent complete: Onaoin » C. Validation of Historical Data
PICIe.- NGOG . b Liability Issues
» E. Variation in Standard Practice of
BUdQEt Safety Assessments for Components and
» Funding received in FY06: Energy Systems
$120K » F. Safety is Not Always Treated as a
» Funding for FY07: $250K ey Siosses |
» G. Expense of Data Collection and
Maintenance
Partners/Collaborators » H. Lack of Hydrogen Knowledge by
> LANL Authorities Having Jurisdiction
®» |. Lack of Hydrogen Training Facilities for

» Hydrogen Safety Panel and Emergency Responders
potentially all HFCIT projects
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Objectives

» Establish a web-based system for open sharing of lessons
learned from hydrogen incidents and near misses through
use of a confidential reporting tool for such safety events.

» Provide a Hydrogen Safety Best Practices resource to
enable widespread benefit from the wealth of knowledge
and experience already attained in industry, aerospace
and elsewhere.

Pacific Northwest National Laboratory

Batielie

This presentation does not contain any proprietary, confidential, or otherwise restricted information

U.S. Department of Energy 3



H2 Incident Reporting and Best Practices Databases

Approved Incident | Ha |ncident Reporting | & k/ilteritu.re RN &
Reports Database oS onitoring
5o Other
Database ) £ Contributors
Administrator |
5 DOE Project Site
Visit Reports/Safety
Confidential FIE [RETEHE
Userinterface
Public Sanitized
Reports
fety Panel
H2 Incident Reports H2 Safety Best « Safety Pane
Website ‘tg:r?;]} Practices Website
Submit a Literature
Report )
Outputs: Outputs:
- Incident descriptions - Statements of Best Practices

- Full reports (sanitized), photos

- Links to releva

nt best practices

- Glossary and references
- Links to relevant incidents
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Approach

2 Incident Reporting (IR) Database

Review literature, restricted access databases, and other sources for gathering
information on past incidents and identify other ongoing collection efforts.

Monitor H2Incidents email for external submissions.
Develop, sanitize and review approved records.
Input records to database.

Encourage external review and respond as needed.

Hydrogen Safety Best Practices (BP) Website

1.

2.

Batielie

Compile BP from project site visits, submitted safety plans and the extensive
literature.

Request Hydrogen Safety Panel reviews of all BP sections, analyze and
consolidate their comments, and modify best practices per their guidance.

Develop BP website design and content.

Link BP and IR websites through incidents that illustrate specific best practices,
and vice versa. incidents === lessons learned == best practices

Encourage widespread public review, enhance website as new BP sections are
suggested or new incidents are added to H2 Incident Reporting Database.
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H2Incidents.org
contains 130+
incidents to date

Most are from other e
databases but a few
(~10) are from DOE =~ -~

projects, a few others "
submitted via the web.

» \Website receives
several hundred
unique visits per
month (April 2007 was
>1000), ~20% from
international domains.

®» Ongoing discussions
with Golden Field
Office on how to
formalize submission
by DOE projects.

Hzincidents Home
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‘echnical Accomplishments/ Progress/Results

HoIncidents

Hydrogen Incident Reporting Tool

About HoIncidents | Search

Welcome!

What is H2Incidents? Latest Reports

This Hydragen Incident Reporting Database is intended to facilitate the sharing of lessons leamed and other relevant
information gained from actual experiences using and working with hydrogen. The database contains records of events
involving either hydrogen or hydrogen-related technologies.

The focus of the database is on characterization of hydrogen-related incidents and near-misses, and ensuing lessons
learned from those events. All identifying information. including names of companies or organizations, locations. and the
like are removed to ensure confidentiality and to encourage the unconstrained future reporting of events as they occur

How does H2Incidents work? TOTAL EVENTS REPORTED: 103 {SHOV ALL)

You can access incident reports on Hzlncidents in a number of different ways. Here on the home page. you can go directly to the latest posted incidents using the navigation in
the box to the right labeled “Latest Reports " The bottom of this box also contains a total for the number of incident reports in the system. By clicking the "show all" text next to
this number, you can view a co nc 5.

To look for incidents related to specific details, you can use the left navigation The four main headings— iries, Equi ; 3
through the collection of incidents to find those that interest you. At any time. you can alse use the Search box along the top of the page, or use the A
some more options as you search the database

Il help you drill
n form for

If you have an incident you would like to include in the Hzlncidents database, please visit th b I page. This page will ask for a wide range of information on your
incident. Please enter as much of the infarmation as possible. In order to protect your and your employer's identities, information that may distinguish an incident {your contact
information, your company's name, the location of the incident, etc_) will not be displayed in the incident reports on Hzlncidents

Search Haincidents

Enter a search term below or use the Ac
when searching for matching incidents

ch form. Separate words or phrases with commas or spaces. then select whether to include ALL or ANY of the words

& Find ALL of the terms entered.
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H,Incidents

Hydrogen Incident Reporting Tool

About Hzlncidents | Search

Incident Report

Sort by

e Technician Accidentally Removes Critical Bolts from a Dewar Fitting
Damages and Injuries

Mo Incident Date defi

Equipment
Factors Severity: Was Hydrogen released? Was there Ignition?
— Incident Yes No
Tools
Advanced Search Description
Submit an Incident Incident Synopsis

A technician accidentally loosened critical bolts holding a fitting to the top of an Hz tank, which caused a large hydrogen leak in the dewar. The fitting contained various
instruments. and upon loosening the third bolt. Hz gas exited through an opening in the seal. The Viton or neoprene O-ring was blown out of its groove and was immediately

Hzlncidents Home frozen making it impossible to reseal the fitting cover. The area was evacuated, the dewar was vented and the gasket was replaced. The ullage space was not purged with
helium gas during the gasket replacement which may have been responsible for small leaks which developed during the transfer.

Cause

The fitting containing the instruments was mounted on a flange, which was in turn secured to another flange. A set of long bolts and short bolts were used to retain the
components. The bolt heads were identical and not identified, hence leading to the error in loosening the wrong bolts. The leaks that occurred after the gasket was replaced
were probably due to moisture condensation on related vent valve components.

Lessons Learned/Suggestions for Avoidance/Mitigation Steps Taken

Proper bolt identification can prevent similar occurrences in the future. This can be achieved by simply painting the critical bolt heads a certain color (or by purchasing bolts
painted bolt heads). An explanation form should then be clearly posted, which indicates which bolts are critical, and which arent. This information should then be disseminz
to all of the relevant technicians.

Primary Cause(s)

# Routine Maintenance

Setting:
* | aboratory

Equipment:
* Hydrogen Storage (vessels, cylinders, etc )
= Piping/Fitting
= Dewar
Characteristics:
& Low Temperature (< -100°C)



"echnical Accomplishments/ Progress/Results

Working outline of
the Best Practices
website content has e

Safety Culture What is H2BestPractices.org?

b e e l I d eve I O p e d Planing & Risk Assessnent Hydrogen has been produced, transported, stored, and used for decades in a wide variety of industrial and aeraspace settin

2alth of knowledge and experience related
to safe use and handling of hydrogen exists as a result of this extensive history.

Design 8 Assembly Hydrogen has alsa recently come under worldwide investigation as a possible energy storage medium, for later conversion to elect

(]
recent shift in focus has introduced many new participants to research, development, demonstratien, and loyment of hydrogen te
Equipment Maintenance fuel cell vehicles)
experience by providing a resource where those who are

O 0 The purpose of the Hydrogen Safety Best Practices website is to share the benefits of this extensive
Hydrogen Storage unfamiliar with hydrogen can find suggestions and recommendations pertaining to its safe handling and _ Best Practices are organized under a number of hierarchical
categories in this website. beginning with those displayed down the left-hand column. Because of the int pendence of the topical areas. however. individual pages are often
Operating Procedures accessible via multiple internal links. A web-based electronic document format s itself well to this typeof overlapping content.
These Best Practices have been compiled fram a variety of resources, many of in the public domain and can be downloaded directly from the

Communications
u n e rway . A word about safety:

y thraugh fuel cells or other uses. This
nologies (e.g., stationary fuel cells and

Incident Procedures

Mo information resource can provide 100% assurand
consulted in designing and implementing any syster

Individual situations often call for individual attention. Personnel with applicable expertise should always be
pptential safety risk.
HzBestPractices Home

» Best Practices |
website design is
under development.

companion website Incidents_org, to provide unambiguous illustration of the importance of following safe practices and procedures when
e virtually all energy forms, hydrogen can be used safely when proper procedures and engineering techniques are followed, but its use
be respected. The importance of avoiding complacency and/or haste in the safety-related emphasis of projects invalving hydrogen
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Search - »» Storage >> Compressed Gas => Storage Vessels => Cylinder Handling and Securing

Safety Culture

Planning & Risk Assessment

Design & Assembly

Equipment Maintenance

Hydrogen Storage

Operating Procedures

Communications

Incident Procedures

HsBestPractices Home

Contacts:

Wiebmaster | Content Manager
Last Updated: April 2007
Security & Privacy

Related Sites
HzIncidents Reposting Tool

DOE Hydrogen Program

Hydrogen and Fuel Cells

oge

H2BestPractices is intended for public
use. It wes built and is maintsined by
Pecific Northwest Mational Laboratory
with funding from the L5

Deparment of Energy

gy

Definitions

An oxidant is a chemical reagent
that oxidizes another material (e.g.,
causes combustion of a fuel to
occur).

References

For additional details, see Air
Products "Safetygram #4 Gaseous
Hydrogen" on the Air Products
website at

waw.airproducts com/productsafety |

For more good practices, see "Gas
Cylinder Safety Guidelines”,
prepared by lowa State University
Environmental Health & Safety,
Ames Laboratory Environment,
Safety, Health & Assurance,
August 1997.

Cylinder Handling and Securing

Compressed gas cylinders should be secured and stored upright in a well-ventilated, cool, dry, secure area that is protected from the
weather and free of combustible matenials. They should be stored away from heavily traveled areas, emergency exits, and areas
where salt or other corrosive materials are present. Signs that say "No Smoking” and "No Open Fla should be posted.

drogen may also be stored

Cylinders can be used individually or manifolded together to provide a larger hydrogen storage volume.
ually mounted on trucks

in large, high-pressure honzontal gas storage tubes at a stationary facility. Mobile gas storage tubes are
referred to as tube trailers for transporting between locations.

ities are necessary, they will require a locally

Commeon gas facilities for fuels and oxidants are strongly discouraged. If s%gh
valves, venting systems, and personnel technically

granted waiver. The installation must have proper purging procedures, block
trained in gas handling.

Cylinders should never be dropped, dragged, or rol and-trucks should be used for moving cylinders from one location to another.

Supporting Examples

The ANSITAIAA Guida
hydrogen tube trailer a
incorrect purging proced ¥
trgj nition was likely de

of Hydrogen and Hydrogen Systems describes a tube trailer explosion that occurred after a

gen tube trailer were simultaneously connected to the same manifold. Insufficient barriers and

0 damage of one shutoff valve and flow of higher-pressure oxygen into one tube of the hydrogen
to high-velocity flow through a valve.

Related Incidents

» Hydrogen Tube Trailer Explosion
» Hydrogen Cylinder leak



Future Work

Incident information to be pursued and added to database as it
occurs, is obtained through continuing literature review or is
submitted externally.

Preliminary trends (e.g., involving storage, human error) are already
starting to become apparent in information obtained to date;
upcoming summary features of H2Incidents.org will enable their
highlighting and increase utility of the site.

User interaction to be encouraged through additional input features.

Working towards a limited public review of the draft Best Practices

website by the end of FYO07; public release planned for second
uartler of FY08. All content to be reviewed by the Hydrogen Safety
anel.

e Extensive comments expected. Please add yours!

» Integrated operatiné; versions of both sites available to public in
early calendar 2008.

e Websites will be “I_iving” sites, updated whenever new incidents or best
practices information becomes available, or when valid external
comments received.

e BP website outline will be expanded to cover other components as
gaps are identified.

>
>
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Summary

» This project is on schedule to produce a draft version of
the H2 Safety BP website for limited public review by the
end of this FY.

» The first operational component, H2Incidents.org,
already appears to offer value to the hydrogen
community by its continued visitation and feedback
received from others.

» Ultility of the system will be further enhanced through
additions made this year.

» Completed, integrated IR/BP system should be publicly
available before this time next year.
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