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Goal and Examples of Key Objectives ENERGY

Enable widespread commercialization of hydrogen and fuel cell technologies through
manufacturing cost reductions, technology validation, codes and standards
development, and education of key stakeholders

Manufacturing Technology Validation
= 2017 - Develop processes to produce = 2017 - Validate commercial stationary
compressed hydrogen storage fuel cells (100 kW to 3 MW) against
systems to help meet the cost target of 2015 system targets (50,000 hours,
$12/kWh (2010 status - $19/kWh) 45% electrical efficiency).
= 2017 - Develop manufacturing = 2019 - Validate fuel cell vehicles
techniques to reduce the cost of achieving 5,000 hour durability and
automotive fuel cell stacks from 300 mile driving range
$38/kW (2008) to $21/kW
Safety, Codes and Standards Communication & Outreach
= 2015 — Conduct a quantitative risk = Utilize webinars to communicate key
assessment to address indoor refueling accomplishments and activities
requirements to be adopted by code = Expand case studies of near-term
development organizations market applications
= 2017 - Complete material testing to
develop ASME/ASTM hydrogen
materials qualification guidelines,
including composites




Challenges
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Examples of Key Challenges

Manufacturing

» Manufacturing processes to produce
high volume MEAs, bipolar plates, and
balance of plant fuel cell components

= Fabrication processes to attach carbon
fiber to conformable tanks

Technology Validation

= |nsufficient data on fuel cell electric
vehicle performance and durability

= |Insufficient data on refueling
infrastructure performance

Safety, Codes and Standards
= |nsufficient data to provide the scientific
basis for technically sound codes and

standards
» Harmonizing domestic and international
regulations, codes and standards

Communication & Outreach

= Resistance to change

= Lack of educated trainers and training
opportunities
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Crosscuiting and Validation Budgets ENERGY

FY 2014 Request - $17.0 M EMPHASIS
FY 2013 Actual - $17.0 M Manufacturing

» Continue core efforts on PEM fuel cells
* Develop real-time, online
T mFY 13 measurement tools
_ mFY 14 »  Simplify roll-to-roll processing of
MEAs
» Collaborate with Advanced

Manufacturing Office and Clean Energy
Manufacturing Initiative

Technology Validation

+ Data collection and analysis of fuel

| cells used in vehicles, fork lifts, backup

power, buses, and trigeneration

1 systems

* Demonstration and evaluation of
advanced fueling components

$M
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Safety Codes and Standards
O W & an |
) QY O » Develop technical information and
c‘,(\ o performance data to enhance codes
K0 4 and standards
0\3 » Facilitate the permitting of hydrogen
o fueling stations and early market

Outreach is planned under all key activities ap p| ications
Educaton for teachers and curricula development is deferred to outyears
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Manufacturing Progress ENERGY

BASF’s new Celtec® P1100W product based on DOE project

= Status: 2012 AMR demonstrated production 10

scale multi-step microporous layer (MPL)

fabrication. 2012/13 focus was on single 09 ——specs. Average

application steps for MPL and catalyst layer ‘_ — - minimum curve
= Approach: Increase solids content (and thus 08 4\ — . maximum curve

viscosity) of ink without loss of stability. &

Investigate alternative application process to 07

handle higher viscosity inks 2

0.6

» Results: Scaled single-pass MPL to production
coating machine. Pilot scale single-pass with
catalyst. All at 2 width. s

Improvement vs. best cloth

Cost (hrs. or material) %o reduction 0o 02 04 afemy 08 08 10
ICoating Time (1/2 width) 28
ICoating Time (full width) 64
Base Material Cost* 44 Project Accomplishments
Ink Time pilot scale = Achieved 4X throughput increase exceeding
* 3,000 5-kW systems 3X project goal

» Reduced total gas diffusion electrode labor
costs ~75%
» Launched new product based on this work
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Manufacturing Progress ENERGY

lon Power to demonstrate NREL's (in-plane) IR/DC technique on their own coating line
(transfer from lab to industry)

Approach
Understand quality control needs from industry partners and forums
Develop diagnostics

Use modeling to guide development

Use in-situ testing to understand the effects of defects

Validate diagnostics in-line 5;}| |"\
Transfer technology E

Optical diagnostics

SOFC Tubes

Elxp:rir:;ental_ & > ] Actual defects on
e ec;_ro tes W't 7 A * GDE sheet
Irect-coate % . From initial trials

ionomer | ' of BASF’s DOE-

From initial trials of ¢ funded process
Gore’s DOE-funded: . improvements

process

. 'mPr.QY?m_e”tS I . _ L = . *Fired tubes (anode + electrolyte)
e i *Detected defects of ~1 mm

3 1'-'I ﬂ . u"l h -. W 9
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PEMFC and SOFC Manufacturing: Status vs. Needs ENERGY

PEM Fuel Cells

| Current MEA |

eLarge batch mixing

eRoll-to-roll processes for
membrane, electrode, and
GDL fabrication

eDecal transfer of electrode
to membrane

eManual assembly of MEA
with seals

eHot pressing

Current Stack -

*Manual assembly

*Manual leak/performance
test

Current BOP

eLean manufacturing
cells and flow

eUnique components

Advancements

eContinuous mixing

*Robotic or roll-to-
roll assembly of
MEAs with seals

eDirect coating of
electrode on
membrane

eHot-roll lamination
or improved
pressing

Advancements

eAutomated
assembly

e Automatic
leak/performance
test

Advancements

eStandardized
designs

*Robotic
BOP/system
assembly line

Solid Oxide Fuel Cells

| Current Cell I

eLarge batch mixing of powders and
slurries

eSingle layer tape casting with
lamination of layers (planar)

*Batch pressing or extrusion of
tubes (tubular)

eSemi-automated coating of
electrolyte and cathode (tubular)

eBatch heat treatment and sintering
*Manual assembly of cells with seals

eManual winding of interconnect
wire (tubular)

Current Stack

*Manual assembly
*Manual shaping of insulation

eManual leak/performance
test

Current BOP

*Manual assembly eLean
manufacturing
cells and flow

eUnique components

Advancements

eContinuous mixing

eMulti-layer tape casting
(planar)

eContinuous pressing or
extrusion of tubes
(tubular)

eContinuous firing and
sintering

*Robotic assembly of cells
with seals

e Automated winding of
interconnect wire
(tubular)

Advancements

eAutomated assembly

eNet-shape or other methods for
insulation

e Automatic leak/performance test

. | Advancements l

eStandardized
designs

*Robotic
BOP/system
assembly line
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Clean Energy Manufacturing Initiative ENERGY

Increase U.S. competitiveness in clean energy products

. nghllghts

Announced March 26, 2013

» Increased funding for manufacturing
R&D across the board

* Increased EERE focus on energy
productivity resources for
manufacturers

* Development of competitiveness analysis and
strategies

« A clean energy manufacturing portal

* Regional and national summits

* New partnerships and engagement opportunities

eere.energy.gov/energymanufacturing
D
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Technology Validation Progress ENERGY

Published final Learning Demonstration report and awarded new projects.

« 3 awards were made to date: Learning Current
O $5 million DOE funding. Demo PrOJects

O Data to be collected from up to ~70 Range (ml) 196-254*
vehicles.

O Planned mileage: Efficiency (%) 53-59 TBD

v" Phase 1 =~190,000 mi

s ! _ Durability (hrs) 2,521 TBD
v' Phase 2 (anticipated) = ~204,000 mi

* Separately validated 430 mile range.

Validation of data via NREL.:

» Validate light-duty FCEV performance and
durability

«z@ nooer

(TSR

« Completed data templates and NREL data
mm security procedures.

R0 )
Cige ER

Utility MASTER:

[omane [remarren [ romne osmesos * Prioritized key analysis topics.

National Fuel Cell Electric Vehicle Learning Demonstration Final Report (July 2012)

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/learning demo final report.pdf
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DOE Awards $2.4M for Hydrogen Station Evaluations and Advanced Refueling Components

350 bar and 700 bar fill capability at all stations. KEY METRICS

Location/Capacity/Utilization:
Station usage patterns and geographic

California State University—Los Angeles (CSULA)

+ Station Location: Los Angeles, CA (on CSULA campus). locations.
» Station Characteristics: Electrolyzer; 30-60 kg H,/day.
Proton Energy (Proton OnSite) Fueling:
» Station Locations: Wallingford, CT (SunHydro #1) and Braintree, MA (SunHydro #2). Fueling rates, times, amounts, back-to-back
« Station Characteristics: 65 kg H,/day, advanced 57 bar PEM electrolyzer (at SunHydro #1 station); fills, communication.
co-located PV array.
California Air Resources Board (CARB) Maintenance/Availability:
+  Station Location: Newport Beach, CA. Maintenance patterns, reliability and

» Station Characteristics: 100 kg H,/day; natural gas reforming. a7 O S 2.

Gas Technology Institute (GTI)

« Station Locations: California (North: San Mateo, Cupertino, Mountainview, West Sacramento) &
(South: Laguna Niguel, San Juan Capistrano) .

« Station Characteristics: new 900 bar ionic compression; gaseous or liquid delivered hydrogen.

Cost:
Energy cost, maintenance cost.

Station Timing:

/ OR ¢ Permitting time, building time, commissioning
time.

[N

Caiforiia - - Norvesstuasen |

. |

[ W. Sacramento, CA
i "/a%  SanMateo, G
= ' Cupertino & Mountainview,C |

il Los Angeles, CA*

Newport Beach, CA \
Laguna Niguel, CA
San Juan Capistrano, CAJA
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New FC bus designs have twice the fuel economy as diesel buses.
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Fuel Cell Stack Hours of FCEBs

'Il'op Fuel Cell
Powerplant Exceeds
12,000 hours

January-11 January-12

Total Hours = 66,278

January-13

5,087 hrs

9,949 hrs

12,096 hrs and Bluways hybrid system (AT)

7,667 hrs

Data Summary for 2012:

 AC Transit, Oakland, CA

» 40-foot Van Hool buses with ClearEdge
Power FC (ZEBA)

« CTTRANSIT, Hartford, CT

» 40-foot Van Hool buses with ClearEdge
Power FC (Nutmeg)

« SunLine, Thousand Palms, CA
» 40-foot New Flyer bus with Ballard FC

> 40-foot EIDorado bus with Ballard FC
and BAE Systems Hybrid drive (AFCB)

30
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Safety, Codes and Standards Progress ENERGY

Data from material handling equipment help to prioritize R&D and codes
and standards activities

Maijority of infrastructure safety reports (82) are hydrogen
leaks primarily from the hydrogen compressor and plumbing
(3,587 kg dispensed per report)

Maijority of MHE safety reports (217) are minor hydrogen leaks
(4,480 stack hours per report)

- N M
By Number of Incidents By Number of Incidents
Total Incidents =7 Total Incidents = 16
6%
149
Yo 6%

14%
FC Stack

Dispenser
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Safety, Codes and Standards Progress ENERGY

Timeline of Hydrogen Codes and Standards to enable critical RCS

| FYos FY06 FYo7 FYos FYoo FY10

b CSTT Formed & RD&D y
RD&D Roadmap! Roadmap a Priiar
ICC Chapter Revised Changes submitted to IFC < NFPA 2 Ld § Buildin :nd
22 Hydrogen | National to coordinate IFCand | Final Document Fire Cg i
Code Adopted | Templates NFPA requirements Published {I codes)
= NFPA 52
\ Hydrogen Specific
B NFPA 52 2006 edition i NFPA 2 Codes and Standards . e
Dispensing Hydrogen Specific Hydrogen ° s NFPASS Hydrogen specific codes
Codes and Standards Technologies NFPA f Draft NFPA 2 published and standards that the IBC
Code Project  pyblic draft +f i RHRIRES and IFC reference such as
Start of NFPA 2 [* 2010 edition ) NFPA 55, and NFPA 853
s CSA HGV4 B 150 DIS CHMC-1TIR, 15O F |
B T otala © Component standards and design codes that are
"Lz @A B POAE60T AsMER31I CSA H series draft + Q"’;’g::;"é and )  referencedin the NFPA codes and standards such as: 'Y
published Ml | saro7io published documents published : a. CSAFC1 Stationary Fuel Cell Power Systems
i b. CGAP1 Safe Handling of Compressed Gases

in Containers

¢ ASME B31.3 and ASME BPVC

/ RCS Accomplishments \

+ Initial approval of the Global Technical Regulation (GTR) at the the U.N. ECE WP29 in Dec.
2012. Full Acceptance targeted in June 2013. The GTR will become U.S. Federal Motor Vehicle
Safety Standard (FMVSS).

» Standard SAE J2579, Standard for Fuel Systems in Fuel Cell and Other Hydrogen Vehicles, was
published in March 2013

* International Standard on hydrogen fuel quality, ISO 14687-2, Hydrogen Fuel-Product

\ Specification— Part 2: Proton Exchange Membrane (PEM) Fuel Cell was approved in Dec 2012 /
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Characterization of non-circular releases enables the prediction of release behavior
from likely failure mode scenarios such as mechanical damage, leaking fittings, eftc.

Shown: Schlieren images of
jet shock structures at two
aspect ratios

Jet Axial length (mm)

Jet Radius (mm)

Jet Axial length (mm)

Jet Radius {mm)

Jet Radius {mm)

Major Axis Minor Axis Sandia
i i National
(faster jet spreading rate) @ Laboratories
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e Materials compatibility information placed on OpenEl website: http://
en.openei.org/wiki/Gateway:Hydrogen

» Updated full public report on Technical Reference for Hydrogen
Compatibility of Materials (SAND2012-7321), 292 pages

» Datasets for fatigue crack growth of materials in gaseous hydrogen

e Technical Reference Technical Database
Unlimited Release
At Sepmen 2 4 1100 Carbon steels 1100 Carbon steels )
1100: C-Mn alloys CIA85: tension, fracture, fatigue
Technical Reference for Hydrogen SAN10: fracture, fatigue
Compatibility of Materials SANT 1: fracturelfatigue
e J
1200 Low-alloy steels 1200 Low-alloy steels
_— 1211: Cr-Mo alloys L NIB10: fracture, fatigue
o 9 1222: Ni-Cr-Mo alloys )
= 7 N\
- 1400-1800 High-alloy steels 1400-1800 High-alloy steels
1401: 9Ni-4Co
L J
2000 Austenitic steels 2000 Austenitic steels
4 ) ) )
3000 Aluminum alloys 3000 Aluminum alloys
(70) sendia Ntioal Laortories 3101: Pure aluminum L SANT11:fracture, fatigue
} 3210: 2xxx-series alloys
| \ 3230: 7xxx-series alloys )
—————————————————————————
- @ @ @]

Sandia
National _
Laboratories
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Home About

> Hydrogen
Production

> Hydrogen Storage

> Hydrogen Delivery

DEPARTMENT

Hydrogen Progrom

DOE Participants

r x " hydrogen.

International Library News/Events

graphy Date & Printable Version

> Hydrogen
memfacring_Hydrogen Safetv BIb|IO raphic Database
>Fueltellf , s, pePparRTMENT
“ietead Hydl d Fuel C
r=amad Hydrogen and Fuel Cel
validatiof
af ome ou articipants nternational
> H About DOE Parti it International
= First Ri
Trainin| > Hydrogen
Production
= g'dt‘t‘:"g > Hydrogen Delivery Home > Codes and Standards
> Hydrogen Storage
= Newslel vd 9 9
> Hydrogen . ..
" Codes & i Introduction to Hyd for Code Official
%] Manufacturing ntroauction 1o rogen tor L.oae IClals
> Educatio|
> Basic Ref
> Systems|
> Systems|
Integrat]
> G
T Welcome!
= HY  nBestPractices Home What is a best practice?
P
Safety Practices Abest practice is a technique or methadology that has reliably led to a desired result. Using best practices is a commitment to utilizing
> Edu available knowledge and technology to achieve success.
> Basi| Sevcutwe What is HoBestPractices.org?
> Gysl|  SatoryPlaming
Awealth of knowledge and experience related to safe use and handling of hydrogen exists as a result of an extensive history in a wide variety
> Gysl|  Incident Procedures of industrial and aerospace settings. Hydragen is gaining increasing attention worldwide as a possible energy storage medium, for later
Y’ conversion to electricity through fuel cells o for use as a combustion fuel. This facus has introduced many new partcipants to research,
Inte conmunications development, demonstration, and deployment of hydrogen technologies (e.g., fuel cell vehicles and stationary fuel cells).

Facility Design Considerations

‘Storage & Piping

Operating Procedures

Equipment Maintenance

The purpose of the Hydrogen Safety Best Practices online manual is to share the benefits of extensive experience by providing suggestions

and ertaining 16 the safe handling and use of hydrogen. Best Practices have been compiled from a variety of resources,
Tany ofwhich are n the public domain and can be downioaded directy o the Referances section. Many cihers can bb obtained wh
reference links found at various places within the manual

Best Practices are organized under a number of hierarchical categories in this online manual, beginning with those displayed down the
left-hand column. Because of the interdependence of the topical areas, however, indiidual pages are often accessible via multiple internal
links. A web-based electronic document format lends itself well to this type of overlapping content

Website features

Please natice the mouse-over feature on this website. When a word in the text appears in blue font, you can see its definition by placing your
cursor over the word. All the definitions are compiled into a Glossary that can be accessed from the References section of every page. There
is also an Acronyme list and a Bibliography that can be accessed from every page. When you click on the link to the Bibliography, it will take
you to the alphabetized list of references for the particular section from which you accessed it Please contact us if you notice any
definitions, acranyms, or references that should be in these lists but aren't

A word about safety

No information resource can provide 100% assurance of safety. Persannel with applicable expertise should ahways be consulted in designing
and implementing any system carrying a potential safety risl

This online manual is directly linked to a companion website, H2Incidents o7, to provide unambiguous illustration of the importance of
following safe practices and procedures when working with and around hydrogen. Like virtually all energy forms, hydrogen can be used safely
when proper procedures and engineering techniques are followed, but its use still involves a degree of risk that must be respected. The
importance of avoiding complacency and/or haste in the safe conduct and performance of projects involving hydrogen cannot be overstated.

& Printable Version

=energy.gov

=energy.gov

Search HyBestPractices

Erter a search term below.
a

References

Glossary

Acronyms

Bbliography

+ Hancidents Database
B e IR Sy
+ DOE Hydrogen Pros
< Hyeogen Satety Bilogrephic
Detabase
« Hycrogen and Fuel Cells Codes and
Standars Matrix

Contact Us.

3 hzbestpractices@pnl gov

* 208 Lessons Learned events in "H2Incidents.org"

« Approximately 750 entries in the Hydrogen Safety
Bibliographic Database

Exciting New
Training Opportunity!

IDENTIFYING
SAFETY
VULNERABIL
What Is It?

Incident Reporting

Hydrogen Ej and Lessons Leamed

Idcntlﬁcauou of Safety Vult Trammg fo
(ISV) 1s an organized effort Incdents | Advanced Sea
and analyze the significance
sscied witha roces o ... New!Lessons Learned Corner
(ie., a hazard analysis). Do i
. As concens about
hazard analysts will help yo iy bbb oL L bchddebd b LL bt ol 1A
enerqy security an e Key themes fom
anyunacceptable_nsks you: W laret: Setings lusratethe rfvant Jessons lemed. Please et us ko whatyoutink and wha themes y Tighlightd n this safety knowfe Qurfist toic
hen working with hydroge ~ 01OW Peoplearete  © ManagementofChange.
) determine your options i More ahautenergy T commesil sty 4
climinating those isks. ~ altemative fuels.H T g Managementof Change
vehicles are becon ™ pgentevey " Ao il oo
9 ; Management of change 110C) s the p 1 , procedures, mateals, personnel, and pocess operations befure hey are
hy Do I}Need It? and we are seeing ! st n ety el o, St genely plab i
[azard analysis can shine a numberof asalie T o s 1) palamslefs[eg ﬂmvram cnncemmnons pHranges 1emperamres pre uw\ noviedgeab hodd evaluete any
In facility design problems ) g -0 opein. O X iy
saf bydrogen operatons E85, whichis amix e 10) supenisors,change rocss seings, st down process).
buse property damage, iy~ 14 5% asaline. Mamt fro—— —— - P
CaAa know s that use of condtions, |fllngindurng b  catestop 4
oy Hasi they S h that re unplanned, but  cortroled o anid problems. s ctic
celltechnologyis ¢ o thatan nerpected chang by et hies 4
certain parts ofthe. T g corapinel | A1y HOC s T . ocel
) y
vehicle demonstral ™ pyosentrcutin mtefs,personne) and menaged wel, e the basic ch hey migthae be
oty deploment 22 elopern et et s desbin
s onsi 7 covemment i )
cells for on-site po Changes in Equipment
[N PR r )
i} piece of is modfed orremoed fiom a facity it s importan o evaluate the impacts of thet change onthe emaining equipment i the facity. For
T pssmevetic ) exanple, see Batery Room £
[ et
o~ Changes in Procedures

Developed training material for

first responders, code officials.
Educated > 26,000 to-date
(online & in-person)

www.eere.enerqy.gov/hydrogenandfuelcells/codes/

16
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Discovering New Ways to Share Safety Knowledge

« First mobile app being developed for
end users

— Integrates H,incidents.org and
H,bestpractices.org into a single,
searchable, iPad and iPhone application

— Features include safety planning guidance -
and checklists

— All tools (except H,incidents.org) are
available without a data connection

 New safety knowledge content

a BEST PRACTICES BEST PRACTICES

(2 search bast practices

INTRODUCTION
INTRODUCTION
H2 PROPERTIES

SAFETY PRACTICES

f DISCOVER

DESSIGN OPERATIONS

— 7 safety events added to H.incidents.org s sl e ——
(208 total) A\ e R
— H,bestpractices.org updated to include the R =

safety checklist developed by the Hydrogen
Safety Panel

>~

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelie Since 1965
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International RCS and Parinerships ENERGY

International Partnerships Critical to RCS Harmonization

International harmonization of

codes and standards helps T~ International Partnership
ensure the safe implementation IFHE for Hydrogen and Fuel
and commercialization of Cells in the Economy
hydrogen and fuel cell et

technologies. The US is

working with other countries, e | INternational Energy
SDOs and CDOs to develop ion ¥ | Agency — Implementing
these critical elements. Agreements
Key RCS Supported by DOE h International
* SAE J2579 (Fuel Systems for Fuel Cell ysafe Association for

and other Hydrogen Vehicles) TN Hydrogen Safety
* GTR Phase 1 (Hydrogen Vehicle

Systems)
* NFPA 2 (Hydrogen Technologies)
* ISO 14687-2 (H2 Fuel Quality)

* CSA HPIT 1 (Compressed Hydrogen
Powered Industrial Truck)

International Conference
on Hydrogen Safety
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Published more than 70 news articles in FY 2012
(including blogs, progress alerts, DOE news alerts)

* Monthly Webinar Series
* Hydrogen Refueling Protocols
* Advanced Electrocatalysts for PEM Fuel Cells
* Wind-to-Hydrogen Cost Modeling and Project Findings
* Mobile lighting

Register at - http://www1.eere.energy.gov/hydrogenandfuelcells/webinars.html "Fuel cells are an important part of our

* News ltems energy portfolio...deployments in
early markets are helping to drive
* New Report Analyzes Options for Blending Hydrogen into Natural Gas Pipelines (March = innovations in fuel cell technologies
across multiple applications."
14, 2013) - Dr. David Danielson

* Automotive Fuel Cell Cost and Durability Target Request For Information Issued (Feb 4, Assistant Secretary for Energy

vt el nsnlwar PCOMIG IR

Efficiency and Renewable Energy
* Monthly Newsletter =9
January 2012 Newsletter . o
* Visit the web site to register or to see archives e e e i o B T . . 4

(http://www1l.eere.energy.gov/hydrogenandfuelcells/newsletter.html) -

e ir

el . i Developed education
: ydrogen ITuel ce materials and educated

more than 9,600 teachers on Hydrogen_fue| cell
powered light tower at

Space Shuttle launch

% ‘ﬂ powers lights at

. entertainment
~ industry events. H, and fuel cells to date.
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Potential Technology Validation FOA Topics*

* Advanced refueling components (H, Meters, Dispensers, Compressors, Hydrogen
Tank-Trailers).

e Hydrogen metering
* Rooftop systems for backup power units

* Notice of Intent — Issued week of May 6, 2013

Potential Manufacturing FOA Topics for FY 14
 |Improved coating of electrodes

 High volume assembly processes

* Balance of Plant for PEM fuel cells and electrolyzers

* In conjunction with Market Transformation FOA
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Crosscutting and Validation Team

Team Lead DOE Golden Field Office Support
Nancy L. Garland Jesse Adams Cassidy Houchins
nancy.garland@ee.doe.gov jesse.adams@go.doe.gov Cassidy.houchins@ee.doe.gov
Greg Kleen Jim Alkire Will James (M&O from SRNL)
gregory.kleen@go.doe.gov jim.alkire@go.doe.gov charles.james@ee.doe.gov
Jason Marcinkoski Allison Aman Kristen Nawoj
jason.marcinkoski@ee.doe.gov allison.aman@go.doe.go kristen.nawoj@ee.doe.gov
Nha Nguyen* Dave Peterson Kathleen O’Malley
nha.nguyen@dot.gov david.peterson@go.doe.gov kathleen.o’'malley@ee.doe.qov
Katie Randolph
katie.randolph@go.doe.gov

Reg Tyler
reginald.tyler@go.doe.qgov

* On detail to FCTO while Antonio Ruiz is on extended leave of absence





