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Energy, Climate, and Infrastructure Security (ECIS) Transportation Energy 
Bob Carling (Director) & Art Pontau (Deputy Director) 

We emphasize partnerships with leading 
industry, labs, and academia through our 
Livermore Valley Open Campus REACH 
Initiative. 

We seek to enhance our premiere H2 
science and engineering capabilities to 
promote US innovation and 
competitiveness. 

Guiding Principle: Enabler: 

R&D for Safety, Codes and Standards 
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Simulation and experimental validation of release during indoor refueling  Mechanical load-frame used to 
characterize H2 effects in materials 

Online Technical 
Reference  

Quantitative Risk Assessment helps establish 
requirements for hydrogen installations Regulations Codes and Standards Advocacy 

Hydrogen behavior 
H2 effects in materials, 

components, and systems 

Quantitative Risk Assessments C&S development support 

Enabling safe, efficient, and high-performing hydrogen technologies 

http://www.sandia.gov/matlsTechRef/  
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1)  Hydrogen-surface interactions: molecular adsorption and dissociation 
producing atomic hydrogen chemisorbed on the metal surface 

2)  Bulk metal-hydrogen interactions: dissolution of atomic hydrogen into the 
bulk and segregation to defects in the metal (i.e., transport and trapping) 

3)  Hydrogen-assisted cracking: interaction of hydrogen with defects changes 
local properties of the metal leading to embrittlement and possibly failure 

Science-based understanding of embrittlement essential 
for ensuring safety and reliability of hydrogen technology 

Hydrogen dissolves into metals and affects 
the properties of the metal 
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Objectives of materials R&D at Sandia for 
Hydrogen Safety, Codes and Standards 
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Slide taken from: FCEVs and Hydrogen in California, presented by 
Catherine Dunwoody, October 2012, DOE Webinar 

Goal for California: 
• 68 fueling stations by the end of 2015 
• serving 5,000-15,000 vehicles (FCEVs) 

End of 2012 in CA 
• 13 fueling stations 
• 312 FCEVs 

Source: California Fuel Cell 
Partnership  
(cafcp.org/roadmap) 
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May 4, 2012: Witnesses reported loud “boom”, 
followed by continuous “jet” sound 

•  Hydrogen release and subsequent fire 
•  No injuries or fatalities 
•  Minimal damage 
•  Widely misrepresented in the press 
 

•  AC Transit operates fleet of 12 fuel-cell buses serving the public in 
Alameda and Contra Costa counties in the San Francisco Bay Area 

•  Emeryville fueling station (capacity of 425 kg/day) serves bus fleet 
and is publicly accessible for fueling passenger vehicles 

• More than 1,000 refueling operations prior to event 
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http://www.actransit.org/environment/the-hyroad/
energy-stations  
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•  Details and Impact 
–  Vented approximately 300 kg of hydrogen (150 kg in first 15 min) 
–  Venting hydrogen ignited at vent stack outlet  
–  Hydrogen flame impinged upon canopy (making flames visible) 
–  9th Alarm fire event – local and county police/fire response 
–  Evacuation of local businesses, including Pixar Studios and two 

nearby schools 

AC Transit Station on May 4th; image captured from ABC Local  Video http://
abclocal.go.com/kgo/story?section=news/local/east_bay&id=8648447 

Initiation 
May 4, 7:45 AM  
pressure relief valve fails 
 

Conclusion 
May 4, 10:12 AM             
failed valve isolated 
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•  Fire Department arrives  
•  About 150 kg of high pressure hydrogen already released 
• Gas supplier technicians remotely access station data 

Pressure Relief Vents 

Pressure Relief Valves 

•  Pressure relief valve fails, releasing hydrogen  
•  Hydrogen ignites and impinges on nearby canopy  
•  Employee presses e-stop isolating high pressure gas storage 

7:57 AM  

7:45 AM  
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•  07:45  Valve failure 

•  07:57  Fire Department arrives 

•  08:10 – 09:00  Response to incident escalates  

•  Approx. 09:00  Evacuations of nearby businesses and schools ordered 

•  Approx. 10:00  Storage area entered and failed valve isolated  

•  10:58  Incident command terminated  

Storage area 
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Inlet 

Outlet 
(to vent stack) 

Nozzle Subassembly (5) failed part 
•  Exposed to hydrogen at pressure 
•  Choice of materials available 
•  Material of construction: type 440C 

martensitic stainless steel 

Inlet base (1) 
•  Exposed to hydrogen at pressure 
•  Material of construction: type 316 

austenitic stainless steel 

Body subassembly (3) 
•  Non-wetted, expect during activation 
•  Material of construction: carbon steel 
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Failed  Functional  

A1 
A2 B 

Nozzle in base 

A2 

Cross section of nozzle 
(far left) and failure (left) 

C  Disk subassembly 
D  Set spring 

A1/A2  Nozzle subassembly 
B  Inlet base 
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Functional nozzle 
Measured hardness: 500 HVN 

Estimated: 49 HRC 

Failed nozzle 
Measured hardness: 600 HVN 

Estimated: 55 HRC 

•  G=.>D:."8$.:ZZ8,`$?"1<.,//$5/$>:./5/;,.;$H5;?$/I,>5e>"D:.$
•  G"58,<$.:ZZ8,`$?"1<.,//$,n>,,</$4".=-">;=1,1p/$/I,>5e>"D:.$

•  0/D4";,<$<5_,1,.>,$5.$#5,8<$/;1,.2;?`$U*(($!9"$ 
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•  Hydrogen resistance 
determined from tensile testing 

•  Ratio of reduction of areas: 
gaseous hydrogen relative to 
helium at pressure of 69 MPa 

•  Ref: Jewitt et al NASA 
CR-2163 

HVN of 500-600 
represents yield 

strength of 
approximately 

1600-2000 MPa 
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dO  07"8=";,$".<$54I8,4,.;$7,.;$/#/;,4/$1,8"D7,$;:$/=11:=.<5.2$

/;1=>;=1,/$$

Q  >:44=.5>";,$<,/52.$>?".2,/$;:$"88$I1:\,>;$I"1D>5I".;/$

bO  ]<,.D-#$:II:1;=.5D,/$;:$8545;$;?,$X=".D;#$:-$?#<1:2,.$1,8,"/,<$-1:4$"$

/5.28,$I:5.;$-"58=1,$$

jO  07"8=";,$".<$54I8,4,.;$>?".2,/$;:$e1,$<,;,>D:.$/#/;,4$;:$5<,.D-#$

?#<1:2,.$o"4,/$:.$;?,$/#/;,4$
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8-("Y*Z)=*+)1*Z)=1*6[$"&)"*

•  M?,$I"1D>5I"D:.$:-$3".<5"$6"D:."8$E"F:1";:15,/$5.$;?5/$5.7,/D2"D:.$5/$<=,$

5.$I"1;$;:$;?,$:.2:5.2$/=II:1;$-1:4$;?,$N3$+,I"1;4,.;$:-$0.,12#&$Ss>,$:-$

0.,12#$0s>5,.>#$".<$J,.,H"F8,$0.,12#&$G=,8$@,88$M,>?.:8:25,/$Ss>,O$

$

•  M?,$5.7,/D2"D:.$/=44"15Z,<$5.$;?5/$I1,/,.;"D:.$H"/$"$>:88"F:1"D7,$,_:1;$

H5;?$C,#$>:.;15F=D:./$-1:4$A@$M1"./5;$".<$M?,$E5.<,$k1:=IO$9"1D>5I"D:.$

:-$;?,$5.7,/D2"D:.$;,"4$5/$"8/:$">C.:H8,<2,<.$

$

•  M?,$5.7,/D2"D:.$H"/$-=.<,<$F#$;?,$@"85-:1.5"$A51$J,/:=1>,/$K:"1<O$$$

•  A$I=F85>8#$"7"58"F8,$1,I:1;$R1,-O$3A6+'()'Y%bl'T$<,/>15F5.2$;?,$

5.7,/D2"D:.$:-$;?5/$5.>5<,.;$5/$"7"58"F8,$-1:4$;?,$3".<5"$M,>?.5>"8$E5F1"1#O$
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<,-$1*./01)'$"*9:B15[3$:$",*!"450$",%*
\\\S-T5"450$",%S)1'*]*0(,(*+1):*>@@A*

B52?Y91,//=1,$K=1/;$+5/C$G"58=1,$$

A$?#<1:2,.$;=F,Y;1"58,1$F=1/;$<5/C$-"58,<$";$"II1:n54";,8#$d'(($I/52$R<,/52.,<$-:1$)(&((($I/5TO$$91:<=>;$

85;,1";=1,$/;";,<$F=1/;$<5/C$H"/$-"F15>";,<$-1:4$/;"5.8,//$/;,,8$F=;$H"/$">;="88#$.5>C,8O$

$

3;"5.8,//$3;,,8$Rl(*T$G"58=1,$5.$E5X=5<$B#<1:2,.$E5.,$$

A$F:=1<:.$;=F,$1=I;=1,<$5.$"$I1,//=1,$2"2,$"a,1$d'%$?:=1/$:-$:I,1"D:.$5.$"$85X=5<$B'$/#/;,4O$$M=F,$

H"/$4".=-">;=1,<$-1:4$l(*$33&$/=22,/;,<$>?".2,$;:$*(*$33O$

$

t";,1$08,>;1:8#/5/$3#/;,4$0nI8:/5:.$$

08,>;1:8#/5/$/#/;,4$/,I"1";:1$I8";,$-"58,<O$$04F15q8,4,.;$4"#$?"7,$F,,.$>:.;15F=D.2$-">;:1O$$0nI8:/5:.$

>:=8<$?"7,$F,,.$I1,7,.;,<$F#$I1:>,//$2"/$/,./:1O$$0nI8:/5:.$1,/=8;,<$5.$-";"85;#O$$R.:$4";,15"8$

5.-:14"D:.$I1:75<,<T$

$

G"58=1,$:-$3;"5.8,//$3;,,8$i"87,/$<=,$;:$B#<1:2,.$04F15q8,4,.;$$

i"87,$/I15.2/$4"<,$-1:4$)jYj9B$H,1,$-:=.<$5.$I5,>,/&$>"=/5.2$7"87,/$;:$-"58O$$i"87,$4".=-">;=1,1$H"/$

.:;$5.-:14,<$:-$?#<1:2,.$/,175>,&$/=22,/;,<$>?".2,$;:$/;"5.8,//$/;,,8$4";,15"8/O$

$

3?"a/$@".$K8:H$S=;$:-$3:4,$!:<,8/$:-$@?,>C$i"87,/$".<$K=q,1o#$i"87,/$$

@?,>C$7"87,$-"58=1,$>"=/,<$F#$,4F15q8,4,.;$:-$?52?8#$8:"<,<$?"1<,.,<$/;,,8$<:H,8$I5.&$1,/=8D.2$5.$

45885:./$:-$<:88"1/$H:1;?$:-$,X=5I4,.;$<"4"2,<$-1:4$,nI8:/5:.$:-$1,8,"/,<$2"/O$$3=22,/;$=/5.2$F8:H$

:=;$1,/5/;".;$<,/52.O$
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