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Sequence after fire on August 26, 2011 
 PMTF isolated; access limited.  
     Li-related work halted. EB1200 chamber interior still not cleaned. 

 VP formed Accident Investigation Team; report issued. (Dec.) 

 Separate SNL team investigated and prepared Occurrence Report 
and Corrective Action Plan (released in March).  

 Sandia extensively identified activities needed for safe future 
operation and prepared plan (cost/schedule) for recovery of PMTF. 

 FES decided to support SNL program but not fund PMTF. (April)  

 Sandia is reviewing  possibilities to operate PMTF as a Sandia, 
rather than FES, facility.    
“Work-for-others” business model is very difficult without major sponsor. 

Overview of PMTF and Li Fire 
high visibility – potential for injury 

NNSA (site & HQ/Safety), DOE (FES, SC, Safety, Enforcement) 
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LIMITS is a lithium loop in the Plasma Materials Test Facility at Sandia.   

The sketch below shows LIMITS configured to test a Li jet flowing 
across a vacuum chamber previously used with our small e-beam.   

LIMITS Layout for first use in 2003 
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Setup in EB1200 for Li-He HX Experiment 

Lithium portion of 
test assembly 

Installation photos from door of EB1200 

Li-He HX, Mo, obscured 
by clamp heaters 

Li preheater 
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(cooler) 
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Beam Line 2 Displaced After Fire 
Flange separated from port wall. 
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Evaluation of Li preheater 

Failure sequence (conclusions from evaluation) 

- During pre-test checkout prior to e-beam 
operation, differential gas pressure (LIMITS 
pump off) moved Li at ~400°C from LIMITS 
into the Li preheater which was at ~200°C 
which induced some thermal stress. 

- The 1018 steel cover plate 6-mm thick cracked rapidly 
(seconds) due to stress-induced liquid metal embrittlement.   

- Li at ~8-12 psia streamed into the EB1200 chamber and 
reached the alumina insulator in beam 2. 

- Molten Li attacked the alumina (exothermic).  Holes or cracks 
released water and propylene glycol that cause further 
exothermic reaction, produced hydrogen and the fire. 

Evidence 
- Radiography showed numerous cracks. 
- SEM examination showed brittle fracture patterns                

with strong directional features for crack propagation. 
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Sandia FES-funded program overall 
 Activities continue with Ion Beam Lab (Wampler). 

 Activities continue with CA Group (Watkins, Buchenauer, Kolasinksi +). 

Sandia activities in Fusion Technology Dept. 
 Dennis Youchison and Mike Ulrickson continue in their activities for 

ITER and work with SBIRs (without testing in FY2012). 

 Larry Schneider is Acting Manager.  Richard Nygren stepped down 
(April) and continues in programmatic role and as a senior researcher. 

 Sandia is evaluating options for continued use of PMTF as Sandia  
(Work-for-Others) facility outside of FES base program. 

We will explore new roles in collaborative efforts                                          
to use and  share our expertise in experimental programs. 

Overview of PMTF and Li Fire 
Status of Sandia HHF Program 
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FED 72 (2004) 83-92 

Tina  

at Li glove box 

We have experience with liquid Li. 
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We have experience with liquid Li. 
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But the Li fire happened. 

What were some contributing factors? 

More in the presentation on  

Li Safety Awareness 
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Overview of Issues:  

Lithium Safety Awareness 
Larry Schneider, Richard Nygren and 01658 Team 

Sandia National Laboratories, Albuquerque, New Mexico, USA 
 

1. Incident (Li Fire) on 26 Aug 2011 and Investigation 

2. Experience and complacency 

3. Defense in depth – engineered safety 

4. Some specific issues with lithium 
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Incident (Li Fire) Aug 2011, Investigation 
Plasma Materials Test Facility (PMTF) Area-III 

 PMTF - high heat flux testing 
- 60 kW & 1.2 MW e-beams, high-bay 
- water, He and Li cooled targets in vacuum 

 Flowing Li tests, 2002, 2005, 2011 
- LIMITs lithium loop with heating, rotary pump 
- 2011 test of He-Li heat exchanger, 1st time in EB1200 
- water & propylene glycol cooling of beam line, vessel 

and some internal components 
 Dynamic shock from Li fireball 

beam line 2 separated by 
break of weld at large flange 

face of Li 
preheater 

 Very high visibility (DOE Secretary) 
  Investigation, Corrective Actions, Office of Enforcement  

 No serious injury (but potential) 

 Problematic work documents 

 Material failure 
- 1018 steel (recommended in literature)  
- failed rapidly, low system pressure (~8 psi) 
- thermal stress + liquid metal embrittlement 

 Design failure 
- Low probability accident, high consequence 

- Many reasons this would not happen:  
• low pressure system 
• Li tends to self-plug 
• Li has relatively low thermal mass (ρCp) 
• Expectation: freeze (cold surfaces) 
• Improbable path for Li into beam line 

- Wrong safety basis (He overpressure) 

Lack of defense-in-depth (safety) 
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Defense in Depth:  
Safety is a Design Requirement 

Sandia Investigation for Corrective Actions - items 

 Lithium Safety Awareness Briefing 

 Engineering Management Plan 

Engineered Safety Approach (PMTF restart process)   

safety basis, analysis, engineering, mitigation, design reviews 

- Define Lab Manager and PI responsibilities (people/roles) 

- Define “Unacceptable Consequences” definition (Des. Req.) 

- Develop Engineered Safety Matrix (analysis tool, Des. Reviews) 

- Others … 

• Define failure modes 

• Define analysis requirements 

• Define controls (engr. & admin.) 

• Others … 

• …   

• Confirm subsystem performance 

• Design Reviews 

Drill down further 

Who - Primary  
• Manager & Lab Manager  - clear roles & requirements 
• Lab staff – detailed knowledge of specific subsystems 
• Analytical support – e.g., model of stress on vessels 

Who – Secondary 
• New “eyes” who know about similar systems 
• SME’s on safety and operations 

How 
• Evaluate potential failure modes with attention to:  

- aggregated hazards 
- modes that trigger multiple failures 
- high impact events 

• Evaluate consequences 
• Develop mitigation 
• More … 
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Lithium Safety Awareness: 
Some Issues for Lithium Handling 

Basic 1: Very reactive liquid metal; exothermic reaction with water; reacts 
with C & N; attacks many materials, e.g., dissolves Cu gaskets 

Basic 2: Handle in clean vacuum or inert environment, etc. 

Basic 3: Pump Li in heated systems with heated piping; plugging arises 
from contamination and cold spots (flanges = thermal mass) 

Basic 4: We clean Li from parts by immersion in a water tank outdoors.  
This produces H2 (flammable), vapor (staff may be sensitive), 
and hazardous waste (water with pH of 14, $$$ for disposal). 

 Cleaning in-situ is also possible slowly with water or iso-propanol 
and appropriate PPE.  Vinegar is another cleaning agent. It 
reacts to give non-caustic solution (used at PPPL). 

Careful: A literature search confirmed 1018 steel as a good choice, e.g., 
applications with vats of molten lithium and some where 1018 
separated Li from water.  A more detailed search, several layers 
below primary references, found the potential for rapid liquid 
metal embrittlement under thermal stress (some data classified). 
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Lithium Safety Awareness: 

What system? 

• Vac vessel, pump, room … 

Who can run it?   

• Students 

• Technologists 

• Minimum number of staff 

• Unmanned at night? 

What is the safety basis? 

• Unacceptable consequences: serious injury, 
damage level for equipment, .. 

• Responsibilities  

• Design evaluations and review, checkout, 
confirmation of safety basis 

• Provisions for safe unmanned shutdown in 
case of accident 

• Compliance:  National Fire Protection 
Agency regulations recently changed, 
NFPA 484 Standards for Combustible Metals 

• Events that trigger multiple failures 

• Emergency Response  

• … 

• … 

What’s in walls and overhead? 

Room with 
circulating 
Li system 

(separate?) 
control room 

Starting Point (consider requirements/implications):   

Design a lab with Li flowing for days rather than just minutes. 

Lithium is implicit with fusion technology. 
FES needs a Li Safety Awareness Program. 

Sandia and PPPL are discussing such a program. 
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Thank you 
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