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Four test dewars for testing superconducting 
materials under a variety of conditions 

Test dewars are fed by 500 liter LHe dewars in 
either a batch or continuous mode 

Operational since August 2011 

Boil-off helium originally vented to atmosphere 

High cost of helium initiated discussion of 
helium recovery options 
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Final helium recovery system will reuse piping 
from the Tevatron to send the helium to a 
Tevatron purification and storage system 

Pending completion of the final system, a 
temporary system was implemented 

The temporary system was considered a 
possible laboratory resource 

Fermilab already had a trailer mounted high 
pressure compressor and helium tube trailers. 
The remaining major component was a gas bag  
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Gas bag mounted in a insulated rented trailer 
with an electric heater to keep gas bag pliable 
during the winter 

Protected by 0.75 psi relief valve 
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Membrane material, 0.050” single-ply modified 
vinyl based polymer 

Trailer inside 
dimensions 

47 ¼’ long 

9’ high 

8 ¼’ wide 
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A high boil-off rate test was performed 

1 ¾ hours into the test, a large boom was heard 

System was secured 

79” tear in gas bag end 

False wall rotated outward 

Equipment damage 
Gas bag 

Semi trailer (bowed walls 
and ceiling) 

No personnel injured 
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Bags are not meant to be pressurized beyond 
that necessary to lift the weight of the 
membrane material (~0.01 psi) 

Overfill protection strategies 
Size bag to handle all possible inventory 

Install a volume limiting control 
Volume limiting relief 

Limit switches to activate compressor or valves 
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The gas bag failed due to a puncture caused by 
the top-right corner of the electric heater 
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First contact. Heater 
face lower right corner. 

Heater corner slid 
down to here. 

Puncture point 
Top corner of heater 

Top louver corner 

Second louver corner 

Third louver corner 
ripped membrane 
during spring back 

after initial tear 

Fourth louver corner 

Edge of heater 

Tear along highest 
(hoop) stress line 

Picture flipped 
horizontally to 
align with heater 
features 

Heater features 
on membrane are 
50% scaled, 
suggesting a 200% 
stretching of the 
bag end wall 
facing the doors 
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Force of bag on heater 
bent the top heater 
bracket. Bracket was 
constrained by bolts on 
the Unistrut®. Resulted 
in the top-right corner 
facing more forward 

An imprint of the 
upper Unistrut® was 
observed in the 
membrane 
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Pressures calculated using 
finite element analysis are 
consistent observations. The 
maximum membrane stress 
calculated was 640 psi. 
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System Design 
Unfamiliar with gas bags 

High work load, multiple projects 

Lack of standards within FESHM specific to gas bag usage* 

Lack of written vendor information* 

Inaccurate mental picture related to assumption of 1 psi gas 
bag MAWP 

Misleading information between laboratory engineers 
related to 1 psi MAWP* 

Complacency leading to a minimalistic application of 
Fermilab Engineering Manual and Cryogenic Safety Panel 
Review 
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Low Pressure Vessels 
Defined as: any closed vessel pressurized to less 
than 15 psig 

Excludes vessels with P*V < 515 psig-ft3 

Many Lab engineers interpret “vessel” as only 
being metallic 
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Written information does 
not state that volume 
limiting controls are 
necessary 

Picture gives misleading 
impression of internal 
pressure 

Misleading 
temperature 
limit 
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Handwritten notes 
between Lab 
engineers 
misinterpreted 
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System Operation 
Lack of communication (written or verbal) between lead 
engineer and operational personnel related to required 
actions when bag is full 

Inaccurate risk perception (supervision not recognizing 
warning signs in picture of the bag lifting ceiling panels)* 

Unclear goals, roles & responsibilities related to lead 
engineer not participating in system start-up (viewed role as 
ending with ORC) 

Unfamiliar with task (first time with continuous fill leading 
to high boil-off rate and boil-off volumes exceeding capacity 
of the bag) 

Lack of practical height or volume indication led to 
overfilling the bag (had to unlock and open trailer door) 
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Ceiling tiles 
being lifted 
during 
previous 
operation 
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Incident Response 
Lack of proficiency / inexperience related to 
reporting an ORPS incident 

Inaccurate risk perception related to entering the 
trailer without following proper confined space 
permit entry procedure 

Mental shortcuts / professional judgment overruled 
procedure 
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Not incorporating a gas bag volume limiting 
control 
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Inadequate application of the Fermilab Engineering Manual 

Manager of engineering activities did not recognize problem 

Incomplete or misleading vendor written information 

Misinterpreted verbal and written information between lead 
engineer and a lab engineer with limited gas bag experience 

Misinterpreted verbal information from the vendor 

Lack of process controls available to implement automated control 

Inadequate system review (internal and external to the 
department) 

Inadequate Cryogenic Safety Panel review due to interpretation of 
FESHM chapters 5032 and 5031.5 

Line management failure to recognize a system problem 
photographed on March 13 during an inspection 
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1. Request that the Mechanical Safety Subcommittee (MSS) 
develop a new FESHM chapter covering gas bag usage as 
well as other fluid containments that are outside of the 
scope of existing chapters 

2. Request that the Cryogenic Safety Subcommittee (CSS) 
revise FESHM chapter 5032 to make it clear that warm 
sections of a cryogenic process are within the chapter 
scope 

3. Request that the MSS and CSS review FESHM chapters 
under their control with an eye on having a clear scope 
and identification of possibly hazardous conditions which 
are currently not within the scope of FESHM chapters 
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4. Identify other fluid containments with significant energy 
or environmental hazard currently used at the lab that fall 
outside the scope of existing FESHM chapters and ensure 
that proper engineering was implemented 

5. Ensure that TD Test & Instrument department 
management and engineering personnel understand and 
abide by TID–N-59 Engineering Work Process Guidelines 

6. Ensure that the Fermilab Engineering Manual is properly 
followed 


