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Optimized Cryostat Layout

2500

5115

1500

9115
fill level LN2

fill level LAr 1000

Ø 4000

• length of neck
increased
► 1m add. LN2

• 2 piece  skirt
► less height 
for transport &
installation

Version 1:  ‘hanging’ Version 2:  ‘resting on pads’
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FMECA, HAZOP & PID for Cryostat
METHODS  FOR  SAFETY ANALYSIS 

FMECA = Failure Mode, Effects and Criticality Analysis
identifies and offers solution to potential problems
(uses severity and probability of events – yields ‘risk’ matrix)

HAZOP = Hazard and Operability analysis
identifies possible deviations from normal operation, and
ensures that adequate safeguards are available to prevent accidents
(uses primary - ‘process conditions’ like ‘flow’, ‘pressure’ – and  
secondary – ‘special adjectives’ like ‘more’, ’less’, ‘no’ - KEYWORDS)

PID       =  Piping and Instrumentation  Diagram

INPUT : New cryostat drawings and Technical Proposal

Apr 21 : Preparatory meeting (LNGS-MPI-HD) at Milano
Apr 25 : Order awarded to Air Liquide (AL)
Apr 28 : Kick-off meeting at Sassenage (AL, MPI-HD)
May07 : Intermediate meeting at CERN (AL, LNGS, MPI-HD)
Jul  05 : Final meeting at LNGS                                 (example for very efficient interaction) 
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FMECA – Severity Classes
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FMECA – Occurrency Classes
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FMECA – Criticality Matrix
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FMECA – Sample Results 
9 of 20 columns – 10 of 52 lines

Function      constraint   device              failure mode     causes              effects
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FMECA - Sample Results
cnt’d columns 9 to 20 

effects                        detection / protection     actions Sr Pr

Sr,Pr

effect on Safety / Production

Si Pi  Si.Pi
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Hazard and Operability Analysis

applied to 7 nodes of PID
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Piping and Instrumentation Diagram with 7 Nodes

vacuum

inner vessel 
vent line
sensors

subcooling

1st filling line

cooling bath

pumping line

re-filling

NB: defines cryogenic
infrastructure ► tendering 
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HAZOP sample result for ‘Vacuum Node’
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Results of Preliminary Safety Discussion 

FMECA and HAZOP analysis show GERDA cryostat system to be 
safe if constructed ‘correctly’ ; NEVERTHELESS, concerns by 
LNGS safety experts (need of 3rd shell or extra wall): 

• Is cryostat really a double-wall container?

we see / argue : YES !

• Is probability for rupture of one shell low enough
for underground use? 

application of ‘Basissicherheits-Konzept’ for
cryostat layout & construction
► reduces probability for single shell rupture to <10-7 per year

In consequence, the maximum credible failure will be a loss of the
isolation vacuum.
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Cryostat & Basissicherheits-Konzept

..... introduced for pressurized components of  German nuclear power plants in
order to yield negligible (10-7 / a) failure probability, in particular for shell rupture:

• use of materials of premium quality – i.e. high ductility
• use of very conservative limits for yield strength
• prevention of stress peaks by optimized design
• optimized construction and quality inspection technologies
• knowledge / analysis of possible failure events
• operational control of all relevant components and systems

Application to our cryostat, i.e. pressure vessel made out of copper:

• Design such that yield strength Rp is less than 10 N/mm2

► this is Rp value of soft copper down-scaled by safety factor of 5
(see next picture for resulting wall thicknesses)

• follow in construction and quality control all rules of Basissicherheits-
Konzept – certification supplied by TÜV Nord.
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FEM Analysis for Inner Vessel V1 + Basissicherheit

ss segment too large...
copper shell too thick...
(cost, weight > 40tons)

Version 1 feasible !  - But
Version 2 to be preferred !!
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Electron-Beam Welding Tests

Order awarded                                        Feb 28     
Schedule for deliveries                            Mar 24

due         delivered

NOSV-Cu – NOSV-Cu (SS)                    Apr 22    May 05
DHP-Cu  -- DHP-Cu (SS)                        May 04   Jun  27
Certification by SLV Halle
Hemispherical part from 2 segments       Jun  06      ?

(example for strong delays)
Preliminary results :

X-ray test of NOSV-NOSV (SS) weld      ‘Bindefehler’ along weld seam:
porosities clearly visible in polished and
etched microsections

Meeting (Jun 7) with experts at CERN:   only > OFE copper < can be reasonably
well welded with an electron beam!
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Porosities along Weld Seam

NOSV-NOSV copper 
e-beam weld

result not acceptable!
Reason:

welding technique ?
NOSV material !

weld seam

DHP-DHP copper welds better ? 

10 mm 
material
thickness
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Manifold 

80
0

to be modified:

2 separate pieces
top : h = 300 mm , for cable feed-thrus - Mu

+ 2 x 100 mm for bellows          
bot : h = 500 mm, for cryogenics           - HD

dia 800

for handling

for cables

for cryogenics
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Manifold and Platform

3D drawing deduced by MPI-Mu engineers from drawing Piante050405.dwg  
(sizes of various beams to be verified)

Big thanks to K.Ackermann and S.Mayer !
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No Access to Manifold !
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Modified Platform:  Access  to Manifold Possible!

modified  platform
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Next Steps
• Jul     Final FMECA, HAZOP, PID review

Final design for vessel
• Aug   Safety Report

Start of certification of welding procedures
• Sep   Safety review by LNGS
• Tender for/order cryogenic infrastructure
• Study of how to install cryostat within water vessel
• Oct    acquire copper material  (OFE material fast available)
• rolling of copper bars  (will be fast)
• ?       pressing of segments   (duration not yet clear)
• precision water cutting of segments
• cleaning of segments (procedure not yet defined)
• EB-welding of half-shells
• assembly of superinsulation (verify radiopurity of ALL components)
• assembly of cryostat and final EB-welds
• cleaning of vessel (procedure not yet defined)
• vacuum tests
• cryogenic tests
• ? 06  Shipment of cryostat to LNGS         
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Conclusions

• Geometry and standard design of copper cryostat finalized
• FMECA, HAZARD, and PID almost done
• Dimensions and construction procedures will be determined by
Basissicherheits-Konzept in collaboration with TÜV Nord
► single shell rupture probability < 10-7 / year

• Welding tests in progress, slow progress
DHP copper may be replaced by OFE copper
(more expensive, but less radioactive)

• Interface (e.g. manifold, platform) problems addressed
• Open issues: corrosion, shields within cryostat (see, however, Igor’s talk)

welding certificates, certificates required by Basissicherheit
• Orders for vessel and cryogenic infrastructure in October possible
if LNGS approves safety concept  in-time.


