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MEGAPIE, a liquid metal target for SINQ 

MEGAwatt Pilot Experiment:  
Joint international initiative  
to design, build, licence, operate 
and explore  
a liquid metal LBE*) spallation 
target for 1 MW beam power  
 
*) LBE: Lead-Bismuth-Eutectic   Tm=125oC 

àIncrease neutron flux for SINQ 

Motivation I 



„If MEGAPIE only clearly demonstrates that  
such a facility is not licensable in Switzerland,  
the project is fully worth 10 Million.“ 
 
Project President M. Salavdores  
at Megapie SC Meeting December 2002 
 

Motivation II 

 
„We are a little more ambitious than that !“ 
 
K. Thomsen in reply 



Ø we want(ed) new challenges 

Ø we need(ed) new challenges 

• to strengthen our expertise 

• to improve the level of performance 

• to remain an attractive user facility 

• to participate at the forefront of new developments and 
technologies 

Ø we do not want to endanger the facilities 

• trade-off between (partly) conflicting interests 

SINQ – Balancing User Operation, Development  
Projects and Spin-off Support 

Policy, Motivation III 



Several Licensing Authorities Involved over Time 

The main licensing partner for 
MEGAPIE certainly was 
(at least in the earlier phases)  
The Swiss Federal Office 
of Public Health (SFOPH) 
 
(and I happily use their slides) 



Licensing in a nut shell: Stepwise Approach 



Licensing in a nut shell: Stepwise Approach 1 
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3 



Licensing in a nut shell: Stepwise Approach 2 



Licensing in a nut shell: Stepwise Approach 3 

PSI had/have more docs. than that 



Licensing in a nut shell: Stepwise Approach 4 



We did not argue 



We did not argue 



Example Snapshot from PSI Perspective 



More Snapshots from PSI Perspective 

March 2006 

May 2006 



«Reasonable» Quality Assurance from an Early State 

• General global common aim, i.e., (in my memory)  
 
„Develop and Operate a Safe LM Target for SINQ“ 

 
• Stepwise procedure with well defined Milestones & Reviews 

 
• Clear Established Procedures 

 
• Priority on Safety 

 
• Documentation as required 



Stepwise QA 1 



Stepwise QA 2 
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DECISION TABLE FOR TARGET SYSTEM - DDR2 25 / 26 FEB. 2003 

 

    Mi =  minor impact / Ma = Major impact / ? Impact not known 
Impact* Item Open Issues / missing items    may have Impact* = on DESIGN / COST / SCHEDULE  Mi Ma ? 

1. Pressure values 
(design / test) 

a) PRESSURIZED VOLUMES AT MEGAPIE 14/02/2003 Version 1 exists but not cross checked with 
calculation b) No Notified Body defined and restrictions/time schedule not known  X  

2. Earthquake a) No final calculations, 1. Conclusion: minimize gap between LLMC and LTE    ? 
3. EMPS a) Connector system design outside of “Target EMP support flange”, in the change area of “staff-flexible” 

and in the area of the target head flange b) Separation of work area with stainless steel (clean area) for 
welding and assembly c) Final stress calculation d) Final pump specification e) 3D Model of pump f) 
notified body not defined 

 X  

4. THX a) Docus: static accidental load and thermomecanical load not released b) Definition THX welds 
(penetration of impurities to root of weld) c) correct tolerances d) Move bellow e) using 316LN or 316Ti  X  

5. LBE freezing a) Definition of freezing X   
6. Fill and Drain a) dwg not complete (pipe missing) X   
7. Cover Gas Sys. a) Concept second containment target head (handling overpressure) b) Cold trap dwg missing X   
8. Insulation Gas 
System 

a) Calculation on D2O / LBE interaction in the target insulation gap and LBE tank (H. Jacobs) *=> Very 
serious  b) Calculation on water ingress into insulation gas c) Change from Argon to Helium increases the 
heat loss of the target to about 20kW  

X*   
9. Instrumentation a) LBE detector test and design missing b) Cabling / Insulation of LBE signal wires  X  
10. Interfaces / 
Materials 

a) Change from Alu to silver of Cefilac sealing only target head (delivery time unknown) b) latest IPUL 
dwgs not cross checked with SUBATECH dwgs – done c) Fixation of thermal insulation   X  

11. Drawings / 
written documents 

a) 2 welds upper target enclosure b) coatings not defined (e.g. T91 window) c) lower oil leak detector 
(inside) d) general technical specification / Test and Inspection specification not released by PSI e) level 
of dwgs for manufacturing not reached yet f) Shielding update and check g) written documents not 
updated h) Lower target enclosure no CORR_B performed by PSI i) Seal cooling system target head  

 X  

12. Assembly a) Assembly drawings b) P&ID c) shielding (radiation) not checked by PSI X   
Is the Target well enough defined and detailed, so ATEA can finish the manufacturing planning and cost determination? No 

The consequence of this decision was: 
 

The Target will be splitted in LOTs for 
the manufacturing! 

Stepwise QA 3 



MEGAPIE Integral Test in full 1:1 geometry was essential 

Ø EMP/EMF performance 
Ø Thermal hydraulic test with 200 kW heater 
Ø Beam window coolig tests 
Ø September – Dezember 2005 
Ø 133 hours of operation with LBE 



Determining the bypass jet flow rate by finding the qualitative agreement 
of between CFD simulation and the warm-jet infrared thermographic 
method  (J. Patorski).    

Main EMP:23 A; Bypass EMP:23 A CFD Simulation: Main   36 kg/s (39 kg/s total) 
  Bypass  3 kg/s 

Beam Window cooling 



Full Scale Leak Test FSLT 



End of MITS tests: Apero December 16, 2005 



It is the people ! 

P. Ming:  



Three New Safety Devices for MEGAPIE 



Requirements by the Director were More Demanding than Authorities’ 

One more Experts Group is Checking Safety Installations: 



There would be things to improve 

See welding of Calotte 

.. we had a very good and tolerant design !! 



We managed 

Short list of attributes and attidtudes required for and showed by 
the MEGAPIE Project Team and the Licensing Authority: 

• Competence 

• Effort & Dedication 

• Good Communication 

• Openess & Transparency  

• Reliability & Respect 

• Prudence & Flexibility 

• Patience 

• Trust 

• Good Will 

We were certainly not perfect in any of those 



Acknowledgements to about Everyone involved in MEGAPIE 
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