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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*) spallation target

for 1 MW beam power 

*) Lead-Bismuth-Eutectic (LBE)

Tm=125oC

Goals of MEGAPIE:

 Increase the neutron flux at SINQ

 Demonstrate the feasibility of a liquid metal target 

for high-power spallation and ADS applications
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MEGAPIE target features
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inserting the target into SINQ 

with the exchange flask

LBE leak 

detector: 

last view

the MEGAPIE target

final 

assembly
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System integration in SINQ (Jan.– July 2006)

Target head

Heat removal system

(oil loop)

LBE filling system

Cover gas decay vessel

View into the TKE (May 2006)
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MEGAPIE start-up

and beam-on operation
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Start-up: First beam on Target: Aug. 14, 2006

40µA / 

25 kW

stable for 

ca. 1.5 h
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18:0016:0014:0012:00

100 A
200 A

Phase 2: Tue., Aug 15, 2006 Phase 3: Thu., Aug 17, 2006

MEGAPIE start-up (cont.)
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MEGAPIE Target Operation: full history

First protons on target, August 

14

First protons on target 

August 14, 2006

On beam: August 14 – December 21, 

2006

• Accumulated charge: 2.8 Ah

• Peak Current: 1400 A

• Beam trips (< 1 min): 5500

• Interrupts (< 8 h): 570
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SINQ: Beam on Target 2006
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availability:
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Low beam 150 μA

THX inlet
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Target temperatures at full beam

Cover gas: 226ºC

THX inlet: 315ºC

Spallation zone

outlet: 340ºC

Oil outlet: 

210ºC

THX outlet:

229ºC

Spallation zone 

inlet: 280ºC

Beam current: 

1274 mA
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LBE: THX inlet

LBE: in main guide

LBE: THX outlet

Oil: THX inlet

Proton beam 

LBE: lower main guide

Temperature transients during beam trips

 scurtinize / validate the thermo-hydraulic simulations
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the new safety devices…
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LBE leak detector

Collimating slit

in proton beamline

VIMOS: beam footprint visualization system

 for details contact

Knud.Thomsen@PSI.CH
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neutronic measurements and 

neutronic performance
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Task 1: Delayed Neutron measurement 
(n-detector in the TKE)

D. Doré, X. Ledoux, S. Panebianco, A. Prevost, D. Ridikas, CEA, France

Objective:

– Investigate the spontaneous 

(βn)-decay reaction of 

spallation products

– Besides general interest: 

Relevance for activation and 

safety issues in flowing 

media

typical decay spectra from 3 different beam intensities
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beam on

beam off

First, illustrative results

central rod

housing arrays of

miniaturized

fission chambers

Task 2: Neutron flux by fission chambers
A. Letourneau, S. Chabod, Ph. Beauvais, E. Dupont, P. Lotrus, F. 
Molinie, S. Panebianco, J.C. Toussaint, S. Breaud, L. Oriol, F. 
Chartier CEA France
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+80%

Gold foil activation

thermal beamport

NEUTRA

Task 3: Neutron flux @ beamports

MEGAPIE



Paul Scherrer Institut • 5232 Villigen PSI HeLiMeRT2009, Mol, 20-22 April 2009 / W. Wagner

PAUL SCHERRER INSTITUT

Ancillary systems: Lessons 

learned….:

HRS: heat removal system
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HRS oil loop in TKE
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Experience:
After extensive endeavors to remedy defects 

discovered during pre-commissioning tests:

• WCL and HRS in SINQ operated 

satisfactorily

• No (or little) parameter adjustments were 

necessary

• Heat removal capacity was (more than) 

sufficient (rather oversized)
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IGS: insulation gas system

Ancillary systems: Lessons 

learned….:
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first week

CGS pressure

IGS

pressure
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IGS: insulation gas volume

Mitigation measures:

• installation of 180 l decay vessel 

in cooling plant

• regular (weekly) venting into the 

exaust system

Problem:
• continuous pressure increase by 5 mbar/h

• ..slightly contaminated by (radioactive) covergas 

– decay period and gas sampling required before 

venting
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full irradiation period: Aug.- Dec.

IGS

pressure
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CGS: cover gas system

Ancillary systems: Lessons 

learned….:
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CGS schematic layout

• handling of radioactive gases:

 stringent requirements

– leak tightness

– second containment

– shielding

– operation procedures

• in principle: sustainable design

• in practice: complex and 

expensive 

decay tank box

small box

connection

to target
decay tank box in TKE
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Start of

Irradiation

Beam

Cover gas 

pressure

Isolation gas 

pressure

End of

Irradiation

Gas 

venting

gas 

venting
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Cover Gas 

decay and

sampling tank

‚small 

box‘

Taking gas samples in the TKE
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CGS: Lessons learned….

• ‚tight‘ is not ‚tight‘

 (small) leak from decay tank to 2nd containment

 Action: regular (weekly) venting of 2nd containment into 

the exaust system

• care for (double) redundancy of crucial sensors

 Failure of one pressure transducer in Small Box

 Action: switch to remaining redundancy

• gas sampling: care for a handy and safe device

 Gas sampling is a critical action and can be a nasty 

job

Pressure transducer
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Summary:
• The MEGAPIE liquid metal target system @ SINQ

– experienced a quick and successful start-up

– operated reliably during 4 months @ 0.8 MW

• …was accompagnied by a variety of unique experiments: 

– thermohydraulics, fluid-dynamics, neutronics, radiologic etc.

• Availability of SINQ with MEGAPIE was at satisfactory 95%

• SINQ user were satisfied with 80% more neutrons

– awaking expectations for the future !!

All in all: a successful experiment and an exciting experience


