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Outline:

The SINQ neutron spallation source:
e Layout, Op'eration, Applications
'R&D for higher power: _
' The target development program .

- o STIP: SINQ Target Irradiation Program
e LiSoR: Liquid-metal Solid-metal Reactions
e MEGAPIE: Megawatt Pilot target Experiment

- - Paul Scherrer Institut = 5232 Villigen PSI

title.doc / 03.2002 /



Proton Accelerator Facilities of the Paul Scherrer Institute

‘——-—l Injektar 2 Cockcroft-Walton Accelerator Facdlities
CockcroR-Walton Preacrelerator

Injector 2
590 MeV-Ring cyclotron
Injector 1

N [ Injector Building

Spallation Neutron Source SINQ
Target-Hal' and Target Systems
Neutron Guide Hall

Isotope Productlon

mm Medical-Aplications
Isotope Produstion IP2
OPTIS: Eve Treatment
Proton Theraphy-Gantry

W% Nuclear Physics and Radio Chemistry

Wy Particle Physics
Solid State Physics and

Protor; Channel #% Material Sciences

Beam-Spiitter—]




Target top shielding

[L— (concrete) -
. Vater service ~ Service
r\ // : room
Crane of | Cold moderator
o | neutron target hall - auxilliary Air-lock
Meson. experimental hall | ° | equipment )
Target bulk 7 ’j Tlka .1 -\ ::qgiq
shielding ik s e \|
NN A= = NN
AN ﬁﬁs%m{§h1 N \\\\\\\ - [ =
b \\ Q\ \\ ~ \\ - 5 i ,\\L— \ \
N SN TH : == E
R ' ~ HHH P
‘N E i = H B ’7_ '
. Eﬁ: IJ\_ N i, FHE ssael ' : \
7l ( s i i SElEE L L= -
(e’ o A RN AV Neutron quides
A - R VSV ARV AR “ A A AR NV
. ,//-/ VAR, //- /// PV A
Deflection magnet N : =) : et ‘
, - =1/ /) . Service and
Bean stop ~ ) —|{. maintenance room
. e 2 [II o ‘
. . ) \ | L1
Proton beam line 1y S ey 77

Target catcher

Y

" The SINQ facility




Floor plan of the SINQ halis
with shielding layout (blue), footprints of experiments (green) and
| instrument layout (red)
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Indluding samples

Hg Capsules

Pb-Bi Capsules

Pb-Bi Capsules .
Tensile, Fatigue, TEM
Tensile, Fatigue, TEM
Tensile, Fatigue, TEM
Bend bar, Tensile, TEM
Tensile, TEM

CT, Talclad W, SiC SANS
Bend bar, Tensile, TEM
Fatigue, SANS, TAP :
Carbon fibre samples

10 | Bend bar, Tensile, TEM
41 | Charpy sampies

12 | Charpy samples

13 | Charpy samples

14  Charpy samples

Note: The materials of the

Proton Beam “samples are Steel, Incone!
Zirgaloy mainly.
» Themmecouple
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A sketch illustrating the arrangement of the 17
specimen rods in the target Mark-3. Temperatures
during irradiation are monitored with a total of 10
thermocouples.
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The window of the alummmm safety-hull of target Mark-2 after cuttmg
several discs from itin ATEC.
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Tensile test results of samples cut from the centre and edge area of the proton |
beam and unirradiated material. !
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A picture of neutron radiography showing the middle part of a zircaloy clad
martensitic steel (F82H) sample. The black spots are believed as hydrides
formed in zircaloy cladding.
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LiSoR:

Experiment on Liquid-metal Solid-metal
Reactions ‘

e Materials: Martensitic steels MANET and T91
~» Testing in liquid PbBi '
> at elevated temperature: 300°C
» under constant load (50% of yield stress)
~ »under irradiation: 72 MeV proton beam '

Paut Scherrer Institut - 5232 Villigen PSI titte.doc / 03.2002 /
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MANET IT Tensile Tests in LiSoR at 300 °C in LBE

Paul Scherrer institut » 5232 Villigen PSI MEGAFIE TECHNICAL MEETING Bologna, March 5-6, (2
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~ MANET II Tensile Tests in LiSoR at 300 °C in LBE

Paul Scherrer Institut « 5232 Villigen PSI MEGAPIE TECHNICAL MEETING Bologna, March 5-6, 02
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'MEGAPIE MEgawatt PIlot Experiment

International collaboration to develop a liquid lead-bismuth

spallation target for a beam power level of 1 MW to be operated
at SINQ for one year (6000 mAh) in 2005 aiming to

» demonstrate the feasibility for future ADS development
* increase neutron flux for SINQ

Project Pariners:

g ol R o Department 0
rores ammic Energy Research Inntitute : of Energy

Paul Scherer Institut - 5232 Villigen PSI

MEGAPIE / 03.04.2002 } WW87



The MEGAPIE Target
Conceptual Design

Target head with connectors
Upper shielding plug.

Heat exchanger water manifold
Cover gas plenum |

Flow baffle plate

Main flow EM pump

Flow monitoring sensors

Double walled heat exchanger pin
with intermediate heat transfer fluid

Bypass flow EM pump
Liquid metal container

Outer target container (vacuum shell)

— Water cooled enclosure hull
| (double walled)

— Bypass flow guide tube

Main flow guide tube (heated)

. / Inner beam window |
|- Window cooling jet nozzle
ir g j -

PSI-BQ87_02.10.00 MEGAPIE Target conc-des_3D.doc



Bottom part of the MEGAPIE target shell
with convex-concave |
protection hull window
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PSI GD94/BQ87 MEGAPIE target shell with convex-concave window.doc
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Heat removal and beam window cooling by forced main
(4 1/s) and bypass (0.351/s) flow

CFD simulations (B. Smith)
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Target Instrumentation Schematic

24 |

Function of
Instrument:

Safety

Operation

O Experiment

Instr Schem New Target 4.doc
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_' Pcrfonnance conparlson far different targot materials under SINQ condltlans
: (edwlaﬂons with the code LAHET)
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Expected increase in neutron flux by 50% compared to Mark
II target LAHET calculations (A. Dementjev, E. Lehmann)
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