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The MEGAPIE Initiative — ESOARS

® A collaboration to design, build, operate and
explore a liquid lead-bismuth spallation target of
1 MW of beam power, taking advantage of the
existing spallation neutron facility SINQ at the
Paul Scherrer Institute

® The minimum design service = ==+

life will be 1 year (6000 mAh). A\~ <"

> Demonstration of feasibility for g, mm \__ N
future ADS development |

- Increase neutron flux for SINQ
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® National Programs on Partitioning and Transmutation of long-lived
nuclear waste

® French Waste Management Research Act of 1991

® 15 years of research to develop sustainable nuclear waste
management plan

[ ]partitioning and transmutation of long-lived radioactive elements: the

. i . .. . : Radioactive
corresponding studies and investigations must be carried out in Haterlalsand waste
association with those conducted on the new generations of nuclear Planning Act of 28 June 2006
reactors and on the accelerator-driven reactors dedicated to the oo s

transmutation of waste, in order to provide an assessment of the
industrial prospects of those systems by 2012 and to commission a
pilot facility before 31 December 2020.
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LM Spallation Target Concepts at PSI
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Die SING besteht prinzipiell aus: )
— einem Schwermetall-Target (Blei-Wismut-Gemisch),
- ginem Moderator {schweres Wasser) und speziellen kallen Moderatoren (is-

Datum: Tiem W7: Barum:

Visun tLe

Target 5 m high
AT 200°C for 3.2 I/s

T max 1200°C at beam start

- einem massiven Abschirmungsring.
-Zur Abfuhr der Wirme, die durch die Abbremsung des Prolonenstrahls ent-
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MEGAPIE Partnership
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Japan Atomic Energy Research Institute
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Korea Atomic Energy Research Institute
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* *

KAERI, JAERI and Ak
DOE joined in 2002
MEGAPIE-TEST
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23.10.2014
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Forschungszentrum Karlsruhe
Technik und Umwelt

Initiated by

G. Bauer/PSI

M. Salvatores/CEA
G. Heusener/KIT
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Baseline phase (1999- early 2000)
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Bottom of target storage pit

‘J buied seel sh eld

MP_basic conceol. ppt

Specify goals of the project

List boundary conditions

Define technical options

Identify R&D-needs

Outline operational procedures anc
Define post irradiation examination
Identify requirements for final dispc

Beam power about 1 MW at 575MeV, 1.74 mA
Target is LBE (T,,=125C)
Design life of target about 1 year (6000 mAh)

Target dimensions have to comply with the
« Target Block in the SINQ

» Exchange Flask

« Target Storage Positions

Compatible with WCL
Re-implementation of solid target within 1 month
Incremental total project costs 10 MCH

: ITop of proton beam collimator
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MEGAPIE', a 1 MW Pilot Experiment for a

Liquid Metal Spallation Target

G.5. Bauer', M. Salvatores®, and G. Heusener®

' Paul Schemer Institut, Spaliation Neutron Source
CH-5232 Viligen-FSI1, Switzerland

Divizion

* CEA Cadarache, Direction des Réacteurs Nuclgairss,
F-13108 Saini-Paul-lez-Durance Cedex France

* Forschungszentrum Karisruhe, Projekt Nukleare Sicherheitsforschung,
D-T3021 Karisruhe Germany
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MEGAPIE Project Phases (as

of 2004)

[MEGAPIE Overview Schedule

[ [ 2000 2001 2002 2003

MEGAPIE Project Phases

2004
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2005 2006

Phase 1

lJJul 05 -Dec 05

Phase &
lan 06 - June 06

Phase 9
ul 06 - Dec 06

FPhase 10
llan 07 - Aug 07

SING Implementation and Commiss

Irradiation

Storage in Target Storage

ioning

Baselining

OO0

Nov 99-Feb 00
20[}0 20 01 2002 2 E}Os 2 M:\r/& 207]0 [ * MoA signed; Funds for LiSoR allocated
ST Phase 2 Feasibility study
Phase 1 Bas elining Mar 00-Mayoo | | W
Mov 99 - Feb 00 b e Phase 3 Conceptual design
March 3, 2000 @ Mold signed Junoo-sepoo | | I
Phase 4 design
= Oct 00-Sep 01
Phase 2 Feasibility Study Mar 30, 2001 |+ PSAR complete
M ar G U 2 M ay D D 200C Sep 15, 2001 ‘ * Decision on construction; Resources for phases 5+6 approved
Phase 5 DTlal\ed design aTd manufacturing
4 Oct 01-Feb03
Phase 3 Conce ptu al Desi qn Phase 6 System Integration and Testing
Jun 00 - Sep 01 X OOOOMKK  MEKKKK XHX Mar 03-Janos_| |
December 2000 @ Contract SQE‘I'FE'G‘ Jan 15, 2004 Decision to run MEGAPIE; Funds for PIE and disposal secured »
Phase 7 OTeralwon
e = o Mar 04-Aug 04 ||
Phﬂse 4 Eng'neﬂr'ng DEE I ;n Phase 8 PIE and decommissioning
Cict 01 - Jan 02 ® Mar 05-Sepos } | —‘
I
Phase & Detailed Design
llan 02 - Apr 03 KOO 2000CHN  XMOKK
June 2002 @ FPSAR submitted
Movember 2002 1) Target omler placed
. @ Start[Target Manufacturirlg
Phase 6 Manufacturing
Way 03 - Jun 05 XX JOO0D0C 000000 FDOODOMK  J000DEX
September 2003 il H5A Experise
October 2004 [ BAG Licenss
Phase 7 Component and Integral Tests @ Target Re¢ception

PO MO

[ 2008

Reserve
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Consolidated Project Organisation
Design Phase

Project Steering Committee
CEA, CNRS, DOE, ENEA, FZK, KAERI, JAERI, PSI, SCK-CEN

Technical Advisory

Committee Proj. Dir.: M. Delpech, CEA
G. Bauer Tech. Proj. Dir.: F. Groeschel, PSI
Ass. Dir.: K. Thomsen, PSI

Project Management

Project office
P. Stiller, R. Bercher

AT

Karlsruhe Institute of Technology

[

I

I

I

General Tasks
K. Thomsen

Scient. Design Support

C. Fazio

Target System
F. Groeschel

Ancillary Systems
W. Wagner

Experimental Program
H. Heyck

Config. Contr. & Interf. Man.

G. von Holzen

i

Target Reliability (X3)
Bassi

Heat Removal System (X6)
L. Cachon

Heat Removal System
G. Corsini

On-line Monitoring
H. Heyck

Budget and Schedule

Thermal hydr. & SM (X4,X5)

Pump System

Cover Gas System

Data Evaluation |

Design Office
M. Dubs

G. von Holzen | <| B. Smith A. Cadiou G. Corsini W. Leung
Safety and Licensing Solid- I|qU|d interface (X7) Target Vessel and Hull Insulation Gas System Post Irradlatlon Examin.
Ch. Perret Konys A. Cadiou W. Leung
Quality Assurance LiSoR LM Heating System Control System
K. Geissmann T. Kirchner A. Cadiou F. Heinrich MEGAPIE-Test
| J. Knebel

System Integration & Test
W. Leung

i
i
i
i
I
I
1

Operations
H. Heyck

Experimental Program

Quality Assurance
Sample transfer &PIE

Liqu. Met. Technology (X8)
C. Fazio

i
i
1

Nuclear assessment (X9)
J.-C. Klein

Radiation damage (X10)
J. Henry

3/2002 updated in 2/2005 to focus on
commissioning, testing and operation

Target Shielding
Ch. Perret

LM Fill and Drain System
P. Agostini

Diagnostics & Instrument.
A. Cadiou

Target Exchange
A. Strinning

i
i
i
i
I
I
1

Assembling and testing
A. Cadiou

Storage System
A. Strinning

WP1: Target Development
Th. Kirchner

1.1 Design

1.2 Design Support&Validation
1.3 Safety&Reliability Assessment
1.4 Licensing

I

Adaption Hotcells
F. Groeschel

WP2: Target Testing
F. Groeschel

Adoption Beam Line
E. Wagner

i
i
i
i
I
I
I
I
i
1

Target Disposal
E. Wagner

2.1 Component Testing
12.2 Integral Testing
2.3 Target Performance Assessmnt

WP3: Synthesis
G. Laffont

3.1 Feedback PbBi Target Design
3.2 Planning of Irrad. Phase

3.3 Planning of PIE Phase

3.4 Planning of Decomm. Phase
3.5 Beam-on Reporting
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Feasibility phase ( - mid 2000) ﬂ(".

MEGAPIE local control system

Refine technical options

L

Enclosed cover gas Pump and heater Oerating parameter Establish deS|gn data base
e e atasam || [Pover supplysystem| | - monitoring system Analyse anticipated load levels

leakage monitoring attachment | Perform scoping calculations
top shielding [estremovaamaw L Verify cost and schedule plans
oong 01 [reeze contol svstem Identify requirements to ancillary systems

connecting Tea —‘ Target head Identify problem areas
Vacuum system with with hoist

cooling (D,0)

-Target block boundary
Target top shielding
|1 LM expansion volume
with cover gas

EM-pump for bypass flow

[T HX level control gas .
heat exchanger X cotact e « Concept of main and bypass flow
upper second enclosure Upper target container shell Wlth tWO Independent pu mps
Mein flow pump favored with respect to mono-
Target insulation vacuum H
LM-containment hull Bypass flow pump pu m p Opt|0n

|| —— HXgrid plate

Upper target enclosure

e« EMP vs. mechanical pump

lower second enclosure

(double walled and cooled) LM displacement body (steel) ° LMC' Matel’la| F/M VS

Lower target container shell SS/I nconel 718
main downflow annulus =

—————— Bypass flow guide tube e LTE: AIMg3vs. Zry

- - Lower target enclosure
auxiliary heating (double walled; D,0O cooled)

Aucxiliary heaters

Main flow guide tube

pypass flow tube . Moderator tank central tube TR M In Cad araChe (\] u Iy 2000)
completed the phase: The target is
neutron production zone

diameter: 20cm Scheme of components for feasible

I severe accident the MEGAPIE target system
management system

MP_basic concept.ppt PSI-BQ87_17.07.00
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Conceptual Design phase (- Sep 2001)

Design Support

Pump and HEX
arrangement

10

Schematic of Intermediate Cooling System
with Organic Coolant and Single-Phase Target Heat Exchanger
Nominal Operating Conditions at 650 kW

. D0
D:0in return cva
Expansion-
B ) accumulator
ypass: tank with

Cv1

i

g
Ccvz

Intermediate
hest exchanger

Cv3

Pressure
2-6 bar

Flow rate

Prédslife
4 - 8 bar

T=100
-125°C

o
eeneapiinhosl

Vacuum system,
inert cover gas for
pressure control,

Drain and con-
densation tank

radiolytic-gas ¥ CV9
release and x
sampling wz

Fill valve

Cve

preheating to
1 B&@

Preheater
(optional)

Hot- .
coolant Drain valve
injection: 3 cv7
Cv5 W
Bypass:
Ccv4

Fouling
test

T=135
-160°C

Pressure
relief
valve

& Liquid
sample

CV = Control Valve|
|V = Isolation Valve)

N PbBi In
[ T =330
-350°C
Target heat
exchanger PbBi Out
T=220
-240°C

Organic coolant

Schemalic Heat Removal System Organic Coolant.doc

TRM at FZK in February 2001 launched
Design Support due to partnership established

CFD
Benchmark
experiments
defined

AT

Karlsruhe Institute of Technology

Select reference technical design

Select reference materials

Define instrumentation and controls for operation

Size individual components

Verify compatibility of components’ specifications
Identify possible sources of failure

Analyse consequences of individual components failure
Outline design for ancillary systems

Spallation products
and Po-release

Megspie 40 kgs 708 KW
Haved base case (3071 0rw gag, N0 Oy/-0ass)

Name of Institute, Faculty, Department

1E-00
- - - Evaporation Into vacuum
1so2 || = Exp.data,vacuum
— - Evaporation into air (1bar) W I
» 1E04
H l .
14 - -
< o L
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Engineering Design phase (-mid 2002)

Targethead with
feed throughs

" 1nk

Shielding
R HEX design '
Main EMP |5 Lower DDB._
with EMF bl
|.I HX WITh Jpper cf:'mec‘ring
BypGSS EMP 12 COOhng flange
with EMF pin
in outer tubes—

AT
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Carry out detailed calculations to optimise system
Verify designs of all individual components
Analyse life expectancy and possible failure modes
of components and system

Carry out overall safety and life time analysis
Design ancillary systems

Establish QA plan for manufacturing and testing
Produce final design report

Upper Target = o
Enclosure = = Pin caps
= = / S Upper LM
1 = = o o oy container
. .-.'—Z‘. = i Q.’
Flow Guide tube Cen}:‘ ’:' rod _ LY Lover
B with heaters m = ?f;n:;: "™« Double containment (LMC, LTE)
ypass-tube for  LTE > AlMa3 h
BEW coolin g3, concave sphere
9 aubde wbe * Central rod with neutron monitor (AlSI 316)
TI1LLMC * HEX = 12 AISI 316 single wall cooling pins
; mse * EMP System - 2 Flowmeters
m s spacer \ S . e Insulating Gas System (Ar > He))
Zmeme  © CoOver Gas System (Absorbers, Overpressure)
LBE Leak- B AlMg3 LTE - Instrumentation and Leak Detectors
detector BEW LTE and LD 'Mstrumentation
‘ Assembly
11
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AT

Mass Flow and Temperatures
Heat Exchanger Heat Exchanger
(Gil) 4 /s, 0.33 I/s/pin
101/s, 5.5 m/s i || [T - 0.46 m/s
140-175°C inside L J #/1 LBE 380-230°C
Y I
Main Pump /"% D< l
41/s,1.2mls — 4 I W 43\ Bypass Pump
380°C l 0.251/s,0.2 m/s
Guide Tube 230°C
41/s,0.33
m/s B Tub
380°C \\\ ypass lube
l\T T 0.251/s, 1m/s
Downcomer / 230-240°C
3.751/s,0.33 | il
m/s :
230-240°C l
\

: I Nozzle 1.2 m/s
Beam Window \j
Lo—

_ ] Beam Window 1 m/s
380°C outside | —
330°Cinside
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MEGAPIE Target Design 'ﬂ(".

_ 040 _

Dimensions
v Length: 5.35.m Weight: 15t
LBE volume: 82 | Gas Volume: 2 |

Wetted surface: 8 m?
Design pressure: 16 bar  Operating pressure:0-3.2 bar

4 Design Temperature: 400°C Insulation Gas: <0.5 bar He
® 403

Materials

= Lower Liquid Metal Container: T91
Upper Container: 316L
Lower Target Enclosure: AIMg3

Heat Removal and Beam Window Cooling

Deposited Heat: 650 kW

Forced convection assisted by buoyancy

Main pump: EM in-line pump (4l/sec)
Bypass pump: EM in-line pump (0.35l/sec)
LBE T range 240-380°C, max. flow rate ~1 m/s
Beam window T91 steel, T 330-380°C, 20-25 dpa

2096.5

TRM Bologna, March 2002 marked nominal end of Engineering Design
Phase for the Target to launch tendering

o212 Order to ATEA in Nov 2002
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Design of Heat Removal System

Diphyl THT

Target FEa

Contract to Ansaldo

8.9 kg/s; 166°C
100%

99¢ —f_ﬁ]-— 5.0 kg/s; 16¢
40¢

Ansaldo design aii
Relap5 calculations -

PSI design of ‘]‘
intermediate water loop

14

8.0 kg/s; 59C

S Y Sollwert 59T
a2
o~

7.2 kg/s; 59C
7.2 kg/fs; 51C

12.8 ka/s; 42C

ICL

Ansaldo Nucleare .
Relap5 Calculation |, =
Beam trip 10 s+20 s
ramp Vae
SWL -
< LBE-THX—outlet—ternp ! %
-~ LBE-THX—inlet-temp Vaive -
400 _| IrEtEl—octiv?—z?nel—iem Tl SHX
R G
g35o
o | - \ PR e T
0 300 <
) \ 5
al '
S
0
— 250 ~
200 : ]
1080 1100 1120 1140 1160 1180(sec) 1200
LBE THX temperatures
LBE THX THT IHX H20 IHX
Inlet 330 C 165C 40 C
Outlet 230 C 130C 59C
Flow Rate 9.28 kg/s THT Velocity 3.5m/s
Pump Head 12m THT P drop 626 kPa

Name of Institute,

Faculty, Department
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Design of the Cover Gas Syst em

SKIT

Karlsruhe Institute of Technology

=Y
o
2 plgiH CARBONLw, oy JAEROSON L.
H FILTER M FiLTER ;I
cnc
¢ LS -
L4
[].@ DECAY TANK
¢ >
- k4
SECONDARY CONTAINMENT VESSEL BB003
£ 1 B ARGON SUPPLY
- .’];. @ FILL AND DRAIN
P & B, =
T
| | Gleg
DB SECONDARY
CONTAINMENT LOOP
m Y (oY —_¥ = m—
S L| i TARGET EXP. T/
D “"qUM“U’_}f
SMALL BOX

15

aan2

s{: H 6.0
He| 0.24..2.6
Ar 0.0026
Kr 0.06
Xe 0.024
Total | 6.3...8.7

& CaO + H,0 > Ca(OH),
~ was discarded in favour of

- Absorption of volatile products
- Pd/Ag + Hg - Pd/AgHg

- CuO +H, > Cu +H,0
140°C

venting

Name of Institute, Faculty, Department
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Design of the Insulation Gas System

21009, 30, 5LBy

21.3 | of D20 fill the Isolation Gas Space
instantaneously and evaporate thereafter

23.10.2014
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2 4 6 8 10

Druck [Pa]

T I T T T T I T T T T I T T T T I T T T T 600000
Fall 'schwer' ]
— — 500000
[~ Gasdruck im Zentralrohr T 400000
Druck unten im Innenspalt
— = — = Gasdruck im Innenspalt
— — 300000
- 1
— /’ ] 200000
v
4 i
— v~ — 100000
el ]
’J
ot
- IS R S A AN N R N N AT M 0
2 4 . 6 8 10
Zeit [sec]

Design Base Accidents
» Water ingress into insulation gap

* Rupture disc, steam condensor

 CFD/FEM, No failure of LMC due to
thermal shock
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Design of the Fill and Drain System ﬂ(".

Karlsruhe Institute of Technology

- Baseline layout for active
g draining (ENEA):

T ], |
[ =, .- Ty ‘El Schum |
Fremdnumrmer:

it C
k- :
ELIB LIB [rEp—
e SHGECPE AL & Dran
ET i
=T =
| EINER roptos | GL2-1D-00389 | o | W= |“'~BL

{111
.
i

Simplified concept for only in- m |
active draining

i
g }1{‘“
ot
Bk

. BEh [ arwomsss |
—> LBE Freezing challenge
- :L_:E—I] |p aip . 3-10009.26.389 |
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Design Support - Neutronics
MEGAPIE Neutron Flux compared to solid targets

targat contsiner (T31)

heay water coolant

satety hull (AIMg3)

central beam fube (AIMg3)

Peak flux

1.8-2 E14 total neutrons
1.2-1.3E14 thermal neutrons
at 1.74 mA

Increase of >40% compared
to current solid lead target

18

Mark Il (current)

10

AT

Karlsruhe Institute of Technology

Megapie

2000

20 25 30 35 40 a5 50

r (em)

Thermal (E < 0.625 eV) neutron flux maps (neutrons/cm’/s/mA)

Pb/steel LBE
Total 7.62 10.99
Target Int. -0.113 -0.232
Cladding -1.01 -0.635
D20 - 0.044 -0.401
Container -0.248 -1.23
Net 6.17 8.49
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Design Support - Thermalhydraulics

Power deposition, Flow structure and Temperature

T. Dury, PSI, 2003

m 1.4318E+00
1.1932E+00
9.5454E-01
7.1591E-01
4.7727E-01

I 2.3E64E-01
0.0000E+00

B 4. 0B02E+02
3.766BE+02
3.4734E+02
3. 1801E+D2
2. BE67E+D2

I 2.5934E+02
2.3000E+02

AT
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Material Fh(l\JAIf]A CI[:lz(WA;.?a 1.74 mA
LBE 705.8 709.9
Window 5.56 5.28
T91 Hull 2.68 1.21
Guide tube 5.55 6.03
Total 719.6 722.4
. . LES, Roubin, CEA
E o3 2.3 { Var: temperarture
™ —377.0
2.2 2.2 o
—287.0
Min: 2419
o.08 -o.oBepi @
) i o i e

Tpeak[C]
Beam | Maj. Axis LBE Guide C. Window
T. Rod
1.74 |= Bypass | 422.7 | 368.2 | 386.8 370.2
mA
1 Bypass | 424.1 | 363.1 | 389.5 360.3
1.4 = Bypass | 384.4 | 339.4 | 355.7 342.5
mA




Design Support

Stress Analysis in Beam window and guide tube

63 MPa  Steady State 55 MPa

Main Flow Trip

625

AT

Karlsruhe Institute of Technology

Ve NAAN A

575 /
525

475

425

——Window
——Guide Tube
——Heater Rod

Time Max. Mises Stress
(s) (MPa)
Guide tube Window Target vessel

0 49.1 44.6 44.6
1 57.5 47.5 47.5
2 54.2 43.9 43.9
3 59.0 43.2 43.2
4 65.0 43.0 43.0
5 70.8 47.1 47.1
10 118.8 41.6 41.6
15 149.1 44.8 61.7
20 163.0 45.1 89.7
30 180.9 46.4 55.4
40 140.0 44.3 53.0
60 155.1 45.3 45.3
80 1755 47.8 60.2

375 1

Maximum Temperatures ( °C)

325

1100 1110 1120 1130

20

1140

Time (s)

1160 1170

1180

A. Zucchini, ENEA
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Design Support — Experimental Validation

Single Pin Test

Y g T

/2II

PbBI IN

© | PoBiour

21 23.10.2014

7 0IL ouT
e

110° . )
o experimental points

1-10

AT
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Nu =5.59 + 0.0162Pe’"

Dwyer LBE side

—— Dwyer
""" Subbotin

El E2

experim unmodified | modified experim unmodified | modified

perim. Relap Relap P ' Relap Relap

Power [W] 27430 21590
Oil inlet T [K] 410.15 409.35
Oil outlet T [K] 436.65 | 436.90 | 436.90 | 430.25 | 430.79 430.8
LBE inlet T [K] 579.05 | 592.31 | 579.94 | 937.25 | 550.82 535.33
LBE outlet T[K] | 455.95 | 473.19 | 461.38 | 445.85 | 462.64 447.71
H global W/(m*K)] | 1790.04 | 14072 | 1596.68 | 1831.14 |1368.57 171452
Percent error 21.4% 10.8% 25.3% 6.4%

Name of Institute, Faculty, Department

« Spiralling increased oil side heat exchange by 80%
* Relap5 was modified




Design Support

Experimental Validation of Window Cooling
Qmain/ Qbypass

HYTAS Water Experiment, FZK

PC card themmocouples
TC measuement of LBE
maEin doswards flow Q'

3x Aanged
mock-LIp

of lower part
of the target

Spedmen
dish &

resistance w
hesting fail ©

Vaouum
chamber &
temperaur
confrded
surmound-
ing of IRT
spedmen

Caldum Huoride,
IRwindow

PC card ]

surement of LBE
bypassje flowq
temperaure

PC cardthemo-
couples TCtem-
peraure measL-
remert of inner
wall of the sped-
men dish for IRT
Calibration Pre-Test

PC card measure-
ment of DC power
SUply

(range 1- 10 KW

“  Infrared Thermography (IRT)
non contad temperatur fied
measLremt of the hedting
fail with FLIRAGEWA
Themmovision 900 IR

|
A

_ LBE KILOPIE
caupies TCmee - EXperiment, PSI-FZK

Measurement of the Heat
Transfer Coefficients (HTC)

AT

Karlsruhe Institute of Technology

LBE Heated Jet Experiment, FZK

©
35+ :
‘ 30—'\\1\\\ :
b \jl}

centerline

E ] T, /
E‘ﬁ 15 - = T, A j
1 T,/ Tis | T .
10 7 T T,
/:"{ adiabatic mixing temperature
57 T )= 1ise AT, ysune
1 ¥ 7 -
Y T, *—u
00— TU_T7 T
1 T, T, T, Ty
T
0 50 100 150 200 250
s [mm]

Recommendation to change flow rates to:
Qmain = 37.0 kg/s; Qbypassz 3.0 kg/s
for which stable flow conditions were observed

HTC (W/m3K)

A\

- b\v_/'\

--MF 0.5 Us 15000
=0=MF 1.0 Lfs [
- MF 2. .
- MF &gm —=—BF 0.00 L/
== MF 4.0 L's ==BF 0.10 L
—=BF 0.20 Us
~BF 0.35 L/s
50 BF 0.45 LJ;
0.3 04 0.0 1.0 2.0 3.0 4.0

Bypass ﬂOW rate (IIS) M%«iercl)fflr?s,\{iyu{eialtgcgllt{/,sgepartment
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Design Support — LISOR Experiment

Material Behaviour under Irradiation

Beam energy-72MeV
Max current-50 pA

Max proton flux- 3.1x10' p/cm?/s
Beam time per test-10, 20, 40 days
Radiation damage- ~ 0.5, ~1, ~2 dpa

Name of Institute, Faculty, Department



Integration of Ancillary System QAT

Second Containment

Karlsruhe Institute of Technology

Second containment for
ancillary systems with
radioactive inventory.
He buffer gas < 0.9 bar
Continuous monitoring

Cover gas Insulation
system gas system Target with second enclosure

Ar/He insulation gas <0.5 bar

24 Name of Institute, Faculty, Department
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Safety

Reference Accident Case

KSA expertise postulated all-embracing reference
reference accident case - endorsed by BAG (60.M48)

1.
2.
3.

Beam window breaks

LBE causes breach of LTE
LBE-water interaction pressure built-up, destruction of
central tube, leak of moderator tank (5m3)

LBE and D,0O spill into STK

Damage of target head, spill of Diphyl THT oill,
ignition in contact with hot LBE

Release path STK - TKE via damaged target

committed effevtive dose [mSv]

CONTRACT N° FIKW-CT-2001-0015% MEGAPIE - TEST

MEGAPIE-TEST

AT

DELIVERABLE D11 Karlsruhe Institute of Technology

MEGAPIE

Preliminary Safety Assessment Report

01}

001 |

1E-3

Ch. Perret

Paul Scherrer Institut

April 2004

Examples of dose conversion
factors [Sv/BQ]:

« ingestion of 219Po: 3E-11

« inhalation of 2°°Po: 6E-13
 submersion due 121Xe: 4E-18

« ground radiation due 125I: 2E-16

—

i

/ — pathway:

/ = ingestion

inhalation
¢ submersion
®  ground radiation

//

40 60 80 100 120

exhaust equipment delay time [min]

Name of Institute, Faculty, Department



Safety

Full Scale LBE Leak Test

=

Helium Helium

10 Bar 10 Bar

Helium

0.5 Bar 4‘ LBE
10 Bar

H,0 out

Leak
Detector
=
E | B )

LBE: in target at 300°C LBE fills space between
H,O: 2.2ltr/s, 40°C, 6 bar target and safety hulls
CG pressure 10 bar Press.-equalisation ~ 10s
He gap pressure 0.5 bar Inlet H,O temp. ~ 30°C

Orifice diameter 30mm
LBE jet speed 12 m/s

26

Peak H,O temp. ~ 135°C
Time to peak ~ 5s

AT

Karlsruhe Institute of Technology

OUTLET WATER TEMPERATURE‘

Temperatufe [°C]

1 —= Outlet Temperature it YZJ

)
3
—— Outlet Temperature Analytical predictions / uf/ \ ww‘%\%‘%&\
|
N
S,
~

— Inlet temperature [

Time [Sec.]

Conclusions for Megapie in SINQ:

AT (D,0O) ~ 105°C Tax ~ 145°C
T ~ 160°C Emax ~ 0.6%
Some plastic straining occurs...but test
demonstrates that leak is contained,

without boiling of safety-hull coolant,
but the margin (15°C) is narrow

Name of Institute, Faculty, Department
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Detailed Design and Manufacturing ﬂ(IT

Produce drawings of individual parts for manufacturing
Procure and quality control individual parts of subsystems
Assemble and factory test subsystems

Provide test rigs and equipment

Quiality assurance rules
» Nuclear standard :
- Quality Assurance Program (QAP)
- Quality Plans (QP)
- Manuf & Inspec Plans (MIP)
- COFREND Personal Qualification
- Document Handling (Approval)
- Design Changes Handling (DCR)
- Non Conformances Handling (NCR)

Name of Institute, Faculty, Department
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Delivery Jun

e 2005

AT

Karlsruhe Institute of Technology

Synthesis reports
and
Documentation
as build

TRM Mol, June 2005
Ready for testing

Name of Institute, Faculty, Department



THT _13Mow04_002 tat Karlsruhe Institute of Technology

LBE temperature: 292-C
350 T

C t Testi
Sompanent Testing SKIT

| ) 7 -
=00 i‘ Qewmr1=0.9848Q4pr2+0.1064 2¥
% oen H'_"*"—'—--.-...“_h ;l"£ B 6 1 R?=0.9857 . °
o o] £
£ ""\
= ;f
g 200 T Sw———] - e "
@ n
R INSTITUT 5 150 - = 2
@ = e L rd o]
PTS L9 5 100 \*—“ EMP current, .
3 . La.m o -— N 20.9; 2E
To Arivacuum | | : =0 D S 20; 15.2; 10.4;
line Vez ‘—"-' | |
o ' ' ' ' 1 ‘ ‘ ‘ ; ; |
TP 34 ooz s 45 B 5 1 2 3 4 5 6 7
V2 |
4 g@qh 1 an 1 E= i EMP1, LBE flowrate, lis Qo U
'\ o0 600 ;
8.2 138 T
: -\ e 500 A +
e
8 400 [A
vi.z2 E p
", g —-— d
V2.1 <= 300 e L
V2.1 = e
vy Hvaz va.z] k{'i-| V22 Vi 2 'k:/.
g 200 ———
PT31 | \ NN P e’ﬂ EMP current, A:
PT24 | | Mo 2 30.2: 25.1: 19.9: |
— ] LI Ta0k bt 15: 10.1;
. PT1.1 | - | .
Electrical — ATAAY o |
. 0.2 , 103 o1 02 0 1700 hours of run-in
2.2 | .
Frin EMP2, LBE flowrate, I/s | OPeration
PT4.2
T EMPS completed in September 04
Final Test in LBE test facility in 11-11/04

Delivered to ATEA for assembly 29.11.04
M Excellent pump performance
® Flowmeter Problems
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MEGAPIE Integral Test

T
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g
a
i
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22110 Femzimo e

30

AT

Karlsruhe Institute of Technology

Assemble complete system from components
Carry out functional tests without beam
Demonstrate concepts for remote operations on irradiated target

EMP/EMF performance

Thermal hydraulic test with 165 kW heater
Beam window coolig tests

September — Dezember 2005

133 hours of operation with LBE

Name of Institute, Faculty, Department



MEGAPIE Integral Test AT

TeSt C 0 n fl g u rati 0 n S Karlsruhe Institute of Technology
.
,___ To Fglyc;:g"\bruin To vacuum-gas line
TVO3
/Hr_5
.....
r— 13
Lot 11 .,
_ [os] : :
R i Thermocouple,
. = 1 —
sy Tvo4 [T ] TT018
— TT010
— iz
S G K ;
2 : g TT017
14 Thermal insulation, ;
thickness 3cm |
17 M ¥ :
i i um b—TT016
I} e ]l
' u': 17043

.....

™ surface heater

]..

1FST50/AA104

IR
Tharrmovisor

For thermohydraulic test: PbBi eutectic heater,

For by-pass EM pump and flowmeter  165kW; water cooling loop 700kW is replaced For the target window

check and recalibration: LLMC dummy; on 240kW; water, oil, PbBi flowrates and : : _
: : ) - cooling experiments: IR
external loop with throttled valves and  temperatures in accordance with preliminary _
. . ) i, scanner; surface heater
reference Venturi flowmeter calculated “scaled” conditions

31 Name of Institute, Faculty, Department
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MEGAPIE Integral Test
Dry Check, End inspection

ﬂ(IT

Karlsruhe Institute of Technology

Name of Institute, Faculty, Department
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MEGAPIE Integral Test

Pump and Flowmeter Performance

Phase voltage, V

Phase voltage, V

100
90
80
70
60
50
40
30
20
10

0

100
90
80
70
60
50
40
30
20
10

AT

Karlsruhe Institute of Technology

&~ Volt — Ampere characteristic of the EMP1 meets IPUL predictions

“”The main PbBi flowrate to all appearance meets the specification. Our
evaluations from the target thermal balance give: 26A <> 41kg/s  22A

" EMP1 temperature, 22A: Temperature of PbBi + 15...20°C, ok.

&~ Accuracy of the main flowmeter does not meets the specification:
relative error of the PhBi flowrate measurements calculated for fixed

“F” In the case of the by-pass flow termination the EMP2 temperature
growths to app 350°C with rate app 5K/min. We use the pump
temperature in the target safety system as indication of the by-pass

;,__,;l
@-ﬁﬁ;jﬁ
2
g’f <> 36kg/s
al
0 ) 5 10 15 20 25 30
EMP1 current, A
;} EMP1 current 23Ais +20% (instead 8% promised by IPUL).
p”di
| s channel obstruction with gas bubbles
¥y
&
5 10 15 20 25 30

EMP2 current, A

W Performance of the by-pass flowmeter is not acceptable, relative
error of the PbBi flowrate measurements caused by the pump leakage
magnetic flux and PbBi temperature fluctuations reaches 70%.

Name of Institute, Faculty, Department



One preheats

Temperature, °C

MEGAPIE Integral Test AT

Th ermalhydraU“C TeSt = B KarlsruheInstwtuteofTechnolcgy
<=8 o0 B
® 28 £2z8
. : . » LS =389 So 2
w LMT operates in “Hot stand-by” (Leung  LMT operates in “Hot stand-by” (M.Dierckx scaled conditions). B o= A Eg — o
@ 9 scaled cond). One varies: EMP current  One varies LMCH power and PID coefficients in accordance with = % =S g 08“\8
»E (Igyp=0...26A;  Igyp,=0...30A); LMCH  M.Dierckx procedure. | 5 g T g ‘—9‘j 885
“é S power (0...100%); LBE temperature Measurements of EMP2 outlet - inlet 3 a3 21w = ; § %
© ;I control PID coefficients. temperatures differences verse the pump current. &= & D T &= 95
280 i i i l 90
tyaer=137°C; Qyi=5.61/s (30Hz) t, ge=230°C;
Night operation of the & _onnor
260 1 ferrr~lerrz=230°C Mlgl'S P k terrn=lernz=200°C; L 75
| , no|tests. e
| lewpr=lemp2=12A
i Power break test: Power is off. i
240 - HRS isolation case. Emergency L 80
power source is on after app
30s.
220 1l * - 45
. . . LBE, HEX inlet EMP
LH ouﬂeT SRR B Oil,| HEX outlet
200 - F 4 - 30
tuaer=137°C; Qqi=5.691/s (30Hz)
180 1 HRS 3iwdy valve position :'—BEzigAC; lerrr™lerip=260°C lEMPl:ZSA;' terrr=terrz7200°,260°C; 45
EMP2™ lemp1=23A; lgyp,=20A
T T The 3-way valve is closed B0 T rrﬂnw& 0
160 + * | | Py 2 d 1LY | | | | L

824 10:48 13112 1536 1800 2024 2248 112 336 6:00 824 1048 1312 1536 18:00 20:24

November, 15-16, time

Conclusion: The target is able to evacuate 580kW of the thermal power from the beam window to the
THX, inlet - outlet temperatures difference will not exceed 120°C in SINQ.

34 Name of Institute, Faculty, Department
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MEGAPIE Integral Test AT

Wi n d OW CO 0 I i n g EX p eri m en tS Karlsruhe Institute of Technology

= 104.00 mm L re 104.00 mm - - 104.00 mm -
Case MP22BP30: MP/BP=11.09 Case MP22BP21; MP/BP=15.85 Case MP22BP15; HP.I"HP-EE.1H-|

Heat transfer
coefficient, 19692 18062 16670
W/m? K:

WConclusions: The by-pass jet is slightly deformed because of draining pipe. The cooling
pattern is covering 32mm footprint area. The heat transfer coefficient for nominal EM pumps
currents corresponds to prediction, approx. 18000W/m2 K.

35 Name of Institute, Faculty, Department



Final Target Assembly (Jan — Mar 2006) -K\J(IT

Karlsruhe Institute of Technology
Assemble complete system from components
Carry out functional tests without beam
ERARITEEHT Demonstrate concepts for remote operations on
B irradiated target, in particular draining of PbBi
1

|
=
=
‘L— 4
E
I3
Jum)
o
4
n—
£
15
.
{15]
i

Name of Institute, Faculty, Department
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Implementation in SINQ (Jan — Jun 2006)

AT

Karlsruhe Institute of Technology

Name of Institute, Faculty, Department



Implementation in SINQ (Jan —Jun 2006) AIT

Karlsruhe Institute of Technology

* Active carbon and HEPA filters

» Earthquake resistant ventilation dampers - LowOx-Facility

» Autonomous filter unit 7 « TKE10-11%
« Mobile filter unit L EEE S * STK 5 - 6%

Beamline Upgrade

-

38 Name of Institute, Faculty, Department
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Commissioning

Off-beam operation over 17 days

Bildname: [LMT_Main temperatures]

AT

Karlsruhe Institute of Technology

2800

INDURO TrendApplet 3.2 4

C
2720

264.0

256.0

2480

240.0

2320

2240

e

216.0

208.0

Pump performance test

EMF calibration

Loss of
pump test

TH control

200.0

2006-07-29
19:40:00

2006-08-02
19:40:00

2006-08-06
19:40:00

2006-08-10
19:40:00

2006-08-14
19:40:00

* All target temperatures > 140C, LBE and filling pipe temperatures 250C
» Cover Gas pressure 1.75 bar Ar, I1G pressure < 1 mbar
* LTE cooling water flow reduced

Manned and unmanned operation

Name of Institute, Faculty, Department



Operation
Start-up phase

£ | ast 72 hours of SING beam

I I |

AT

Karlsruhe Institute of Technology

Insert target in SINQ

Run target with beam

Continuously record relevant operation parameters
Make periodic checks according to monitoring plan
Remove target at end of irradiation period

Phase 1

Failure of Heater

40

CEX| SINQ beam [2][E)f £ Last 12 hours of SINQ beam [(=1(E3
- F awuer Tern|:-| “m- 17 Allg 2006

|— ey | IR A o |

ﬁﬁf!ﬁﬁfﬁﬁﬁIﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁfﬁﬁﬁfﬁﬁﬁfﬁﬁﬁfﬁﬁﬁfﬁﬁ """ ' 10:00 12 00 (14:00  16:00  -f

Phase 2 e

Di Aug 15, 2006 e bbb o SR R

......................................................................

5@noaoooodhooonooofanoonoadeanonoodhoonoaosfnononoodenoannefboosnoaofonononadoooad

Phase 3
Do Aug 17, 2006

spuansanaie

» Sparking in CRH power cable in IG during insulation gas exchange
probably in connector - power loss

* Failure of 4 of 6 heater circuits in central rod

» Heater power 22 kW - 8.9 kW

Name of Institute, Faculty, Department



Operation
Target Temperatures

AT

Karlsruhe Institute of Technology

IMDUMO TrendApplet 32,4

400.0
"G
370.0

340.0

30.0 l ﬂ

280.0 — |

2500 4 —

2200 |4}

T x -y

180.0
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100.0 -‘ I

il

2006-03-14
2114500
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151200
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08:1%:00
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031500
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211500
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-
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MP_1RNQS1_CTO74_Z400_AWG

b ]

[ Frint H Export ]

Beschreibung

Temperatur Mittelwert
THX Oil Qutlet Temperatur
Temperatur Mittelwert

Temperatur Mittelwert

LBE Temperatur MFGT bottom outside

Skala Min Skala Max | Cursorwert Einheit Min Max
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Operation ﬂ("'

Cover GaS and |SO|at|On gaS Karlsruhe Institute of Technology
INDUMO TrendApplat 3.2 4
0.95
bar
0845
0.76 A

i
g

0.38 , —
0285 W‘T’ L'ﬁ b / | ‘C‘ﬂ'r“r“ i
I i Wﬂmm e e

B

AT ‘ | | | T

nog9s [
0o
2006-09-20 2006-09-27 2006-10-05 2006-10-20
08:25:00 20:25:00 08:25:00

08:25:00

» installation of 180 | decay vessel in
e p— cooling plant, regular (weekly) venting into _
] e the exaust system
B _« * Drift and failure of one CGS pressure

| ] - sensor |
] w * Leak in decay vessel ar | 0.95
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Operation
Beam History

First protons on target August

AT

Karlsruhe Institute of Technology

Beam: August 14 — December 21, 2006

14,2006 « Accumulated charge: 2.8 Ah
" e Peak Current: 1400 mA
v « Beam trips (< 1 min): 5500
« Interrupts (< 8 h): 570
ey | ﬂ
18000 |— o, PR
o 2200 2255 2210 2075 2260 2265 2200 2205 2300 2305 1310 2315 2310 2325 293
14000
1200.0
1000.0 I 'i *
a00.0
o000
400.0
L
e 20081018 2006-11-19 20081222
000000 000000 1200:00 w00 |
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