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Introduction

The project objectives to develop and build 1 MW class liquid
metal target and operate it for a one-year cycle in SINQ are

unchanged and have been endorsed by the project SC at its last
meeting

Progress In the project towards completion is substantial

The Technical Review and TAC Committee’s Meetings in June
2005 judge the design and manufacturing fit for testing. Some
iIssues still have to be solved to conclude fitness for irradiation.

PSI management judges the readiness for irradiation achievable
within the projected time frame and decided to start the 2005/2006
shutdown with insertion of the MEGAPIE target
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Operating Conditions

Heat Exchanger (Oil)
10 i/s, 5.5 m/s

140-175°C inside
Heat Exchanger
4 1/s, 0.33 l/s/pin
Main Pump L_ i i_/—w/ 0.46 m/s
4lis,1.2mls — 1L | LBE 380-230°C
380°C ! LA
—a T fl“ T~ Bypass Pump
: 0.251/s, 0.2 m/s
Guide Tube 230°C
41/s,0.33 m/s_|
380°C | |
Bypass Tube
Downcomer | _l T T i 0.25 /s, 1m/s
3.751s,0.33 — | 230-240°C
m/s
230_24000 - | S l
Bea:n Window \\jL\ Nozzle 1.2 m/s
380°C outside [I— Beam Window 1 m/s
330°C inside
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# Manufacturing and Assembly
of Primary Enclosure

Liquid metal containment

Complex components manufactured by
different sub-suppliers - preassembled into
lots and instrumented

L Lot 8

Leak and pressure tests of the lots
Final assembly at ATEA
Metallic seals (Helicoflex)

Pressure and leak tests, electric checks prior to
shipping to PSI

Lot 6
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Target Manufacturing: Technical Challenges

« 3D & 5 axis Machining

* Tolerances

* Deep Drilling

* Long Tubes Machining

« Complex Shapes EB Welding
* Brazing

« Metallic Gaskets Tightness

« TCs and Heaters Integrity
 Instrumentation
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Assembly for MITS
AN

0
I

Provisional cable connections

Shielding and pipe connections (HRS, CGS, D,0O, F&D)

T LLMC replaced by dummy LMC with bottom flange
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Assembly
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Target Delivery

Manufacturing and Assembly completed at
ATEA and delivered to PSI on June 23, 2005
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Lot3
Secondary Enclosure
Final assembly at PSI after the MITS test phase
Lot1
* Insertion of n-flux meter
* Mounting of LBE leak detector
I  Final cable connections in target head

» Mounting of outer enclosure

1otz * Pressure and leak tests, electric checks

Paul Scherrer Institut « 5232 Villigen PSI 2nd High Power Targetry Workshop GF34/12



PAUL SCHERRER

MITS
Systems

HRS
schematic

WCL
schematic

Fill & Drain
schematic

INSTITUT

1PRA

Mgﬁ@

1KAC3 1KAC4
1 0 0 0

1KAC4

1KAC

AA201 AA202  AA301 ATO00
2

1FST50

1FST50

1FST50
ﬁ: BR14 g
0
1FSTS
0
A20.
5
1FST50 1FST50 1FST50 (e B I*
APQO1 50
1KAO2 1KAO2 © o
1FST b
0 BR213 & |g°
BB002 AA205 @ 1FSTS0 @
1FST50
—W padies 1FSTS |J_-|.x
1KAO20
s Abga = AA101FST5
Probenentnahme 1F3T 1FST5  1FSTS 1FST crw 06
BR11 5
o <
¥ cT01 BHOT1  BHO10 o 4
@ 1FST, @ 1FST5  1FST5 @
= L g = 1FSTS
BHO2T  BHG2G Q
olo
5 1sTs {(T) @%55
OHFSTS 0
0 7301 ez
s 0
1FST5
0
1FSTS
o 1FST5
’ 0
El. Heizung AA0
20x1KW - SR, G
0 g B8 CTo®
or & CIFSTS0 1FST50  1FST50 1FST50 cT151
#5715 CWO001 CW002  CWO003 CWO04
1FSTS ]
- 1FST 1FST
cToa1 — 50 50
CP00 1FSEF00
0 4 3
1|=sT50 OM BR14
M“ 5
1FST50 L2
AA902

Paul Scherrer Institut « 5232 Villigen PSI

1FST50  1FST50

1FST50 1FST50

2nd High Power Targetty"Workshop

1KAC 1KAC
40 40
CT201 CQ20
1
1FST

Fill &
Drain
System
1FST

e 1kACOD  1KACO . .
e APOOT 0 Kiihl kreislauf § _
e Jpvise TKaco Montagehalle F
1KAC1 1KAC  1KAC 1KACOD 1KAG001 0 é
P :
3 N 5
t v g
WKACD (b CF) 1PRA5 H

Abga

4
AA201

1PRA5  1PR
4 A54

CT201 CFo

01

Handventil

Absperrventil
failsafe offen

Absperrventil
failsafe geschlossen

Regelventil
failsafe geschlossen

Regelventil
failsafe offen

vordruckgesteuertes
Regelventil

Sicherheitsventil
Drosselblende

[N KD, D XD R R X

Riickschlagklappe
[ Strémungswéchter
@ Heizung
4= Swagelokverbind ung

ACXXX: Warmetauscher

APXXX: Pumpen

ATXXX: Filter/lonentauscher

AAOXX: Regel-Dosierventil

AA1XX: Auf-zuventile

AA2XX: Handventile

AA3XX:Rickschlagventile

AA4XX: Mehrfachventile

AA7TXX: Selbstregelventile

AA9XX: Sicherheitsventile

BBXXX: Behalter

BHXXX: EL. Heizung

BRXXX: Rohrleitungsabschnitt

PBXXX: Drosselblende

CTXXX: Temperaturmessg.

CPXXX: Druckmessung

CLXXX: Niveausignale

CFXXX: Durchflussmessg.

CQ2XX: Leitfahigkeitsmessg.

CVOOC \Wagezelle

GF34/13



LJ__: PAUL SCHERRER INSTITUT

MITS: Target Integration

Target installed
HRS and FDS connected
Provisional cable connections
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Heat Removal System

Commissioning completed in June 05

» small debugging still pending (trace heating, pump bearings, leak tightness)
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F&D System at MITS

Upper F&D vessel Lower draining vessel

Delivery of vessels in Dec 04; piping made by PSI
Commissioned end of June 05 (new filter, software check, new relief valve)
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MITS Test Program

Target configuration: Flowmeter calibration calotte
» preheating, filling&draining, general performance
» EMP1/EMF1 check, EMP2/EMF2 checks

» EMF2 calibration

Target configuration: 200 kW heater calotte
» TH tests, transient behaviour
> Test of IHX

» Beam window cooling test

» neutron flux meter test

Target configuration: LLMC
» Preheating, filling&draining

» System behaviour

» Safety checks
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EMF1/EMF2-Check
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» Minor effect of EMP1 on EMF1 signal
 Strong effect of EMP2 on EMF2 signal
» Data acquisition and processing to be

optimized

018

u] 10 20 30 40

EMP2 current, A

Insufficient flow rate — Inconsistent with
IPUL tests

- Inversed flow direction

- Systematic error in cable connection
for EMP2 and EMP1

EMF2 calibration was repeated and yielded promising results
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Other Ancillary Systems

Cover Gas System

¢ Delivered to PSI in July

* Implementation in MITS by end of October
% Commissioning in November

Insulation Gas System
 Contracted

¢ Delivery in January 06
* Installation directly at SINQ ¢
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Licensing

5 Milestones and 52 Prerequisites according to BAG licensing statement
Clearance for

Inactive operation of heat removal system: granted !!
Inactive operation of the target: documentation submitted
Inactive operation of cover gas system: documentation submitted

Handling of active target and waste disposal: Positive statement of
NAGRA and HSK received, submitted to BAG

Active operation pending

About 15 (out of 52) prerequisites have been cleared

SINQ target block integrity

Upgrading of SINQ ventilation system
Emergency power supply

Inertisation of TKE

QA aspects
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Licensing

2 prerequisites are critical Freisetzang

Gas (v, T) Uber
Zeit

» Enclosure concept for last barrier —

automatic closing valves for e
penetrations (60.M9/10 und
60.M30/31) [T

> Reference accident case (60.M48) —» < )

Both prerequisites are connected with T :
the protective dose limit to the 3
population: 5 o

A maximum dose limit below 1 mSv has o) W 8
to be demonstrated !! et =

LBE 4 m2, 2 cm dick {analog Sicherheitsbericht)
D20 (7.5 | Fensterklhlung undfoder 4 m3 Moderatortank)
Diphyl (25 1)
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LBE enclosure in case of LLMC failure

 Calculations show that LBE can be contained and frozen safely provided
the failure is detected within 2 seconds and the beam is shut-off

» LBE Leak detector has been developed and is currently tested in LISOR
facility to check radiation resistance

 LTE Full scale test scheduled for end of October to validate calculations
and demonstrate feasibility .
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LBE Leak Detector

Geomeftry, 3x:
2 Stripes
2 Thermocouples

1 heated TC g i
\

)

g

LISOR test
chamber
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Full-Scale Leak Test
Scheme

Pneumatic actuator

Y
/
Actuator rod — Overflow tank He (@ 0.5Bar
H,0 in <l =5 LBE level after leak
% H,O out
Cooling distribution 200°C / 10 Bar LBE tank
Containment Hull (LTE) s Heated rod
Helium gap @ 0.5 Bar
Valve X
. N L . N
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Full-Scale Leak Test
Scheme
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Beam diagnostics

 Target E transmission monitor
 Rohrer slit
* VIMOS

Installed and tested since early 2005
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Readiness for 2006

 Target functioning

 Reference accident case

o
* LTE integrity Q
» Safe beam Q§ éo
S
 LBE detector %O oy

 TAC statement
 BAG statement
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Conclusions

Target integration and tests at MITS were rather successful
and roughly according to schedule. Tests are scheduled to
run until end of 2005

Licensing process progressing smoothly due to regular
meetings with authorities. Critical issues are in work and
solutions seem achievable

Target integration in SINQ is scheduled for early next year
and a first beam on the target is expected in June 2006
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hank you for your attention
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Reference Accident Case: Internal Initiator

« TKE/STK enclosures remain intact (ventilation remains operable)

 Leak rates remain unchanged, under pressure is kept (short pressure
surge due to LBE-water interaction)

» Source terms: cover gas, LBE-spill in STK, LBE-film in Target
* Filters are designed to cope with pressure surge and steam

 Evacuation via ventilation
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Reference Accident Case: External Initiator

 External initiator (e.g. heavy earthquake)

« TKE/STK-enclosures are breached (e.g. pipe break)

 Ventilation may be inoperable - earthquake resistant shut-off valves
* Leak rates very high, no under pressure

« Source term: Cover gas, LBE-spill in STK, LBE-film in target

« Autonomous, earthquake resistant filter unit evacuates excess air volume
from stack effect in target assures directed air flow towards filters

* Installation of mobile filter unit after first clean-up
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