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(= High Intensity Proton Accelerator (HIPA)

= Cyclotron based CW proton accele—rator; beam power 1.3-1.4 MW

= Standard operation: 2.2 mA (2.4 mA 2016) 590 MeV protons;
downstream of Target E 1.5 mA (1.6 mA 2016) 575 MeV protons

= Multi-user facility: 1 IP station, 2 meson production targets, 2 spallation
neutron sources — SINQ and UCN
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1)~ SINQ

Vertical setup

MegaWatt CW Spallation Source

575 MeV protons, up to 1.6 mA beam current

Targets

— Solid & LM Targets operated (see next
slides)

Moderators & Reflector
— D,0 tank (reflector) with light water shield

— Liquid D, moderator insert

- —H,0 scatterer
17 Neutron Instruments
— 13 instruments @ cold source

— 3 instruments @ H20 scatterer

— 2 instruments @ thermal ports

— NAA irradiation station

STIP program (talks of Yong Dai)
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BS SINQ Cannelloni Target Types

MARK IV
MARKT MARK 11 & Ili SINQ Target-8, 9, 10 and 11
SINQ Target-1 and 3 SINQ Target-4, 5,6 and 7 Operation 2009 - now
Operation 1996-1999 Operation 2000-2008 Pb Filled Zircaloy-Il Tubes
Full Zircaloy-Il rods Pb Filled Stainless Steel / (dense packing)

Hemispherical BEW Zircaloy-Il Tubes

Pb Blanket & inv. BEW

o Il

The fabrication of the SINQ targets is done in-
house at the PSI main workshop.

Only the three large steel shielding blocks
(upper & lower shielding block and ,,beam
stopper”) are fabricated outside of PSI.
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== SINQ Cannelloni Target

Coolant: D,0

Mass flow rate: 10-12 kg/s
Max. velocity: 5-7 m/s
Pressure drop: =~ 1.5 bar

Betriebstemperaturen Targetkiihlung:

Mo e SINQ Target-11
Outermost columns of Target-11
equipped with thinner walled
Zircaloy-ll Tubes (0.606 mm instead
of 0.75 mm wall thickness)

S
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Pb

Reflector support (Zy2 rods)

SINQ Target Cooling Scheme

S

Coolant inlet
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aHJ» SINQ Performance History

11
Improved Targets
10
s Ll
o
s <
O
L W Jahresintegral P-5trahl  &h
7 S
= W Mittelwert Messung bei NEUTRA pro
Target
5 M Jahresfluenz 1E14 nfcm”2
5
4 -
SINQ Target-10
3 " (]
~30‘000 UCN kicks
2 SINQ Target-11
. ‘ ~ 43000 UCN kicks
0 - ‘
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SINQ Operation

Data - Overview

Serafy (man) 7 | Seaty gmaky s | Asierer Anschimung in | Targethengser in DL bl Aushaur Catmie Cemtaicie
Tarp=! von s Taget To Tap= £ Jah Tape=t Zratvsmem Tariegt (Contalner . Continar i STIP-Froden |Sehn o dm ElalCiate STIP-Srlbe
1 03.12.1996 | 04.12 1936 |Zirkaloystibe (Volmateral) & i Kizin keing
1 21.03.1997 | 2 7 & cmi 482 KC-T 12 JuliAug 3000 423 10002.71.333 | In Contsimer keing
E] EEREEE Zirkaloystibe (Volmatedal & cm 30 [Bomie 103) kl=in la
3 8031993 | 2 & cmi ETEES EE0|KC-T 30 Julifug 2000 =] 0002.71.333 | In Contalmer Ja Pl
dcm (ab 22.10.33)
2 10.03.2000 | 3 Ftahirchre mit Biefilung 4 om 5555 1100 Kizin Ja
4 0052001 | 2 4 cmi 4471 10030 1175|KC-T 30 A reept. I00C 5 10005.71.333 S=p 02 2
5 fso4.2002 | 2 2 |Etshirohre mit BlzB0ilung 4 o ] 1220 gross ja
5 28042003 | 2 4 o E3™ 10871 1Z30|KC-T 30 Oet.Micw. 004 a3 i00D=.71.336 D=z 04 Ja =
Scm (ab 31.10.03)
2004 01052004 | 2342 2004 |EFtahlZR-Rokr mit Blel 4 cmi 5051 12e0) gross Ja
2005 1104 2005 | 23.12. 3005 4 cmi SH2Z 10873 12e0|C-T 30 OkLMNiow. 2008 17 10002.71.326 Mo 5 a Siahirohr
1 ¥ Kappe ab
2w Riohr geplairt
MEGAFIE 2005 14.02 2006 | 21.12.2006 2795 Z7as 1320 JunJiDez. 2003 keing 23
T 2007 1204 2007 | 21.12.2007 |Drcaloyrohr (0.725) mit Bie 4 om 3885 1330 XIS gross Ja
T 2008 12052008 | 23.122008 4 cmi 5350 9375 1250|C-T 30 JuntJul 2010 = 000a.71.358 Jul 10 a = Zr-Rahr
3 ¥ Gebaucht
B 2002 0204 2009 Dircaloyrohr (0. mit Bl 4 o BN 1420 axira gross keing
rurd, Eielbianket ausz=n
Kaiofle Invers
B 2o 2104 2010 | 23922010 4 5533 12151 1z=0| HC-T 30 MalJunl 2012 8 0002.71.347 Jun 12 keing 18 Zr-Fuohir
1 ¥ Rohr geplatz
5 211 1304 2011 02.11.2011 | Srcaloyrohr (0.725) mit Blel, 4 cmi B3BE| 1500 exira groas a
rurd, Elelblanket aussen,
Kaiokle invers
g 2z 24.04 2012 21.122012 4 om B854 13360 15| KC-T3 JuilAug 2014 1 10005.71.347 I 18 Zr-Rahr
1 ¥ Gebrochen
2 ¥ Kappe ab
ixLoch
1 x Gebaucht
0 a1z Zircaloyrohr (0 mit Bl 4 o EBEE| axira gross Ja
rund, Bielblanket aussen
Kalotis nund "ait”
i0 014 4 o Ege1 11877 14z0| ®C_Tz20 Junifull 3018 0= i0002.71.347 Ja 1z Zr Rahr
KC-TOES 2 x Gebrochen
A S ¥ Kappe ab
|§ x Rigfr gegiatz
i1 2Ms 2704 2015 2312201 5| 2rcakoyrohr (0.725) mit Blel, 4 cmi 6301 1500 keine
rurd, Eielbianket aussen,
Kalofts imvers, aussen = 2 neus
Zr-Fotre (0.61)
i1 e 04.05 2016 ]E.CGZ:HE' 4 cmi 1100 7401 1500
I
Tobal Strahl @ SING aadrs

Until 2016 all SINQ Targets have been operated for their expected life-time without
major incidents.
However, smaller defects of single Cannellonis were encountered for several targets.
SINQ Target-11 (2015 & 2016) prematurely had to stop operation on June 25t 2016.
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(=)= SINQ Target-10 Inspection

Operation 2013 & 2014

High dose rates measured at the piping in
the coolant plant room

Indication for broken Cannelloni tubes
Visual inspection in ATEC (Hot cell PSI West)

W STIP Sample Tube #8

9 STIP sample tubes showed
damage/ were damaged during
extraction

Erosion of Tungsten ?
High dose rates in D,0O
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o HJ» SINQ Target-10 Inspection

a5 H R,
( &
o g sl
- LI LS
3 - i .
|

«Flusensieb» (fluff sieve) contained particles

Main D,0O cooling loop had to be continuously
filtered during shutdown(s)

Decision: No STIP Sample Tubes in Target-11
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(15 Operation SINQ Target-11

From May 2015 until June 23t 2016 the SINQ Target-11 had been operated without
major incidents.

On June 23 2016 a dose rate increase at the D,0 piping in the SINQ coolant plant
room was observed, after a VIMOS triggered beam shutdown.

On June 25t 2016 at ~ 13:30 the SINQ operation was automatically stopped due to
abnormally high pressure drop.

Within 23 s the pressure drop of the D,0 target main cooling loop rose to more
than 2.5 bar (normal operation Ap = 1.3 - 1.5 bar).

At the same time elevated D,0 temperatures measured in Row 2 of SINQ Target-11.
After beam switch-off the D,O pressure rose to more than 10 bar, the pressure
relief valve opened.

Attempts to restart SINQ target main cooling loop after some waiting time failed
due to repeated pressure drop increases. No radio-activity was released from SINQ;;
all inventory was contained in the Target, the main cooling loop and its filters.

It was decided to let the activity further decay and to prepare for a per-mature SINQ
Target exchange. Authorities agreed to this approach.
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BS Operation SINQ Target-11 — Pressure drop

i Pressure drop increase Operators attempted
0 by 1.25 barin 23 s \ to restart operation

Upper pressure threshold

:ermmwmmmwm*mmw

Automatic SINQ j
shutdown due to 1
o Ap increase \\.
_“,E_,:,ﬁ_i i Beam off
156015 '
IZI:EIE; - ‘IIEZDIU:EII.'.II - ‘IISZUI[]:I.'.IEII - ‘IM:DID:I.'.IL:I - ‘I15:I.'.IIEI:UL:I - ‘IIE:I.'.IIEI:DI.'.II - ‘II?:U
2016 25062016 25.06.2016 25062016 25062016 25062016 25.06

25. June 2016 SINQ operation was automatically stopped by SINQ safety system due

to an abnormal high pressure drop in the main cooling loop
Pressure drop in target cooling loop increased from 1.3 to >2.55 bar within 23 s.

This corresponds to a reduction of the effective hydraulic cross section of 40 — 50%.
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BS Operation SINQ Target-11 - Pressure

Pressure relief valve opened

} : /
Pressure increase |
. S _ Pressure further
1 i |
] ! | lowered by operators
1 8 :
B 1 IBI1 B
a ..) !!: .I.Mi [
i l,- i s
1§ sl .
: 1 .:_I' S '|
i . 1 ' .
i Automatic SINQ i .
| |
i shutdown due to - Beam off
ool |
Z Ap increase \ |
0] | :
[Fve]] :
|
|
00:00 12:00:00 13:00:00 14:00:00 15:00:00 16:00:00 17:00:0
6.2016 2506 2016 25.06.2016 25.06.2016 25.06.2016 25062016 25.06.20

Static D,O pressure in SINQ Target-11 increased, even in beam-off state
Pressure relief valve opened & further pressure release by operators
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l%l__—_[] Operation SINQ Target-11 - Temperatures
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Operation SINQ Target-11 - Temperature

140-; Temp. increase to ~ 78°C
1202 03.06 17:00 — 04.06. 10:00

Automatic SINQ
shutdown

=

|
Temp. increase to ~ 160°C i
|

0 02:00:00 02:00:00 02:00:00
116 19.06.2016 23.06.20186 27.06.201

T
14:00:00
03.06.2016

T T T T
20:00:00 02:00:00 08:00:00 14:00:00
03.06.2016 04.06.2016 04.06.2016 04.06.2016

D,0 Temperature data in Row 2 of SINQ Target-11 from 03 - 27. June 2016
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(15 Operation SINQ Target-11 - Temperatures

C [ | VIMOS triggered
o : beam shutdown
] | on 23.06 at 02:40
60 |
4[] __ e e e - A ‘]L/J et A \—_’/-:’\‘//'—JWA_%‘—V_‘L; T e e e e e e 1 e 0t
] I
20 I
] I
] I
I
I
I
I
I
T T T T T T T T T T T T T T T T T |I T T T T T T T T T T T T T T
100 02:33:00 02:36:00 02:39:00 02:42:00 02:45:00 02:458:00 025
2016 23.06.2016 23.06.2016 23.06.2016 23.06.2016 23.06.2016 23.06.2016 23.0¢

In Row 36 an increase in temperature of 3°C was observed at the time of the
VIMOS triggered beam shutdown.
Dose rate in SINQ cooling plant room increased ~ 5 minutes later.
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BS Operation SINQ Target-11 — Dose rate data

mSv/h 1 | I
—5007 - | VIMOS triggered ! Automatic SINQ
o | beam shutdown . shutdown due to
. : on 23.06 at 02:40 i Ap increase
G000 - : E/
5000 - | - | Water flow switched
o | Dose rate increase | .
| | on 23.06.2016 at 02:45 | on for D,0 sampling
3000 3 | :
| I

ol Beam off

= e W

I ' ' ' I ' ' ' I ' ' ' I ' ' ' I
02:00:00 02:00:00 02:00:00 02:00:00 02:00:00
23.06.2016 24 06.2016 25062016 26.06.2016 270620186

Dose rates (mSv/h) at the D,0 piping in the cooling plant room increase at 02:45
Dose rate increase indicates failure of (a) Cannelloni(s); at ~02:40 D,O temperature
increase in Row 36 of Target by 3°C, in coincidence with VIMOS triggered shutdown
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RS SINQ Target-11 - Aftermath

SINQ Target Exchange needs license from Authority

— Authority wants to have detailed information on causes of the incident asap
— License to exchange, install and operate Target-12 granted

New SINQ Target-12 installed; operation shall start 31.10.2016

— Reduced beam current — 1700 pA on Target-E =» ~ 1150 pA on SINQ
— Less UCN kicks — max. 30’000 kicks

— Broader beam footprint — max. of 30 pA/cm?

— Limited integrated charge on target — 5000 mAh

Visual inspection SINQ Target-11 earliest May 2017
— Samples will be taken for analysis in Hot Laboratory of PSI

Simulation efforts further intensified = improvement of cooling efficiency implemented in Target-12

PIE of structural materials - Zircaloy-Il and Steel - is being intensified
— Zircaloy-Il samples from tubes irradiated in SINQ Target-9 are being prepared for analyses in the
Hot Laboratory of PSI
+ Crack Propagation Testing
+ Hydrogen and Helium measurements
+ Corrosion
— Zircaloy-Il samples from STIP-II will be tested
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BS SINQ Target-11 — Search for faillure mode(s)

Proton beam distribution narrower than for previous Targets = higher power
densities & particle fluxes in central region of Target-11 = higher damage rate

During beam development operation up to 2.4 - 2.5 mA (@Target-E) 2 1.6 — 1.7 mA
on SINQ

Thin walled Zircaloy-Il tubes at outer radii (two outermost columns); up to now
untested for in-beam operation

Increased number of kicks to the UCN spallation source; 30’000 kicks during
operation of SINQ Target-10 & ~ 43’000 kicks experienced by SINQ Target-11 = full
thermal cycles for SINQ and UCN Targets = Cyclic Fatigue

e Corrosion effects on the inside of the Zircaloy-Il tubes in the front rows (up to ~ row
20); Embrittlement due to Hydrogen and Helium = Post Irradiation Examination in
the Hot Laboratory of PSI by Yong Dai and others
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= Wir schaffen Wissen — heute flr morgen

Thank you for your
attention!
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