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MEGAPIE Target & Anc. Systems

Instrumentation devices:

About 100 TCs
Tens of PT100
Heaters

EM Flowmeters
Pressure gages
Fission chambers

For process control & safety

internal, e.qg.,

level meters & leak detectors,
plus

dedicated safety devices
(slit, current, VIMOS)

Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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Final Assembly of the Target
_January — March 2006____ __

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs




Target Head Enclosure (TKE) full with stuff
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1st:
new MEGAPIE Safety Systems

Transmission Monitor
Slit KHNY30
VIMOS

EFFECTORS
TC LBE Leak Detector

Stripe Sensor (tBEteakbeteetor)

Bregenz, October 2014 / K. Thomsen, S. Dementjevs



Requirements:

The beam hasd to be switched off

e within 100 ms if 10 % of the

protons by-pass Target E
(corresponding to factor 2 in peak
intensity)

« within 1 sec if LBE leaks out of
the Liquid Metal Container

b Catcher

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs



1= Collimating («Rohrer-») slit
in the proton beamline

— PAUL SCHERRER INSTITUT

Beam interrupt system:
End-to-end Test @ 40 pA

intentional
beam deflection

beam interrupt  beam interrupt
triggered effective

< >

30 ms KHMY 3 current

w | ! .
C_U ’ — KHMNY30unten
g) G Interlack KHMY30unten
[z oo 1 S S I T | Proof of
% g,l : | 7 11137 - TR TR T - {Functionality
g Z 7 ......... LAy o - ............... ............... ................ .............. dand Sen5|t|v|ty
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event measured on Aug. the 14th 2006 at 16:29

1, S. Dementjevs
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VIMOS, basic set-up

mirror;

Glowing signal of tungsten mesh
produced by the proton beam heating is
monitored via 1 mirror in the visual band

HPTW 2014

K. Thomsen



VIMOS triggered correctly @ 900 pHA

Thu Aug 17 13:56:33 z006

Lost frames: 0
bml_22547: Meanl:12.440535, Meanz:2,807785, Ratio:l.z2&8441,x-Center of ROILl:z227, Y-Center of ROIL:1&2,x-Center of ROIZ and ROI1 :230, Y-Center of ROIZ and ROIL1 :1%54

bmz_22547: Meanl:12.471129, Meanz2:2,.817342, Ratio:l.z27021¢,x-Center of ROILl:z227, Y-Center of ROIL:1&2,x-Center of ROIZ and ROI1 :230, Y-Center of ROIZ and ROIL1 :1%54
bma_z22547: Meap 930, Meanz:9.817775, Ratio:l.z269323,x-Center of ROILl:zz7, w-Center of ROILl:1e62,x-Center of ROIZ and ROIL :230, Y-Center of ROIZ and ROIL :1G54

bmd_zz547 4 Meanl:1z2.5337¢64,)Meanz:5,.835572, Ratio:l.274330,x-Center of ROIl:227, Y-Center of ROILl:lé2,x-Center of ROIZ and ROI1 :230, v-Center of ROIZ and ROIL :154

bmE_22547: Meanl:1z.569779, Meanz:5.853515, Ratio:l.z275664,x-Center of ROILl:227, “-Center of ROILl:lé2,x-Center of ROIZ and ROI1 :230, v-Center of ROIZ and ROIL :154
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= and Sensitivity at very

: low Signal Level
(frames enhanced)
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VIMOS, Camera Degradation

08— BEEg
0.6 .JI..W

0.4

B vis. Fraction

vertical fraction vis.

0.2

O f f f f f
14 19 24 29 34 39

days, starting 15 September

1. New Mask, 2. New Camera

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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Extend camera life time (...reduce cost) ~
by moving camera away from hot area SiteS .I:O =

Off the shelf CCD camera works since
Nov. 2008; local graded shielding as
well as light transport through image
fiber are effective and allow for upgrade

K. Thomsen
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(=] Attempted Upgrade of Diagnostics”™ Capapbility

Beam splitters

Fiber Camera 3 (IR)
80% Long wavelengths
I

20% Short ’Navelengths
standard
Safety
channel
unchanged

Camera 1 (safety) Camera 2 (visual)

* In addition to the existing safety-channel (,camera 1“)
two more images will be sampled, i.e. another
visual channel (,camera 2") and
a near-IR one (,camera 3“)
« from the ratio of the intensities in these wavelenght bands
local temperatures and thus current densities can be derived

HPTW 2014 K. Thomsen
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RS

Upgrade was fine in Theory and Laboratory Tests

" 0,8mA /16 uA/cm?
W 1mA /20 pA/cm?

W 1,2mA/ 24 pA/cm?

Short A -channel IR-channel
e e AR e
600\‘ o
500

El a0
E 300
2 200

Wavelength (nm)

The relative weight of short
wave-length visible light
rises with increasing
temperature

Signal Ratic

HO0,6mA/12 pA/cm?

~ W1,6mA/32 uA/cm?
~—— M1,8mA/36 pA/cm?

W 2mA/ 40 pA/cm?

o mer— e —

]
i .
|

I

H

T
‘M

Calibration looked ok:

Camera Signals: short [ long Wavelength Bands
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1st Operation yielded partly Surprising Results:
Fiber Deterioration due to Radiation Exposure Limits Usefulness

HPTW 2014

K. Thomsen
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MEGAPIE Target,
Tip of the nose
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MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs



(=] rauL scHERRER INSTITUT Concept Selection Oct. 2004

Requirement Ring Det.  Skullcap Thermocouples  Stripes
< 1/2 Liter ok ok ok ok

< 1 Minute ok ok ok ok
Reliability ? ? ok ok
Detection Prob. ok ok
False Alarms ok ok
Qualification OK n.a. (ok)
Radiation Res. ok ok
Temperature Res. ok ok
No High Voltage ok ok
Verifiability ok ok
Not Self-Resetting ok ok
No Interference ok ok
Calibration o

Ready Next Year ok ok
Redundancy X X ok ok
Oil and D20 ok ok
Done X

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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& 2 Sensor Types in LBE Leak Detector:

——

Thermocouples
(9 individual and independent sensors,
3 electrically preheated) as
main leak sensor

Stripe sensors

type "AC impedance” (3 separate units)
as

additional secondary instruments

K. Thomsen, S. Dementjevs
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300
LEAKE CETECTOR TC TEMPERATURE QUT2UT FROM THE FULL SCALELEAK TEST
(]
o
- A,
] f'
: |
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ﬁE =
250 |4 : —TE14 - unheated TC
']
%)
-

—TE15 - unheated TC
200 | | | — TE13S_Heated TC

100

— FSLT
Transients in Temperature Sensor§w

280 2490 300 310 320 330 240 350

0
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300
LEAK DETECTOR TC TEMPERATURE OUTPUT FROM THE| FULL SCALE LEAK TEST
o
®
>
g
[
£
250 li‘_v /
200

=—=TE14 - unheated TC

150

—=TE15 - unheated TC

100

/ —TE13S_ Heated TC
—— FSLT:
AT >100°Cin 0.33 Seconds .

285 285.5 286 286.5 287 2875 288

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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0.5

-0.5

\ —V25 —_—\/26

-1.5 \
-2

-3.5

'4 T T T T T
285 285.5 286 286.5 287 287.5 288

FSLT: Stripes show Full Contakt in < 167 ms

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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L BE leak detectors:

awaking with beam-on

Temperaturleckdetektor
— Temperaturleckdetektor

— Abweichung von Mittelwert
&l skl PN .
H - E ]
- 4120 ]
1 240 L
| ) ]
e A S A e S =AY ] i
= g ; L op
I I I I I I | I I T
3240 ng:6gas 09:1::35 09:22:35 09:43:35 09:68:35 — G0.0
052008 FEFE (D) SRS 4 | » 23-08-2006
RN256.CT811 0.8°C RNOSE.CTa14 0.3°C L
RNGSSOWIENN  13°c  ENGSCHEIN 5o
RMO56.CTA13 13°C RMNO56.CTA16 15°C r
2360 | — Ableitunyg dT/dt 0.0
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H
8.0 .
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- 14g.0 - 200
4.0 L
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02:58:35 09:12:35 09:28:35 09:43:35 09:58:35 02:58:35 ' 09:13:35 09:28:35 09:42:35 00:52:35 || D8:58:38 09:13:36 09:22:35 09:42:35 09:58:35
2052008 D [ [(D) REEEEE 4 | » 23-08-3006 1052008 () ((D) REREEE 4 | b os008 || 22082008 S (D) RS | | » 22-08-2006
S =21 C RNDEE CTa13 51.8°C FEESEEEN 0o°c RNDSE.CTE13 0.0°C EREEEE | :0 RNDE6.CET13 30 %
| |EEERE RNO5E CTA14 502 °C | IS RNOSE.CTE14 ooec I =0 Reserve 0.0 %
RNDSE CTA03 134.4 °C RNOSECTEENN | 490°C RNO5E.CTA0z 0.0°C RHOSECTEENN | oo°cC RHNO56.CE1D2 £6 o Reserve 0.0 %
RHNOS6.CTA 11 513 °C RMNI56.CTA6 43.0°C RHNQS6.CT911 0.0°C RMNO56.CTO16 0.0°C RN256.CETN1 3.0 % Reserve 0.0 % ;
FRESRETHEN | s12°C Feserve | 0o°c RNOSG.CTEIZ 0.0°C Reserve | 00°c RNDSG.CEI1Z 3.0 % Rezerve oo w ementevs




= TC-based Leak Detector worked Fine
l_,—— PAUL SCHERRER INSTITUT

LBE Leak Detector, Temperatures / Average of Unheated TCs

400
New Criterion: S < |Tig - (To + Ki (Avy) - To))| .
350
F o
"a 7 W
300 Temp. |k, ame ®
" J M
TC911 | 1.05 mEee o
3 oS ¢
9 TC912 | 1.27 " e ety X X
= 250 oo T Xx
Q TC913 | 0.67 . XX X
o e
. TC914 | 0.87 s %
o X
& 200 TC915 | 0:96
o +TCOL1
- TC916 | 1.16 C ot
|
150 TC 913
X
. TC 914
100 4 X TC 915
ﬂ” ° TC 916
50 T T T T T
50.00 100.00 150.00 200.00 250.00 300.00 350.00

Average Temperature [°C]
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100.0

100 |- ___r.._ JAEE) TN

00
0061214 20061245 20061298 20064247 2006421
071000 071000 07.10:00 071000

TC based LBE Leak Detectors yielded the most sensitive
Beam Diagnostics
(standard halo-monitor at every new spallation target)

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs



LISOR irradiation of stripe sensors showed no effect

/' 3xTC:

[}1 1{]2.[33 Leakdetectoor during Lisor Irradiation, Temperatures
400
r-r— gt g
350
G 300
fc’;’/ —— Series1
@ ~——— Series2
E e i, | | = Series3
[ —r' .
__H_W o
g 250 ——— Series4
2
200 H
150 r
1 284 567 850 1133 1416 1699 1982 2265 2548 2831 3114 3397 3680 3963 4246 4529 4812 5095 5378 5661 5944 6227 6510 6793 7076
Time (seconds)
Leakdetector during LISOR Irradiation, Impedance
0.005
0.004
0003 | || ! | ! ! ! | | | !
@
I3
[
E]
g —— Series1
x —— Series2
o
c
©
[§)

-0.003

in «representative» helium atmosphere T secons)

MEGAPIE Final TRM
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Partly Unexpected Results
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INDUMO TrendApplet 3.2 4
100.0
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12:00:00 18:00:00 00:00:00 06:00:00 12:00:00

' WW w | HAA Variable Behavior of
| M*M' aeaur—~  Stripe Signals during
| | WWM the MEGAPIE
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80 |- L 4 -
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\Y, g iy N by i Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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Inside of safety hull calotte after cutting up MEGAPIE

T
s u S, | Black flaky smut inside calotte is
_____ probably remains of oil that
\ 4 entered the insulation gas system

MEGAPIE Final TRM
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IG (and CG) pressure development since start

e R "!L : i

s - - -
(L
leaking olil into
owe t
he
Insulatio ap!
, insulation gap!
aH i
b j.{= e
nw
aoas
an
2005-:!0-
o34 00
Farbe Anzeige Name dor Trondlinie Bucchraibung Bkala Min Sksla Maw Cursorwert Einheit Min - Man
; ; : IG5 gas analysis (mass spectroscopy):
I':'l MP_1EGHTI CPO0I_ T4l AvG Absolubdruck o 1 o bar o 0.9%
= _ACFDO1_FRADAI_FZAO0_AMG  Brotonenstrahistrom 0 2000 o mi |0 5000 L e = S S © .
=l MP_1KGALD_CPO0L_Z400_AVG | Absokatdnuck ] 4 o bar o 0.5% I-."'“-“ G B My sl PV
= MP_1¥GALE_CPO0E_Z400_AVG Absolutdruck o 4 o bar o .55 “{ el
. 4
£ (¥ 3
']‘] L |
w1 o o gl e T
[ 8143 (?- Iq ? B
&

The Stripe Sensor
detected leaks better
than ever imagined!!

i

&
it
LLad
=

i

- m el
ke Lo
——

- - it] - M m

MEGAPIE Final TRM
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IMDUMO TrendApplet 3.2 4
143

har
1.35 k.

W /1

I
. T | A
) ) Arr‘ 15

LR

A"
| u ol |
- «-—i{_/ T Fﬂﬂ" 0 R A o T O T T 00 K AL

i

—

2006-08-11 2006-08-13 2006-10-17 2006-11-18 2006-12-22
12:00:00 18:00:00 00:00:00 06:00:00 12:00:00
’ <« ] [ »> ] ’ >l ] [ Pririt ] ’ Export ]
Farbe | Anzeige Name der Trendlinie Beschreibung Skala Min Skala Max Cursorwert Einheit |Min Max
- MP_1KGH71_CPO01_Z400_ AYG |Absolutdruck 0 1 0.177 bar 0 1
_1CFDO1_FROD1_RZ400_AWG | Protonenstrahlstrom 0 2000 0 m, 0 30000
MP_1KGALD_CPOD1_Z400 AWG |Absolutdruck 0 4 0.198 bar a 1.5
MP_1KGAL0_CPO02_Z400_ AYG |Absolutdruck 1] 4 0.198 bar 0 1.5

and IG pressure development during start of MEGAPIE

MEGAPIE Final TRM Bregenz, October 2014 / K. Thomsen, S. Dementjevs
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Thermocouple based radiation resistant pressure gage:

(T W O W.tl;‘:l’ AT PN

Gas connection

Body in two parts, vacuum tight
welded (e-beam), enclosing a volume
with vacuum / gas of reference
pressure

Membrane (“soft”), polished with low
thermal conductivity

Membrane (“hard”), polished with low
thermal conductivity

Contact point 1 with temperature
sensor

Contact point 2 with temperature
sensor and heater (electrical)

| .r . ‘/mrlTrr |-_ AN \y \
r‘ﬂf‘-h— ; Fr’i‘rﬂ LS T .-‘u_
L ; .trff‘ Nl
le'ﬂ' f“ B N

Signal: 1/Product [a.u.]

=
©

=
u

=
Ul

1.3

11

(Pat. Appl. No. 08002395.5-1236)

(.

4

/4

/

—e— 1/ (DELTA x (sink-body)) up

—=—1 / (DELTA x (sink-body)) down

-~

0

1 2 3 4 5 6

Pressure [bara]

Example: Nitrogen up to 5.5 bara, 0.5 bar steps, 350 mW heating

MEGAPIE Final TRM

Bregenz, October 2014 / K. Thomsen, S. Dementjevs



— TC-based level sensors had problems
«[==J" PauL SCHERRER INSTITUT

INDUMO TrendApplel V3.2 4
4100

¢ | Stow reduction in the "HH™ sensor temperatune Release of the cover gas
3uzp | comelates with increase in the cover gas pressure -
3740 U L § I [ J.|.| IJJ.! I | II| J I“
35‘“‘ . | %- J IL 1 - h ull a e
I e II II | it 1 To measuring sysfem
Jncrease in the sensor temperatune T
3380 i 1 : [ wopiicable by e gas M 0 power source
o | | | Lipthrows of the “M" sensor lemperature are
111 St e "-'i"":‘qr'.l'a" e ek I Faused by unstable contact with LBE surface
anzo WL Ll &30 L 0 L L I
I|||||I||J"_|I' Il'l' ] Dl U
2840 ! iWi |I- | (1RO T
o ' 1 [l
(1 I i
i 1l I

2006-10-26 2006-11-08 2006-11-23 2006-12-07 0061221
12:00:00 12:00:00 12:00:00 12:00:00 12:00:00
| €4 | I > ] [ 3l I I Print J l Expaort I
Farbe Anzeige Name der Trendlinie 'Beschreibung 'skala Min Skala Max Cursorwert Einheit Min  Max
MP_1RNQS1_CTO45_2400_AVG Level LBE HH Temperatur -270 1372 0 oc 230 | 410

MP_1RNQS1_CT043_Z400_AVG [Level LBE M Temperatur -270 1372 0 oc 230 | 410
- = MP_1RNGS1_CTO40_2400_AVG [Level LBE LL Temperatur -270 1372 o o¢ 230 | 410

Lesson learned:

Evidently the heated thermocouples was not an optimal solution for the LBE level and leak
detectors. Temperature and cooling conditions in the target are unstable therefore the

sensors signals interpretation has not a single meaning. It may well be that it is better to
return to conductive type sensors, which has very stable signal independent on temperature,
gas pressure etc.

Paul Scherrer Institut « 5232 Villigen PSI MEGAPIE TREM / CEA — AIX-EN-PROVENCE [ September 25-26, 2008 / S.Dementjev and S_Jora



i A e . = | Some more problems and lessons learned
Complications during the target filling

. L= 0 PAUL SCHERRER INSTITUT |
Patr o 4 o4 baste seoetm [;E_tl

| Unacceptable performance of the PbBi flowmeters

Viary long and smafl diameter filing pipe withow! temperalure control; rsk of LBE
fregzing during WG e largel

~ il
o - G o=
e - |
e ; ;
g - - - r! s i
P e L e P W - ] I
b i LM o o ™ ) |
- T L e it 4 W TE A B i
k| i

Lesson learned: A special heater for the filling pipe s necessary.

gt i Bees Sl LT e P Mcare P chaan b PRl e o e L e a6 Yl 1 iBi fipwrale measurements

60%%

w7 raut scuerren thstitu [ i T T

Some uncertainties in the oil leakage detectors (=TI v scurnee iwsnnn T e
indications Heat Removal System operated well, =200
indicati =T

stegsy carcerrcd stk tha
but...

x . Lesson keamed:
-~ 015 necessaty 0 oplimes
tha HRS dasn t ansure
= { an effective lemperature
'| By i . | | | T O B | I 1 ) A contre 8l mone siabie
mn Il'. ool | G '-._L_ } i | | I-. -r *a i o bie of the
a5 ey T l\.h‘\{?-? e = EEF s T i | o A fadure of the contrad vehe 215
- H\.,_-_L._ M= e bt ~ E— diring MEGAP|E irtngral fest
imp e L | -
s _‘ ______ _F::.! IITy 1““ 51 g8, _-F Lii _l"ﬂl . e Pacility Sapandonce Hhr:':'l‘r&
==n - B - = ¢ comtroi 3-moy vehgliren

[
¥ -
i aftizn and ol dpmrate |
o rﬂ-:dw rTr L LrrEe
' e S o e
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'-,II E [ = coaing cagoucity of the WIS
T

No lesson leamed for today. Reasons of the strange behavior is unclear at least betore PIE

Pt RrmTer Pt - AT g B LA B0 | CTA & ANTR PR Bl | % AN | 1 D ares § ey "
— — — ik — 1 Lartegl tomparatare

LBE, THX sutic?

P Dt e miied < SO0 Yibors PO MITAPNL THM DA, - &L R PSIATHIT ‘EEHM'.".-:’( b :-Df"'".‘l.c\-:-n 1 aroe
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Delayed Neutron measurement
(n-detector in the TKE)

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

| He3 detector spectrum |

Objective: sook-
— Investigate the s_pontaneous 500
(Bn)-decay reaction of =
spallation products e 2
— Besides general interest: -
Relevance for activation and 2001
safety issues in flowing 0ok
media : J |
0_' | | | | 1 -

I L L L L L L L L L L L L L
6000 8000 10000 12000 14000

raw analog signal distribution
coming from pre-amplifier, taken at 40 pA.
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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

Objectives:

— Test of newly developed miniaturized
,thermocouple-sized” fission detectors in a
realistic temperature/radiation environment

— Neutron flux measurements in the immediate
vicinity of the spallation zone, distinguishing
thermal, epithermal and fast components

— Measurement of transmutation rates of central rod

selected minor actinides (e.g. Am) housing arrays of
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