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=z BAG and ENSI requirements

MEGAPIE is:

Joint initiative by six European research institutions + Japan to
design, build, operate and explore a liquid metal LBE
spallation target for 1 MW beam power

Main professions involved: physists and technicians

Radionuclides are produced in the target
Radiochemistry takes place

BAG: estimation of the radionuclide inventory (predictions)
Investigation of the release behaviour of hazardous
radionuclides (experiments) | licensing and operation

ENSI: experimental determination of the radionuclide inventory
(top ten) | disposal
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(F== Licensing and operation (BAG)
Theoretical predictions of the radionuclide inventory:
1 Polonium . <&
Codes: FLUKA; MCNPX, SNT _ .1 . oot
= L ot mbaring B Release of Po from
: & | © AfT%H, 1013 mbar g LBE under vacuum
Pitcher, 2002; Foucher, 2002; § S| 1 105mbay and
Zamm 2002 2008 £ 40'_ '5" Ar[7%-H, (ambient
, ; £ 0 o pressure);
_ g _ @Ox' Neuhausen et.al.
Release behaviour: 01— —
200 400 600 800 1000
Model studies with Po, I, Hg and Tl Temperawrel'el
Neuhausen et.al. 2005 .
Y. Tall et.al.: 5 lodine
Release of | 3 Wy
ISOLDE experiment — online release  oivarer ©
LBE targetat "’ | & " = Tp—
- ISOLDE INCL/ABLA/CIND -~
Tall, Zanini et.al. 2005 |

Result: low release up to 500 °C - MEGAPIE licensing possible

126 128

number (&)
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RS

m Disposal (ENSI) — preparative studies

Polonium migration and segregation in solidified LBE
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Analytics of the LBE from the ISOLDE experiment

i

200000 -
| ——surface
1500004 — bulk 172
chimniery |
T2-1H-hulk
1000004
50000 207Bi
0 T T T |A |||||||||||

1040 1050 1060 1070 1080 1090 1100 1110 1120

Energy [keV]

Result;
Enrichment of radionuclides
on LBE surface

Questions:
Which radionuclides enrich?
Where are they deposited?

Consequence:
Homogenious distribution of
radionuclides in LBE cannot
be assumed
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(=== What did we need?

« More than 70 LBE samples

shielding H09
(from nearly every cut) expansion volume 11| |¢—Hos
* Bulk _ target heat exchanger ¢ HO7
o |BE-steel interface _ _
_ main electromagnetic pump -
e LBE covergas interface +——H06
bypass electromagnetic pump -
 Lab with permission for a-activity iquid metal (LBE) ——- J | H0S
« Measurement technique
. central rod -
« Lab equipment
« Man power _ _
main flow guide tube
How did we get this? | o
bypass guide tube 0
Samples: Hotlab — thank you Viktor Boutellier and colleagues! ~ ™adiation zone " ——Ho3

4——H02
Lab: Hotlab — thank you Manuel Pouchon and Didier Gavillet! u ——Ho1
Lab equipment: MEGAPIE - thank you Michael WohImuther!
Measurement technique: SNF project ASPIT and LCH - thank you Rugard Dressler!
Man power: EC funded projects GETMAT and ANDES
AMS: thank you Christof Vockenhuber from ETHZ!

p-beam




New HotLab for wet chemistry (Summer 2011)

Still missing:

* Electricity

« Equipment

« Mesurement technique (a and g)
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Sample taking MEGAPIE

442 m

- HO9

H
SEm—T
kT Hoe Ho7
(@ 37.1cm x 7.28cm) HOG
(@ 37.1cmx 4.8cm)  HO5
e HOS (@ 37.1cm x 7.02cm)

Schnitt B-B

HO4
(@ 17cm x 5.3cm)

HO2 HO3

(@ 17cm x 9.43cm) HO02
~ calotte (@ 17cm x 7.87cm)
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(=== Example : Cut HO5

LBE samples from HO5 bottom (10 samples) and top
surface (5 samples)

L BE samples were taken from upstream and
downstream area as well as the bypass tube.

*Fill and Drain tubes were empty in HO5.

Radial samples have been taken, three in the
upstream (inner) and five in the downstream (outer) part
to enable the study of inhomogeneities that may occur.

+Additional samples containing the interface of LBE
and the steel wall to obtain information on depositions
on the wall (e.g. HO5-U4-b, H05-D6-b, H05-D62-).

HE-UE-b

Bottom: S02 / HOS

Fill &Drain:
Sample HOS_FD_b

LBE Bypass:
Sample HO5_B_b

LBE Upstream
| Sample

LBE Downstream: HOS U1 b
Samples HOS D1 b HO5_UZ b
HO5_D2_b HO5_U3_b

HOS D3 b Radial, equidistant
HO5_ D4 _b

HO3 D5 b

— HOS-FO-

Radial, equidistant
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=== Tools + Sampling procedure

Turning device Core drilling tool

Cold test (above) + Sample taking in Hotcell (below)
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=== Sample description 1

/

~N

LBE steel

LBE

— Ho7

:; -Iw.i i E:fl':-' ;i . -: — H06

<+— HO05

Schnitt B-B
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== Sample description 2

Cover gas

Schnitt B-B
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=== Summary on obtained samples

(Core drillings from H02 — HO7 N

Size: cylindrical, nominally @ 2mm x 5mm and @ 1,5mm x 5mm

Mass: 50 — 100 mg
eose rates of 5 - 10 mSv/h at 10 cm distance y

ﬁ(ﬂ and HO8 samples: \
Mass: 200 — 900 mg
Material sticking to the wall Totally 76 samples, 33 Samples

Dose rates of 7 — 150 mSv/h at 10 cm distance | from the LBE/steel and
e ‘- 7y LBE/cover gas interface.

43 samples represent bulk LBE.

“AC

Samples from Expansion volume: [Sample trom calotte:
Gas absorbers (Ag and Pd foils separated) mwes . om

wnnea T~ CAlOItE
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=== Radiochemical procedures

-
-

Au-194
Bi-207

o172 Bi-207

g [ 1 .
LBE Sample g 10l
S
HPGe-Detector 3

- J

illation .
= _ Dissolving
" : 7M HNO,
— Carrier |2 & Cl . 2(I)0 . 4(I)0 . 6(I)0 I 8(I)0 I10I00.12I00I14I00I16I00.18I00.2000
Vessel with N,H, Energy /keV

(" Separation ) g ewop 208,
- Precipitation, S 5000 -
Deposition Extraction, ' 4
[ ) Chromatography, T

\_ Deposition ) 3000 |

s lon exchange _
STE e e 2000 L 209P0 210Po
< >4 | / y
) e Measurement 000 r f\ J \
® j a-Counting, AMS : 0 —
A A VAA, 46 4.8 5.0 5.2 54

N/ Energy /MeV




Results
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=== Qualitative evaluation of g-measurements

10"
i HO5-03 butk LBE
- P
10 "E| EI N
_ & S
10" o i3}
] 3 o
w ] 3 = 0 g I
E a0t < £ |22 g N
E L £ =]
8 LIL . o e Eg
10° 1 I E T
o F—
h\\__,_l x
10" 5 “L-a..q_l__,.
10° i T T T T T
200 400 &00 800 1000 1200 1400
E (keV)
Bulk:

207Bi’ lOth’ lOZRh’ lOBmAg,
110mAg’ 194Hg/Au’ 195Au’ 202Pb/TI

'EOUI"IIS

10°

100

HO7-U3 E HO5-DE2-b
cover gas interface 1 am steel surface
1074 = 5 wy BT
{ R 5 i 33 o
= Dy W = B = . r~
308 9 o, R0 30 €5 AR
1 07838 o R @ 0y EeEP S8R, T ans
3 - - T . Lo
:".- £ <, =2 oo 3 oo EY o ] Ir:"':ﬂ Em.é:',g 3251 g2
1= i, f e ] N = f L 2 . s EJL sy, L0 (g
w0 EO|T e =17 € m-*hj g/ &B2 8
R e L F=a- - | &3 o -3 E ‘»L !
el e TET A b = . 1‘ é"
L, 2 ]
10° 4 Ll ._I_.JJ"*_‘_‘IJ Lt .U 10°
L\JJ.J' | - ]
10°4 b |.uu 3 r.hu
10° : , , , : , 1w -—_———————7—7
200 400 €00 800 1000 1200 1400 200 400 600 BOO 00D 1200 1400
E (keV) E (keV)

Additionally, deposition of 172Hf/Lu, 173Lu, 1*3Ba, ®°Co

Results:

 Bulk LBE contains only noble metals that have a significant solubility in LBE

« Radionuclides of elements that have only low solubility in LBE or are sensitive to oxidation are only detected in
samples taken at the LBE/steel interface and the LBE/cover gas interface

» These findings are consistently observed in all sections/samples, with the exception of a stagnant Zone in HO7.
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w Distribution of 2°7Bi, 19*Hg/Au and "3Lu

A (Balg) EOB

10" 5
4 bulk LBE —— FLUKA
LEE/steel interface —— MCHNPX
2 LBE/cover gas interface
10" 5
R Ty k. sl g daana 3 T
Y
10° 4
L
1075 207Bj
B o o o Sy S e S e e e e i e

Q0 5 10 15 20 25 30 35 40 45 50 55 60 65 V0 75 &0

sample

LBE/steel
interface

107 3

A (Balg) EOB

g
sl A "

10

g
iisassal

-
<
L

LBE/steel interface
“  LBEfcover gas interface

—— FLUKA
—— MCNPX

1731y

1ﬂlb
4  bulk LBE —— FLUKA
LBE/steel interface —— MCNPX 10° 4
LBE/cover gas interface 3
HEE S == 1D"1_|
@ ]
O 10 4
Y 1 E'..‘
:‘;'i‘m:aaf A 4 oA L § _m,_'l
A & [ g =
o 10° 4
4Hg/Au 10
............... 10" 4=
0@ 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO 05

sample

| e | e | e
(Ba/g) (Ba/g) (Ba/g)

1.34 x 103 -

7.69 x 103 -
3.76 x 10°

1.08 x 108

10 15 20 25 30 35 40 45 50 55 60 €5 70 75

sample

Corresponds to
results from
ISOLDE
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()

Distribution of 129 and 36C]|

10" 3
1 predictions

10°q cc=- === =—-=-=-=-=—-=-=-=-==-===

1291 in bulk

10'3-:

- T s e . - = L3 e . -

10 3 -

1075 :], If)/ !’1’ :1/ Ib( ?b T Io T L) T T T T T IQ
NIELENIE LIRS RSP IR ISV
&V & TN O 0 Q A

ngg&%\zg\zg%%%&@ %@Q\Q@Q@@“Qg’\

Total 12°| activity, Yfree surface corresponds to approx.
290cm?; 2steel surfaces relates to 16m?; 3LBE surfaces
relates to 16m2.

measured total g\r/ee?;ctsg % of
[kBq] [kBg] predicted
bulk 0.26 3
free surface! 0.009 <1
steel 6.38 8.56 75
surface
LBE surface3 9.03 105
absorber 0.0004 <1
Conclusions:

 lodine depletion in bulk
o ~180% of predicted 2°l found in target

e no evaporation (according to release studies)

107" 3
T e e e e e e e e e e e e e e e e e
predictions
']0’2—E
1 36Cl in bulk ;
10° - ® E
3 L3
LS
10’4—§ -
S S S A
N 9 & Py P © bl
Qﬂ;’\) Q@{b Q\Qb‘ > \2993 \296 Q\Q,\,% \2\6\9

Total %Cl activity , ‘free surface corresponds to approx.
290cm?; 2steel surfaces relates to 16m?; 3LBE surfaces
relates to 16m2.

measured total g\r/(aetnrl;ctgg % of
[kBq] [kB?]] predicted
bulk 0.833 3
free surface!? 0.04 <1
gzl 6.13 23.9 26
surface?
LBE surface3 0.29 1
absorber 0.01 <1
Conclusions:

 Chlorine depletion in bulk
o ~30% of predicted %Cl found in target
* reasons unknown
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(== Distribution of lanthanides in MEGAPIE

Total'*8Gd activity; Yfree surface corresponds to approx. 300cm?; 2steel surfaces
relates to 16m?; 3LBE surfaces relates to 16m2,

0.02 <1
20.7 153 14
48.6 32

Total 13Lu activity; Yfree surface corresponds to approx. 300cm?; 2steel surfaces
relates to 16m?; 3LBE surfaces relates to 16m2.

22.4 7

0.1 <1
325

186 57

323 99

Conclusions:

 Depletion of lanthanides in
bulk (according to ISOLDE
experiment)

e ~50-160% of predicted
lanthanides found in target

* N0 evaporation

 Accumulation of a-emitters
on walls of the structure
material
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=== Distribution of 208-210pq

10" 10"
14 1~ ®poexp. A |~ "poexp. A | & YPgexp. a / ~ ™Poexp. 4/ ~ "Poexp. 4 / ~ ““Poexp.
10°4 —™PoMCNPX  — "Po MCNPX - "Po MCNPX 1074 — “*Po FLUKA — PO FLUKA  — “"Po FLUKA
o ] —_ 3
L= 11 [ =z g] == g e e s s rr s s s rr Er Er rr v v
o 3 & A 10 A
o 1a 4 ""‘;“1-" - LA aA LA pS 2 '5‘1 N TS N
L o] o
~ 107 - 10’1
E —
o 1 . - A 4 o B i
g 105_!‘-———__i“_l_i—L——‘—L&F—_l___a_‘_*_‘_l_ﬁ_‘_h_ﬂ g 105.;‘ 'y A a A A A O R fa N A, A ad A SN
w ] w 3
5 10°% S 1073
U @ 3
LT otaa * A A 4 L A oA A e G B e Pl Wil ulb e - el bl bl
& A A A = 1011 S A A D " . A D .

Conclusions;

T T T T T T

T T T T T T T S T

VeV A, T AN g
SEE S I X

209Bi (p/n,g) #°Po

209Bi (p’n) 209':)0
209Bi (p,2n) %P0

Po is mainly homogeneously distributed (not in agreement with previous findings)

(only very thin Po layer on top of surfaces)
in agreement with theoretical predictions
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== PO determination in SINQ lead target 4

Activity concentration at EoB (12/2001):

AN

o 10" | Activity concentration —— %pg
= End of Beam 12/2001 —e—Po
Hﬁ“,‘ 13_ ‘___ _"ZWPD
30 - 13 _hmﬁqhhh““‘hh A
= 10*° Bg/g(Ph) “--Ay
= 12
s 10°r [Tm: 138 d
< o 102 atoms/g(Pb) = 34mg
10" b .
10° k- —HE—
10°F o
104 N ‘.~.
103 ' 4 . L ! L I : I ; 1
0 10 20 30 40 50

Distance to beam centre /mm
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(=== Production pathways of Polonium

"aY/Th content in
095 _ Po 208 P0 209 P0 210 SINQ lead:
(p.2n) (®.n) P.9)
| conltent In 2sswe | oo | [eea, no values
SINQ lead: o L (ICP OES)
220 ppm — T-.J5 200 \‘%i\ 210 ,/I
(203, i(P0) )
(lCP OES) 3155 yr 1019’;7 5>c(j 9 ,,',
=7-10%7 atoms/g lead | /
g
Pb 206 Pb 207 Ph2ss | I | | | FbgLo
(n.g)
i i 751 | | B3y

208ply (p/n, g) 209Bi M 208ply (2n,g) 21°Ph
EEipnaRI  Pb(Hiazp) 2P

209R;| 208

23
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()

Stock solution N
1M HCI
PbCl, \E j

210pp (22.3 a)

Po in solution

Deposition of
equilibrated
Poin 2011

210p in PhCl,

One year of
210Pg ingrow

l

Deposition of
Poin 2012

> 210Bj (5 )

Ty, (?%P0) = 102 yr
Ty, ((%®P0) =29 yr

— D14_Solution (June 2011)

zmpn

209 208
Po Po .
0.75

1 : 3.6

)

4.7

N

A 1 1 "
5.2 53 54
Enerav MeV

Residues of 208/2091210pq
in the PbCl, precipitate

D14_PbCl, (May 2012)

ICIEP

210
P

0 0

4.7

L 1 " 1 X ] " 1 L L M 1 "
4.8 4.9 2.0 5.1 5.2 5.3 5.4

Energy MeV

> 210pg (138 )
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(H=1}= Po determination in SINQ lead target 4

10% Bag/g(Pb)

—

o
—
IS

Activity /Bq/g(Pb)
> o

- =i | oA — — C_::
o O o O O -
w = i ()] = "

Activity concentration at EoB (12/2001):

A

| Activity concentration ——""Po
End of Beam 12/2001 —0— " Po
oA — A -2°pq
i — < ~ —A—""Lead
— - “
i B—
_ —HE—-
—agy
‘_ 4‘%‘
0 10 20 30 40 50

Distance to beam centre /mm
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—

m Po evaluation in MEGAPIE

T i T 'I‘ T 'I T 101‘
10" ~
SINQ lead target 10"
1011
101D
— o 109
5 £
2 10 ; > 10°
= — INCL4.6/ABLAOT: Po-210 g .
= .f — Pb-210 5 10
= 10F — MCNPX default: Po-210 @ 10°
g 25 » measurement: T. Lorenz (PSI) < 1
107 10t
I: 107
10°¢ 10°
- 1
of 10
"J E_ 1 1 1 L 1 1 T ——— 100 T
] 4 [} | 0
years after E |
10° g :
3 | |
10k e :_ : 210pg =
; ol a -k ' i .‘__I_‘ Y
10 [ I
. I | EDSPG
i .
E 10* 1 . - -— : - 1| L —
—_ s I |
§105 r : : EDEIP
L : - o
o 10 r - - - ._L-_:_.- - ':-l —a
10° : I
; 1 I 210pg
10° 1 I
] —» | I B e
.t = 1 F 1
1D T T T T T ) T T ) I;\ T
Ssl" i ke ﬁo’ﬁ }3‘?? Q'ﬂ‘ g"l? e ,\S;b
& & & § .
& ’ &g &
rd &
&

“°Po from “*Bi
T~ “°Po from “°Pb

MEGAPIE target

1 2 3 4 & 5] T 8 9
years

_’ 209gj + 219pp

K = 42600 £ 360 GBQ

ey £ 1OPD (A = 35+ 3.49 MBq

bulk LBE

r

I

[BE/stael
nterface *

+* LBE/cover gas

interface
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(== Summary of the results

* In total: 20 radionuclides were analysed

 Bulk LBE contains mainly noble metals that have a significant solubility in LBE
(Gold, Mercury, Silver, Rhodium)

« radionuclides of elements that are sensitive to oxidation/reduction are only
detected in samples taken at the LBE/steel interface and the LBE/cover gas
interface (Lanthanides, lodine, Chlorine)

* Most of the determined radionuclides show good or fair agreement with
theoretical predictions

« 208210Pqg js homogeneously distributed

« 210Pg is produced not only from Bi impurities, but also from the precursor
210pp,

« For end of beam, the experimental values for Po agree with the predicted
ones.

« For long-term storage or disposal, the amount of 21%Po, produced by the
precursor, is dominating.
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(== Impact

Existing calculation codes

Code development/ Validation of calculation codes
New target designs
Knowledge of the radionuclide inventory Analysis
Risk assessment
Decommissioning Impact of MEGAPIE
Disposal

 Deposition on surfaces have a radiological
impact, especially a-emitters (14Gd)

» Release studies are safety-relevant

 Inventory determination improves the
calculation codes (?1°Pb-21%Po case)

Licensing new facilities

Knowledge of the chemical behaviour
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