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LBE-Samples from various cuts

Specimen extraction plan for MEGAPIE PIE

( MEGAPIE Report MPR-11-DY34-001-V3)

Handling: For an estimation of the maximum activity we

rely on the activation calculations of Zanini et al. (PSI-

Report 08-04). To have some safety margin concerning

dose and activities, it was decided to take appr. 50 LBE

samples from the different slices of around 100 mg in

weight, each.

Developed Tools for sampling:

Device for Sample taking (core drilling and

breaking-off the remaining pin: V. Boutellier),

Tool for turning disks H05, H06 and H07 to be able

to extract samples from bottom side: V. Boutellier

and C. Zumbach
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Segments H02 to H07
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Example for sampling: Cut H05

LBE samples from H05 bottom (10 samples) and top 
surface (5 samples)

• LBE samples were taken from upstream and
downstream area as well as the bypass tube. 

• Fill and Drain tubes were empty in H05. 
• Radial samples have been taken, three in the 

upstream (inner) and five in the upstream (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. H05-U4-b, H05-D6-b, H05-D62-b).
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Tools + Sample taking procedure

• The samples were drilled with a custom

made tool, using core hole drilling.

• The size of the typical cylindrical samples

is nominally about Ø 2mm x 5mm or Ø

1,5mm x 5mm, depending on the drill used.

• Resulting sample masses are 50 – 100 mg

and have dose rates of 5 – 10 Sv/h at 10

cm distance.

• Sampling finished. Totally 74 samples

were taken, whereat 30 Samples were

taken from the LBE/steel interface and

from the LBE/cover gas interface. The rest

of the 44 samples comprise the bulk LBE.
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Tools + Sampling procedure

Core drilling tool
Turning device

Sample breaking device

Cold test (above) + Sample taking in Hotcell (below)
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Analysis and Results

-spectrometry measurements of all specimens (as is, without prior chemical separations) 

has been completed.

Nuclides definitely indentified:
60Co, 101Rh, 102Rh, 108mAg, 110mAg, 133Ba, 172Hf/Lu, 173Lu, 194Au, 195Au, 207Bi

For some of these nuclides, activities can be reliably extracted from -spectra of the 

complete specimens, while other nuclides can only be determined after chemical 

separations.

There are certainly also a large number of additional nuclides that will be only detectable 

after chemical separations, among them e.g. the long-lived 129I and 36Cl and the -emitting 
208-210Po.  The chemical separation and analysis for these nuclides remains to be done.
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Example 1: -spectrometry results from cut H05

Results:

•The distribution of 207Bi is homogeneous as expected

•Bulk LBE contains only noble metals that have a significant solubility in LBE (here exemplified by 194Au)

•Radionuclides of elements that have only low solubility in LBE or are sensitive to oxidation – here 

exemplified by 173Lu – are only detected in samples taken at the LBE/steel interface (marked red in this 

example) and the LBE/cover gas interface. In the bulk LBE, these nuclides are below the detection limit.

•In sample H05-U4-b and H05-D6-b we observe an enrichment of 194Hg/Au.

H05

Samples H05-U4b and H05-D6b are from the 

LBE/steel interface. U4b contains both steel and LBE, 

while D6-b and D62-b are separated pieces of LBE and 

steel, respectively
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A [kBq/g]

Sample m [mg] Position 173Lu 194Hg/Au 207Bi

H05-B-b 84.40 LBE 0 54 3585

H05-U4-b 66.00 LBE/steel interface 750 416 1789

H05-U1-b
101.8

0
LBE 0 89 3512

H05-U2-b 99.10 LBE 0 35 3447

H05-U3-b 84.10 LBE 0 79 3487

H05-D6-b 45.00 LBE/steel interface 262 494 3523

H05-D62-

b
19.40 steel 624 15 61

H05-D1-b 91.50 LBE 0 111 3486

H05-D2-b 92.30 LBE 0 55 3409

H05-D3-b 88.30 LBE 0 47 3507

H05-D4-b 95.60 LBE 0 79 3510

H05-D5-b 97.00 LBE 0 28 3498
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Example 2: -spectrometry results from cut H07 (cover gas surface)

H07
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A [kBq/g]

Sample m [mg] Position 173Lu 194Hg/Au 207Bi

H07-U1 419.00 LBE/steel interface 1825 59 3629

H07-U2 226.10 LBE/steel interface 2317 67 3725

H07-U3 571.50 LBE/steel interface 297 35 3497

H07-U4 570.80 LBE/steel interface 110 39 3561

H07-S 93.40 LBE/surface 19 34 3696

H07-S2 181.80 LBE/surface 192 30 3877

H07-S3 76.50 LBE/surface 40 26 3603

H07-S4 21.70 LBE/surface 813 59 4663

H07-S5 90.80 LBE/surface 140 31 3838

H07-S6 161.80 LBE/surface 97 25 4270

H07-S7 104.00 LBE/surface 9 34 3575

H07-S8 324.60 LBE/surface 396 29 3853

H07-S9 95.90 LBE/surface 170 29 3576

H07-S10 94.50 LBE/surface 54 32 3714

H07-S11 97.10 LBE/surface 84 34 3599
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Results:

•The distribution of 207Bi is homogeneous

•LBE/cover gas interface contain noble metals (e.g. 194Au) and 

radionuclides of elements that are sensitive to oxidation 

(e.g. 173Lu). 

Samples H07-U1 to H07-U4 are scratched from the 

LBE/steel interface. H07-S to H07-S11 are drilled from 

the LBE/cover gas interface. 
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-Spectra: Qualitative Comparison of bulk LBE and surface samples

There is a black layer 

visible on the free LBE

surface at the cover gas interface

of MEGAPIE 

-spectra from this surface show 

the presence of Lu and similar

elements

Deposit at MEGAPIE 

LBE/cover gas interface 
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Comparison of measured and predicted activities for dissolved radionuclides

Sample H06-U, Mid of the upper part of the target

•Agreement between exp. and calc. seems satisfactory, in particular 

for the heavier  elements (Po-analysis is still pending)

•Supports the usability of predictions by nuclear codes for safety 

assessments and confirms the prediction that Hg remains within

the liquid metal

Nuclide Half life Aexp (Bq/g) Acalc,FLUKA (Bq/g)

Bi-207 30y 3.0x106 4.7x106

Pb-202/Tl-202 5x104y 1.9x103 2.7x103

Au-195 186d 2.4x104 1.9x105

Hg-194/Au-194 444y 6.3x104 1.1x105

Ag-110m 250d 5.8x103 4.0x103 (MCNPX)

Rh-102 2.9y 2.8x104 8.0x104

Rh-101 3.3y 2.8x103 4.4x104
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Conclusion

• There is strong inhomogeneity in the distribution of spallation products in MEGAPIE

• Most of the radionuclides formed in the LBE of the MEGAPIE target tend to deposit on the walls of the target 

and also at the LBE/cover gas interface. 

• Only soluble noble metals remain in the liquid metal. 

In principle, this behaviour is similar to that found in proton irradiated liquid mercury, 

both in laboratory scale experiments (J. Neuhausen et al., J. Nucl. Mater. 2011, 

doi:10.1016/j.jnucmat.2011.11.019) and in a real spallation source, JSNS (T. Kai et al., Proceedings ICANS XIX, 

Grindelwald, 2010). 

The consequences for liquid metal based nuclear systems remain to be explored in detail. Certainly, 

accumulations on the walls will lead to increased dose rates and locally increased decay heat. The influence of 

these depositions on corrosion are completely unexplored. Finally, in general the tendency of the spallation 

products towards separation from the liquid metal indicates that in principle these impurities can be separated 

from the liquid metal by filtration.  

For further analysis in MEGAPIE PIE we conclude that one should carefully look for depositions on the materials 

samples and try to analyse such deposits ( -spectra and EDS before and after cleaning, possibly -spectra of 

cleaning solutions). However, deposited material may be lost during the melting procedure in the PIE process.
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Sample taking from expansion tank and absorber foils

In the cover gas space of MEGAPIE, an assembly of  7 

metal foils (6xAg and 1xPd) was installed to serve as  

absorber for volatile radionuclides (Hg, but possibly also 

Iodine and Polonium).

We succeeded to retrieve these absorbers, and to cut 

pieces corresponding to the single metal foils.

These samples have been measured by -

spectrometry.

Detailed analysis of the spectra as well as -analysis is 

on its way. For the moment it can be stated that there is 

a significant amount of 194Au, a daughter of 194Hg 

(roughly 0.1% of the total amount produced), found 

distributed over all foils, indicating that these metals 

actually act as absorbers for Mercury.
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-Spectra: Analysis of the absorber foils & central rod

Layer 1 2 3 4 5 6 7

Position bottom top

Material Ag Ag Ag Ag Ag Pd Ag

Weight [g| 9.6299 9.6875 9.3945 9.3988 9.8407 2.3433 9.6419
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A [kBq/g]

Absorber 194Hg/Au 195Au 185Os 106Ru/Rh

Ag 6.83E+02 4.71E+01 2.84E+01 1.72E+01

Ag 3.33E+03 1.55E+02 1.26E+02 8.29E+01

Ag 2.80E+03 1.70E+02 1.10E+02 7.19E+01

Ag 6.42E+02 3.91E+01 2.68E+01 1.85E+01

Ag 9.59E+02 4.30E+01 4.04E+01 2.72E+01

Pd 4.50E+03 2.44E+02 2.16E+02 1.44E+02

Ag 7.39E+02 4.08E+01 3.91E+01 2.55E+01

absorber central rod
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Results:

• Volatile elements like Mercury are absorbed on Silver and 

Palladium

• Wipe tests were taken from the bottom and the upper part 

of the central rod. Non-volatile and volatile elements were 

identified.  



-Spectra: Analysis of H02-St taken from the calotte
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H02-St

nuclide A [kBq/g]
60Co 4.44E+00
101Rh 2.74E+01
102Rh 4.63E+00
133Ba 2.68E-01

172Hf/Lu 2.99E+00
173Lu 1.21E+00

194Hg/Au 5.20E+01
207Bi 1.74E+03

Results:

•H02-St was taken after the first

melt

•30 Sv/h dose rate in 10 cm

•mH02-St = 0.2908 g

•It seems that H02-St adhered to

the calotte on 4 points
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Things remaining to be done

Completing the set-up of an analytical laboratory in HotLab for detailed separations and 
analysis
Monitors (HF and air monitoring for )
- and -spectrometer

Will be ready in May

Analyses to be performed:
separation by aqueous chemistry (starting in May)
determination of activity by - and -spectroscopy and LSC for Po-Nuclides and other volatiles + 
long lived nuclides, retrieving more detailed information on the distribution of all nuclides   

Results to be expected and time table
improvement of chemical separation techniques till end of year (using samples from the ISOLDE 
target)
Chemical separations and determination of long-lived and -nuclides till middle of 2013
investigation of the expansion tank during 2012 
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24.04.2012PSI,

Thank you for your attention!
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