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Background

According to the present Belgian reference scenario, Eurobitum bituminised radioactive waste has to be
disposed off in a deep underground repository in a stable geological formation such as Boom Clay. This
waste originated mainly from mixtures of nuclear fuel decladding slurries and waste concentrates from the
nuclear fuel cycle. Even though safety assessment studies up till present do not show that this waste is
unacceptable for deep underground disposal, a final decision about the disposal of the bituminised waste
has not been taken so far, and alternative solutions are still conceivable. To support the decision-making we
investigate methods to recondition this bituminised waste.
We continued studying a room temperature re-
treatment method for Eurobitum. The aim of the
method is the stabilisation and minimisation of final
waste, and the free release of recovered materials.
The method comprises the recovery of maltenes and
water soluble salts. The recovery of maltenes is
performed by dissolving the complete bitumen matrix
with a "solvent", followed by the precipitation of the
asphaltenes by addition of a so-called "nonsolvent".
The "solvent" is a 50% aromatic blend of Shellsol
A150 and Shellsol H, whereas the "nonsolvent" is
aliphatic Shellsol T. The recovered maltenes
represent 40 % wt of the waste, as shown in the

inner pie chart. Part of the maltenes could not be

recovered and remain in the asphaltene matrix, as General composition of a simulate of Eurobitum:

can be seen from the difference between the inner experimental separation via room temperature

and outer pie chart, representing the real retreatment versus real composition
composition and the weight fractions after

separation, respectively. A second step of the room temperature re-treatment method covers the complete
removal of the water soluble (nitrate) salts, and is described in the main reference and references therein.
Application of the room temperature re-treatment method results in a final waste that consists of water
insoluble salts embedded in an asphaltene matrix which is less sensitive towards radiolysis than the
bitumen. Moreover, the removal of maltenes and soluble salts results in an important volume reduction of the
primary waste. The room temperature method is quite safe, as liquids with high flash points are used, and
because volatilisation of radionuclides is avoided.

O maltenes

M asphaltenes

O insoluble salts
A soluble salts

Outside: exp. separation
Inside: real composition

Objectives

The aim is to study the elemental composition of the non-aqueous secondary waste streams of the room
temperature re-treatment method for Eurobitum. It is necessary to assess the purity of maltene solutions
recovered from Eurobitum simulates in order to define experimental conditions leading to the free release of
the recovered maltene solutions. As the detection limit should be very low and as we only used self-made
non-radioactive Eurobitum simulates, NAA is the most suitable technique for this study.

Principal results

The complete waste matrix of Eurobitum can be dissolved in a solvent which is sufficiently aromatic.
Decreasing the aromaticity by adding some nonsolvent results into the settling of the asphaltenes. The
obtained solid contains the waste salts and the asphaltenes. The clarified zone containing the maltenes
could be used as an organic fuel for e.g. waste incinerators, if the radionuclide content is low enough. The
total amount of impurities in the clarified zone can be measured by ash analysis or NAA if the detection limit
of the ash analysis is inadequate. To combine the results of the ash and NAA analyses, NAA results have to
be converted into the corresponding amount of oxides as if the recovered maltene solution would be
incinerated. The figure shows the ash content of recovered maltene solutions of a set of experiments as a
function of bitumen — solvent (B:S) and solvent — nonsolvent (S:NS) weight ratios. The ash content of the
maltene solutions of experiments with B:S equal to 6:100 is almost one order of magnitude lower than any of
the other experiments. In addition, the amount of impurities in these experiments is not affected by the S:NS
ratio.

The low ash quantities suggest that the maltene recovery is very promising. The results invite us to study the
concentration of the radiotoxic waste elements in the recovered maltene solutions. The NAA analyses of
pure bitumen type R85/25, solvent, nonsolvent (blanks) and the best recovered maltene solutions (samples)

are presented in the table. Only elements which are also present in the simulated waste salt mixture are
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presented in the table, as only these elements
are relevant for assessing the use of the room

temperature re-treatment method to recover the 1.E+00 B'S:NS=100:38

maltenes. A lot of the waste salt elements are S NS = 10057

below the detection limit in the recovered ¢ 1.E01

maltene solutions even for NAA. For example £ 3 O8NS 7100570 —‘
Ce, which imitates the chemical behaviour of Pu & =1.E-02 4S5 NS100:95

present in the real Eurobitum waste is below the .5 §

detection limit. However, Na, Co, Cs and Sbare £ 2, k.03 ’

detectable with NAA. The Na present in the §§

maltene solutions is anyway not radioactive. = LE-04

This is not the case for Co: some *Co is present <

in the real Eurobitum waste. Therefore it is LE05 ‘

important to distinguish between the active Co
from the waste and the inactive Co present in
both the waste and the blanks. The amount of
radioactive Cs and Sb in the recovered maltene

solutions should also be assessed. Therefore,

6:100

11:100

Bitumen : solvent weight ratio

20:100

28:100

repeating the best experiments using real Ash fraction of recovered maltene solutions as a function of
radioactive Eurobitum waste is necessary. bitumen — solvent and solvent — nonsolvent ratio.
N

Elements Nonsolvent Solvent R85/25 1 2 3 4

Na (ug/g) / / 14.77 0.5 0.5 0.4 04

Co (ug/g) 0.011 0.009 0.300 0.062 0.055 0.041 0.04

Cs (ug/g) / / / 0.010 0.008 <0.01 0.01

Sb (ug/g) / / / 0.007 0.007 0.006 0.006

Ru (ng/g) / / / <40 <40 <40 <40

Fe (mg/g) / / / <4 <5 <5 <6

Zr (mg/g) / / / <3 <4 <4 <4

Ba (mg/g) / / / <1.5 <1.5 <2 <3

Cr (ng/g) / / / <60 <70 <70 <80

Ce (ng/g) / / / <40 <40 <50 <50

Pt (ng/g) / / / <60 <150 <100 <150

Sr (ug/g) / / / <4 <4 <3 <4

NAA of blanks and recovered maltene solutions from Eurobitum simulates. Slashes indicate that the values are below
the detection limit. For experiments 1-4, the value of the detection limit is given as a guideline. As can be seen, the
detection limits slightly depend on the complete composition of the samples.

Future work

The purity of the recovered maltene solutions suggests further testing of the room temperature re-treatment
method using real radioactive Eurobitum waste. In this way we can study the free release of both the
aqueous and non aqueous secondary waste streams of this method. At the moment, we are testing the
recovery of solvent and nonsolvent from the maltene solutions. Leach tests to assess the stability of the final
waste containing the asphaltenes and water insoluble salts are planned for the near future.

Main contact person
Nathalie Impens, nathalie.impens@sckcen.be

Main reference

N. Impens, M. Bruggeman, S. Dekelver, P. Vermaercke, J. Van Laer, A. Fonteyne, L. Sneyers, "Assessment
of the Recovery of Maltenes from Bituminised Waste Simulates", Proceedings of The 6th International
Conference on Petroleum Phase Behaviour and Fouling, Amsterdam, The Netherlands, June 2005.

www.sckcen.be Operational Office: Boeretang 200, B-2400 Mol — Scientific Report 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


