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Introduction
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containment barriers and contaminate near-surface soils. Fig. 3, Concentrations of U (mg kg-) and Al (wt%), and the LOI (wt%) in transect samples
* Investigations have been undertaken at the Needle's Eye Natural||* The U concentrations in near-surface soils varied along the transect, (fig. 3) with
Analogue site in Southwest Scotland to investigate how organic soils maximum values of > 500 mg kg™ at ~20 m from the base of the mineralisation.
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consensus is that high level nuclear waste, 10 - N 10 -
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in a Deep Geological Disposal Facility (GDF). £ .0 .
* The design of a GDF (fig. 1) must take into e 3 e
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e This includes considering the mobility of mae il
: : . . Fig. 4, a) Concentrations of U in soil (mg kg) and porewater (mg L),
radionuclides in the surface environment Fig. 1, Schematic representation of a and b) Fe(ll) and Fe(lll) in porewater (mg L) from core samples
i GDF for nuclear waste!.
for when they eventually escape the artificial * Fig. 4a shows the maximum soil U concentration of ~2,500 mg kg!at ~20 cm
barriers of the GDF depth and the concurrent maximum porewater U concentration of ~30 mg L™

 Fig. 4b shows that the maximum porewater Fe concentration is also at ~20 cm;
although the organic soils at this location are typically waterlogged, the waters
at ~20 cm are most likely oxygenated since most of the Fe is present as Fe(lll).

* Needle’s Eye Natural Analogue Site:
* A naturally occurring mineral U vein leaches U into organic soils

5 cm bi.
* U accumulates in the organic soils which act as a barrier to U mobility ) sandre
* The site has complex biogeochemistry? o 5o
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T T | Fig. 5, a) Spectra from XANES analysis of 2 soil samples from the upper sections of the core
o - Inner Merse profile, and b) EXAFS spectra of the same samples
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N o= * Analysis by XANES spectroscopy (fig. 5a) showed that U in the upper section of
the profile was predominantly present as U(VI)

| ' o= g  EXAFS analysis (fig. 5b) showed that U(VI) was directly associated with oxygen
| = bound to carbon atomes.
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Fig. 2, Map showing the sample site and sampling transect
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Sampling and analysis: . » . o .
e Surface soil samples, soil cores and associated porewaters were - .
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collected along a transect (flg 2) | 50Humic:71ilvic %100 ‘11'.";{2]{]v:rn"jljrsalatiu&igl';?ensity ’ S4UVA 2554 ° Héﬂmati:qu, “#;lz - EZ??::% rafiinz 4
 Concentrations of U and other elements were determined by ICP-OES

or ICP-MS. Fe(ll) was measured colorimetrically.
* U speciation was analysed by X-ray Absorption Spectroscopy (XAS)
 The properties of organic matter accumulating U in soils and

Fig. 6, Results of spectroscopic soil organic matter characterization

 Organic matter characterization by UV/Vis, FTIR and NMR spectroscopy (fig. 6)
showed that the organic matter in the region of U accumulation had relatively
high fulvic acid content (a) with carboxylic acid functional groups (b).

porewaters were investigated using UV/Vis, FTIR and NMR  The aromaticity (c, d) and humification (a, e) of the soil organic matter
Spectroscopy. increased with depth, showing increasing OM degradation.
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