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Radionuclide 

retardation processes 

A number of processes can 
limit the rate at which 
radionuclides released from 
waste can move back to the 
geosphere 

Although all retard 
movement of solute 
compared to bulk water, 
they involve different 
mechanisms that require 
separate model 
representations  

Č Different processes must 
be carefully distinguished ð 
as highlighted here in 1984  

Physico-chemical 

retardation 

mechanisms 
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Significance of radionuclide retardation 

The significance of RN 
retardation is very site - and 
waste-specific  

In some cases, can ensure 
that releases are 
completely insignificant  

Strongly retarded, short -
lived RN decay in the 
geosphere or are released 
only in the far -distant 
future  
Less retarded, long -lived RN 
released at trivial 
concentrations due to spatial 
and temporal dilution  
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Quantification of retardation 

Laboratory studies provide data on scales of months / 
cm, which occasionally can be extended up to a few 
years / m  

However, models often make extrapolations in excess 
of 10 6 years over flow paths of several km  

Such models can be readily verified  but validation  is 
much trickier  

Is process understanding correct? Values justified?  

Validation must incorporate analogue support  
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Current status of RN transport models 

Little advance in modelling RN transport over the last 
3 decades 

Simplistic representation of sorption  in terms of a Kd 
and retardation  by a constant Rf  
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Quantification of retardation processes 

Background information for fractured rocks  
Hydrogeology & solute transport  
Sorption & precipitation  
Matrix diffusion  
Colloids 
Microbes  
Reaction fronts  

Key uncertainties and data requirements  

In order to identify required analogue support, it 
is important to understand the processes involved 
and how they are quantified in performance 
assessment 
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Hydrogeology & solute transport 

Hydro models are developed on a 
range of physical scales:  

fracture -flow may be complex 
but treatment can involve 
considerable simplifications of 
the real system  

Solute transport models require 
flow paths to be specified in 
much more detail:  

ü both physical and chemical 
processes can contribute to 
RN retardation  
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Sorption & precipitation 

Kd
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Kd (linear isotherm): Cs = Kd Ca 

Non-linear isotherm: e.g. Cs = a Ca 
b

 

Saturation: Cs = const. 

Precipitation: Ca = const. 

It is essential to 

rigorously distinguish 

between sorption and 

precipitation: 

Sorption - dependent 

on properties of 

solution and solid 

phase, causes 

retardation until 

saturation is reached 

Precipitation - 

dependent on 

solution only and 

causes retardation 

only when solubility 

limit is exceeded  

 

Grey area - surface 

precipitation  

Sorption 
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The simple ion exchange model 

R 
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ébut rock is not a simple ion 

exchanger  

H+ Na+ H+ OH -  CO3
2-  CH4 H+ 

zpc 

R 

And charge is pH dependent  
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éand solution speciation is 

complex  

R 

H+ Na+ H+ OH -  CO3
2-  CH4 H+ 

ROH RCO3
-  

Speciation is pH dependent  
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éthen we have, microbes, 

colloids, gasé 

H+ Na+ H+ OH -  CO3
2-  H+ 

ROH 
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éthen there are extra 

complicationsé 

R 

H+ Na+ H+ OH -  H+ 

R 

H+ 

Redox Front  

H+ 
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éand interactions with surfaces 

are not limited to simple reversible 

sorption 

? 

? 
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Matrix diffusion 

A mechanism which allows solutes access to the bulk rock, 
in addition to fracture surfaces  

Greatly increases surface area for sorption  

Non-sorbing RNs may be diluted in the rock matrix  
Could significantly increase retardation in the FF  
When migration time is greater than t 1/2 eventual releases could 
decreased by several orders of magnitude  

Concn maximum of pulse released RNs will also be reduced 
by temporal dilution  

For quantification, 2 key parameters are required  
Depth to which interconnected porosity extends into bulk rock  
Diffusion rate of a particular RN in rock  
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éOK, where do we go now? 

We know that the current level of system understanding 
far exceeds representation in PA models  

We know that some past analogue approaches were 
fundamentally flawedé  
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Abuses of analogues ï  

the ñin-situ Kdò story 

Finding systems to quantitatively define RN sorption in -situ has been 
considered the òHoly Grailó of NA studies;  

A wide number of approaches have been published  

geochemists measuring data supposed to be of relevance to the PA 
modellers  
PA modellers trawling the geochemical literature to derive relevant 
data  

Unfortunately most (all?) of such work involves overinterpretation  
/ flawed analysis hence great care is needed even with  

publications in òqualityó journals 
work from well -established groups (outside the radwaste  field)  
In -situ Kdõs still being used  

I t can be instructive to examine the approaches that have been 
(and sometimes still are) used - what are they doing wrong?  


