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Predictive modelling of radionuclide (RN) behavior

Sorption models are a very powerful tools to understand RN behaviour: 

1. RELIABLE AND COMPLETE
SORPTION DATA

➔ SORPTION DATABASES (SD)

2. RN AQUEOUS 
SPECIATION 

➔ THERMODYNAMIC  DATABASES (TD)

3. COMPREHENSIVE
INFORMATION ON THE

CHEMICAL SYSTEM
(WATER + SOLID)

Systematically incorporate this information 
in the SD may  help  data interpretation and 
sorption modelling. (?)
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“NEW” SD: PROOF-OF-CONCEPT

SD compiles sorption data, but it is designed to correlate Kd values with: 1) 
key physicochemical properties of solid phases and 2) their equilibrium water 
chemistry and 3) experimental conditions, enabling the identification of 
possible controlling factors and trends. It will contain also transport 
parameters.

De Da RfKd

❑ Not site-specific➔ Generalized “knowledge”
❑ A “simple” RN was selected for its well-known and documented sorption 

behaviour (Cs). But crystalline rocks are complex enough to provide a 
good example of natural variability.
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SD structure “now”

SD contains 1000 Kd values➔materials from different countries and sites. 
According to the objectives each line contains additional information 
structured in four main blocks. 

Block 1
Block 2

Block 4

Block 3

❑ Flexible and open structure.
Granite
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EXAMPLE OF DATA WITHIN ➔DESCRIPTIVE STATISTICS

(S) (S) (S) (S)

Fracture fillings

(s) saline water

Boxplot(s)

Log-log plot of experimental data

LARGE 
VARIABILITY



7

2

EXAMPLE OF CORRELATIONS ➔“blocks” can change

❑ Positive correlation: CEC, BET, Mi.
❑ Negative correlation: El.Cond, Fd. 
❑ Clearly negative for Cs concentration

Clustering can improve correlations 
(Ex: eliminating fracture fillings, salinity)

EXPERIMENTAL BLOCK WATER P. BLOCK SOLID P. BLOCK

✓
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NOT ONLY STATISTICS: VISUALIZATION➔COMPARISON ➔MODELLING

Statistical analysis used to define key trends or anomalies; identify data 
subsets suitable for modelling ➔ evaluate the predictive capacity of 
existing sorption models against empirical trends. New models.

❑ Selectivity 

coefficients

❑ Complexation 

constants 

New inputs
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CONCLUSIONS (SD)

❑ SD structure: systematic data organization; easy data extraction, visualization and 
transferability to other programmes. 

❑ Advanced analysis (AI tools) possible ➔ combine statistical analysis with geochemical 
modelling is better.

❑ SD will remain open, accessible, continuously updated, and flexible enough to 
incorporate new parameters, as required by future research needs. 

❑ Although cesium is used here as a case study, the concept is applicable to other systems. 

 → Two other cases will be proposed in the frame of  EURAD 2 – RAMPEC 
 WP: one for clays (anions) and one for cements (RN+organics).
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2nd part: CORI - Role of organics on RN mobility in cementitious 
materials (very different systems)

DIFFICULTIES IN SORPTION MODELLING➔Cement are quite complicate 
systems. Very high pH; high salinity; complex chemistry (multimineral); 
Evolving with time. Not always all the information on chemistry is (or can be) 
precise. 

SORPTION ➔Scarce /null information on “surface” 
properties. 

➔What about TDB ??
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THERMODYNAMIC DATA   

❑ We selected ThermoChimie (TC) being the most complete TDB  for 
RN+ORG. 

❑ During CORI: From V10a to V12a…New version….new calculations…. 

❑ SOME ISSUES ENCOUNTERED on RN+ORG sorption in portlandite or CSH 
phases (simple systems ). 
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RN + CITRATE

❑ Eu(III) + CIT➔ No data in TDB ➔ Analogy with Am ✓

❑ Pu(IV) + CIT➔ No data in TDB ➔ Analogy with Th(IV) ???  

❑ U(VI) + CIT ➔ Data added in V12 (2023)

Older

➢NO “NEW” EXPERIMENTAL DATA

pH<5
• No other complexes selected

(more in the paper)
• Not valid for cementitious

environment

2012
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ISA + Ni

CSH 1.4

CSH 0.8

Ago 2022

July 2023

Comparison between the two cases

Not enough thermodynamic data. Is it
correct to use data not included in
“official databases”?
We were guilty….
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RN+PHTH; ternary/quaternary complexes

❑ Pu(IV) + PHTH➔ No data in TDB

❑ Almost no data for ternary / quaternary complexes: Ca-RN-(OH)-ORG

❑ In general, not very much data for PHTH. No solid phases.

Ca quite important element in cement
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CONCLUSIONS (TD)

❑  Difficult  and / or slow incorporation of  “new”  studies 
(when they exist)

❑  Lack of experimental data ➔ most important drawback.

Thanks for your attention !
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