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 High-level radioactive waste (HLW) contains highly radioactive materials with 
long half-lives and high toxicity, necessitating special disposal methods to 
ensure safety for current and future generations.

 Deep geological disposal with engineering barrier is generally adopted 
worldwide for final disposal of HLW management.

 In order to estimate the safety of the disposal system, we need to simulate the 
radionuclide transport in fractured porous media (host rock).

 Advection, Dispersion, matrix diffusion

 Chemical reaction (decay, sorption, …)

3

(SKB, 2006)
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 Radioactive decay is when unstable atoms lose energy by 
emitting radiation until they become stable.

 Sorption is the process of adsorption or absorption of species 
onto the surface of solids or liquids, which can be quantified by 
a sorption distribution coefficient (Kd) for linear sorption.

 Also, chemical reactions will affect the concentration and 
distribution of substances.

 To understand these processes, laboratory experiments have 
been applied to determine relevant parameters. Then, we can 
use some chemical reaction software to help us to simulate 
chemical reaction, e.g. PHREEQC.
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 Chemical reaction simulations are based on the conservation of mass, energy, 
and charge, and the laws of thermodynamics. 

 Thermodynamic reactions

 Kinetic reactions

 A thermodynamic database is a collection of data providing information on 
the thermodynamic properties of chemical species and reactions (eg. ΔG, K), 
used to model and predict the behavior of substances under various 
conditions. 5

Equilibrium constant

A+B→C Reaction rate constant
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A partial screenshot of the “Pitzer.dat” thermodynamic data

Manual addition is OK.



 PHREEQC (Parkhurst et al., 2013)

 PHREEQC is a widely-used computer program for simulating chemical reactions in 
aqueous systems.

 Here are the results of ion strength for groundwater and seawater, using 
different databases.

7



8

A partial screenshot of the “Pitzer.dat” thermodynamic data

All the information on the thermodynamic 

properties of chemical species and reactions 

can only be obtained from experiments.

Especially radionuclides

(Lu et al,, 2022)



 Experimental data and modeling was developed to confirm the multi-site 
surface complexation/ion exchange of MX 80 bentonite. (Grambow et al, 
2006)

 We use PHREEQC with the NEA-TDB (OECD Nuclear Energy Agency 
Thermochemical Database) and thermodynamic data in this paper to 
replicate the research findings.
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1. We don't need to redo all experiments unless 

considering specific conditions (e.g., Taiwan's 

groundwater and/or bedrock).

2. PHREEQC can conduct simulations well.



 Study on advection–dispersion behavior for simulation of 3H, 99Tc, and 90Sr 
transport in crushed sandstone of column experiments. (Shih et al., 2024)
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 In the issue of radionuclide transport in solid host rock, we need to consider 
solute transport and chemical reactions in fractured porous media.

 Thermodynamic data can influence the results of chemical reaction 
simulations. We can obtain relevant parameters from literature or 
experiments, but pay attention when using such data (including 
thermodynamic databases).

 PHREEQC is a valuable and practical geochemical simulation program that 
can effectively replicate experimental results under known conditions.
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