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Geochemical benchmark tests to validate the conversion 
of thermodynamic data for TOUGHREACT

Description of the work
o The THEREDA project [3] provides thermodynamic data

using the Pitzer approach for some widely used
geochemical codes (e. g. PHREEQC). Scripts were
developed to convert thermodynamic data of the
THEREDA project to be applicable in TOUGHREACT.

o The validation of the scripts is performed by comparing
results of 50 different calculations (speciation /
concentrations at geochemical equilibria) using
PHREEQC and TOUGHREACT for three geochemical
systems [4], which are relevant for long term safety
analyses.

Introduction
o The reactive transport of radionuclides in long term

safety analyses for nuclear waste disposal sites can be
modelled using the geochemical code TOUGHREACT [1].

o Most host rocks under consideration in the ongoing site
selection process in Germany have pore waters with
high ionic strengths. Therefore, specific thermodynamic
data using the Pitzer approach [2] needs to be applied in
TOUGHREACT.

o As a consequence, a tool is necessary to convert the
thermodynamic data using the Pitzer approach for usage
in TOUGHREACT and the tool needs to be validated.

Fig. 1 Molality of aquatic species versus temperature for the 
system K-Mg-SO4 (equilibrium with epsomite and picromerite) 
calculated by PHREEQC (lines) and TOUGHREACT (crosses)

Fig. 2 Molality of aquatic species versus pH for a 5,6 m NaCl-
solution in equilibrium with Nd(OH)3(am) calculated by 
PHREEQC (lines) and TOUGHREACT (crosses)

Fig. 3 Molality of aquatic species versus saturation index of 
CO2(g) (decadic logarithm of partial pressure) for solution in 
equilibrium with calcite and halite calculated by PHREEQC 
(lines) and TOUGHREACT (crosses)

Results
o With each calculation the specific aquatic speciation

were derived by PHREEQC & TOUGHREACT. The results
of both codes were compared between each other.

o The results of the calculations of both codes agree well
for three geochemical systems:

o oceanic salt system, polythermal: K, Mg, Ca - Cl,
SO4 - H2O(l) (e.g. Fig. 1)

o actinide system, isothermal: Am(III), Cm(III),
Nd(III) - Na, Mg, Ca - Cl, OH - H2O(l) (e.g. Fig. 2)

o carbonate system, isothermal: Na, K, Mg, Ca - Cl,
SO4 - HCO3/CO2(g) - H2O(l) (e.g. Fig. 3)

o Minor deviations are explainable by technical
differences of the codes [4].
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