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Abstract  

The US Department of Energy Office of Nuclear Energy is conducting a brine availability 
heater test to characterize the thermal, mechanical, hydrological and chemical response of 
salt at elevated temperatures.  In the heater test, brines will be collected and analyzed for 
chemical compositions.  In order to support the geochemical modeling of chemical evolutions 
of the brines during the heater test, we are recalibrating and validating the solubility models 
for the mineral constituents in salt formations up to 100ºC, based on the solubility data in 
multiple component systems as well as simple systems from literature.   

In this work, we systematically compare the model-predicted values based on the various 
solubility models related to the constituents of salt formations, with the experimental data.  As 
halite is the dominant constituent in salt formations, we first test the halite solubility model in 
the Na-Mg-Cl dominated brines.  We find the existing halite solubility model systematically 
over-predict the solubility of halite.  We recalibrate the halite model, which can reproduce 
halite solubilities in Na-Mg-Cl dominated brines well. 
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As gypsum/anhydrite in salt formations controls the sulfate concentrations in associated 
brines, we test the gypsum solubility model in NaCl solutions up to 5.87 mol•kg–1 from 25oC to 
50oC.  The testing shows that the current gypsum solubility model reproduces the 
experimental data well when NaCl concentrations are less than 1 mol•kg–1.  However, at 
NaCl concentrations higher than 1, the model systematically overpredicts the solubility of 
gypsum.   

In the Na+—Cl–—SO4
2–—CO3

2– system, the validation tests up to 100oC demonstrate that the 
model excellently reproduces the experimental data for the solution compositions equilibrated 
with one single phase such as halite (NaCl) or thenardite (Na2SO4), with deviations equal to, 
or less than, 1.5 %.  The model is much less ideal in reproducing the compositions in 
equilibrium with the assemblages of halite + thenardite, and of halite + thermonatrite 
(Na2CO3•H2O), with deviations up to 31 %.  The high deviations from the experimental data 
for the multiple assemblages in this system at elevated temperatures may be attributed to the 
facts that the database has the Pitzer interaction parameters for Cl–—CO3

2– and SO4
2–—

CO3
2– only at 25oC.

In the Na+—Ca2+—SO4
2–—HCO3

– system, the validation tests also demonstrate that the model 
reproduces the equilibrium compositions for one single phase such as gypsum better than the 
assemblages of more than one phase.   
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