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Conceptual Reactive Transport Modeling of Long-term Concrete
Degradation and Uranium Solubility
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Abstract

Long-term degradation of cement barrier by diffusion was studied with reactive transport

modeling. The result of modeling showed that cement barrier was altered about 30cm
thickness after 50,000 years. The pH decreased from 13.0 to 11.9 because of depletion of
alkali ions, and dissolution/precipitation of portlandite and CSH (Calcium Silicate Hydrate).
In addition, porosity increased about 0.3 because of dissolution of portlandite and
CSHZ2.0(Ca,Si05(0OH),:0.17H,0). The solubility of uranium also increased with the increase

of pe value. The results of this study indicate that long-term degradation of cemet can

enhance the transport of nuclide by changing pH, pe, porosity in barrier.
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Table 1. Thermodynamic database used in this study.

Mineral Formula log K (25°C) (C\’n‘jé;‘r‘:;) Reference
Calcite CaCO3 1.849 36.934 [12]
CSH,0 CaySiO3(0OH),:0.17H,0 36.819 71.790 [12]
CSH0.83 CasSigHy 0475 63.845 500 [12]
Ettringite | CagAly(SO4)3(0H); 2:26H,0 62.536 500 [12]
Hematite Fe,05 0.109 30.274 [12]
Hydrotalcite MgdAl,04(0H)¢ 73.800 301.510 [13][14]
Katoite CazAlH, 504y 78.944 149.520 [12]
Portlandite Ca(OH), 22.555 33.056 (12}
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Figure 1. The simple concept of diffusive transport model
in this study

Portlandite®} CSH2.0(Ca,Si04(0H),:0. 17H,0) 7}
F8 TAERIAL L A= Table 30 AAI3}
g}, o]E FE F CSH (Calcium Silicate
Hydrate)& Ca/Si Hl& ol Waf 19] FEFo] g}
AE Ao g Sk EQ3/69) dst #pw o
7Z39-¢l]= Hillebrandite(Ca/Si=2,00), Afwillite
(Ca/Si=1,50), Foshagite(Ca/Si=1,30), Xonotite
(Ca/Si=1.00), Tobermolite(Ca/Si=0,83), Gyrolite

Table 2. Chemical compositions of porland cement[3].

Component ‘ Content % by weight
SiO, 234
Al,O4 3.1
Fe,03 22
Ca0 67.4
MgO 0.7
SO3 21
K,O 0.2
Nay,O 0.1
Corresponding clinker components
Tricalcium silicate, C3S 71.0
Dicalcium silicate, CoS 13.0
Tetracalcium aluminate ferrite, C,AF 8.0
Gypsum 3.5
Lime 25
Abbreviations used for clinker components:
C=Ca0, $=Si0,, A=Al,03, F=Fey0,
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Table 3. Initial geochemical and mineralogical compositions
of pore water and barrier used in this model.

T 13.00
pe -4.20
Elements mol/l
Al 824 x10°
Total Carbon 2.25x10°
Ca 2.40 x 103
Fe 3.74 x10°
K 1.22 x10t
Mg 2.27 x10°10
Na 1.24 x 10!
SO, 5.50 x 102
Si 490 x10°
Phases mol
CSH2.0 8.59 x10°
Ettringite 1.40 x 101
Hematite 3.66 x 10t
Hydrotalcite 9.65 x 102
Katoite 1.29 x101
Portlandite 8.59 x10°

Table 4. Chemical Composition of Groundwater Used in
This Model.

pH 8.37
pe -3.35
Elements mol/l

Al 2.60 x108

C 1.17 x103

Ca 3.24 x 104

K 2.79 x 104

Na 2,57 x104

s |

9.64 x10°®
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Figure 2. The variation of ion concentrations in cement barrier
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Figure 3. The variation of mineralogical compositions in cement barrier
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