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In this study, thermal-hydrological-chemical modeling for the alteration of a bentonite buffer is carried out using a simula-
tion code TOUGHREACT. The modeling results show that the water saturation of bentonite steadily increases and finally
the bentonite is fully saturated after 10 years. In addition, the temperature rapidly increases and stabilizes after 0.5 year,
exhibiting a constant thermal gradient as a function of distance from the copper tube. The change of thermal-hydrological
conditions mainly results in the alteration of anhydrite and calcite. Anhydrite and calcite are dissolved along with the inflow
of groundwater. They then tend to precipitate in the vicinity of the copper tube due to its high temperature. This behavior
induces a slight decrease in porosity and permeability of bentonite near the copper tube. Furthermore, this study finds
that the diffusion coefficient can significantly affect the alteration of anhydrite and calcite, which causes changes in the
hydrological properties of bentonite such as porosity and permeability. This study may facilitate the safety assessment of

high-level radioactive waste repositories.
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Table 1. Physical and thermal properties of materials in this model

Parameter Copper Bentonite Granite
Grain density (kg'm™) 8960 2750 2650
Exchange capacity (meq/100g) - 74.4 -
Porosity 1.0x101° 0.45 0.001
Permeability (m?) 0.0 1.5x102° 1.0x10"
Diffusion coefficient (m?s™) 3.0x10° 3.0x10°® 3.0x10°
Thermal conductivity (W-m™-TC") 388 1.15 1.15
Specific heat capacity (J-kg'-C™) 385 964 964

2.2 £ 249 9 £y =4
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EASK 7] HF 3} Petrasim(Thunderhead Engineering)-& ©]-&
sho] el H/% A2 FPetlon, o] £A Bl v
R Akt vk 25 mddye A 4 Qo wsk
TOUGHREACTE theF3h Al ¥4 2] (Equation Of State)<
AR Sl ATl e Bask-xs 210S
T U= EOS3E -85kt

B Bl Abgd 24 el e Z:Zﬂ-% Table 1
I} Table 29l A A|8FIT}. Table 1«]
Bldlel o3l AAE FAE o]-&3F
Al 43S TOUGHREACT v /<
A8, ol ol met B T
StrE, T AT 3-8 van Genuchten(8] $F71 -85 %It}

$A12} BEe) AP W) wel S FE
/A AE FFES U ol Ao R FRw
£ W3lx]7]7A "ttt TOUGHREACTA &= %
2o) 23] wshz A4En), Fohe e Wkt okl gt

o]

=AY

[7]01] Zﬂf\lﬂcﬂ 3

+ gas perfectly mobile

ARE7Fs st 2 BEElof| A= Carman-Kozenyl9] 3%
st vk Zo] AbETh
G-2) [g] 0
(1-9) |2
7|, ki .%7] FAE, 0= 27 3TE, 0 T

2 A7kl A

OH
mlo
o
)
o

JINFCWT Vol.14 No.1 pp.1-9, March 2016

Table 2. Relative permeability and capillary pressure in bentonite

Parameter Bentonite
Relative permeability li’(i::sf
= P.((SY" 1)
(Vzilagfl:lr?zhpti:fsgz 0) W(;I::re -gi,(a(xsﬁ)CP 51)0.0
’ where S* = (S, - S)/(S - S,)
I3 0.3
Sy 0.01
1/P, 3.3x10°%
P 1.0x10°
S 1.0

HEVo| E= 2 &4elx] MX-80 HIEVo|ES| 3 27
S hedlske] ARgE it (Table 3). 8 74 BB
Na-#32 H 21} o] E 2 (montmorillonite-Na) ¢k 42062 x}A]
Qom, A ed(quartz)) FA (K-feldspar)) Bl A (cal-
cite)) 75‘5,5_7(ar1hydrite) o]t B mdoA = 3E9 %
AR MgEE Mo AN, BAH SebvleE

Table 30| A A8 AT}, & r= dubzd o g2 o2y} 7E1-o]
T ECH12
= _ Q 01r
r=kA[l (K) ] @)
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Table 3. Minerals composition of bentonite and kinetic parameters of minerals. In addition cation exchange reaction defined in this model

Kinetic parameters

Minerals Vol. % Sl;rrt;aace Neutral mechanism Acid mechanism Base mechanism
(cm?/g) logK,; Ea logK,; Ea n logK,; Ea n

(mol/m?*s)  (kJ/mol)  (mol/m%*s)  (kJ/mol) (HY (mol/m?s)  (kJ/mol) (HY

Anhydrite 0.21 9.8 -3.19 14.3

Calcite 0.68 9.8 -5.81 235 -0.30 14.4 1.0

K-feldspar 3.58 9.8 -12.41 38.0 -10.06 51.7 0.5 -21.20 94.1 -0.823

Montmorillonite-Na ~ 41.99 151.6 -14.41 48.0 -12.71 48.0 0.22 -14.41 48.0 -0.13

Quartz 8.54 9.8 -13.99 87.7

Cation exchange log k

X +Na"=NaX 0.0

X +K'=KX 0.60

2X + Ca* = CaX, 0.41

2X +Mgh = MgX, 0.34

71X, ki £ (rate constant), AZ &9 ¥
A (surface area), Q& ¥F3-#|<=(reaction quotient), K= %
3 4 (equilibrium constant), 69} 75 Aol w2 A4
2 dubHo g 1= gt} of7|X S22 k= pH 9|9
weh opsp] dol TALRES S99 444 7]
ZHacid mechanism), 4 7]ZH(neutral mechanism), g7]
4] 7)Z(alkaline mechanism)ol] &3l A=A Hc}, ulaf
A ke o} 2ol ¥ o]Edl tigh derlelE] 7
9. Palandi and Kharaka (2004) 2] A} £[1312 &-83}9)0H,
FEo AL Xu et al. (2004)° AAIH FH7IS Farst
ATH(Table 3).
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Table 4. Initial water composition of bentonite and granite in this model

Parameter Bentonite (mol/L) Granite (mol/L)
AP 8.50x101° 3.64x10°1°
Ca** 2.53x107 1.65x10*
Cr 2.34x10* 2.34x10+

H* (107%) 6.77x10* 1.29x107
HCOy 1.17x107 1.046x107
K 3.88x10° 3.58x10°
Mg* 6.53x10° 6.58x10°
Na* 7.13x10* 7.14x10+
SiO, 9.24x10* 9.22x10*
SO* 2.51x10% 1.03x10*

MEolEe] a8 54 5o Fole we Y

(Cation exchange capacity)= 2t
T8 g0l uke] ) B med] Mgl Ee] of
o] 74,4 meq/100 g 2 3}
Al g

W3 g ol Sl et 4
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Fig. 2. (a) Simulated water saturation and (b) calculated thermal gradient in bentonite according to the distance from the copper tube.
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