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An Evaluation of Soil-Water Characteristic Curve Model for
Compacted Bentonite Considering Temperature Variation
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Abstract

A geological repository has been considered as an option for the disposal of high-level radioactive waste (HLW).
The HLW is disposed in a host rock at a depth of 500~1,000 meters below the ground surface based on the concept
of engineered barrier system (EBS). The EBS is composed of a disposal canister, buffer material, backfill material, and
gap-filling material. The compacted bentonite buffer is very important since it can restrain the release of radionuclide
and protect the canister from the inflow of ground water. The saturation of the buffer decreases because high temperature
in a disposal canister is released into the surrounding buffer material, but saturation of the buffer increases because
of the inflow of ground water. The unsaturated properties of the buffer are critical input parameters for the entire safety
assessment of the engineered barrier system. In Korea, Gyeongju bentonite can be considered as a candidate buffer
material, but there are few test results of the unsaturated properties considering temperature variation. Therefore, this
paper conducted experiment of soil-water characteristic curve for the Gyeongju compacted bentonite considering
temperature variation under a constant water content condition. The relative error showed approximately 2% between

test results and modified van-Genuchten model values.
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Table 1. Functional criteria of buffer for a Korean HLW repository
(Lee et al., 2011)

Basic properties Referece value

Dry density (Mg/m?) > 1.6
Hydraulic conductivity (m/s) <107
Swelling pressure (MPa) <15

Unconfined compression strength (MPa) > 4.9
Young’s modulus (x 10° MPa) > 5.9
Poisson’s ratio 0.05 ~ 0.21
Cohesion (kPa) 500 ~ 1000
Internal friction angle (degree) 27 ~ 37
Coefficient of consolidation (m*/yr) 0.018 ~ 0.115
Thermal conductivity (W/m-K) > 0.8
Organic carbon content (wt %) <0.3

34 E=AegtEstel==2d M3 M10=

al., 2003; Kim et al., 2019; Yoon et al., 2020). HlE1}0]
B 7 olo) FRol uet 27 Nag WlELol=
9} Cag WIEUO|ER S5 1(Cho, 2019), FA -
Uete] 49 AYRE oA AL Cad WEL
O|EE 7|Hlo g oILE =35l QIr). Table 12 U
A A Bl 43 EA] A-salolst 7)1 EA S
o311 QlthLee et al., 2011).

HﬂE‘/}O]_ —‘?—‘?jf 27] Ak FeHlE iz 10~12%

Q)

o2 %XH

l-E

& 7Faslx|t A|7ko] ATk Z=w okulo ZHE
Askrt AEsle] 1ee] 2AME BoEs %
7} ETHCho et al., 2018; Lee et al., 2019; Yoon
et al,, 2019). o3t A ] £} W 23} AF
Shpn) et RSP o] M9l FEA i’—éj(soﬂ—water
characteristic curve)ol] 2|3l A= 4= itk o]t ¢F
5 HEUC|E 54 o] Bl et A=
THS SHo2 gHlstA APl QJ O Blatz et al.,
2008; Jacinto et al., 2009; Lloret et al., 2003; Nguyen-
Tuan, 2014; Villar et al., 2006), =] F3F HELO|E
of T3t A= Hol n|xlgt 4f=elch Yoon et al(2019)
= I A5 HEYC|ES 7H]AL A& 27] oA
o] 2r7t 7t E epH7E dashes 204 3
TEAIAAS ==sIE shAt AR 7] e8¢
227t S SEE 4T 2olA Y =
or= WELo|EQ] SEATA
g A7goltt.
wfebA] 2 Ao A= Yoon et al.(2019)0] =345}
4 A& 2d 27] oA FrEAASA AlolA
g Yozt 5 HiEYolE Ao sl =7} 7t

S g7 AASE 2 AN FrEAFAS



sg7}slaix} 4Tk 25°C, 48°C, 75°C, 99°C zF chAd
2 4% U] 20 3ul8 Qs FA1g Al

2 27) vieh £EEUAS At FSEAT

A =&39 o, Ad AE 4% van-Genuchten
TeEAATA o] tidste] I HE HIELO|E
9] 2rof ME FpEAASA BdE AAEHATH
2 Al BHENTM AIH

21 Ald Mz

2 A oA BEt AE gotof| A AJ4ksE =Y
Cay HIEUO|E Bk ‘ELQ%VH AFdtA A RS
At SUEFHo| A% Y Cag WIEYO|E
Ho Ao

£ HEQl CHEZ EFEod, njzis

247t 146.7%, 118.3%Sct
(Yoon et al., 2020). F3F XRD HAHH-S 0]-8-31 A
ARl FE =4 B4 Ayt %E%E%Oléﬁ °F 60%,
Ao oF 20%, Aol oF 5%9] 43 Bl ekt
(Table 2). 54074 Aol AR AlfM A7)=
217 50mm, 0] 70mme] ¥7]5 .o Table 1
3} Zro] WiEL o] E kAol AZUEE 1.6g/cm’ o]
o] ghol a7=7o & Alfol AREH S HlELo]
Eo] AzYEL 16lgem’ S LERATH

o)

22 AI™ 7171

A=)

=
= SAe] A B4 whel EERIeH(Cho et
al., 2018; Lee et al., 2017). = HEYO|EQ] =8
e sz %anq ol

Table 2. Quantitative XRD analysis for the Korean bentonite
powder (Yoon et al., 2019)

Bentonite type Gyeongju bentonite (%)
Sample No. 1 2 3 Avg.
Montmorillonite 63.4 61.7 60.5 61.9
Albite 19.4 22.8 20.4 20.9
Quartz 5.8 4.9 5.3 5.3
Cristobalite 4.0 4.5 3.7 41
Calcite 4.3 3.3 6.8 4.8
Heulandite 3.0 2.7 3.3 3.0
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Fig. 1. Experimental system for the VE technique
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Water suction (MPa)
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Fig. 3. SWCC considering temperature variation

Table 3. Fitting parameters for modified van-Genuchten model E A3A419] 58T AsS JEsHA A 4=
a n b c P, a A de Ao FotE.
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