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A Prediction of Thermal Conductivity for Compacted Bentonite Buffer
in the High-level Radioactive Waste Repository
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Abstract

A geological repository has been considered one of the most adequate options for the disposal of high-level radioactive
waste. A geological repository will be constructed in a host rock at a depth of 500~ 1,000 meters below the ground
surface. The geological repository system consists of a disposal canister with packed spent fuel, buffer material, backfill
material, and intact rock. The buffer is very important to assure the disposal safety of high-level radioactive waste.
It can restrain the release of radionuclide and protect the canister from the inflow of groundwater. High temperature
in a disposal canister is released into the surrounding buffer material, and thus the thermal transfer behavior of the
buffer material is very important to analyze the entire disposal safety. Therefore, this paper presents a thermal conductivity
prediction model for the Kyungju compacted bentonite buffer material which is the only bentonite produced in Korea.
Thermal conductivity of Kyungju bentonite was measured using a hot wire method according to various water contents
and dry densities. With 39 data obtained by the hot wire method, a regression model to predict the thermal conductivity
of Kyungju bentonite was suggested.
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56 e=AgtEstel==d HMI33E M7=



Lo ER o|Folx HE F=o| 7HY H3et o1 =3
Q,JZ](YOO et al., 2016; Kranland, 2010). ¥l &
RUo|ES th sk AME|E
ool &, o] o] Hohs W Fa AR S
2+ W& 54e 7HRItFig. 2). 2115 BYFEE °oF
= YIEUo|Ex A7t 4HA 270 S 71 Alolof] 8
A dFulEritr] U Sl slew, dej7t 4uA ==
AFr]E 8HA WollA s X|eoll ofslf WA 3ol
2 A7|HoR FHS J% | $18l St Atololl ol
(Nat+, Mg2+, Ca2+%5)2 S5z A7% 32 o
=7 EltiKamnland, 2010). EpgaijolEL 2 oR
a4 A 9] A Sl oJsf| FHs HA = F=
ojn, HIEUo|E= J7MAtolof] Aot nghd ol
9] Foll W=} Nag HIELo]EQ} Cag HﬂELME 5
2 JTEETKYoo et al, 2016). FA] A, A=, A9
2 59 H7tol| A= MX-800]2h= Nad HlEUo|ES
HEAZ 123k Qlar, U&= A zp=tof| A AYAk
Nad HIEUo|EE 556}l It Cho et al, 2011). $-
o] 739 A 4 JOME 73 A|HollA A
AbEl= Cag HilEUrOl—(KJ -NE FHEEERE A EE QL
o, o= FY AYlA *@ H & Lo E(KI-ID)
£ olgsto] A G-ul-dekd HiAs As A
ol digt A7k 35l Ark(Yoo et al., 2016).
2 AtollA= MEA A4k K- $5Ae] d-4=2
-o5t s 5 G tigt 24 2dE AEA Al
|5k} shoith 71&2] KI-of] thet 9= 574 A
A Y Ag mdof A7t 3= 9O (Lee et al., 2013;
Lee et al., 2016), o]= AW ¥ Hlo|gE ZA=E 1hek
ok AN AA AL ThFRt s et 24 B
dlof gt A A %Q“ Azoll gk A+ vlE|gt
Aotk weEbA 2 =iolAe K- 54 E5<
Alzste] ohefFet Adxd= 9 oheHof et GHEE
£ SAsiglen, 3449 72 2AR xde 9 3k
H], 3=, 57| WESo z
£ 4

=
AEE 24 wue At stk

al
YolEL £m

—

d fo ﬁo

o rlr o

S

2.1 MY 717|

Q% M| E g AUEES 24 915t
o] QTM-500(Kyoto Electronics, Japan)i} KD2-pro(Decagon

DEFMIIZ M2AI82 &= HELOIE 2EMe SHEE =

Device, USA)Z AM8-51%ITH(Fig. 3). QTM-500 6] 44
AAo| UE olgFroRM, 20| Folsinl A4
shi1 Ao AAEES EEFE 02 SelA 9
ChLee et al, 2013). W4 QA 259} A7k
DA A R o] QAR Qe kst

@ Ak A L Aol A olgstel 9
EEE J5Hs 9ot HASTM C1113/C1113M-09). #l
Elo|E E20] HZ2 [00mm x 50mm x 20mm 7]
o] AiA| Fefch E3F QTM-500 7gH|eke] At
25 93) A &2 ]9l KD2-pro2] Single probe
£ olg3lel HEo|E 259 AAEES 239
t}. Single probe HPH-2 H3F AE G o]Ro| 7wkt
of U} e B4o] ARE FfetrA A7) w2
sHe] o Ay AFoRRE AUEES 2ok )
HoltKPark, 2011; Yoon et al., 2016; ASTM D5334-14).
MZ 27 30mm, 0] 100mme] U715 Fejgon
2 419 A e =Ua ¥ Y delag w A
off azste] Aol MUY= AckFig. 4).

b

22 AY 717[E Hlw

£ QTM #H]2} KD2-pro9] single probe Hl+}o]
H A5 98l A9 593 Ao =9} 3k

(a) KD2-pro probe (b) QTM-500 probe

Fig. 3. Thermal properties analyzer

Fig. 4. Pre-drilling process

0

57



H|3L H35o] AR HEUo|E B2 A|go] Axdx
= 1.733~1.7350m° gon s zped Alejol 11~
12% A wfe} 48A17F AR F 0% A uf z}zF Ago]

S =] thTable 1). A¢ 23} QTM 5002 KD2-pro2]
single probe Wi 7FO] AW} 2jol= 1~6% Hr=2 A
3}3it. Single probe?] - 9 % pre-drilling 2} ¢l&
F3jstofof ot AxUETF F A9 AR 10cm
%= drilling 249 oA Al57F AdE= o8&l
A7 Aol Hel4dS 28] QTM-500 ]S o]-&-
sto] HMIELUO|E B89 XS SA5I3UT

2.3 A8 Database 715

of Axdzof HlFsh= Aoz deA ItHCho et al,
2011; Lee et al.,, 2011; Lee et al., 2013, Tang et al.,
2008). =3} Tang et al.(2008)-2 & 7|5 1] diEgof u}
£ dHxe 24 2 AAISH: weba 2 At
A oheket ghuet gzl whet Z- 39702) KI-I
HEWO|E 555 AAsk e QTM-500 H|E ©]
=5 S4skick B3 oheH et Y
T g o xoleet 37| R Ea R fHlo] 7hs
SPdaol e s FYndS
A|AJEALA; BFGATE Table 2+= AR W4Eof gt 7]
2 FAFE Bl Fig. 5= Axd=e} gkl uf
E U5 HEUC|E a5Ae] EA=E HMaE Hojs
al

oo
o}
£
o M2
rN
i

A% HIEUO|E $5Ao] AAERE A gl
Table 1. Comparison of experimental results
Measurement tvpe Dry density Water content Thermal conductivity
» (t/m?) (%) (W/(m-K))
Single probe (KD2-pro) 1.735 11/0 1.036/0.683
QTM—-500 1.733 12/0 1.025/0.726
Table 2. Summary of descriptive statistics quantity
N Minimum Maximum Average Stapdgrd Skewness Kurtosis
deviation
Dry density (/m®) 39 1.572 1.803 1.6869 0.0694 0.057 —1.047
Water content (%) 39 0.000 0.234 0.0566 0.0681 1.018 -0.190
Saturation (%) 39 0.000 1.000 0.2634 0.3195 1.007 —0.308
Thermal conductivity 39 0.627 1.350 0.8415 0.1549 1.007 1.778
(W/(m-K))
Alr—pore volume 39 0 0.420 0.2786 0.1227 ~0.901 ~0.414
fraction (%)
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Fig. 5. Thermal conductivity with respect to dry density and water content
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Fig. 6. P-P plot of the thermal conductivity

Table 3. Results of multiple regression analysis using dry density and water content

B Standard error

t P—value VIF

Constant -0.237 0.135

—1.758 0.087

X1 (dry density) 0.571 0.080

7.163 <0.01 1.018

X2 (water content) 1.970 0.085

23.051 <0.01 1.018

R’ 0.970

adiR® 0.940

B: non-—standardized coefficient, #: B/standard error, V/F: variance inflation
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Table 4. Results of ANOVA analysis using dry density and water content

DF SS MS F P-value
Regression 2 0.608 0.304 274.351 <0.01
Residual 35 0.039 0.001
Total 37 0.646

Table 5. Results of normal distribution in residual analysis using dry density and water content

Kolmogorov—Smirnov Shapiro—Wilk
Statistic DF P—value Statistic DF P—value
Standardized residual 0.121 38 0.173 0.957 38 0.147

Kurtosis: 0.516, Skewness: —0.509
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Table 6. Results of multiple regression analysis using dry density and degree of saturation

B Standard error t P—value VIF
Constant -0.03 0.155 -0.197 0.845
X1 (dry density) 0.452 0.092 4.912 <0.01 1.009
X2 (degree of saturation) 0.379 0.022 17.240 <0.01 1.009
R? 0.909
adjR? 0.904
B non-—standardized coefficient, ¢ : B/standard error, V/F: variance inflation
Table 7. Results of ANOVA analysis using dry density and degree of saturation
DF SS MS F P—value
Regression 2 0.470 0.235 170.436 <0.01
Residual 34 0.047 0.001
Total 36 0.517
Table 8. Results of normal distribution in residual analysis using dry density and degree of saturation
Kolmogorov—Smirnov Shapiro—Wilk
Statistic DF P—value Statistic DF P—value
Standardized residual 0.106 37 0.200 0.959 37 0.182
Kurtosis: 0.843, Skewness: —0.160
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Fig. 8. Homoscedasticity plot of residuals using dry density and
degree of saturation
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Table 9. Results of multiple regression analysis using air-pore volume fraction

B Standard error t P—value VIF
Constant 1.142 0.018 64.737 <0.01
X1 (air—pore voume fraction) —-1.099 0.057 -19.155 <0.01 1.000
R? 0.954
adjR? 0.911
B: non-—standardized coefficient, ¢: B/standard error, V/F: variance inflation
Table 10. Results of ANOVA analysis using air-pore volume fraction
DF SS MS F P—value
Regression 1 0.589 0.589 366.924 <0.01
Residual 36 0.058 0.002
Total 37 0.646
Table 11. Results of normal distribution in residual analysis using air-pore volume fraction
Kolmogorov—Smirnov Shapiro—Wilk
Statistic DF P—value Statistic DF P—value
Standardized residual 0.167 38 0.009 0.943 3A8 0.052
Kurtosis: 1.504, Skewness: 0.103
Scatterplot 1.4 T T T T T T T T
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Fig. 9. Homoscedasticity plot of residuals using air-pore volume Fig. 10. Measured value vs predicted values
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