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Measurement of Properties of Domestic Bentonite for a Buffer
of an HLW Repository
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The buffer in geological disposal system is one of the major elements to restrain the release of radionuclide and to protect
the container from the inflow of groundwater. The buffer material requires long-term stability, low hydraulic conductivity,
low organic content, high retardation of radionuclide, high swelling pressure, and high thermal conductivity. These require-
ments could be determined by the quantitative analysis results. In case of South Korea, the bentonites produced in Gyeongju
area have been regarded as candidate buffer/backfill materials at KAERI (Korea Atomic Energy Research Institute) since
1997. According to the study on several physical and chemical characteristics of domestic bentonite in the same district,
this is the Ca-type bentonite with about 65% of montmorillonite content. Through this study, we present the criteria for the

performance evaluation items and methods when collecting new buffer/backfill materials.
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Fig. 1. Chemical structure of the montmorillonite layer (Ola Karnland, 2010).
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Table 1. Initial water content

Weight of bentonite, g

Water Water

Samples before dry after dry Weight of water, g content®, % content**, %
#2 100.00 89.01 10.99 10.99 12.35
#3 100.00 89.12 10.88 10.88 12.21
#4 100.00 88.99 11.01 11.01 12.37
Average 10.96 12.31

* water content=(m,/m,)x 100 (m,=weight of water, m= total weight of bentonite)
** water content=(m,/m,)x100 (m,=weight of water, m= dry bentonite)

KJ-11#3

KI-1I1#4

MX-80

Na-activated

Mg-type

Fig. 2. Swelling index test from a variety of bentonite materials.

3.2 F2A|4$ (swelling index)
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3.3 3}8+8 ZA (chemical composition)

HE Q] & 3}8t4 ZA] (Total chemical composition)<
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2 g bentonite 1.0 M CaCl; solution

Stirring

Filled pycnometer

Ultra-sonication

Fig. 3. Test process of particle density.
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st o] FF& vAl= A= dejxieHiol

KJ-II HIEO| E A g of] thsle] Fathetu S5 da4
%] XRD(X-ray Diffractometer) 2 FA]35}91 0 ™, PDXL
ZRIPE ol &ste] FE e THEAH. XRD 4
e QJAlE Cu/Ka-XA(A=1.54A)0] A|&o)] FAlE o] U
H Az Fo 2 viAlEE A4S SA3)AL Bragg s law

(nA=2d - sin0)¢]3}] Al42+EC}

N

LR

UERSETE, Table 29} Fig, 2-& &3l KJ-II lELo] EL} 20154
o] A7}A] ARgE] 2 KJ-I WIEUo|E AF A Hfa)
3 e Mg WlEYo|E(HR), Na-activated HIEU 0| E
(A=), MX-80 HEUO|E(M=)E Hlwatirt, HEA7}
MX-80-2 KJ-II HIELO|EQ] 7 4ufjol] Hal= BEAFE
yeh iz 9ldc}t. Leena Kiviranta, et al, POSIVA 2011[20]
o W2W(Table 3), Ca-WlEUo]ES] AFAFE FHA
10 mL/2 g & AAsFaL Uk, KJ-13 KJ-11 flEvfo] Ex= ZH
7} ololl= & WA= 8 mL, 6.5 mLe] HWEAGFT S =S
AR, BEAFE AE FEo & FH vt s 54
< A2 Hrhste] 2 284S T35 A= HolE o]
o

2, FF AsYe ST g 284S

Table 2. Comparison of swelling index between domestic and oversea bentonites

1=

KJ-II WlE Lo E o] SR8k (m, /m)-2 ok 10,96%, 3H= Samples Swelling Index (mL/2 g)
B (m/my)+ 2F 12.31% 2 = =1t} Leena Kiviranta, et al, KJ-II (S.Korea) 6.5
2011[20] BaiAjol W2 ™, Cay WlELFo|ES] Hqt 3hrH] KJ-I (S.Korea) 8

3] o] o oF o]

<13% (max. 15%)= —8-?0}':]1 Mv—tq, = 1251%9] L TH] Mg-type (Czech Republic) 6
E 71 K- HIEYo|ExE @ 77|58 W53 .

FE K el ) T7IES Rt Na-activated (Czech Republic) 28

KS K 0764[14]9] o] As A4 KJ-II HIEL0|E
#2,#3, #4= 7}2} 7 mL, 6 mL, 6.5 mLO.& B 6.5 mLOZ MX-80 (USA) 48
Table 3. Required values for buffer bentonite by types [20]

Average Single test, Average Single test,
Test, unit value for Min/Max value for value for Min/Max value for

Na-bentonite

Na-bentonite Ca-bentonite Ca-bentonite

Water content, % <13 max. 15 <13 max. 15
Swelling index, m(/2 g >20 min. 15 >15 min. 10
Smectite content, % >15 min. 65 >175 min. 65
Cation Exchange Capacity, meq/100 g >70 min. 60 >60 min. 50
Hydraulic conductivity, m/s <10 max. 107! <101 max. 10!
Swelling pressure, MPa >2 >2
Thermal Conductivity, W/Km >1.0 min. 1.0 >1.0 min. 0.9
Organic carbon, % <1 <1
Sulphur in sulphides, % <0.5 <0.5
Total sulphur, % <1 <1
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Table 4. Chemical composition among KJ-I, KJ-II and MX-80

: Measurement of Properties of Domestic Bentonite for a Buffer of an HLW Repository

Sample KJ-II
Oxides wt.% #2 #3 #4 K Mx-80 [13]
Si0, 58.81 5831 58.70 56.80 61.3
ALO; 15.17 15.05 15.16 19.96 19.9
Fe,0, 5.28 5.25 527 6.03 3.84
CaO 572 5.69 5.67 2.59 1.36
MgO 2.70 2.68 2.71 0.77 2.44
K,0 1.27 1.27 1.27 0.93 0.57
Na,O 1.06 0.98 1.02 1.25 2.08
TiO, 0.67 0.67 0.67 0.83 0.16
MnO 0.13 0.13 0.13 0.04 -
P,0s 0.21 0.21 0.21 0.11 -
FeO - - - 0.15 -
Total, % (without Ig-loss) 91.02 90.24 90.81 89.46 91.65
Ig-loss, % 9.34 9.28 9.22 9.17 -
H7hsl & et vk Table 5. Comparison of particle density and porosity between KJ-I and KJ-II

CaO%} Na,09] shakg
HIE o] EV} CadQlA], Nad QA& &8t
A A3 K- Als
2 3G 5.60% 2 WP, 7129 KJ-1& CaO ko] 2,59%
2 KJ-IIe) Bl 7o dukggo| itk (Table 4), Na,0+= ¥
T 1.02%2 1.25%2 JeEh}E KJ-IRT S we £2]7) Uhsk
=t], Nag HEYo|ERZ dg] &]z MX-809] -9 CaO¥}
Na,0¢] H|7} 1:1, 54 £ 2 Na,07} 97} =& 70|}, o]
o wkall KJ-19] ¢ CaOF} Na,09] H]7} 2.05:1, KJ-11¢] 7
§ CaO¥} Na,0¢] H|7} 5.5:12 CaO2] Figo] Y53] =/
Uebd o 24 BFA Aol 2= IEU|EVE Ca¥ &
golsl =9It} BA A 85 KJ-I #2, #3, #42 F A&
29| A= Table 43} 2}, Ig-lossv= o2 WlEW
= 713l v H,0, CO, ¥ 7]g} 3]-E (volatile
“Ei 71 gk 4o}, ojuf Holu} g3tE 5
=718k =5 Qit}. CaO= A
o] MlEo| Eof EA8taL

OJE HE

matter)& =

ol
E}OIE~7¥C 1-&4m

Q1= CalciteZ vt
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=
F2E9| CaOx= 3R] A& 25 5% FrRke

Samples
bottles No. gom  #2 #3 #a K
#1 2.544 2.684 2.658
#2 2.619 2.594 2.648 2.74
#3 2.610 2.678 2.653
Average, 2.591 2.652 2.653
g/em’ +0.041 +0.050 +0.005
Porosity, % 383 39.7 39.7 41.6
AF7HA] KJ-1 HIEYo|Ee] xF Ur= 274 g/em’
2 BAAFR4E o2 T FEYJLE KS M 0602[18]&
o

nhgo s 54 7:‘4 K11l ?Jx} é

Eis
AL ;‘9&}.

A 350014
e ;}* o] E]
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Z7g ol A KJ-I fl Evto] Ex= BET 245 8FA] e¥of HiolH &
g 4= g1%laz, tj 4l Ola Karnland, 2010[101& v}& o &2
MX-80, IBECOS} H|w3}TH(Fig, 4). MX-802 A& A<l
Nad "l EYo|ER 30 m¥/gQl ¥HH, Cad Wl By} o] EQI KJ-11
o} IBECO Z}7} 61 m%/g, 59 m%/gO & Nad WlEvto|Eo}
7 A Zpol7} eSS < Sl

Barium chloride W o2 213838t KJ-11¢] CEC+
64,7 meq/100 g© 2 YERITE KJ-12] CECE 62,0 meq/100 g
02 2k 2 7 meq/100 g¢] 2}o]E X tH(Table 6), Cu-trien
0 2 A|F 8 MX-80, IBECO®] -2 ZH2} 76 meq/100 g,
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Fig. 4. Comparison of specific surface area between KJ-II and others.

Table 6. Comparison of CEC among KJ-1I, MX-80 and IBECO

Samples CEC, meq/100g Reference
KJ-I 62.0 -
KJ-II 64.7 Barium chloride method [21]
MX-80 76 Cu-trien method [5, 19]
IBECO [10] 70 Cu-trien method [5, 19]

Table 7. Quantitative analysis for accessory minerals except montmoril-
lonite in the KJ-II bentonite

Minerals Volume %
Mica 34
Plagioclase 13.8
Hematite 7.0
Dolomite 0.1
Calcite 14
Quartz 13.2
Halloysite 2.9
Heulandite 14

Table 804 A =22 2k5A7F ‘:‘}’J e, 22
o] Eo] g MlEvo| B £ &<l 55 X33 4
=2 9% 2E A 3
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Fig. 6. Quantitative analysis for the XRD pattern obtained from the accessory minerals-enriched KJ-II sample.
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Table 8. Selected analysis methods according to the test

Standard method or reference documents

Test
SKB [10] or POSIVA [20] KAERI
Water . o .
content Drying 105 °C for 24 h KS F 2306
Swelling * KS K 0764,
index ASTMD 3890 ASTM D 5890
Chemical ~ « ICP/AES * XRF

composition  (Kumpulainen etal., 2011)  (Shimadzu/DI, XRF-1700)

* Pycnometer with kero-
sene according to some  * KS M 0602
geotechnical standard [5]

Particle
density

* BET method

. ) (BELSORP-mini,
Specific + Standard BET technique v jumetric adsorption

surface area  (Micrometrics ASAP 2400) method)
* EGME method

Cation
exchange ¢ Cu-trien method [19] * Barium chloride [21]
capacity

Mineral + Standard XRD 4 «XRD
composition (software based on Riet- (software based on PDXL)
P veld refinement method)
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Fig. 7. Performance evaluation process of bentonite materials.
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Table A-1. KJ-II buffer material properties and definition
Parameter Definition Value Units Notes
- My 0
Water content-1 Wi = X100 11.549 %
m .
Water content-2 Wa = X100 13.057 % Descrlbiis&lhees;lgllﬁg)fwater
mS
Density of solid Ps=— 2632 glem’
Water density Py = v \VV 1.000 g/em’ Normally is m,=1.00 g/cm®.
. _ . my Describes the density of the bentonite when
= 3
Dry density Pa \A 1.600 glom the entire voids are filled with gas.
. mt
Bulk density Po=— 1.809 g/em’
Density of saturafi P = (p, Xv,) + m, 1.992 e’ The density when the bentonite is
ensity of saturation n v, . g fully saturated.
b ; ) g _ Vv _ bulk density N dry density X W 0.533 Describes the amount of the total pore
cgree of saturation Ty, porosity ' porosity 2 ' ) volume which is filled with water.
o Y% The pore volume divided with the volume
Void ratio €= v, 0645 ) of the solid particles.
. _ Y% The pore volume divided with the total
Porosity = 0.392 - volume of the sample. [ASTM D4404]
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A A Vi = Total volume
Vo v m,=0 V, = Pore volume
Y vt m, A V. = Solid volume
}[ 4 V. = Gas volume
V, V. = Water volume
m, = Weight of gas
vs m; M m, = Weight of water
ms = Weight of solid
\ 4 A

m; = Weight of total

Fig. A-1. Arrangement for definition of basic properties.

Table A-2. Comparison material properties between KJ-I and KJ-II bentonites

Parameter KJ-I KIJ-II Units
Water content-1 123 11.55 %
Water content-2 14.1 13.06 %
Density of solid 2.740 2.632 g/em?

Water density 1.000 1.000 g/em?

Dry density 1.600 1.600 g/em?

Bulk density 1.825 1.800 g/cm’

Density of saturation 2.016 1.992 g/em?
Degree of saturation 0.541 0.533 -
Void ratio 0.713 0.644 -
Porosity 0.416 0.392 -
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