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ABSTRACT
Received: December 2, 2021 The compacted bentonite buffer in a geological repository for high-level radioactive waste
Revised: December 10, 2021 disposal is saturated due to groundwater inflow. Saturation of the bentonite buffer results in

bentonite swelling and bentonite penetration into the rock discontinuities present around the
disposal hole. The penetrated bentonite is exposed to groundwater flow and can be eroded
out of the repository, resulting in bentonite mass loss which can affect the physical integrity of
the engineered barrier system. Hence, the evaluation of buffer-rock interactions and coupled
behavior due to groundwater inflow and bentonite penetration is necessary to ensure
long-term disposal safety. In this study, the effects of the bentonite penetration and swelling
on the physical properties of jointed rock mass were evaluated using the quasi-static resonant
column test. Jointed rock specimens with bentonite penetration were manufactured using
Gyeongju bentonite and hollow cylindrical granite rock discs obtained from the KAERI
underground research tunnel. The effects of vertical stress and saturation were assessed using
the P-wave and S-wave velocities for intact rock, jointed rock and jointed rock with bentonite
penetration specimens. The joint normal and joint shear stiffnesses of each joint condition
were inferred from the wave velocity results assuming an equivalent continuum. The joint
normal and joint shear stiffnesses obtained from this study can be used as input factors for
future numerical analysis on the performance evaluation of geological waste disposal
considering rock discontinuities.
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Fig. 1. Schematic diagram of bentonite intrusion into a rock fracture
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FAck Fig. 5(b)et ol 2+ b4 Elj Alo] eR2 EetAE B QS ARl = H|o LE 1735, Yot o5 w2l A
o] FXtl AT HEUC|E FUE 4 g ol HIEUC|E F3=3 BARISITE A S22 82 270 2 A9 o5 Aol wet
The A Holn@ MiELo]E B2 A1Y o]F, 515 At AATIE o] 83 2 MPa©] Al 5152 Fof HE o[22 953}
Act. 515 Afst 7 Az A MIEYO|E F3EC] Hat F1=0.68 mm At o]2eh ¢E HIE O E SHELS AR S E
A 5= 2ot MIEUO|E Ao] Fok= t=L], HEAE 27| SEAet AR-s AN e] A o2kg- 9 28}2 QIeh ks
BIKE % Qe A0 BRI 2 Aol AHSE QT AHO] B4 Table 13} 2tk
Table 1. Material properties of rock specimens used in this study

Properties Intact rock Jointed rock Bentonite-filled rock

Outer diameter (mm) 51.5 51.5 51.5

Inner diameter (mm) 17.0 17.0 17.0

Height (mm) 277.5 301.5 308.3

Initial density (kg/m3) 2,657 2,641 2,617

P-wave velocity of intact rock specimen* 4,885 4,885 4,885
S-wave velocity of intact rock specimen* 2,950 2,950 2,950

Joint condition None Planar-jointed, smooth Gouge fill (avg. thickness 0.68 mm)
Number of discs in column - 11 11

* P-wave and S-wave velocities obtained from ultrasonic transducer tests on a cylindrical intact rock core specimen.
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Internal
membrane

(a) Intact and jointed rock specimens (b) Preparation of bentonite-filled rock joints

Fig. 5. Specimen preparation
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