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Calculation of erosion mass of bentonite based on fractal model for colloids
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Abstract: The water inflow into the deposition holes and tunnels in a repository will mainly take place through fractures in the
rock and will lead to that the buffer and backfill will be wetted and eroded. If the counter pressure and strength of the buffer or
backfill are insufficiently high, piping erosion will take place. An erosion model to estimate the erosion mass (m;) of bentonite
buffer in saline solution for a certain water inflow rate during a certain time based on the fractal model for bentonite colloids is
proposed as m_ = BV_“, in terms of a power law, V,, is the accumulated volume of water flow. The exponent parameter (a) is
related to the fractal dimension (D) of bentonite colloids as « = D/(6 — D) . The relationship between the erosion mass (m1)
and the accumulated volume of water flow (V) is verified by the experiments of MX-80 bentonite piping erosion in NaCl
solutions by Borgesson et al and Suzuki et al. The fractal dimension (D) of bentonite colloids is calculated according to the
small-angle X-ray scattering (SAXS) of MX-80 bentonite by Svensson & Hansen (2013).
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Fig. 1 Schematic illustration for the processes of bentonite
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Fig. 2 Reduction of expansive pressure due to bentonite erosion
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Fig. 3 Schematic illustration of fractal bentonite colloids

X W /INAJERTHS (small-angle X-ray scattering,



%4 TRAKAR, 55

TBEIR 53 TSR g e AR ol o R ) T SR 733

B 59 SAXS) A& & Fbi 45 4 43 4k I e i F T
f#fE Rayleigh-Gans-Debye #EN], 73R E5HIHT X 4%
INARTHBURBRE (D SEUHRERNEE (Q) ik
E%@ﬁ%%phﬂ_g]!
1(Q)ecQ” 4)
AP, O REU AR, O=4nsing/ A, 6 BUA, A&
?BZK B 9 S HUR R EIIRER LR (LU 1
FSAERR> s 2/d<0<2/d,, KB d, K1 dy 53 53
ﬁ*i?%ﬂlhﬁﬁﬁﬁéo
Svensson 5P X SN AT IR T
MX-80 B £5 A6 1R 204, X BRI KN 1.099 A 25,
HUR AT 0~46° , RIGIRE N 20°C, FE SR I 28 1
BN 1643 mm, MRS FHEH, @5 X S
A2 U FEAN R R A MIX-80 T L )
X SHER/NMAERTIRIG 2 R RRTEE 4 AR A+
HALBMRER, m3 (4 7T AT S L R T 4 4
MR K] 4 FR I ELZE R, 7E4K (1% NaCl %R 3.5%
NaCl &, MX-80 Bl eI 1434, 4399 2.92,
2.29 1 1.81, MX-80 i£i 1 BEIE i) 70 i bt 5 26 551Uk
JEE 1 0 k)

AR F BRI S TR 1, BRI
AT 1.0~3.0, RiFHEK.
4 —
— %
3 — D=2.92
£
E
3
~ 1 L
0 ] ] 1 ]
-2.0 -15 -1.0 -0.5 0
1g0(1/A)
(a) B3RK
4 —
~ 3 0
£
s
]
1 =
0 1 1 1 ]
2.0 -15 -1.0 -0.5 0

150(1/A)
(b) 1% ATER

4~

1(Q)(101g counts)

0 1 1 1 ]
=20 -1.5 -1.0 -0.5 0

1gQ(1/A)
(¢) 3.5% R

4 MX-80 BB O 43 41
Fig. 4 Fractal dimension of MX-80 bentonite colloids
xR BB RIS HE

Table 1 Fractal dimension of clay colloids
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