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It is important to understand the long-term migration of radionuclides when considering rock engineering
projects such as the geological disposal of radioactive waste. The network of fractures and pores in a rock mass
plays a major role in fluid migration as it provides a pathway for fluid flow. The geometry of a network can change
due to fracture sealing by some fine-grained materials over long-term periods. Groundwater usually contains fine-
grained minerals such as clay minerals, and it is probable that the accumulation of such minerals occurs within
a rock fracture upon groundwater flow, thereby decreasing the aperture of a fracture and the permeability. It is
therefore essential to conduct permeability measurements using water that includes fine-grained minerals to
understand the permeability characteristics of a rock; however, this has not been studied to date. In the present
study, we use a macro-fractured granite sample to investigate the change of permeability that occurs under the flow
of water that includes two different amounts of clay. Findings showed that clay accumulated in a fracture and that
the permeability (hydraulic conductivity) of the granite sample decreased over time, which was greater in for the
higher clay content. We concluded that the accumulation of clay minerals in the fracture decreased the permeability
of the rock. Furthermore, we consider that the filling and closure of fractures in rock is possible under the flow of
groundwater that includes clay minerals.
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Schematic illustration of the permeability measurement system.
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Fig. 3 Scanning electron photomicrograph of clay sample (after Kato et al. 2 21)).

x104 o : Calcite
5 w : Chlorite
x : Feldspar
% A : Mica
5 : Quartz
=
&
)
=
0 L 1 L | L 1 |
3 10 20 30 40

26 [°], CuKa

Fig. 4 X-ray diffraction pattern of clay sample (after Kato et al.% 2 )
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Fig. 5 Particle size distribution of clay sample (after Kato et al.? 20,
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Fig. 6 Temporal change of the pressure difference between upstream
and downstream of macro-fractured granite specimens

“TG-f2” and “TG-f3” using distilled water (with no clay).
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Fig. 8 Temporal change of hydraulic conductivity under flow
of water including clay.
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Fig. 7 Temporal change of pressure difference between upstream
and downstream for a flow pump permeability test with a
fractured Toki granite specimen.
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by the values obtained under the flow of distilled water
(with no clay).

FEOFR AN OHE LG TH Y, LR O R 5
BEBEHAGDOE TER L2 DO TH D, 7ob, RRKOEARE
JEIX02mm TH D, ZORITEWT, HEOISY A& HNEIC
EHLIZMTETHD, ZOKEY, WTFROBAICBNTY, &
ZANIBIZK ERNE ENTND Z B0 D, B, WFhoEs
LEREHOKEADPHETREEINTWDLZ 0D, RO
R 2D 0.2mm BAN OISy TH L OERIC L 5 2 /oK
HAEULTEEZDLZD, DI, MBREALE L THWLZK
OWEBIZEEN TV R ERESHNICERMT 2221tk -
T, BAEAMETF L, ZHUTtE> THBAGEOIE FRE LT &%
ZbHiLd,

1 Uy MAHOZEBEKICH % 1.5g 18 L= Kz i3 35k cH
WERBR A TG-f3 1220 T, B ICE R & 2RO W4 %
# L, Fig 12 TRENTHE LY HIEWES TR OB N4
CTWznE D nEilT, O % Fig. 131279, ZOKIT
BT, B2 ERA, FRATRMTH S, F, AROHS
NEEME FICAHE LR Ch oD, ZOREY, Hthiid
A THHI0, BEFOX D RAEOIEYOREICIEEL TV
RPN LS REINTWDD, Fh T OPLRBEEFTIZ AR 72 4R 0 1338
LY, EREEARITHESR LB L T\ Z RIS,

1 Uy MoK L4 1.5g B L=k 25T 3B el
WZRBR T TG-12 ORI #% Olifg % Fig. 14 1273, ZORITR
T LI, RBRBIIERESANES Lz, 2L, L0 E< ok
TN B & RN TRAVIA S, ZZENERD & KL TR 23R 30T,
EHUEBBELIZT-OICAELZEEZBND, 2F0, 2Ok
ZETKRDER & HNITIRIVATIS A, EEO ETHO/NS S
DARB SN AR ERL T OFBNE LR Z 012 < S HNRHEL
RFTNENY T, EEUEEIC L DIMEEE S 5 A REMED
bh, TENHLDLZ LICL o THEABEDOIE TN B -6 S
30,30 x ZUp PZEAS & 613 A TIEM A3 e S AUALIE R BHIRE 20
BT 5 3239 L5 2 LSRR TIEHB S T D, A0
FEDFERN D, M ERE ENDARNHNDEBRE FAFIMT 52 &
&2 T, BAGREOET P BRI O [F1E S BRI ATREIZ 72
LT EWRBEEIND,

HANMOEHLED R Y N T —21%, BAHEREIEDIL TR
W ONCRHi 5 MR H 5, —F7 T, BIRERE FICH D54
WA T, Ko &9 227k T DRI L - T RN
FHLENTND Z &2 LIE LIEEE ST, Ishibashi et al. 39
%, BRSO XZIRFA LI KIS ENDRF 2 0T %

(Bay hitp://doi.org/10.2473/journalofmmij.138.44



Vol.138, No.4, 2022

K2 BT AN D AT TOEMERE ETebhs OF KR OZSL

Fig. 12 Photograph of fracture sealed by clay taken from upstream side. (a) Photograph for TG-f2 (using 1.0L of water including 15.9g of clay),
(b) Photograph for TG-f3 (using 1.0L of water including 1.5g of clay).

Fig. 13 Photograph of fracture surface of specimen TG-f3 after permeability measurement using water including clays.
The upper side in this photo is the upstream side for the permeability measurement.

ZllCkoTEESND LIEHBL TS, Naraetal!V iz, fER
HOEHRESHOEEPARRE T TELL LEML TS, i
DOWFEN G, JERENICERBPFMELZE LT, RElicb--
THBEZFIAT 28561008, HTEKICEENDR ORI XS
EEIZ LT, BARBEPME T2 2 L3 liIfF T 5,

TS PEBEZEM M ALy 1B\ T, AT RN 7 & LCH
WHND, BEMEEREOBENELE A ER I HRWEER LY E
F LW, HEEKMEOSBEOFIHE & W2 D, RIFFED
MR LY, FERA A OIS, K oERIC L /D
FHUC L o TEEH 2 WITRFF SN D FIREMEN H D 2 & MR T
&5, L, BEHITAKRNRNDEREE F T, Kok )72
A7RRI - DB K 2 RO, D TRWEH R DND
ZENRTRIND, DRIT, R THEZRELERHT 572010
%, SORLBNOBEARE LD EBbd, BlZIE, K
PEBEFEMIALSY 24T S BRIZ, K ba ETek & ERHZEAL, AN
D EHATENIL Z 0 LT WERMEE N BIICHERT D & 5 et
WEEIZ/e B EBbD, ZHIZOWTIEE &7 AMFZERAs N B
ThoHIch, SHOBEE Liz\,

6. #&

AT, ERESANARRE FTEENL TV DR 2R

BEE LTHWT, #ibz2Etekndiiind 50 F CEKRBR 21T 9

ZLICEA T, BAREROE RN, T ORR, FARREIT
Ref ORI & & IR T T2 2 LR ENT, 7o, EKRREED

4

@ http://doi.org/10.2473/journalofmmij.138.44

Fig. 14 Photograph of specimen TG-f2 after permeability measurement
using water including clays. The macro-fracture is closed by
the accumulation of clays.
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