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Variation in Permeability by Consolidation of Fractured Rocks
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EDZ (Excavatin Damaged Zone) may appear around underground repositories. Permeability of rock mass
in EDZ would be greater than that of surrounding rock mass and sealability of rock mass would be deteriorated.
Countermeasures for the sealability deterioration would induce increase in construction and maintenance costs.
However, if sealability recovers with time under pressure, the costs would be reduced. The objective of this study
is to clarify whether sealability recovery of clastic rocks exists or not. To accomplish the objective, Kimach
sandstone, Toyotomi siliceous mudstone and Inada granite were fractured under triaxial compressive stress state
and consolidated in the residual strength state. Hydraulic conductivity increased with failure and decreased by
the consolidation to 0.3-0.6 times that just after failure or 0.9-1.5 times that before axial loading for Kimachi
sandstone. Similar results were obtained for Toyotomi siliceous mudstone where the ratios were 0.4 and 0.6. Ratios
for Inada granite were 0.2 and 16. These results mean that a strong sealability recovery was confirmed for the
clastic rocks and a weak sealability recovery for Inada granite.
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Fig.2 Specimen jacketing.
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1.Specimen, 2.Loading frame

MTS815 3.Axial actuator
2 4 Pressure vessel
5.Confining pressure intensifier
6.Pore pressure intensifier
4 D 7.Digital controller
8.Control PC, 9.Monitoring PC
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Pressure vessel
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1.Specimen, 2.Chain-type extensometer, 3.End piece, 4.Pressure intensifier,
5.Storage tank (P:pressure of tank, V:reference volume (in this case Vi=V=
330cm? (Kimachi sandstone and Toyotomi siliceous mudstone), = 95. 7cm
(Inada granite))), 6.Differential pressure transducer, 7.Pressure transducer,
8.Fluid reservoir

(b) Permeability measuring system

Fig.3 Testing system.
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(b) Case 4

consolidation stress 1(initial consolidation), o> : consolidation stress 2

(residual stress of compression1=01=03), 0¢3 : consolidation stress 3 (residual stress of compression2=01=03), 0y : peak stress, k:permeability tests.
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Table 2 Consolidation pressure and loading duration.

Y
Rock Case | o¢ (MPa)| P, (MPa) | # (hour) | o (MPa) | o, (MPa) | AN
1 7 5 — — — ~,| Cutting plane
2-1 7 5 35 192 — using diamond
22 7 5 24 213 — saw
Kimachi sandstone 23 7 5 85 11.6 — )
2-7 7 5 85 9.7 — | Main
2-4 10 5 85 32.6 — rupture
3 7 5 85 193 17.3 plane
4 7 5 85 19.2 — ) )
Toyotomi siliceous mudstone 7 5 85 11.0 — Thin section
Inada granite 7 5 85 30.0 —
OXHEY JEEFEE L7 30 MPa & L7, Fig.5 Position of thin section.
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3.8 B OB R
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RS &, BEaoivT b X9 AN s s < sl 2
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X101 m/s T o7z Case 3 < & ky =2.1x 101 ~ 55x 107!
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(b) Case 2-3
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(d) Case 3

Fig.6 Examples of stress-strain curves and apparent hydraulic conductivity-circumferential strain curves for Kimachi sandstone. £a, £c,
and k denote axial strain, circumferential strain and hydraulic conductivity. Strains were set at zero under atmospheric pressure.

Table 3 Peak differential stress oy, and residual differential stress opy, by n-th compression.

Compression 1 Compression 2
Rock Case
ap1 (MPa) | 6,1 (MPa) | 6, (MPa) | 6, (MPa)

1 36.2 14.8 — —

2-1 374 12.2 — —

2-2 37.2 143 — —

Kimachi sandstone 23 3638 16.2 — —
2-7 34.1 12.3 — —

2-4 438 226 - -

3 36.7 12.3 10.6 10.3
4 — — — —

Toyotomi siliceous mudstone 8.9 4.0 — —
Inada granite 200.4 69.7" — —

*Axial compression was stopped due to circumferential strain capacity before residual strength state was

observed.

(a) Case 2-1 (b) Case 2-3

-
C\

(c) Case 2-4

(d) Case 3

Fig.7 Examples of specimen sketches after the test. Thin/thick lines denote
fractures without/with slip. Arrows denote the slip direction.
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TTIEIE, JE# 112 X » TE U AI7mofEa a3l 7 a o sl £ b
LV EENIOMICRES AL B L, OO RN OB KR
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DF/ME (k) 1%, JEF 1 & TREO LT D@ RS (k) @ 0.6 ~
0.8 {54 /R L7z (Table 4) ,

FRESREIRIEATE T, NI OB RIS AT I L
#ilT D86 (Case 1, Case 2-4 33 (N Case 3) & IFIE—EDEIZIN
W D860 % 7= (Case 2-1, Case 2-2 B L N Case 2-3), F 72,
ST OF KERE D fie KAE (ks) (38 1o 71 0 BT DK AR EL
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Table 4 Apparent hydraulic conductivities (k1: end of consolidation 1, k2: minimum value in compression 1 or consolidation 1 only
for Case4, k3: maximum value in compression 1 or consolidation 1 only for Case 4, k4! end of consolidation 2, ks: after
consolidation 2, k¢: maximum value in compression 2, k7: minimum value in consolidation 3 and ks after consolidation).

Rock Casel (IO'ﬁlm/s) Jof by | kslky | kalky | ksiky | kel | Ktk | ks/ky
1 5.45 06828 | — | — | — i
2-1 335 0.64 12.02 036|072 — — -
2-2 4.73 0.64 | 1.66 | 0.31 | 0.60 | — — -
Kimachi sandstone 2-3 333 0.70 | 2.43 ] 0.78 | 1.08 | — — -
2-7 4.09 0.77 | 1.71 | 0.81 | 0.97 | — — -
2-4 2.07 0.69 | 1.88 | 0.34 | 0.62 | — - | -
3 14.5 0.81 | 1.81 ]0.56 | 0.83 | 0.97 | 0.52 | 0.74
4 4.13 0.96 | 1.00 | 0.42 | 0.67 | — i
Toyotomi Siliceous mudstone 5.17 0931129 |0.56]0.57| — — —
Inada granite 1.41 0.60 | 73.0 | 3.87 | 158 | — — —
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Fig.8 Volumetric strain and apparent hydraulic conductivity in compression 1 for Kimachi sandstone. B, E and P denote
beginning and end of compression 1 and peak load point, respectively. The arrows denote the progress of the tests.

(k1) D 1.7 ~29 5Tl 7= (Table 4) ,

3:1:2 Case2, Case 3NEH 2 RFLBIE (SMEFHY )

JEFEIS ORI LD OT 2 & JHOFAIHE 2R L, B85
HREC IR DS ke L 7= (Fig. 9) o JEBRIE ) D BRI IS R il
OTHEFOTHIIMPZERT S ODOEFHEROOT A FE TrEEIE
L7gmoiz (Fig. 9) o ZAUTBAEORFHRHEZ RT H O &
EZHND,

Case2-1 TiE, Wi OEEIS S DAMIZ L > TRETOZFE
ARAREL (ka) 13, k1 D 0.4 fFI2/h &< 7e o7z (Fig. 9, Table 4) , =<
DT TIEH 2 NEFE IR Lz, BOEE | OISIREICERE
I & R OFARERI (ks) 13, ki @ 0.7 15 & hflairain oo WL T O
BRIREL L W /& < 22572 (Fig. 9, Table 4)

Case2-2 ClE, J[E# 2 O ffRE % Case 2-1 DK 30% & L7z7k
BT D, BHUTEOERIG I ORAMIC K > THRENT OF KRR
(ka) 1, ki ® 03 fFIZ/hE <720 (Table 4) , FHOVEE 1 DIITR
TBIC RS & RLENT D AKEREL (ks) 13, ki @ 0.6 i & Tl Al oD WL
BT OBAREI L W /NS < 7p o7z (Table 4) .

Case2-3, 2-7 TlL, JEE 2 22D JEH 1 OIS PIRIEICE L7z Ik

168 <6)

DR OFREREEA, ©— 7 MREE% IR LTz BT OB kIR
HOR KA (k) L VI3 S (44%, 57%) 723, fthodr— A & bl
T5HE 1L 1065 & RE 7 kslky M3 5407 (Table 4) . Zhix, JE
B2 DIERIS I ML i — 2 L0 KDy 72 (FREFREE D 50%)
ZENERFNEEZBND, Lm0 »> T Case2-2 b&E[E T I,
BB K DRk S e RO RN 2 PASE DR 1Y, REHRO
FUPACIIR 9 2 REMNICBIfR 722 <, T2 2 IS T) L~V ITIRAFT
HEEZBND,

Case2-4 TiE, HhskifiricdF 2 HZEHEN 5 MPa ({5 — R
TlX 2 MPa) Th o7z, BFATATOEARSREL (k) 1%, HENKE
WA 720D T Case2-1, Case2-2 38 XU Case2-3 @ ky (Zxf L 0.4 ~
0.6 f5L/NEL o TnD, LU, klki, kil ki BE Okl ky 1%
Case 2-1, Case 2-2 3 L\ Case 2-3 DL BEiera—HL, =D
FEIE DA EE O CTIIBE K IE O LT ~ DB/ NS W,

Case3 CEEHIRE £ CHOMIEANT 2 217 - C b T OFE KM%
B (ko) 1%, Kk &IEIERETH -7 (Fig. 9, Table 4) , S HIC, JER
2 LIER 3ICIT D BENT OFAKEREL (ks & k7) 1ZIZFFELL, E
B3R TR OBRATRED ST OB AKMREL (ks) &, EE 2 THD
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Fig.9 \Variation in strains and apparent hydraulic conductivity due to loading of Kimachi sandstone.

(a) Case 1

Fig.10 Examples of thin section micrographs of Kimachi

BRATIED ks LIZIXFEEOME 72 o7 (Table 4) , DFH, —F&F,
AT 2T 5 & 2 OB ORI L 5 B ABIZENIZ L TR
T OB AR ORI D720 E V2 5, @S 1D Lk
IZOWTHIO 2 10% T2 £ TO ZflEfERBR 21TV, Z ok
THM L 72 B KRB R R TR LR AR I B W CURITIR & 5 W
DI HZEERLTNDN, KIFEOFRHRITINEFIE LR,
3:1:3 Case 4 DEF - BEATE (BHALL ) 2
WL BN OB KBREIZE YO 04 5 ETHA L, JEH 1 O
FPRIEICET & 400 0.7 £ ClEE L7z (Table 4) ., ZHH D
WD r— 2 L [FRET, RO A RSB KR BT T 58 T
By, EES 1O [ ALERAERT R L7 RS & Hep B
DEFNCHEAYEY RO v H—Z AT ANTAREEERL, #HK
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(b) Case 2-2

(c) Case 3

sandstone. Rupture plane is aligned parallel to horizontal.

JE T CHBAREOME &V, H B OB A XM HE 1 MPa L
ETCATARZUC L D2FEKMBEOBERITED Hiane Lz, £7-,
BEDRFZE O, —IERRAE TR & - IRAE RS & 408
FERAHZ DN T, WL ODOBKE T CEAMRANE L& =
%, 10 MPa LL_EDOFKIE T TE AR DB ICHEE - Lo 7E5R
BIHEBNEL rotn, SHEPHEOKE SHEIERITH DM, A
BFFEIC BT EE S 10 29 L RBEORENE SN b O &R
Rahs,

3:1-4 FREEBAOEE  BhiliT | CREME & R,
FREREE D & BB 2 [EIIY L 72 Case | CIRMMmIZEARO T A &
BT 5, BN LI MZNICITEIRICEL Y 7R S 2 B n
BAUCPHENT AR BB % (Fig. 10a) . Case 2 °3 Tl, fi%
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(c) Variation in strains and apparent hydraulic conductivity due to loading.

Fig.11 Results for Toyotomi siliceous mudstone.

Wi OB DR 2SN S WE A S b, B olEREICZ L (Fig.
10b, ¢) . BHAMEOREA T, EH2ICEVAEL, BRBEOKT
WDl bBEZ D, i L ORI M B RO RS 7
Hiv5 (Fig. 10b) 28, ZAUTEARMEDMEF L7z DI £ T
7B LKA L EZZ BN D, REERIZIRIZHEIE IC KT 5
Fujii et al. OFFZE Y TH BB 72,

3:-2 BEEHHES

HE AR T 5 SR 2 ICEKREUI/ NS0, BB LERKR
FIEEME T o & bR/ &E e o7z (Fig. 11a) . D
B HETT T 510 » CHEARREUIR A ITREL 2D, EFHR
EEMER LR Th o & b RE < 2272 (Fig. 11a-c) .

EREOT BB ORI BN THERMREITHO L, Hro e
e KA B AT TR O A M ONC R U 2 &R REUIH I L
7= (Fig. 11b) , JElCiR 7= K 91T, KA C 6 KB O 405
HORFNZB N THEARREILD L, FEOTHBHNTEL S
EBARSRBUTIEI L7278, REEOT B OMEFA D B R ONTHE U 5
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(c) Variation in strains and apparent hydraulic conductivity due to loading.

Fig.12 Results for Inada granite.

S, B2 BEEOK 50% I CTH o7, RHNT OF KR Y
NMZHE U 7= 0%, TR 112 Ko THE U8 510 Ofi A H3 8 7 18
SRIIERIC L0 EBRTOEIZ R S M & —F LT (Fig. o) .
il %, EEIS 2 AW T D & EARREITES OEITIC L -
THRZIZHD U, 25 2 8 TR OEKREIZ S M1 0.56 1512
Tpolz, B 1 OIEIPREBICE T L@ ARBREIT DT 2 cH L
0.57 fi5 & 72 > 7= (Fig. 11¢, Table 4) ,

3-3 TEHETEEE

Fig AE R o FLENT OF KGRI b oD — 5 F &[RRI Bk far &
LB LEA T X —kR L & HITHINCER U7z (Fig. 12b) .
FHNT OB AR BN U503, I FIEEE LIS > TAED
7 JE 7 1) O A A3 5 1) D BRI EAEIZ XV EBRTOMIZR D R &
FHLTWA (Fig. 120) . RN OB AAREOBNNEIE 1T, Sl
WZfE D SRR D 17 ~ 2.9 1%, SFEEERAD 134L0 6T
LREL, B 73 % E CTHIN LT 72 (Fig. 12a-¢) . AT D
FEARBUTIEE 2 O TR L, E%5 2 PR 72 &
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