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Gradient
Flow Hydraulic Chemical Temperature
Fluid Hydraulic flow Chemical osmosis Thermo-osmosis
Solute Ultrafiltration Diffusion Soret effect
Heat Isothermal heat transfer Dufour effect Thermal cond.
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Injection induced failure
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s IDIE 2 CIRFEZ B 2 556 EER BN T 23> THD - TWB IR T KWL 25356, —
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Coulomb-Mohr criterion
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Open system Close system

« Dilatancy CELAMBIMED -« Dilatancy—RHEEIET =
ETARADOMHIEIZKY A EE M- Dilatancy
TR [EE Hardening

o BRIRAVRE o BRIRAVELE
WIREE IR T SRR TR1E

« FracturingiR EE AN EEF0 « Fracturingi® £ A\ &
aseismic, slow-earthquake seismic

« KYBFEM - JUKRE-REER

- BRI HRIKBER - HifF 9 DRIRIRR:

— BERRVG R Z B — FEKEDIET (1T KL

- RERELDED )

CO2i# FEFRICHITHERK

What would happen

CO, Sequestration i i -
. . : * AE (micro-seismic) activity
 High porosity, high i<mic slin. slow/sil
permeability  Aseismic slip, slow/silent

earthquakes

If there are some nearby
faults with stress close to the
critical point:

significant earthquakes may
be trigger

* Fluid source (CO,)
» Open system

What we should do
 Select safe sites
« AE monitoring: helpful for safe operation
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\ J

W IR T SR AL E EAKEEBRDSummary
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i
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i (EL R (k) Brace et al.(1968)

e (L e Hsieh et al.(1981)
- gk A
Dl : (kSs) H Neuzil et al.(1981)

BHRFEEOASKEER ERIXH

& K

Nimmo et al.(1991)

| [Mrzvinnaik
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Zhang et al.(2000)

Olsen et al.(1985)
Esaki et al.(1996)

Tu—Rr T
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B 2 S o o R G

HEEH#E (k,Ss)

AL —iavik
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FEERRE (k,Ss)

k, SO0 2T GEADEI E

Kranz et al.(1990)

#HEKEETOEEENSBEDNDBERITFE
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Constant flow-rate

(a) from flow pump (b)
Flow out,H=0=constant

¢ 'k

H Specimen

Flow in,H= A H=constant

7 Specimen

Flow in,H=H(t) .
Flow out,H=0=constant

(c) = FlowinH-H(LY) @ vonsiion ®
- low out, H=H(0,t) /-r.
= Ti
0
hi v
h2 2 Z
= Specimen
L
L
Upper reservoir

A

Flow out,H=0=constant

FlowinH=H(LY | \_

Time
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<fEHTDOIRE>

L Tl EER
(Eh—3) (ER—5%)

- BIKALE dh dh dh

LERARREHE TRARRES : ' ‘

%%:E #‘]iE E:Ej]_i .ﬁi;i(zws) @ @ & \
SEE—E . E "BE—F L S L L

- EkfEE dh dh dh
MR "N

t t t
Tinfl <:| @H-%) | (EE-D
s kSuPzr bk dh dh dh
SRILRE ~— \

t t t

=
il
H

LR

B
-
o
>

a

RE—E) (EH—%)
#'JBEE - 70—HR2FE dg dh dh |/
t t t
(RE—%) (BFH—%E)
= - HFE r
E*ﬁﬁ?;‘i ow;ﬁ: Song et al.(2004) 4 d dh
t t t

EREAERFEOL - TRRUVEEOER

<AIFE F % & Sequential Test FHE >

Experi mental setu D Experimental results: hydraulic conductivity
;| f = 7E-10 g
i ;,mm Differential ’l)"m"" Adr conditioner ‘\
HIE [ransducer m" [ransduce — F :‘f %_
it = caturcs £ &
il;; = i‘?’:&fﬁm *Closed system é‘ ’ &
;I%: . Asyri f 3 5E-10 ﬂ i
i l:l syringe pump for 8 PY ﬁ
i|§§ === | controlling pore fluid 2 &
Hit lote- .
i}; "L <Two reservoirs at both 3
i — : =
i e, | side Sag10 |
i *Highly precise differential 7
i pressure transducer
}gg s 5 *Compressible storage of
! i R equipment: 5.6 X 10 m? BE-11
it W [g (experimentally estimated) B ) 4 6 8 10 12
i *r{ confulrg freseue L= Confining Pressure (MPa)
i * Temp. change around the
i vessel: £0.01°C/h [m Flow pump & Constant head < Falling head / Transient pulse ® Modified constant head |
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<SEOENKABROEREIZDOWLNT>

« Sequential;RERDEHEE L8
« Labo Test & In Situ Test® L& 5T
« ERHAEBREFEKHAEDCoupling

ZHERICH T AHE - RBEKEDELITHSRBRKD
i RARBLUVHRRERACHB A DS AR R
KBS A—5Z RIFIFHES 5.

BEKABREE R AR A DNkt (2005) (FHEKK
RETORIRERE, Biot-WillisD %, Skempton
DR, BiotDFRH, SHHMERRFBRGCEDZ A
HERBERDBIZEICRIILTINS,

SRIITLBMREBICETHER -BKEERMS
FEKBRHOLITFBERGEDKBEHES ALHE MR
BERBFITROIERNERICHY, —EDER
Mok Y ZLDER KBNGA—2ZFHEST
REMEN TR TE S,

<HE=Z#aEBREBEICOLNT>

H=#ABREEOTRENE

H=wRBREEOME

H=#=BRED AV

D EBOEAESLY
I NAERE S DR RE

)

BNERGH
-(Enmsm T
3) R OFEKRBEEN
#EESH  oy:Max 250 ton
©,:Max 50 ton

3-Max 200 MPa (&K FE)
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True Triaxial Test System
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<IEHBERRE(0,-05) Vs KEAER>

250

©
)

& (%)

Differential maximum principal stress vs g,

& ()

Volumetric strain vs £,

—— 39
—— sl
313
a—s310
—5fl
—a— st
——

o 1 2 3 4 H 6
& (%)
Normalized permeability vs ¢,

Deformation behavior and permeability
evolution during true triaxial compressions
under various o, for shirahama sandstone
(pp=3MPa).

Permeability revolution in the brittle failure regime (low
sig3)is ch, ized by the fact that bility and
volumetric strain increase prior to brittle fracture_At the o,
of 8, 13 MPa, bili i d dwith
i i i in until di After the
onset of dilatancy lateral strain for the o, direction was
dominantand then volumetric strain tend to show

. ity for the o, directioni with
increment of axial strain prior to failure. The final
permeability is larger than the initial value. However, at
higher, the sig; of 63, 83 MPa, specimen shows brittle
ductile regime, volumetric strain shows dilatants yield and
entirely p until shear d.
ey - s .

F g axi , but
after yield stress that of decreasing ratic become gradually
small. As a result, the final permeability in failure-
experienced specimen is less than the initial value.

RBRHR-E01 (BRDE)

0'1«
Direction of
fluid flow

Sebe

Direction of
fluid flow

Step 4: shearing after
stress drop while o,

Loading path E2 for investigating permeability change during
entire deformation process.

<BAH-EKGEERER

180

e
o
3

(MPa)

wo o
c&833883

O-p0;

Axial differential stress

0 2 4 6
Axial strain g; (%)
a. Axial differential stress vs axial strain

Lateral strain 0 and
volumetric strain 0,
iodbonmn

4 6
Axial strain g, (%)
b. Lateral strain and volumetric strain

—A— 5543
—=— 5540

o
~

~

o

Normalized permeability
-
N j

0 4 6
Axial strain e, (%)
c. Normalized permeability
Permeability change during shearing along the faults under residual
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ERER-T02(BEDSE)

o
Pinav [ o
%
Direction of
T fluid flow

Failure [<.

o
> o
o1 %2
Failure

a. Pre-faulting
D

Q@

Direction of
fluid flow

Loading path E3 for investigating permeability change

diirinn antira dofarmatinn nracece

TD1>

T 15
25 o3 o
25 10 5$52: 43MPa, 83MPa
g8 ss54: 63MPa, 103MPa
s —— 5552, shear stress
53 O
2E Pp=3M - -5552, normal stress
s 4 ——— 5354, shear stress
0 1 2 3 gl 5554, normal stress
Shear displacement (mm;
a. Shear stress and normal stress vs shear displacement
E 02 —— 5552
= ——ss54
&
5 o1
s
2
2 Pp=3MP
s 0
E 1 2 3
S Shear displacement (mm)
b. Normal displacement vs shear displacement
g 25 —— 5552
K 2r —8— 5554
E 15 |
g 1
Bos |
S Pp=3MP
=] . . .
£ 0
S 0 1 2 3 4
Shear displacement (mm)
c. [ Vs shear

Permeability change for failed specimens during shearing along the faults
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ERHR-Z0I(BRDE)
o
Failur % L.
Ny 3
e A7
Stepd «-6»2 %
¥ “1B Direction of
Ny Ly fluid flow
\ - o
Failure]
bl D
3
Step4
s e
Tl P
- N <
\ ~
w1 i R

L " ‘ Fault
f 3 o; ;
i «3 “ -
- . v Direction of
N fluid flow
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