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Underground Ground Deformation Monitoring — A User Friendly
Approach
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Cutoff Modeling for Drift Sealing in Underground Nuclear Waste
Repositories
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Modeling rock bolt behavior by using the interface model of DEM

KR EERREM 2 FIHBERCTZR %(discrete element
method - DEM) SR R AU e S 12 (Rock bolt) Z 77 By - e Ry PR A
A F (0 A S AR AR P UE B DS B SR e R

et —(Eate A al(E 5) - HERRmMEE T © ateils
A S - e B R [ e Ao el A S SR A R 5 R (smooth-joint
model)E{TIASE - BT B B i R BT e o BERS A IR R
AR - IEREZ QISR AL ~ S B R AYRE » DA ORISAYAY T
Ve - 550 B E A NRIT /25T > R EREG Bk fOEE) > LIE
G TR EEE R AT ERERET NIRRT TR Bk DEM B e
FIEAT Ry(1E 6) -

B (& AT A R e - PR e E A B IR O TR -
thicA s B ate  AEEteRE - B HREEER T HEi
ME 28 - xRS RS ma T

() Zb7Ez atetE g A R et 2 IR TR -

(b) FEAHEIRMET At e T B T R A S (BB A Y iz

BE -
(©) btz SR ERE R T IR E AR B et

REBE ~ SBR[ 2 %8 AT -



Rock bolt

Specific interfaces

Rock mass
AR et

1L

XX

D0 X

KA Z DEM 274

9
- X

= 6 :



Coupled hydro-mechanical modeling of injection-induced
seismicity in the multiphase flow system
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Dynamic Fracture Network Generation: a new method for
growing fractures according to their deformation history
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Coupled THMC analysis for predicting hydro-mechanical
evolution in siliceous mudstone

AN B HATES AR (Kyoto University)Fsgk - $RAH HAIL
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Thermal properties

Hydraulic properties

Thermal (T) . Hydraulic (H)
—

(Heat transfer) (Darcy flow)
Thermal convection

Thermal properties
%4
%
(7
\,o& >, 2
> (S
& <
» %,
bo (S
%
%, ¥
“eql ‘,z&
7 4
%
effective stress change

Chemical constants
pore pressure change

Chemical (C) Pore structure change

(Reactive transport)

> : Pressure solution _

Mechanical (M

Stress distribution

Damage (D)

(Damage theory)
>Fracture growth
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-700m
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Slow-slip evolution of injection-induced shearing on granite
fracture
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Uncertainty of fracture intensity measurement in discontinuous
rock masses — A sampling window approach

bR H 208 R BT SR SR o PR PR R 1 104 (sampling
window approach)(fil 13):E{ T A RS ZER 2] s
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Long-term permeability experiments of a single fracture in granite
under thermal conditions and evaluation of the aperture
distribution through microfocus X-ray CT

A H H AT RS (Kyoto University)FTadst » £ 5E R
M2 EE R EUES LM aHIEN T Z 28 > EBME X-
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Mined repository in granite or other hard rock Mined repository in bedded salt

e Y e N —— Bt s prann 4 O pn,

i — (SN

Source: SKE 2011, Mpare 51

Mined repository in clayishale
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Excavation of Test.Pit

Excavation of Experimental Area lnstallav of &
Ruier

[We. = |

Installation of
Overpack

‘Q"*.f

.o

i
Sealing of éxperimé!ﬁal

& 20 @ HAMRAER BB 4 KT TR [EEE S 40 B Bt 101

Overpack
/
12— Sensors Measurement
/ Pressure cell swelling pressure 3 2 n
10 11 Piezometer pressure head 4 2 2 4 2 2 2¢
9 < S
Extensometer displacement
8 ‘ %@%@%
7 PH meter PH 3 3 n
'3 Thermocouple temperature 6 6 n
5 Pt electrode Eh 32 3 3 IER
4 Corrosion sensor corrosion potential 4 4 4 n
3
2 Hygrometer relative humidity 3 3 n
' Psychrometer water potential 32 3 3 n
® 350 volume water content,
o (2R temperature g E n
< 820 > =

860 Swelling sensor strain, ths n

2260 [mm] temperature 2

2400 7 6 3034 16 5 3 16111

21 * R B LR S e B
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pore pi
total 8 1011 5 1

*Using wireless sensor

@  carth pressure
B mMeasurement

— Water content
measurement

3 strain

measurement

cables of sensors
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Bulb {ordinary closed)

Groundwater
injection system

Siica sand

/ Buffer material

“rgroundwater;,” >

slicd sand:.
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Along wall of niche
=== -+Pipe without slif
*++Pipe with slit

Into backfilling material

***Pipe without slif
-+ +Pipe with slit
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Temp. of overpack surface / °C

20\

Time/day
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Water injection |

Hydraulic
Mechanical

Chemical

N Hyd rau_llc_
characteristics
Pore pressure Saturation of Stress increase in
increase in Backfill Backfill Backfill
N i
Pore air pressure e, Air solution in
increase in Buffer X water Stress increasein |
I \ s Buffer
Pore water
> pressure increase //
in Bu ) Reaction of pore
Saturation of water and :Ia
Buffer : v
mineral

v

characteristic
change of water

Chemical

Accumulation of
salt

¥

—+

OP corrosion

Generating
corrosive product

v

Generating

hydrogen gas
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Preparation for analysis
‘Calibration l‘l"l bdeling of heating phase
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EX2023 Predictive modeling of cooling phase
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cooling phas

Calibration modeling of
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