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Information Collection and Arrangement for the Investigation Methods of
Geological Environment due to the Shaft and Drift Excavation

Hideki Kawamura® and Masaru Noda*

ABSTRACT

Tono Geo-Science Center of Japan Nuclear Cycle Development Institute, which has
been conducting the Regional Groundwater Investigation and Mizunami
Underground Facility (MIU) Project in order to develop investigation technologies
and evaluation methods. At present, the Geo-Science study, which is facing on the
planning stage of the second phase of the MIU Project, is required for promoting the
MIU program smoothly and efficiently with regard to the current Japanese HLW

progranm.

According to such situation, this study investigates and summarizes the following
issues, which are promoting results from MIU project to be practical and efficient,
based on the information collection of oversea countries with respect to their
experience and performance in the similar facilities as well as their outcomes of

research and development.

This study has been carried out by Obayashi Corporation under the contract with Japan
Nuclear Fuel Development Institute
JNC Liaison: Geoscience Research Group, Tono Geoscience Center

* Civil Engineering Technology Division, Obayashi Corporation
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*y& % W H#k: Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und If, Technischer Bericht 96-01, p342, Figure 7.4-6, p371, p344, Figure 7.4-7, p326, Figure 7.3-3, Figure 7.7-4, p394, Figure 7.7-18, p419, Figure 7.7-38. (1997)
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H{#4 : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und II, Technischer Bericht 96-01,
p357, Figure 7.7-1, (1997)
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Hisk : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und I1, Technischer
Bericht 96-01, p3186, Figure 7.3-1, (1997)
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Hi88 : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und IT, Technischer Bericht 96-01, p326,
Figure 7.3-3, (1997)
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532 T-KEROTTm—F

Assumption

Comments

@ Analytical solution
Kefr= (Tavgx N) /L

*Only T of WCF considered, assuming a
perfect =
connectivity of the WCF within a
network.

@ Analytical solution
Kefe= G'Tavg'P32'C + Kmat

* Fractures are assumed infinite within
the unit.
-Fractures are perfectly connected.
+ Orientation & intensity of fractures
considered.
+Channelling considered (C=1)

in our calculations Kmatrix = 0

@ Numerical 51mu1at10n (Code
NAPSAC) e
Ketf(x,y) if preferred orlentatmn of
fracture planes

-fracture length can be fixed, modifying
the degree of

connectivity.

+Orientation & intensity are considered.

» Transmissivity distribution can be
included.

+REV can be checked.
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REITZ OFTNE AWCHIT KRBT (NAPSAC) Itk hiRESHhE, %
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BNBERy PT—ZEF ML - TIdEH

Shigniz®, 1E-13m/s DEZELNFEKBEE e 7 r A Mt b,
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SBda/s DFKBE T 0 7 7 AL VETRT,

5.3-10



SB1 SB3 SsSB4 SBsalv SB4als

-1200

-1400 L - -
<13 11 4 -13 11 -8 -13 11 9 13 11 -8 13 11 B

log K (m/s)
K535 ToKERIZIVESNEZR—D VOB KEE 07741

HiB : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und II, Technischer Bericht 96-01,
p336, Figure 7.4-2, (1997)
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H 84 : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und H, Technischer Bericht
96-01, p338, Figure 7.4-3, (1997}
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H88 : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und IT, Technischer
Bericht 96-01, p342, Figure 7.4-6, (1997)
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it : Nagra: Geosynthese Wellenberg 1996, Ergebnisse der Untersuchungsphasen I und If, Technischer Bericht 96-01,
p342, Figure 7.4-6, (1997)
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Exploratory drift and planned repository layout
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T Host rock (8B4 an are inclinad)

fii] Limestones of Axen nappe

X 5.3-11 WLB (2B 2 ESEOERBHBER

Hig# ; Nagra: Synthesis of the geological investigations at Wellenberg, nagra bulletin No. 32, p.15, Figure 12, (1999)
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Hi#t : Nagra: Hydrodynamic Synthesis and Modeling of Groundwater Flow in Crystalline Rocks of
Northern Switzerland, Technical Report 92-04 (1994}, p1-7, Figure 1.2
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High : Nagra: Hydrodynamic Synthesis and Modeling of Groundwater Flow in Crystalline Rocks of Northern Switzerland, Technical Report 92-04, p4-6, Figure 4.1, (1994)
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| SCENARIO SPARSE SCENARIO
FUL

EXPLANATION

+-1,2-2'  Lines of section shown in Fig. 8-18

MWCF-1  First order major water-conducting faults

MWCF-2  Second order major water-conducting faults

DZ Tectonically disturbed zone

PCT Permo-Carboniferous Trough

River: BST:
< Constant head Top: no flow Constant head
s 300 ! 3B
g 0 -I-+4-+-J+4-+x+iipn+\ \++
] B - T 7
E L
g -1000 )
g
i -2000
MWCF-2 MWGCF-2 MWCF-1
Vertical North: Bottom: Vertical South:
‘no flow Constant flux no flow
Hydrogeological unit [ Effective hydraulic property
{T=transmissivity; K=hydraulic
conductivily)

BsT: Buntsandstein aquifer !/ T=1.5x10-5m?/s
pCTs: Permo-Carboniferous Trough (shoulder) !/ K=1.0x109mv/s
HPD:  Higher-permeability domain !/ K=2.8x107m/s
tPD: Low-permeability domain !/ K=4.2x10"1"m/s
DZ: Tectonicaily disturbed zone (=MWCF-1) / K=3.2x105m/s
Major water-conducting faults
MWCF-1: First-order { K=3.2x107m/s
MWCF-2: Second-order / T=6.4x10%m?/s

Additiona! boundary conditions (not shown above):

yW-Vertical West : Constant flux
VE-Vertical East : Constant flux

(a) Typical fracture network in a 500m x 500m x 500m volume
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SRR E B

8.0 (b) Transmissive elements intersecting tunnel
(500m x 5m x 5m) in same realization
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Figure 8-19.Typical fracture network in the low+permeability domain of area West, generated
by NAPSAC (LANYON 1992). (a)Full network of transmissive elemennts (TEs) in a 500X
500X 500 m volume; (b) TEs intersecting a fictitious 500 X5X 5 m tunnel; () trace lengths
and log transmissivities of the TEs.
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Hi#4 : Nagra: Hydrodynamic Synthesis and Modeling of Groundwater Flow in Crystalline Rocks of Northern Switzerland, Technical Report 92-04, p4-8, Figure 4.2, p5-9, Figure 5.2, (1994)
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TE = transmissive element (numerical representation of water-conducling features)
Norm. Ct = normalized flux in TEs (per unit {ength)

Figure 10-1.Processes taken into account in the safety assessment of geosphere transport Figure 10-2.Geometric approach for the derivation of the hydrogeological input for safety
and the relation to inmput data from geological hydrogeological and hydrochemical analysis, area West(VOMVORIS et al. 1992).
investigations.

K 5.3-15 AA AR HHTAEEIET VS (D 4)
Hig% : Nagra: Hydrodynamic Synthesis and Modeling of Groundwater Flow in Crystalline Rocks of Northern Switzerland, Technical Report 92-04, p5-8, Figure 5.1, (1994)
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- groundwater flux (Darcy velocity) at repository depth [m?#(m?2 -« year)] ,
+ travel paths and advective travel times from canister positions fo the boundary
between geosphere and biosphere (years),
« coordinates for exit points at the ground surface.
- HYDRASTAR, a finite difference model for stochastic continuum simulation of
groundwater flow and advective transport.
- CHAN3D, a channel network model for simulation of groundwater flow and
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Figure 6-12. Regional geological description of Ceberg/
Ahlbom et al, 1983 'Walker et al 1997/ Topographical profile

In northwesterly direction / after Walker et al, 1997/

Figure 6-14. Vertical profiles in north-southerly and
east-westerly direction/after Ahlbom et al, 1991/.

transport,

» FracMan/MAFIC/PAWorks,a software package for stochastic
groundwater flow and transport in discrete fracture networks,

+ NAMMU, a continuum model for groundwater flow and transport based on the finite
element method.

simulation of

X 5.83-16 A7 x—F 2B AT ARKEIET VR
Hi# : SKB: Deep repository for spent nuclear fuel SR 97 — Post-closure safety Main Report Volume I, IT, Technical Report TR-99-06, p107, 109, 250, (1999)
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FM-C Flow mechanism: tracer
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FM-D Evaporation logging

HERDOHBY

HABKERAVBZLELIC, BEAEBEERITE L, KE
KRR OFBEEL TS Z L,

®m =

BRERT R —AVRICRIT =220y A —f8% EFICBETX 3
BEEFEZRAVD, RBEENRESE. BEEORIEE L ESEDS
MEFRT D, BEH» L OBRBEEOHHM D, BARGRE L IFEE
BEIWT 5, '

(E15¥ (Wiedn% S

REMEOR S L HENHTEREE oMoMEEIRS R, BEEE
DB FHREBN L OHBARKE o, BEERERIISEED
SECEDIE LS HELE,

AR BER

Configuration of FM-D experiment

Evaporation logging experiment

Tr
=3
Sa 7
=0
&
g
=
S
o
< \
a
-
g
&
=]
3 s
o <
g = L 8
3 — 2
o 3
” o =
=
2 7]
° v
=4 = w
[ng H =
o
£ 3
o
@
2 s
=) 2 S
@
B
: iE
m\f §
o

X A1-2 ZEBEHIE (Mt Terri RERE)

Hi#% : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work

Programme of Phase 4, {1998)

Al1-3




A4

WES-A Water sampling in situ
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wm = -0.C.OMBKORERME F L —2ABREEFRT S, L, BE
FICER Y | D BT —Zix WS_C BRBRICK > TEREESLZbD &
T35,

BoONHR | - FEOHEBREZ BN E Lz, 2 2ORBOEBITHERICOVTHRESH
TWAEB, 7=2—R 3 EFTOERETIIEDRERIIH TR, &
BRIA7 =— X 4z b AN,

RERL WS-E Cl and He Profiles

REOHM | -FBRKFROF TR DORMELSLEETLHE(CL H, m Cl. Br, I
IZOWTHRD, HBEADORSIZOVTHIARS,

B = 10 KORT R—NEFILT D, FARABEDIZDD =2 73R
RBIERT, BERXFEL CI, Br, [AEDEHOaTIE, 7
Wx:WAT4WQ%Tﬁ%€ﬁﬁ¢6

BONTEHE|-10m OR TR =NV ol A DOET RABEITI-ETH -

tomﬁ#65m%htﬂ5gkwf%%ﬁzﬁﬁ®%kiﬁﬁo
7
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ARA

WS-C Porewater chemistry

RROBH | -KEFELOEBEEASLEBAKORHITEC X 3 BRARS ~DE
B OWTHIET D,

WM = HIBRKEEHE L CHET3FEICE S, BBRKESICEZIETE
BIZOWCHARSD, TDORDIZ 256~300MPa DFEALHET T, £
ZH R OA A BEOEIZOWTHRIET B,

BonmE | - ROOMEAKIL 87.56MPa DiSH T T, ROBBAAIL 100MPa @
JEATCER LU, BHEEHRPTHA,

ABRPER

Configuration of WS-C experiment

Porewater chemistry experiment

Squeezer

pH and Condnctivity
reference T*C

Microelectrades B
Syringe
Syringe

B A1-3 FIBRK{EZE (Mt. Terri #ERE)

Hi#8 : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work

Programme of Phase 4, (1998}
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RBRA

GP Hydraulic and gas permeability

RO HHY

B2 0.C.OHAFRFHEL, TRAERFMELRD, AUSHR
TR & LER, BRFE L OBERERS,

o E

CERNRREEONOHBELERBT CORMEREZ/T. A7

F—bK, HRAOEAETV, OR 7 F—AVTRIBRAKEDE

M%mETé Lo, AMEORE, ATA FROvA 70 A —H
WL B EBREROREEITD,

BN RE

ﬁﬁ@ﬁzrwfmiﬂgk%ﬁﬁLﬁfféiof%ékwj
HRIELNLTWA,

AERBLE X

Configuration of GP experiment

Hydraulic and gas permeability experiment

Data Aquisition

d=101mm 1
9 sliding micromatan

. Lengheapy=om [4]L

Length BGP-
=10m

& B munipacker

Q7Em

Al-4 FAMR LUESHE (Mt Terri RERE)
H{#L : Geotechnical Institute Lid., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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HERA BF Borehole fluid effects

ABROBH | AT HFE—NEWHETRORSITHT B RT A —/VEEEE M
Do

W = ‘3 ARD 20m BERT F—LE2 A MEKTHEILT S, F0O
#. 1 DIEEEEKIZ, 1 DEEEKICEE NS, AT HR—IE
EFEAME, BEORIER 3 FE0TITVW, ILOZEMSER 25,

BohkR | KCl B Tl ENTERT A —NAB bt b BRETH T, BT
B—RAMED EHIE, AEKICA T REERWEEIEL ., KC1
BERITBEWVER L R,

AR E X

Configuration of BF experiment

Borehole fiuid effecis experiment

Periodic fluid and caliper logs

X A1-5 AT HR—NFHEIZ L AEE (Mt Terri 3E8)

HiB8 : Geotechnical Institute Ltd., Saint-Ursanne: Mt, Terri Project -Programme Qverview Work

Programme of Phase 4, {1998)
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RERA DT Drilling techniques

ARROBEK | -REREROrilling), 27V U FBI UG ——a 7 Y U IER
D A,

;= FEx OFERER, £ L TEL OEEIC L 5#EEI(Drilling)k & O}

a7y ) TRBEITD,

HERA ED-A EDZ hydraulic and pneumat. tests

REROBK | -EAEBERICBTS, sa—<F vy I7BREAVEASE XY b
U — 7 OFERE

W E AT HE-NEZBNW(ma—F v 7RBRE2ITH, BIEEShZEE

WMEICHENIL EDZ €8xy hU—27 LEERH A L EZ N D,
BEX Y PO BERSTNENE IR EEFRERE, Svb
—., KEEVY, BRI —A—F -T2 FEHWS,

Al-8




ABRA

ED-B EDZ evolution around new gall

ARROEDN | -EHIEEEROBITE B LR, KERR, HFERRIC Lo
TR 3, ,

W = 14 RDOFRIART R—NEFRIENLLRIT, TOB, FEHEE
17°C 30m X7 e irEle, £ 3.6m OFELIBEIT 5, WBEIFT, #
Hid, $REIRIC W TERIET S,

Bo=pE | -#i7-7e EDZ \TBiT A EAL. BIBREOEIZHONVWTLE D FET
BE L, MNEIT 74— 51X EDZ QIR Y 2 fERTX 5
EEZBND,

R EEX

Configuration of EB-B experiment

Hydraulic and mechanicat characterisation of the excavation
disturbed zone (ED-B)

Figure 1

BED-BZ5 -,

layout of the ED-B section

BEDB24

K Al-6 EDZ*¥HZERBEEOIENRY (1) (Mt. Terri 3KERE)

Hi#& : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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AR

ED-C EDZ: seismic characterization

HERD B

-HLEEE OBBIZEEROIEN Y 25, TORBEOKE S
PHERSCHEEREERWCERLT 5,

B =

CHRRBAIEIR S U VS — AR A 2 F = EHR K OUET O
FHZETT Y. BREEEL LT, SEHRICIE~TZEEE R Tl
DA E D,

Bohi-mE

3 BDORTHER—NVELDOMBERENETLTCWAZ L EHERT
&, £, TOEBIIEKEESENLUAEREEEL TS D
ELRERLE,

AR EX

Configuration of ED-C experiments

EDZ: geophysical characterisation

velocity
distribution
around tunnel

Steps 1to 4

In-line electrode aray. : \ J
Eiectrode distance Tunnel wall

about 0.25m.

Circumferential
electrode amay.
Electrode distance
about 0.25 m.

 New tunnel

Steps 81011

X A1-7 EDZ*HhZEShiEE Mt. Terri AR5

HiH8 - Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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ARL

DM Deformation mechanism

RO BAY

‘0.C.ONZERERMZ BRI T 2, BRIIRHBRISCEYZEN
BRIV,

W OE

-ENARREFMAEBERBRET Y, BRICGLTERS TR, BA 3
BIKEOITIZOWTRBREITH, 7V —RBRICH ST 38T
EEITO, BRAZENT 5,

BONTR

—EOTHEERRICINE, FREESHOOTHREEICRHT
HEFE, BIOREERITRRENS, XF o o mEBEES D
7 T, BEOKFERII R,

AR EX

Configuration of DM experiment

Deformation mechanism experiment

Laboratory test in triaxlal cell

'—Ij‘-—\' axlat loading system {ogd

confining pressure {us} / trimdal cefl

o

pore water presaurs——— "]

|

Constant homogeneaus strass tests*

« s v
%:.m = - B
&
.
(3]

Constant strain rate tests*
o Ut
Ej%w "
5

Relaxation tests*

it
Jcia " & o
T
t
£
.
r , -

After: Dusseault & Fordham {1993); Time-depandent Behavior of Aocks; in:
Comprehensive Rock Engineering, Yol, 3; Pergamon Prass.

A1-8 FEF A =X Mt. Terri HERE
Hi# : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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AR

EH EDZ: self healing

REBROBR | -HTAEHELOEBEN, EDZ 0BCHRELZRTNE S a2
5,

B = ‘EDZ OFEFIEET 57D ERERREZIT Y, EARRT &A—
Jva@{ﬂjmf?-r-—/vi miﬁéiéﬁé L'c EDZ = CHIFLY

ZEREREBR L He b L —VEBRE EDZ Z83f XS4 8I121T 5,

BonizE -ED-A ERUERBRP LI, u— P~y &, BEREAEE bIEHEK
MEEERSEETS Z LW REANE, ERFEET, BCREEET o
TRAREETDHZEBRENTE,

AR ER

Configuration of EH experiment

Self healing experiment
Figure 1
HORIZONTAL SECTION

finer20 ¢m
thick

VERTICAL SECTION

ohservation

borehole

injection
barehole

injection
borehole

= boreholes for
resin injection

optional ;
bersholes for resin Injectlan

observation borehiclo,

boreholes for Possible amay of bereholss
Injection of resin along lines for pneumatic
testing

X A1-9 EDZ* B C\E1E Mt. Terri 3RER%

Hi84 : Geotechnical Institute Ltd., Saimt-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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REBRA

UZ Unsaturated zone

REBROBR |- HTAREHEEOBHEN, EDZ OB CHERZRTHE D LT
Do
B E "EDZ OfEZRIET IO ERERREZIT I, BAART HA—
NEBRIRART A —it, ZIRXARIEEE L TEDZ T THIFLY
5. ZRERERE He L — 3B % EDZ 288037 %IT1T 5,
RONIZHR | -ED-A ZRERRP LI, v— R~y & BEELTE bICEmEK
HEERAFET S Z ENRENT, ENFIET, BCREEE o
TAPFET DI EBFREINT,
HREER

Configuration of UZ experiment

Unsaturated zone experiment

o

) Evapometer
{avaluation of the evaporation rate}

Thenno-Coupre-Psychrofnelers (TP} Time - Domain-Reflectomelry (TOR)
(evaluation of the matrix potential} (evaluation of the water saturation)
2cm 10cm S0em 80cm 100cm o 0-50 cm e

. b . e . ® 50-100 cm e
120cm 150cm tB0cm  210cm @ 100-150 cm Surface-

s e . @ 150-200cm TOR

if possible

Borehales . P Boreholes
BUZ-A1-AB BUZ-B1-B4

X A1-10 AfafngEik Mt. Torri KBRS

HiH# : Geotechnical Institute Ltd,, Saint-Ursanne: M. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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HERZ OP Osmotic Pressure

RBROHN | BEOBOFAESNLEEETT. 0.CICBIT5EB0ENEE
L. ABERBRICHT BB SN TS,

®m = ‘8m DEERNT F—MIE T A—FeRETDH, ATV VAT ¢
NE—T R T R—NVEERIZTEBENHESRE L. BEHOEZECRK
MZ&MNTT 5, FLRKRAERREICRS & A T HERoKicERT
%, TOH, BUFTE, NaClEHICiERT 5,

BON7EER | - BEHREITH 6E-15Im/s] THEKEROH /10 L W5 BE BT,
KT A —v BOP-1 DAL, Bic A7 FA—V2IEH LIz E8IC
XY ER LK,

ARBRTER

GConfiguration of OP experiment

OCsmotic Presssure experiment

Manometer Data Acisition
Pregsyre tmnducer
Packartine B ==

" — 4
Resin tnj Flow fines
Borehole OP-1:
Vertical Down
2101 mm
Length8m
B Resin

Hydraulic mechanical packer

30em

Flowling
Pressure ling

Central tubing (Staintess Steet)
Screen (Staintess Steel)

Flow line

Al-11 FXEF 4 v 2 7P vy —Mt. Terri RERE

Hi82 : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work

Programme of Phase 4, (1998)
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RRA

CW High-pH cement Porewater

HBo A

ca 7 U— PG DBERRKESEQH SN RISTEE, =T
74—V RO RITTEE BT S

B =

CRT AR ARICE pH B ER- T, I 1~242 L, KB
BECRT /A — 8= a 7 SR BH, FRICFEFRET F—A

LT D,

TR

VYR THBRBRETY, BEOR
FEHTUREEEER L,

ETCEHR01~2 F)To

ABRHRER

Configuration of CW experiment

Cement porewater experiment

Pressure transducer

Data Acquisition:
- Temp. heater vesse!
-+ Ternp. healer deamhola

" «+Temp. Control cablnet

i iPasker .

jk lines

B = Scale {Injection Now rate}
5 T E]

Res!n injection e

Rasin Inj, )
=]
Tosin Inj, (battom) H|® ‘B
1
|
!
\Eablnal heat
g controllar with
- tamp, sensor
L'+3
Pressure
releasa
Sampling
@ vajve part
E
]
o
E
g Hydreutic mechanical packer
. Withdrawal kne
E Pressure lina
o Dovwnhale heater (teflon coated stainless sleel)
- including temp. sensor, 3 = 18 swvn
Screen (titarium) & = 70 mm
Injeciion line
Borahole BUW-2:
i Verties) Dawn
E l;::‘r:mc mechanical packer 761252 mm
5 Langth 10.4 m
Rasin overlow line

A1-12 EpH ¥ A2 bOREMAK Mt. Terri 3BT
Hi#4 : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work

Programme of Phase 4, (1598)
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R GS Gasfrac self-healing

RROER [-BELEZAHICHL, 7V —RRECLSECHEEEERDD

M E D INEET 5,
B = T x2—RA 5 ITBWT, ZoOORTHR—ILBOKEEENOATH

RENZRET 5. AROFABREZREL. BCHEOIZD DR
BEHET 5, HEIBREIRICRBIT2BHANOTREL, HH VX
HABRMEERET 5,

BONEE | /& 7227 (mind cores)lZ K 2HRTIZ, BHEHEAETEHZ L
L&D, BERROBERETT LS REREHER L,

ARIEER

Configuration of GS experiment

Gasfrac self-healing experiment

;:D:) board Data acquisition
Observation borehole
(withdrawal)
Hydrofrac borehole i
(injection) %
.v‘ .."s
A =2y
% ]
5 “‘_
54 X ZEED 3 A
g
,/ v ¢
s AN T & Plane of
e T R e AT anisotropy
s S ' (bedding)
Propagation o e Dipel
of hydrofrac S S flowtleld
in bedding S = infracture
plane L o

Al1-13 H Rz A8FEOHETDEE Mt. Terri RERE
Hi#t : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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Fa A

DI Diffusion in rock

AEBROBEH

RTF—=ARy H—ORE, BEWEBF—F OREBEH, 4—
SNe—a T ET. BFETO N —RREEoOmR k.,

B E

T BEORT F—NCREEITI, RTR—AEA_y I —IC ko
T 2 pEEh, MBEKELHVEI LHREHNENTD, &0
%, THORBIZ FL—HEAND, BEBIIF—/—a 75T,
h—HRE L RT S —NVEREOBFEEZ T3,

REBREIER

Configuration of DI experiment
Diffusion in rock experiment

Mort Tl FWG 11
Sutace Equipment
-
Trvces iopwatens beacvat vrn— -
e e H ———— ey
- = FRE_y
5| =
! i :
and . - ! '
!I 4 i i S e ™
i = “3
]
’ D | l |
[ | Ma g
L I ]
[T — I—'——I 0 :
i ? g———— | |
i - —
; o) N ] ——
1 h |
i & =_

X Al-14 BB ofiE Mt. Terri 38315

H{88 : Geotechnical Institute Lid., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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FERA HE Heater experiment

RO B | -BEM EEEOERICER L, £6EO THM I[GE 2 8HT 5,
B OE ARTHR—ANIZ, BEMBLICFORICEEWEIREL, BED
A, REM OKICEEEEZRET D, BB & LTIEE, £F.
Jnh, BBRE, 2793 VBIUTEKERZFELTNAE,
RONEE |- 7=—X 3 TTFEENT. FPHREHETo=. BEOHFFECE
THENFRR, RETERB LTS,

RREEX

Configuration of HE experiment

Heater experiment

\f“' 2"

B A1-15 & —Z3ER Mt. Terri 3ERE
Hi88 : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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A4 IS-A In situ stress

HEROER | BB BT D ER OIS OFEME,

B OE AN T Y TRT o E—aT ) L BISENE,
R4 1S-B IN situ stress

RaAD BEY | -JRALEICRIT B a0 135 O,

B = CRT RN ATy X —IZ L BREIHE,

Al-19




SHERL IS-C In-situ stress, hydraulic fract.

HREOB® ‘Mt. Terri D7 7 —7 4 —J/V REIES 1 &2 5EH < 5,

W OE KERBFEZ L ABHAEETFTELTWDS, Z20 8y I—HIC
KEZERA S ERALRE XD, BHISIIEER Y. BIEEh
TR HEEE AWM SN 5, RBRERIC L VEITTE T VO REYER
HEBF L, SIS FEMmT 5,

BONEER | A7 H—AEE LB TEO TEY CoHl LZRAER ST ORI
FEN -, BITEICBIT 3 RABERBOFEICOWTRET S
VEND D,

HBREER

Configuration of IS-C experiment

In-situ stress: hydraulic fracturing experiment

bedding plane ,

hydraulic

Al-16 HE (KFEREE:) Mt. Terri FAERE
Hi#L : Geotechnical Institute Litd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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AR

PP Porewater Pressure

HERD B Ry

EEARME, BVBBAKOEKREVoEEHET T, BRKEZRE
LN L FIEERER, BBRTHI L,

B, E

HLVRBBRKERNEY = A—F 2R T3040 . IRKRE,
HEOEMEGR/MNITEII LR LICEE L EBIIR T &—
RICREBEEINT 4 2Oy H—2FLTEY, LIU2 "By
A—DFMICEA LUEHOEKEZRETS,

Boh iR

Ny A —RAEB O I —BIKEOCEZEERE Li-, B
FREREL 2 X 10°12(£0.5)/ms 2\ -, BEmA G 20m By - HiS
TOHREZ 2.2MPa it S HBH L=,

R4

RB Horizontal raise boring

FERD B Y

KTV BTE (sub-horizontally) IBEIIZ W35, KL LA R —
7 OWEATEEERT,

B =

FZOOEBHEIZ 311mm BDSAM ny FNLERILT R, FOE.
1200mm B TREFEIZY —I 715, L— AR — LY B
BIRICEILEINERTHR—NAT, HFE, KEEEZAET S,

ARITER

Ceanfigurallen of RS expanment Cantiguration of RB experimant
Ralse Boring exp Horizenla! Ralse Boring experimant
Fgurad Figura &

pHate hola (o 318mm

§
g
-]

[~
2
2
[}
2
E
g
g

Roaming the

A1-17T AKRFEVA XFR—V 7 (1) Mt. Terri FERE
Hi#8 : Geotechnical Institute Lid., Saint-Ursanne: Mt, Terri Project -Programme Overview Work
Programme of Phase 4, (1998)
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HERA GR Ground penetration radar

AROBW | -HET, R —F —EEHBROFRHEMHREICERTE
HE I FHET S

% = ‘Mt.Terri . K7 v Ty ARBEEN TR S HHEEZRET S
iz, GEEOEIZERILT 5. BERIHESOEEIITH
B, EETHMICEL,

BokE | - BEo CEAIPSN 12X 375 A TCOZERIZEINIE, EDZ i
75cm LINE WaFERE - T3,

RRHER
Configuration of GR experiment
Ground Penetrating Radar experiment
] -d
=
oy
\ m 8
~5 3
z9
25 | B
my | »
34 |
2 T
: "8
o / b2
':_- g
5 =
= 2
| g
- 3
,l | E
/ =
a1 J
/
r —
1
| |
| |
|
| |
L _>
f

Al-18 H#E L — & —RE Mt. Terri RERE

HiBt : Geotechnical Institute Ltd., Saint-Ursanne: Mt. Terri Project -Programme Overview Work
Programme of Phase 4, (1998)

Al-22




HERA DB Deep borehole simulation

RROBK |- BEOBER S OTREEEEFET 5 LERD Y, RERRT 5
—VEHAR E OREHIOWTRET 5,

W = ‘3 DODRT R NEEVIOEERICELT 5, TN ENOFRILILE
RBEEEHWS, BKRARIX2~3 20y I—F BT, FH
FCRVRT F—ACETE=F Y V7 %17,

Al1-23




REBRL

FP Fracture propagation

HERDO BHY

FEHIZTEIC L DEWVIT OV T LIRS,

B LOHLERRNCEY, BEIC LS 8ROERIZOWT

FAD,

B =R

DIER Y 235,

HUEEEE S 18 /N FLE, HUWIERENIZ EDZ 285 L 5
TR, FIhbEEEVI U 2HEAL, BEEPFIETS, £+
DI L F—r"—aT &7, By VNV —J7BEYXFH, EDZ

T O ITZRR

HFEAERZ VD OERENG, 2 — P~y ¥ BHEER & i EDZ
BRERELTVWEZE, EDZICBITARFHERER L,

RIS ER

Configuration of FP experiment

Fracture propagation experiment

unloading jot

nils

balance, connected
to the data acquisition

epoxy resin

new gallery / reconnaissance gallery

i ovarcoring borehale,

252 mm

Barehole |Gallery E i hnique | Ori Position [Ageof
(noral tunne] axis) | (Tia) oading joints
BFP- ED-B section | road header horizontal 113 5 days
BFP-2 ED-B section_| road header vertical 13 5days
BFP-3 ED-B section | roed header honizonial 13.5 30days
BFP-4  |ED-B section |road header vertical 13.5 30 days
BFP-5  [ED-B section |road header borizontal 14 ~ 180 days
BFP-6 _ |ED-B section |road header vertical 4 ~ 180 days
BFP-1 pew gallery | blasted eleciric horizontal 72 ~30 days
BFP-8 new pallery | blasted eleciric vertical 72 = 30 days
BFP-9  [newpallery [blasted eleciric norizomal 72.5 ~ 180 days
BFP-I0__ |new gallery | blasted elzciric vertical 2.5 =~ 180 days
BFP-11 _ |new gallery | blasted elecsronic horizomtal 9 =~ 30 days
BFP-12  |new gallery | blasted electronic vertical k] ~ 30 days
BFP-13  [new pallery | blasted electronic borizental 725 ~ 180 days
BFP-14  new gallery | blasted elecsronic vertical 9.3 = |80 days
BFP-15 | new pallery {pneumatic hammering | horizontal Niche MI [ - 30 days
BFP-16_ |new gallery {pneumatic hammering | vertical Niche MI | ~ 30 days
BFP-17 blasted horizeptal 930 ca, @ yeary
BFP-18 i blasted vertical 93¢ ca. 9 years
BFP-19  |ED-B section | roed header horizontal 87 5 days
BEP-20 JED-B section | read header verical 87 Sdays

Programme of Phase 4, (1998)

RA119 BZSER Mt. Terri HEUS

Hifh : Geotechnical Institute Ltd,, Saint-Ursanne: Mt. Terri Project -Programme Qverview Work
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| B4 GM Geochemichal modelling

RBORN | BN REILET—F ~—REHE L, ThENOF—F OF
kR B DREET 5,

B = CRBRF—LEBALE, BeOWMBERERETFT ) T I7A—THR
METHD, A, BRA20R2FTABENEREZEREL L

S =

T1T 2.

BENEHRR |- ZOFRZII T =2—XA b0 ERE, 72—X1 L 20 WS-A
: E WSB OERICET A EFTNMEEELTATFHERHKESZIT
Yl

AR ER
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EB— 2 : 77 & Meuse/Haute- Marte URL iZ31) A BEF

R4 HUE PR

BERD B -MTERGENOLGEOME, HEEREZTRET 5,

B = -HFEHE DMRFTPCRICL BKET —F, £ L CEICHIERA
EERWZHMBREC L2 REDOFEHZAE L HERE 2 HET
D

Fon-lR | - HENEmORREEE-, EAEMIZiX. Haute-Marne Odb & 2 =—
AOEIT & A CEMTAERHIE THERSA TS, £, k&
BT (fault) 23720,

AL I 7EREY, KERRAER

RO B -HE OYBEILERE, KB EETIEDOF—FE2EB 5,

B = ‘1 km BEORN\WZSORT HR—/%, 5km OFETRILLIT
PERT B, EEOLEREWTKERREIT,

BONERE | - HEOBKRER BN L 2HEFRE LT, £, Callovo- Oxfordian
HEBOEY DRREENPLDKROERBRZLTND I L 2
AL,

FREBRA S 7HE, HERREE

BEBROE® -WBEF —Z OBEB{LEE D

W = ‘10 HOBENART F—VE AW THERIEELZIT Y, BVER T R—
NWERILL. 2T EHRT 5, ZORT R—/ATREHEBIZL Y.,
B CR-HERET — ¥ OBBLEs 5. i TAKEFARS -
DIz, KREFHPEE(ESE) 28T 3,

BONIRRRE | - HMEEEZHARIC Uiz, BORT7R—IZ X 0 EmEN. gl

FRIREEZHRT,

A2-1




PR BRREDORIE
BRROEW |- BRBETEL W I2HRICBIT 2EREEEZHIET S

W B O FERDB LR TEBIRy I EETNEARATF—AVEERN
T, REMEEZIIBET D, REROKEE{LOBEE D HFKE
HEHET S,

BEonRE | - BEERBOBEAGEET 100~108[m/s] L #ES N, U Pudhb
BB kB 3~8X108m/s] B —&HLTW3,

ARRER

£l

-‘h-'"*'-_

Inflatable plugs

lbyér:' )
IQVestlgated '

Hydrogeological permeabilily fests
A2-1 FHRIZEHORIE Meuse URL HERE

24 : ANDRA: State of knowledge and experimental program , P.17, (1998)
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Exploratory drift and planned repository layout
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Hi#t ; Nagra: Synthesis of the geological investigations at Wellenberg, bulletin No. 32,
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~1012m?%s) LTWAHZ LMWRBEIh-,

- BEBOBEWR—Y I THIEESNTABRT LT, EEOBEKENOEEORRETD
B/ME (SB1 XU SB3 TikB L 7ikERE) FTETLTW:., BEOERMAICRB L,
KTV VABURKEL B ER LTV,
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BRI — 6 : EBAERICBIT DEB O Y i\ EH

BB OREHL, MBSO THEESEM) & [TEEWORSE] © 2 >08AH056
BEETHD, MEEFHE Tk, TABITUT U ARBWTEHEBSIEEOBITRE
LRBZEPHMETHSD, T T, MBEBLXUOWRBIZL - TEILEZZIT 2FROFE
AR FRBINEESERE D, —F, TLEHEMORNME) KBLTX, 9. B
BzAhFENHE 58 &L b RBoEAENOMER S 5. KIZ, BFBOTh
WX BASTLE, BEM. BEROMIE L, HERIC X2 ASUEOMER JUEEE
DEHOTHNBERLRSD,

ZOX I RRMIZEN., AETEENEICRT 3EOBHNIZOWTLITOIER
TEHET 3,

o WIEDOSER
o PERERVMIICISIT DB OE  FKEBRE, PR, BB oHW
o MIHZORIITIT DEBHAR - BB b D, R, EEEOEEN

BEARMREE (Fl2 X% ET 5B OREIX. EECHEOHIRICEEL.
YA NARY T 4w 2 REETHD, Lo TERETIE, BHADOEZFETEXBET
AoMNITAZEZEE LT,

1 A HEIS (1994) V2 9¥

AT FTRT BEEGAGEHBEITIX, A Z U MAO LT EER i OBRRE”
LT B FEHBED SN TWB, DD, I FFONSHEITILSY A MNIRET
IH D0, HEEROFRICESHTED BN TWHD, EISTHE (fracture) &5
HETAERAZRL TS, L1L, AoZEROBEEDKRT T, BB (active
fault) LWIHIFTENHW LI, [EEEZEIT ABEEESREINTWS, L, T4
THRERHIIEELTBY ., 7L— FOFEHRIT L EEMEE RV, FLWEEIIZ Z
BEFEMAEUTHRY, KIURRW, ]| EEBEND LT, T TEERMIKTD
5 L BRFBORTR L 2o TV 5,

1.1 EonstE
WS RiER I T2y, #HBEICZERMIK TH S, R EROFEIES
THY ., BEEEZROLSEHELTNHS,
(@ Fracture zone ; RS =8k
@ Moderately fracture rock ; NEFEDH O EH/EEET HEE
A6-1



@ Sparsely fractured rock ; =4 7127 T v 7 &, i RERMERD X3
FET 58

1. 2 PHEREFHMIC BT D WiE o

URLY A b TOZKRBRERT —F &b &0, B—10 X5 RBEOBKEREZRL
T3,
EROFKBREIT, HT150mE T10®n/s, HET150~300mE CTik10™m/s, HT300mEL
BiX10 /s LBELTWD, -, LEDFracture zonel310™m/s& LT,

1.3 WA OREHTIIT B BB

BT X S EROBIEERZFE L, BEERN S/ EL GHER RIS X10-7/
FLUT) 22 X3 ITEHBN S OBENERD TS, BENCIX, b FOERER
E<y7? (B-2) AV, #EH, 150~ 2404 Lis (FrZ U 3RS
EAEDPMBIROL 1 TH DA, Ro—HuRizER2ic o T3, ) , HER
BREE (seismic hazard) &1, HELT3HMNICH 2SI RET A HES ORI
EREFBHIIRLIZbDTH S, 1T X OMEERE~ v 7 Clk, #iIROEEYDRE
FEEEZ 2, MBIRAMEE LGS TIBBIIES LTWS, = 2T, HgEs s
idnegligible risk, M1 & idminor risk& FBEN T3, = v 2 7% 1970
FITIERL S L, VT FRBEREE (NBCC) IKRBEN T3,

RISV AT 4 7 O35 L 2 2B, LITBIT 2 THEDOREDEHEN L,
RDSTEDDEHERBREINTNS,

&L MRIC K o TG ERIC EEB AT HRENEX 107 LT ERE L
WTEEE L OBENERE, v/ =F a— FLHBOREGEHE (=FHF-h
ARRATIHEM) OBEND, UTOL&ENTEhS, P

@ 1% aNICRE & 2knkk EOFEBIBREE LRV,
@ 200mEAPNIC & &500mEL L DOTERFEREE LRV,
@ SomPAICTEETE D TRE L2V,

i - i EOIMEERL O/ s LU TFThHIIE, HTREICHEE IS, @ 7,

BB AR T ITBEREBEEICEEILN S, 7

DS ODEBREDELFEELDHEOEDL SRS, 2T, FASND

v/ =Fa— FEBBOREPLEHET B, KIZ, 207 =F a— FOMERE

Hiigh TR T B R R B OB OT — X 1 b5, Ef, v/ =Fa— KL

B DR (3 B0 E U SEE) OBRAB LR TS, Thdb, &L T 5EN

BOEBICERARR SN L &0, MBIC L3 EHREOREABLNG, Ei.

HBHHOMNEREEET 52 LI k>, ZRMEET 3R Y ricT 5 2 b
AB-2



WTED, 22 THERER & T 5 EBIL. PGA (Peak Ground Acceleration) 730, 2g” 0. bg
UEEZAECISEDHDIZBELTCND, Tk, MEENRZOELLTOE &, #HTZE
TCEEPECRVEWVIHIBIETF—F Y ICEIRETH D, 7o, FERRIHE
FEREBITIC L > T, SRS OBEFEY L NBREGERAR MOBERE BAMEE
EDBEBTHELTNS, ¥ .

~5C, BABE LTOBBE, PR, =Y 7 LXETHL &0
=V IDEZFPREINTHNS (B-3) , ZZTHR, )UVIMFA FBITERA Y
FOFZ 7 EBRELAEASDL I TS,

Typleal hydraulie

conductivities
1 10 ms
T oL '
FT A i 4 m
g f‘.‘; *-;."Ié%ﬁs .{;i
g f AR Sl | [ 2D aeston
g o] L RS ew
E“.__ - 108 m o1
: L 1
-9 ' m
00
- =
. w
200 [ 200m. potes iy
1012 m ot

K—1 &ZOEEL BEOSEY
Hi#t : AECL: Environmental Impact Statement on the Concept for Disposal of Canada’s Nuclear Fuel Waste, AECL-10711,
COG-93-1, p.105, Figure 4-5, (1994)
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- !
"'"""L-..._i

a 300
Stotute Milns

SEISMIC ZONING MAF [1970)

’3— Nuwbers on eos org
& probabiity of .01 ser wesum.
h batwan cui feler 1o sai 20048

B—2 55 ¥ OHERRE~ » 7

Hi#4 : A.C.Heidebrecht et al.: Engineering applications of new probabilistic seismic gfound-motion maps of Canada,

CAN.J.CIV.ENG.VOL.10, p.670-680, (1983) .

R—3 W & 2 1 A5 22 D AL

Hi#8 : AECL: Environmental Impact Statement on the Concept for Disposal of Canada’s Nuclear Fuel Waste, AECL-10711,

C0G-93-1, p.122, Figure 4-10, (1994)
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2 ¥EYucca Mt. Viability Assessment (1998) ¥

Tucca Mt. DFITRD EBY TH D, SBIITEIFI TI2805F1DTopopa Spring
tuff GEVERER) . 72, &BIX45~85° HHESROEAENRE (7Foy /7 [EEE) T.
RKEZ1~dkmD 70 v 7 IZHFI 2 TW5, WBIXTEERE Tid/evy, Ghost dancing
faultifREF SN E7 0y 7AEBRFE L. TORMEAEAEIMTH S, LoHD
B, ROFEHETRD LR D,

@ 20 L O BHBZ &,
@ WMSBEOKEEIX, FrRAA L T-5mET, FURAVER THDE THFET
Do

@ HTFARL~ADH100mBl EEFHichs L,
@ Type 1B 6 DBENS60mMEL EH B = &, 72775 L., Ghost dancinghf/E D TE4HI
753‘ rD @ilZOm%ﬁﬂ’Lé Z CE ®

2.1 BBOHEY
WrBiXType I, II, IIID3DICHEEN TS (H—4),
Type I1Ti%, EARWICEMBRVERE TH S, £/, BAEH > THASHOREH
RO/ IIHRICEZEL EX R WEETH D . FHRREOLENROBT
B% =9,
Type ITid, Type IIILMSATH Y . FEHLAHAESLNELHTSINOGBETH D,
Type Tik. Type IIZFEARICTAZE L7oRER., B (20054) BB L HBHEhD
DTHD, i, FHFEHORENEETRWVWESEZEREL, KOEED
WIh 2 oL & bType TEHET S,
iR & EERERT D,
fDType IWTE LHEERNRBEREE > Bl BN EFRHT D) ,
BHEDINBIC L D2EMFA ERTROF AR —ET 5,
LI bEDREGIZIE- T, EEAIZType [LHIEENLOOLBHBOXNR LR D,

2.2 MEEEFEMEIZ 1T BB D |
BB DBKBE NI L B AKBEOEH LA THAEY, FiEOIEE23m &K
BT 5 EFARBREIIIOmM/ s, ZAUE, BETHLERAEDIXKI M/ s LYK
EV, ZOFHROFENKY —8, MBS LD EREOHFNEELIETWS, Lk
LI, SEOTHEOEBEEZMETEIHDOTHIEELNE LTS,
FEFETOHTROBEZE S E2 H TEROMRT MBS 2 EHE L T
Wh, PEORER, ASEEER L THTKEIZEET 5K0O0%IXEHEKAE E
A65



T BFracture flowTHAZ L BRENTWD, Ei-, ZZEOEHAER. KB~DE
B Inho0FEEE LT3,

2.3 MABOREHCIST BEBAIE

Assumption Identifier: Key 02312 RDE#ENH 5D, [H53mOZERILType IETE
RWET D, BT ONRWGEIX, BERLEBORH & OEBEEZ15mE FEE4, | =
fo. TBREE®ET 5 L 1T, iR L~V CERE BB D H60mEl kBT, 7272 L. Ghost
dancingT/E D HEAID 5 1X120m,. J & b 5, #HEICE U T, SE-1 (100064512 1 ) |
BEEE-2 (100004FIT 1 &) OHIEIZOWT, AnFoEE. VAT A, EROMER
FTEEELTWD, (VA Vol.2 Table2-2)

OUTAUT FROM UL DENTEICATION
OF IAUITS 70 % CONSIDERED FOR

DETALED INVESTETION
St edoical Pasiion 3.1.2]
Faul Tgn

IDENTIFICATNNS GF FRIAYS
THAY REQUIRE DETARED
IRVESTIGATION

" [t Technical Poeition 21,3

uu-u-——---a‘h-a—n-—-p-—-——-——-‘

¥
;
2
g
5
Y/
:
R

Figura 3 — Staff Techales Position 3.1.3: Dtall to the “Approach to B idenfification of Faults thet Requira
mm “Tvps I* Faults)™. Rafer i the text for the discussion of this hwo-step

procesy,
* “RDP* mesns ropository desin nd/or parformants,
B—4 ¥yh=yrFrradz=ys MBI 5EBSED
Hig : NRC: Staff Technical Position on Investigation to Identify Fault Displacement Hazards and Seusmic Hazards at
Geological Repository, NUREG1451, (1992}
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3 A ANagra:Kristallin-I(1994) ¥

Kristallin-ITiX, AA AILEROFEREEDOH T1000mic LB 2 ER L BEDE
SHZFMEL TS, ZOHEF TR, #IRIIEVEILEIIEDNRTWS, Z07)
1000mD RIRERREINL TN D,

3.1 BB DR

EROESHT, FARORL-1OL BV SESHITNS ¥, Z05b, kabiis
BB IIMWCF (Major water—conducting fault) & LTRSS ENTWS, FOHEEMNE
MWCFIZ & BIZ MWCF -1 (1st order fault) . MWCF -2 (2nd order fault) DA7->

WaOEERA,

3.2 fERERHIC IS T DB D4

ERETTIF Y~ OFBKBREBRESIN TS, BBOBKEET., &
BFOEBO i HIRESnE T (2 OT 41X, Higher-permeability domain, HPD
EEEEN D) 132.8X10m/s, ZH i D EEVESEE (Low-permeability domain, LPD&
RERLD) 134.2X10M/sTH B, e, 7T 7 F e — — i IMICF-1, MICF-2& %
I23.2X10Tm/s & LT3, 727 L, MICF-2IXE20mIZHRE S . TAKREREL LT
6.4 X10-6m*/sSAV LI T B,

EWRE (major fault) 746 DBEIZ, Kristallin-I. Project Gewahr & % 1Z100m
ZREERTNS ¥

E 7, MHEREFEM LIT, MWCF & R OHPDOFEREMERITER L 5 IZ L/ &N
LY RN ERORBBITEREL TV S,

7, MWCFORIBERIIKristallin- IO HIR I TS 9, 7 -Gk, TElEEL
FREEIZOWT, BEL-2ZE (wall rock) EEEL TWena3lEg, BLUE
KREMOBBEERL TS, £, BEEREEE LB LEEDST-DIC Ky
SNhTW5, TORBE, BREI0.25~5%D&EHHEIZHMHT 5, LHrL, ZORBEE
DEFE EO X 2 ITHREFHE OO TH A 50k, BHEESh TRy,

oz, WEOTFNICLVAOMABEL UKEICEET S Lol gl kE
DEEBAZITONTHHNA TS, L L, ZOEHE, BEOCZEHMHAOEEN
THY, VI VARV FUFTHN—TEDZ L LTS, £/, #HEBIZLBHTK
DEBEBEHLRELHY 550, ZhiIT—BEHREEL LT3,
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3.3 WSFHFBOREITIIT B EERHE

WIBDThLHBORER IToWTiE, 4.3 5RHOMERGOELICESRE L
FEP; W OIEIZHEICREN T3,
(1) o h

FEMBIZIR T THEZI~100m/1005FE LR LTWS, LiL, ThixEgs
vy JEOBIE THEDT, IXARVEH20T ey Z7HIEBE SN TWHIT F
VRNVDU—NVITRBITHEREND LEZITWD, T, T v 7 ICEET B/
BiZip-7TednEiX, e rF~ImlF/I005EE LT3, Z0OL 5 2B,
AT OHEBREP LRMFRETEHITA Z LR TE R BB TNS,
(2) HEE

HBIZ DWW T, XA A TITHBRERESNIWED, T~V ENTNDHE 0O
BIZERE L TORY, U—ARTOEEPFIZ, #EIZK > T Mo RABEET S ik
- BBV EORERII/NZINT L ENagraDBFFE VB ZEHLTHRLTWS,
EFED X 512, Nagra®Kristallin-TTiX, EEBEE S J e S RNVELEREARR R
SELTHD, ZHRIZE > THBEERCHEBICR LTINS TE 2 2 2R TN 3,

ot

Conceptucl Model Numerical Models
Scale Representation
AR ARREARRAIR
ey i
. \\\\ Equivalent porous medium
Regional |, Lower crystalfine rock unit (EPM}
{ ~ 1000 km') \\\\
Hybrid:
Local . - Discrete elemenis (MWCF)|
{ ~ 50 km’) - Equiv. porous medium
{HPD+LPD)
Effactive K

\ Y ' ) — - Frocture network
/ Block P \
Major water-conducting { ~ 0.25 km) ; Water-conducfing featy
fault [MWCF) 1\1\/ Trans:nissiv: elenrg\eni (T?}/

H—5 &TDETF MO
Hi# : Nagra: Hydrodynamic Synthesis and Modeling of Groundwater Flow in Crystalline Rocks of Northern Switzeriand,

Technical Report 92-04, p.1-7, Fig. 1.2, (1994)
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4 A7 =—5/SKB SR-97(1999)

SR-97TiX, 334 b (FEFRE LT, Aberg;[#FE . Beberg:fEME. Ceberg; FFFE)
ZDOWTHERMiiZ RE L TVD, AV =—7 » TR20FTERITh I - THIROIE
BRI L TR 69, HBEH b~/ =F 2 — FL0RIZLALBLIRNEND
RZELIRBIZH B, ED7®, SR-9TTH, (fault) &) HETIEA L {fracture
zone) LWIRBEEZRHNTWNS, BIBRPTRERBDOER L BEORWFIZOWTIL,
SEBRFATOILNER D D5, AFRE T (fracture zone) % B LRLEEZ
Mz 7z,

4.1 WrE D nEE

Aberg TIEZIEIR & L THIBZ AL TV 5, 18130 5m~100mDEEEHIZH Y . 5ok k
Z FEWE (major fracture zone) . fMLII/NETE (minor fracture zone) &EZEL
TV, FEWBIXI6, FIRESNTV3, Wiho 2 %1 Mo oW T mikiz R
VW, 2. SKOBEIZX o Tless water baring (25W) Lwater baring (GZEWW)
DB ZE S L. BRRD2FREREE 5 A TS, WHEIZ0. 3x10°n’/s, W
BB I10%107° /s Th B, 2

4.2 MHEEEFHIIZ BT A HTB D Hoh
3V A FOFRBED DVIIFBKEREE, BB LERBICS T CTUTOXIEREL
T3, |
Aberg : 100mEARMDEZ10®m/s, WIBIX104~10"m?/s,
Beberg : 100mPAZRDEHEI0 /s, BIB10~10"m?/s, 1272 LKA EBER OWE
(gently—dipping zone) 1X107°m?/s,
Ceberg : 100mLIEDEEE10 /s, BIEL10°~10"%m?/s

4.3 WG OREHT BT DEERE

(1} KFZ X BISHREDOELL EEHOTH

KM DEFTIMPaiz KT, FNIC X AEBOERPEROBAEZRITLTWS, £
DR, KM X AFHRERIIEL RN L, FY R Z— 2B THL 52K
REMIZECRNWZ EERL TS, UL, KTcX 3, BHEKBOERIZISE
DFEEEL LT3,

(2) BRIz L3 &HOTH @

(R 2 —F U CIIME~ S =F 22— FE4L 02T L A VB W) BEILH BN,
HESTIVABRINTHWDE, HEZ ATV TOREDD, HEBIZX-TAELS
WoEy FORYAUMERR Ry = RAX—2HETAIRBEER LTS, FITORER,
0.ImZ 'y POFEEAMEME LTRELTHS 2
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RIT, WP —ZIZESWT, B~ =F a2 — FEEREEEN LS Y » FOH
AMETEZHEL ? P < =Fa— RT.5OMBENI00mURTRE L L&, BE
EZOENMIX0. IMZET D ZLERLTWS (POLYDa~F) , AV=—F 1 Tid,
[HF R S 100knOBTE N H100mBET) Z & TIOEELXHETH I LITRD,

— 5T, HEENC L DX ¥y =R ¥ —DREEFREFHE L, 1I05FEDREI X7 L L
CAberg:0. 65%=32 % == A Z—_ Bberg:0. 12-0. 15%=6-7 ¥ = A ¥ —, Cberg:0. 04%=2
Fx o AZ—ERLTWD, TR, v/ oFa— FEMBEREOEE
(Frequency/magnitude relationships) # FV T, POLY3DIZ & - CEIRUFELT & Elik
LT3, £z, BN THILTHOBBRET VL, EHO ML —XF =225
EHEFHFNCRAE & (FracMan TI0EID Y 7 ZAE—a) | 1000RBEH
BERELTWVD,

5 F¢®H

AT EOHEFMEBIZBT SWBORFV\OE L FER 1T,

oo . TFME Lo o TRESTIS] ORMIOEEORKFHEZT T L
UToX3icikzs,

BT D43 B HREICESWUThbhbd, ZZ T, B, ThEs, @
BEEE LTHRY EFbTCn5b, £, 40EE LIGEERBNRWV, D WITHER
MEN/NIVHIRTHY, IFH5, AL A, AV =—F U Tid, BiBSBICHEED
FHIT2WV, Lo LYucca OVALAR— FTlX, BB OEBREE (BUREHED) 23,
ZOWE % HH LT 508 5 hOHBrOBEL o Tn5, £LT, HEIRHO
HIETAEERIES, B LEERE S LTIRY EiFaENEL LT, ZOMENR M
BLBETHY) . [BUREELEMOEBRD S . IEAB L OBREH S
Nl REFRENTHB EXFHAGTH B,

IFEf L) D5 BB OKEZNRETNMETIX, FEL LEEBEEKBL
LTHEWREL D B REVEKEEEYE L TS, —F T, VALK — b X ARG
Wy DOFKEA~DEBIZ DT D A L bR, Nagra Kristallin-1 (RA R) TOBE
REDAEORREREORR 2 LIX, L ViEERHBOET MR OBEEEEZ R
LT3,

—5 T, BiBDAFENRETFNMLIZOWTHL, SR97 (AU =—F ) THIEITLS
FHEOTHABHEIN TS, AV z—F Tk, BABOENL OkifngER L)
WL ARBEEEDEHOTNNEEL LTERREATWS, LiL, BIEBOIZHR
T NMAITOWTIEAD 3 7 EOHREFTFME ISR SN TR,

Wi E OFERRATEEMERIC DWW TIE, MBH L~ OEONER EBEZ 6N 5B,
B LORERVIIHARZ S TWRY, R, Nagra Kristallin-ITIX, water
conducting fault (MWCF) OZFEEIEMEEITEBR L 2 51T L/hIne LTW5S,

A6-10



WiiB L Aoy ek & OEERIEEEEIY, FEXT N EhOKEEZFLTWS, EIS (I %)
ESR-97 (AT =—F ) REORWEHREITLTNS, BIFEIE. BFEEEICL-
TRATAXHUOFEENLEREZIIT T LICE - T, ERALEBOMELCE
2 ThD, TITE, HMBOKRE &L EHPRSEROBFR] BNERMTFT—FLLT
Ez2bNTW5, ZOBEMRIIERBICI-TERDZLOTHIN, ¥ TF Tl s
BABESH TWAEDICEEBHEAOREN AR L 2> TS, —F TSR-9TTI,

NSy FEBEBEROPTHOFFMEL X ¥ =R ¥ —OBIEBIIALETREL

(10cm& LTW3) . MBORE S L EHOTIEMDT —E 0, BETIHHRERED
BN O DOBENEREL TV 5,

FE7r, BRBIEENC & - TEBPF T DMEEOHERLSMERD, £ IroZERORK
BEERESRINT S HEBLWRERNT) 13, EIS (I F4) . VA CKE) | Kristallin-I
(A4 R) KRB DD, EEL, ZREOAGHERORFIZEDL I ITRBETH
B PIXHFETRVY,
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7

F—1 FEHNEICBITSHEOBRN

BIS(1994) A% AECL

VA(1998) K[E Yucca Mt.

Kristallin-1(1994) AA A Nagra

SR-97 (1999) AV =—7 .~ SKB

I BiBERET5 e R i C
BrEoREs O
BEOTIRS O O
=l O O
. _ ﬁ:zﬂ%@ﬁm%% _ . . O _
Il Brf@% KB ERIC |k EREk Fracture zonetd, 10°m/s O | BB 0B EImElRET BE10°m/s, |O |- 22 DWE MWCF-1, MWCF-2) OF 7K [O |- ¥ MA: 100mEAZRD S 210 m/s, T H10™~

EFNAALT D

Thit, TufD3 X 102X YR

#8-3.2%10'm/s. BE20m&LTihva,
«HPD(Higher—permeability domain)i:,
2.8%10"m/s, LPD(Low—permedbility domain)
bE, 4.2%107 /s,

10'm%/s A rB:100mLLiROAEHE10m/s,E
Z110*~10*m?/s,gently—dipping zonetZ10°m
Z/s A RC:100mELEDS#E10-10m/s, %58 .
10°~10"m?/s

ARB B RE O RS2 IR (0.25~

BrE s O RSN TORL, A BB P ERSNBIEICLAK|A CEE SN TR,
BADEENIT oy T ABE R 5% EOEG. FEY, Bk EEORE
#H S5CTES
ERBITEE SEIREFL TV Y, SEREF TR, A\ |- MEREFEME - iX. water conducting CERER TR,
BE fault(MWCEX: i fHED
higher—permeability domain (HPD) {3 &R D
BIEHERR IR USBIFENENEL TS,
T EA S e el | ) O |- EEI- LA ABEE
IV BrEiEa s B BT A RaETn CTFROEBY R HEARE v |O |- Tehrky O |- FeEnLBH O |- FTreDEEy
SREtiC TS 0 (negligible risk). 1(minor risk)
DI A B R,
g~ o EOREREEE LB P E o Tl O | R RN =T Type B ERET  |O |- E/2B08 (major fault) 2*HOFEIIZ100m, [O [-BEFEROTIEABMEMENRET D,
EZxFEeTT AT S BIRRETIRREE| |5, BiBEEEITHLIL, AsyiEL- L BB OTHBRIL TN, RN T 0. 1mDB AWM EFREET D,
BlZE, WEeo |  |HEwIcTd, (YA 0ERE CEREPWEIO0mEL EBET (27 | |OEWEREIC > TEEELET DL | [(Borgesson 1992 (DFEMRHED)
BEEIMEBE DR E T, BB CLEZIMFA T8  |L., Ghost dancingWrE O BERDHIT Lo TRV EL TN, e =F 2—F7.5(BEZ100km OB E) O HE
FI5*1077/yELTF L/h&Wa3), 120m) =& B k35, A100mPARTRELE L&, BEFEEROEMIT
@ 1F o PICEE 2kl EOE SEITONRWIES ., BEENNE 0.1mizET D,
BERTEELEY, @ 200mELN|Z DY s D IEEEA 15mEL FEET, <100 F4ERTITHYRZiL, Aberg:0.65%=32% v =
FE&500mEl FOEWIBATEIELR A%—, Bberg:0.12-0.15%=6-TF% v =A%
W, @ 50mLARICIEM A FEL R — Cherg:0.04%=2% ¥y = A¥ — L7425,
W,
Wi & OBERIER WEOEShEvI =Fa—F&ar |A |- ERIOFAEOCHHE CIIRAITH, TEEN | OFEFERTESNTVRY, O Z RS Hm0EarT — IR Bk e
HiER e DR HLE H, (RealizationF 1007 —R), EEHIED < =F
BARTS v = F o — RS OBRED a—FOF—FLEBRIHLOERNE, S
B ENSBLN TS, —HliE WEBIRS, ZLTHEESHOTAMERD
HEHITWSEHBOESIHLETEE FEESMERDD,
Bhc kB2 ERORBAEREL R,
sl mF o R B AREROREERD
g%ﬁﬁlﬁ NOBE&OWEEELS
R fa R E AT HEHEOEE B MEE LS (O [|-HEE-1 (100051 ), HE-2 Ol. = LA A EROENSOF AR ENEENT
DEH ATV OBIRERAREEILIZE] | (10000FIZ1E) DHIARITOVT, 1 .i:ijé&i%i%@%%%iéﬁmu\,,
=1 i, AT A, BROMERNEZEM, RO R OBEDREEIT /NS,
(DIEBOLD &MULLER1985, BERGER1987)
@) R EhTWA,
A RBEENTWABBHREIZEIR EN TV RV,
vl R EIRL TR,
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