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The radioactive waste emplaced in deep geological
repositories is to be isolated and to protect the
environment. The engineered and geological barrier
system is to be kept stability for a long-term
safety. Therefore, the safety and appropriateness of
the proposed system must be all proven and the
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development process can progress. The key technical
elements in the proposed design must be demonstrated.
In these assessments and demonstrations, the
underground research laboratory (URL) plays an
important role. Only URLs can provide reliable in-
situ data and demonstrating the operational safety in
a realistic environment to build confidence.

The URLs of ONKALO in Finland and Aspo in Sweden
perform numerous rock mechanics experiments for a
long time and provide many technical reports in the
open website. Learning their URL’ s experimental
experiences 1s a shortcut to well make Taiwan URL
planning and forthermore the final repository design.
The aim of this research focues on studying the rock
mechanics experiment programme and results in ONKALO
and Aspo. The main topics involve the experiment
planning, measurement approaches and developing
instruments, and test results. The key points of
research results are to be summarized and listed in
one-page sheet. The layout of Taiwan URL embryo- TURL
1s prelimarily outlined.

geological repository, Underground research
laboratory(URL), rock mechanics experiment, ONKALO ,
Aspo.
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ABSTRACT

The radioactive waste emplaced in deep geological repositories is to be isolated and to protect the
environment. The engineered and geological barrier system is to be kept stability for a long-term
safety. Therefore, the safety and appropriateness of the proposed system must be all proven and the
development process can progress. The key technical elements in the proposed design must be
demonstrated. In these assessments and demonstrations, the underground research laboratory (URL)
plays an important role. Only URLs can provide reliable in-situ data and demonstrating the
operational safety in a realistic environment to build confidence.

The URLs of ONKALO in Finland and Aspé in Sweden perform numerous rock mechanics
experiments for a long time and provide many technical reports in the open website. Learning their
URL’s experimental experiences is a shortcut to well make Taiwan URL planning and forthermore
the final repository design. The aim of this research focues on studying the rock mechanics
experiment programme and results in ONKALO and Asps. The main topics involve the experiment
planning, measurement approaches and developing instruments, and test results. The key points of
research results are to be summarized and listed in one-page sheet. The layout of Taiwan URL

embryo- TURL is prelimarily outlined.

Keywords : geological repository, Underground research laboratory(URL), rock mechanics
experiment, ONKALO , Aspé.
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T - R T SEAB AR TSR+ SLpY AR GRS = B Juvonen, 2002) © (1)
R R ML TERERGAL © (2) R B e S M BT R (TTEON © (3)538 URL
BERRENIE -+ DUSRAEE G SR Y TERER » FELIAGE L

(1) & RS2 E Zfght - a] IEREHENSE > fHnA()a Ot REEBERE - (2)5
Hh ¥ FEII A NE TG - (BEESAE AT 10m T 07 E R A REsE RS 0 HAEFE IR
iR E I SEREE A AN 5T -

(2) BB R MR BT Ry © n] (i HI A A B E R s i B {E 15 > 40 FLAC ~ UDEC ~
PFC - R Se B s B G5 I ARl IEREAR R E MRS BEG AR - S A B IP A e e R e
INRE ~ RBAFZATIRGE A F BH AR 2015 FFHT L] -

(3) URL HEp=pIEMERES - & URL BUGEEINN MHVEEBREMNGER - th¥ai 2 EA
ZIEHEE

51411 > Monkkonen et al. (2012)1F 7 ONKALO =4 JJE A (RMM, Rock Mechanics Model)
Ff > 515 e F DA N AIHA A A0S J11T By DAY B Y1~ I Ve RE B e ST -

(D5E% s 02 mfE e

(2)BRHtETT

Q)yefemE

AEatE

(5)Hie 52 /417 (BDZs, brittle deformation zones) 2 %5 1 JJ52 £ H



2.3 ISRMHVERIEHEETE
i B W B B0 Z TR VI B2 RTRE > nloRAlE 2.4 HAne SRS EAIEEE - (DS
fo TN E(ETESARIHME) ~ QBMIESRE - Q2= Bz =2 H%UIHE
BRI -
NARREISE G T2 e ISRM)Fr ek 2 5 G e 7 ARV - B ¢
(A)E B = 5B (Laboratory Testing) 572
BE - NEAERAYERE (B7KE - FLESR - BE - KRS -~ JHBU M) ~ [21&ahE
FE BRI ~ [BIRZEERE ~ [4]RET B 58T - [ﬂ%ﬁ%’%ﬁ BLEIEME ~ [6]50 BEIE ) ESE
e ~ [T =BRER%ERRE ~ [81a A e s ~ (91597758 )F ~ [10]5RJ758)F ~ [11][=IAR{E -
(121872480115 ~ [13]EA3 Y v S et b S el as:

(B)fﬁi{tzfi%gg(Field testing) 574 :
8 (IR - RIS - IRV A 5 St -

___Jllll!___

— o —

lwh:ck rock ‘ bec,orﬂ-mu:he.e_l

———
Stress __-r Tornmel buﬁg Corefrucien

‘ Rocx mass pro-::e.rﬂo_b

R —

o e R

[ 2.4 RESUENHEBIE I EE | [(ERNEWE(EEAKTH) - RMES - FZETA]




¥=F 5 ONKALO » R &% %

3.1 ONKALO#EHE M~ $HE]

SAHEIE T 2001 FFEIEERZAE Olkiluoto A fy FIMBZ A KHR 4% #E B 5~ H155 - Olkiluoto
SHEME RS 16.5 (B2 26.5 (RFNVAS SRS - MRIBE > s ELEG LY Aspo HHIE(ERS
B R &I B FTLAE M BHIE TAERAE Aspd BEMEITERS « IR E S5 AL T 500 AR
A BREST - Mg EEASEONE4NE - NEE) B LE - AWE T EEMRE -

H Al SRR MRS B RS Posiva 14 2004 fEBRAGHA[E—H 2 izt ONKALO i
thFRas i (FLE 3.1) » T RN E RS T B RS R & TIF - DR A BR tE 5
Olkiluoto [ B £ B[ E (RS > 2241 - ONKALO A Byt —(E ATk Es » THE 2014
PR ER » Z1%HY ONKALO HUERERIR fEl/r#E Olkiluoto HEpREIGHME - 12
Olkiluoto }/E & B #5561 ONKALO URL 5= F0 /= 1] DL 4K -

Olkiluoto R EIFAEY 2010 FAZH G HIES - PR B IS0 G HEEIFELY F 2020 4 - 1F 80
AR 2100 FHTTEREPABLEIE » FHEEEHE LR OERS B - CE SRS - ATk
HETEMG S HEIHR)

® [HE—EEL] 1 2004~2009 4 DASENEAIZ RS DA T o B 420 AR
UHIE (2% @ 516101 KRR 508 ARE) -

® [55T[EER] 1 2009~2011 4F » LB - EHE 520 ARV - —BIZiE— B

JEFHE > DUESEHE AT - B ATRE 455m EEE 5.5m

= 6.3m P 1:10 - EEFEEY/\ ] Posiva Oy HIEI7E 2012 fEH AT 70
AEFFA] o

® [FE=[EEY] : TEETE 2015 5l frak iy sz o

® [EEVURSEY] © THETE 2020 FFRLGHRF BRI EE AR AT 5N -

Diagrammatic plan of ONKALO and the repository

—~——

il
3.1 Olkiluoto #/& g B (4% t5)81 ONKALO #EEES( )2 LR



£ ONKALO FrfEfTHINT SE(FERE T i 4% a2 FE A [ -420m 22 437m Z fH]) - mlHe it T fi#
G E B B H E BIRGER AR ~ # R AREN T & K BRI IS S IR AR B
T ERE  DUCRAR B R BB TR TR Bk - Hop - A DR Egsg e vl
TRENECE R Z BRHET TR ~ B R - KEEIEE e aREE

Posiva /A FfEBETE Olkiluoto £z&%id B 581 ONKALO Hi MFFEasehiti-Z AT > #E % [HlH
(Juvonen, 2002): (DI£=A URL Je(IDHi Asps URL> Hrb Ry S mlREEL )& 22 E(E
(R ~ BN ~ SRHIE D)) FrRIAV)BRETE S (AE) Z ERIBCE - (V) S TSR AT
Az [FRA(VI) SR SN 572 > BI40 URL ZZ 5T ~ B th 85 A b I ~ (U
(Micro-velocity probe) IS TREFZEE ~ fUFE MS(Microseimic) §i il A ERFATRIR

% ORI (i -

IEEEAEME TAE > {H1Z Posiva iE Olkiluoto AR B 5L

ONKALO URL S gkIngA 1 RE - E FEth n] (i {E B & Taiwan URL 2 TEHETT[A] ©
Posiva AH LA 30 BEFEHER - CEBEREEMNIHITHRE —Posiva report(FE[&E 3.2)
BLEFEE TAEHiE —working report(G¥[E 3.3) < [Kfy Posiva &L Asps B 5¢3% » 1fij H. Posiva
ZoRHE AL Aspp URL S{EE2 U5 K AECL URL AYECSE » Posiva A EHJERIE
Posiva report B working report & HATEE L B2 mE%2E > HEAHREERLEHES -

Search of material

Fosvaepois |
Working reports

Brochures

Other publications

Freqguently Asked Questions

Information on radiation and
radioactivity

Image gallery
Links

Frontpage = Databank > Posiva repors

Year: ANy ~  sort: Report number '|

12345678810 11 12 13 14 15 16 17 18 19 20 21 >>

0,

Download file (4 MB)
Summary

8

Download file (10.8 MB)
Summar

E,L

Downlead file (7.6 MB)
Summa

ﬁfL

Download file (5.7 MB)
umma

8, L

Search

Report 2012-34

Seismic Activity Parametres of the Olkiluoto Site
Saan Jours

1605 2013

Report 2012-27

Geological Discrete Fracture Network Model for the Olkiluoto Site. Eurajoki. Finland. Version
20

K A Forchhammer, K, Peltersson, A La Ponle, P& Lim, [-H

28082012

Report 2012-26
Climate And Sea Level Scenarios For Olkiluoto For The Next 10,000

Natalia Pimenoff, A Venalainen & Heikki Jarvinen, Finnish Meteorclogical Institute
09.04.2013

Report 2012-24
Rock Suitability Classification - RSC 2012

McEwen, 1. (ed.), Aro, 5., Kosunen, P, Mattila, J., Pere, T. Kapyaho, A. & Helld, P
18.03.2013

Repaort 2012-21
Layout Determining Features, their Influence Zones and Respect Distances at the Olkiluoto

3.2 ~ Posiva report 38#]
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Search of matenal Frontpage > Databank > Working reports

Posiva reports

Brochures Year: Any > | gpn | Report number H Search
Other publications
Frequently Asked Questions 123456789 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Infarmation on radiation and 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
radioactivity 59 60 61 62 63 64 65 66 67 €6 €9 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Image gallery 87 B8 B9 80 91 92 93 94 95 96 97 08 99 100 101 102 103 104 105 106 107 108 109 110
Links 111 112 113 114 115 116 117 118 119 120 121 122 123 124 >>
) Workreport 2013-11
m_i Qutcome of the Geological Mapping of the ONKALO Underground Research Facility.
Dewnload file (15.6 MB) Chainage 3116-4988
Summary Needback, N
06.07 2013
- Woerkreport 2012-92
G Safety Case for the Final Disposal of the Low - and Intermediate Level Waste, Groundwater
Deownload file (7.5 MB) Flow Analysis
Summary Rama, T
0B.07 2013
= Workreport 2012-89
@_ Radiation Protection in Posiva's Encapsulation Plant and Disposal Faeility
Download file (203.3 KB) Kukkonen, K.
Summary 1607 2013

Bl 3.3 Posiva By#zs Working Report 5%

3.2 PosivalftFeak R~ EE Mk
1F Posiva &l E S & E 7T #2551 » Hudson and Johansson(2006)/ 2005 4 DLF17A B8 7

RS 80 R TR ARE AT 73 e LA F01]~[15PH R - ARy &SNS 2 2% -
st 5 ' BE — H i (one-page) &= IeABRRCR R Z Gwsk - L2 I I ESRES 7> DAARSE

%EE%*%(OHG -page memo) [ A (I fsE FHIE —EA (& A 2)
[01] Olkiluoto fz H A5k Bl j{l%kz 2] L3
[02] ‘=i~ BhfE T E
[03] EEEAME
[04] ymEIMEE
[05] EHSTMHEE
[06] I 1& (deformation zone) ” & 4HE
[07] EHG sk
[08] ‘&2 BT M E B iy
[09] ‘&SI L ) AT
[10] AaIIBEHE
[11] FA$EE FE 1151 ~ EDZ ~ =AY (block failure)
[12] R e R B e (2 = e )
[13] a2 &RIITTREEFZ%Z 2 &RITT R
[14] THRMEAIEL URL &5 ~ bse
[15] BAfZi& 2 RREZL 27T

12



[10]-1 FANRZHE - TR AR

TERR B R AT - SIS A DU =J022 [0 £¢frfE (technical rooms) ~ 128
Z (auxiliary rooms) ~ =% F514: 5fF A5 i% 7 (characterisation tunnel) ~ E@z5 [#% 7 (demonstration
tunnel)  (Posiva, 2003 [WR 2003-26])E. 1 »
Frfif (technical rooms) : SEEE LIRS 123m” > COFEHEEERGM - BTkl ~ D=L -
TR 2 E S A S 4T i\ B B s i » R T S A B SR B R AT
% &= (auxiliary rooms) : {4DUERSE T » 32AE 8 EEHAT - BIETRE - MG - 4
fERg ~ KELARHE = ~ (ZER

[(EFITRR] © IR B E AR HAM SR ZE

Ventilation Shaft Parsonnel Shatt,  atsnShar

Characterisation level
-420m

facilities
-437 m

Demonstration
tunnels

[ 10]-1-1 : ONKALO BIHHBREAM - BRsg i Gt E R 2 o E

[EER 10]-1-2: Olkiluoto & & %38 (deposition tunnel) 2 &L & (Anttila, et al. 2009 [WR2009-24])

13



[10]-2 BENRZHE - tEER= 258 (1)

A Mg & B (characterisation tunnel) & 2 £ 7 B % (deposition  tunnel )Y TE E %
[ REVEEE TN AR ATA e B a2 VR E - AR BB TR A - A
BxiEETE KT RE 6 0K ~ 15 6.7 oK » AT AlEE T — M GIRAT AR ER ~ ESrEary
PRI » BETAISZE 1:100 - 3 H A& 250m 752 B ET EoAR (& 8.5 SR)HVEEZZ R » MAEHRET(S
[ 4.5m)FIE% B 8 A i i 28 1 55 1Y A/ M b U e BE & (niche) -

[(EFITRR] + ISR A i i RO~T M B g fing

RN
N
\-L\

) \
N

Vs /
: e 7,

7 L

(o 7 //:,__ s ’/// .

[HEl=52 10] 2-2 : ONKALO s R EESE(R 13 AR RESERME

14




[10]-3 EaNEZHRE- HEER=HE (2)

B3B3 (demonstration tunnels)s & H Y fEFE B BrIES > DL AR BBt RN S
i » SO D A U TR PR B R (deposition tunnel) 7516 » 81— LR 27
HI5YBE > BB B BT 3.5 SRk 6 S RTFE -

[(fEATRR] « B it I B B s 2 MBI (D()FSA - EEA &R EER T 6 oK ~ 5 6.7
ok o EERENE L 8.5 oK > BEFRNIVERE DTS 4.5 ~ B iEnIBTm e 3.5 okek 6 SkigfE o 1f
IR I R E B 2 AR E AR -

Canlster Transfer Area

Central Tunnels g

[EE2 10]-3-1 : BRsERER I E T R TN R & R B R ER

I

= -

o o,

[ 10]-3-2 : ONKALO FEZE 420m 2 Bgg s a B Em i B R R R ~F

QD%F e

Joco o | 2900

15




[10]-4 =AHBZHE - RERENZHEXF

FE— PR 4R 8 SR R (UG A B A THY U INEC B 2 e BB B - W (e B
Z THlEE - ZA75 FE A R BATZE S E O stress redistribution) 2 B54R &7 lfHRE - fHEE /D 25m [
EHRE S 40m] © NFEEM T > mBERE Y RERGF @R 350m » RIERKSE
95m~165m - iz EFFIEEE 2 BHSE R - Fraa B (FREAFAIZFR A [EP T > HEAE+
1B (BR8P S R A AR (AR - [R)20 Il R A e i i Y
P B R AT o 1T P R R E 5T (deposition hole)  [R]EE » DA BRI 400m 2 Sl > 5
i #)\(thermal effect)® A HATET /& 11m % (31 %] Olkiluoto BERIARE) K 8.6m fEIfE ( &f
#f Loviisa FRIARD) - EHIEMRA FEZREACRM A& A -

[(EFITRR] + WSt B B i 2 = PR R A R I e B e PR A A

CENTRAL TUNNEL _» TOWORK SHAFT

N

PROTECTIVE WALL BETWEEN EXCAVATION
AND DISPOSAL OPERATIONS

BOUNDARY BETWEEN CONTROLLED
AND UNCONTROLLED AREA

%y -— EXCAVATION
CHARACTERIZATION

PREPARATIONS FOR
BORING OF DEPOSITION
HOLES

™. BORING OF DEPOSITION HOLES

DISPOSAL OPERATION

- installing the canisters

- backfilling

- construction of plug structures

DEPOSITION TUNNELS BACKFILLED
WITH CRUSHED ROCK AND BENTONITE

[BlE5 10]-4-1 : ZHFPEiER BEREEAEL S (Anttila et al., 1999)

- 25 m =

(B 10]-4-2 © RifRE ERFEZ FEFE 25 AR (F 4 BN EREE - £ FHiZHREE EDZ)




N8 Eaz EHaREEEREZ RETR (1)

1~ e ESICE (layout)Ed{ir B (location) ZETTAE

A. BIHIFE S (in-situ strss) > B8

A I8 J71H - BT 2 o e s RS i B 5 (repository)WYECE. » (R Ry T 585 T PR B bk
78 (deposition tunnel) 7 & 4 & HY €& B 5 5] (Hagros et al., 2003 [WR 2003-04]) -

M RREIGIVFREERE - (1) e 58 S B M fE ] 7 P {E (strength/stress ratio) » —f 255
A HEREE(UCS) Bl i K T B (B ROKEE ST o ) Z ERAE » -E—(UCS/ o) LB S FEE g 28 2 1
T e 888 /0 DRIER L ) 2 i I =5 ot g R P b ~ B s T AR = R B0 R A - BT
(UCS/ o ) EEERERHVEREE(RIE ] 0 AOK) » BATZNG B BECE A H7& (spalling) & 2 ) (rock burst)
AR AT RE R B U % iE B Dt (deposition hole) - (EFGHE(E R B 5 < BHIZHEEEMIEIEG 0 - (2)
BRI 25 T R (o T A 1 1B ) B R B G A S K » e SO Y B 2 85 i 7 % 7 (deposition tuninel)
RUT FMEAE R A K IE ] oy 8971 b (B VKRS o, 2 AR ER R - fRERIE
PR B YU E SRR IRGR(K - RItR S TR ENREREY -

Olkiluoto 7E-5 & F4t(1) QWA RN » EHITEZ S 2 B B E T AT oy 7 B > HERE
BREEEEAE 500m ZERE(H o =25~30MPa)s L 2 (ir B FT4ERFHTETEE + 5 B DAY 600~ 700m
B 0 FREURIIIE S i s A wIaah 24 f](crack initiation stress) oy o MidE— 5 HE SR E R
EEETT AT R RAKEES] o, » BIEEELE 500m % » BB HIE It & s S awiiansd
JETT o BURTHIZIE 2 PR B RS AN B8 500m /275 - % Bt o] JEF Y & 8 R 2k BEE Vs 354k -

B. EABP EHRE 2

TR > S A BERREEUCSE(UCS/ oy )EBE »  (UCS/ oy MERIR S EEEE A » ol FE
TR R B Yl (deposition hole) » & B R B~ FEE I FABIG N © UCSH B e s 2R B R iE 5%
5t Bk E e ER R NEGPR B BT (rock pillan)#Y RS o EAEIERHEE ~ v AU BRI -
C. HEBP AT &

I 2 S B8 [ & 52 2 B b1 (deposition hole) HYRRENE - TH 2 M HA B EEIE MG
M ESUGE (% S 4E T sE P S A BHERRSAL) -
D. BEA3THE (thermal properties) ” 8228

FHFY B AT 2 8t S MR I R R A N RS E A &8 48 100C B LS 2 207 E O
HECNAVHEMEEEEEM) - B ERRE DT aa TR ~ SRR B S 2 ik - KRR
EH > DL EERE A B (R B ISR K - HAT > Olkiluotod Gtk Frata - E M @i =g &5 1 -
N EEAR R 100m ~ R REE R 2 FERE f25m ~ R B YURERSGET R 10miElg o BB AR KIEMKE;
HEREE BT B R E B RE AT AR A B A TR
E. BFEFKIEE &

/KOG EEORM TAZ T H W 2K B e E R By U BrVHE] > FIsEs AR
(27K % (transmissivity © m*/sec) » B BEHUHIAL BN B /KR K S IZ » Olkiluotoliz B I
e = K SR B S 0mig > TR R -

F. ER/K IR 2 g

TEKSCHE BRI TAE T H > ARl A GBI R BN FASHEA R » 58K S
iR SR T 7K R i A8 & 1 - Olkiluoto SHEBEETE 400-500m g 25 K H 5 382 18 (A B >
FRIE B BIB GBI 10 m/sec BRIEESE B B E -
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T 25 EnFrEEREREHTE 1) (@)

(5 FHPER] « IR TTE TR E HIETA

B4 UCS/ o, <10 g ATRESERERS% (spalling) [ » UCS/ oy, < 3 & EFEMRME - HEMR
Martin et al.(200 DEFFETE H & HTEER L2 VJARIE ST 0.3~0.4UCS Iyl & 4 AR e 12l i
B> NI FETE IR TE e LABE A RS HI R -

30T : :
Mica gneiss

--®--lower quartile

257

—*— median

--®--upper quartile

UCS / o

MODERATE SPALLING

0 : : : .
200 300 400 500 600 700 800

Depth (m)
[E=% 13]-1-1 : Olkiluoto MEER A A aBESREZRE M
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32 E62 ENTRERRER ENTR

2 ~ HERESRIZ 2 M (long-term safety) 7 A AR

A. TEHPFE T (in-situ strss) 2 g2

EEa 182 T7H - BEHIR/ N ITR i BT S E R T B R BN &
12 A B 5 - i Olkiluoto 48552 HEELEE 2 U4 17HA: 0.3~0.4UCS FFRISH4 F5
GUEERAMNHA S ORLE - EEIERAEKE 5 BT EZHTE A A gE R G 2
TR 2SR - R MR T B S B Y » R B S R
2 Btk EAS RETR BB, - PRSI SN B S s S IR ) - MR
TEF > AT REN IR T AR EE 2450 5 - BO7E e B DU 2 AR AR S T A B FEAE 3t TS 7KO7
AR (Hagros et al., 2003 [WR 2003-04]) °

B. BB HEERE Y HE

EOEME - v HEES IR e SR - BEamEARER - SO EL
HAHAE > SHGTEIVIR P RE B E L KSR R 2 BIBRIME BRI E S - SKB{REt e BEHTHYITEE
SIP A 100mmigt EREG R TIE[EEE - B I B S OB HERER At & Rehs| 8
THE ~ BB LR RLR MR B AREE ST - B S48 th &P B B BB 1R~ 28
R R AR Aa A PH P aE R K

C. HEBPERE L&

HbzEPRE R ESFERESTSP BN E - BEHR 2 s Bt - g
BRI I IR N T R DAEE /KR - AL & R G g plea falHPR R Z T - Rz
SRIERHE - RIF EE B O IEARE FoaiiT Ry > SUEEIPARDAR » BE EHARE
EBCERREN I B RS2 A RELZ IR -

D. EAEJIMEE (thermal properties) > B2
Ry E A EI M ER RS RS B EEE  F1T5 L S a2 B AR (thermal
expension) ZEYIESTEH i - CEEERANANIIEE - BB EREPIEUEEKIEE -

E. B KNIMEZZE

/KO E 5T - BE BRI » i Eith TR ASHE - BB EE
P EHTH T ACHE T /KR rTRE I Bl BRI - RPN RS MR R I BRI
et EBEGEET0 /eI I 7R Ry N BAZTRIH R SR -

F. ESR KR8

FE7K SO BRI TAZ 5T RS B AR BRIt MR RS HE - KB AgHEK
IGERESRHRAIE » SR G (R &f(erosion) & - e [HEA MBCEE R HE - & E EHi%ES
T o BHANSIBGHECRT 10 m/sec(FlE HMEE 100m BEE A2 10 AFH53 ) HIHL KR ER
B TR Ry TR ELBHFRAR - & HAERK BRI 25 5304 10 m/sec FITTT 2 R BHPRA R »
EAER K EREAR - fERERHR F L BT 0 i ESUEERZ 286 E EDZ AK
SitEF el EE I ARR -
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133 a2 B RERRE G EHTR O

3 ~ B EENE T M (constructability) > = R E

A. TEHPFE T (in-situ strss) 2 g2

EEAIETTH  EEESRET - GHEEEN L 2 B L REEE LAY - AR
PR R a e B FI A T (F o & (UCS/ o )EEREBHIZ A RE SR e A 2 5% Al
TGN ST IR B (E 24t m A - (S T 2R 5K 12 (Hagros et al., 2003 [WR 2003-04]) ©

B. BRSSP IEERE 8

e R (U s DU a ) s P PE R R AV HE LM S ST 0K - B EEE(UCS/ oy )R
BRSEECE O - MSEEEE IR - G heE T (backfilling) {FRIMREE - = O iHEk
KAEIRTT ~ FRLR/N R SR8 A B E R BB NE MR RE M LM - 5 B PR IEE
v AE i Eie e A S8 MR8 n-dEEE - thRIAZBIE LHIRGE -

C. HEBPHERE e

i 2 BV R G TR E SRR BN ASE - S BRI BUESTNR - #
T A REL S P2 e PR A B i 7 BRE TR A e » I 2 SRS LI i 2 AR E MR B S i3
Ko EBaraB iR E B HE R 2 - G RUEEIR] N EH N KB &R EZE
bt AT R B SRR -

D. BAEJIHEE (thermal properties) ” 822

()

E. BHHKNIMEZZE

FEZKSOE T > R ESHIET ~ B -~ mESTS/ VE BRI - (i R
TKEAEFA10°m’/sec Z BEZAREAR E i LIt BB AT & - 835 R Ry A st T 7K
A2 > SEHIIRAIEHE L S8 CatesEAE 1 T) SO SV IREE -

F. 2K IMEZZE

TE/K SV B AR TAE 51 - B2 B GEEE T KAEE - KA T /Kt
ETHK - P ER I BT - R T - EIEN A LR - $HE R
S > BRI BT 400m =0T A2 EVE/DHA 10 Umin(EE 100m £) » A E AR
FIHBEER 10°~10"m/sec ©
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02]-1 =85 > mapE S ER

19904 ¥y & 4R 5% YIT-90- 1817E Behl- 4842 - F| /K JTHERA & 15 Olkiluoto 28 EAE500m J¢
800m 75 2 SHFE ST - JERIK Vi K EWET] o, BEZE Z 4 INIETIHH [ (stress gradient) £y
6.5MPa/100m(E[I4£100m[16.5MP a) » 7EOlkiluotofi - JiE J35 A ekl & -

20024 5B DA3-DESEE KK TN E » HA40%A & MI(FTRERAE 2 F m] 14 2 R
%) > HiFHIOKkiluotorK-P-ig K ENET] o, BEE 2 JEIHBIE F55.6MPa/100m e

20034E3-DEHE EOIkiluotoF i fE 17 A 1E4E310~388 Th &Ml » 0, =16~21 MPa,%
R2003 - 2 N E S AN A R 38 AR T2

[ FER] - BT SR B DY - Rt 2 s E RGN G aBE) » SR
B EASAT R AT IE TN T o REH M TR &E M FiltE IR AEEASIK N
WEL% 5 Olkiluoto 7K i K FHEST o BEZRE 2 S INIESTHEEAE(5.6 ~ 6.5)MPa/100m 7 fi] -
thi GBS - EEEE S G SRRV E R BEHGRUK PR K T ET] o 8 IR &£ 2
3MPa/100M - B Olkiluoto ZEFH—fi% » ZEFLEEK -

DEPTH [m]

STRESS [MPa]

[[ElER 02]-1-1:  Olkiluoto & /K Eix K EES] o, BEZEE 2 WHNFE SIREE 6.5MPa/100m
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[02]-2 s=aa > BspE 80

1996 4F [#454m%E YIT-90-18]1F 280-800 m {H F /K JJREZL A J A% 300~ 450 ~ 600
m ] 3-D EfA (76 mm §EFL) EHIEH -
Olkiluoto: o, =26 MPa(E), o,=~16 MPa
Kivetty: o, =~26 MPa (SE) , o, =~15MPa, sigmaH SE
Romuvaara: o, =~32 MPa(SE- E), sigmah~18 MPa
3-D EfE/EE Olkiluoto ~ Kivetty ~ Romuvaara A [E[E5HEFEREER T » {H/K I A H
Kivetty Ht1l& sl Bh{E A » 15 2 R R E A= H9/K TR R A A THEL - S A5 S80I -

UK IWELE S oy BESNERE -

[FEAHTRR] - BREEROK IHSLETS oy @NERART - KOWEBY A R AE A E
HH MR > 3-D B8 A (overcoring) IR EFAZE -

STRESS [MPa]
0 10 20 30 40
0 1
\
\
100 4+ \ B oy OVERCORING
' O oy HYDROFRACTURING
'-l ¢ o OVERCORING
00T 1 O o HYDROFRACTURING
\ A
\\ oy, THEORETICAL, pgz
300
e B
o
400 + l]
\
s m
500 + '\
600 - u
700 +
\
I'l
800 + '
\
\
Q00 L+

DEPTH [m]

(2 02]-2-1:  SRAKIIBRAHER ARG R Z LhRe

22



[02)-3 = e 5N

2003 £ [WR-2003-60]7F Olkiluoto Hf[&:%& 310-390 m i » {# F Borre £RIEAEFE A& M
3-D SHINES) » HEBRERES BRI FET - 851 5 MAEHEIE 16-21MPa (T4 TR
KPR s BB T SERCE RS S ER e B R R g P T B e St E 2 HIE -
=227 3MPa 2 K (Posiva 2006-03; Posiva 2012-43; Hakala (2006)) °

[ AR R - B R 1] FH By B 58 22 HH 2K Y 3-Di Borre P HI 25 88 58 £ (overcoring) [ BRI A1 ER 1t
FIETIEE RIS E - HERNEFLEZMARN - AEEEE P ER S RS S
PR ) S (E s ] 2 3MPa -

SN

Z Z ’

N 10

- . . e

P\ main borshole - %-\— installation tool

ZA9 A /

2 -7

centering ’
tool

% Borre Probe

NN

Z
;/—trigger
7
A

% pilot hole

Ao oy
36 mmdilbt

(A)%&hk%%wz%% B /& Tomm 2 4570 F HKEA A

(B) #7LKE-F & B4 L EE4A 36mm hFL 0 JRE #) 45om
(C) FFU% KR =t 43T R IEATLA

(D) M@ F R REFEAE » SINRE R RAETRE S TEE » &

ZEREHSFL Y ) BE 1
(BE) HRSHBERALE ML EEERLTH L
(F) B#AFLERE 2o BB RSt REHARB TS L

[ElER 02]-3-1: FEHEAIRHE BN ES KaBiiie
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084 21 mmEA SR

2012 4E4% SKB( Hakala et al. 2013 [Posiva 2012-43])Fa 4 tH—{& LVDT &% it e 25401
TECEEL USBM =4 fESET) vl /£ BUA Jubk s BE | - $ER/E&E . EDZ #@ES (fF
50cm~75cm Z A0 Z A 0 PAERTRERUE T 5 |20V m s iz #% & - F DARHE R A S R DAE
SR E S E - HEEEEE e —EK 126mm Zf|, - EFLEK 200mm H /D EEFE
& 350mm - {£—pxiEET i 2/ 0 #ET = B oo il Bk 90 [ A E 2 EEEHIES - §f
RS ENRE N R INEaEEBRE 2GR a) » SREE MR - Al A8
—{E#ZFL(sidecoring) LR I ES 77 FE T [F3E Y DAL » 25808 FHIEE LRI Z /D EE i 5~6 pEat
B o Wit O AHIEEC AT DALk 1~2 IR E#E 730 ik 3~4 L7 -

[GER$ER] © BRAR I HTaERS - NS (EIR BTl - Al o] R B fE7E KU (tunnel scale)y
B GRS C BASE IR - TS HMESR B A E BRI/ NREEANZ BT LR  SES
T FI{ELVDTEE M Z E L35 FE2 5emi SIS FLDREGE! 43 FE J1 K4S -

Overcoringto by pass EDZ Pilot / installation hole
- raise bore or TBM: 0cm - @127 mm
- drill and blast: 25-50cm - min free length 35 cm
Electronics Rock and cell Eight radial Mounting - — e >
\ temperature sensors LVDT sensors tool ! /4/-—-* !
. / | AT

-
i

Overcoring |- : l
- @2200mm LVDT=

— s ssseo—eas
¢ e 1 I
\\i."/ﬁ' min5cm 4>

- N ! |
EDZ : ‘
_ \ \\, ~ | MinOClength35em |
O-ring based Batteries & USB-memory  Online cable \ ——

L
ntin
mounting system Figure 2-3. Suggested drilling and installation depths in the cases of drill-and-blast and
Fignre 2-9. Main compenents of the waterproof LVDT-cell, Version 2. Sfull-face bored excavation.

[ 02]-4-1: SKBERHLVDTHRAE K HFREELR T

]
m
L
k]
o
h

o moue ¢
|
o
B
w

Stress Measuring Method

| [Elnﬁ: 02] 42 B 2 PR 2 ST A B TS PR SR FLIB IS 1 77 S B I o B
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[03]-1 528 =414 8 (property of intact rock)

1992 4 Posiva /N EFIHAST BIEREL B 7R B TEFE ES I 2 50 (FHE4mI5%E WR
92-36) - HETTHILGHEEENME 2 BTT - 12K EEHY Olkiluoto R 11 {EAS » HUER RS 77
AUAE 109~327m Zfi] - DAZEHE ISRM(1978) AR i 4 77 % PN Bl BR g 2 5 FE BRSP4 -
Smah R (RIE 3.2-1)

(1)EELF fifi & BB BT8R E UCS=94~153MPa ~ S8 {5 E= 39~72GPa >
(Q)fERE% UCS=118~159MPa ~ E=64~69GPa -

[ FA$ER] © W i st Bt ie 2 ELIR4Y By 42mm > /Ny ISRM EEHY S4mm : S 1ELE 1/d
LJPR 2.78 {5 (ISRM & HY 2.5~3.0 £%); sl th AL RAGFALL AT FSHY UCS ¥ fE(E - ISRM
B HUE 50%UCS JE © {GRaa 2 BEE L E/UCS=1710~2480 > Olkiluoto {{ =X Deere &
Miller 734 & = EE LS A -

RESS STRAN UEVES SamplecOURI_2A
3577 Gfo vunnnxra‘u_‘.x_‘m):n UG- P
L 1IN L /]
R /
OLKILUOTO - T TN T {'
Néyte nro SYVYYs kiviiaji E v ucs d ] Huom.
GPa MPa mm mm
OL-KR1/1A | 184.70 - 185.05 Gr 6898 | 027 |159.37| 41.71 | 117.25
OL-KR1/2A | 238.27 - 238.49 KGn 6116 | 025 | 12373 4159 | 117.29 §e
[
OLKR2/1A_| 145.85 - 146,10 Gr 54.34 | 031 | 11882| 4155 | 11654 E PS WA
OL-KR2/2A | 192.50 - 192.85 KGn 7258 | 025 |153.20] 41.58 | 117.07 | LA (/]
OL-KR2/3A | 326.80 - 327.25 Ton 6426 | 028 | 10403 4151 | 117.21 o= L
OLKR2/3B | 326.80 - 327.25 Ton 6406 | 029 |101.92] 4164 | 117.15 \ !
- i
OLKR3/1A | 176.70- 177.10 Gr 6884 | 027 |141.32] 4162 | 117.28 J
OL-KR3/2A | 308.05 - 308.37 KGn 5579 | 027 | 94.13 | 4151 | 117.36
OLKRS/TA_|109.02- 109.37 KGn 39.35 | 0.8 | 101.03]| 4142 | 11695
OL-KR5/2A | 206.50 - 207.0 Ton 6267 | 0.25 | 113.66| 4171 | 11696 - ||
OL-KR5/2B_| 206.50- 207.0 Ton 6671 | 0.29 | 118.20| 4172 | 117.15 e
Hroia drenvimes)

[[EER 03]-1-1: Olkiluoto &.(»Z FEAFE JIMHE (Hudson and Johansson,2006 )
400

— Avro granite
— granite in Taiwan

)

Stress (MPa

0.4 0 0.4 0.8 12 1.6
Strain (%)

(B2 03]-1-2: BEE tRiEHERIE Avro fERa 2 BELEE: (IBREEFA » 2014)
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[03]-2 e EEME

1994 - (WR- TEKA -94-13)H{ B Olkiluoto A 7 5% » ELEUERZEEF 443~809m 2
[ FIF MTS BRIt LU ER—fie R 07 =0T 2 PN B ah R 4 ool » B R © BB R s
7 UCS=98~127 MPa - {4 /[ ¥ (pegmatites)” UCS=113~136 MPa - &7 UCS EA¥I4E
e LE S (crack initiation stress) o; BUHZHEEE JJ(crack damage stress) o, [ Z BAHME ©

1995 #£(WR- TEKA -95-10) X HU[H 98-155m 2 Fi{EELEE » 4555401 UCS=99~155 MPa -
E=43~69GPa - H{H 473 -501m  A{EZERR Hulfg > 45551 UCS=100~150 MPa /&45 > {H

[EF$ER] « IRERAE EEUER A Olkiluoto EEFE RS (R85 54 ( Classs 1I) [BAEEE fER
wfHE] > BVAERIERE RS R M ~ (HEP B RN AR AR E AR
P -

TVO / Olkiluoto
KR4 depth 491.4 m

Ous=975MPa  0x=975MPa 0. =485MPa

Axial stress (MPa)
100

020 015 010 005 000 005 | o410 015 | 020
Radial sirain (%) Axial strain (%)

OLKILUOTO, KR2, Mica gneiss a1

B wial volumetric strain
uconum Strargth |u¢$| lc:m:unu mage (CO) lmaal-umm(cn E.
160.0
E
| | E
140.0 —— — - — E g
= L - 0.20
fief
= B
F 100.0 + 8
oA T .
E_ BO.0 — E
I 2
=]
& 800+ S
400
| — Axial strain (%)
N oo =7 Appendix. An example of stress-strain curve, sample from OL-KR4, mica gneiss, depth
Depth (m) 491’4 m.

[E=7 03]-2-1: Olkiluoto FEA[FIZRREES v 2 BEERSR I EAFE I FE 1T Ky
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- [08]3 eRELHE

1997 £ (WR-97-07¢ ~ WR98-77 ~ POSIVA-97-04)H{ 5% & 400~450m k. 550~600m &
132 (HERER S (ERF T & R 30%) ~ 12 (B S 0RESR (1% 62mm) - (T
R = WERSARR ~ W & B4 AE(acoustic emission )i B HIBEEIFT £ - 1552 BEIE SN
125 (complete stress-strain curve) + $5 HIES R /RSB 2 BAELE W HHFRES
T[] 25 5 R A A e 8 TR -

ST RS I R T SR TR E (A (R E-0.01 96 R AIRESE R 1/2 &
W3 T BERS  H% 5 SRR o, LIPS A SESBRIGHS | BEMERIES o, & % B R
FOE 72 B i IR 7 E TR RS Y) © WIMARSZAE S (crack initiation stress) o 738 5
ERTTER BR8] o, FAILTEAIE G BRI (o, /oy, = 0.4~ 0.6)-
BRSNS SMPa(e SRR 5 —JB( Classs VB A FIEEH - BHIBRERIEHAEH
SRR o (R 1S MPa 14 AT R HIR &S B (R (IR R T 7 -

[BEFI$ER] - RERsT B e Ok RIS RS EFIREHREE oy > ARIR—REa T
TREHURIE RS UCS - EFEATL 15 MPa (&8 g e & A M RENET K » HUEESE
AEAGE T EMEREE (RHUE-0.01 261K A FESR R F1] 1/2 Qi [ g WG ] Z B SR IHEL -

xial
Stress (MPa)
(Peak)
VO T - 1 600
Axial Stress Initiation of macro-scale IV G 1 g
(MPa) shear failure Crack coalastencag: — — — — —— -} | 8ot ____ : | 500 g
120
A Stable Crack Growth I . | A 1*°2
L o [ m
-~ Crack Initiation 109_ — -~ 40% Ff— — — ! {.fl 300 g
100 Elastic Region 11 a ] | 200 2
Ao, . =5 7
E="1 H I > s
Ag, Crack Closure | i ] “f" AE Ll
80 L I I 1 1 L Lt 0o
Ae 02 016 012 008 -0.04 0 o1 | 02 o3 |
v=- r Lateral Strain % 02 | Axial Strain % .
£y 80 Upper limit E L 1 : _ _J,/ :
B —-mmme Ol 2 g L ¥
Tei g |oal = ]
. 3 -y Total !
4 1
Lower fimit - -—----- T 4o, + F 1 | Measured 1
£,=-0.01% ! v
r B S 0 & &
» e
. " rack Volumetri
Ag, Ag, - Crack  Stai
& Closure Crack
eyl Growth
-0.10 0.0 0.10 0.20 L L L 1 1 1 |
0 0.1 0.2 0.3 J 0.4
Radial Strain ( % ) Axial Strain { %) Axial Strain % 4

[EE2 03]-3-1: ETEfEHUE AR M BB NIE ) 2 E &
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[03]-3 EEEEME [4E]

Deviatoric Stress ( MPa )

200

[FEA$RR] : Wi a2 B E BT Rt LB R - S A S B P ME ER S AT SEE
T ANEETZ AR E R T HE -
Axial Stress, ( MPa )
150 Ofkiluoto Mica Gneiss : Maximum Principal Stress o;, ( MPa)
95% conficence fimits for |
uniaxial criical siress- 200
strain behaviour Olkiluoto Mica Gneiss
95% Confidence Limits for 171
Crack Damage and Oeg - Upper
Crack Initiation
100 150
o = Upper
100 Teq - lower
50
50
ag - lower
0 0
04 0.2 0 02 04 -15 30
Radial Strain ( % ) Axial Strain (% ) Minimum Principal Stress o3, { MPa )

[El%% 03]-3-2: Olkiluoto E&tR A HIHIEHKAIET] 0 ~ BFEBBES 0y Z LT IRER

Strain { mm/mm )

[E2R 03]-3-3:

EANIE T RIEESENA

= Test Case N = OL-KR10 mica I OL-KR10 mica
gneiss, 404.75 gneiss, All
Olkiluoto KR10 Mica Gneiss
Triaxial Compressian Tests @, =15 MPa, n=g
150
576.55
Radial Axial -
0 L . L L . .
0.4% 0.2% 0.0% 0.2% 0.4% -1.2% 08% 04% 0.0% 0.4% 0.8%
Radial Strain Axial Strain
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[08]-4 e EEME

2003 F4F Olkiluoto & 23 {E & FL 457 HIELE Z5E 10m~1038m 2% 132 ([ Kz 814 {E 5=/
e ELESEEETEEMR S - BECRE) o B TEE EHEE (Point load
test)(Niinimaki & Aaltonen, 2006 [WR 2006-106]) - 1452 2L UCS=121s0 HE A 2 4 B B 5
F& 0 W oy M HAB B S 2 Bl (%o 7 03-4-1 By A fdE 2 3 UCS J HAERAE(RZ - & 03-4-1
AIRERER s ~ (#aftkas Z BIFREE AT - [E 03-4-2 Ry UCS BT Z Falts: -
{8 UCS Bz A EAH R -

[(ER$ER] - BRRE R L ER SO 2 BESRE - T RE I S0 - 570
FRE T B BR TR T » (HES A, > Olkiluoto = fn BEERGRIE P45 142MPa(fFE4E
{72 Ry 35MPa) » IEEBRFREHIA T HEESS -

%% 03-4-1 Olkiluoto & R [E] 28 & FLE A A FH BR A E R e 1S~ B RR T

UCS [MPa]  UCS [MPa] Standard Number of samples
median average deviation [MPa] ) )
Mica gneiss 145 149 22,1 233
Veined gneiss 128 131 21,7 176
Granite/Pegmatite 152 152 25,3 160
Tonalite 146 151 22,9 65
Amphibolite/Metadiabase 111 111 9,1 4
Hornblende gneiss 156 156 2.4 2
Total (unmodified) 143 145 36.7 814
Wicn et - pet foed e, 310 somples pU— - pointlowd s, 198 s b

50 L] 1%0 125 150 175 00 25 80 s »0 More
ves [MPa]

o : ﬂ..:_=_:.. , :: .||.H.. - 1|]

150 175 w00 kel ™0 s 00 More

[[E]=7 03]-4-1: SEEER WE ~ ToraTRE LRk RE

Uniaxial comprassive strangth (point load test) versus depth - 310 Mica samples

300
250
.
.
¥ “ ‘-
o
200 oo - ] * v -
* . * - L
= 7 I PR . 4 . b
[ c.:"o 3.\‘. | . ".‘ ?
.t .
R R Y. 3 FYRC s Ty e S i 2
Tt 3 . vy ¥
gt & e T s
BBt . - :
100 * -
] 3 b
L1 * *
50
-
ol ; " , ’ . . ; ; ; ;
[ 100 200 300 400 500 600 Too 800 200 1000
depth [m]

[[E[=5¢ 03]-4-2: Olkiluoto Hhl& A [5)%=  BE BRiR FEE lE B 2 BB AR T
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[03]-5 e A AMHE

2005 41 Olkiluoto & 2 {E#EFLEYEZE 333m -619m HY 132 {@E ~ 19 {EEEEH bﬁ“%
alanis  ETHEERE WIS S5 AE 2] DIEET 2 12 E (WR2005-61)
BFR e BB RS UCS 2 Ba M FEE 2 1.4 5 DIESE LVDTM¢I5'1,';—‘”r(extensometer)jziz§«ﬁ
Rty AE EHIEE R - HIE VA HE T g H =5 -

[BEH#ER] - BT EAREHBENER R e BRRE - FHE s 027
R RUESRIERRAN - SRR IE D (S 3R BT 2 HIERR AL st &2 51 > 278
FEEC AE £Uilc &) > DURERI BES R SR (KPR IE ST - MR a8 2 A INRBREE -

--- Ey=40GPa
90 | ™ -== Ey=60GPa
. f --=- Ey=B0GPa

B0 dmeeee . & 80" | —Ls-Fitfor Transverse isotropy
i : + Measured

as*

0 20 40 60 80 100
(GPa)

[[E5 03]-5-1: Olkiluoto HiEZEREH i A 58 AR E >~ B a1 57 i

Axial stress (MPa)

175

OAE s cit
180 H

WAE 5 ci2

125

100

“whltnlbateEtomat | i

1] 10 15 20 22 25 27 27 27 42 42 45 45 45 70 70 70 78 80
Anisotropy angle ( degrees )

[ 03]-5-2: Olkiluoto #E&ERE R Wia B AE BEHISE T H E B K IE 1 Z &R
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[04]-1 FHEIMAE

2001 72 Olkiluoto HUELZE 300-600 m &2 53Ei /711 ~ S5t (I - AIICIE
BUSED BUK ST RS 1, T8 -

[ T2 ] - s /K 7T A S (hydraulic aperture){/3/& H il EE #1207 B 8 2 #0 Olkiluoto
R 551 2 B 1 2 4E0.2mmEL N (FERMR 3 A2 B 1 BEPH IR ELRA) -

B 5 50 kans e B opeEn
L tractures w th st T1Eng O other traciures

0 20 40 60 80 100
Aperture, um
[E=% 04]-1-1: Olkiluotosthi&  §5iHIZ &M Ik HK TN R EE

o B~ o0
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[04]-2 F3EItEE

ONKALO #HiE ”Z&Waﬁﬁ%j@)ﬁﬂ’]ﬁEwuﬁﬁﬁE .
g R EEE FERERLIE 0.5~1.5m

/b e

L AT BERESELTESE
ré%)}f 0.8~1.2m » HHE#E

3.2m > BB K ZAZ IER R S A 5 DL 1m FE’]%@J:%[EI TLEER 20~50mm(Simelius et al.,

2014 [WR 2013-32]) -
B RN EREF s o

HmEEA 58 DL Schmidt [N-type] K58 % R H(F - fEfEH R ﬁ

[EFTER] -

BEEfE ONKALO il > ol

100 %
0950 .
- = 990-1930 %09
E. ao N 1980-3116 a0 v,
H m 31161936
E 70 % T amSat A, 007084
g o =Sl B, 157043
= 80 %
5 oSl C, BO'/338°
& 80 % i Mt
= 20
3 "
] 40 %
o
1 30 %
l J o
0 IS l [P | I -
_@r & ,{_6 & & & %?4 &
@' \J‘\ @ @3" ef,* &,o & & qd;‘i?‘ 0%
13’ & .¢ q,ﬁ"'\ 00 1.0 20 30 40 50 6.0 7.0 80

Fracture length (m)

100 |
|
90 }
|
I
v S0 [
g I
E 70 !
o ® 1 e '
£ @
a I @% ]
=] 60 o t 00,0 I ® } .‘ |
E g 8’3t 8 & ! oY o ®
S 50 ? ° q Il | ! .
"
E ’ [* ol |
= 40 1
S -l '
T 30 - : e VGN
o | ® MGN
20 . © PGR ,
I @ SGN
L i I
10 A | | | |
° |
3 .

3500 3600 3700 3800 3900 4000 4100 4200 4300 4400 4500 4600 4700 4800 4500 5000

[BlsR 04]-2-1:

Tunnel chainage (m)

ONKALO#E EHIA Z BREFTFIERT ~ R B R EE
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[04]-3 Sy 4E

ONKALO Hf & RETHHETT 4990 A KRR BEFIZEE 2 SHb % fERm (s
2400m~4990m)Jz 55 H ST E G40 T - i F 59 E SR E R e UL EIRACEE HI 4]
Tathsliess -

[EFHER] ¢ B ONKALO il g51i /1 5258 [E 2 S 8#i [F

Joint properties from lab. testing Sets A, B, C

Basic friction angle [°] 26.7
JCSO (laboratory scale) [MPa] © 115
JRCO (laboratory scale) 5
L0 (laboratory scale) [m] ¢ 0.092
Ln (natural block size) [m] 1
Intact rock strength [MPa] © 115

Estimated joint properties (Set) A B* B2 C C2 D

Mean Dip/Dip direction [°] 89/262 05/043  26/342 89/338 61/335 52/181

JRCn (natural block size) [-] 23 23 23 23 2.3 8
JCSn (natural block size) [MPa] 80 80 80 80 80 80
Normal stress 6, = 0- 2 MPa
Friction angle [°]® 28-32 28-32 - 28-32 - -
Cohesion [MPa] 0.1-0.6 0.1-0.7 - 0.1-0.7 - -
Normal stiffness [ GPa/m] 200-300 200-300 = 200-300 = -
Shear stiffness [GPa/m] 0.1-0.3 0.1-0.3 B 0.1-0.3 = =
Design dilatation angle [°] 1.5-53 1.5-6.0 2 1.5-6.0 & 2
Normal stress o, = 0- 10.6 MPa
Friction angle [°]® 28-32 28-32 - 28-32 - -
Cohesion [MPa] 0.1-0.6 0.1-0.7 - 0.1-0.7 - -
2500-

Normal stiffness [GPa/m]| 2500-3000 3000 2500-3000

Shear stiffness [GPa/m] 0-2 0-2 - 0-2 - E
Design dilatation angle [°] 1.0-3.3 1.0-3.7 = 1.0-3.7 g =
1) Average residual friction angle value from

laboratory tests on smooth fractures.

2) 100% of intact rock strength.

3) Specimen size at laboratory 92 mm.

4) Natural block size was selected to be

equal to the block size of JRC100 value.

5) Mean strength of intact rock specimen.

6) Median values from Q-logging between

chainages 4390-4990 m. Fracture length < 5

m. In the calculations, these values were

used as fixed mput values.

7) Near tunnel perimeter low normal stresses

are possible.

8) Effective friction angles at different

chainages are discussed in Section “Fracture

friction angle™

9) Mean vertical stress at 400 m depth is

about 10.6 MPa.

*Fracture Set B values interpreted between chainages 4390-4990 m

[EE2 04]-3-1: #£ ONKALO [RiERZ 2 Fym D& E G
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[06]-1 #7225 (deformation zone) > =G HE

¥ ONKALO B7BFT& 23 Rt iig & - fl i E I lat: P47 ( BDZ, Brittle
Deformation Zone) 2 = JJMHE 7l - BKERBEE oML QEEBHER GSI (A
GSI=9xInQ’+44) - ifi#& GSI L Hoek-Brown (2002)4E R B TEA75EEE » 18 B8 AL
FLA PORALE > FLERMESIH Tt 6 fRHE MBI 1Y RS S 2800 -

\

[BEFHFER] ¢ Bsf# ONKALO S5hikaV i i 28 8 51347 2 158 I 58 2 8

OL-BFZ011 OL-BFZ016 OL-BFZ019a OL-BFZ019¢ OL-BFZ020a OL-BFZ020b
BFZ characteristics
Core width - - - 0.2 0.1 2
Rock mass quality (GSI) 51 49 59 64 54 50
mapped core  mappedcore  mapped core
1st quartile of 1st quartile of value from value from value from
drillhole drillhole drillhole tunnel tunnel tunnel
intersections intersection intersections intersection intersection intersection
Strength of intact parts
sigci (Mpa) 22 22 22 22 22 22
mi 10 10 10 10 10 10
D 0 0 0 0 0 0
Strength of BFZ
Hoek Brown Criterion
mb 1.74 1.62 2.31 2.76 1.93 1.68
s 0.0043 0.0035 0.0105 0.0183 0.0060 0.0039
a 0.51 0.51 0.50 0.50 0.50 0.51
Mohr-Coulomb Fit
cohesion (Mpa) 0.9 0.8 1.0 1.1 0.9 0.8
friction angle (°) 34 34 36 38 35 34
tensile strength (Mpa) 0.05 0.05 0.10 0.15 0.07 0.05
compressive strength (Mpa) 1.40 12 2.2 3.0 1.7 1.3
Deformability of BFZ
Young's Modulus (Gpa) 24.5 29.4 14.6 27.5 22.6 20.5
G=E/2(1+n), n =0.25 (Gpa) 9.8 11.8 5.8 11.0 9.04 8.2
Equivalent Stiffness of BFZ*
Kn =E / width (Gpa/m) % - % 137.5 226 10.25
Ks =G/ width (Gpa/m) - 55 90.4 4.1

* Due to variation of the width of the zone core in drtllcore intersections,
stiffness parameters have been determined only for zones which intersect the tunnel (minimum width used)

a
'

1 1 O-:
o'=0,"to,| m,—=+s
GSI — 100] (G.S‘] - 100]
S =¢EX e —
28-14D 9-3D

+ __(G—G.S'f 15 _ 520 )

m, =m, exp(

E=10x10"?>3
[E:7 06]-1-1: ONKALO gl arisa S sl iy &
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[07]-1 ‘EfEr &R ({£ Olkiluoto HilER = 71 AXER])

[BEFI$ER] © B# Olkiluoto MilER’= i /A A Al E RS [FHEIHA A - (225
CHTE B E R INE © B Y TR (scale) A [EFTEE Pl Y R ALAHHE -

$H¥I Olkiluoto Ml =#E - EFERIAZ &M ~ Ji TM: - FCEME L > Posiva #fEH—E&
B84 (Hagra, et al. 2005 [WR2005-07]) - [5&=5FEHY TAE 5 (scale) » HEHHEFZZEN
REEAE > STHESE

1. stHEEREESIIRE (repository scale)
MR 247 (fracture zones) (FHFE/KER ~ Q' (H - BEEHTE)
Mo 5/ )fE )] Lk (strength/ stress ratio)
MK 11 ZE %8 (hydraulic conductivility)
ME RS A REE AEY(TDS, total dissolved solids)

2. $tHERERRIERRE (tunnel scale)
M7K {2 %8 (hydraulic conductivility)
MQ’{E(Q’value)
MB35 (fracture zones) (FLE/KE ~ QH ~ RIEBIAH)

3. S ESRMEAY R E (canister scale)
MK J1{#H ZE (% # (hydraulic conductivility)
MQ’{E(Q’value)
M (fracture zones) (LE/KE ~ Q'H ~ REFUTH)
MZUEE N (fracture width) (aperture + filling)
MZ4%E I (fracture trace length)
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[07]-2 =Raor ke

ER R REESNICE LY - RINZ2SHE > IMNaa g - HlES - K
SOE - BOTWE -~ i E S ERRNR Z EEE R R o iR R BB R E
S e s - B~ T2 -

[BEHIET] * R ESNECE i T - RINZ 25 EEE

[%207]-2-1 2% Olkiluoto EESSRIAZ S ~ iLE - i LHREZ&E : (1)

LS SRS | WERSEETE | B TAARSHE
ﬁﬂ ."mK Long-term safety Lavout ﬁﬁ {a : *‘F) Stability Groundwater ingress
Property/Influence P 51‘5'2 & Excavation : o - g

i Near-field Far-field Laocation (drilling, blasting) rock support Grouting

11 Emﬂ% (Local fracture zones)
1.1 fir¥f (Location)

1.2 H{ir (Onentation)

1.3 &£/ (Length)
L4 BT (Widih)
2 Tl —2Ug§ (Individual fractures)

2.1 ZUsEL W (Number of fracture sets)

2.2 ZUEHSE (Fracture frequency)

2.3 FEEMIE (Fracture trace length)

2.4 HIEAT (Roughness)
2.5 H#A (Fracture filling)
2.6 E(LIEME (Alteration)
2.7 P9 (Aperure)

2.8 ZUSTT{r (Fracture orientation)

ESTEpaL o biTE Far-ficld MR ik p-&i ] g3
ROCK MECHANICS Near-field R Layout Excavation Support Grouting
4 ERAREBER

Mechanical properties of rock material
1.1 S E (Deformation properties) 1
1.2 B8ITHETT (Strength properties) 2
1.3 ML (Drilling parameters) 1
2 TR

Mechanical properties of fractures
2.1 (Deformation properties) 2
2.2 (Strength properties) 1
3 B

In situ stresses
3.1 M43 (Stress distribution) 2
3.2 #H0kE (Future loads) 1 2 1
3.3 HEESEE (Seismicity) 1 1 1

BOMR T, b3 el BE S MY

THERMAL PROPERTIES Near-fleld | Far field Lavout Excavation Support Grouting
3 HERIER

Thermal properties of the rock
3.1 #ie8HE (Thermal conductiviry) 1 1 1
3.2 Bh#h (Heat capacity) 1 1 1
3.3 BUEETHE (Thermal diffusivity) 1 1 1
3.4 BH{HB (Coefficient of thermal expansion) 2 2 2 1 1 1

APPENDIX 1: The influence of host rock properties on long-term safety, repository layout and constructability

1 = no influence, 2 = some influence, 3 = significant influence
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[07]-2 E=RoBE&E (&)

[BEART]  BERESHEE T - REZErZ B8R

[% 07]-2-2 2% Olkiluoto EESRIAZ® - LB - ITHERRZ5EE : (2)

IO TH g SN ik S s
HYDROGEOLOGY Near-field Far-field Layout Excavation Support Grouting
1 BEERK IR

Hydraulic properties of fractured rock mass

LK1 Oreconsocon) | S S S S S|
2 W EmACHEE

Hydraulic properties of fracture zones

2 M (onemissit) [+ T s [ s [ s T s T 5 |
3 HTT KRR

Groundwater properties

31 @RI Oensityandviscosity) |8 ST 1| 1 [ 1 | 1
4 BRI

Boundary conditions

4.1 7KijE (Hydraulic head)

4.2 K HEEFE (Hydraulic gradient) 2 1 1 1
AR A 229 SME ke EZ: 4 Pt
TRANSPORT PROPERTIES Near-field Far-field Layout Excavation Support Grouting

1 H# oK

(Groundwater flow)

2 ZURTIEOL A

(Fracture aperture and geometry)

3R AR

(Properties of the rock mass along the flow paths)
4 HUFARAEME

(Groundwater chemistry)

APPENDIX 1: The influence of host rock properties on long-term safety, repository layout and constructability
1 = no influence, 2 = some influence, 3 = significant influence
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[07]-3 &8s 3K ER

f£ ONKALO ZLIEhiiZ B 5% Q'WHY RQD ~ Jn ~ Jr
it (Simelius et al.,

NREZ BEFZHFAEE RS SRR

HEH ST BRHETE A (23 ) TR

BasSRE Epa  In AE 2~3 Z[H e SR B SR

AR [E 47 B > RS
HIER 59 E RN & LU RS,

2014 [WR 2013-32]) »

Ja VU 87%} Olkiluoto 5

$£ ZFF 4990
ﬂ:';:‘[:;‘:’%“ Ak - 1
/)%'@JE ﬁE RQD_

89% » B_I AT B BRI < Jr=1~15 ~ Ja=0.75~2 /545 » Bl |~ H R HEILES
T MRS S B R » % E TS S R EE A 2 ] actn(Jr/Ja)ffiEt -
[EER$ER] © R ONKALO kA fG an B 45 8 RQD ~ Jn ~ Jr ~ Ja IS HHY i [E
Depth
0
OL-BFZ106
50 =
High density fracturing
10 -100 1
= OL-BFZ019a ’7‘_‘
ol 450 | OL-BFZ019¢
” -200 -—=
E i o -250 r
4 OL-BFZ100 !:,
2l OL-BFZ122
2 —— :,/‘\“v L %
OL-BFZ020a
1 OL-BFZ020b
-350
b & — RQD A
A s“‘ ﬁ’ 49) ‘*s‘* f f 400 - ===Median 0-120m =
f sa!“ﬁ =— Median 120-250m
450 —_— .
Onkalo tunnel chainage (m}/ level 10 20 30 40 50 €0 70 80 90 100 Resy
507 T
o7 Jrmedian W—
100Z "
1507 .' %:,_-;>
1F[IY: ." ‘k‘-‘“:;s
" : i
" IU‘_{ . ,_..g-q-rt-Iﬂ""rf_— . dr =05, shckenside, planar
1507 {‘x‘_‘—w j:':'%:mlvvh
4007 ! v _ sickensided, undulating
1502}, = j',if“m"'v':c:'ﬁ'*uimmn
st I = 24, dscontinuous joints
g Ja median
0z _‘“,_.-—!‘1_"
S0Z s .4 ‘ﬁ\-b_n.b
-100Z . .-—-r"""‘mr_‘#
- i 6 *“-—Nﬁ\_
-1507 .
2002 2 5
2502 - . g‘\__,-\,—"
3002 .‘ .,--r—-"""’_"wr.
3507 _.-'-.--"“""'_r_rﬂ-r.
4007 '\'—\-
a1 T ey
[[EER 07]-1-1: £ ONKALO A EH AR E®EENFHEZ In ~ RQD ~ Jr ~ Ja {58 fifE

38




B8l -1 2 BB EEES

S ONKALOETE H12010FF OlkiluotogZ FLAV22 ([ A il Ba(WR 2012-14) » JZEEF
290myZe g e o GBI B — 5B Lo (K SKB MD 191.00257 7 #E1 Tl -

s BR Ry - BV R ~ FHAOKERITR ~ I EADREE > 1120 ~ 40 ~ 60°C ST
B iRslEs - NE—RE T e E AR ARE - FE3~50|DIMEE IR 5K - HEE
EEGHENE O DO AHEE20emPi B RS 2 B -

Horfr o & & G k4 ‘5 (Pegmatitic granite, PGR) A 6 &l &8 &k - £ R % € 1E
2610~2650kg/m® T » (&1L S (PGR) > FIARIEHE 4% (coefficient of thermal expansion)4E
BOYENE3.2 - 10.8 x107°/°C 2[4 » 97210 mm/mm-"C -

[BE AR R] © W F 55 Bl Posivaly Ze5thi H SKBE ] 82 AsporH [Flsh e e Bt B v B - &7
S A\ BR Z IR - e RIS S - BZiRkeliR )7\ §SKB MD 191.002
RUE

Specimen 3787

Thermal expansion mm/mm
o o 9
(=] [=] 2
g 8 2
o = ~ =

Temperature C

2,850
o
2,800
o
# VGN fol 90° L
M PGR *
2,750 0
'E DGN [ ] *
=
2 ® VGN fol 0° L 2
= o
£ 2,700
i
<
7]
=
k]
=
2,650 )
|
| |
|
|
2,600
2,550
0,00E+00 2,00E-06 4,00E-06 6,00E-06 8,00E-06 1,00E-05 1,20E-05 1,40E-05 1,60E-05
Coefficient of thermal expansion between 20 and 60°C (mm/mm®°C)

[[E=7 08]-1-1: #£20~60EREOlkiluoto =Y F FE A (& & ERE PCR) < Bl ARl A 8K
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B8l 2 a2 s EEEES T

1994~20104F- 27 %5 FE AE Olkiluotof/y 1 2{[E & FLCZE E400~500m) ~ FAETT392([H 5= B ST
MEEER(WR 2011-17) -

1E25°C F > =M B S e 2 (48 (thermal conductivity)52.91Wm 'K > 438
1£2.66~3.20 WK 27 (B4 (7 720.4~0.6 Wm'K™") » (& S = (Pegmatitic granite, PGR)
e~ ERFR E(Mica gneiss, DGN)AAE «

1£25°C T » SEHgEEE(specific heat capacity) 5712 J-kg 'K (FE#E (R 7£19~41 J-kg 'K ™) >
AAR F S (Vained gneiss, VGN) KB R F S i ~ (&GRS il o

SEH R (A B(Diffusivity) 551.47x10° m?s™ o 4380(E1.34~1.75 x10° m’s™ 7 (fze
{R7£0.1~0.3x10° m’s™) » &AM ERS « ELH SR -

[EEATRR] - B #EPosivaZl I M E B BRsS RGBT et > BN TS
e FER AV EREN - R e Z P EWE R R 2 B A R -

OL-KR2-456.56 MGN  OL-KR1-399.95 VGN

OL-KR1-385.10 PGR

All samples: Thermal conductivity All samples: Diffusivity (22°C)

330

€ 50 1.47+0.29 (254)
= 2.91 £ 0.51 (390) > 25 .
2 401 1 €2

H [

g_ 30 - g’ 15

w 20 :

1 2 3 4 5 09 14 13 15 17 19 21 23 25

Conductivity (W/(m*K)) Diffusivity (10°m?s™)
All samples: Specific heat capacity All samples: Volumetric heat capacity (pc)
50 70
- 60
E3 ' Es0
>
& o 40
§ 25 s 1.93 0.12 (255)
H 712 £ 32 (257} 3 30 +
o 20 - 1 g
R 820
10 10
5
7 _ : _ 0 +—r L1 1 e -
630 650 670 690 TI0 70 7SO 7O 70 810 830 16 17 18 19 2 21 22 23 24
Specific heat capacity (J/(kg*K)) pc (10°J K ' m?)

[El& 08]-2-1: Olkiluotof& & {E & (PGR) Z B AR AR BI( = %5 ~ 2014)
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08l 3 EE BB E RS

T H SK B{sH F &= R 2E 2 (%85 (thermal conductivity) ~ FEZf(specific heat capacity)zi
F7 =B ER D BE 40 (Kukkonen et al. 2011, WR 2011-17) :

BMEER 8 - BRI &I IA(divided bar method) » 5UASE H EAS42mmEE TS L # HY
JEE TmmAY B[ 5UAS - TR R A EME A AR T 2 [ - Sedt 200 MR /K LT
BvaEsly > FFE2R BB

EEZELEER - Pk FcalorimeteryZ: » VIE1R S A &R/KEFITR » EFREALE @ 5UEEL
FERVKHENIEA R FE—IRS » FA Calorimeter B 2 #7185 4% 7KOH ©

[BEFER] - I SKBRE NS B R S8 (FA

Temperature T,
sensors

L | T-sensor
Sample

Computer

Calorimeter Hoth bath

Calorimeter method

[El&: 08]-3-1: ZFROIKiluotol@’s AZatin i SKBZ 241 e ER 7=
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B8l -+ =GB EEEES

JFBPosivali 3o [ 1A B D) HU B (R 97 B 2 TERO (Kukkonen et al.,
2014 [POSIVA 2013-06]) » z=E## 2357 TEROS56 &, TERO76 A% » B 43 FI{FES6mmEy, 76 mmsE
PEFLASHEST - FLAHEMIBE t—  1630mmIBaUE s » P I A CHIEAES 1500mm) » L
TR A A BREL (T 700m) » AR FE BAC1~S NFF AT IIENEE 2 1 > FEE1~8/ N
AR - BE— (Bl G SR (L AR 5K 10m A R B - 3
BRAERIT AR S P BV R AP E BB L R R B BR S -

[EEFTRR] © BRI HY 3R b 2 BB AR B B AT s - IR BV (R B B SR Bl
s A AR > S REAR P -

AT,

EvE E
[El=R 08]-4-1: ZF

ki

881 Posiv i B8 7T AT A TR B B8 (4 B 52 (TERO)

In situ vs. laboratory measurements

OL-KR2
93 14 100
X 50 =12 ETERO in situ =
E —_ O Lab samples (core angle £30) + 80
2 45 210 g
2 0 o
z 40 £ 8 160 2
E =y 361+ 0.40 (55) o
3 3.5 2 s +40 8
7]
8 3.0 + Along foliabion = 4 g
;E / © Actoss foliation g 120 g
: 2.5 — 11 relation w 2 =
£ / 326+ D.48(76)
2.0 T T T T T 1 '] — Tttt 0
2.0 25 3.0 3.5 4.0 4.5 5.0 1 2 3 4 5
Drill core conductivity (Wm"K-') Conductivity (wm"' K"}

[EEe 08]-4-2: FERHBRAEE AR TERESBRE ZhEr
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I12I -1 IRMCE G SRR (STHEREN)

[fEF#R ] © B Olkiluoto 155 i B35 2 75 K i RIS Ko 0 05 Tl B H 8 SR B 70

2012 £E[POSIVA 2012-01]#&%5T H RifAF Okiluoto 5z B 35 A Ex IS 38 B AR 25 R 212 18 Hij (before
operation) ” BFEEE G EI4HE - SHEET T 6 (E-E BENETE ¢

L= 778(Rock Mechanics) B HIE T2

LK E (Hydrogeology) Fi MG -2

LK S-R M -{EEE (Hydrogeochemistry) B HlE 25

IV 3 F2F8 1% (Surface Enviroment)E5 i &

V. T2 [EEE %47 (Engineered Barrier System) &[5+

VLAPEA iR (Foreign materials) B HIE 25

1E55 1 J1E24E8k > Olkiluoto Ml iy B M - FAE RF L7 i Hf)(tectonic bedrock movement)iy;&
RSB E M - EEESHE il 8 THRHUIRTE (BHIPHH) #E1TEDA -

LIETTE oM ((R5RAEE - Woessbdsl - HoRIs R )

2 BRI RSB SO E AR T (W ~ R UaURRES ] ~ st )

3o AEE (R - ks - EOHRR  SSTIES))

4 F7& CEHMARE ~ 0E)

SomERVERE CariRE)

6. AR HYIERD A 2 RREME (HEE /KRS )

THIRAISE) (GPS - EDM AL ~ 2EHIREEH])

8IEEENE (HABIFHZMESEN)
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[12] -1 e AR NEEN (SHEE) &)

[BEFHR ] © WA s e B H Y ~ 55 R AT Y LR

redistribution

Visual observations

Microseismic activity

Objectives Process Targets Overlap, comments
° =

s ® o o

= = al o £
> |8 [E| J|¢ S
Q il et =
— —_ [ O [13] c
[4v] o] — =
@ Solc|L&|E E‘g
= SE|lL|lxxn|lo]|o
E 5= E|O5|lE |2
3] cols|oelo 30
b o2 [} O ol o Q'S
o |98/£|85|a |28
S ~ £ E| 2 o | o (oS}
J2w e e el =
“olaG|e|v8le| o

Rock displacements

X X X Stress

Reactivation of

existing fractures /

Microseismic activity

Displacement
measurements in

Changes in fracture
aperture and
observed fracture

seismic events

X zones, formation | fractyres/fracture zones | slips possibly affect
of new fractures hydraulic properties
Visual observations
Rock displacements
X X Rock creep Visual observations
Loads in rock bolts
i Visual observations
2 A A =palling MS-monitoring
. Flow log measure-
X X | X X Thermal evolution :qusalt'suu:(;nn?lzﬁ{?ure ments and geopliysics
give also such data
Temperature monitoring
Isostatic Rate of regional land uplift
X X | X uplift/bedrock Relative uplift within
stability Olkiluoto
X X Tectonic bedrock _ )
movements Horizontal displacements
Magnitudes, locations,
X X Seismicity slips and source radii of

[ERE 12]-1-1: ERNIBERZEANEL - BAREAHER
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[{E IR R] © BEf# H Bif ONKALO IE£F 85 HITE H

HATE ONKALO st&EATETHIEIREDA TE- (1)
(1) RS A4 (microseismic network)

HEEEDH S _EAYHIEE ~ B/ NE IS (2km x22km x2km i £ seismic ONKALO block) &5
PRI ESEAT: » 2010 4 Posiva A HIFE Olkiluoto 5 T —6IFE 15 {EHIEAYUEELY -
Horp 11 (Effisefesth % b~ 1 EFESEFLAZE-150m 1 ~ 2 {E/E ONKALA Z¢/%-280m & 370m
B o

4| R
Magnitude
P 1o S S s PR o »20
P 4 ] 38 10 50 7a &0 40
; Y v ¥ —Y ¥ v
(%] 0.0 - 5 :
= ' " --31-._.._.._.:_
sy - b o . -
e 5 %"m Time
(tlapsed)
) 3 e 0 days ONK-0S2 i B, r
1 days ey, 38 X AV ONK-0S1
0 . | ougs 2 days bl ey e L
3 days
Y 4 =
Rosk quamy % il
: 1A sams| 1
6 days
" = (e,
Foad construc onwnm ’.’ fans
| s ma0a.sisbacn . - h )/f wn | Figure 4-3. Location of the microseismic stations in ONKALO, ONK-OS1 at the -237 m

[E= 12]-2-1:  Olkiluoto Byt ENIGSACE
(2) GPS B4
H B BRSNS Eh R i3y 2 Tl PEAT E 2 2010 FFEHIAE AR 19 18 GPS
MG - R 2018 FFARIEEL /EJ‘MH%HT 7 EEEE% 8 Mk -

[EzR 12]-2-2:  Olkiluoto &y 19 {f GPS ESHInSACE
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—IEI -2 WA A EREEH (EMERH) (&)

[BEF$EIR] ¢ Bsf#% ONKALO B MIfFA

HAifE ONKALO stERTETHY EHHESH TIFE- (2)
A)EE/KERH(Precise leveling measurements)

FIS GPS B S E K PREAL » KRR HVAERL & GPS e/ NaisiyEie
L2 RBIE - B 2003 FEMRWFET—K 0 5] ONKALO & E12A 1.1mm £ 1.9mm FifE
(A fEsRERH

ONKALO 1EATTEHZE-180m prsfl s —dH AR HREL EN S AR - 2010 4
1% POSE & Ej(Posiva Olkiluoto Spalling Experiment)BEgg i &b (JFE 345m) #eft—4H=
BER(RTRER - LB BACH ARSI EAE R - A RIEL - RIS A HREEERREE L
H R
(5) Wi EA

TEBRZEER O T RtB RIS T BRI T RE YA U RS e = (B S HRE 180m Jz 290m iz
LUK POSE sifizs ~ SH-Miae 24 SZUntBURIET - SR R R 72 30m - #rag i NS & H
A 0.3mm > EEESHRHEAE Imm 2SR5 -

[E=7 12]-2-3: Olkiluoto Ay s BRI ffras AL B 275k

(6) HARRERH

£ ONKALO H 2007 FBi#aii 225 (B E SRR E - BEREE s
85 - Faaks (EEGEE) - AHEGEE (e abl S EEge + 25D ~ #E(H
IRGEEIRTEE) ~ SREZIER) -
(7) EEEM:
i EN HREENRE U E NS ORE -
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T3 Bt ECRNEREN (SREEN)

[EF$ER] © IR 2 ONKALO 2 B MlI7E ]

ONKALO FEZHE 2012 2 2018 AYESHIETE R EDHER

LFEIE R srffi(stress redistribution) : FEE A BRTZAYIE T B o7 (i B A2 A AT S TE B
ZEHEER i Fria R A S E R A SR (DR REEEM - QU E M ~ ta]BI3) HH
B E A B EEEYS  RAEESE-43Tm R B B iR - UsuEEN -

2.0 997y B VE B B AR i 3UA (reactivation of existing fractures/zones, formation of new
fractures) : ‘SO NHIIET IR 5 ) G B 5977 LR - INEE()MS (s & A0 AT AR £ 22
997 YL BB B ~ QU et AT BT (8% - B — g 2 (7% nI A 3) R 5t
(crackmeter/ jointmeter)UH] > (4) H A BB /S EHE

3.ea7EE (rock creep) : EdG—TEIGERAVEGE RGP ENE - FESAAGREA
AHER - SRR S5 = F(differential stress fields) @ s& A R 1AVEE - KT
i RS ONKALO BRAVEGEMEENEE - BI(DREEN - QUatEEN - Q) as]
FETTEH BN~ Fe(4) H R iEH S -

4 ¥ (spalling) : (NFEIZ G BEL S EEE ST BEEERARTIEERES  (EEJEH
EOsRER > (HEEERE S A A YL o AT B E S H SR R0
FEIE  RERNI AT R BRI - R E 88 A fiE a2 BB R R
L

5.mERYEEEE (temperature evolution) : FEEETJE2ENIE AARERE » K28R 2 854k -
0 THEVET RS eI EN o - S0BE - £ -

6. HAE IR/ Fhys > FB 7E (isostatic uplift/ bedrock stability):FIFH GPS Kz k558 7K e & HI kAL >

7RI E) (GPS ~ EDM ~ BRI

8MEEVRENE (HAMBAIZHEEM)
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12] -3 BstA RN (SHEEN) @)

[ AHTER] - BEfR ONKALO 55 7775 1 <538 R 2 B AR
Process Target / method | Location started 2012 |-13 |-14 |-15 |-16 |-17 |-18 | Notes
Extensometer ONKALO 2011 c c c c c c c
measurements
Stress Convergence 2008
redistribution measurgemﬂ"'c ONKALO 1 < 2 2 2 ‘ <
Visual 2007
B — ONKALO C & c |C [C |C |C
Microseismic Olkiluoto, 2004
Reactivati activity ONKALO C c | |& |& |& |€
ofe:;sl::fi?\ IO IFracture zone will start 2014
fracturesg! convergence ONKALO 2 2 2 2 2
s measurements
format‘ionof Frgc}urecracio will start 2014
e c>rjomtmeztr-.‘rt ONKALO c |C [C |C |C
measurements
ractres [ Visua ONKALO 2007 c |c [c |c |c [c [c
observations
Extensometer 2012
heasiliramants ONKALO C c |C |[C |C |C |C
Convergence 2012
reASUTSMAnts ONKALO 1 2 2 2 2 2 2
Rockcreep  1visual 2012
ohoeriicis ONKALO C c |C |€ |C |C |C
Il;gﬁgsmrock ONKALO will start 2013 c c c c c c
Visual 2007
— observations ONKALO C cC |C |C |C |C |C
Microseismic- 2012
monitoring ONKALO 0 & c |C |E& |E |C
Olkiluoto 2004 various
Thermal Rock bedrock in-situ | (with PFL- C cC |C |[C |C |C |C |data
svoltion temperature measurements | measurements) sources
measurements | ONKALO 2009
surfacs C G G |€ |[& |€C |E
Isostatic ONKALO/NVLJ | 2005/2008
uplift/bedrock loops and 1 1 1 1 1 1 1
stability Olkiluoto strait
. : Olkiluoto GPS | 2005
Precise levelling network 1 1 1 1
Regional: 2003
Olkiluoto- 1
Lapijoki
Tectonic Olkiluoto, 9 2012
bedrock GPS automated (o} & C C CcC |C
movements e stat‘lons
Olkiluoto, 9 1995 P 5 2 5 5 2 2
manual stations
EDM baseline : 2002
IreRsLFBTAE Olkiluoto 2 2 2 2 2 2 2
Control marker : 1995
msascrernant Olkiluoto 1 1
Seismicity Microseismic Olkiluoto, 2002
monitoring ONKALO C ¢ |€ |€ [c |c |¢©
(L: 1 R/AFE > 2:2 ]/AFE > Co HEERDA] )
[[EER 12]-3-1: ONKALO #{EE 2012 2 2018 HES ISR/ 775 K THETEEHIBAR
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T4 st ECRNEEA

[BEFHER] © 4248 ONKALO &8 HIH Y ~ B REEE - EAIRREIE K EHE

seismic events

volume, every
seismic station
(15in 2011)

Natural
Process/ Parameters / Measureme < R
Method Location fluctua- Action limits
feature Targets nt cycle foh
Extensometer | o . . day ONKALO 345 - | 5 _ 4 mim T
measurement 450 m.
Stress Rock displacements under or over
redistribution Convergence _ ONKALO 345 — prediction, rock
Twice a year 0—-1mm damage expected
measurement 450 m.
Stress - Continuously ONKALO No damage
ST Rock damage at Visual o o - spalling, Rockburst,
redistribution and . (when visited repository . .
: tunnel surfaces observations visual severe spalling
spalling/damage underground) volume d
amage
>5mm,
Reactivation of Convergence Twice a year OL-BFZ0458 0—1mm reactivation has
e OL-BFZ019c 0-—1mm
existing Displacement measurement taken place
fractures/fracture ONKALO 400 0—1mm >5 mm,_
zones Crackmeter Once a day Z450m reactivation has
taken place
Reactivation of ONKALO, Several events
existing fracture Events, slip MS Continuously repository M <-25*% interpreted as
zones volume reactivation
Extensometer 0-2mmly > 5 mml/y, long-
Rock cree Rock displacement and Once a day, ONKALO 345 (in term changes
P convergence twice a year —450m undisturbed | take place in
measurement areas) rock
0-5kN/y > 10 kN/y, long-
) ONKALO 345 (in term changes
Rock creep Load in rock bolts Load cell Once a day Z450m undisturbed | take place in
areas) rock
ONKALO, Several events
Spalling/damage Events, magnitude MS Continuously repository M<-2.5* interpreted as
volume spalling
7-20°C
) during .
. Thermistors ONKALO . > 60 °C, high
Rock temperature | Temperature in - L construction ’
evolution degrees Celsius thermo: Once a day repository 20-60°C thermall stresses
couples volume f may exist
during
operation
Isostatic Ra'ge of regional land Prem;e Every fourth QIKlI_uoto and <7 mmly > 10 mmly
- uplift levelling year vicinity
uplifbedrock Relative uplift within Precise
stability Olkiluoto levelling Biennial Olkiluoto <1 mmly > 5 mmly
GPS ) )
) ) observations, Continuous (9 Olkiluoto site > 5 mmly
Tectonic bedrock Horizontal stations in 2012) ground surface, <1mm/
movements displacements GPS stations y
EDM baseline | and twice a year - > 5 mmly
(18 in 2012)
measurement
Olkiluoto site
ground surface, Several events of
Magnitudes, ONKALO 150 - .
: ' R magnitude M >1
L locations, slips and Seismic . 450 m, . ;
Seismicity - Continuous ) M <-1.0 during the
source radii of network repository

monitoring period
of 2012-2018

* There are no natural events detected in Olkiluoto and, therefore, natural fluctuation can be expected to
be below network sensitivity. Network sensitivity in the ONKALO area is My <-2.5 and in the Olkiluoto
area it 1s Mp<-1.0.

[[E57 12]-4-1: ONKALO fEE T HMEHIE T EREEGEN E R ~ ¥4 - 757k - 3% - LB - B8
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Sr R AspoH £95%3%
4.1 AspOtE A B E 2 FRE

Aspd Hr NS E B2 (Aspd HRL, Aspd Hard Rock Laboratory)J# 3% A5 # Oskashamn 74
&Y Simpevarp #E > F[E 4.1-1 > BEG TIZESFZ—FRFIZEHE Simpevarp FEHYTTE —
HZEF Aspd /NEFElR MR R E N EES] 460m ) EEE I 3600m  fLEA — T ENE R
A8 BB H- B [T RAS - ELRETZ 7 AR (R BRI E VAR TE > oK 400m FAHE Sm 1Y TBM [
1% o Aspo HRL YT HAFE °] 43 5l — I -

1986-1990 FRENFEES * B E= KEGEIERERSIE - EFIZITER AP E - oK
SCHIE ~ Rth TR R TSR S SR A Al SOk B TR - Sz R B B e P AP Ee 4R

PP LR - )
1990-1995 HEEIRSEY : 52p = B I HE( THE T HISBRELER S » th5eheHrE Aspd B
HTRESE -

1995~ #R{EEERMEEL - #T SKB A 1992 2 HHiiHEt Bl R(RD&D) I ENERAS » F=
HFEIE SKB 1Y RD&D 5155 © ‘AR LS 722 \(thermal-)Eid<7 722 (mechanical- )JFE & EFH 2
Aspd B S E M EER(APSE, Aspd Pillar Stability experimet) fZEEE2Hf > — -

Aspd HRL 31 E AR E s TR BRERss - 18] 4.1-2 HAT Aspd Hr NS EERE
(Aspd HRL); 5| 8 {EEdZ¢ 2 JUERFZE BE A1 (55T Posiva Oy ~ fllZ= A NWMO ~ &[] KAERI - H
A JAEA - CRIEPI ~ {25 BMWi ~ J£[E Andra « £5F] Rawra)fi{i; [EHH55 - Aspo URLs EHEjz -
T2 TR E S R Bdat B 77 A 5pes L 78 220m~460m 8 THY R 2 H 8 & Ehgst E 0%
FE40NE 4.1-2 Ao By H AT R E B8 THINTSE (SKB, 2013) -
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The various tests and experiments are being
conducted in branches and niches in the
tunnel. Some have been concluded, but most
are still in progress.

Horizontal Deposition
RNR Experiment

True Block Scale

Prototype Repository
= Alternative
= Buffer Material
\ Backfill and
| PlugTest  pilar Stabilty
Demo Test } D edinel
Zedex
Experiment o Lot Test
Canister " . * e .
Retrieval Test .;’ 3 - W 3 = RNR Experiment
TBT Test Microbe Project
LagqtTest Two-Phase Flow Experiment
LTDE

Matrix Fluid Chemistry

Experiment Experiment

Rex Project

Colloid Project True-1 Experiment

4.1-2 FEt Aspo BEEBEREFNRE 220m~460m FEFTE(THV S TSR B,
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4.2 AspoiE S EER = EERETE (SKB,2001)

1.

2.

11.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.

Demo Test : /£ EEIRER - BRalLIGH N EIEEs BT AIE 25T EHEEER E AR EIUIE
AETIH
Alternative Buffer Material: 365 17 556 2 ¥ RESHIRZARBR T4 - HAlE A5 B = el
fEE TR -
Backfill and Plug Test: {EB[AHEEAEIH 30m EbiiE > 75117 > (5 200 % fE 256N HE
ERYES
Canister Retrieval Test—{EEz=EAVEK T » E—RRREER HIEEIHL R EE R
i
Prototype Repository: 7£—5€ 450m fR B HTE 2 E /N EE IR/ N SR I iz i
FIEREL(ER 1.75m &[5 8m) » DIEEEVWRIIEVE 90°C - REFRFE 20 £ DL R da AR -
SEM ~ [BS 2R -
Horizontal Deposition: $¥#f7K-EERE R AIHE » 7R 220m JEas T HE i /K-EHURMES 4
AN

Minican Project: #%5TEEZEMR~H MK AR EaRRTRE ;
Lasgit(Large Scale Gas Injection Test): & EERHET1R AREEMIPACGREE @ AR E 115
G 1 SR E I R
Two-Phase Flow Experiment:2000 FE£E51 R B UM T aie N R-/K A R{T A -
Microbe Project:1999 FEETE T @Ml FE 2 & vl T - EANCYIEE T o] sE/EahiE
HestE s
Rex Project:1996/1999 41T /% 70m FRB SRS IR B S EI PR N KEEENASRE » 5
R Z BN Es S LA R -
True-1 Experiment (Tracer Retention Understanding Experiment):{F 1994 31T B HAHEHY
AEHEEEEE - DL T R A R4S e < BT R
True Block Scale:4 True-1 & 1996 FiE—4F 10~50m B S fa B HEm S E: > DA T
iz (e A PR A4S T R
LTDE Experiment(Long Term Diffusion Experiment): 1999 FE7ei%fE =I5 B 2483 A B
LI B G i ] S IR A
RNR Experiment(Radionuclide Retention Experiment)): F 1996 (%8 A NS0 [ HE
Matrix Fluid Chemistry Experiment : 1999 fEFFIEMTZEA [EH T KB R (D E Ao NHEZ
ZME(LTDE B H AV -
Lot (Long Term Test of Buffer Material ) : /{52 E 1 IhEE RIS = Y I A% fE g AFE
&
Colloid Project: #8248 10F-75 2 125 H G FIB RS AL 2 A xS MR R
TBT Test(Temperature Buffer Test):if52 2 T 42 @M & =2 100°C) R FE{E FHAYEE JJEL T By -
Zedex Experiment (Zone of Excavation Disturbance Experiment):Z8Es: H AYFE LLEE S FE ]
HR o DL D&B BAfZ/AELLL TBM JAiE R GH1Z#E S & (EDZ, Excavation-disturbed zone)” 7
T GERRE R [EIFE A Y EDZ &I 18 B2 iE M E 2 28 - EDZ HilE] ORI S HE
{bhp it EDZ #aE /N TT7EBIZIEL AE F5IRAanI1 1) ~ BRE firase g (a1 LAZE i 14
TERITIIRR) -
Pillar Stability Experiment : {£78/% 450M JR AT SRR EMEEY - BOESHB R SA
WSLHEANTRRIRE ST ~ BT REM B ARFTE £ 2 BT EPEME 7 0 ~ S EEf S A TRHIZL
B TR S S FTRE
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ALl ZIEEER T Zedex Experiment ~ Pillar Stability Experiment fiTEE g - BRI A< 3
SN RENETITER Z 18 & T -

4.3 BHfZEEENE L BER(Zedex)

Zedex (Zone of Excavation Disturbance Experiment)ziEf H Ay (Emsley et al., 1997) » fEELE =
JE 73~ » DL D&B (Drilling and Blasting)5##2,2 811 TBM(Tunnel-boring machine); 23 57 52
#E @) 1&(EDZ, Excavation-disturbed zone) 7 72 5% » EFEIREA [F 52 EE EDZ &I J12 k8%
ME 228 - EDZ #iE - IHE S E it EDZ #[@ R/ NITABIAILL AE B 5L
AATME) ~ BRE TR A (BI0 DAZE A MR TR -

EDZ HYEREEAMEE - ZG)BIF2J74 (i) B )R N H 7 ) (i) 5 HS 5 S B T MR (iv)
EER T IKEE ST o BUE 1994~1996 4F » [th— Zedex BB (R 420m iz > FLfE 4.3-1 0 FfZ
WItE BT ER Sm Y EPEiFE - H—=ZEH D&B EARIZCEEIPAEREIKE) ~ H—F
DL TBM JAGHHZ(EIP) » N8k D&B JARZE(EFE R TBM [xiE 25m > HAE(ASERY Asps PR
B RAEAREL - AR {5 i 28 i 1) B e KKV FE 1 2Bk B 98 = A FE TRl % BARG o] DA
AR B AYFTZESE) EDZ -

1E Zedex Bl > FIZERBBERTETZHONFLAFLIS 86mm)iss it fx =) ~ KBz
PEERREEE M NS O 0 BB ERIZAT - FRiZH - e a8 25 (14 EDZ &
SRR RN RIS B TR B OB Rk ARG & (LY M B E R MR &P & EdZ &) -
feHI A E EDZ J7 7585 © B5E4 AE omEll - EAEEEN - SafisE0 - By
KM~ EFHEMA - B E R L RS AR RN - FME IS EEM] - DL AE &
HIE R > S ) 21T 3EERFFELET4(NEA, 2002;SKB, 1994, 1997a,b) -

431 TBM BEZFIZSH
1994 £ELL TBM BHFZ > EAL 5.03m HYEIPIEE » (3 MR 10 & - TBM 2801 ¢

TBM Diameter 5.03m

Rotation Rate max. 10 RPM
Typical Penetration Rate 1200-2000 mmh’'
Maximum Thrust Force 8300 kN

Typical Torque 40 kNm

Number of Cutters 34

Gripper load 25000 kN

Stroke length 1.52m

Installed Power for breaking the rock 1680 MW

4.3.2 $BYEE D&B 7 BHIZHEE
DISEYEZ D&B FEfZAER - HlE 4.3-2 0 353 11 #ghlE K HER Sm VBB ECKE

M) o BlEc KK FIE SR AL By 45 T - 7 2 g AP ARG - 518 EFRER B R
JE 1380 %5 2 148 ~ WEREF 2 E T B FEE R - 1248 4 abafZ DURIE
BESE VERfiT(low-shock energy smooth blasting)BAYE » Flgg 5 #imLLER S VE/E(normal smooth
blasting) KAFBANE » BEIZENE 17.7m” » EEHFEEE 38.5m -

a7y D&B B (B2 AT) ~ #0457 E TBM 8= D&B [ZiE » ZRAFLEE ]
ZEHT AR (A0m~50m) ; & D&B BB [ (FH21%) < FALEHPROAFLELEE 86mm)ficE 41)E
4.3-2 K& 4.3-3 Fiiow o DABRAIZEIE(S EDZ BV fik (e s [ B EA M8 7 pg -
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4.3.3 HEGER

GERRFEUT > BAERE S VERE IO 0 BEEBIREE EDZ HE R A B
FE 77 A ARG - FfZREr iS4 2 137 > D&B BEfZ 884 AR 80cm
ZUBE T B (LB A S0cm) @ 28 AMHIBELY 30cm ZE(El 4.3-4 R [El 4.3-5) « TBM Btz AT
FUBEZAT 3em DA > HUR ~ HIBE - RAEHRGEARZ > 1855 ([E 4.3-6) - EDZ 5 A 2 18534
FEERE » (SR TR 72 4.3-2)BKMEIN > (HIREEEEH EDZ Sa @t k(g ok iE
e 2 2B R BT A~ B 7K (A8 (trasimissity)) °

FF AE 23014 D&B BHIZE AE SEE[4 1m 38 - TBM BHIZRIEEF 43 4.3-7)> EDZ
A R (FH i EEL I - EDZ 2 AMNYIEBHIE(EdZ, excavation disturbance zone)2% Fy5i 4 EE T » #
{#F3 D&B =, TBM [f{Z . AE SE{-IEE/VEEETE RS 2 8t) - MEATE IR e R4S
R o Zedex KEGEREIES LE - 3 TBM FEIZ 0B B B GEIIRRIE (B8
B/ D&B FHtZ > #iHE 1m NAVE 2B GE RS 100 f2(NEA, 2002) ©

<&

Asp6 Hard Rock Laboratory
370 - 460 m level

43-1 7£ Aspd HRL FliZHEEEHER(ZEDEX)ir B HER FAT TBM FilE
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Aspt Hard Rock Laboratory

Legend

\)
--— Radial holes A6 \A2\ 1
© Radial holes. up \‘
. Radial holes. down \
N\
Stress measurement \
~ holes \
5
A-. B- and C-holes KXZSDBHL \
o - 5 UD
. - " - » down 0 10 20 m
| [ |
AS_ZEBOR-Q1-4 971023
h:/zedex/as_zebor.dgn Oct. 23, 1997 15:45:36

4.3-2 #£ ZEDEX EEg TBM jAH# D&B JAFFRZR AN BV HEC B SRR ffi
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Aspb Hard Rock Laboratory

/ Av‘-—'.'_"--._ 5?__

85
LEDEX orif+: : TBM drifr:
I B7,
LY 1]
S I A3 i
KXZSDBHL S a
— — — = N /’

— : 7 A4 AS

ATE [B&lexzspnins k200598

C1

-
L4 w
/ i}
cs hes 2

v 1’ N B6 Bd
Z g \ B e = ' t
Fa “
. | \ \ ==
Vertical section : R o \ c2
Lagend At/
Cb
—=== Rodlal noles g3||81 -
__ Stress measurement
hol
ales 0 0 m
e——
—— A=+ B- and C-holes
AS_TEBOM=04=3 1023 .
h:/zedex/as_zebor.dgn Oct. 23, 1997 15:48:00

4.3-3 1F TBM Ei

D&B Bk E eI B M H R AR LA B
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Blasted drift Bored drift

Disturbance independent of excavation method
Stress redistrbution

No damage to the rock (no new fractures)
Essentlaly elastic movements

Smal changes in permeablity

No measurable change in seismic velocity

Excavation induced makro and micro - . .
| I biity due to ind Ifl'actllhgr i Excavation induced micro fracturing
Decreased seismic velocity

Drill-and-blast tunnel Bored tunnel

» Disturbance regard-
~ less of tunnelling
f  method

» Redistribution of
rock stresses

* No damage to
the rock (no new

Fractures fractures) Microfractures
caused « Small changes in caused by
by tunnelling permeability tunnelling

(M : damage zone ; ®¥ . disturbance zone )

4.3-4 DL TBM Ed D&B BR#ZiER < EDZ #ifE (K EdZ)AR/NEBORE
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4.3-5 D&B FAfZGER T EDZ BRI A (BR S A AE R IEHIAR 80cm 3F)

A bored tunnel causes less disturbance of the rock than a drill-and-blast tunnel, Figure 5-55. Section

Bl436 TBM BSER> EDZ HZUIREE (B 3cm)

BM drift
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80

70

E Smooth Blasting
BETBM

60

(%1
L=

Event Density (events/m?)
w B
o o

20

10

N ® o % © N ©® O % @ N ® © ¥
© © * = « o o ® M ® < <« 0 0
Radius (m)
4.3-7 DL TBM Ed D&B FRIZIRBRERE S AE EIRRIER
* 4.3-2 1{£D&B HL TBM [RZlRE EDZ BATER LI HREEE
TBM D&B
Vp (ms™) V¢ (ms™) Vp(ms™) Ve (ms™)
Downhole logging 5900 5900
Mini-sonic logging (low 3100 3100
frequency)
Micro-velocity logging 6150 3200 6150 3200
(high frequency)
Refraction seismics (aver) 6000 5800
Velocity (max.) 6200 3600 6200 3600
Velocity (min.) 5600 3000 5600 3000
Radial hole tomography 6000 5940 3450
Disturbed Zone 6060 3500 6060 3500

tomography
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4.33 1 ZEDEX ERREETHEKHAR

(1) AKAHrfE gk &

FKIMEBEGEGETE Zedex BERIZIE 75 L HUE I FL(core borehole) 1T » 43 1l AR EEFL
HEEIZENREUER( pulse test) Jz HUEE 22 = NG BB RAE(SKB,1997b) o [(R7ES LIEFLNER A # T
AR > AR FRHETT /K IR EE R (pulse test) A REHF R E A E/KIRER 17 BREZ/KORAYER fy 88
(BB s L& Im YHEE R 56mm: 2 F #FL Sm-8m~ 5 25m Ay EF L fy 56mm B 76mm:
B B — L T - HECEWE 4.3-8 -

LR Im 5 FLeAER T2 1998 4F 9~10 HR#ET » B LABEFL HBEEZEF AE/KIE =
TR IIAREEES - FT UK REEENHEMERFUR £ - HECE EEENE 4.3-9
KB 4.3-10 o
(2)aBmat

DIFEYEZ D&B B2 2 EDZ KJs TBM [ffZ » D&B frcss A Ehx iR 80cm 2 ~ [ixiE H]
B2 EDZ & A 30 e f{RE VAR EB P22 £(0~ 150cm) - DL TBM [ffZ 2 EDZ H@_iﬁzﬁ
BRiERE ~ RACHKIT/INA 3em(RENTTEREIBTEZREAR 0~35 cm) » BE#EIT45] > & EDZ
ERACE BT TR N RA BB S - B K T #2248 (permeability) ££ 10™'~10""m/s 2 FE (57,
& 4.3-11 272 4.3-3) » Z2FIEA e R HE 2 2 Z SRR AN > TBM BiZ &S A
= NK S EEAEE T 1x107°~6x10""nys 2 [ » {6 D&B 5 27K 1 {3 B4 B0 BUE
1x10°~6x10"m/s R4 -

HZHHE B ZEDEX BREREA . 1m FE/KEFLAN(GUKEE 0.3m~0.7m “R5E) > HIFS{EE
KIMEEGE K &/ > (R ER7K I EE GE AR S &E 2 AERK > 1JgeE% D&B 185
HERY o

ZEDEX TUNNEL

Struetural model (Stenberg and Gunnarsson, 1998)

Table A1-1. Final borehole Test plan for single-packer
hydraulic tests in the Zedex tunnel.
Rock instrum. Length |diameter inclination ®
Borehole (m) (mm) +=up -=down
KZOD41A02 5 g b '5.-, / Test 24 holes 1 56 18 up, 6 down
\-ﬂ _b =
KZ0041B02 5 56 -2
KZ0041G02 5 56 -90
KZ0041A02 5 56 2
KZ0065B02 5 56 -1
KZ0065G02 5 56 -80
KZ0065A02 5 56 -1
KXZSDEHR 23.18 86 27
KXZB3 15.2 56 -0 ?
KXZRDTH 8.2 &6 27
KXZRD7HR 8.09 86 27
KXZA1 30.24 86 -1
e KXZA2 35.14 |56 -1.2
\ s s KXZA8 c.40 |56 -8.9

& 4.3-8 ZEDEX B&iE fﬁiﬁi}% THEKMEKINREER( pulse test) AL E 7 B SE T RE
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UR 141, UR 4 UR 101

UR12 of - |[e"R}
' #UR2 UR 142 8—8—1 —e—& LR 102
: UR 123 UR 428 —_ |®UR 2
' 2 UR22
' UR 43 g = |® UR 3 _-UR 103
. wUR23 u UR 12¢ ) UR 104
UR 44 [
: (/V_B»W b PR 4
: R 24 UR 45@] \— l®UR &
UR 164 ' ®UR2S 5 UR 46 "
B 144 & \— B UR 6
5 UR 126 _UR 127 e
' ®UR 26 UR 143 UR4T®RY 4 — leur 7
' @ UR27 URas®| — |BUR &
. -®UR 28 vrwa) — | |euro
'
: = UR29 ur somf - l2uR 10
'
I ®UR3D URsigf - | leuR 11
. UR 52, R 12
' & UR31 UR 147-8— LS = : 12 uri07
' UR 146 | UR 106
‘ @ UR32
' UR 129 — L1
UR 128

Figure Al-. Position of measuring points in the boreholes of the rock in the walls.  Fig Al-1. Position of measuring poinis in the boreholes of the rock in the floor (left part)
Horizontal section. (From Clay Technology) and the roaf. Vertical section. (From Clay Technology)

(1) fBigEEm (2) EHmE

4.3-9  ZEDEX RREEE e thiil 2 /K TIAkErat B (pulse test)ir BACE
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manometer
T0% =50 bar

packer
valve de aeration hose
A
|
quick connectoins
hydraulic hose
& 13458 mm
INJECTION RECOVERY 4>|
(15 min) (15 min)
P Pe
A K
T P
dpy= 40bar  |dp, "~ p
—l ﬂpn
4 P,
P, A t
b
_Av 1 Q
Q= At \,\1 Q
| 2
e Q,
- 77_Qp
0 JE— —‘
—» time

[ 4.3-10 BEHE/KEHE AL BE K DIRESRBI B HEVKBERE
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1.0E-06

ROOF

RIGHT WALL

LEFT WALL

4ML= 1.0E-07
—~ 1.0E-08
0
E
3
1.0E-09
1.0E-10
ML= B
1.0E-11
5523333323333 308088223%8°5¢
uw — [ od o
g§e583:5823883888¢8¢8co58393
N
%
SHIZE 35235 2
(1) 1£ 1-m SEFLHNIG Zedex BFIE & HI L 2 1B1AHEL
Estimated hydraulic conductivity (KR) of tested sections in selected Rock instrumentation
boreholes in the Zedex tunnel (c.5 m, c. 8 m and c. 25 m long boreholes)
Blue=c. 5 m boreholes, Green=c. 8 m boreholes, Red=c.25 m boreholes
1.0E-06
RIGHT WALL LEFT WALL FLOOR
1.0E-07 = £
o ¢
E w
1.0E-08 ==
3 © g
oy w @ E E
¥ 1.0E09 = E < £ ) g
E E ; e 3 e % °
= 8 " 5 = B 2 % @ 2 g
¥ 1.0E-10 o 2 : = 5 .
e 2 z 3 = D
g 5 s 3
1.0E-11 4
B 5
3 -
z
1.0E-12 2
§ I
1.0E-13 _ _ —
o o oA hH 2 L b o oo oo il
8 F & § § 3z B 3§ ¢ gi 3§34
- = 5 o = a & =< T g Q
3 o 4 =] - N o] 8 s @
3 E § 8 8 &% 8 2 3
- * inflow measuram.

OERBEFLS-m ~ 8-m ~ 25-m)JI{5 Zedex [i%

i

Ny,

i

ML Z B BEHE

[E 4.3-11 ZEDEX EBBEASITMERZ2EGRBEBENLE
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7 4.3-3 ZEDEX HERRELE 1m HFAILATEBZEKHE

BOREHOLE SECTION

INJECTION PHASE

Borehole Length | Measured |Flow rate Q, |Pressure Tss(mm’ Kass Comments
(m) Section (m) | (ml/min) Pp (bar) (m/s)

KZ0065I01 (UR1) 1.02 043-1.02 |05 40 5.3-10" | 9.0.10™

KZ0061101 (UR3) | 0.99 043-099 |02 40 2.1-10™ | 3.8-10™

KZ0057101 (UR5) 1.15 043-1.15 |08 39.9 8.510"" | 1.2.10™

KZ0052101 (UR7) 1.04 043-1.04 |02 395 226" | 3.610"

KZ0048101 (UR9) 1.05 043-1.05 |0.1 395 1.1-10™M | 1.8.10™"

KZ0061B01 (UR23) |0.95 043-095 |220 38.1 >2.7-10% | 25.1-10° | Rock leakage
KZ0057B01 (UR25) |0.97 043-097 |10 395 1.1-10" | 2.0-10™"

KZ0053B01 (UR27) |0.95 043-095 |20 38.9 2310 | 4.4.107°

KZ0048B01 (UR29) | 1.07 043-1.07 |0.09 41.8 84.10" | 1.3.10™

KZ0044B01 (UR31) |0.95 043-095 |09 41 8910 [1.7.10™

KZ0059G01 (UR44) |0.86 0.43-0.86 |14 40 1510 | 3.4-10

KZ0057G01 (UR45) | 1.05 043-105 |62 39.9 6610 | 1.1.10°

KZ0054G01 (UR46) |0.88 043-088 |38 39.9 4.0-10" | 8.9.107

KZ0052G01 (UR47) |(0.1) = g : : . Borh. grouted
KZ0050G01 (UR48) |1 - - - >510% |>1.107 | Int. fract. rock
KZ0048G01 (UR49) | 1.01 043-1.01 |224 39.9 24-10° |4.1-10° | (Rock leakage)
KZ0046G01 (UR50) |1 - - g >5.10% |>1.107 |Rock leakage
KZ0043G01 (UR51) |0.95 . - - >510% |>1.107 | Rock leakage
KZ0041G01 (UR52) |0.96 - - - >510% |>1.107 |Rock leakage
KZ0061A01 (UR63) |0.99 043-0.99 |07 40.9 7.0.10™ | 1.3.107

KZ0057A01 (UR65) | 1.02 043-102 [1.0 405 99.10" [1.7.10™

KZ0053A01 (UR67) |0.87 043-0.87 |22 40 2.3.101% | 52.10™

KZ0048A01 (URBY) | 1.01 0.43-1.01 |09 40 9510"" | 1.6-10™

KZ0044A01 (UR71) |1.10 043-1.10 |20 40.3 2.0-10™ | 3.0.10™
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44 EREREMEZEER(A PSE)

FEEIZ FatE(ZERVEEEEE(APSE, Aspo Pillar Stability Experiment) ;%% 450M & #
17 (8 4.4-1) » B5T TM $EERTE - 3a iR Sale e i —REl R K EFEJJ(30MPa)EE H 2
gz EEE > DL TBM [m Mo/ ER(EEE 1.75m Z& 54 6m ZAMNEDT » R ESUHRE
Im H ] PUP R —EE 1m By EtE(RIE 4.4-2) - HV RSB S AP THRIGE ST ~ 451
MBZARIER JT P 2 S ~ S bbi S AE TN BN TR & E BV E 0 A BE T o So I THRET
SR{E 2 EE F 5\E5(TBT, Temperature Buffer Test) o
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(a) Schematic and layout of the APSE.

B 4.4-3 7E4 450m B& Aspo EFERB B ER(APSE) L EE

1m

LT TN

Pilot drift

45m

Open hole

Confined hole

! ! Fig. 2. General layout of the APSE drift with the two vertical 1.75 m diameter ~6m
5m deep boreholes.

Fig. 3. Photograph of the drift shortly after excavation. Mote the rounded shape of the floor, Photograph by Nick Barton.
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