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Abstract

The planning of low-level waste final repository is now actively promoted in Taiwan. To
ensure the long-term structure stability of deposition tunnels, the key factors are the site
investigation and design before construction, the inspections and monitoring the response of
tunnel structures under operation period. The actual behaviors of tunnels can get by the
monitoring system during tunnel construction and operation periods. This information will
improve the assessment of long-term stability of repository.

This research aims to learn the experiences of tunnel’s inspections and measurements
from the abroad LLW/ILW waste final repository. We focus on the experiences of the
purposes, items and technologies of inspections and measurements for long-term stability. The
measurement results and monitoring system adopted in these typical LLW/ILW repositories
are studied. The special geological conditions of tunnel measurements in Taiwan are also
considered. Finally, the recommendations are proposed to supplement the Guidelines on
Safety Assessment of Low-Level Waste Disposal Repository.

Keywords: LLW final depository, deposition tunnel, long-term stability, inspections and
measurements
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P23 ABAGEMLERBARPIE

2.1 Je¥ PUE ERIGDER

I R% R+ % (International Atomic Energy Agency, IAEA) & ¥ # ek nk
% > & F & 37 (Safety Requirements on Geological Disposal) ® # 1! s B % %5 % R
pE o RET BRI lfzi/%@.af@iéb” T EEY 2GS B

Pl iT

R TRl R EE 2 B RERY > FEHERFERNENOTRENS
LT BEE &Léwﬁﬁ i%mﬁﬁﬂ%ﬁmaﬁﬁﬂﬁaw’aﬁﬁwﬁ’
AP T ST ASRR A\ nE 2R ERHIRBEORE ) IR AR R H G &
@ Egégiﬂj;}_y}m,.*,‘o"

&@ﬁﬁ*‘ RE2g B @Y BIFEIER G TR Fhfi {7 - ERIH

Pene 327 P R RS TRDPFTL > FFEL 6 0 2 il KWAPM =5 £ 3
HFieaE 2R R 2N A ABRGHEFELT AFFEFEE R F RKIAEA
TEC-DOC-12084¢ firdf £ 2.1.7& » 3P 7 # /& “&%é%“ﬁﬁfﬁ%@jmmps“3¢
FEBEE TG E S EMBEL R T A FE ATREATR RAAAE X
0 B R R K EE 2 e B AP enE Rl (T T 3 e 7 (IAEA, 2001)
?ﬁp%r@ﬁﬁ& ST EDE 2 B B KR FEE D TR F S
RAAP M T RID 17 3 s &R e (monitoring strategies)sn gt o @ Gkl KW B
ﬁ@ﬁﬂﬁ’iﬁiﬂ%ﬁﬁémﬁpﬁﬁm’fﬂ4$2 2 AT

¥ b AIAEATEC-DOC-1208# 73R £ ~ 12 ¢ » M4t Al F-u (0E p| 1 (F3% 7] 0
FUCOERIFEANRERERGT AT FFY G MK GE DA AT R
WHEBE D ehfz o gt L bR AL 1 (TR AT P 7 o

.\

\—3

|w
‘-\w

i%

\*ﬂ*“ w»F

i p
LSy
2.2 EFRla ivenlt =
ERL T AR EPOR S B R R P RTEX 2 S HE R FR
Fawd BRI X anidr o AL B BRI AR Pl A ER R T B4R 1
e o 12 5 OlKiluoto ALl 3% *5 % ] » Posiva e % %.2012-0138 £ 7 4 %5 pleh &
2138 P 4% A el 4o (Posiva, 2012) ¢
(1) ZRlaz s
¥ ARRB N M ST E T2 F S R R A E R G
*?k@gm%§94a»a§ﬁrﬁﬁﬁ@ &Rl S n Y RS R
o2 REBFEBEAML T2 4K 4 -
(2) Z P
ERFDAD B FEFRNBAIMZ RGP TR AL FERE D R
{8 o ?f#%%ﬂ'l TR endE § { #7847 - Posivai? dpONKALO i 3% 51 i ) /Y
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Ak Pl BHEEWRE 2 ERD 2]
GESEVEEE N RS R T

+rOlkiluotos % # 44 & ff ¢ il 4 5% (Posiva, 2003) » #& 1 7 51 & ifl % B
A HachE B E > TR RN BIAE Sat FRBEE > X3 T e
@ Y EP T DR
b. 45 i R FHLATF A Sl o A HEHI R LR R R T A R
T TR E @ A BT AT B TR LS ATkl B
A5 8 IE RIS o
BT
Pl Hral AR S B T B S A RO R Sk
e LATHRER K SLERIL o SR BRI @ 7R R U L AR B i
B R R LS
£ 0 R iR SR ] o B4 S R i S 8RR S TR P N
% o
PhRG 4 MM E WL - F4FIY o (The Radioactive Waste Management
Funding and Research Centre, RWMC)irL%‘F% ok FRCE HrabAp M E R 2 2R T B
7k By fTF T (RWMC, 2005) » £ I8 T 3 £ 000 B {2 40 MG iE > 4o 2.2-1
“T5E 0 B2 P A heridrBIAL o

L S B R £ F e S
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i# (RWMC, 2005)
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[1] FEzsbs € 22 M 1A R Bleh | o Akl VAR ERAH L LT R ER Ao
iyt 4
o FEIRKES BB B AT &
il
* HRELX 2R
o AR Hn hEEEEERY § MK
EI_}E\‘#E&;@ iz ’ilﬁ Fezo#gw
[2] # & TR &K © FRBEWHFUAPMEE P L TRE
£k
* feB AWEFHERP A IFL R A
B EAGDE YR [ AT R LR
TP E R
© FEP £ TRE B AR M R 2 & R
[B] #Erefsra @ Tl Fa | o BELLTE TR
. ﬁﬁ%@%%?ﬁaﬂ
[4] BrfRiFEl Sny FREZ AL | o HFHal s FREAINFIEAR
£ ;‘a’%’_ﬁi’zﬂ#fr
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23 ERFERE
AR S PR E SR TR ER T RGP KARE DT R T - PR
iz o
(1) fxFERist FHLamp
a. &R P B ¢ 2 (Waste disposal packages, WDP) -
b. A% ¥ =~ (Disposal unit, including near-field) -
c. #ti3(Seals, including near-field) -
d. Rl % sk 3+ (Design of monitoring systems) o
ERIER R R
FJ#‘;MoDeRn D-1.24% ! e1% i % #4F 2 (MoDeRn D-1.2, 2013) » 3 & 7 i ¥ ¢
PERARREL > oBl2.3-1977 0 RIARE S R A T A Z 304
a.“{;ﬂﬁﬂ\;ﬂﬁﬁﬁ*imﬁmxﬁ
AR TN e IR ALNE RGP BR DT RILD o A Rk R R
FRpEMZAHEOT A AR X RERIP o T MnE R
7 Tor a4 & FPIIE p 7] 4 (Preliminary Parameters List) o
b. ZRlHR
P I AR R A end B ORISR P A4 0 BT R
(@ ER FBNERMESF - MHRET LR o
(b) ¥ it e RIH TS R Sk o
Sd A - At e 33H T 7R P S EE HROE RIEE > a3 E R

A~
R

4
C. vy
,ﬁ.ﬁg‘s’:. J;L%# FERL T P RBTRER IR T R PSS RN ARF R -

z /?uiﬁm B m%l—*‘ LEDEPRITN > F - »?;E%Fé&q?%l%]r\ i’p:u% BN e‘%ﬁ
SRR o R ERIRE R R A E R T BR3P 2
EEET DR R AR AT RS NFETR (MoDeRn 2013) °

(4) 7 P en% Pl iT 5 (Monitoring at different phases of the disposal programme)

IR F% R+ 3% (IAEA) ¥ 5k 3-ak € > H 0] (Specific Safety Guide) 3
Pé el 3K %6 E ORI E ¢ (Monitoring and Surveillance of Radioactive Waste Disposal
Facilities)z. & 2 ¢ » 3% 7|7 m B K% eiEn ~ 23 ~FH - H 384508 2 BIRER
% pl1 1T R & (IAEA, 2014) » 40 [)2.3-2%75 o
a. I % pl(Baseline monitoring)» = fc B Tl A FHRk 2 (FR WS AL E B X

2R ERFFI ZGHE
b. 2 @ 2 & iRl(Monitoring of the as-built facility) » :dp 1 422 (T8 & F I 4

$oF REFGEETRZERMBERI A
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Fek U SR DR 2 TR 2 2P
AR+ v | g s g s R 4F2

FHRAPHFT AN F L RTESEFT > 2 FBEHARRZF 2D © Fika
FREE (T 0 F 3 SR ENE B (EMT L PR AR (T o

C. K¥WiFHEY 2 T (Monltorlng of the operating facility)— & =& = £ 4 & R
AFLFX P2 HNY Fo
d. 3 £ rl(Monitoring for closure) s AP R R A FE P2 1 T4

B is 2 TR o ATenE BT L——~E’Fb-ﬁ1~4‘f oo g R RIRE iR aE o

e. F B (SR % %6 it 22 % pl(Monitoring of the post-closure performance of the
disposal facility) » A3t fx il K 6303505 » H BB T 2ehip M 28 E T 2
FEFRPLEL TP RLEBFTRHARELEFARL 5T

poeb s 2 Olkiluotoae® 1k 5 6 o &’f’ I 5 R FFE SR F OB R
B dp 2T e B 5 1 (g A 1980 BB T 4F 2 2004F 5 - B e iEV
MG TR EITE o VT Rt F PR 4232003 (Posiva, 2003) 0 I i & 2004
ONKALO ¥ % *s Eiz prip b © Rl 1 iFeniedy > & & & D p b enE BIIR 2 o

Olkiluoto/& e} 3#3+2012# A 3% D= pe e 3020121 20148 B 5 =v & 22 A(m 7
B ) 1T ERDPY PR R Ao b PR A d] 1 AR IR B & Su(Engineered Barrier
System, EBS)z_ & Blzt 3§ o il K ud gt 2014 & 12018 H i 7 o0 - PR
Fﬁ@ﬁl£ﬁ%ﬁ$¢ﬁ%ﬂ$’ﬂlﬂﬁﬁﬁﬁgmﬂ%ﬁ%;ap*ﬁ@%

o B AW AL - & > % R P P57 (full-scale demonstrations and test runs){s o #-3t
2020FF 4poxE 4 > Y 5 100# - 1? F32120:8 (4t 0 R KREI5E BT FTE
Bl E o P A AL T I ZNHGFREBEE R DB A RS T RIS 2
EEI o HApMOERFEYAZ #Lif F Y3 F 2 (ST Rl ' pn E o (Posiva,
2012)
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MoDeRn Monitoring workflow

Objectives, processes and

Implementation

parameters

Q
=]
=
m
c
o
-
=]
o
b=
=
m

Tdentify Main Objectives
and Reasons for
Manitoring

¥

»  Identify Sub-Objectives

and their Information
> Requirements

v

Identify Processes to
Monitor

v

Develop Preliminary
Parameters List

Define Required
Accuracy, Reliability)

3
-
:
:
:

Describe Potential
performance (Frequency, «€——————»  Technigues and their

Performance

Parameter Screening:

Technigques

v

Design Monitoring
Programme

l

Conduct Monitoring

v

Evaluate Implications(e.g.

—Y& Continue on the safety case) from
Monitoring Monitoring Results and
NG Decide Response

l -

. End Menitoring | ﬁgmsldelrggpmacmts;;

|

———» | Feasible Parameters and .

* Conduct R&D to Develop

Manitoring Techniques

Other monitoring
programmes

[#12.3-1 MoDeRn ¢ i & ipl3+ & 2. = & /x4 (MoDeRn, 2013)
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fFrcta+ic & | g stliy g nh

Aok puf SHE RGN 2 TR 22

R

AT :EJ(BaseIme monitoring)— f< & ¥
FLr X FFEHh 2 ’prﬁﬁiiﬁ;@'ﬁ&_—gi
s ERES R

*® W2 g ¥ 2 § Rl (Monitoring of the
as-built facility)—% 7= # & R4 & fo
AFERZE2SHY GIFK - B ET
i*gém"rm WP e

® W FE 7Y 2 F Rl (Monitoring of the
operating facility)— % =% # & R4 & &£
BAEFLFE 220 5

# B T Bl(Monitoring for closure)— 3 =iz
BERF R F A FHPL FHHPF L
2L R e RTEDE RV Ao r 0 3 B E ORI IR
_'.L [}

Bk & W 4 15 2 5 £l (Monitoring
of the post-closure performance of the
disposal facility) (dc% ¥ * )—3% 3= i5 % &
Hoge & R L F AR (B Mgl &R
PR Ragn L)

Haz EH
(Site selection)

A 4

=

B EREST
(Facility construction)

(pouiad jeuonelado-aid)
b

EER
(Facility operation)

(pousad JeuoneladQ)
i itk B

2 A
(Facility closure)

P
(Post-closure period)

(poliad 21ns0]9-150d)
gt 4F

B2.3-2 Jil Hht 4 e L PR AT 0T R T E(IAEA, 2014)
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2.4 AW OE RIS AT R/ OERD B

IAEA(2001) b 5 5 2 F Rk 3 SRR entn b BRI S0 402241977 0 ¢ 3
HERERE B BEHABERC -‘;kﬁm%ﬂ/( 3= ,‘—»tafJ CRIETIE D UNE I ) S RETE R
SRR E R ERABESR AR R ERR v HEH P @ﬁ-ﬁ;}:ﬂg—n; ITEEE I
AHHREDTRIGER R TN M AR TEAMERERA o R AR
Yot EBIA2 ©

£2.4-1 § B Sl # R nE )= 2 (JAEA, 2001)

A EIERIE e ok XX S 3 LNk Feae) S FALE B

BB REEH L EriER 1. #3 © ek K E PO
% v (Degradation | 2. Ba HHBERC R 2. =H BRD ¢ FEHEE
of repository Wh#EA (e 7 = B2
structures) B Wi ) © NI K
B K EBHE |3 TRERGLETE (3 BERAFIERD BRI 5 E
RIR i gE 3o R R
% 4, B ToRBEE D 4, REFHBER ME S

5. puMAFixie 5. BEEFEREER 2RFOR

6. ABRWAERBAE |6 LapERlHK cr B HEE

7. wHEBEE DM |7 B RERBEREER | EORE N

4o CE PR ERrR | HER
Bl %)
B tagiE| L fk%f%*hﬁ; LTS 1L %3~ winst o Bkt e 2 I
H o o 75|20 fFEERERRE 2. HuwaEflr 2 gl | B AEBTR
(Behaviors of P o Bt e i RiT
waste  packages | 3. FF-RkaritiER |30 4 8 (gamma) B £ B % B2 R
and buffer | 4. Bad i fHs R |4 FuAt S
materials) 5, ¥t efedy |5 BRARBEREER |l HFERK
ETRR S R A S R EAEE e
AR e g Pl R =R
A ENE B o ¥ HrHiT 3
F o2 bR
e

FoF B EaRlZ £ R PERIE
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25 BERL v Mend E4838 - 1 Olkiluoto 3 &

ERIFHRE EABL S 2 %(Rock mechanics) ~ -k = # 5 (Hydrology) ~ -k < -
* = -1t & (Hydro geochemistry) ~ # # (Environmental monltorlng) 27 vt & 44 4L (Foreign
materlals)st; 1Y \W0|kl|u0t0}%@ Hrhh 5 0] AW iR T BB X T RARE AP B

EORIAE R 0 AR B E RN 2 T BAT R B T Sk e
(1) # %+ & > Lahti and Siren (2011) -

(2) k= & > Vaittinenetal. (2012) -

(3) "k¥-=%-iv&  Penttinen® 4 (2011) -
(4) b k44 > Kasa (2011) -

(5) # # F% B > Haapanen (2011) -

gt ek A Olkiluotosn= 1]%% Bl P > #-¥FONKALOJLE k6% (T8 /F > £ 7] 1575 7
it & T3t eogg i (site understanding) | £2 T ¥ 314 st % R (repository performance) | 7
R B34 en & 38 3 72 143 42 (physical processmg) TR LT A RS BT
Z(RM) ~ k= = B (Hy) ~ it £(CH) ~ & # %3 (SE)& ¢t K #1#2(FM) » 40 £ 2.5-1%77% » H
PEBERINEE S FABINS Bl Fh ke B RSARM ¢ 450 T AR
(1) =34 14 sk R (Evolution of the fracture network: Reactivation of existing fractures) -
(2) #74 2 M ek & (Evolution of the fracture network: Generation of new fractures) ~ #% &

(Microseismicity) °
(3) #%4:% & % i (Temperature changes: in the rock mass) °
(4) # # 4= (Isostatic uplift) &2 ¢b &+ & 2 2 (Inadvertent introduction of foreign

substances) & -

# ¢ Tunfeas. | M & FIEF ITFADRT (] 3 2 TR GldcB B G &g B
PABREAIMET 24 TR EGFESHTRIT A E LA mP &5 Tcoming ) * £
FioB EEENMEFHEF > BT EFER AN ZEZE 2T ERY R G RBTLF B
oz 4w R Thuman ) & 2 Zemidds 5 Tlowsig. | A& L &R K - l‘,%j it e
M AR 2 M BRI FR ST b o g1k 2 1 BT (hydrogeological) ~ # 3- it & (geochemical)& 2 4
% (biological)e & fa:E 422 H 22 ¥ Hht B B KW 2 APM LR 2 7 & > BEIErgde
BIA.3-1 it BIA.3-2 ©

BoR A DR £ EHERAE
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%251 B2 k2 Fend A B TR B3 ) & Tk S 20 5 BB 38 B %5 (Miller et al., 2002)

| PR B B DM | A%
® 1748 % % (Development of an excavation damaged zone, EDZ) <% & unfeas.
% 13 4] M 1k & (Evolution of the fracture network: Reactivation of existing
fractures)
#74 B i ek g (Evolution of the fracture network: Generation of new
fractures) ~ # & (Microseismicity)
£ 1 e} § - (Aeration of the rock mass) unfeas.
3F Haliez ek &y (Planned introduction of foreign fluids)
3 M5z ¢b k44 (Planned introduction of foreign solid materials)
Hz & (Microseismicity)
gt -k i ehyts % 1 (Sinking of satellite boreholes) human
# §8.8 & % 1 (Temperature changes: in the rock mass) [ RM
¥ T KR B % i (Temperature changes: in the groundwater) [ Hy
% # B & % i (Temperature changes: in the air) (S coming
%Tdﬂf%@kwﬁmgdgmwMWMH) 4 CH coming
¥ % 7 K(Ground subsidence) [ (G low sig.
B 452 (Isostatic uplift) v _I RM
b %k 4 B e B (Inadvertent introduction of foreign substances) v [ FM
ki mff # (Degassing of rock mass) [ [ low sig.
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26 FLE®R

D T N m&’fi@ﬂ@ﬁmﬁi;ﬂw R %R AAE - TR D 5 R
LR AR AR A ’-3-6‘ r e ﬁiﬁiﬁ,ﬁifg‘_-& PEHEHET 2 BT R BRI R T
Bl BUE S R Z BRI T RIR AT PE o 4T ST D
(1) Jek vuf ipl1 (e & 12

FATRE RS AVRTF (ABA) ik Tl Hrpind 2§ RETY L Rt b

“h TR R RE D EEEERY o FHHERF AR EHIEER
FARM L Yo BB T R T B8 L AT R AT AL ALE B 6 A
Bodpha u?iﬂzbhaw)f@%?’ VF R E 2 E S IR B E > £ Ak B

T ERT RS EZ 2 g o7
(2) P rEhE Rl A
#:-Posiva(2003)4% 1 1% B %k 0 F A1 ARTR B & Eonhi i S lictie (T2 5
BB M R R 0T ;T‘ﬁ;j\g,l.%,p 7B é’f"l'ﬁ‘.{cig‘%}* }‘if@iﬁf‘%—f#% 4 e o
@ E AR FIEREOERPEP &2 Pl A AT E R T A4
ﬁ@ﬁi 2 F A R R pa (o
@) Ei

RIPEe F RACE RS RE B Bl AR S 450 Al S e B
)4
B

EF: X HFBEREED T R TR AIR F L RN
Rk S el AT VR H T 6 PE RI 1T B R SRR R b Ah AR B R
éaww %’“%iﬁ@wmiﬂﬁﬁéfﬁfﬁﬁ’é*%T*{ﬁ%ﬁ%?

£ 7 B g msilﬁ&%‘—ﬁ’rzi*i Brebe ToRATEME R SRR 3T 2 TR

(4) EZRAEP T RA
“f 7 %% Posiva(2003)# T Bl AL BEZRIRE X P ART A BRBEEY
LS ’FI‘""'\»(RWMC)W 7 B ]Bfﬂsﬂ\ﬁﬁﬂfﬁ+\n%?‘&ﬁ7*ﬂz
ZSEALNE %fz‘uimﬁﬁ-a‘#«i WARZTF ML RBRT R > E5 7T 5w g R
A Jad X EEEEFEEDT > TR P IR BB R R PR LR K ek S HE
DME ARR L ARE R L o
b. FRIE P TS RGBSR B T2 Bl kvl
OB blhes AT ~ BEFGF 5 FHAER LR T L k3
BN oL sgaE ¥ g eha AR BTR AR
C-@ﬁ%am&&ﬁggﬁm%@ﬁ%%&aﬁﬁg 7% SRR T Ao e EUR
B2 ERE S BT RE D v B A B ERES 2T RTEE Re

pi




Fek U SR DR 2 TR 2 2P
AR+ v | g s g s R 4F2

F2F FPTRER RIRERAFIRFHRE

REBIR LG WAL 7 %EJ‘-“EW]?\; B P 2 AP R E ORISR 0 2
AL Fﬁ—"* 4 Ei’@iﬁ%ﬁﬁ%aa i B ﬂifﬂ ARCIP 3 =k AT ‘H’-m[&]
:Hf@ﬁimlﬁi E?]P\—ﬂiiﬁlﬁifﬁ;‘:«?'l?%ud’ (Tt %“? 14@;&@]2;\&%%7_?’%&1&%—
Pug R E TR ER Y 2R 2 -

3.1 R I Ak % b
B ALY PUE 2 R E ORI E %A 0 A W R T 3L SFR-1Z VLI Loviisakiig
Fe K F &R T = Z Rl PUE T ORIE BB AR R o - ATt R el
B b bR Rl I RRATE AR R TR R R o B3 1107 0 A T B2
Z Re® t & B SFR-1B >N E R A B 20 F R k¥ 0 VLI Loviisal] 33T Alri s 20 0F R
P Z AP RG A RS R AL

a) Vault type, above ground b) Vault type, below ground c) Cavity type, underground

et : L n
¥ { foas
—mﬂ““"',’a:e" L

iy

BI3.1-1 st x4 ek Hap Al (@)% o Rk 5 (D)1 ARITH A el B () T
F R B (SKB, 2011a)

3.1.1 38 SFR-14LE % %

& SFR-LjiLE # =¥ Forsmark & BT A9 - 2 2 » At Reend b 6 7502
REGA RPN (AR REIER Y5 R) > B B0 - ¥ 4rB]3.1-247 ]3.1-3%75F o SFR-1LE
B8 1976 & B 45203 » 1983 & B~ (T2 4357 > 1988 BB H 57 » P 5d SKB2 @
LT RAEEFE
1 *B 4%

SFR-1ie ¥ 50 % 5 B4 ~ Mo RF (LILW) > & 2/ d F% ~ 1 %2 2 7 B
“r A& 4 hi B R $ 510 ~ 20 m® (SKB, 2011a) SFR-1/ELE 31412 ALk 40E s T id
WAL P pawauzid 3B 561,700 mP s & kg ¥ = # $]150,000 m1rz E
Gi R A o d 3SFR-1ae® i tid e ™ > o o o 15T {7 20 whag s B Forsmark
Pr 2 R(NPP) o P 4t ehSFR-1E # 0 4rBI3.1-24 7 > & 3 — Bk % (Silo)e w i # 4
Fec® uif (Rock vault) » & X 5 #p end b B 3 4 BB 30 Ak z‘f_ HE R A B AR B
F90% © J¥ F2 FERL IR ZFT0M~ £/230m > PR AL BHEFF0OmM E

R RPN R 2 Rl P RS E RS ROL R
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F26m~ ERO0.8m RINARE L 3 F AW A IEL R EES A U2 B e
THEERDCIme el B INFEX255%x2.55 M E e kA o~ RS WD Al
TR AR KRR wE B 0 AT (T E 2 E 4k (72 342 (7 (Lindberg, 2005) -

S
-

ACCESS TUNNELS

MREPOSITORY
EXANSION

S, Sl LW SILO- &

s T,

§13.1-3 382 SFR-14% B B % Ak #-(BSRRW, 2009)

BZ R BN bRl 2 Al U WP T RS 6 R B
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SFR-1je B e if ¥ Fuig > 4oB]3.1-4%757 - & 160m > % 43t 15220m~ § 4
% 101 17 m (IAEA, 2001b) » = & ALk Hiif % %Ak Mot A F B e : 8¢ %
BB A F oo w iEFLE 2~ B3I & i 4w S (Lindberg, 2005) ¢

- EBMA%uig ¢ R 1 £160m > §195m > 3165 m o R s ‘f‘z‘é*}#l‘;} * 15 ek F
VISR TR B R Y RS AR S 0 4eBI3 15

- EBLA¥uE 1 = £160m > F15m > B 125 m o ek R0 bR B K e MO s R
# 4 > 4r§3.1-6 ;

- EBTFyuf @ 2 <1 £160m> £14.8m> B 9.5 M v Aol R4 6 B 4 ehv st
A4 o 4o§3.1-7

"V‘Wﬂ*%‘ﬁl Pg A P TR TR~ B K48 (40 FI3.1-847 7 0 542002
SFF 2B BN BENHE) Mg P & F LR F TP s B (Radiation
Shielding) - ;r.fe‘ * - dpende €K A B F o BLARLE U 0 4o B]3.1-997 ; BLARLE 3o
Feok g HE > BRI RERRE BRI EFDY c AR HEREDT T
FABRALF R CBEERGREE > UPETRFINERAFFE L ERF € ek
Hitg A AT IR (Sweden, 2008) - R A 2 o 3t PUE s A R P H E R W
it SFR-1# 48 7% & <10.2% (IAEA 2001) -

R WY SSFR-LM A A R PR B0t 0 T8 SKB 2 P 7t B e ¥
- Je¥ = B 1 A2HL 5 SFL3-5e7¢ bt Br 3 B B o 47 ke BL 19 L Forsmark @ Fy
HiT e %] P iErug 0 BHFRBLSFR-IER S LR L& o
(2) # Frigi

SFRe #4 Eg #7287 b b 7 $85F (Bodén and Lundin, 2007 ; SKB, 2006) -
4o §]3.1-10%77% » & Bl E & & F(Felsic) 1 ¢ & % F v L # 5 (Intermediate metavolcanic

rocks) ~ Svecofenman 4 & & N2 5T £ 4 (Granitoid £ 4 3E R 2 F S 2 A
(Pegmatite) - £ # 3 ¢ % % L L #5222t Svecofennianig L # 0 Gk BT X
S oo TP A Fr 7 SFR-14F¢h i yig wr;%@v b EE TR AL ERA S
Ao RAET B S SR ANT IR 2 B TR R L RS 2 S
A e R R N - A A S .l«j‘n';—%—*ﬁ DA M IR PLE T AR s B R B D
BRI o A FELZ A (Fracture zones)3t 4 » Forsmark T 5 e £ 05 2 5 & IRBLKR A fE
(block-like pattern)éigt ) » 7545 1P B enTe s 5 3 FWRLA S o ARH ) ® A S D o
B W fF FAGE102 2 5 B % 128 A % (regional zones) R 130102 2 b 3Rk

%) % (local zones)(Andersson, 2003) o SFR-1/& % H# FALA F 2 5 B 4~ F Bl4rR§]3.1-11%7
T e

(3) & 1 H-n i i (Preparation of the construction site)

WS R REBE Y B oo Al AR Y 50,000 mde ptvh s JRgE T 4
BTt dp NPUE B 27 A2E25-30m s R B2 B R 550 M &8 b

B

FZF R PR R AR PG RIS TR E NS
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x@ﬁim}é ’L‘fﬁ:{ ﬂ}iﬁiﬁg itz _p./?l ‘z‘ k4 Eﬂ’;’i

FrclrhF it & B g sl g n E R ¥ -2
FUE B /2 529m o iﬁfﬂd%ﬁﬂﬁ“#’iiﬁ“%% P BT TREINA L65M BERETE L - ¥

Al R BB e o
0O AL vi)@se‘*/?@ﬁ ez
mﬁ?fﬁfﬁﬁ“ B BRI
THP PR Se e B PR 4 R

.J
=
F}-
3
=
~F

2

2
Z,

P54 o 4R * B Sengetf 1

Bl E DL AR EE TR D BRI R
As 0 "LE WO R 4 i%:,wm‘g'%éfra EE=ER SR ’¢+—
Ak E o P REIRRI ARy o
RAZNEE - § S SR

[
.
03
H ﬁ\{- i
e

Amount of activity

Concrete structures

Amount
of activity

Amount of activity

Concrete - :
Silo

Concrete tanks Amount

Silowall ——— Int
of activity

Bentonite —

B13.1-4 SFR-1ALE Hr2_ Ak & 2 AL buif % B fie % B1(SKB, 2011b)

$Z % B 2 Rl Ul R E R 6 R B
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= 47,650 m*

L
w
H
Viet
V = 13,090 m*

storage

(@) (b)
F13.1-5 BMA® *ch i e 3 ALk Fuf 5452 2 B

L =160m
W= 15m
H=125m

Ve =27,600 m?
Ve = 14,280 M2

storage

Capacity = 350 ISO containers 20"

(a) (b)
F13.1-6 BLA S b4 e ) 4 Ak b 5955 2 B4

Capacity = 1,500 concrete tanks

(@

F13.1-7 BTFsug 52 34 2

$=2% BN R A PUERBIE TR XL
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ISO container,
full height

Concrete tank

=

Mould (cement, steel)

B]3.1-8 SFR-1 % -4 * sl B 2= 38 (SKB, 2008)

#3.1-9 SFR-1/e ¥ #BLARLE $uif 32 ¥ /< (SKB, 2006)

BZ R BN bRl 2 Al U WP T RS 6 R B
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1631500 1632000 1632500 1633000 1633500 1634000 1634500
|
Oregrundsgrepen

6701500 6702000 6702500

6701000

3
uwy
S
@
T T T T T T T
1631500 1632000 1632500 1633000 1633500 1634000 1634500
0 200 400 800 meter

Bakgrundskartor & LanimSteriat
SKBfswecoub 2011-01-31 13115

>

Model area Dominant rock type
|:| Local - Granite, fine- to medium-grained
|:| Regional |:| Pegmatite, pegmatitic granite

Brittle and low-temperature ductile deformation Granite, granodiorite and tonalite,
Regional deformation zone |:| metamorphic, fine- to medium-grained

(3 km in trace length at ground surface) |:| Granite, metamorphic, aplitic

High-temperature ductile deformation |:| Granite to granodiorite, metamorphic,
... Banded and/or strongly foliated bedrock medium-grained
©7 (strong ductile deformation) [ Tonalite to granodiorite, metamorphic

Diorite, quartz diorite and gabbro,
- metamorphic

|:| Felsic to intermediate volcanic rock,
metamorphic

%13.1-10 SFR-1rc} #-3+ ¥ Bl(SKB, 2011a)

FZF RPN PR 2 R Ui RS TR RN
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Zone 8
(ZFMNW0805)

Zone 6
(ZFMNNW1209)

(ZFMNE0869)

(ZFMNE0870)
W3.1-11 SFR-1ch ¥ TRAF L 2B AT H > %A 2H2% (% ¢ )~ Zone 3(FE¢)
~Zone 6(iF =% )~ Zone 8 (& ¢ ) ~ Zone 9(% ¢ ) ~ Singd Zone(;i; B d) o B N
A ERELE (N ¢ ) s Ak 2 (¢ )~ IBTFGRE? ) ~ 2BTF(R ¢ ) ~ BLA(%
)2 BMA( ¢ ) - (SKB, 2011b)

(4) ¥t @ EES B

ERGRRNE ~ 2 THFORE 5 2R i*éiﬁ4#4§wwﬁﬁ’vﬁ #
AT B LE AT B AR 4 B 2 (Stille et al., 1985) » H 2 %40 £ 31-1 ok L B e
A+ E(3 )4 5 510 MPa(NW/SE)£25 MPa(NE/SW) v % 54 3 MPa i ﬁuy ENy
4o UEESEA 53R Z10MPa - 543 20 GPa » A or Hrak it B RS B RS By
(good quality) » e ¥ ¥if £ B % eag 1 4 (rock bolts) £ 4k & avg 5% 4 (fiber-reinforced
shotcrete) 7 H 75 £ 32 5% o ¥ ¢ > R0 FHRE TR T o 2 FRAF A Ao 2
% (calcite) ~ % i % (chlorite)£2 /§ i* % (laumontite) & Fh4= 2. 2 & 4 F ©

£3.1-1SFR-1/EE #4484 5 3122212 & (Stille et al., 1985)

Parameter Estimated value MPa
Maximum horizontal stress 10
Minimum horizontal stress 5
Tensile strength of rock mass 10
Deformation module of rock mass 20,000

Bz h BN R R Sl RS E RS o B
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AR+ v | g s g s R 4F2

()

@ HEERA A T AR SRR P ¢ 45 E R R g

PERTLMEER
0O LY B A R WAL T 0 BB RS AP PR PR B Y U en B AR

B eE T

BT R GG R B o aEESE (creep) T iR o

a.

P RIRES TE 3 4 M AR R

FEFPUE RIS T R M R R AR L SRR 0 B IR R g
4 o3 KA 1 & 4Bk 4 % (overstressing) &2 # 4 4 (creep) ¢0d 48 F1 < ]
31-12% 6] % Bi7 1 B Zone Qes & i 2 SRAE B B 6 ) eh BT AL A
o e akR e

SiloZ Silol Zune$ .

H2

Egine |

*Acress tunnels

\\\ .f'r
- o

BI3.1-12 fel Z 97/t ¥ 22 2 BB & o rug R AR 2L 7 LR
(SKB, 2003)
R LR
B £ ;2135 % (Instrumentation)
% SFR-1141% i+ * ¥ 3 % (Extensometers) F #_te £ B+ 11 & ] £ 8 chik pr &

jo BRI E R A W ER AR B R PG o BEFERERP T
rE FEFUGE $7o ez ac (7 5 (convergence of the cavern) ~ i 4 (bentonite) ship] & B

HE o~ P RN Rl F Pl o o
B % 3122 & (Theoretical strain)

Harald Hokmark(1993) 4] * = /& 3§ 22 12 & 4 ¢ 5 ciKelvin model % 3= $if 7
O TR B R AR hEHCR BT 5 2 R G4 L 5 10° MPa
4 B Ax10° MPa - FE R 1 #5cB~10 MPa s s R g ehi B 8 R T g B
Al ReaB BTN lom (F 4 fyug TEIR) > P 959 iR zgm; £ ¢ %150&
A X o BRPEDTR BB ‘515m!p=F=]m RN 4 T R
Beid NP R N E R E BRIV IR  TR R 4’3'3}*_@_%5177}5»@}’3‘_0

=

Fo2R BPMRGE R R PUERBIE TR XA E
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(6)

B3 = R % (Actual creep strain)

4r[§)3.1-13#751 » Vattenfall Hydropower(1993)#:1985% 1993 # R cridiusg 3w B
T2 BREREL K7 BREF AR 4ecnlic ) F P A 34 mmepoid ;ﬂgﬁ&g g oo
2% & Kelvin modeldy it et 8 2543 14 > &g or 2 Kelvin modelds i %25 5 2.7 (7
M5 24 e e 27 Harald HOkmark(1993)12 34 E 3 5 S %49 £ % < 5 K@ » 51 A1 £
1R ARE R A A A B 2 i 7 R R] > Tt P ¥ 6 TR
R RO EELSERZF P D - EPEGBMM~4mm) o

L
v

4,5
4
3,5
3
25
2
1,5
1
0,5

0

Displacement, mm

0 20 40 60 80

Time after installation, months
B13.1-13 © 3Bt plmw % % 1 (Bodén, 1993)
(¢ BFREI VAL B 5 %HPEIBETY R 2 ERRCE)

k < ¥ % (Hydrogeology)
Aok FRAINA 0 FHRTITE AE TRER S BT REEE TR 0 R
> B PP A
W &b TR R

SFR#f fei= ¥ chForsmarks % H 75%¢hb & & o ff B E 7 ok 2 (till) > 3 e
By &z #(Quaternary deposit) » 7 ¥ 5 T|7¢ 7 (boulder) s # 1335 # 7 H oK
PR A > TF 25 3 RF k4 Eok ki l(hydraulic conduct|V|ty) s 2 1070
310%m/s > ”'"J<ﬂ(specific yield) 7 > 1031 20% » 3L B % 301 40% ¥ %k
AT vk d Hok Rl 1.2x10° m/s> Ak B 4 235% 0 LM S G 20
230% 0 Aokt B R avkd EoR B G 1.3x10®° m/s -

Forsmarkds %eis ToK3 & kA" > R E AT F > Pk E kB kE
BTORERR o R o Floke 2 RN E EoRE R RS TR L 3 (Water

FZF R PR R AR PG RIS TR E NS
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BBy SRR PRI E TR ELAY
Ao+ it 2 f g sl g g LI

exchange)* 7 88 % o yt b » B K ixo PFEP >k R/ (Baltic Sea) ™ #& -7 & T oK
LTI oo - BRI EP B 542 R T o e TRk SuihA) S 3 & B
WA ER S KAk R
b. HE - kEF

SFR-1“Th =B 2% H 4§ § Mg B BMAKMA X # 7 kit eng
HoooF o ok BEBFEERA ARG R 2R R R
(scale-dependent) « & ¥ 45 # 48 H-k 451 > 3t H2(40BI3.1-11) % ehpnag v % 217 7 20
i B33 % (straddle-packer tests) -k sk - ¥ P H @ L R 71 22 Bl gk o
£3125 FHMERFERBR L LWERN L% > orZone 3chioRiEE i > 2ok
4ok gEE L 2.9x10% m/s o

#3.1-2 H -k iFM e L4 E & (Holmén and Stigsson, 2001)

Zone Hydraulic conductivity [m/s] Approximate thickness Number of
(geometric mean) of the zone (m)] tests

H2 34-107 6 20

3 29-10° 6 3

6 2.1-107 2 2

8 51-107 9 5

9 9.8 -10* 3 4

BN A E R Y R A RS R TR e 0 R e TR
FHE BB TR SRR DT S S8 ks (drained
tunnel)#= 3 fel 3 ik Sueni ToRE o B PF 0 2G4 ¢ o R 2w (radial flow)
‘“hmﬁi@%«%@ﬁ
C. ¥ -k »%(Groundwater inflow)
SFR-1/a ¥ 3K ¥ %538 & H ehE RI3HF 10 B RI20E B 3 KGR I8~ iRl
| 3L 4eB]3.1-147 7% o 319884 e Tk E [ PERE ~ B L 44m h s 2 1553
% RVEARE 0 3 2006& 94 20 m*fh > B w20 {5 & — o) pE i 20m3 e T ok
%§°5“1ﬁ’éEﬂ%ﬁ&%’@W¢NE$@NWE%§@ﬁ§W?§;%
EK303-k % 19992 2005& §_jozFik § FTEHe e o

3

~

£
£

~-

>

FZF R PR R AR PG RIS TR E NS
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800
700 s Revised monitoring Installation of Replacement New water meter
1 -‘““\ programme water meters of water K303 and
“' K301-K303 meter K303 calibration
_ 6004 —-\._
=
E 5004 |:' J"'Hlvi
® e’ ma -] - .,
S 400¢ [—4—UB " Fa B oamg a ™
x = NDB
% 3001 | —a— Total
200 4
o
100 4 A T L T W PR
0
<o} [=)] (=] - o o« w o ~ [eo] [o2] Q - (o] ™ [Te} © ~ [ee]
§ 5§ § 5 § § § 5 5 5 § 5 5 5 5 5 5 § 5§ § s
Year

B3.1-14 1988 % 2006-# # B » SFR Lae® K *5 2. T -K 2 i Pk 4%
(UB = maintenance building, NDB = lower drainage basin)(Bodén and Lundin, 2007).

3.1.2 %= #FOlkiluoto VLI AR % *F
1) #B 4%

OIKiluoto i3 i B ek A4 2% ch i T7 148(Gulf of Bothnia)2 & + » 4-F)3.1-15 H 4 1
ﬁﬁ%éﬁﬁ’%%iﬁ’ BB ks Wm*%W%%%ﬁkﬂ%i@%E’
v L g 7 fp 4 Olkiluotot: & By & 5% =% o

X X RPp o E3

rTv
Olkiluoto #7 e 1 5‘5' i s % f £ & (crystalline bedrock) - % d Precambrian
Fennoscandian# ‘4 #7ff c» Svecofennianig L4 2 47 » H e @ 7 7 5 fr # (gneisses) & i
o % 7 i # (pegmatitic granites) » 4 = & % ¥ 19303 1800F # & o | 3% % & H¥T Ry %%

& 4= /R > Svecofennianig L@ & o ik A i 5 NE-SWA_w e0T £ %7 & (strike-slip faults) >
B b TR & A G ok 2 B % (hydrogeological zones) £ BRLA A o X AiT
100,000 ¢ » Olkiluoto¥ # § 4Lk R ZE » 2 HERA 728 > & T kehit E e A5
ICHk ARk AT e -

Olkiluotot” T e >+ 1980 % B 438 d > R F £ Mt R A Pl 02 B 5 0 &
t6 ¥ % Olkiluoto VLIaw¥ H iR at 5 M3cst & 3 F i} 3 Olkiluoto VLI k H-iedt
Olkiluoto” & B 7 3| - 22 > B 23308 T 602952 ¢ (R B BARR P 5 d &
ﬁi%lim‘ﬁ ¥ A %o 4rB]3.1-16- Olkiluoto VLI #-3+1986# 4% 122 i$ ¥ 3 ‘S Eurajoki
TS SR e E 2T e F L@’;@ LiEig iﬁ@%; » 3+1988# B 4t (TR 4 0T
¥ 5192 % bz R BBy (TE > Bk 7 F 99,000 > o= o Olkiluoto
V0L Framk3 o R RAFIsHPFPLATEEEF o

[ -~ =

>

FZF R PR R AR PG RIS TR E NS
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fFrcta+ic & | g stliy g nh

Feh U SRR 2 BRI R
o AAFL

e

1

2

= b

1\-

1522000 1524000

1526000

1528000 1530000

6794000

Accommodation - Traffic area

Field

Land fill

Industry ‘vs -.," Bedrock, rock outcrop

18]3.1-15 Olkiluoto*1 &L ¥ 3 = T2 i+~

Control building

Research

tunnel
Low-level
waste

(@)
[%]3.1-16 Olkiluoto VLJ *
v (0) Rk ® i Tﬁ%’xr}"’

Rl K E

SRR BRI
Olkiluoto VLI #-4t p 1980# SiE i3 ~ 1992 & :F 4 (5 » "E &7 4 Llbeng
T BB Fd FRG ME A3 L30T 0 e BE BRI ERERE AR
Bipl% > #(5302004# & K4 P ALK R Z AEE RIE 2 B G o 7 8 o R T RE
PR B 4eicd ¥ 0 020063 2015& FF > B T A B ok 2§ M OE
-4 4 314577 (Anttila et al., 2001) o -4+ F ik #rA| T pltd > R T RIEFRF Z 3
P FET | SEL

Mire

Nature conservation

% (Hjerpe, Ikonen, and Broed, 2010)

Transport
container — —

Medium-level waste silo
Reinforced concrete

G 7
Waste dru;ns ina
concrete box
|
(b)
D(@VLI el Hk F 2 AP B B bUE X R
LY TS YRS L

\.,
]
=

mfﬁt

Bl
3

%=

- 32—
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a B ER
ERAEAENRL R REPERIED S MR S B RFEFTEE R
Bovfok 2 B FINA & JE 8 T k% R (groundwater leakage) 2+ T -k j§ 2 £ (pumped
volume) ~ -k &g £ (hydraulic head)z. p # % ip] ~ *# & (precipitation)£? /% T g % it o
b. FTH LR
BT EIA S F 451 B FAAS - TR F(hall) BuE - Al E (ilo)z e
&% & l(convergence measurement) ~ & Rl ~ B R E- R 52 HRR] S Aok B FINA
v 3B L% R B 1T B (photographing of leakage points) -
c. ARF &3P
GBSk FIA R TORBIER P 2 R T R -k £ (hydraulic head)z 4
1 ERER o

>

B2 R ORIP P R AR P RS T R R G R
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#3.1-3 Olkiluoto VLI Hrhb &2 £ 7 4 B3 B e RIIE P 2§ RHE S

ROCK MECHANICS
GPS-measurements (since 1995)
IMicroseismic measurements (since 2002)

Precise levelling
- Block deformation x x x x x
- Block and site deformation x x

Extensometer measurements*
Convergence measurenents -—
Stress cell measurements™*
Loads in rock bolts
Rock damage

- AE measurements

- Visual mapping

Rock temperature

= Continuous
*Measurements may start earlier = Measuring campaigns
x = represents the amonth of measurements = Single measurement

#3.1-4 Olkiluoto VLI i ¥ Hrht e # 7 4 B8 K2 o Fing P8 p 24
(Hagros et al., 2005)

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Measurement
Extensoneters
@ Loads in rock bolts
E Convergence measurements
:; Fracture zone ) )
= . -
= Hall and construction tunnel ® °
(o] 1 I a1l
S Medium level silo ° °
Hall roof, shotcrete check ° ®
Rock temperature | ——
Groundwater keakage
Pumped volume
z Weirs I 1 I j | | 1 |
& |Hydraulic head
Q
5 Automatic measurements
o)
.§ Manual measurements . : . — T ] T
T |Precipitation
Sea kevel
Photographing of leakage points ) )
Groundwater chemistry analyses | * e * * @ * * @
Humidity S e — " — — = m—
-E |Temperature
= pe
Gases e e & ES e * * o
Legend:

B Continuous/regular measurement (e.g. once per day)
-] Single measurement

# } Optional measurement, if needed

FZF RP MRS R a2 TR ST S
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(B) ¥ FAHA E PR

% Olkiluotod % i& {7 s B %35 £ ip|(Tectonic deformation):* & % 4 5 =& %3, &
#|(Regional deformation)£r % 3% % 2 & i#|(Local deformation) - *+ Olkiluoto VL& 7 = &
BAF T RRERAG F o AR B E Rl 14>t 1990 (Johansson 2000) - £ i~ i 4[]
3L-17#%7m > fh fsraf ARF7EE Y 7 K WSR3 (extensometer) f 14 BL R FLE L B2 b T
BT A ﬁ.%OIkiIuoto VURE Sabm 3 0 oy £ TiFRL0-T0Mengs B § T Rdisf = B
M TR F T E 0 2R L EKI6L ¥R > 3 p 1989 B 4T R K £ o

Pk SR E - AR B EE R 1 A M3 (Jointmeters or crackmeters) & iR

GRDFEHNEREE > 4eF3. 118477 o

Fractured zone ;

RAK® VY BHYKE
rH

Convergence pins A,B,C and D

#3.1-17 Olkiluoto VLI # M 3x i ¥ a4 4 B % chE B0 bide bug 303K £ R gL R
Fuig e ag (7 % (Johansson, 2000)

§13.1-18 OlKiluoto VLI &S H-r2 &) 42t 5 ipl 4% % & 32 chf £ & B & £ (MoDeRn, 2013)

FZF RPN PR 2 R Ui RS TR RN
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Frele i & fg s E 2k #AAF 2

(4) &8 2 jack Bl

V0JEeR %% p 1980F R i) 4 ¥ A 724 BB P ER o T plaiv, @
£ % =4 % Pl(rock displacement monitoring) £ 4z ac & /Bl(convergence measurements) ; i
BEEHEZRIIA 0 FE* TR JTarit(tape convergence measurement) £2 ¥ &3+ > 4o
311997 o WER £ 184 FHRGEIBEA AL 5 MR R TR L s(type
CR10)* p B » a3 £ RN ET #F¥%— = o

Olkiluoto VLJ}%@P_ H-p rﬁb’“r”ﬁ SRS EN AR TR LA
PP RETER AR o TR R R EHIRE S @ F (vibrating wire
transducer) > H i 2L 5 LT T«&wp@ﬁﬂ PR ERIRANBRR TR P g

%

BlK H L oenat BE AT W R 3 ahiE B EF (reading heads of extensometer) 5 F] i % K
(condensed water) #2858 54 iy IR F L 4k 0 T MBLE L F R o

Olkiluoto VLJ)%@_E_ P o m& Bl E B@‘&&‘ R ’E‘_/P'Hé:fifl’ 4r# 3.1-5
AT o

tloviisa VLIl 3 p 1997 % & &4 # 7 4 SARM T P & 7 % S E a1
(65 Bl A TOpIInA o TRERT T H T Joarst o 144 ¥R PR EE B 0 W BT
BB RGN THEERRE NS P F e RS RRIRIE L E R & o

B3.1-20%77 ¥4/l 2 AP BT RS (PRI HPEIE) &g 0 ¥k %
AL o B A T0.4Amm o B L FUE B2 BRI o 000 R A hE R E
fihd M3t L0OKN o T pFsd & W 3k § RIE € i) R R Flo X AW IRBREE A (918
219C)E A F R AEFC)E R L EATg = o

Loviisaze® HchE Pl 54 & 4 (fibre optics cable) @ﬁi% » FALRER KRR 4T >
- X AE R @A A R TR A i Fgé VLI ELE % % e Bl & &
g2 0hberg % 4 (2011)edR 2 ¢ ¥ § it o

#.3.1-5 Olkiluoto VLI P 45 * chg B2 2 &8 & g S

HpF S 5 % Hc e * £ P 5 £ R AR v RA
Fek R E
T et (34 AT R | EEEFF | 01-05mm v
b A
W 5E 2L = aﬁ%eEeJ'@%ﬂt% 0.05 mm %
FHE
AN A [l BT | E2FAK 0.05 mm %
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®13.1-19 Olkiluoto VLI &% #H-ht A Silofi 2k ¥ k2 &z acit 2 £ R =8
(O hberg et al., 2011)

(Fd BN A MRS > R HTHS2 %5 2 Jcact2 BRIE)

0,6
—y el
0,4 T
.-Mﬁ#f
R
sl
[
02 -]
—_ | —
g RSN BANRRERm SN
= 0,0
o ¥
5
S —2m
_8"0’2
Q0 —6m
D -
Excavation
* —14m
-0,4
-0,6
D O~ N S W W~ 00O — NS Wm0~ 0O O
I A I e e B e I = T R = R = R e T e T e T A
— o o — O — OO A
-_——_—— T T T e T T T T, T, T
- - — -— - - -0 O -—-0 O O O O o O
[op I o B o5 [ T o0 T o I s TR o T TN oo Y i T oL Y ' T . N w0 Y T o0 Y
Date

(0 3R HBLE9 =% )
#3.1-20 Olkiluoto VLI $ 19891 2000 104 # ¥ ek % 2 # 7 =48 £ iml % 1
(0 hberg et al., 2011)
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(5) k* 5 FER

Olkiluoto VLI E Hevk = # B if it » b4k 4 B £ (Hydraulic head)#r * & » &
REHH T AT ReENT R T ABREE  HEEY T > Tk 1 31-40F i)
FEER AR OT R T TRIIER 5 & 3B TRk N B ALE Hrah gk R s ARIT H R e
BEOKAGVREE s B R R s 2 ARG ox WI0B T RIBRFHE U HTRIEP CRAE
BB NCO BB A F A RERGTF R 126 R -

¥ T ok~ 7% 2 (groundwater leakage rate)2. & Bl A1 AR B T Rl ki F
A TR S A ET ERl- S0 B - B k- BERB S  ABR
73§ (connection tunnel) £2 i& i 35 (transportation tunnel) & 3% & 5 £ i) +% (measuring
Weirs) « 1395 5 iRl % 0 4eM3.L-2157F 0 3 T ok r 8 % 19924 ch 45 I/mm e iE & SR
220094 7 38 lmin > X 84% s Tk » i kW I 0 B ARk p Mg o
A TR B E R apRR o

kA ORFE R AELE SR - S0 K- B el BEARB DI g S e
kB3 (multilevel piezometer)ie {7 i & 5 )5 o b 0 Al Hrab gt = B TORE R
kS R L g L R -

60

lmin

20 T T T T T r r r r r r r r
1992 1993 1994 1995 1996 1997 1998 1999 20002001 2002 2003 2004 2005 2006 2007 2008 2009

®)3.1-21 Olkiluoto VLI & ® 31+ >+1989 1 2009# - & ¥ 2_ 3 T -K;% B % ip)
(O hberg et al., 2011)
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313 EFWLOVIISAVLIkLE &%
1 F#R4%

Loviisa VL ¥ 3% *5 812351993 % » 1301997 & B 4o M3 bt 1 B ) 7 B 17 ¥ o
Loviisa VLI 3 T A Ak 36 AT 8 TR 0 B2 % A Z FFE o % — FF£(1993-1997)
FHE M E 1100 m By R 1 42~ - € # (vertical shaft) 2 Al ¥ ¥
(disposal caverns) » » & 357 & i i B 3 4 Hug (tunnels for maintenance waste) 2 i< 3 &
M F i B3 47 (solidified waste) e 37 o M St B B B A B g 32011 4 iE 8
» 13020103 2011 & AF 3 (7 % = i3 R R 4 Pup R 2 1 AR 2 BB 0 (T Ao
3.1-224%5%

LIFT- AND STAIRCASE SHAFT

+10.00
TRANSPORT TUNNEL
/[EXHAUST AIR SHAFT
- T 4380 - L/'.a
o .
T
110.00
CONNECTION TUNNEL - - //[*
SN
CONWCL WD SERVICE

41200 o
- MAINTENANCE WASTE

DRAINAGE PIT —

SOLICIFIED WASTE 7
CONSTRUCTED IN 2010 - 2011

$13.1-22 LOVIISA VLI A&k #-+h7% B e % (0 hberg et al., 2011)

(2) # Frigi

Loviisa VLIALE 34k #7 iesHastholmen § 2 2 7 #4585 & F 0 i 4L 38 Gk 4o
(sloping lenses) £ & o (layers) » 2 & 5 & B 7k = b £ (pyterlite) &2 B £ Fhsa 7= b 2
(wiborgite) » H-xt = ¥ e FiE i* L 8 #sg(crystalline) & R Ak B R TR it i #
(Precambrian rapakivi granite) » %3 FHE 84 5 = B & A G FTAAD - HIFRE
B EATO0R270mMo Al EWER A B AR %‘%ﬁ:'}l‘% Fenz FFEE > ¥ 45— BiFK
% (stagnant brackish groundwater regime) ; 3453 FEZ B 4 > N E P& T e i

NW-SE #ENE-WSW » ¢ & i7" €3 » T3qB a5 06 pes/m; ot » 5= 3

FZF R PR R AR PG RIS TR E NS

—39—


http://terms.naer.edu.tw/detail/1607999/?index=1
http://terms.naer.edu.tw/detail/1607999/?index=1
http://terms.naer.edu.tw/detail/1607999/?index=1
http://terms.naer.edu.tw/detail/640668/?index=1
http://terms.naer.edu.tw/detail/1057924/?index=1
http://terms.naer.edu.tw/detail/1057924/?index=1
http://terms.naer.edu.tw/detail/1020337/?index=1
http://terms.naer.edu.tw/detail/1020337/?index=1

BBy SRR PRI E TR ELAY
Ao+ it 2 f g sl g g LI

PHHBEREEREFOR TAAF LRI AF TEhA MR A S S 1.3 pes/m o M3 H
RN R Rl ;
(3) Zplt3

Loviisa VLI ¥ 3#at & Bl 4 404 3.1-6%77F > 3 M Pug f‘#f#?f-% T2 LRI R AR
i W BRI A R EF CERER O RERESI T ARG & TR
BERAAIEPR (- ELI120) B > B g p2011E G Hp & B WSk
(extensometer) ~ j= £ 3+ (load gauge)£: Jx ac # 47 (convergence bolt) » = & 37 & #p & jp[t
Foeoded 2P B RO L e ATIFE P 2007 £ (T o

#3.1-6 Loviisa VLIA&LE #1 % B2+ % (O hbergetal., 2011)

£ pIE B BRI 5
g | ® R g
g jEE @2 R
o AN A @R
x |ER i8R
i Yo ac® Rl =GR
S T
b TORGE R AR S
= |- E R = 1 g
S [#2r k.
§ k4 B A i8R
g BT koK g &0
kil - REE & %5
%% ]
ATy I ]
RS TP = &5
a
2
S
e
@)

(4) #74EEn

4r ke Olkiluoto VLA % % %5 2. & jp] 72 » Loviisa VLJ)%@E Brpt iR T AR A EER
Péhn BEER FREDLD LU STER D B FTRP L e 450 14H 0 R
(extensometer) ~ 7% j= & #.(load gauge) ~ 9B £ & R RE T (thermal gauge) ~ % 1B 4 & =4

PR RPN PR Rk P RIS E R R AR
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BBy SRR PRI E TR ELAY
Ao+ it 2 f g sl g g LI

3+ (fissurometer) o #p B 5 B| 1 1¥301006 & ALl HraE d B EETRE - £ FTHH
BREAE PR T E A RS TR E K AR P ruE mwﬁr”]r“%e#/%@eim@m
2R G o HELAE 4 4o 13,1234 7 o puif AR - doTEH 2 H @2 g ) (K 0.1
mm) > BEor 5 Aok BuiE AR R o 0 Bt AT RIAE B THE TG OB T
Al 225 ABREc £ 0.15mm -

EXTENSOMETERLES
Solidified Waste Cavern
0,10
W = — e

bl ¥ i B = "'MT = L i - —  LESM.1.75m

0,10
E
E ) 0
= F — o, ces
s My — L& m
E 01 TR T T T T Ay e T A
&
= .
w Q10
a

0,00} —=bb e I

-
“\ . ‘
0,10 M— e
1.1.2000 31.12.2001 31.12.2003 30.12.2008 30.12.2007 29.12.2009
Date

F13.1-23 LOVISA VLI € s B it e 9 % Ak Fuif enE pl i & (1 525 %3 LES &
20053 2006 FF » Bl ¥ A 7r chi- 45 B %1 5 Fla2ia @ R £ #r 3 ) (O hberg et al., 2011)

(B) k= FER

Loviisa VLI ¥ Sk TR ERIe kSl 2170 AZE10E » TRl 1F @ JEgeat
g T ok ok #g € B (groundwater head measurements) bR N ok R (multllevel
piezometer) 2 7@ /F -k TR A o (mterface of the fresh/brackish groundwater) - # re¥ %
i PR R FIE TR O B RrUE o BRETORRG TR KSR Fﬁﬂ%ﬁvkkai
BT o ol Tk B ET R S AR R T ke e TR

R 2P 5L B TR N F PR AR C AR T oIS L2407 0 BN R
1996 = 300 I/min*% = 2009+ 7 65 I/mm o F&ip] } i3 T KB ARE O R F] > F o 2

SR TR A S TR AT Y REE R AEERARR P S
BPTORBGARE R G TRBP O T RS F TR 2 ATE/BRE TR G0
R ARE T Rk e B R b TR e

>
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Aok puf SHE RGN 2 TR 22

AR+ v | g s g s R 4F2
300
260
220
E —+—Resenoirs
= 180 Modata s —B—Pumps
or calibration
20.8.08-24.1.2008 —#&— Construction period
/ + Calibration of pumps
140 /
100 ; #
-
L e e TN o S
60 : o

1.1.1886 1.1.2000 1.1.2005 1.1.2010

Date

$13.1-24 5 1996 % 2009+# F¥ Loviisa VLI&L% -4k 2 ¥ T -k % i % i8] (0 hberg et al., 2011)

3.14 &
iR o SFR-1~ % F Olkiluoto VLI Loviisa VLI= B ¢ ~ M3x il K %6 2. & P38
BPSZRIPE ~FPRRBEEY » 0k 31-797 > ;@mﬁ@g b 2o Vb g i 7] B TE e

Lo

(1) = B R EE R FHE PR Al 0 H ¢ s SFR-UE S HLAls G T 2 84 puf Al
» % fFOlkiluoto V)¢ Loviisa VLI e 1T ALre b ™ 2. 45 Ul Bk o
(2) Z Rk S B ERTE2Z TR B & Al Ui & R P T TR
R /gﬂ_,g«ﬁm # 3. (4cOlkiluoto VLI $t ¥ 12 B 381 ¥4 | & > @ 4
Mg pERIERREL R T kp e FRAY (fracture zone) ~ E R 4 ®
(overstressed zone) ~ % # KU (Creep) £ (m LMERHA, S § kP 5 g 2 BH
75 )R 5 o
(B) 4 k2B FehTRIAEP AR F BT RrBRER KFEF L P AT LY
AR ITED e g7 HE T P i7(Olkiluoto VLIS &) 5 ¥ ¢b 5 L EIER T
RFEI KRB AR 3T g 2R R HRXNTRIAEP o
(4) AEFPRIED FHEATE RIS > B EERIEED IR B ER(F R
gam:— ) P ETR T At BRI S R E R - X o ok TP A 0 TR
DRAF kA BAL R E BTG ) %@.&ig B TRERT R BT ROR G o
AT KA G0 PIERE D R A R F -

K

>
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-5 ﬁ-‘fﬂ‘ féf#{ Hp 7f§ AR S AP = ?{
Aot it & | g sttt g2 h o R4RL

2317 W AR TRE D - REL R R

Rk 350 TRE P &P en TPk Bk

e SFR-1 | 3A s R Ukl |1 274 8
BRI R R R U oh | @ WRPHH T A AR o NER ATRHRELE RIEL IR

2331983 |  peemmmmen HER T B iRl H R ek pE )
i #1988 B (2 ks
(1) £ 83K ®  EF4ti % (straddle-packer tests) -k 3RSk /AR 1T 3 FRL A F 2 daf
Stk Q)% T ok %
Olkiluoto FAMER 2 PUF R |1 #2E4E
VLJ (D2 HEgeds (@ Wk Fe /mﬁ % ipmEs
e %‘{{";‘j’m,}n,j, (2)H - Btif b o O W EERR e S R
331988 *ﬁf’f’fj“ (3)if ¥ 5 fc e ® R < frant/* R(hal)® Al %
#1992 _— e ® FR
Fovs Ko
(1) Tk r % ® ok EE L T o
(2)k+ 3 £ ® gEit i gk iU RR - (multilevel piezometer)/ gk £ iRl

Loviisa VL | iTABE¥ 2 puf Al |1 H 74 8
T BEPUE R DECE O WP LR AR BRSNS R AR P g
#3$:1993 = ﬁfiiiﬁf'rirﬂf“%# i Fel U % G

& #1997 2. kB E
- BT ko~ /7'2\. () b T "k J\\:Fl /?'J N prcantud \’J\}i; N TTKT,gﬁ:/ﬁ }\f"'r }\/T 12
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23.2-1 & g B TR A (220 5 AR T2 A > 2008)

o _ SHIR| B RE :

i | T EA R - e B T K A5
i | LB # 1 Bt Coe | Rl eFA | BIRURX
32k+167~ _ B 47 - B B

32k+262
- ~ |FEREAE b )
e ﬂf‘ dpa | ERF [ MV | 2040 | Ak -
) . o 5 %
e AE 4 ~ | v-v | 20-50 1P‘*};ﬁf; o | B
- W soR
Wy | 33k+846~ _— B N . Y oy
.:_'Eu:{‘ 34k+033 'Gi ;]\ el N V 25 40 ,ﬁ]}LL /}\ Ha }ﬁ,_é_\ rﬁ'
HA SRR & .
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36k+419 jfij ;"" TE| REF | NIV 20040 ek gk | phe e
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FHAR D ThHEMBT TR (HRMBT R 0 RE 8L F)

(@) (b)
%ﬂ24iﬁ%ﬁi%l%%ﬁ@1@%@%%%@%1%1%%&%&@;m)%
HRIE ATR 2 2 RS B(R NS SR » 2008)
(3) Hugzkna
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KRB RIEEEFER B REE SRR 2B LTS SREFGFRED
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HAR IR k4 # S |
A Hepgr A 4 FAR
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—@— measured profile (2009.07)
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i i |m—constructed profile
| i
8§ —---—--——t— = translational vector

—@— measured profile (2009.03)

Y (m)
Y (m)
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10 . - 10 : -
: | == constructed profile : | = constructed profile
1 i =@~ measured profile(2009.03) 1 i =@ measured profile(2009.03)
8- IL _________ L ________ —> displacemental vector g - IL _________ L _______ —> deformational vector
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Switch
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Measuring System, TCMS) Hed o merd e

PE R E 0 ¢ 3R FU - METe T

RE

R N s Ll
% %(Two Dimensional Tunnel Convergence
& 8] % (linear position sensor) ~ 8 & g

~ PEALR R B (tilt sensor) 2 4] 4 & Jp|(crack and joint meter) 5 ¥ ¢b o A B~ VR PR
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£53-3 F R Y ERFRTER SERIKER 7 (Chung et al., 2006)

Attached sensors for 2D-TCMS

Embedded sensors

Sensor types  Linear position sensors /
Temperature sensors / Tilt sensors /

Crack and joint meters

Pneumatic piezometer / Total pressure cells /
Concrete, Rebar and Shotcrete strain gauges / Rod
type multi point borehole extensometers (MPBX)

Applications  Monitoring movement on tunnel
lining and the behaviour of
structures under load / Measuring

settlement of crown

Measuring pore water pressure in saturated soil,
effective stress in soils and Strain in reinforced
concrete linings / Determine stability and movement
behaviour of soil & rock mass.

s =1 20
Crown
e P, W
.
238 e
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3 i —l'
e /
all
e

ROCe BOLT D38
crL X
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ZD TCMS
,-f \\ =
£ 7
Rock Bolt - 7
Anchors !" A
—— 7 Z
Spring T
Line 5{ ZZ
& ‘ %
AN - ]
P
E Pneumatic Piezometers
& Total Pressure Cells
11 Embedment Strain Gauges
= Sholcrete Strain Gauges

—O—2D-TCMS (Convergence meter)
— MPBX (Measuring R/B Anchors)

B5.3-12 i FF

WAk B ruE R 2 0E Y RE RIR

| EYAE 200MJE po,

# (Chung et al., 2006)
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Objective

Description

1. Confirming safety performance and
the adequacy of the repository's
engineered measures

Confirming whether or not disposal system
components function as planned

Confirming design/construction assumptions
Verifying safety assessment models

Judging the need for facility improvements or
repairs related to repository operation /
construction

2. Confirming compliance with
statutory requirements

Confirming compliance with regulations after a
closure of repository

Confirming compliance with safety regulations for
workers and local residents during construction
and operation

Confirming compliance with environmental impact
assessment regulations

3. Providing information for making
decisions on policy and operations

Providing information for decision-making
Dealing with the retrievability of emplaced waste

4. Understanding the baseline
characteristics of the geological
environment at Preliminary
Investigation Areas, etc.

Clarifying the baseline characteristics of the
geological environment

3. Providing information for public
decision-making

Enhancing the confidence that the public
(particularly local residents) have in geological
disposal

Compiling databases for future generations
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Category/purpose of
monitoring

Typical parameters

Access method

Typical measurement
methods

DEGRADATION OF
REPOSITORY
STRUCTURES

Monitoring of
repository
structures/structural
stability of openings

Rock temperatures
Deformation of openings
(orientations and
apertures, propagation
rates)

Rock stress changes close
to repository

Water infiltration rate
Condition of rock supports
Repository temperatures,
humidity

Resaturation of backfill
and seal materials

Within repository
monitoring including
access from boreholes

drilled from the repository.

Could include the use of
devices that are installed
in situ but with radio
signals or earth currents
for transmission of data.

In situ/remote monitoring
of backfilled openings

Thermocouples etc.

Displacement detectors

Strain/load sensors

Volume measurements
Strain/load measurements
Various techniques
Pressure sensors, moisture
detectors, geophysical

techniques (seismic wave
transmission)

BEHAVIOUR OF
WASTE PACKAGES
AND BUFFER
MATERIALS

Monitoring the
condition of emplaced
waste
packages/condition of
buffer

Strain, corrosion current
Package temperature,
humidity close to packages
Radioactivity in drainage

water

Waste-derived gases in
repository air

Resaturation/swelling
pressure in buffer

In situ /remote monitoring
of waste packages

In situ /remote monitoring
of environment close to
the package

Radioactivity monitoring
of repository effluent
water

Monitoring of radioactive
and other gases in
repository air

In situ/remote monitoring
of environment close to
the package

Strain gauge, current meter

Many techniques available

Various e.g. gamma
detection

Gas analyser

Pressure sensors, moisture
detectors
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Process Process Site Perform | Discipline | Why out
number name
Physical processes:
1 Development of an excavation damaged zone (EDZ) unfeas.
P2.1 Evolution of the fracture network: Reactivation of existing frac- RM

tures
P2.2 Evolution of the fracture network: Generation of new fractures RM
P3 Aeration of the rock mass M unfeas.
P4 FPlanned intfroduction of foreign fluids L FM
P& Flannad introduction of foreign solid materials FM
F6 Microseismicity L RM
P7 3inking of satellite horeholes M human
F8.1 Temperature changes: in the rock mass L L RM
P8.2 Temperature changes: in the groundwater M L Hy
P8.3 Temperature changes: in the air M L caming
Pa Degassing of groundwater M M Ch caming
P10 Ground subsidence L L low sig.
P11 Isostatic uplift M - RM
P12 Inadvertent introduction of foreign substances M L Fi
P13 Degassing of rock mass L L low sig.
Hydrogeological processes:
H1 Evolution of hydraulic network Hy
H2 Evolution of hydraulic heads Hy
H3 Evolution of fracture properties Hy
H4 Ingression of water M L Hy
H5 Egression of water M L Hy
HE Density-driven flow _
HY Release of rock matrix brines M L Ch
Ha Seismic pumping M L Hy
Ho Ferturbation of the hydrology M L Hy
H10 Evolution of the saline water interiace _ Hy+Ch
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Process Process Site Perform | Discipline | Why out
number name
Geochemical processes:
Solids:
=51 Fedistribution of rock mass ih L oW sig.
G52 Evolution of fracture-coating matenals unfeas.
G53 Evolution of rock matrix unfzas.
=54 Maturation of cement L L oW sig.
G55 Degradation of cement ih i ndirect
G56 Cement-rock interaction [T L ndirect
G557 Ageing of minerals and mineraloids I I unfeas.
G55 Degradation of metallic components L L oW sig.
G55 Degradation of resing and plastics L L oW sig.
=510 Leaching of rock spoil L SE
G511 Degradation of inadvertently introduced foreign solids H L oW sig.
Liquids:
GL1 Influences of groundwater mixing [ Ch
GL2 Influences of water-rock interactions (] Ch
GL3A Influences of introduced air: Oxidation of groundwater i Ch
GL32 Influences of introduced air: Carbonation of groundwater i Ch
GLe Influences of degrading cement [ Ch
GLS Influences of microbial activity i Ch
GLE The influences of temperature changes L Ch
GLY Influences of planned introduced fluids L Ch
GLE Influences of degrading metallic components L L Ch
GLS Influences of degrading resins and plastic componsnts ] L Ch
GL10 Influences of inadvertently introduced foreign materials L L Ch
Gases
[eTeh] Exscluticn of gazss [ [ Ch coming
G2 Introduction of gases from machinery L L oW sig.
Biological processes:
B1 Perturbation of microbiclogical populations i Ch
B2 Perturbation of microbiclogical activities i Ch
B3 Biodegradation [ Ch
B4 Biocatalysis ih L Ch
BS Biofilm growth ih] L Ch
BE Biocolloid formation I L Ch
B7.1 Floral colonization of the tunne L L oW sig.
B72 Faunal colonization of the tunne L L oW sig.
BE Modification of the surface ecosyatem L L SE
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