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Abstract

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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it 2 &8 % (ISO- contalners)ﬁ: % < 56.1x2.5x1.3 m (20-foot half-height) =
6.1x2.5x2.6 m (20-foot full-height) » H &= ¥ @& * 12 < 4o @ 3.0x2.4x2.6 m (10-foot
full-height) £ 3.0x2.4x1.3 m (10-foot haIf-height) o I LR T L F e HP ik g4 &
REFHR 0 NV OE A AT B & S (Scrap Metal) o

TP W B Y SSFR-LE R # Ll B0t 0 L SKB A 7B AR F L b -

AR A SFR-3¢h? ~ St B R 4 il B o R A @ B B B Forsmark @ T
*‘p"}% P g 0 ¢ 71 AR RE EE - FR L IEF BREY 2 el
(BRT) » 3g 3+ 7 % 3108,000 m* A A ++ » H-Fe e B 2LAZEM2.1-20 6 ¢ T s 5 TG 2 ik
H(SFR-1) » ¥¢ %3 52 W3- F 2 ¥ H(SFR-3) » HE & = Frf < 4 ~ B
w3k A w4 (SKB, 2014)

B - EBMAZ : =4 & 275m> % 204m> § 164 m> g SRR é;—’f#_]‘&r_q\'llll@;
T

| |

e ﬂkﬂ-

)

ok 20 TR RELE R Y B AA S  4oB2.1-9 .
Mz EBLAZ : = £ 160m- % 147 m B 127 m o Ak B8 R hin

\

R eBl2.1-10 -
M - #BRTZ:e<& 240m>% 15m> & 13m> Ak O F /R 4 4 > 4o@2.1-11

+

s&r
I
s
H
&

B g 2 @R TR



Pk PG B EDREF RE TR LAY
FrckaR S it d R § st g A AR dp 2

F12.1-2 SFRILF Ak #3 45:2 3 4 e B H1(SKB, 2014)

Amount of activity

Concrete structures

Geosphere Shoreline

Amount of activity

Concrete

Amount
of activity

Silo wall Concrete tanks

Bentonite

$oF R AR Ul 2 BERLE T RIE%
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L =
W=
H =

Vto(
v,

TN
w AN
[}
@
=)
3
%

storage

Capacity =7,500 Concrete- or steel moulds

(@) (b)
F12.1-4 BMA® it e ) 4+ 5B % %40 34 2 21 (SKB, 2014)

y =

ﬁl_'—“ﬁw
.\Y
2\

L =160m

W= 15m
H=125m

Vo = 27,600 m?
= 14,280 me

storage

Capacity = 350 ISO containers 20°

(@) (b)
F12.1-5 BLAM o4 A 3 Lk & 75307 5 2 32 41(SKB, 2014)

Vie  =19,700 m?
\Y =15310 m?

storage

Capacity = 1,500 concrete tanks

(a) (b)
F12.1-6 BTFAE % %%~ 5% 2 %4 (SKB, 2014)

—-10 -
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FrckaR S it d R § st g A AR dp 2

Concrete tank
Steel tank

ISO container
full height

ISO container
half height

Steel drum

B12.1-7 SFRALE H-45 * chpoll & 2+ 4 (SKB, 2014)

712.1-8 SFR-1/c® #BLALE % 3 ¥ /7 (SKB, 2006)

—-11 -
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fFrcthF it £ | g st g mpn & R 4F 2

#2.1-9 SFR-3/e ¥ #2BAM i ¥ % 4] B(SKB, 2014)

12—
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AR+ v | g s g s SN

#2.1-11 SFR-3r ¥ #BRT i ¥ % 43| B (SKB, 2014)

212 ¥ G AR BB B

SFRen#* 5 7457 = #7 b eh# % f4f (Bodén and Lundin, 2007 ; SKB, 2006) »
L2112 o A u
(1) £E#F* BSF VL HSvecofenniand & & & 2 3575 i £ 47 w‘iﬁ’%’r“ B %

B U i 4595 4 v Svecofennianit L iE s 0 L3 H Rbow X K o0 ¥ 2 4407 SFR
S TR PUE SR B ch AR
(2) 1’?1»]?{;”%4& i,f’-ﬁifIEl_/}‘#FZ— » H o3 ;E'; f‘: }g_,}b;{;‘? B ERIT A B 2 B ?1.;}_3_r+°

B) detph k2 FHELH 1P AARLA I ER2ZENHE A2 E '*ﬁ’*“"z"ﬁ =N
PO R PGE 3k e B R B e 5;‘*%'[4 o i B A (Fracture zones)?w
s o Forsmark ¥ & e £ 2 5 % gLk A5 i (block-like pattern) ek B o %254 14
PR 5 0 HRLH Y - RRES )R ;:’E%&#Ek@ngﬁ%ﬁz
12 % (regional zones) - # F*+102 2 Aﬁ" J & 388 % (local zones)(Andersson,
2003) o SFRALE #+ TR H 2 B A F BlecF2.1-13407 o ¥ ¢ o 9453 FHHE 7
AT o RS < 5 &g f2 7 (calcite) ~ %k % (chlorite)£ 7§ * 7 (laumontite)
FH LGRS
FBRERRNZ - THRFERE B4 LRIES 2 ﬁﬁ_SFR*“ L AL
OB P AT E R 4 B 4 (Stille et al., 1985) 0 H 2 % hr£2.1-1 0 Br k< 210
ifsd E(> w)A s s 10 MPa (NW/SE)22 5 MPa (NE/SW) L%+ 3MPas | i
Mo+ o EHES AL 10MPa- %74 # s 20GPa - B Hrht “ric 4 BB
2 4% (good quality) » R % imlﬁ 2B & Pusg 4 # e (rock bolts) £ 4 &% g st 2
(fiber-reinforced shotcrete) & # %ra £ 43 ;¢ o

— 13—



Pk PUE SHEDERG RA TR E2E]
AR+ v | g s g s AR dp 2

£2.1-1 SFR-1/E% -2 48 4 & 45122 & (Stille et al., 1985)

GaCE = 715 i (MPa)
Bk kTR 4 10
Bk 5
HRHSE 4 SR 10

F Rk 20,000

2.1.3 1 ¥y nB G

Aokl FRERUMOTE > R $0DRT T 50,000 me b JIRH T S
BTt g 252428 25 1 30ms B> B ZF 8% S0m> &is
FRehpuE PS5 29 me FATRIEOB SRS 50m. TTEA L 65 M ERER
LIS A S

TR L - ALK o PR QAR 0 N AR e e b
BEEF o

¥R R AR vl 2 BE AL TR

—14—



FRBRRS A AR g sl R g

Rl i SRR B ERE RE TRk
SR

B

1

1633500

1634000

1634500

6701000 6701500 6702000 6702500

6700500

L
Oregrundsgrepen

6701000 6701500 6702000 6702500

6700500

Model area

l:l Local
|:| Regional
Brittle and low-temperature ductile deformation

Regional deformation zone
(>3 km in trace length at ground surface)

High-temperature ductile deformation

--.-.... Banded and/or strongly foliated bedrock
o (strong ductile deformation)

T
1633000

T T T
1633500 1634000 1634500

o] 200 400 800 meter

="

Bakgrundskartor © LantmStarist
SKBfwecoub 2011-01-31 13:15

-

Dominant rock type
- Granite, fine- to medium-grained
|:| Pegmatite, pegmatitic granite

Granite, granodiorite and tonalite,
l:l metamorphic, fine- to medium-grained

|:| Granite, metamorphic, aplitic

Granite to granodiorite, metamorphic,
l:l medium-grained

- Tonalite to granodiorite, metamorphic
- Diorite, quartz diorite and gabbro,

metamorphic

Felsic to intermediate volcanic rock,
metamorphic

F12.1-12 SFRAE %+ 7 Bl(SKB, 2011a)

R

.3

el

—15-—



Feh PUE BRI REF R ERIC LAY
AR i B g st ms AR dp 2

Zone 8
(ZFMNWO0805)

Zone 6
(ZFMNNW1209)

Zone 3
(ZFMNEO0869)

Zone 9
(ZFMNEO0870)

B12.1-13 SFRALE 33 T RLE ¥ 2 5 ¥ A + §I(SKB, 2011b)
%A h H2 % (% 4 )~ Zone3(GFE ) ~ Zone 6(;F = F )~ Zone 8 (& ¢ ) ~ Zone 9( & 4 )
Singd Zone(¥ & & )o yruap WA T BREUE (A F )l (29 )V IBTRFGRE ¢ )~ 2BTF(R
Ed)BLA(% ¢ ) BMA(kz 4 ) -

— 16—



Feh PUE SR REF K2 BRI R LAY
Ao+ it 2 f g sl g g VRN

22 BEE/AY AL ERMZ1IRE
2.2.1 SFRELE 812 05k

§ - PFESFRE W £ JL B TE ALK 2 B2 1988 B E BT o H @ik 4 4
B 750 2t k1 AR(E B E24% BB 3 A1 4226% K K $29% FE E R

21%) o SFR*7 iTiF 42 ¥ “r3p % (K B E 40k 2.2-1 -

SFR& 2§42 7 * ch 7 L 3 ik paForsmark g 32 45 7% B eh L 35 k3L > 4 &
RS B JJ%E' % (Grouted dowels) sngg fie 35 iF » 3 334800 5% + Bip kot )
Nk E £nF od A 4 i F o 4945SKB R-07-104 iFdF 2 (SKB, 2007) » SFR & 7 &
PR g P oA T g SRR K ke > Y " & H4F # £ (good rock) -
% B e 7 (high fracture frequency) s« " 5.7 £ 48 | (blocky rock mass) % i& (7 & 7 &
Boom A EEY - ME R AR Y Q2 ARMRE F A %2 o SFRER Y 2 & iR
g1 s (T4 i do 2 2.2-287 £ 2.2-3%5 7 o

l

£2.2-1 SFRi# # ch@ s 4% 2 (SKB, 2007)

Construction activity Type of construction equipment

Drilling Three Atlas Copco THS31 equipped with 4 BUT35 booms fitted with 18-t feed
and fitted with a charging cradle on a hydraulic boom for 5 m advance.

Mucking Out Two electrical powered Broyt X4 excavators with 2.0-2.5 m? bucket capacity.
One Cat 988 A wheel-mounted loader with 4.5 m? bucket capacity.
One Cat 966 C wheel-mounted loader with 2.3 m* bucket capacity.

Scaling One Liebherr 941 A hydraulic excavator and one Akerman H12 diesel hydraulic
excavator both equipped with Montabert BRH125 hydraulic scaling rod.

Rock Haulage Two Kiruna trucks, 35 tons.
One Kiruna truck, 50 tons
Four to seven Engsson G66B.
A number of Cat trucks on stand-by.
Rock Support One Atlas Copco Boltec 540/22 mechanized rock bolting equipment.
One “Furuholmen — Forsmark” remote-controlled shotcreting system.

One mobile unit fitted with a working platform and equipment for simultaneous
borehole grouting (the unit was developed on site).

Grout holes and drilling of holes for the Atlas Copco drilling rigs drilled expander
bolts.

The shotcrete was mixed at the concrete plant, originally erected for the
concrete works for Forsmark 1.

Ventilation Twao 1.6 m diameter coated fabric tubes.

Two 75 kW axial fans AMF 1,520 at the collaring, and two fans at a distance of
450 m from the collaring.

I
el

Bk P 2 W LAl T R

- 17 —



F PR SR RTF K2 ERG 22
AR+ v | g s g s AR dp 2

£2.2-2 SFRi * e s 2 4 #55¢ (SKB, 2007)
FE LTS

RS AR 9L
S1 4 SrE st o BR C30mm (E &)
S2 &S5 st 0 BR C50mm (B R)
S3 Gk 2 B R 50 mm-type EE 18 mm - 444 7 £ 75 kg/m®
S4 G 20 B & 180 mm-type EE 18 mm- 4t 4% 7 £ 75 kg/m®
S5 Bt o ER 100mm-# ¢ 65¢150

2 Bars#KS40S ¢ 8¢ 200
S6 " 2 4 (shotcrete arch) » & & :200mm > ¢ 7 ##
S7 "Bt 2 $(shotcrete arch) > & & :300mm > & 7 #4
#2.2-3SFR ¢ * g £ 3§25 (SKB, 2007)
# )5 fo it

Bx Spot bolting; grouted deformed bars, ¢ 25, L: 3.8
Bl Pattern bolting; 1 bolt/4 m?, grouted deformed bars, ¢ 25, L: 3.8
B2 Pattern bolting; 1 bolt/2 m?, grouted deformed bars, ¢ 25, L: 3.8
B3 Pre-bolting; c/c 1 m

2.2.2 ForsmarkF s B4 Fr-R aaigsp 8 N5

Forsmark 155 ~ 2555 fis B crd frok i rgif L 2,300 m > %6 £ % 80 m” > i
ek FER AT e T3 75mo pl974# 2 > 1976% = 1 - Forsmark 355 i B 4
Frokptazd ok 3,000m: #Fd A K 55m?r sk ek < JFR A T T 70m- A 1980
#@iE5 1082# 21 o Wit A B EOKRE chEEEE X 400-700m o

stForsmark 150 ~ 255 e B4 Ar R g B DT > Bishs T2 ® A 5
A~K 10 BEFE %> 40224 R v i & ¢34 aB-C e B
WAL 2 BT R G A enEaE 1 AR FHRTOIR 0 Gldo g BB AR S S vF RS B
fe & i 0 Akt EECE Y h3 k0 B A A 80 - 200 mm o Bt BE AR S e
BIE B G2 8 # 7 ¥ 3D AP b
B ClassB: kT gimad 2 2 TR x 7% ?%gd HAx S A SSRGS TR AR .
B ClassG: 27 E2 0 Tk 2% 2 5P 507 ARLE &2 Aa bt Br i

B %) 500 mm (4e§]2.2-1) > H AL S 5 AR AR R S RS o B RS BEE

o &

¥R R AR vl 2 BE AL TR

—-18 —



Rl puE SHEPRLF K2 LR LY

AR+ v | g s g s SN

u "F‘r'ﬁc‘ p%f/;’ii X "(%,%l}'] °
u Classlti&ﬁiéus;%,d»‘is’ziﬂ?gifm%’ﬁ EACTRAC IR % 0 T IR BEE 4 Sh e iR £

=
BEEMEH 2 k2 52T o Forsmark 155 ~ 280 F 5 B a4 froR g g 4
m»> RF* L3 ATl GIE65% » 3 * 2 3k St Gldr £ 2.2-50 AR A
s %‘F’k%{ﬁ WE R eh 130 fhixdty R TaE 1 2R g R R g T ok A
BEHE 0.031s: 1P 60% thr BBk p TR RHRE G ERE 1]

k4 E e £ 2.2-6%7 o

-

¥ tmen

#2.2-4 4 FroREATRE ATl b BT IE 8 4 F % 5 (SKB, 2007)

Class Main rock type Joint sets Estimated Max compressive Leak intensity
— structure of the RQD stresses in the L/min m
rock mass horizontal plane.

Magnitude and direction

A Metagranite N80°W; 80°S 75 0.5
- Massive Horizontal

B Metagranite E-W; 300 S 45 3.2
— Slaty Horizontal

C Metagranite N80°W; 80°S 100 15 MPa; N24°W 1.9
— Massive E-W: 10°S

D Metagranite N80°W; 70°S 25 8.3
— Blocky N8O°E; 50°W

Horizontal

E Metagranite N80°W; 70°S 80 13 MPa; N60°W 0.4
—Massive Horizontal

F Metagranite N70°W; 80°S 80 14 MPa; N45°W 0.5
— Massive N80°W: 40°S

G Brecciated Brecciated 30 3.9
metagranite

H Paragneiss E-W; 70°S 95 9 Mpa; N24°W 1.0
— Slaty

| Paragneiss E-W; 60°S 30 35
— Blocky N20°E; 80°N

K Paragneiss N45°W; 70°S 100 04
— Slaty

$ 2% W AE S 2 B H T RS %
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B12.2-1 **Forsmark 155 ~ 2504 Fr R cgsf B i3 42882 7 2 L8 32
(SKB, 2007)

.2.2-5 Forsmark 155 ~ 2854 frok i acsgiy 2 2 45 % 460 b 43+ (SKB, 2007)

TN R E & (mm) & 55 A A (%)
A 5ol R 50 — 60 1
7 4 v sl 80 — 90 #96c150 23
7 am s ep e d 150 #¢ 6 ¢ 150 8
#p 6150
7 4 g R d 200 — 300 # ¢ 8 ¢ 200 3
#¢ 12 ¢ 150
BAEE A 35

FLOATER LS A A R AR R g~ Bt e AT B R 2 4 55 31 5¢ 18 St 2 (grouted dowels) @ 25 KS408,
L:4-4.48me# % 1bolt/5m* —1bolt/3m” £ 4 16,000 i< 4 1+ x7 12,00 B HpE i £ o

—20—



Fek U SR RLFRE TR 2277
AR+ v | g s g s SN

# 2.2-6 Forsmark 155 ~ 2504 fr-R g i o1 s B 20 -k (2 8% % 2 (SKB, 2007)

Borehole No. Mean values, whole borehole Mean values, excl. surface rock
Hydraulic Calculated leak  Hydraulic Calculated leak  Rock excavation
conductivity intensity, conductivity intensity, classes penetrated
m/s I/min m m/s I/min m by the borings

D61 1.36x10% 2.53 6.1x10~7 1.13 D-E

D62 A 2.13x10°7 0.40 2.28x1077 0.42 K

D63 5.02x107 0.93 5.11x107 0.95 G

D 64 6.50x10°7 1.21 2.48x1077 0.45 E

D 66 3.38x107 0.63 3.38x107 0.63 F-G

D 67 1.06%x10° 1.98 1.06%107° 1.98 H-I

D 68 5.5x107 1.02 7.69x1078 0.14 E

Mean values 6.68x10°7 1.24 4.4x107 0.81

tForsmark 155 ~ 2505 Jis B4 fr-Risaifsy pi 7 T AOpFiz > d & 1 4267
BRPH R I WD % o F B4t i8 § Forsmark 3%{& Frok B en@ad > ipfken
PR A S5 * T SFRELE ii%ﬁii*ﬁﬁi °

Forsmark 35L:4 £r-K £Eacrgaf ARIT /5 B0 i 2 B2 g Lk 2 0 L Eges (Pilot
hole) » &3+ 25 i® 1,290 mib=# 3¢ (Percussmn hole)f- 320 m 4. 3t (Coring hole) - & # 3
ST e BRRAE RN (T 0 gRe it b fEe P A R SRR FIL

AR G oo BEFIE 7,268 LA A B RIS SRR KT AR

AH R ket i B8 % o A AN et bldr £ 2.2-7 o Forsmark 33LEE #X i iR
Singd #2;% > EEF T AFBIELENTFE S RAFER 35B 1 R amgip
G 0 5033 RA(E AR 140m) .y Ti5E 0 T REEL R S 50m e

#.2.2-7 Forsmark 3554 £r-R 2y 2 & 1 % L 3k Suant b ki3 (SKB, 2007)

2R LY 52 (mm) e 74 (%)
A b 3t og 2 80 — 90 13
B. §4n o 522 80— 90 406150 10
C. w52 100 — 200 3
D. #4522 100 — 200 #96c150 9
#0 6150
E. 4 4 of i P
40120150
PSR B 2
Wik A 42

L BTREMLE A A M E R A R N B o A A B2 4 55 )5 ﬁ%@;i(grouted dowels) » ¢ 25
KS40S, L:4-45m.
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Fek U SR RLFRE TR 2277
AR+ v | g s g s AR dp 2

23 LPF 2R AL IRV BATESE AR
231 L X 2 HHEP
SFRETZH b i et # il ook S RARE F P nB A&7 0 dov it
FAEM R R Rl B2 L AR Y REDZ 2TRED e 7 (DERRAFN
TR B2 Q)7 B e B R~ (AR B (5)?&%* » (6)7iE 4
BRI REFPEEY (Tl 2hv EHR(RE) @) R 2 L6 HP D2 AH
IVE > R EA0E23-1 0
SKB2 7 5SFRALE Hi2 = - 2R FHE® ks & 71 B2 PR Aigliffes & >
fetn > 353 B S SFR-1~SFR-3F 4% 2@t Rk uenfh & % 4 » ¥ 1 :§1SO 9001:2000
W o il B i@ AT R AT E ) SKBa P R ehig iRl 8 BRI
j"?.ﬁpn rT RS Blde B TR B VBB EER B P Rl IRt E
C AT E 2 P OB R k SLandF F e R IR 0 dod 3T AR SFRBE frig & e o

232 fek FRVBAET LR R
AT S AR B B 4 LS 3 3 SFR-1P ¢h 1BLARLE % - 2 SFR-S%L% 4 0 2-5BLA
BESRP FERHREDS > AR REETE FFA4e
(4) 1BLA
a ARANE
IBLAE Z 3 o RS > BEZ BRI ES F it > BRI F R
1 (ISO-containers) g% > @ * A€ 8- F Wik - Judpid s > f M A 2T F 5%
i [k ehe < (R 1% 5 full-heightz half-height) = #:3adp 3 1 6 &  1BLA e =
Tt 3G Bl oG BIEEEI2.3-1 ~ B2.3-2% 42320

o0y R e T 5 R N L J%Kﬁ%?ﬁy S de i R~ R4 K o SFRiDA B
PERRET R ER %‘#H?"z@ﬁ_ CREBEUGE €4 atE o EER S RE B
P2 A g W o v Wiy (transverse tunnel > ITT) ek sh sz = - R R4 4G >
R EB ALY 4mm£3-?é‘3~i_@_ o Bt 3 P r ¥ F ermkag (waste vault tunnel 1BST)

HAEZEREEPRAEDF L EL K)o B L0MB T w L B 0
R

B k(s e o/&w#ﬂ%ﬁv WA wE PR F2Z - A v g %ﬁm#ﬁi&
PH S BUF R B R R B g R DI E R B R

B

T:t

¥R R AR vl 2 BE AL TR
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FRca RS i d | g st E L

Rk b BHEE DR

FREERGE2LAY

PR

2231 Ak

2 2 AR Rl

#% 2338 P (SKB, 2014)

FRAEP

B 35 7% (Wave form)

ﬁ%ﬁi&

B J I~ @ﬁ%]
4 ‘%ﬁ :i'.x
B iR R

vz KT'T B s

RIGE 1Y

Bpgd e i 3% (Waste
packaging)

B J I~ g ﬁaa]
4 g R‘.}
128 “ﬁ' iT#

R Y

¢ R e

(Grouting surrounding waste

[N} ;Ff:

packages)

ﬁkj T /n lgﬁ%]
PR
Vi“ﬁ'ﬁ‘q”

[ A

Wt B f?(Concrete
structures)

B J T 13@%]
4 g R‘.}
134 Kﬁf%’;{-

?ﬂwﬂ%ﬁ?

* #2 4 (Shotcrete) P ERT(FEREE SR FER)
WK (E
G R

WY B2 RESFPEE D 3 ?7}%”‘

(Bentonite and sand/bentonite)  # /] L i & ﬁ%]
S ks

ek F v AT (RF) - d

(Backfill in waste VR Hi

vaults(crushed rock/macadam))

HEZLEHP DB E Al Hado ) Tl

43t )(Plugs and other closure
components)

K

CEEN Y'Y

—23_
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%2.3-21BLA% 2= it = < (SKB, 2014)

1BLA property Value Comment*

Excavated rock cavity

Total length [m] 160 Calculated from values (120 + 40) given in drawing
1411-10020780

Width [m] 147 Value given in drawing 1411-10020780

Height (max) [m] 12.7 Value given in drawing 1411-10020780

Height (average) [m] 11.8 Calculated (173/14.7)

Vertical cross-sectional area [m?] 173 Value given in Closure plan for SFR (SKBdoc 1358612)

Excavated volume [m?] 27.680 Calculated 173-160

Shotcrete thickness [m] 0.05 From Carlsson and Christiansson 2007, Table 6-2

Un-reinforced 1 or 2 layers: 0.03 or 0.05 m
Fibre reinforced: 0.05 or 0.08 m

Inner zone (at tunnel TT)

Length [m] 37 Value given in drawing 1411-10020780

Waste disposal area

Length where waste can be stored [m] 146.3 146.3 m Max length (160-3.7(TT)-10 (plug support at BST))
Width outer (2 ISO-containers) [m] 12.2 Calculated from ISO standard 6.06 m and emplacement

of containers with 0.1 m spacing (2-6.06+0.1), see
Sections 3.6.5 and 3.7.7

Height outer (3 ISO-containers full height) [m] 7.8 Calculated from ISO standard 2.59 m and emplacement of
3 containers without spacing (3-2.59), see Sections 3.6.5
and 3.7.7

Bottom

Concrete floor (reinforced) [m] 0.25 Value given in drawing 1462-10153140

Concrete floor width [m] 13.7 Value given in drawing 1460-10021930

Macadam thickness [m] 0.15 Value given in drawing 1462-10153140

Rock fill thickness [m] 0.3 Value assumed from drawing 1462-10153140

Reloading zone (at tunnel BST)

Length [m] 10 Required length for plug support given in Closure plan for
SFR (SKBdoc 1358612)

* Drawing numbers in column “*Comment” refer to SKB's internal documents

N

127 m

85m

122 m

14.7m
1BLA

B]2.3-1 IBLA%#H B fs e & ~ i+ & <} B](SKB, 2014)

0.3m
0.15m
0.25m

Iy
el
H
&
e

[
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i
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b

0

A

5
N %
!

b
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-5 ﬁ-‘fﬂ‘ éf#g\ 4y 7f§ TERE TR EA ;L‘

T+t B g*i&ffﬁ_#ﬁi'ﬁ;@_% & R 4F 2

B12.3-2 1BLA% B {2 e B ~ T o BI(SKB, 2014)

(1)FL2 ~ ()8 4L (4030/70:8 & cdk 2 2 r ) ~ Q)% » @%i#\@@$%‘@

B axenp 3 7 rl® F ~ (7). & B2(constraining wall and concrete form) (8)iR 4 4 4 ~

QBB TR FES R (10)RE2 ~ (W) E R4~ (12) A&l 2 v HEiFMR075 (T3 %
b, w4 E

FRE T0 = PlBLAFGE - K3 R Y RS FORTUE Mg T

Kzt ei CEBERER L e R mPL:“J-“"ﬁ :

2N

B P cnfg st D IBLAG T Mt AR P 2 B A B 0 ik H fg st i

anqﬁqifg o

KU Y AR WA R 0 F R B N Bk
SWRT YENE > BRL fR BH R P AL F AR A
Rl FHPF L R AR S H SRR TR TR
B DS T HIBLASUE R o R HE B R AR E R
VKT g S 2 AR L

L?ﬂ? B R el BN R ehi B F AR 2 Rk Rl g X8
¥l “ﬁzﬁti B H RN B BGE AT 0 Bl F F AR 2 it pen
VARCERNETE 4 G 2370 (E ST - LA
Wi Rl
WEEMRE RIL > ERCRABEI T REFLALE BT

(w

¥R R AR puf 2 BERLS T RIS%
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ok PO BHE DT RE TR E2EY
AR+ v | g s g s AR dp 2

B APy PR TR KPRl kR o
B ARl 2 F3ED  RFRETR KR

(5) 2-5BLA
a A MNE
2-5BLAG® AR # Ak 2 1BLAAE 34 2 8 nd B & H By 955 4
fuk o AN RE R BE L e L Hds(Longitudinal Wall) o Buig chps 6 AR 51 o
REZ R TRR|EE (TR 4R o B R R B R (ISO-containers) g % 0 0 EEG6R
iy o LT AEFE AT R 0 FENFEDTEFR S
PlET aE o 2-5BLAmE A R ff ~ 2w B oo BlERE]2.3.3 > B|2.3-4% £23-3 -
FB B AP R L R BOFTG p Ao Ao iR~ 43R0 o SFRENHF
FRE T ERBERF REE  BRAP REEMNT £ E 0 0 b Rifetig i
RRAE D R e B MR BR AL HE DS oL B ey 10m &
Foo Tl U BRE OUET WHLFIEL T TR R R GRS LR -
b Y £
2-5BLAR Y E@IBLAp I > A R A B S ZFREDE - L 2 3
FUEESE > E Tﬂ% o FRH1202 & A2-5BLANE KPP R L RS &
SHEEM 0 FRE AR M TRk e & ke A A 2anktt £
B G endgitdd D 2-5BLAL & 3 Mt R 2 B g 0 ke H §5
A2FN- SRS T
LI ST S Vi %lﬁﬁﬁj%}_? PR TR R Fpt o By poarR 2 B KA AR
PRk FRANET o FERE AT %Lﬁmﬁlﬂﬁ?‘ﬁlﬂ’l\mﬁﬁoﬂsﬁﬁ
PoA BRI 0 B o BUE P etk D E R e
B SRR EEDRE - FREY IR e B PRl 3B R AR
EHFPL O LFH R 2 RBF P HEER VTR -
W B R R R R R el S i A e e
B s iR J2-5BLARLGE B R 0 R 0 HH B RD P AL Z
Mo BRIER Bag S S R R ORI AR A -
B &Rk BEF I RD Pl P Rt AT s okt F e
Fo TPl NH B RE PR AR FIRF f i
Vo SR L 2) SR NI TR U = 17 O LE LR T i A
iRl & &Rl
BEEARE RIS ERCRPIBRAF R E LRI ZET o
e R p g Y BRSO TR RBIERS @g%m,fn;m,“{’&,a o
BRAP S FRRFRTYEE HET  BFRXTR KR -

o
HE B E -

B R R puf 2 RS E ORISR

e
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Feh PUE SR REF K2 BRI R LAY
AR+ v | g s g s AR dp 2

14.1m

90m

=
05m
04 m

13.0m

179 m
2-5BLA

®2.3-32-5 BLA# B {4 e g ~ i+ 2 < B](SKB, 2014)

2-5BLA Profile B-B 8

]
@ o

§12.3-4 2-5BLA%F B 15 chen2 |6 B ~ T 5 Bl(SKB, 2014)
(DAL2 ~ (2) Rt BhER Q) RAEGDRFE ~ O)kFF ~ (6)id E v BaIrs (T
S s (B PR AP AL E ~B)E T (9)REL ~ (1042 4

¥R AR puf 2 B RPN T RE%
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Fek U SR RLFRE TR 2277
AR+ v | g s g s AR dp 2

#2.3-32-5BLA % &= < i% = < (SKB, 2014)

2-5BLA property Value Value Comment”
(Layout 1.5) (Layout 2.0)

Excavated rock cavity

Total length [m] 275 275 Value given in drawing SKBdoc 1391454

Width [m] 17.9 17.9 Calculated from values (0.3+17.3+0.3) given in drawing
SKBdoc 1391456 ver. 1.0

Height max [m] 14.1 14.1 Calculated from values (0.4+13.4+0.3) given in drawing
SKBdoc 1391456 ver. 1.0

Height average [m] 13.5 135 Calculated (242/17.9)

Yertical cross-sectional area [m?] 242 242 Value given in drawing SKBdoc 1391456 ver. 1.0

Excavated volume [m?] (per vault) 66,550 66,550 Calculated 275-242

Shotcrete thickness [m] 0.05 0.05 From Carlsson and Christianssen 2007, Table 8-2

Un-reinforced 1 or 2 layers: 0.03 or 0.05 m
Fibre reinforced: 0.05 or 0.08 m

Inner zone (at tunnel 2TT)

Length [m] a8 8 Calculated from values (270 550-27 ,670) m given in
drawing SKBdoc1391792,1391794 and 24 m given in
drawing SKBdoc1391454 and tunnel length 275 m

Waste disposal area

Length where waste can be 243 243 Calculated from values (270,550-27,670) m given in
stored [m] drawing SKBdoc13917592 and 1391794

1,080 containers (20-fots half-height) given in
SKBdoc 1385672 gives 90 containers in length
(90-2.5+60-0.1+29-0.4) = 243

Width outer (2 150-containers) [m] 12.2 12.2 Calculated from 1SO standard 6.06 m and emplacement
of containers with 0.1 spacing (2-6.06+0.1), see Sections
365and3758

Height outer (3 ISO-containers full 7.8 78 Calculated from 1S0O standard 2.59 m and emplacement of

height) [m] 3 containers without spacing (3-2.59), see Sections 3.6.5
and 3.7.8

Thickness longitudinal walls [m] 0.5 0.5 Value given in drawing SKBdoc 1391456 ver. 1.0

Height longitudinal walls [m] 8.64 8.1 Layout 1.5, calculated from values (9.14-0.5).

Layout 2.0, calculated from values (8.6-0.5) given in
drawing SKBdoc 1391456 ver.1.0

Bottom

Concrete floor (reinforced) [m] 0.5 0.5 Value given in drawing SKBdoc 1391456 ver. 1.0
Concrete floor width [m] 14 14 Value given in drawing SKBdoc 1391456 ver. 1.0
Macadam/Rock fill thickness [m] 0.4 0.4 Value given in drawing SKBdoc 1391456 ver. 1.0

Reloading zone (at tunnel 2BST)
Length [m] 24 24 Value given in drawing SKBdoc 1391454

* Drawing numbers in column “Comment” refer to SKB’s internal documents.

2.4 BRI E R RIE L R
24.1 %+ 4 2 144 BI(Rock inspections)

P EFE G REEP R OB A FRLE U RE X EE A | & 2 SFR
BAERIE A B R B ST AP - SFR:1988# A & W iRl H R 0 &
2 2003F A BT KR K R Fehf EAf U TP R T A G B Fa
iRl 2z~ MDY BT hE 2R iﬁéfr}a{éi il ToREE BT R
R B A RE s R AH D o

~

e

Bk P 2 W LAl T R

I
el
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Pk PUE SHEDERG RA TR E2E]
AR+ v | g s g s AR dp 2

By 0 T e~ F R AR '»/Eﬁf“f‘ﬁ ERE- BN B Ui Sk R PE
(Arbetsmiljoverket) - SFR;;,% Rz é‘} = 4P Fﬁé AR R R R 0 4 Y E
FEE et il 2 5c 23t g @ m o P oav o SFRE 7 #i& {7 - =0 < 4|4 P|(Large Inspection) » iz
Pt PR A0 d g A g MIRT o
50 WP Fende 7 > SKBE S M= 7 WBIEfF > 2 8 kp i@~ SFR-IRLE »
FEIMALEFNUEREIEFOAET FE 0 BFEIPM L RS 2 £ 7 %P B (Rock
Inspection Group) » %f ¢t & (7 & B g PI3E 2 o

2.4.2 ¥+ 17 # (Control actions)

KR EEee 2T (DPARKEAE - QERZFH; A1 e 27 1 (D)ERA
1% }_mn}J_iﬁ o 2 (Q)EFEEAT B B LI LA RN B BT sk o SFRep
ERAIFRE L F2H i 241 RgRIRERLS ZDP R CQERE TR S
CQ@REFEER L~ (AEE S 2O) AR RIFT A WA SR o o

%241 g4l # ¥ = (SKB, 2007)

] 7 6 PFEE
P ¥R % (internal check-up) SFR e %
£ & # 7+ p|(Yearly rock inspection) 2T &P B R
iBlzE g 4 (Testing and investigations) alr Rl
s 3£ (Maintenance) SFR e %
+ 7] # Bl (Large inspection) e B B Py

(1) p %4 +%(internal check-up)
SFRAS £ 1 31 1Y+ 4 R et & S LE ) i TR A R 2 T A
FrRoFFREAARR ol Pughe &G B RE 0 2 LK SRR
se AR SRR 0 SFRE AT So g 7 e iR B P (Rock Inspection Group)ig {7 i&— # &9
FAliad o
(2) # B & % ¥# & (Yearly rock inspection)
FECIXNETREPN FA-E24-20
(3) iRliEEr 3 & (Testing and investigations)
FORAAEL ERBERE T TG AR 243977 LB ORIEE A &
Bp e
(4) J#(Maintenance)
PRI n A R Rk B £ R AR P A S
v ok 2.4-4 -

¥R R AR vl 2 BE AL TR
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F PR SR RTF K2 ERG 22

AR+ v | g s g s AR dp 2
(5) + A+ BI(Large inspection)

# T # {7 &+ A4k pl(Large inspection) » & & R B 3G 2 B GE DR
P2 AR RR] AR 0 X AT - S AR D LE F R R

—’7;\‘0

2242 £ B £ 7% 47 p (SKB, 2007)

v h p ]
ﬁlﬂ_ F g 4 Fi L 1%
(Activity)
24,8 R 5 e 25
=T o S
(Deformation measurements) (Reading-compilation of result)
PTORAEE S A )3
J\ ;B - - Jvé - - P )ifyl;%
(Measurement of groundwater inflow)  (Reading-compilation of result)
A ETE L PARLKE B P
(Rock mass quality and rock support) (General visual inspection) "
#2.4-3 PlFE R 498 p (SKB, 2007)
RlFAENEAP REEH
1.3 7 -k » ;& (Evaluation of groundwater inflow) # 5 &
2. % &eniplzE (Testin og rock anchors)
(1) # ¥ #] (Boltometer testing) & 6 &
(2) p 44 & (Visual inspection) & 6 &
(3) w4aHm & (Corrosion investigation) & 15 #
(4)%F 582 =3 & 22 p) (Investigation and ) )
- &= 10 &
testing-shotcrete)
3.2.4-4 @7 p ¥ g 25k ¥ (SKB, 2007)
aEEp £ < i 3 4] (Document) REEH
7 5% B Ry 2 , o Y o=p L
ok A h . " ¥ :(pmmco's) MEREE 5 i
(scaling) SURER R LR
ey * ?5_;1_ i éﬁi(pr(?tocols) PN R LI 510 %
(scaling) M E R AL WA

¥R R AR vl 2 BE AL TR
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FRca RS i d | g st E L

Rk Fuf SR BT

THRECRS ELEG
e

243 FEHPF AL R
SFRey TR 21
B .p_/F FE’—‘@

(1) %”};‘E:E'J

3 ¢_1986-& X BT A e F
TRV RN A FAEIR IR .

(E4T30E o i D UK 1

AR T PR L > SFR-1% 84 * ¥ 3k ik (Extensometers) & Z_f £ &=+ 1 £ R f#

Wik ) Bk Bl
L SIS R
AT A o B24-1% b) 5 87 0 A
EE SR 8 0 SR

J;&F—‘rb +-r;14+ ~ ;.,t: 'F‘Jé%" ar;]‘,, 24
L e84 5 B 4 W (overstressing) £ £

Sogiane |

AN

Bl2.4-1 }f@_ﬂa _3"; ”'Li‘}f@f‘

SFR: #3% 18k W 3& ik

RN

S RIEEA R LR

o F-¥FIUE RIREE TR LA
# 18 % (creep) e

BAH Zone 9y K B RUE R o A N en B T A

L3251 & BI(SKB, 2003)

BiRlA)kim > 1997 & 1248 > 7y AR RIFRAE Y T

B> £24-5% £24-64 % & RSINgO% A F 2 4 (Silo)1997-2006# £2 2005-2006 i

B B ensg A, & Pk w - M009-M014%_%
» E1-E5§_1989# %K > E7-E9‘{1988E K o
REHE

By f\_"lE SFR? IV S

g} SRR TURE

» 421997 & H 3% chid 5 tk

TR KRB ®ER L 002mm-e d &%

%2.4-5Singo% 75 % 2. %7, i % % (SKB, 2014)

R RE 2005-2006 1997-2006
#£45 € (mm) #45& (mm)
Ext. 1 +0.02 +0.03
Ext. 2 +0.03 +0.17
Ext. 3 -0.01 +0.01
Ext. 4 +0 -0.04
Ext.5 +0 +0.03

W5k ixH A 0.02mm

CEEN Y'Y
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Pk PUE SHEDERG RA TR E2E]
AR+ v | g s g s AR dp 2

£.2.4-6 & £ (Silo)z %352 4 % (SKB, 2014)

o BB 2005-2006 1997-2006 875§ (mm)
#4;% (mm) %458 (mm)

MO009 +0 +0.01

MO010 -0.01 -0.02

MO011 +0 -0.01

MO014 +0 +0.01

Ext. 1 0.00 +0 +0 since 1989

Ext. 2 -0.02 -0.30 -1.06 since 1989

Ext. 3 0.00 -0.02 -0.01 since 1989

Ext. 4 +0 +0 -0.01 since 1989

Ext.5 -0.01 +0.18 +0.11 since 1989

Ext.6 +0 +0 -0.12 since 1989

Ext.7 +0 +0.07 +0.15

Ext.8 -0.01 +0.02 +0.09

Ext.9 +0 +0.01 +0.03

W 3k &4 & 0.02 mm

(2) rug¥re BRELRHT=R
FEHERER P ¥ 0 EFEIGE 79 faciT 5 (convergence of the cavern) ~ i 4
(bentonite) i & B 35 ~ g ANE el F hlpAe
a. &% 1234 e (Theoretical strain)
Harald Hokmark(1993)41] * = & s&¥ &2 fe & 4 ¢ 73 crKelvin model & 3% i yuig ¥7
oo AT S R Y R BT E G R AR bldel S P 10* MPa
s T4 BB 4 x 10°MPa - FE R BB 1012 MPa » 2 4 %0k chie B 4140 48 Fae
PRI ROB A FEREY Llom (F 24 Arug E38)> ¢ 95 WeBER %A € &

150 #f54 == c BREPEORBNPEIIE F S 1I5mFlagap 0 Fpt H
W g A Ul A Rl BRIV R TR A B PRE § enfE
fw o

b. § % Bk % (Actual creep strain)

4o §]2.4-2#75+ > Vattenfall Hydropower(1993)# 1985 3 1993 & & g j&w
BRE2ZEREFEL B BREF ARl 3PS 3 -4 mmake BE
Pt L 4 Kelvin model#y it e skl 25 4 1 QE—‘r 2 Kelvin modelds it J#% 25 5

b

(i

¥R R AR vl 2 BE AL TR
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Fek U SR RLFRE TR 2277
AR+ v | g s g s AR dp 2

¥ {742 2 pliE 2 Harald HOkmark(1993) 32 4 E3- B % 4Ap £ 7 ~ 5 2R A » F] &
FERLIITGRARE = (8 m@: 4B A A ek B TR TR R Limﬁ
o FIERIROFEELERZE D D - £REEBMM~4mm) -

4,5
4
3,5
3
2,5
2
15
1
0,5
0

Displacement, mm

0 20 40 60 80

Time after installation, months

B12.4-2 W 3625 B s o % % 1 (Bodén, 1993)
(od BFRES I AL 5 R ELIEFETR R 2ZERE T E)

() R

SFRp 1984 # 4= > & * Boltometer;2 P& £ 1% 4% > Boltometer;z # * 7 3
& E > H - AIRF bl HiE % 2 (Thurner 1979, Bergman et al. 1983) -

1984-1986 & @z Hp fF » 3+ 3 316 A -RAREADEREFREE > RA o i E
REF S RE U RY BE 0 RZL BRI Flet > 1087 £ RPF T 42
%% 2 2 (reference rock bolts, Ks 40 ¢ 25, L =3.65)% 3% 2 # % 4>(production bolts, Ks 40
@25, L=3.65) " %7 EHpepliE o 2004 & x 25 iF0 12 £ %% & 4>(reference bolts, Ks
500ST ¢ 25, L =3.6) c 2P RREBIL T & F TR PR % nmFEEails <3
BTk M BenizEa ) SFREAY EFFE R PRIR A RIS A G AR A% PR
ok dg s 24 e

¥R R AR vl 2 BE AL TR
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Pk PUE SHEDERG RA TR E2E]
AR+ v | g s g s AR dp 2

(4) ¥ k&R
SFRp 1988+ 4= 7 #p & Bls T -k » B kR U BkE KRR gt £ 2.4-TE 5+ 1 2006
ERRE% > BREE TR BACE243 0

%247 ¥ 7ok~ %8l % (SKB, 2007)

TR=E »%E TReREL BRP A B LR

BMA 5 I/min + 11/min <2%

1BLA 0 I/min + 1 1/min 0% 2003 #3x% % > Epli=y
oAy fE IR ATE O R
£

2BTF 9 I/min + 11/min <3% 2003 £z % > BRI E
oAt # P /J—'#E"‘v ”'T’ﬁ %
£

1BTF 3 I/min + 1 1/min <1% 2003 #3% % > Eplimy
At # P /J—'#E"‘v ”'T’ﬁ %
£

ok 2 75 I/min + 11 ~20% QSRS A2 SN ML N

# (NDB) 12 7k i+2+(1996
EXEER -

TR PLE 200 I/min  + 10 I/min ~70% BoRHE 1992 X B o
1996 & { & B|HA -
1997 & = = ¥ 2 { A7
i’giﬁ—% #2 5\

F A RN 0.1l/min + 0.11 <1% k3 F 5 e A

(Silo top) ]

R IE 0.81/min <+ 0.1 <1%

Bt I/min

ELA 280 I/min £ 10 I/min ~80% PGB R R o B

%o 1999 &£ ¥ 72 B K
{25 > 2005 # Mk

¥R R AR vl 2 BE AL TR
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FrcliRF ik | g sl gLy

Fek FUE SR DRLF K2 TR Z 2
* R4

e

1

a
W

.

2z

] WATER 75 PUMF PIT 18

[ ] WATER T2 ALMP AT M08

B A

#2.4-3 ¥ T K2R

=% 7 & Bl(SKB, 2007)
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Fek U SR RLFRE TR 2277
AR+ v | g s g s AR dp 2

2.4.4 -k < ¥ F(Hydrogeology)

Aok FAAINAE > AT A ToRIER B A TR £ 0

B e s

(1) ¥ 46 TkiEe

SFR#f &> % eForsmarky % 2 75%:h Lo o fg B E 0 kg 2 (till) > # FE SR
Fow k2 i H ;’rﬂ (Quaternary deposit) > 7 % 4§ ¥|# # (boulder) s # o 4335 £ 7 H-k Fiieh

W A G RE vk 8 J\ nﬁﬁx(hydraullc conduct|V|ty) » 2@ 10°% 10% m/s »

W “""‘a(SDECIfIC yield) /it 10 = 20%%%‘;% %30 % 40%- e Akgd T2
Bk 4 Bk s 1.2 x 10°mfss> e k85 2 3 5% 3 KE % 20 2 30 %
ka2 BB R avk4 kg 13 x 10 m/s

Forsmarky B T-ka & kA3t ad » R & 4T %5 @k s BB g ks Tk
Kk R oo Flokeh 2 RN B EoR RO > E R Tk % dk (water exchange) £ 3

.
o

B3 o pteb s Agokia pREP > 4 Beanya (Baltic Sea) m# &7 B TR ek R o gt -
PRI E P R A4 R o FP o e TR R ALenA) a3 £ B T R R 4 R ok 4

Yok o
(2) BHWERFE
SFR¥T AR 2% # 55 § HMANE S £ WA S E T okind i > )
Bk A G EREE A SRR ol i kR 0 ¥ B R % 75 f2(scale-dependent) - 5 F
FRE R N H2(Ar R 2.4-4) % chyuig % i (7 7 202 B4 5 (straddle-packer tests)
%*ﬁ%’y**fﬁé&QWIZE. EAEE o £24-85 EAE KR 4
RMERD LSS > BnZone 3en ki bt » B k4 #okiadici: 2.9x10°m/s -

#2.4-8 FRE ke L4 E A (Holmén and Stigsson, 2001)
%iE k4 @R GEMS) RBITER(M) RS

H2 3.4 x 10”7 6 20
3 2.9 x 10° 6 3
6 2.1 x 10”7 2 2
8 5.1 x 107 9 5
9 9.8 x 10° 3 4

ERABOEMEREEC AT R AW REF TR e 2 Faw TRATH

”W%*%ﬁwﬁ”?ﬁﬂ%%i%ﬁ%ﬁ:wﬂ’é@%¢%¢mmmMWmmﬂﬂ

JeB FAE k Fuengs ToRE O~ B RF > B G 8 € 3T wRaf /2 (radial flow) s TR GE e E (E
kA

¥R AR puf 2 B RPN T RE%
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http://terms.naer.edu.tw/detail/1027767/?index=1
http://terms.naer.edu.tw/detail/1027767/?index=1

Rl puE SHEPRLF K2 LR LY
Ao+ it 2 f g sl g g oL

(38) # T -k » % (Groundwater inflow)
SFR- lfit@_g_ rﬁ*&_ﬁﬁ . Hp m B3 )‘LE g /?JZO—FE Hp g T J\/7¢/n ?5)‘ =l /E » /F"J

=< e — P , ¥ 3 N o ke .
T B]2.4-4%75 o B 1988E ok ToRE P EERE A B L 44 mho 2 8% E B RE
g 3 = Lo , 3. R .
RABF > 220064 mF 20mih s B 208 fsE — ] pE G 20miae T ok~ B R
800
re Revised monitoring Installation of Replacement New water meter
7001 -‘-““- programme water meters of water K303 and
500 .""-—..___* K301-K303 meter K303 calibration
E - - \ -
N
g 100 U8 ‘----. '--p . - .
o 1 L EE e B oae a
= = NDB " Makhit
g 3004 | —a— Total =
200 4
.
100 4 b Y e "
0
g8 8 8 53 &8 8 3 8 8 5 8 § &8 5z &8 8 & & & 5 8
§ £ 5§ & £ £ & § 5§ 5§ 5 & 5 5 5 5 & & 5 & &
Year

B12.4-4 1988 3 2006 % SFRaL® 3% ¥ 2_ 8= & -K % it & Pl % 4-(Bodén and Lundin, 2007)
(UB = maintenance building, NDB = lower drainage basin)

25 1%

A UF AL SFRALE B2 B2 L% 236D~ 2 SFR3IRE 2%
- ERY T iR E RS é% cH P B AT MY VTR T § A Huf #
Pa el YT B 52 Tl g HP 2 ZRIERFT, 2530 3
FEIR 4o

(1) AErugzdHrF
SFRE Ll P iz » 2 znéo\i:ﬁﬁf‘éw\ "&H 24 # % (good rock) ~ T B A EL
F=# % | (high fracture frequency) ¢ " sk 2 48 | (blocky rock mass) » $& * & 357
P A ARt ARG A L+_Forsmark;\; FrokgiE B pE 0 R B b
B %{rl,/;_ R 10 BREEE > W T iEE ?;}Eﬁv% 1 R AL eRRaE 1 AR
AP PR (E e~ B AR Sh e B R SR 85 F) o 5 BSFRR ¥ crvp R 4 &
ARAFA o A BB 4o £ 2.2-288 £2.2-30 L EroRPRIE e FTIERE BT F
BEEHEACE2.2-4 0 B P A S S S e £ 2.2-58 £2.2-7 o
(2) ERHF TR
a PRI
SFRee Rzl 78 R ® » 5 (DR "t ~(QE R 2 T &~ QRIFER
s (4) A »%(5)« AR FT A B FH S ESFRES - B 2 RPIBEG D
e BBy o FE AL 24-1
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Ak i B R ARG K2 TR R

AR+ v | g s g s AR dp 2

(3)

b. teERl&azgap
SFREEHIFER > hF B4R E LR~ FHEFTELFRRER T L

FHEEHERERITR  RER Ao HREFFEDLHER I RRE  FUEE
ek P CERY T R T A FRIY B F ERAAP FHE L2420 5 0h o 4
e T ANZELRKR(Z PAREEL)IEHF D #82 6 §%- A i nFaFR
DBEEFRI D ERER A BE 15 B 10 227 o M FTREFEL
2435 2 A AR A G g RS PR s (PRI EE 5 Egr 10 £k
= o drk 2.4-49757 o

C. FHPTPEE

SFR+ %% 18 =W R R E R > A B ERISINGOE,F (5 2)2 FA( 13 =)

AR R RIREN 1997 EMEHRT ISP EFP KRB ER L 0.02mm
v AW dr £ 2.4-5% £24-6977 o H K o A AWM EFEEA SN B EErGE
rwgum Pl OSN3 194k 1985 1 19934 it 10 & B B enbuif T B R 2

TR E BT ERESF B4 EY 3PS 3 T AmMman-d B E 0 SRR
& Kelvm modelds it et AL % A5 43 44 > B or 2 Kelvin modelds it B% 25 5 2.7 714 »
Ye12.4-2 0 F b0 w3t 1987 g 2004 0507 S H 0 FF AR iR
RP|B TN B aima 01988 1 2006 £ Bk TR AR EERIES KR T K
rFR T ERE R RILR AR 0 doB] 244977 5 gt oh o JEE 2.4-T o i S 1 B
Pt Z(IBLA)s» % £ 5 0.1 I/min > e B8 % 30E gd 0B a7 ok~ 28 200
I/min -
LHPX2FERAP
Fek HrE AR R ROEDPE 2FRAL LT (DERAFUS QKIS
B2 (Q)F WA B~ (A)RFED B G)FRL CE)BRL 2H LR
EfIgEY s (Tl 2w BEHE(EE) @) R 2 2 # HF a2 A4850)%
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AR+ v | g s g s AR dp 2
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P AW FEEERP AR > 2 X R ORI PG AL SR ET IFLRAP
2 b e poA AE §(2003)2 AT dg > LEREBRT A B RAREE QI
75 (D) A S (©F v o5 (d)d S g o dol) 311 o o H P RN B R
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Manual
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4); (c)Spalling(#] iz

i - 4
Rt 85 ¢ ACI201.1R-92 2
%) (d)Joint Spall (4% 4]

2005 & d) k2

o H ¥

CEE R

"Highway and Rail Transit Tunnel Inspection
Bk AEA R (@) 2 B (b)a R
SRR SN S R
, % 1(a)Scaling( 4. @k 4] &) ; (b)Cracking (4

i) (e)Pop-Outs(*& # ) ; (f)Mudballs(;% 3*) ;

5% 3R

(g)Efflorescence(v #); (h)Staining(4% %) (i)Hollow Area(% ¥ ) ; (j)Honeycomb (¥ %) ;

3) &M

¥ F TUNCONSTRUCT =*+ 2006 &
Frame for an European data base | 7~ 3 3% 2

() A x: (d)%

(b)p 3w st it 5 5 1 ;
e 3.1-1 #75F o

1\311 @\E,_ \lv

11 46 -

\

A5 (8%

G Bk B AT A A7

’ ;‘Zz!—l.l.v

P (1) #k

15 2_T Report for Structural Integrity of Tunnels
%%ﬁﬂ%ﬁﬁ¢§
€ %5 (f)-k emRe 42

@k A
2R R

% (TUNCONSTRUCT - 2006)

Class Defect family

Definition

Examples

Parameters

1 Original defects

Appearance defects existing
from tunnel construction;
Imperfections usually visible,
punctual or systematic,
affecting a part of the tunnel;
result from construction
method or the poor quality of
original material

Changes in color at lining
surface; efflorescence,
unframing root traces, hollow
sounding zones, local
deformation of the formwork,
map cracking, gravel nests,
exudation, cavities, fresh
concrete fractures (shrinkage
unconsidered)

Localization, extent,
intensity, density

Physical or chemical

Progressive degradation of
material due to physical or

Sulfate and alkaliaggregate
reaction; steel corrosion;

Extent, depth

alteration chemical phenomena freezing related defects
Linear discontinuities I Opening, backwards
. . Longitudinal, transversal, .
resulting from the material . movement with respect to
3 Cracks I oblique cracks or cracks due to L
failure; a movement of crack . lining surface, lateral
shrinkage
edges can be observed or not movement
Profilometry (permanent
or circumspect) or
4 Deformations Deformation of the section on Pinching, flattening or bulging convergence .
the whole or local deformation measurements (invar wire
or optical method) in one
or several sections
Any mass likely to break from  Concrete block remained in Souﬂd'“gv Iocallz_atlon
L the vault, that may reach a place after a concrete chip rela_'u_v ely to_traff_|c
5 Instabilities . ' - : ' position, estimation of the
vehicle, can harm or kill a user  rubble stones or bricks, blocks -
S unitary volumes, of the
in its fall or stone slabs
overall volume
Infiltrations; water can be Flow, pressure,
6 Problems due to liquid or solid during freezing ~ Humid areas; seepage, temperature, extent (m?),
water times; only relates to the vault  pressurized water... downstream carrying of
and platform fine particles or mud
Drainage or water . .
7 collection network Malfunction of drainage Sealing —
network
problems
¥R ek g E Y AR Bk M T2 SN
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4) #L
Sandrone £ Labiouse (2011)% & 34 L 5 P 168 fk 2 e 'hif 2 W RI T AL (9 2B
F 2 BoRET (B RK IR (D)9 EEER) S (O L ~ ki ﬂ‘ﬁ*
Pros 0 ()RR AE R A S ) L ()M IR U A RS
ABLRAE CF Ak BB ) (N 8 e (G 2Rl ) s Qe gk 5 (WA A
fu ERROLEESHGEO RN PRSI Ok (k)# kg A B )7k )
; (M)R G2 A 460 B — B 30U ~ B4 55 T 5 (n)Track scaling 5 (0) Mrasfs 4= ;
(p)rﬁﬁ% @ T AIEERR EAE . K 1T ok 3124657

N

#3.1-2 zH L g Bk AR 4 5 £ (Sandrone £ Labiouse > 2011)

Type Disorder Number of records Number of affected tunnels
1 Water leakage, moisture 75 57
12) Efflorescence (sulphates) 19 16
13] Staning, calcium leaching effects, calcarcous concretion, honeycomb 29 25
4] Concrete spalling, delaminated concrete (due 1o corrosion of reinforcements ) 14 28
15 Plain concrete corrosion, concrete scaling (de-icing salts attack 15 \E}
|6) Corrosion of steel bars (reinforced concrete) 76 ‘
171 Voids behind the lining

i8] Cracks, fissures 131 80
9] Local deformation (crown 1 1
110) Local deformation (walls)

i Fines transport in the drainage system 10 8
112) Ice formation 15 15
113) Concrete lining crumbling - local falure, fragments fall 6 5
114) Track scaling 10 8
[15) Invert heave up 15 12
|16) Impact damages 12 10
7] Drainage system obstruction by calcareous concretion 13 0

6 "HA

! Bk A Yuan 3 (2012)R130 5 i BRAEST R M B SR £ Bz 47
Bl B T LR B KRR Z BT L el S i(@QFS
M)A ()% : [@A)45F 5 @2k (DA K : (Q)H4E > 2 T4 4ok 3.1-3 517 -

£31-3 ¢ R Bk EAA 54 (Yuan s > 2012)

Material Component Structure
Concrete Member Lining ring
Permeating Tilting Convergence
Map cracking Deflection Breakage
Incrustation Cracking Portion of lining
Spalling Damage Settlement or Lift
Void Seepage Fracture
Delaminating Connection
De-bonding Twisting
Steel Wrapping
Rust Bulking
Pitty Joint
Scaring Opening
Fissuring Stagger

Loose

Leakage

F 2R Ah VLE BRI e B 8 A 2 24
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6) &

3 %4 %(2007a5 2008 5 2010)1 ;s 5 AR 0 K AL 1990 & F 0L k% 2
RIEED G enpar Bk > © § - Rehd % > PHRMM LY (2 54 2012 &
2013 ; # 745 > 2014) - % £ #4(2013) % & B P b 266 A HiE Kol b] 0 Tk R g ek
W%@Jﬁ%WW“ﬂﬁﬁﬁﬁkmﬁiﬁfﬂﬁ’ﬁ%ﬂﬁ%f%w@—ﬁaﬁ,?
TRPRE R B IR 2w TR R e R R K A A
BIP HD 0 AT bl R BN SR L B e DR 92% 18 B T R e T79%
B BN RS T e AR AT - 2 R F TR A &S 4 (015) 6
FB TR R DR 2 E RS axpiJQm$$4a%m,¢ﬁﬁmﬁ
B bl B2 Be o o RPN CRE R BER RS 0 B b FE T2% Bk
BERP23%  FpF A B HBAERORT] VR BRP S D RE LT R RD
KA T R FIR N R AR 2 B R IR L AP el TORRIREE 2 & R
T H I AR B TR TR o

90%
82%
80%

T0%
60%

50% 14%

40% 36%
30%
22%
20%

10% 9% 8% N "

B13.1-2 B *F 2664 "G r7 &R fERE S Bl(F 9% 0 2013)
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100% 1 92%

90% 1,4 m BYNEB

80% m A+ ZEH
70%

60%
50%
40%
30%
20%
10%

0%
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Feh PUE SR REF K2 BRI R LAY
AR+ v | g s g s AR dp 2

32 FEY LS FA

BT R 2 R BB E R RAF R S o BRI ERE %) BRI
4%%ﬁ‘ﬁ%ﬁﬁﬁwa~%%%mfﬁkiﬂ+w%’B K%mﬂ%&ﬁ&ﬁ@wWW‘
RE R YRR 23Rk FEEF AR BY AR o FIFY g
@%ﬁ%é$@@’$¥%ﬁi‘#&?%&Mﬁiixﬁﬁkﬁéﬁ’f@ %
BEEes s, 34 B ca 7 2F > Tl > FE gE 2 040 vz A
EFFSOUER LG IR BB > B Y E %&E%“ffﬁﬁ"k-’#u~ﬁﬁééfﬁﬁ
B MEERSR - EARECARERE S e A S A R R EL o RS
o A THRE B A RS
(1) PR ECIRR

A 5 3 (1994): 450 ¢ F 130 endhiR 52 Aerids o P L AL - R
FrE ?H{%Ww ARG 2 BRI 15 — 5 (2004) 1 5P A 4 5 5 (1994) 2. AR E AR R
(B 3.2-10) > Ft kg ampert B¢ jrE (v phenfe € — = H B % o - § 5 2 %(2006):% 3+
ﬂk%ﬁﬁﬁﬂ%7f*ﬂw—%ﬂn CRRE LR E%R o FAREMEIL T
b4 AR Prenjad — A BE 0% o (20 3 2 £ (2006)iF 2 A BB ALY AR B W
BB enb o FERLE N e B A LG 2 I - Kojima & Yashiro(2005) 5 7 j# AR iE
FAHRE T PR 22 e 32-1b 2 F %A e A F REFREE v E
Eaear OB AR GRE R L 4 gl .

-

‘Tﬁ;‘:;mmx Dis=z 14 Settlement gauge
/o

~Load cell / Loading jack

Ia} Loading plate

Ground

Tunnel model

o (d=150mm)~ + —: Earth
S Z pressure
= ] X gauge
[] Ground strain gauge dju _ ]
30 150 “| 450
S ot
1“00 |

(a) (b)
®3.2-1 p ﬂ\?“" 20 PRRE SR (a)FIR R Y BEAURE AR (B A K E > 1994) (b)
% B 4ot g g -3 (Kojima and Yashiro, 2005)

2) EEHH
a R Ere R b4 B 2 M
ﬂ%ﬁi@%@%%ﬁ%a%&ﬁﬁp%&ﬁQlﬂ‘ﬁﬁ’ulw g5
e THIoRE BRI ES > R ETe 2 X4 > w B - @ AREARRL 2
WA 0 T ldp ety WHETR 517 5 0 T LR10ME 4 H £ 5 (R13.2-20) % $F

FZF el g B T AR Bk AR )2 R



Feh PUE SR REF K2 BRI R LAY
AR+ v | g s g s AR dp 2

e A s ped SU(R)3.2-2h) o 5 vt 1 BRI 2 |gd AR A el Sp e o T E
@ard ob 4 3 E A58 o Obara® (2011) B 4 g3t 7 %257 2 > {1 REFp £
S NI HRIETS (8 0 B R RITI P B R A B T 0 BB S iR 2
= ’ff'ﬁx |2 4 (B]3.2-3) e Mohamad % (2012) 14 =k 5% & Pl "hiE % R72E WRaf % 1 i %
A A T8 R R %A 9N (R]3.2-4) - Stiros# Kontogianni(2009) ,x st it
Terzaghi(1942)#t DR U %7520 7% (B]3.2-50) 0 BLRFI A ¥R %5187 2 FEIR]
A, PlETe P E B R RAT NAEWRREET TH¥A%E 0 wBl3.2-5b
3%:% % 0 F ACheloos &~ iR e ac R RIS S 0 VR N ETe A8 S Rlw
SRR 0 S NEE R AE B 4o (1F]3.2-5¢) o

o

1.5
-4 Casel Case2 & Case3
vl gl ) & Cased Case5 @ Casc6
Ap :1/: ,‘I,E ! .1,, .‘/J:N .I/)
Case 1 ('usu" 2 Case 3
£ ap £
1.'A;H?’H;x, HHX:IHH£ lllll;{)l;ll
M 1 t {
H
0.54p4 0.54p 1.54p) £ 1.52p 24p 124p
H ]
’ o / I j _____ 0 90 180 270 360
'''' Case4 Case 5 " Case 6 0 (degree)
(a)

(b)
F13.2-2 B8 b 4 b2 358l (SR E 0 2012)

Stage |

b} ey
}

[ a
Displacemont, sun
| ;
7

13.2-3 #E3- 475 %757 2 (CBDM) (@) & 15 % (b):5be i i 13 5B 15 % & (C) 475 &

#2557 & Bl(Obaraz » 2011)
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AR+ v | g s g s AR dp 2
STRESS
DISTRIBUTION CoannNPEgggTON PURE SHEAR

Deformed

Lining
; N\
Total radial + "/ Radial \
stress compression ovailzatlon J
stress
stress %

03 cos(2¢) —j
B]3.2-4 "jiF%re X 4 Ao 5353 fié{ﬁﬁ#’?l}ﬂ *k 4 (Mohamad % - 2012)

ZLY

radial non-radial, non-radial,
uniform deformation uniform deformation non-uniform deformation
(a)
initial section

deformation
scale
4m o]
—_—
/B t=15 days t=40 days t=75 days
: : . N =0. I7 .
i ‘
‘,' / s
2 ; t=120 days t=250days  t=400 days
’ . .
2
(b) )

B3.2-5 Wi 7o L 30 A5%E
@ Fa;fé W ek ig % A5 (Stiros and Kontogianni, 2009 & i g Terzaghi, 1942) (b)-* 5% 2
REY RIL (c)# "E Acheloos 4 'k if % 5(Stiros and Kontogianni, 2009)

b. ¥ R&FTEFrEiciEi;
PRF LT BN R R AERBR R Y KNIREE ¥ 0 R
Q. Huang¥? Xiao(2010) zk v B3 & ~ "R P o ? BRI E RIS S > - iz vk

FZF el g B T AR Bk AR )2 R
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Ao+ it 2 f g sl g g VRN

EHIRF A RE RS R BRI RE PO ARREFE DS FRTERESR G
oAl v %350k 4 o Shimamoto ¥ (2009)#% ! s i3 ~ 478 ~ 8= &£ 455 1 55
» 1= > Tagokura®k g (§]3.2-6a) 2 #c e -7 (§]3.2-6b) - 5 39 "R i AF7 B3k f 4222 £ 7]
(13.2-6¢)

(1) Cracking at the (2) Cracking inside the
backside of the crown arch shml er

(6 years after the start of | (7 years after the start
service) of service)

Back void

Crack R
(Reach the tensilelly

strength)
Compressive
failure
(3) Cracking inside the (4) Compression fracture
sidewall inside the erown
Seooy & i (11 years after the start (17 years after the start
I'ensile Cracklng of service) of service)

» lnne.r space ‘

shrinkage

Compression
fracture
(Over 350011)

Ground heaving
(@) (b) ©)
F13.2-6 12 3 4 i B 33 1 HOSS TERIRAE )
(2)Tagokura “& i #7& -+ & B (0)#EHA] (C)“k i ALk it 42 (Shimamoto * - 2009)

. ERREP PR B B B

mgemmé -0 2 U0 2 E A hG AR FRFEY FE
WHREE B REEORERS R HE R - IFELRL R EAP LS S
A RRAIHAE TSI MR RE A T 4 Bl TR L5 (B]3.2-7a2 §]3.2-7h)
o Aruga® (2007) % 1% 7 4% 55 27 R 58 3 A oA (F]3.2-8a) » TR B ¢ F E
()3.2-8b) » +- i faAmer e 4 (7 5 0 FaE 2 AREP T L 2 B HEA A P AREr 4
W A72 JF S — A W S ([F]3.2-8¢) o

P 90 (vertical) P80’ 300 T ! ! ! j j |
P70’ Lodd (Nx10y  t | 1 1 1
g W0 [ A
% ' 1 Ml:—‘ ‘ : A
2 o000 e 1L N R
b= i i G ]¢0N7nm ! ffi z 1$ MHa
P30 3 130 77"1:77”;% b
P20’ A e e
7 Interface elements i ot 140 ! ! ! I | f; 1= 13\ MPQ
{ (forsuilconstrainl)f _______ \,_ i ___:__ I ! i ___\___ T
"""""""" =) ro i Jp Z10MPa | ILoadldirec‘tionl(")
4-node quadrilady stress Bt 100 L L L L L 1 I
Chunogs (Rrcons o) : 100 10 20 30 40 50 60 70 80 90

Load direction (%)

(@) (b)
B13.2-7 g ¢ 7€ 2 AR 2 SE R
()i fral g b4 g (D) & A v 4 R2 % % A& (He ¥ > 2009)
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Fi B B BHEDRTFREER 22

SRR

Stainless
wires

(a) Case |

Stainless
wires

Partial loss
20mm X 10mm

(b) Case 2

Partial loss
20mm > 10mm

(c) Case 3 (b) Case 4
(a)
/2 3.0 I I I I I I
) — Result of numerical simulation
= 95 H
Result of test
= <> Result of tes ///
£ 20 —
= |
£ 15 L e
2 e
0 1.0 "
=}
=05
&
S 0.0
0.0 1.0 2.0 3.0 40 50 6.0 7.0 80 9.0 100 11.0

Displacement of loading point (mm)
(a) Case 1: Reinforced concrete lining model

(a)it 3+ % vl(b) 4 i 2

F3.2-8 3

(©)

Loading point load (kN)

L7

Loading point

Load cell

3.0

gauge
L9
L2
L10
L1 I
W11
= ~
N —-~
/
/
/
Center of lining model
~0— Case-1:Reinforced conerete 1
—&- - Case-2:Plane concrete I
e B R |
-2kN+em +2kN-cm
I I I I I I I
| | — Result of numerical simulation
<> Result of test
[—
|
I

| 77

= ¥
A~

0

=

.0
0.0 1.0 20 30 40 50 60 7.0 80 9.0 10.0 11.0

Displacement of loading point (mm)
(b) Case 2: Plain concrete lining model

A 55 RGE AR SR B R
2Rk N 5 (C) B g froid sk 2 v 1 (Aruga & 0 2007)

=& Displacement

i
@

B Ui B TR B g A )2
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AR+ v | g s g s AR dp 2

33 R R BFI L RA L
Mohamad % (2010) 5 7 #4817 ek 573 4805 1 % 5 fparugig Thameslink 3¢ 7 i
2.5 doxs 1 Hp B 253K 5k 4k (Brillouin Optical Timedomain Reflectometry, BOTDR) £ 7] -
B = FEFAE 50050 (8] 3.3-1) & 1248 Thameslink % (5 #2476 ) e, £
: B 5 (2014) 10 LK 8 IR E SRR L kb 0 T AT P ETe T2 %
PR R v (B 3.3-2~3.3-3) 0 FAIH 3 Feth TORIHT 0 E I MR h A
(B 3.3-4) -

West East West East West East
wall Crown wall wall Crown wall wall Crown wall
Tension A
4 ¢ ¢ ¢
Strain
Y| Compression v
0 0 0
- Distance ———p»

Compression

y A
Tension ||| Tension

\ 7 New
tunnel /) £ tunnel “, |

F13.3-1 "% ¥ra % 2)# 3" (Mohamad % - 2010)
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AR i B g st ms X544
10 T T ]‘ - T S AE SR A
5 1 | 1: & EF#%
® o 2 bR
2 T 3: L RELE
g -5 1 XN
= -10 4: HEE—EATF
-15 || : Brfb 2 b5
12345678 91011121314151617 18192021 2223242526272829303132 5 IREFEF IR AR
Characteristic mode 6 ¥ R4
(a) Bm BRI T ZAREW
200 8 : I 85 4tk 2
| 45 Ez =4
o 100 Ei
£ _].l_ T 9 FMEW
& - 10 : 3 BF4H 2% 4%
= -100 — E[ 45 FzH e
2200

1 234567 891011121314151617181920212223242526272829303132
Characteristic mode

(b) Bmgar 1

200
g 100
=
& g !.l:l
5 7 [ |
= .100 -

-200
12345678 91011121314151617 181920212223 242526272829303132
Characteristic mode
(c) BEEmi#Ar] L
200 : ——
. 150
= 100
g S0
s Sg‘_ R T TR T Ty -
-100 4
12345678 91011121314151617181920212223242526272829303132
Characteristic mode
(d) B darg IV
200
150
2 100
S 04 e ammmamn o -
-50 -

-100
12345678 91011121314151617181920212223242526272829303132
Characteristic mode

(e) BRI V

F13.3-2 Hif ST 5 2 AR A 7.2 % (5972 5 0 2014)
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AR i B g st ms AR dp 2
800
[ 2009.03-2009.08(1-2) [] 2010.04~2011.03(3-4) [] 2011.09-2012.01(5-6)
o [ 2009.08-2010.042-3) [__] 2011.03~2011.09(4-5)
= 400
k=
2
= ¢ -
4 U e e
1 234567891011121314151617181920212223242526272829303132
Characteristic mode
(a) Br@ A
600
[ 2009.03~2009.08(1-2) [] 2010.04~2011.03(3-4) [__] 2011.09-2012.01(5-6)
3 400 — [ 2009.08~2010.042-3) [ 2011.03~2011.09(4-5)
Z 200
c
-200
'400IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 234567 891011121314151617181920212223242526272829303132
Characteristic mode
(b) Er@m B
400
[ 2009.03-2009.08(1-2) [ 2010.04-2011.03(3-4) [[__] 2011.09~2012.01(5-6)
o [ 2009.08~2010.04(2-3) [ 2011.03~2011.09(4-5)
= 200
2
'
g 04
=
-200 —
rrrrrrrrrrrrrrrr101710rrrrrrrr1rTTThTd
1234567891011121314151617181920212223242526272829303132
Characteristic mode
(c) i C
300
200 —
3
£l 100 —
Eo 0 —
'E“ -100 —
2200 — [ 2009.03-2009.08(1-2) [[] 2010.04~2011.03(3-4) [ 2011.09~2012.01(5-6)
[ 2009.08~2010.04(2-3) [ 2011.03~2011.09(4-5)
AU U o e e e
1234567 891011121314151617181920212223242526272829303132
Characteristic mode
(d) Er@m D
300
[ 2009.03-2009.08(1-2) [] 2010.04-2011.03(3-4) [ 2011.09-2012.01(5-6)
3 200 — [ 2009.08-2010.042-3) [ 2011.03~2011.09(4-5)
2 100 — DH
& o4 =
s mj=
-100 —
FLEET LWL Ly v iy ey rnrLa

4 Ul e o s o o e
1 234567 891011121314151617181920212223242526272829303132
Characteristic mode

(e) @ E
B]3.3-3 ‘%:@ ¥ro BRI A A 178 % (FR 7 0 2014)
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AR+ v | g s g s AR dp 2

[ ]— Seriously deformation zone
[ ]— Deformation zone

[ ]— Transition zone

[ ]— No obvious deformation

B13.3-4 "% B4 1A T (505 5 0 2014)

34 RiE B K MR TR

BWEREIL S LR A AR N TR SRR TR 2R R bR R AR
VLS S R E S RO D Bk B T2 I e S - Wang (2010) 4§ % i % 485
ReAFET A4 RARNFRER S v HgE e T 7Tk AL E L QN
TP B 4 FRE AR R ALFr i B (] 3.4-1) - Sandrone £ Labiouse(2011)#-5y 4 2 it
R OIS E L NN R RET S A ER RIS B RNEERE R AT R
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Significant influence

30% to 45% Medium influence
15% to 30% Slight influence
<15% No influence
Influence factor Modality  [1] 20 B8] [4 (51 [6] [8] (1] (121 [13) (14 (15 [16] [17]
Age A 17 41 14 17
B 5 2 5
C 7 - - 7
Traffic L 6 38 - - -
M 8 12 12 22 2 -
H 18 9 14 18 9
VH 14 [s00 36 - 43
Ventilation® Lo 18 20 16 4
Na 10 20 12 6
Tra - - - -
S-ra - - - -
Geology/hydrogeology LG 40 20 20 40 - - - 10
Cry |64 32 32 21 18 16 - 14
Sc&Ph 36 14 29 - 7 - 14 21
&M 42 20 17 20 - - 24 42
Ca 46 - 5 - 19 - 10 27
Ev 40 40 40 - - 20 20 40
Depth Lo 6 1
MO 4 6
HO 29 18
Waterproofing* No 43 29 14 - 29 43 |57 29 43
Pe = 25 13 13 Bl = - - —
Pm 13 14 17 16 45 4 14 4 35
1 - - 25 - - - =
e - - - m>H. o .
Tm BAl » s [EE 15 |3 15 - - 15

% LG = loose ground; Ev = evaporites; Cry = crystalline rocks; Sc&Ph = schists and phyllites; C&M = Clays and Marls;
Ca = calcareous rocks; No = no waterproofing system; Tm = total in the middle; | = intrados; Pm = partial in the middle;
Pe = partial extrados; Te = total extrados
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8.0 Constructed profile --e=- Measured points and profile
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Se g~ AR RMEETE FRARE RS 2
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FHMERDFZ S AL R REFEF R RARR > T Y BER AT B8 2 B
&i%ﬂLWﬂﬁL%“"jé?“iT%’Ji’T FRELE Ry lﬂﬂ%?ﬁmﬁ%
R Th e S A N JE R
41 HFER RERE RIFH
1990 # 11 f6 » FLig FE P hX >R PR AL T &pi ‘*J'a‘%‘fb » BIEE B g
(International Tunnelling Association, ITA)**1996# = * Mg & & | e g 3@
E2HRPIZRG IR NNFTYT 0 NEEFE D }F*Jv EAR SR im BE R 4 'z‘féﬁéﬁéiﬁ
(ITA-Working Group Maintenance and Repair 1997) c # % 7 p » & R &% Fug FE 7 o
F2HFEAREL > - JFR ERIBR T LA 4 o RS TR R BB P kR
@ ] Tk B IR £ (Benford, 1983 ; Miyaguchi, 1986 ; p » 4 4« # ¢ - 2002 - 2003)
o BN FRA 0 G ARM B TEIR L T O SR (R R0 1997 5§ 4B > 2008) o AR 5]
s AR 2 A e o B P W WG Y P LR Y e BRI
(1) %% 3ty
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P AR 4 Bl (visual inspection) i VI > BE & % & 2] % Pepherdl AL & 40 P ffEs 1
EVREBE B REHNFREFIRATEROE A2 RARFTPS L G B -
AR R E 0 doBEL R R 47»4}%"% s B SRR KA BRERARE R £
BAEE o PARLKR R B I~ BEARGZERUR R PRI > & B AT AT P
FFzm ~ ¢ SR F QR EDRPIDE o B ARE AP 0 P AR P
FEHERBHE - FACETELAFENLEES URE - IR SER S
b. i ;i_-F:EJ
BIE TR REEPIRI S PIEGE R SRR S F L 0 P EH PR R > Ty
BT i 5 @1%& RleniT R e g 22 RIERGRRY RIZ AL~ ¥ RILRE - &
o et HELPIYTH BEAE - & R 2 B ARy S E ROEWE R ¥e o E
AN REANREGREE gy A2 ek T b 3 & KT R
AR BRRAEM G R AN 2 B e RGRIE C RS A B 5
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CHBRY RS L EEAE D EE o PIERHAXLIIU] 0 F R EZRIER
FOREAIY S e AR gl B o del RERGRE o
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b.  FARMEELATRR T

FApSREAL A TR T sé(multipath linear array electronmagnetic wave radar)
REgndkFE Bd FRTEREEAN LGS F > B FEETEHIER
ML PR o T R4 AR F ;;ar:q:rfw; WL oo SRR T R T g
RRATE(TEnGEr G E ) FArB4.1-3970 o P A RABGE O P £ R
Bl RE TR RET RPN S A ZFEREE
LR 1 Ao BA1-45 R .

—-\

MLA radar antenna conventienal electromagn etic wave radar antenna

nifing djfection elechric wave
scanning’directis
electric e detgotable
inquiry range : / inquiry ragge fdetectable
trarsceiver
receiver

multi path system single path system

3D transparent image data

F413 S HAPLHIBATELBRER TE R

SR ARA R R ML TS TRk TR 2
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Deformation Rigid body motion

Near-field stress Far-field stress Rotation Translation
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Feh PUE SR REF K2 BRI R LAY
AR+ v | g s g s AR dp 2

FIg s REFEHP DL RRAFRAD A

AREEDES IR e T FERATE S 0 358 SFRA MO ALY B 2 5
CE RPN - B AR TR T OREE  FEFE L ATl bup hERY
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BHEATZ2 0 PP (B L EE 2 2% 2014) @ A FFE RS & 2% (IAEA) &
B RCE Hra € > %P (Specific Safety Guide) ® 7 B il 3K %6 £ 12 & ¢ (Monitoring
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T E R E AEN 2 EE M EHPE L BIFESOT R D 2 R (IAEA,
2014) -
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AR+ v | g s g s AR dp 2
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S TR R R ARM A B R g
523 BRI TR TR FH

ERCE A 'FA’SFRl‘ﬁﬁizﬂ‘(l)%{ﬁ%ﬂj~(2)i,l-!-§§§.ﬂ?ﬁ’ FR AN TG PR N N E
W el TR ITE o TR SFRIGAT S R 2 TR TR (FE > BT 4o 4 5.2-147 57
P TR R P AR

(1) L &4PIEP ZAWEY EHEFEAFRR - HH T LB -

() BmL o TP AR R RLAET AL F BT S WL D F M Tt
AL blde o ERR L R ety B0 A FEBRF R ORRIE P B SR B0
g o

(3) HBIEH > UEB? B - cn TR SAAE; B 53189 %
:Kmr‘{*)ifﬁiﬁ'y—%i’ b 2@ en T X AR - 29 » peeaER
WeplaAud SFRE R E A2 4 B &d &3 5 & ple g 7R B 1 (SKB
B2P SSFR-LRH ~ #1428 REREL & RE)E T

(4) #$tEAge R s AU AR AE 5 EoE 10 Fosaga o

R - F 244 81 4 2.4-7

53 i F N RPEITHAER

g A3F2 % - F 127 SKBH jiF3F £ TR-14-027 7 SFR i 3 i B 3uig 4175 4]
(SKB, 2014) » 4 #5.3-147 7 » 4y ) @Ebmgbjh;wiﬁiﬁﬁwhﬂﬁ T g
AFmit 2 BT RITERN F > 5328 st TSHEFEP TR T RIS M EP » AR
FTHRLDAME - QEFMEFEAFRR - Q) TR M B2 jeplat ¥ 175 455 (F
HHPF)ZEEFRRIED > TRBRKEIEE  REHP TR EE RS -

1":3%7%%3‘: $2328 Tl 3RV EAFYEFZ 2P0 F 0 el F P arnsd R
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PR RDEDE 2FRAD > EBROERFNS - QBRF 2210
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Fe PR SR RTF K2 ERG 22

SESY B RS R T F A2
#5.2-1 SFRI< Bl k%5 2 6 &
R BEER% TR R HFH >
NS L month 1. sug o & 5 O f 7 R 1. F By TR SFR e %
(Internal check-up) EEE7 SRR I A 2. HygE
£ R &R 1 year W8 R 1. P& A SFR e %
(Yearly rock inspection) 2. W L7 R B

BWE T L

Plw N =N

* A& R 5 years I TR RLETEDPTN L | BRPT DR 2 | R RG
(Large inspection) TR~ R R s W] LS RE 8
2. £HT - e AR RIE DT R | F KR

RIFHED B Hﬁ%TL% iﬂh%%i e |2 pe? A2 FF | FERAEG
(Testing and investigations) IR R ik
1 ¥ 7k r3E 5 years
2. FhipE
(1) # Hipls 6 years
(2) P #Rt& 4 6 years
) FafFRa g 15 years
(4) FF 52 d7h B 2RI 15 years
af FERMRI L3 kLB PR R Bent ¥ | 2 ;Fﬁe ki 2 % | SFRE
(Maintenance) iF (F ek
1 ok i 5 years
Bl 10 years

FIR AR PUEHPR L RREEEED AT
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Pk FUE BHEE D RLF REERIS 2T
+ &2

£5.3-1 3y SFRM 3% A B 315 3

SFR &3z
Rl g

SFR1
1BLA

=160 m
=15m
=125m

= 27,600 m?
rsge = 14:280 m2

b ol W
= N
O e ‘ S
= 2\ ‘[’Q\
Capacity = 350 I1SO containers 20" 5 !

<< TsC

SFR3
2-5BLA

R > E R g
e N W R gk
BT

TP FRIZETS,
R R e )

T LT
Y-SR Y
T

BOHPE o AR sl 2
WS R
,J\
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BaEiEARE R (S 0 TR~
LRGN RN R
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BT E R

WhE FRFHED &
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W AL LA
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Feh PUE SR REF K2 BRI R LAY
AR+ v | g s g s AR dp 2

5.4 - ki 3iﬂﬂﬁfﬂ&*§%;mﬁﬁq

AEEE - G R M FRa TR RAT RFE e
BAT SR ARE > BB FFE A MO R AERD T PR R T RS TR D
iz %4
1) #&%

BEORELSRPILER > A o FHE KL FHE pRT o FL R
BT b o g BRI S A o RPN R %% (Federal Highway
Administration, FHWA)fr%ﬁéﬁﬁgi%Jgé}% (Federal Transportation Adminstration, FTA)# 37
Fiep 5 e
Q)Bi

PAFR B2 301989 L2 B2 A p ARE RS E > R E X PP H AL
B€F4niemikst 1990# 32 p & & 8 488 7 BAer & ¥ Rt g Al rze g T4
VERP AEROBTEE T EDR R ERYE LR CARAEL 2RITEAAZD
P 4o RID.2-190 7 o E R MR B AL T RIAR® A S 2 BIFE

oM B FREEE(EA)AF o RFOER FPFRE  TRERLITLI®
hEz e

“:w&:$#¢$ T BB AR ROR R G E R R B E P ST
Bk $ PR P RUNE SRR 2P RE o HEnEan e i RED
ﬁflm#§ﬁ<w°

%g?a:%”:rﬁmﬂﬁﬁw@ﬁﬁﬁ'%ﬂﬁ%ﬁﬂ#%%’ﬁéﬂﬁfﬁﬁﬂ%ﬁ“

VAR E fRAEE Rl A Bz FNRRM A H kT

2003 & 4 # ~ B ¥ 20k EAREr R 0 T E R T - E @& 47 (Toshihiro Asakura >
2003) > 4eR]5.2-2%77% o B AR & A 53 304 1 (1)A & & R|(Primary Inspection)£?
= = ¥ iPl(Secondary Inspection); i & # Bl & J1* P AR Pl ABARR TR ARFA L G G

HOF e R IR 2 2RI R Rk S e T Bk | (laser beams) ~ & 47 & 22 (slit
cameras) CCDE > HHPIFPED & - =X o @ (2)- P2 Rip1 EHRPIESE > &4
BRAE e ME B hy A - w70 & 7 ZLE0RE R 2545 1 (non-contact) # B 3£
R d o PFFEATE KRR & enIf P Ao B]5.2-3470T o iR (T P bR {8 T iE end
Yo ks IERESLE o & 7 1 (a)* + &4 (earth stress) ~ (b)& ¥ it (deterioration) ~ (C)
% iR -k (water leakage) ~ (d)/+ % (frost damage) . %2 (e) % w % (spalling) & 7 +~ * 5 =&
BT o

$I1F AREFEHP DL RRSEEE DA
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|
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o B | =
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= I X
Fl5E i i
B i

BI5.2-1 P A% Ak 0 e ¥R B(p A HAT ¢ 0 1992)
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AR+ v | g s g s AR dp 2

5 3R

= = iRl

- ————

A A

% TE

B15.2-2 *kig % > =% A2 (G p Toshihiro Asakura » 2003)

i TR RERLFTH
—— REFEFTH
- RE R
T
¥ W%
(Surroundings) ¥
—— B FEHEE Bk
— y,—r,k
— F B
— 2
PR (7 P ATERESF)
R RS R PART R
L &3z
—— #EHFE
I—F
Bk ARk
—
W 33 TRIEE
kée o Rk

B15.2-3 = =BT E kB3 B (3% A Toshihiro Asakura » 2003)

~

$IF ARRPuiHP O RBIETERIE D A
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3) #®

FONRIPN R E R Y R AEER IR AL > RN 019068 LM S B 4 A
1A ke TR LA RE 2 2R AR S R P (F BRI 8
1997 ~1998) » 44 S B E ERURE 2 X 2 KRP O ZRFTA GRAE L 2HRPIA PEE D
FIAR (DR AR T O RE FILE v GrRLA Lok AR 2 PP B A L TP
bt - THHRLEE TR L A2 N FE 240 5.2-1977 o (QF 2 PIFE > Pl
¥d BB FHAOEN 7R AR o BRREAATENE - RERERRAE - A7
B2 b A5 B2 0 ToRIEE2ZA AT APR 2 X 2 RPN IR E BB A B2 T AEH5.2-1
AT o

#5.2-1 "iF e A F(F B gy 0 1997)
e RRAE R LR HFE =
T R ] 1=x/p~1=/% x4 p7F

puv

'3
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e T 1=/ ~1 = /% &
— g 1=/#~1 %[5 & EEN:I S
% 4 ;
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30 # 12 b g 1=c/2&~1 /2 &

¢ LB R 1=/ ~1 = [
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P i 4 38
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|
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% 415 :
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AR+ v | g s g s AR dp 2
55 %

1)

()

(3)

d ML SFRAZ G P A chE 74 F1feigsh  HEGER FRF hrug L
AR AFREFRIZ-IAFINSL I INBFERDF TR
oA R GEHRTRUIEFAS FLQFWBIFFE - (O)EREFTELFR

A BECF TAACZFEECREFER

WERY T $SFRISIAE Fuf ik E R F B R RIRAER § 7 R iRl
S UG RIBG o 2 AR S A AR )RE T BRI o R E
VRN B - A B E ) Fé‘*lrﬁ%“%ﬁ"écrfzz C I F BRI F o wRIED - 2%
PIBF2 (T2 8 05% > 07 BT A RF Bl ug 3 MIRTPIInM % A8 &
SFRE& 4B # chtk p| R3] > RASHE@QARF 5 0P ¢ 22358 (0)F BA
ﬁépmé}‘@wﬁi$ﬁ»@%ﬁi%ﬂ%ﬂi?ﬁiﬁ@%%ﬁﬁ‘@)@
BEATEHAET) () 2R HP AL AG)BLF M TR T E
ARG R GRS SR 2 4 BT 2 AV PR PR A
B R T BT R @%]#il%i 7T o

BT R AR IEHP T 2 RS P A
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Fek U SR RLFRE TR 2277
Frele i & fg s E 2k SR RS

¥R mEmgHFLELEREX

6.1 FEEHFPLLERPH

JEIB16.1-1 9777 IAEAZ. S bt i B 3K %6 ¢
F,E.Z%ﬂ.h P2 {4 E KT IR ﬁ;é_ﬁw:sj &

QFitgg 2@ REEE - AFTFoHER KA e 2 FuFER
%% ﬁtajvaf? PR 3 BRG] s BT RiEE v 2204 % (IAEA, 2001) o Al Fuif
HEPE ST R P VLR ST 5] A 2L(IAEA, 2001) ¢

1 = ?'Jp"““# iﬁ'h? Pé-» CHEP A FET WM RGBSR

S-P
\ [
>
plus
-1
|
7
e
fmf
.
&t
-
puna
B
[N
15
Yq}
y
~
'—\
N—r

\\\xr
o

2) >#: é?’ 75 fcd rié%iz%J 7 # ek i

Siting
(site selection and characterization)

Design
(and pre-operational licensing)

Construction

— Operation and closure activities Disposal unit closure
Final site closure and stabilization
active phase
( P ) Facility closure
——  Post-closure observation and maintenance
(observation phase)

Active institutional control

Passive control

(1) (2) (3)

m6 1-1 st B 28 % 2 4 & 8 (IAEA, 2001)

6.1.1 Bl i HPH 2T ¥4 4
Je B ¥ 31 B 14 (Post-Closure Phase)shE & 3+ % » 2 438 i Fh £ 58 (7 4p B 2R3 22 34
FeB

o REEES BY OPMRNEHP T BPMEFHP - hEc B
37;1'. dAFPHFRFL P RO 2ERRPTE R (DA MR (QE- &

z\“‘

2
EE YT TR e B PRk T FE SR G o 5 2
MFPer ;s § i@ ﬁ@ﬁﬁfﬁﬁ BR LR o o FE A o RE P 1 ARSI
ST A TR B R0 R B

EEFEY 3 F&‘?%f’;‘*,}'%ﬁév’iféa%’rp\ FosRm g 2 H B TR B

_ﬂ

¥R P 3B S 2 ORI R
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ok PO BHE DT RE TR E2EY
AR+ v | g s g s AR dp 2

REDRREZRDLT L P BREFTFRES R R 22 o R L
oo PP SR NE RS aﬁgwm*ﬁ%ﬁiﬁ%iﬁ%%ﬁﬁ’éﬁiﬁ
BRGAREAE PR R R R R BB T R S 2 e R e
ﬁéi$1$°
RS BT TR R ke S R AR R R R e e

%‘F?'LIE iwf't*_ BREATEE c R TR RRET TR O ER < TR TR
BoREFMHMAL  NEHALRA LI EERE TRBEINECELS LS
FAE AL FELF I FEOFEFBESALA LSS HT LT 2R
iR Ao KR ‘L-‘ic&;l-‘r}f‘@ AFhE B R LB A T A R B /Tj,
SRR EAREER AR BT % 2R HE TR AR
Rit(e: §FixR8)v o ¥ iﬁ&‘%i‘mﬁ4’%uwﬁ e hgE ok
k2 FEARRCEEPE SRR R ADE RG] ET R o @R R
Fab EE o

TEAEOFE > ZRTs B EFE IR ERRE - FE2VEAR LT HE
FRETHADTRIBEMOF R RN AT IEFAHTE A IRREFER S
B TR EGE PPF {o m21E (IAEA, 2004) -

l’-ﬂ

& l’ﬂ‘?
.

6.1.2 Mg XWX PIERIEP
FENAE P HP ST R B F R AR R EE MTRIER 0 P ok RS
AKERE BB FEERT R rd 611 AT W RER Mk K E 2R
3 B (SKB, 2011) » 2 4r£6.1-2 > A R SRR & 2356 3R M AR (R AR
0 2011) ; w1 i AP P P 0 B AR G OB RAE I B0 IR S (S AR
@ﬁééwig HPELE R RE2 24
(1) - &b AR AP 2§ § 9 5100# 1300# -
(2) % riFERmp @ ,%{Mpﬁﬁﬁ_‘rﬁ@ﬁ,&ﬁg‘_{i;ggﬁ’@%ﬁfz—r,k@@]ﬁﬁ o
(3) AR M bR % 23T T BB AR 0 B AR FIE R L Bk B
R RAEH A AN S T AR Ry TR

*j‘-’»

* Al LI H P ESE IR S WS
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#6.1-1 R F Mt XX 2TFHAP

RpLhE ¥ LA FEREZE M) *5*";'3’” .
(Safety assessments)
74 ISFR ® P 2 EFEVEILOEWMHMEGEE 01 £ 4-| @ SFR% ﬁ} 7 £ 3t
(/2 63,000 » 3* % 4 = {4 & 203,000) & % (m man-Sv) SR
® A Ry @ 5102 F 1% >E
() rBEE R s 5 A
® I8 1000 £ anifmiTin
® 10,000 # it s 1,000 # # E e L
% /VLJ Repository (8,000) @ iFE:FxE0lzd @ LB BT INEd BT w
® S48 > %k (reference scenarlo)ﬁ;_— BE FoREfoRRS FhH2 Fre
YR ;:':f'/e,t,L%" FE B A m/‘cﬁa%“rj%% - B % 73 = miiﬁf]‘,%‘)}i M B ;fpug//gﬁ
® I § 5 k(realistic scenario) ¢ * g b hit B F L F A
a‘—'(pe33|m|st|c data) ® R Ak g
® FiEmiv i8> % (disturbed evolution scenario) € R B
FRLAFL ST R RAEE ® L HHPU RFLFE
§ir¥

F R el g HP LT RIH R
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FrcirhF it & R g sl gnn

Fi B B BHEHRTFR2ER 2P

= % 4R

F6.1-1 B Ml X% % 2R AR

P ()

ﬁl“ﬂf‘wiii‘ rﬁ- ("‘Lilvq

£, md)

X 2FEHP
(Safety assessments)

& ¥L9 /EI Cabrilin (36,000) ® G :iEaElETaod @ il kG ER
® X TR AL BEAD B TR A FTEK PR oG s R fe 2 4
AN e a IR S SKEA G E R Ty g T Bl
bt £ ® T 7§ 300 &
® GuiE:AEE(025%0 M ° ii?—ﬁ_?;é,‘f*b4f§, A
® T EHEAiALEIFALE 2HE fwt’uﬁé’uéf’%*?
® +tE L& j @ﬁ%}é‘f’l‘?afgﬂ f§5
® T 7 B 300 £
& Sypi Bl TxrFHE(safety case)sf4 | > F & (@ FELHFIAR YT EFFT
TRLAR T S 1o‘°‘ Hages >dm BRI
® i RHARNEHPE RSB BIFE LIS 3 R I e P
EAPFAL KR - FEEF X 276 L
ERFwEsTRES NG R ® Tyt 100 =
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AR i d R g s s

= % 4R

2 06.1-1 FME R gLl ke E 2R P ()

Pk PUE BHEDERE RA TR E2EE

FRAE S L (FhmE 3 E M) ~ s ATl Rit
(Safety assessments)
P #/Rokkasho (600,000) @ FE:EE001FF L ® T E AR
@ F-FFE 11015 £ EIRAFERITIG[R| EYOREI fepR L
R 1 AR B R L AF ] BobRithE-ERT
® F_oME30# ERREIERT[ARDE D B BBE IR R OE
W] P03 TR R AR R
® N -PrE1300# > BrRiEd R g EAE L R K
O FLRFE I ARE 300 F 0 AT UEREANZTHFEE | @ T F I b 300 £
#
® 3FE:HFEQ03EF 2 ® Rt H TR NEL
® TELARTIHEHT > FRBATERICEET %@’%ﬂmga EEEACE
%i,}ﬁzﬁ‘!ﬁkj‘%df_g&‘fr Bho e HpEL CF R
® FRiLHEFHFFAZE 100 5E TEEG sHEEDD FoRRIZHETLE
T FEDLfE - §F (5 fo-14)5m A 2 fofs (@ T4 10 300 #
FoORREAREDELREETFE
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Pk PUE SHEDERG RA TR E2E]
AR+ v | g s g s AR dp 2

£6.1-2 AR P AR E 2T G MR IEGEAREEE 4 > 2011)

TE2ZBLTR
e | A

P 43R AR

HRYE-  FEGRERER Vv

R A RBEREERR v

R X R F -

RALT R R (R PR S 1) M

WAT CBAF S EUREHT v

RS~ B A v R R M

WA BRER Y P v

RALN L v

RALAL ¥ T B \

AL FMAL B 2RSS y
FALL - N v
RIS -~ ERARS T M v

CSEG RTPERRE %

i

AT

44

AR AR AP SR
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6.2 Pl ruEHPUZBERED HHY
6.2.1 ¥ Pug HP 52 T RIIEP

-4 1 R 3K 5 (geological disposal facility) » B i =+ it & % (IAEA, 2014) R
M ¥ Huk % > # P (Specific Safety Guide No. SSG-31)% M e % 6§ Rl T ¥
(Monitoring and Surveillance of Radioactive Waste Disposal Facilities) & 2 ¢ @: E R
JeoB G AEHE T S FEY AHPIPRZ TR S8 40k6.1-2%7 > HARIEP S
(1) AR E (4 E) T =
(2) B ESEFE R
6)%$%ﬁ%ﬁ%§ﬁ
(4) Ak 35BS 1 ARRR
(5) Ak w«uﬁ £ miéﬁv(l FEEE B P R R E 1 ATE )
(6) xiiiir A iani )
(7) BBEF R TR

BEARH P S ok iRT P B s A S #/M] Fok 2 BRI SH TR v RS AR A
KB MATET AR R P e B P TORIE B 2 R o

¥

¥oF R P P82 R R
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B SRR DRLF KR ERG 22T

AR+ v | g s g s AR dp 2
#6.2-1 R R+ i R FE TRl R0F bR BT P S R (IAEA, 2014)
ERWFER | E@REER
RE S EE N HPRBIFER
(En-2i2) | (3 HF)
LAR BG4 E)
1-1 & e R anp TR
_ BT ,};@A\‘(b‘
— kR
—
— BEE
— AL Pkeh ¥
1-2 3 TR FitE A
— FRRF R v
— 3% v
— ALdaukE L EkR %
— X REEPASAIFRER v
1-3 304 il e EHP u Vv
-4 R 0 R R v
i g
1-5 = 304 Rk 3K %% F F (retention) v
o vk d i
1-6 H 304 AR B 42 B G v
(¢ & AA)FIE
1-7 ¥ TRk~ ug\,J\» ig‘iig‘;ﬁﬁ vV
Pt e fofi e 4 e ® B i
N
1-8 & FEfr~ 5 B Bifam.i- &5 v
L
1-9 ;1: 'gl‘fru} iF (g & \Y
1-10 3 # -k Sk § 5 @ o] v
B~ BB
1-11 p Rk i i ¥ v v
1-12 Ak R ind B v
1-13 1 fg B Fpend 0 v
1-14 1 A2 B I enid F fork 4 i v

*j‘-’»

F okl Puf B2 ORI R
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AR+ v | g s g s AR dp 2

612 BI% AT i LE S HE FUAR R b R E ) R RIAEA, 2014)(F)

RV R | BEREK
E‘:i" 3 i ;; W
T (@) (Gup) |0 C0E

5. BB W A 2 chifds (L RS~ B
$REZ1RER)

51+ i B4

— Rt v » )

— %7

5-2 B Hi- B

— Ay eACkicHF 1)

— pHiE v v )

— 3 RRFR

—  AFEH

— BT

5-3 k4 s

— kR
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5-4 #4 H

— BRERAT v )

— B4 By

B Rk U HP 2§ R R
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% 6.1-2 R R i BF AR TR K% &b IR E B 23S R (IAEA, 2014) ()

Fg R | EgREK Ja b on

[ FIEE T Enmr)| (Gup) | C0E
6. bt 1 8 {8 3% chE il
6-1 # % % % & (leachate level) v (v)
62 T KikREM v M
6-3 27 F ot i v Y
6-4 RiEA vk R i e v v
65 ¥ Tk v \
6-6 4 -k A civit A g f ok v M
67 kenitF v M
6-8 K i
69 4 HPF
A v v
— k¥
6-10 k4 i
— MR .
6-11 it 8 i
— RprERF
— BFBF v M
6-12 £ 4 P
— 2R v M
1. BBEFRFTANER
P v v Y
SN IR SN AN S T By v v M
TR S v v v
R LR UINRT 0 S
4L v v Y
BRI dodlB T~ f R 2B v v
L
BB ek B KT B B R v v v
EARER SELE
R RS v v M

(V) pEHMFEEFIHPLERE FIIA S HELDRINET LRE L7V AFR TR T2 P
(Parameters measured during the operational period may continue to be monitored during the post-closure period

but to a lesser extent, as long as it will not affect long term safety. This is denoted by (Vv).)
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