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Table 1. Main R&D project schedules of the Rock Engineering 2000 (Johansson et al., 1996)

Project Research area Period Com.bmed
with
Construction techniques for | 1.1 Typical layout for rock caverns
small rock caverns 1.2 Construction methods and equipments for small caverns
2.1 Development of grouting technique 1991-1996
. . 2.2 Development of drainage channels in shotcrete structures and 1991-1993
Grouting and drainage . .
methods mechanized 1pswllat10n ' '
2.3 Water protection and frost-isolation structures, their installation 1993-1996
and dire protection
3.1 Effect of blasting and rock quality on the excavation profile
3.2 Utilization of the information registrated during drilling
3.3 Integrated navigation system for drilling, location
measurements and control of excavation profile
3.4 Utilization of shafts in excavation of caverns and tunnels 1991-1992
Excavation techniques | 3.5 Automatization and guidance systems for explosives and 6.3
charging
3.6 Drilling and blasting in long tunnel rounds 1995-1996
3.7 Blasting vibrations and threshold values for structures and 1992-1996
sensitive installations
3.8 Corrosion on rock bolts 1991-1992
. . 4.1 Problems in construction works in underground facilities 1991-1992
Sgg:gz?;g ;;:ti;g 4.2 Construction techniques for radiation shelters 43
4.3 Structural systems in underground facilities 1993-1996
Economy and management 5.1 Deve]oprpent of cost-management systems ' 1994-1996
of underground utilization 5.2 Standardization of contract documents and risk-sharing systems
5.3 Underground city planning techniques 1995-1996
6.1 Deformation and strength properties of the bedrock 6.4
6.2 Correlation between site investigations and real rock structure 6.4
Rock mechanics and site | 6.3 Interpretation of information registrated during boring and 1992-1995
investigations core-drilling
6.4 Utilization of site investigations in rock mechanics design
6.5 Principles and methods in rock mechanics design 1992-1996 6.4
7.1 Problems in heating and ventilation 1991-1992
Ventilation and heating | 7.2 Design of ventilation systems 1993-1996 75
system 7.3 Energy balance in underground facilities ’
7.4 Lighting in underground facilities

2.1 YAMY HI7[E0[3?

WA 71 B Wabs AR, AN, ARERY &
Aell atel & Fro] EFE 4 3¢k (Tang and
Saling, 1990) :

a. &8 WA =71 (High Level Waste, HLW) :
AgEa s 20 Selgoh) EREFS B9eh AlA
gl 7ol A Vo= HAh Al el A H7E
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of A= glet.
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bk} $AE 299 i BAES Ee £
g} S 7R 0B Wl AV EEA 95714
s fHg ZfollA WA det (Munson et al,
1990).
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Table 2. Ranking of different disposal methods for high-
level nuclear waste

Case Case assessed Ranking
Mined geologic repository with SF 1
Very deep hole with SF

Subseabed with SF

Mined geologic repository with HLW
Very deep hole with HLW

Rock melting with HLW

Subseabed with HLW

Space disposal

T QmmgY N w >
T Y N L

f. Eae) E9} 2L Plugging EZFE ElYS 28
(sealing) &},

g. A% AL Algsin] FA7L WA A =7
2 35

ARAZ AE WL o9} ol A E-871, SEA, it
< ol-§3te] WA w7 EE AT 22 RE AT
A A7 o5 (Multi-barrier concept) ©] 7]
¥ Adelel & = Qlrk. wIFell = 2R8I} 7 E
< 300 - 10004 E<t A AP A F YEF AAlso
o g3 10CFR60 THR31E Qlet. SH3l EE3F &

L7004 FEE = A A5 10009 7 A8 E7
Woll AFAE 4 Y =& AAls]olA ok slo] 4ZAE wh
A b A WE2 HEH o2 ghilel] 93] L o
o] A7|7} A A=]loj Ao} gr}, tltie] AEYE YAEE
2 5000 Mol WAL B3 5]o] glolR A ok 4=
WalAgt 8.4 (1-129), T2FF (Puolt} obdla %
(Am) ¥ 22 Aukzr] WA B9 45 100,000
F¢ 3% BA (radiotoxic element) & @A ¥l
o g WAy #H7E AR A ZHEE 7|7e
100,000 SRR o] AHEH WAM A7 EellA 2y
e Habee] SA 3ol 100,000 o] FH Ad S
e Wl E vEiRy] diEeld
(Roxburgh, 1987).
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o gAY FEHOZ FAY ez oA HSu-

Table 3. Worldwide geologic disposal and repository design concepts

Country Available time Rock type Design concept
Belgium 2035 Clay Room & Pillar (225 m)
Canada 2030 Granite Room & Pillar (500-1000 m)
Denmark 2040 Salt Deep borehole(1200-2500 m)
Finland 2020 Granite Room & Pillar
France 2020+ Granite Room & Pillar
Germany 2008 Salt Room & Pillar
India TBD Granite/Gneiss
Italy TBD Clay
Japan 2030+ TBD Room & Pillar
Korea TBD Granite Room & Pillar (500 m)
Netherlands TBD Salt Deep borehole
Spain TBD Salt/Granite
Sweden 2020 Granite/Gneiss Room & Pillar (500 m)
Switzerland 2020 Granite Room & Pillar (400-1000 m)
UK. 2040 Granite
USA. 2010 SalfTuff Room & Puar ggg 3

* TBD : To Be Determined
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Table 4. Underground Research Laboratories in the world.

B/ # AJefE 247

Ha) WA H71 B ARF qE e g Y A
97l W At viF, 240, v}, HRE W]
of, 291, Y FolA s xizde] Fa gt hAM
H71E HEAA S A4S FEs] 49 975
A8 J8AF A4 (Underground Research Laboratory,
URL) & AAST o|&H |78 g4 dAANHATFE
Wegsle] Fg3a glol

AL F2 4AF HEAPAAL Y [ ohgst 2

o} (Table 4 FR),

Country URL * Rock type St;?;lg Total budget Major research topics Comments
* Plan to build prototype
repository
+ Site selection + 800 t waste emplacement
+ Investigation of in situ in 2008
rock + Full scale repository in
Granit 1990 |- 0.5 billion krona + Prediction of variation 2020
Sweden Aspo (depth 45%m) (Built in |-Foreign investment during URL construction |+ Corporation with research
P 1996) |: 0.1 billion Krona * Improvement of excava- | groups for general wastw
tion and testing since Apr., 1996
* Ground water and radio- |- International corporation
nuclide transportation project : USA<Canada,
Japan, UK, Finland, Ger-
many, Swiss
+ Excavation using TBM
ESF + Geology & Hydraulic
(Exploratory | Welded tuff 1993 |’ $16 billion ~ $114 properties in unsaturated |+ Unsaturated tuff located at
Study (depth 300m) billion until 2028 rock mass 100m above the water table
Facility) * TRACER test & Heater
test
USA - Long-term deformation
- ~'95: 1.7 billion dollar | and fracture behavior of -
WIPP Rock salt - Total : 107 billion | Rock mass 'pg}gct:mws from military
(Waste Isolation 1975 | dollar - Support design for rock Lo
Pilot Plant) (depth 650m) - Construction : 0.4 bil- | salt - Start operation since Mar,,
. . 1999
lion dollar - Creep deformation mea-
surement
- Properties of rock salt . .
Rock salt . 4.4 billion Mark - Rock stress and opening |  Repository candiate
. . i - Finish site invesigation in
Germany|  Goleben (depth 1979 |- Operation cost : stabillity 2003
840 ~ 1200m) 65million Mark/year |- In situ opening deforma- N
tion - Operation in 2011
¥ 60 billion - Geological environments |Research programs
L - Long term geological sta- |- 1 stage : Surface investiga-
. -construction : ¥ 20 o .
Uranium fo bility tion for 5 years
Japan Tono . 1995 | billion - : .
mine . . - Tools and technology - 2 stage : Tunnel excavation
-research : ¥ 40 bil- de 3 : .
lion velopment - 3 stage : Research in
- Earthquake effect underground excavations
- Site characterization, trac-
ing discontinuyies, sur-
. face geological . .
Granite - . International corporation
Canada|  URL (depth | 1980 g"ﬁ’“‘ 0.11 billion e"pl"ra;“’“’ hzd“’.'il“"’" project : Canada, USA,
240m-420m) ollar OgY and geochemic Japan
characteristics, transforta-
tion in fractured rock, and
tests of buffer and canister
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31 294 oAl Z2HE

2 Eg|3} A-BANA 1980338 1992374 A
TATE FYH LB T2HE F&HA4q]lo 2
CLAB AM&-3allad 8 S700 4471 e ollam4d o] 31}
oA EALEZAZE 318 AFF 199030 Z2NHPE]
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off&wl] W F Eld 9] Zol= oF 3.2km 24 o7]4] v}
=7 22 ohs AFEe] AW 9l (a) EIEER
of wel efdFelld sl EDZ
Disturbed Zone) 7} A& f-5-0l v F3 b) &+
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S Y28 A SEz e At o) FERE
B 71l g A (d) =g 287 el gk
AT (e) X EF2] 27, A7) E AR 7ol gt
AF d) ZF FA @A A

(Excavation

3.2 Yucca Mountain Z2HE

1983 #E v|= olliA4 (Department of Energy,
DOEY ¥ dl7)& A3 BA 24 9 o] FHA
ek F71E At e 19871 Yucca Mountain
(YM) o] Yxte] 3B HA 2 A=t YM & IF
St A A7 ES AR S8 A7 o A EFR
A 24 el gwizkell A oF 160 km BolA A
2ER]eol] YX|EF Qi) o] el W 15em =
2 o - o wuhy] Fute] A dojulE Atolt},
YM 84 #A 5= wivhd Hoj o3 W 3EE2
ol oJ8l £5% 3 Fol hEwlo] wHEelRl 3¢t
(tuff) T2 F9joll 7709 3H4te] 13-43 km 7 ol
SR8l o 2] B2 407hd-1007H Aol g}

19934 2 % 9m, ¥°] 10m, Aol 60m 9 2-FE
ol A F-wztr ol o) wtEeiz e o7 A 5RE
199411 % 7.6m A7 2] TBM (Tunnel Boring Machine)
£ AHE3le] 380l o] AlFElen 1974 ATE
$) 8 ESF (Exploratory Studies Facility) Z%e] 835
Ak A H71EE HEs] A% ASAERES 20
o] £3oF WXt AE-EH2 324 km® (800 ollo]H)
ojm] ARB K] 65.70 m - ol YR L

< 0.7km’ (170 ollo]A)EA] ol F EFE2 A& 200
-300 m oll X5t o] &2 A et oF 100 m A
o] $ix154A et A H71 5L 100 o A9 AE
Bl'd (Deposition tunnel) ol 7 X E]A| Sl=vl o] 2 &€

oF 250 m - 600 mo|™ ZF A £Eld Alo]
ol 225 m o 7H4E Foh. 19984 ¥ vl DOER
HE YM 22 AgAel izt 3R HrpE ke 3
1999 27k HEH 2 319 A& A& dlFelr)
o] F 20059 RE A AFAER AL A5 ¥
20104001 WA 715 A AYLE gl HE=
WAy d7 5 AASFAGEE 63,000 MTU (Metric
Tons of Uranium) ¢+ 7,000 MTUS] ZE A7 B2 4]
IES] A7) BL FE 3 F 20,0009 £7]0 T
g AL AP ek X 5 & YM oA Alg
A At APES BoIFT 9ivh (Blejwas, 1987).

3.3 Waste Isolation Pilot Plant (WIPP) Z2HE

WIPPZ TRU #H71&2] A2 & Q8 A 25 Ap2
Ao At Rell A4E i AH |71 E e |
F A4 ejct, WIPP A&t 89| 7142 v|Z DOE o
ol 19814l A2k e}, o] AstTFRELR A6}
650 m ol 9118k A Fell AR o YUr}. o] FHF
FAE 9F 1000 m 24 RFo2HE] oF 2924 597hd
Fol FAF R Fo|rh

WIPP A4 2ga) AST2ES AR5 Axel) =
7182] 4k, 571, A} ols2 sl 4 9] +FE]
Jo] AX)=|oj9lel, Salt Handling B4 F2 ol% 5
224 9% &9, Air Intake B'd3} Exhaust 19
1 28 AR o] Waste Bl WA w71 E
9] o] 3= $l8l AR|slojglrt. At EL Al 399
- (1) Site and Preliminary Design Validation (SPDV)
4o, (2) Experimental % <, (3) 870 A EoAdE
4 5] & TRU waste storage 9.2 2 1%t} (Munson,
et al., 1990). Storage -2 8719 =li\do] vhEoid A
3}ow gloy 7t wide 7] Weg FAE ZH
2 AAGE ez W Fole 4m, FL 10m, 2
ol& 100m o]of AEE $J3 Z+ W Atolell < 30m F
A9 pillarg $AFA #c} SPDV B L 5259
A5E AR W AFE] 8 AEsidel 35
TYLE 72 gHEolA

SPDV %97} experimental %9} 83 storage FY
Z9] & slide] Al F2to] SRHYT o] TAH o
Aol Ae 75§ T 9 kel
W19t 53 o Aol whE W3} MR Fo A
252 ok (Kwon, 1996). 19994 3¥elle= 5+ 4 W
Zke] A Eoll Panel 12| Room 7 ol ¥AHY HI7 &S




Table 5. Rock mechanics tests in Yucca Mountain
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General area of

) L Planned experiments
investigation

Description

Shaft convergence

- In situ stress measurements.
- Displacement measurements within the rock wall.
- Pressure measurements within the concrete liner

Excavation Investigation -
& Demonstration breakout

Rooms

- Displacement measurements within the swrrounding rock as the

excavation advances

Sequential drift mining

+ Measurement of displacement induced by the neighbor mining

Plate load

- Rock deformation measurement using plate-bearing test

In situ mechanicalproperties
Rock mass strength.

+ Measurement of rock mass strength
- Measurement of large-scale joint properties

Canister scale heater

- Measurement of the temperatures and displacements around a

heater emplaced in a hole

Heater experiment in unit.

- Heater experiment in rock unit

In situthermomechanical YM heated block.

- Thermal and mechanical loading of a block of welded tuff about

2 m on al} sides

investigation
Thermal stress
measurements.

- Measurement of compressive stress in the rock mass under

thermal loading by rows of heaters for the validation of the
thermomechanical models

Heated room.

- Monitoring of a room that is heated using several heaters in the

walls and/or floors

Compressive mechanical
properties of intact rock.

- Laboratory measurements of UCS, E, and Poisson's ratio

Effects of variable
environmental conditions.

Laboratory mechanical
properties of intact rock

- Measurements of compressive mechanical properties for the

variations of sample strain rate, saturation, confining pressure,
and temperature

Tensile strength.

- Tensile strength measurements using the Bralizilian test and

direct-pull tests

Density and porosity.

» Laboratory measurements of density and porosity

Laboratory thermal Volumetric heat capacity.

- Heat capacity measurements of solid tuff material

properties Thermal conductivity.

- Measurements of thermal conductivity of solid tuff

Thermal expansion.

- Measurement of thermal expansion

Mechanical properties of
Fractures.

- Measurement of cohesion, coefficient of friction, shear stiffness,

and normal stiffness

Laboratory determination of
the mechanical properties of

fractures Effect of variable

environmental conditions.

- Laboratory measurements to evaluate the effect of varying

displacement rate, saturation, temperature. normal stress, and
sample size on cohesion, coefficient of friction, shear stiffness, and
normal stiffness of fractures

A stoll 2E3 = 2l Al &ad el

34 59 #YH

FATS e} AMFAARE A EE] 9% F)
Al 197941 58] AR EQIct oF 29 5Hghd Mol 3
Ax 289 i E (Salt dome)o] WA HAE A
AL 24 AR £ selsr] Q% A4 9 A d
o] ZI= T ot A FAF AN A R Ep7lz| ] A

&

il

ul

¥ 650 m 383 g A & F3 9k F71E el
940 m ¢} 840 m Zolo] T e o] HAE
] o] 7| A HE] A= S9edolA g B9, 3t
B, FEHH, Ak EA S gt 97 2 dHE
oflAe &I TEo AT e dHgEH A7 E
H| &3 chdst 727 A s 2 v}

35 Y& Exr 2t
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YRoll 4 A& T AT7E A 19800 2ol
Zesidor]  1998d  JNC  (Japan  Nuclear Cycle
Development Institute) & 54 22 A& 343 9]
on] S WA \71ES 30- 4047 S A F
2030 tHel] AE3he e F7HR R FaE Yok
1995 Ex A Ao A5k 33 o 20
A7 60099 9] Ao 2 ohg9] 3 oA o ZEAHE
£ Al¥sta gl

(a) A HAL 744 A AL T 24 L A7
o &

b) MBI AA F - FHEd  AdTF %
Z 1A A 9] | & A 7}9l vl AT

(c) AR EAA A4 F . 48 23 sl 2
F Y AT

3.6 FHLCH URL

Flviel Manitoba 2|49} 240-420m 9] AA3 AA
A shitol] Al A4 e] whEolA glet. 19801 KBl 1984
d 7AA ] BRI ZAL ¥ 198438 217 255 m &
S eI AFAALAE A4 o 1987 RE
1990:71R1¢] Al 25kA] AAAAE 433 m 7HR] 2l
< ARSI 420 m of] AP AL st vlF, &
B, 29zl A2 AR}, AU Ass
o] A%, BAEHe] g@xViE, HEAe 87154, =7
£ 247 9, A4 9 A5 F2E9 AT =,
45471, Bl digt & 5ol g Q77 2=
I giet

37 7|E} Z2NE

a. 299 Stripa Mine ZEHE

291Wl9] Stripa A FAkell 4] 19804 F-E] 19921 7HA]
100137 249& vl &, shich, ARs Zaks gi/,
28904, G vlE Bo| et FAFEATFEA 3t
ofiae] AEA 7A4E % Aol A Sl
AT HdE A & oF 400 m o] AEATFALS A
Asta A3 ollA e Asle] §-554, 2%, &
A9} 54, heat test, F2oll W2 8|3 4oz}
4304, 79 9 Bld 9% (Sealing) A, #71E HE
F9) 3t 4ol 3t dTFEol WAAYRE B3l
3gict.

b. Y Asse Salt Mine

=99 Asse Salt Mine oA A3} ¢F 230 mell A&

AlAE A 59, vidES) wlSe] FEoE 21
Y= ATZA FZ brine 9 o5, Zubde] g3k wkat
ol 2% ZhadbA, 20 23], bl o] B4 Bl
I AFEE TSP 2 19954 A= g

c. Hl7)ell Clay & == 1

7)ol A clay Foll AN B8-S A8 Uy
of] thgt A7) 197510l A Z=E et 7] 57k 8
A A4 A3 viEo] 220 m A8 clay Foll #
3l W Ve, AAF Sl g o2& AT
7} 3= 9lel. I FollE URL 9] A4AE B3 g4
go| FRl 7 A¥A Ao AF, clayst #71 8 £717
o] EF 3 Hhg-, Aslrf-goll g d7-5o] 2135
At

4 WAKY HIIE MES S8t 2Meistel
=g

4.1 BX|ZA}

WA =718 2RI AE BRE A 9
B4 ZHE B 2ARE AAg A A7 ES s
Al AEs] HsiAe FALAAAANA vhge] EEo]
24, 7 B35 o]of Jhe},

(@A 24 . AY, A4 9] FF, BAEHe] vy
&, oo EA, Ae B¥, 459 A= 7, A
Hel Y], A& Jul 5

(b) F4EF7 A

(©) ¢844 7=, BFE, FFE, AT,
HygAg, dAEE §

(d) #AEA - FA7L RS A9 2=k, A
U EARF, FARZ AFLE, TF A4 F

(e) A HIAES FH9 &

WA w71 B AR BAARE SlEA FegEofok
¥ A g HH AYrt QFEol A 7 e
g7 2k

411 A&F AZH A3

A4S A E A Al A7 Mo AFEE
ol ou|ADEAE AAgY o & B3l Sk Wi &
g3} A FFelA 8] e, 3Hehd B Fo] 2AHEH,
Yucca Mountain o4+ 1983x1 58] 1986'd 744 72 A
9} AjFgol AFE g en I F 19930l A& F
55 2o A slelslr] o8 2409] AFFel AF
Bt} AlFFlA ol 5em AR YAIES F



3 kel AAY 4T A9 EEH, 71AF Aol
AEglel. 8 o] F AT EE T 4F HAEFAWE
o] 43t B A3o] 7hsaict. WA HIZ1E X EAIAE]
R ZAE A% A5 A 43 EFY A
& s =5 Fo| ZA AR5 olok #et. Yucca
mountainol| A 9] A|FF || olal] whlE= o4 sk
55 $AE AREsle] AlA s ti4lel] FF4 R o]
& AATLEN AFo] =4E G Fol=F gl
4.1.2. ¥H4A¥
AFgo el 34 AFotet oY SHHEL AY
HollA Z:E A&l o] &5t A8 Aol A AIHE AL
23 A8E 8l M) s FFE, AW sEEE,
BAAS, A4 ZE T AT 5 vk 7EF AFEA
4 ARY 4 A& FHe 4FEE ¢4 GHEE,
FAT, AN AT, ETEA HF ST EF U &
1‘4 HllAe] 4¥E Bl G IS AEE
87} 9le}. oh8-2 Ao B4 AAs] Hal o
A8 A" QFAAHE B3 Ut (Auewell,
1993).
a. A¥A AY
i. A7 e AR e AR A&
g 9rh.

ii. 454FAEAY A FAE dert
jii. E‘%—‘%J'—.-*,—Z}J]ﬁ . QPR EMAAIGS} Foli]
£ L }
iv. E"’“ & T  FRAASE AR
v. Creep A% : ‘\’4'41-4 A7k EH]l WEAE A
+ ghot

vii ARHEAY ; ALRE 5 Ge o) B4 e
vii. $4ES FFEAY : Fo B4t

viil. SAEE FHAY: 99 B4t

O EE EES

x A AY: A T FHE set

-

b. FAAE

i FWHAEAE U HAAAY - A WAl E
A% gt

i. ANAAY: ARG =AFE 2Tt

ifi. Pull-out A% : &4 3FAS AYdE &3
iv. %ﬂg’a}xﬁé kel A E4E 9
FrEA Y AgEo2e] fA4Y A=E AF
zh:}.
ol&ld A¥4d Ago} 49 B4

=2 AL 74

Eld7 A&7 251

9] AA, kLS, Ao AAE 913 R, AR
o] AA & A 7| BAEEA AHEE R}

4.1.3. HHEFY (Rock Mass Classification)

QR el e 9o 9] o 7x) B4l 7]
Z3lo] ol & A B 2H ko] FH]) YHE &
7 T JEF @t HERE B3 ol gt ok
Aol A ] Aol 7| x3le] Mt 55 2 A2 4A
£ sA =k oy 7hx bR E Q AW
RMR Ajzslo] &z 714k d#] o] &5 3L 9lc}h. RMR 9
RS HHERE S8 () AHE, 2) RQD, (3) B4
& 7t (4) EQEHe] 3, (5) A 4Hl 5 5
742 845 TEe] Al4s] Hg Wy Ee] AA,
W7k = o] A, stand-up time & 27, A B 359 A
A Fofl o] &Hct. WA =71 E A EA] AAlelAd e
H 71 5ol T 98 A7|H 22 2 3toiof 317
wjEoll RMR o]u} Q oll4 Al4s= A E Heles & o
HyAQl 28 AA7 48 Zleg QA

4.14. A4S G339 &4

ko] A 5ol S vixe EdgHe AA2E B
Admie) Zol, Hel, W W3 %’% = T ey oy
g Bodgme] EAlle G4 9] A5l ot el e g3
€ vXA "o}k (Brown, 1993).

(i) ke A o AR g Ak e 7haA)Tc)

(i) g vlES A £ T2 A8E s &
o}

(iii) A W SH 9] EXoll FFS =Rt

(iv) 49l Az Aol & S5 A S AlFgiet.

(v) aloll 93 A whe] YAl o] S FE g

¥ 62 249 3ARMIA 24 Edgm el 2k 1)

Table 6. Fracture distribution for a typical Swedish
bedrock (SKB, 1992)

Fracture Spacing Width Hydl'al_JhF
conductivity
Regional fracture 3km7km |50 m100m! 107 mys
zones (Ist order)
Fracture zone .
(2nd order) 400 m-800m | 1 m-20m 10° m/s
Fracture zone .
(3nd order) 100 m 05m2m | 10° mss
Bedrock including N
(4th order) 08m-1.im | 0.01m 10" m/s
Major subhorizontal 700 m 0" s
Fracture zones
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TUAEEE HFT Qe YM 9 2% vy & 0.8
-39 M9 fracture 7} T A o2 ZAE Y

2 Ak W97} s FaHE deie g4
9 EAle AR A dAgsAl A7) wigel o
AR 71 AR O] A 22} A BAdgkee) EAlE
9] A ZAE olok dtl, YM ol 24 F9 ol 4
7he] ghgrio] W=l en olF whEmo] 2549 A
Foll PR Agol] gt Ao} FPFole} o] & =
T2 AN 10497 AEo] e glom YM F9eliAl
WP 278 7] S50 wh9] o) 53 X)Zle] YM 9
A v A TS AT Ak =3 #7200
Thd B}t ©hEelEg EAElY thEolEe F719) o
TFe AR ATE FUH Aok 2 B dF
Aol wk2v YM oA & wEHE w2 o] Fo]
& o1l g A ] A 7FA 0] EAlsl] wiiEel] A
AR s FE2EY ¢HAole 2 o) HA) geria
oA AL gle}

415. 2714 &4

&7 5Holgt shloll T35 FH5p7) Aol dAsHe
EA AEE F90l B4 == S-AAUE o) 2715
3} ol o s Sl o8 AR TF
9] ZZo| o WhEhE $H-E 2715 AHH o7
WAE| =g ko] 271-39E AET2Ee] AA A 1)
5 F2% 247} Hrt ohibe] 271532 oduhi,
Flatjacke ol 83t 4/, e A|FF9) HyE FA3
< WHE AHE3te] AEE 5 Qi ol F F Feishiiny
2 W AFAA AFFE AT A"EE AAE o
Foll 271589 978 FAol 7hest wlel) AR
ol 4 & Olkiluto, Kivetty, Romuvaara ¢] 37§} FH ¥
Zlol] th3t 82 22 S8l Uit & o] &3t §)3
HE 2 ololl E™ AE 500 m o4 FHo
THSE e A58 23 A EE el

4.1.6. A¥F FEZA

A H 7 ElA] dAY e AF 3 o5 B
FHE g A 3le] olFo ol&ll 2R 7] Wil Ast
kol EANSE BAEHE vk A|3lge] 71 5-& s}
e Ao ok} AAYIAE Stripa FA B0l A I
& A FFE &8 A9 EAME s 29 Tracer
Test & %3l Channeling £3-2 #1899t} (Herbert
and Spawski, 1980). #E-& Wl Z2& X549 §5
£ Febaly) el AE ol A B4 &
AZEE o] g3loiof g}, &, BdEHE BAH whyoll

ool WET olE B8 Aslrel KEATE seHe
FEo| 8ol Aok B},

4.2 X|sla&E2 HA

A8-2E9] AAle 389 Aol AP F3E
mFct. FFe] Z7le F2F AT AslollA AHgE
2A2-g7] Ha f AxFZ D TARNe) =27)E 2
2iste] ARt A 718 A8 A 4717
o] 40-50d Fxolm whef 3l o A A
(mointored retrieval operation) =% 7170l F 50 - 100
W AR St a2E7] digol 35 100- 1504 o]
4 AAFA FAAE ¢ YEF AAI7} o] Foj ok ¥
Zolet, ZE9] #H7| & TF ubdou) ol &2 A
50l A& 3, AR AR JEFRe 1A
< AT A WS A A7, $H 9 9% 55
z23le] Asteiof sirt. L8l A=, e}l A8
N8l B9 HEE7] AR Ao HIELO|E 93 E
A28 F9joll A5 sl A7 Al 716
oy fPAREE Yol Aslre U8 WA
£ ¢ 5 UAEE ol el S AE 2] FH9 wE
o B9 FAll7t R FAE S WlEY e B9 A%
E7} 7] vl w7 ol ashe 98 gk
Azo] A LEE ASATE AFE $7) il HA
FAR AAS Zlo] Fasir) w3 72 A &
HollA B Alo] 9 UdRlollA) 9] &-2o] ZHE o] Hulo|d}
2§42 T UES AEE) ARel S AdAlslolof 3
th. ol # gk SoflA] UubE o2 FZu]§ (Extraction
ratio) & 30 % ©I3+2 §AHES s 9t Mty
BE FHE oA 9] LEASS WREY] S)8) el
9] X E A EA 44 FHolE 200 m o] A7 & AA|
Z7& A

s T4 o} FRE A5 A A Ele] A FT2E
ARPARl AFF oliF3ie] o] & FE9 AAl o] 88 &
gk, Yubd o 2 gAdAE EiE s 5 3
T3 (wih) Soll A #HI7IE AEA o] A=)
X o] Fo| A5l ARl Yxjeix wEhA =& ¢ 4
TS ] aflFol 27 13 2L el A7t gEFHQ
creep HEHE-& HolA FHc}. o2& creep WL A5}
T2 AVAQ A S X =3 Pl AEREE
ST AAE 7] Wl 59 Al A o= A
5 o]4e] creep Widlo] WAYSIA GEE ok 3}, o
£ ol "5 WIPP oA &= A 84 A&l odojAl
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Fig. 1. Time-dependent deformation of a shaft located at
340 m deep granite.

WEAFE ANESE TR ] Aol 7] 23] FEEel
F5 T F 59 skl FHEFHAZ 23 om, W
FHA7F 30 cm o7} & LT ARG S3Y
Soll Ax=s AR HI71E AEAA Y #HAde 100
E¢k 15emE @A golok ddbx AL gk
(Hardy and Bauer, 1993). Zx8F W Q|&= 7t & 739 &
9 FAoll £4te] = = QL7 wiiiell 2 Edel 3

£ W4T} | mmiyears PR EE sk 7)EF A8
Bd-g vl Ed 71l elde] A8 WSR3 mmiyear

£ g9x &EE 33 vl (Hardy and Bauer, 1993).
A& FE2 AAlE olH @ VIEES AR 7 UEF
sloqok Fhet.

o]9} Fhol AlAl -8 WA #HI7I &S] F5et %, A
& it 2 AE 55 sl AR AAl 7]{"'3
THEL ool wet E21A]1 A EAE S ALt £ 7

gy AepFg 253

I X 8 & &4, v)=, Avke] A8 71E A8 A
Wt Atz Ee] Mg S wlasta gl

1. 299 AEAd - AdRle)dE A5 500 m ol 9
ke ekt A RAE Ak 2 2eld ubetoll
27 9 1.6m Zo] 7.6m & HEFS B o7 A
F-E715 ARg & £7] Flol HIEU|E 51 A
L= NS 71E b AFEc 8000 £ #H7
& A& Qg Ast AR WHE | km'eln A
BF Aol 742 6 melrh

2,913 AENE aare] A& Aldel] wEW 1.8 m
HAe HEE7E TBM &8 35 s5m A7 +94
ZE-Foll 283 o5 100 Bkl ZAZI SRt S
£ A eA oo U A Hot 3] 8e 8 vl
FHedo] AAHY ZA Hof 918U AL E7E
7.6m 2732 ramp & Faff ubEc)

3. 7ivjel A CANDU ARS-E39 8.5 xjisllo}
e Mubrholl A= A3) 9F 500 - 1000 m 9} Behle]]
AETE B2 A7) E 7IREE 8] FHd HIE
Vol EE 9= AMdE AdEt gl

AstgE AAA AL, MY A, vl 55
&gk AA7E E 83, S| Al A he) w7 Bl A
RS Adoll 9 A}oll R o] AH7)x] FEF- F719
ZEE HAHA AT F UEE AAls| o] Ao} Tl
7t 2slldlopt vizre] Ad Aol wiam 25359
FHE I FE (1 % W) F=5 o244 w7t
A3 B2 a3 9}, 3 HIEY A A9 HEE

- de] FFo| Aol A# s = AMgdel7] wiEol 2t

QHA, Aei7AlS] HEH A BT A& wefslel
271, 2ReA, el £, Edel Aol o A

Table 7. Reference disposal concepts in Sweden, USA and Canada

Sweden USA Canada
Waste type and weight BWR & PWRS000 ton SLFW 6:370(?80‘?:“ CANDU 190,000 ton
Emplacement method Vertical borehole Horizontal drift Vertical borehole
Host rock Granite Welded Tuft (1.8 km thick) Granite
Depth 500 m (100 m abO\iO(t;lemwater table) 300 - 1000 m
Area of subsurface | km’ 3.94 km’ 4 km’
Buffer Compacted bentonite Compacted bentonite
Backfilling bemoni@ & sand quartz sand or crushed, screened, 25 wt% glacial-lake .
(10% bentonite, 90% sand) mined rock clay + 75 wt% crushed granite
Canister Cupper + cast iron Carbon steel and Nickel alioy Titanium and Carbon steel
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Table 8. Reference concepts of underground excavations in Sweden, USA and Canada

Sweden USA Canada
Number 2 2 5
Shaft Diameter 4-5m 6.1 m 36-73m
Excavation method Drill and Blasting Raise boring & blasting Drill and blasting
Diameter 6m 7.62m -
Ramp Slope 1:7 <3 %
Excavation method TBM TBM -
. . . Height 5-6.5m
Access funmel Size Height 7 m Width 7 m Diameter 7.62 m V%/i o 6

Excavation method

Drill and blasting

TBM Drill and blasting

Height 5-5.5m

Size Height S m Width 4 m Diameter 5-5.5m Width 8 m
Deposition Length 250 m 250 - 600 m 230m
tunnel -
Spacing 40 m 28m 23 m
" Excavation method Drill and blasting TBM Drill and blasting
Size Length 7.58 m ) Length 5m
Deposition Diameter 1.6 m Diameter 1.24 m
hole Spacing 6m - 21m
Excavation method blind boring blind boring

w3k gl gt AA o] o] Foljo} Jhrh. 1 2loll EId 2
7], ¥ AR, AR, 247, AR, 8% 34
AN7159] A5l gt AAI7F P23t

T59 AA oA AREQ A A S WA
7] S04 HFEIE ol &% K o] T2 o] gt A
Fe Aol (a) AAlol whE H%E FHrlee =
TFEA, (b) AAA Y4 e2E A T AT 7=t
AREL7] AL, (o) 7HE A 913e] 12 sk wiFY
Z& Tkt ol & Fs] $13 tigke A, (d) 71
Fo] FolA dojRl HASZA Auet vl e &
o g Ag5o|Ath (Whyatt and Julien, 1988). 3|
Finite Element Method (FEM), Boundary Element
Method (BEM), Distinct Element Method (DEM) &
o8] F59] A Edleld ZEadEo] Mitsle] F59]
Wy g 2759 olal|$} ol & el F-F 7‘]%-01]
JgE v L&Fol N AT o] EFH
WIPP 9] 7-9- 359 A7H & A5E 8“’5'1?}71 H
3] 2.8 F9te] o5 E3l WIPP reference creep law

£ constitutive equation®] 7H¥¥ o] AH§-5 3 gl

2EY WA H71EA e E-e hite] o9
H, 214 BA4S W7 digol ol 4aAtg
£ 7] A% sido] Wasi YubE o g EA9
HAFE 10 MPa B 20| 7] EollA] ¥ & Holl

o3 $¥e 2030 MPa AEE RagElx g}
(Tohansson et al., 1993). w2}A] o] &9 F3S I T
#4jo] AA|slolHo} B}, &, HF-E7loNA e
olf o} SkEALE ehitel B4 W3, 519 Faviell
ofgt A E87v %‘HH SEH 3}, ohite] ol e

A9 B4 W3 55 Vel 5 A= Ve A
o] € a3r}
B Z 9ol Fd ol (fractured zone}t wrEo) ExAi

he A% kel 98, A Agell & J3E vA
7] di ol Fduie] FEAlell w2 F3kE AFE] Al EH|o]
L% 3l AFshe ol Yot 3 AR A+
ol Ao} w3l o8 49 YT 24
3171-*?} Al gdlolA % AA A FHFE o)#of ict.
A7oll ols] eldell A7l= &4 BAEHe vt A
S Hist A AR Sokol ol £ge2 o}
gleod, AR e FHAuIEE ( peak surface
accelarat10n)7]- 0.2g Br} & H el A5 F
o] AB7)A) 3L HA 7G2S} 0.2 gollA] 04 g APOI
o] A2k A4 FEHA E4uro] wAsteiof Frhs
7185 0] AA = 9t} (Dowding & Rozen, 1978). &
74 g & FAMEES Uiz, FHHA £l A)
2 #99 A AR ¢4 FEE ou]d.

ol gollA] A B ule} Fho] FF9 AAAlNAE &



T Al FF S F T A AF ALE, AdEE
W Bdgw dadl, O, Ad, 23Ae) 3%, A5
A 4548, AR Fol v|FH o] AFE AE
glo]d-E &3l AF = ojAof dlr} 1 9ol EFoE
(block theory), H-E7FAl 28 (expert system), = &
Y B o|BE0l FF T2 A HAE Al
T59 AAGA A AEsoF 5 Qi)

43 E{E &%

I ZAsAlolAE Xer2E e 3 3 3t
AollA o AEEE FHEL ol & B8l A3 AL
Ao 758 dFSa AR O2 e dAA & s
Zrele] age), FE2] Heloh A9 B, ke &
o, Fd, $HW 55 st A Aol A
A= ofof &}

TAHEd S 5 AE, Uk e A Beddl A4
2k oo g FAEE W8 £eld e Adi
o8 ARG {HE /A7 diol §719] S5l e
Ag-E A7 ol Ut

A 739 YM Z9HY TBME AH8sle] 2%
AL Wl sl =g, v gk AR
7t B33 Qhlell 58 33 2% smooth-wall
blasting 7' & ©] &3l Zlo] TBME o]-§3h= A Hr}
E7Holt}, YM ol A= TBM 2% 2 il 49 2
o] B2 El'de ol TBM Er} o] Fo] ol
roadheaderg AME-317| = 3hel. Whuloll 9%k F5gate]
FAZE o Aell A% FE 79 &4 T A
©}. Colorado School of Mines 9] experimental mine
ol 4] wisiol] o1jt ghikel 4ol it AT v ANt
ot FFATE] Lo FAE A WekE A
HAE HEE AFeAloll wet 223 Zokg HAHY A
A2 71ZA7)E Aol F83ch. =3 pre-splitting
7 A2 A2 WeEL ol 8o 2s Hel sl
Wl AE A 5 ek 2wl A 9] Aol wEm,
AlolistE AAIregN 4] F71E 03 m 7 &
d e Ao Husa gt WAl Lqule] ol
ol A& Wtk TMB E 2ol B2 EDZ ¢ WA+ EDZ
7} g f-Eoll A= F3ol High 9F (ZEDEX =
2y 7} [ glow o] Az we)l gF T
o] AAHE Aolrt
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44.1. AKX 4A|

Ao 9 2ol vt k2R, gl 2
78 el A A B A4 F o 50d B A EE
N8 F97123 H71E X8 F oF 504 54 #A7
7t B¢ AT EL AT el E FAY F Yolok
ek, ol F YsiA e kel 2ol H3d ARE 4
3 o] asieh AHE A= T FH L
ke DRFEE o] &3he] bo] A H 22 X5
F UAEE F= Aoz AAAA rockbolt HF cable,
hydraulic prob, expandable segmented 328 Eglo] g,
powered support &2 Z-& 5% A ES} Steel el d,
AR 71 A 22 grouted rock bolt &3 2 % A
HEo] ALLE ¢ 9t AR E F5e AA7F WA HA
v FF 591 shike] e Wizl e} HF3 A 5o
of gt} ol § £ WIPP 9 45 A B AA A, Auk
oF 2 m Aol $128 = clay seamoll 4] S 7],
THHEHE sEsle] N EE AASIe) (Figure 2). WAL
A7) gl AEd Tl 2Rel B, 27709 steel
channel¥ &5 %& wel 42133 7 channel v}
11 7H2] rock boltE A 2|8 ct. ol# g A K= storage
A9 FEEe] TF FH F Holx 124 I A3
A FAE 5 UAEF 449 2eg FE5LY Clays
(Clay 'G) € w2 5ol 28 rock bolt 7} A
o st E & WA4E Folv] Y8l eldollAHE Clay 'G'
A E 150mm A7 8] F-& AFH AL & F 9ot

Anchor

0.76m
Clay 'G -—
4.._._
06-09m || Bolt
2m
150mm
|l
| ROOF
7
CHANNEL

Fig. 2. Rock bolt installation in the roof at WIPP
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YM 9] 7% rock boltg 7] & whyo g s a3}
2} £4o] A% el dell A+ wiremesh, fibercrete &
AR3le A2 & 32 9k YM oA+ grout bolt &
ALE8ER] ekl swellex bolt & AHg-aka 9l A7t
A FFE o 70% °) Bld& A R3] 9 20,0007H
o] 42| swellex bolt 7+ AH&H QS FF 2012k 1003+
M o] 4] swellex bolt 7} AHE= Ao g B3 glu}

2T F9oll EAEte EQSHE B8 A3l F
& =] QM8 FFo] A7) Holl 22ke-H & solof
B Flelich X ol A= 22HeE-E Bl Eld Y -4
£ 3R slof gt} 2l Stripa AT FINE 28
SHo R Wgshe Wl & A77F 91T} (Pusch et
al., 1992). 1eb9-8-& 3u|-&9] 52 A7 8= 2
dogA] AFH AE 7 dside Fe7l Yes
ot 53] A3t 2efpuloko 2 Sl Aol £3n
FAE 2eheE L ol Agso|A o} g}, F
Yol whel stage grouting, series grouting, circuit
grouting, packer grouting & 2% & 4 3t} (Bickel
and Kuesel, 1982). 3229 79 c}& vieloll wis)
|| 7} gho] EAlsl= AoE d#A glerv® gk
B Il g A7 o2 pro] "R se e} B

44.2. 8333

AN sl 8, WA Es 89 7se I
obala ofiFsled] 7V AFslas 2o Ase & 4
Ut 3L o] & RS Rl 452 7150l IS
2 4% 84T - 848Y, 35 ¥ul, e A
A, d@ade, 2 F - 9 o] vhd=o{9)l7] uf ol
A & A A S olF 84Fel F59 7%l
v} 2= e s HoME a5 ok A3 B
< YA FFol 23 AFNE 359 S| WA
o aqi7kA] ZE 87 FH7N71EE ol &3] T5e] A%
£ 71 E=oj o) ghrh, FEH e A vk vl
A5 BoAFE extensometer, 52 WFHAE S5}
= closure points L8} 3L FEF5:9] 4o FHHYE
RolF & inclinometers AHE3te] 2HA13] 7189 5= 9)
ok o] EE B8 59| A7l WE Wy o S Es
olalsl i FES $EhE ol AR & 4 Qi) =3
o] 5 XA ALFoEH FFe] AT uhE AA| A
9 W3E Fge FEE 5 Ut (Kwon and
Miller, 1995).

&2 Z3l| vt 7]E2] HEP Aol lE el A
FEE e, ol#gt S AEFl 9 SEHAF 9

3 TE9 Al £AHE AL s 3l
rockbolt load cell, pressure cells, stress meters 5-©]
o84  Slet. ANA FAHE SHARY 4
o] 7HA] o 2 Fafd Aje2 A FolE 2%}
(Munson et al., 1987).

44.3. 3F9 ¢34 %)

& TF F I gAEs BEE A g4
< ol &3to] Aat WA HIZ|E AR Ao A4
= AEY F At AN A== AEE AAIF L
2 AHE ZS 35 Al 4FE A= o 71x
84F dE S FE I, &5, s, 59, A
=9, AR, A, A3 gl A AR ez vt
& 4 Utk ol 3 TEFH hibollA 9 skt
A Zbell whE WA F& st 5 A "ot siRgt
Yol FH37] ofedE Sl Wah} FEoli4 de
NATE ehute] WEAEE olalisly] HsiM e HAFE Al
Edllo]d-E o] &allof gt o]9} o] HFE] Al Ealo) A
7 SR ARE o] T2 FFo] AXH Y
AAAER AF HIAUFE ol e F A Hr} 53] A
FE Al Edloldel Aot A4S ARE viwEo X
A ehitel EA4o) i Bk FE8at olalvt b3t
Hire AlEdHolde] =g A 5 Yok o]2F
AL Qa4 (Back Analysis) ol gt} & Yuby
o2 HFE Agdolde] AL S} ¢hite) EAS
dFste] FF2] WAANE A3 Aol dall4elide
PAollA 45 RS YHARR slo] HR|-gHol
ekl EAS oz AldsiuA "t

2] oz Hshe FTEF Y] #H
TEe A Hololl E AFE vl ol F Fholl 9
8 hukel EA4ol W3ts 49E EDZ (Excavation
Disturbed Zone) 2L 3te}. o] EDZ 9] 27]¢} kg
el W3k AR AL TEel A Frlell 8%
g ot wiekA EDZ o WA TR dEE vl
= 7F 2450 tigt 977} FlE Ao} gt FF
Foell A s 7S AR e AL ET
P A2 g3 Zrt

(a) Ground Probing Radar (GPR) - T@ ™ol A ¥k}
He A A5E 2] e EAE Zohd 5
ik AApr] A Be) Fppol] ube} AL E ke 3
ol7} AR ¥t F AFITE AET A HYES
F7kstu A1 37k AFse Feole Fadet (Cook and
Roggenthen, 1991).




(b) AT FE - TE F9ol AFF& Hol ¥vdd
< HA sebgct. WIPPAIA & 1507 o) 39 X358
Bo] A5 7hle} 5-& AMRBte] FgH e A7k e
BAE 1| £712 24 9lv (US.DOE, 1992).

(c) ANAGE 24} - A3 2ol w2 F4 9 H7|A
F=5 ZHYgct Tl FHo| WAl we} bt
9] ArlAgEE Frlgc).

(@) FFATSA - e el w2t 3559 o
ko] SRl Wishyl A7IA| sl oleidt £l W
35 2oy FdHe| HHE HHF o2 sotd
4 91t} (Stormont and Daemen, 1992).

444. FFA A% A&

AFE A gelloldo] FEe AFE A hes
FZ o] &HI Qi) HFE] A Bdo] AL o] £/ H ¢
ool EAE ulEF o 7R JMHE wEol st
of| & ofego] whEr}. ol2dt FAl= HolA 4
HIARE o] 83t J4 & dAF 2N o= AR
Hebo] 7hgaiRict. & AajA S T8l ol hike) &
Aot \A S8 HFE AFdolddl YeEgeozsn He}
AR GiZo]  sbes Ak kAW (Newral
Network) & AH8310] 3ol SHH o}ddt R85 ES
P Ao g A goes F5o 75T AFs = 7HE
Mdshs A% Hasicl =3 Hgdld == Wl
B o]83l0] F59] 5EE nlny Fa A8
Sirh.

45 WAY H7|® ME ¥ &2

9t ek Z1 28 0] AL kA =72
< A5 HED F AVIEY R o4F wigo
EE A9A et o] 4F HEVIEE XE59] §4
ol 91 AL WAL FFEE Yokl Hv whebA
A szt g7 5ol HEe e AL WA 98E g
HEFoll A2 Aejo] i AEEd, e 282
e g SulLEA gl ot slulge) 42 )
£} Zte} (Chapman and McKinley, 1987).

- Askert A7 EE FEske RS #43F get

- Astre] A S WA AT

- A B Fe o] -2 A AA et

- Wb Bl o whalsle do] AgAIZA 9 o

g ek
-¥AEE 9 AFE A%}
dho] B2 AR Pkl AX)she ARAAS A5
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el Yl WEL|ES} glighs EfElY] Hulg-S
AA B Zlo] YubAolct. M7 hiloll FES] WA
HEE ARste 2 85 £dol, e gl
AR == A A0 = o ol F1g A3 Sl
% E3& 31#=32 9}, Yucca Mountain 3} Zo] wl
§ AxZ Aol WA A7VE ARALAE e A
Solle H7E AE F 3T @I7E AR F o
50 - 10047k F1toll= slmllg glo] RIF7H: WA F&
o] AT =72 g}

Hellg 2] ¥ 7 e el 23R E Fo
D53 sledl AV)HoR 9, 23, SEEeg ok
Ag Wy Aesieof g} Aviche) 39 LB A
250,000:42F 87155 FAFedof gheka sk Q)
o}

WA 718 AR olF WAbE 39 o5& Al
4308 FAsodof 39 ofd o] f= v w1 &4
AE F 4l 32 4 A ol A HI7E HEA
Aoll AZHEE FAZL S B--E vinlsle] WA #H)7]
& s a3 k8] Sleste Wyl digh A
& Z#Y 5| ojof gt} (Krauskopf, 1988).

5d B

B Afol e AR kel 2F9] WA {718
83 AAE sk Qe A o] skl o)
g 29 3 AAE bl AEAE bRl A s
7] 1% G Ao 3-8 disle] Aesigen ol £t
AEL g3 et

1. 38z 283 A5 A2 28871, S5, 5
il EAE HF0] o]F5 AT HEH o7 kg o)
§3to) WA EA S I el oEEiidola)
S vk webA 2 whHo 2 AE%g e Yk
EAL AR bRl B g w27 g E
o) Z}% ko] E4-S A HA AP4 A8 S Sl
&3] sletslar o] & mejsle] R\ AA, AlstA A
AA & slodof gt

2.0 AVE AR AS 35 2 F Holx
40-5011 7o) 9717 e 3egd 28 4 100-
150:49] 9 2 A 717F B4 dehHoz kA E A
£ RS0k stez A H7| 8-S gHAs A 8st
71 YA A7l Dol TE AL ST 5
A& 71l g 9771 "5}
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3.8 S71E Aeael RAAA, AL A4 o
FAE sl 2] AR e 247 44Y
gte] of2] 7kl Yl €2 o83t FEFH ik s,
HYAFE ola 3t A5 5 glolof Frt

4. 92 71 E AR AsE ARl 9131817] )
Foll Al Re] QubEAS A% AAIZ} B ese. 4
Hohiloll A o] & 3oz Qld A2 Al A&
A9l sl7] 2 Wy AFE HolAl s, ol A3F
52 715E 3E3) Fetay) SfaiAe dRA FA4H
£ A8E A oz FAsldof 3t} WA A5
£ A8E 350 s, 1y EE AHY s HojRe
Zol7] wiiell FFe| A B7loll 7P S8 AR
ALg-E|ojof @k, ol A7 Rtk FE A AL A
3 Hog A9 HAE A7 A4S PEEe) MEEolA
of e},

5. FF A AR Aol AAFHE T A,
E40E FY F e BAAA B, TR AR, A
$E I3 a=]) W] Y A7t B a3 B
w3} FE F9 47t FE2) ANH AS wlAe
3 3ol TiF ATF7L Yol ok Art. 3 HEEL7
Fuio] b3, =, WAk w7124 sk
o] 213k Qhikel EAli3lol) iate] chakdt 2A3tellA 2
Fjoixo} Fct. g qhite] BAH L Al #F,
FE] P2A Al mIXle 93l F A7t 22
st
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