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Review technology related research for underground repository
facilities design and associated stability evaluation

Wang, Tai-Tien* Li, Hung-Hui**

Abstract

Taiwan is now actively promoting the planning of low radioactive waste
final disposal. Due to the topographic-, geological- and demographic
characteristics, an underground cavity is the most probably final disposal type,
and associated control regulations and corresponding guidelines for review plan
are urgently needed. The commissioned research projects entitled “Review
technology related research for underground repository facilities design and
associated stability evaluation” performed in 2012 have proposed key factors
related with facilities design and associated stability issues, which are
sophisticated objectives due to the unique site characteristics by Taiwan. This
project list before results systematically to investigate the influence associated
facilities requirements related with lining anomalies of tunnel, and proposes the
essential factors based on underground repository facilities design and
associated stability issues. Furthermore, this project investigates the site feature
description and characteristics parameters which are corresponded to major
influencing factors associated with long-term stability of existing tunnel lining,
such as the mechanical properties of geological material varies with time and
external force affection likes earthquake et al. Finally, this project analyzes the
possible impacts of disposal facilities due to site characterization parameter
varies, and supply appropriate design considerations of disposal facilities and

provide the recommendations associated site characterization description and



parameters assessment for reference.

Keywords : Disposal of radioactive waste, tunnel anomalies, long-term stability,

affecting factors, feature description, parameters assessment
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Technical Considerations in the Design of Near Surface Disposal Facilities
for Radioactive Waste (IAEA-TECDOC-1256, 2001)

Characterization of Groundwater Flow for Near Surface Disposal Facilities
(IAEA-TECDOC-1199, 2001)

Safety Assessment for Near Surface Disposal of Radioactive Waste Safety
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Near Surface Disposal of Radioactive Waste Safety Requirements (No.
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Hydrogeological Investigation of Sites for the Geological Disposal of
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1 ¥ FR% 2. k¥ FHE2AH
THEE BT
P REFUTRS DE A %:iaﬁjjk
T W R T o |
“ kAR
L T N T T S
A ez B o B SRR R
. - g
SR Gk 2R 0 e
oA ooRA AR
%P s p)
292 M R PEER R ack s
e L %?? A
e RN M ] i R
gt gl
3. #u% 4 HriEEp
ey HE A BE AR e A
o B OEIOHRE ] i WHM P FERERFEEEE B
AR hins Phsioin 3 8
5 BT 18 6
& il RGE
aaaae L FHA A

b /4‘7"»:(}%;;:’% E
ﬁ%ﬁ%?im

Wy B E R

FrFE

5. AR ‘X‘ii‘w"f" WA

HAEP

R

20



4004 — ST E 2B 411 T A B 3 (IAEBA, 1984)
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iy FH I
p KRR kA g R
Wi % ik R
B R ARk B
BEORRE RR i

HHc

7%?: fi?\! % #E ’J\' ?\! Jt Pﬁi ’J(-/& X

B ARL$y it 2o R 4
E LN goor R4 Sndikc
HRE A E 7k Sk
P g B j
K FER
ERERER
U SRt

B S
= (S
R e e

=

AR
N

ey

TR A R(LIR)
R X
AT T SRS A ) F R

R %R
zkE
43k pH B2 E (2 3 pH E &0
THENTIEF(TIEE)
#ic
R S 2
kA4

ok d 3

B R ow
A fie T B
B EEAI B E
I HEFE
g RBET =
BoAR oI B R (s )
R Y e

EEADN

\\?{.r

a

F 1=
ok Bk
et Aok B
BRSNS s R
IE-EAFS 3 o
5 Rk E R

R
-l
* 55;#;, #
R

R TR (R PR (T )
AR SE(RAR)
h T g gl
BEGF)E = F R

24



# 2.2-8 Stripa & % = F

'F)\—» pé‘%%

nE

(Fairhurst et al., 1993)

WE LR

p 2R R

WP

BTk B ] s BIER 100

R ﬂgrgﬁgpkm

¥ R R R m P 2 54k 2 ) g e
o R SO m EERI 5 - A v pleps | B E T IO H Ak
¥ XEB R ;Dilfﬁig%ﬁiﬁﬁyli& éyﬁﬁﬂm“@» 45 iR A3
i e SRl g T
FREIEA AW | F RS EKE T R IR | b B B RO ATIE R 6D
Sl I LA P
% T
HRTEIES R BT ORGEN B 2GR B A E;;i b:;;‘f;;? ,;;?;f ARy NS
T W‘JL #idok
Fo X TE/BAT | LRSS RHRHED TDHT R H| FLERIHAFE AR
B E 2 T L hB oK T B ol A A
ERESY R PE
KT B R R
% & FE/RoKT ﬁ%@I{&ﬁa»a%ﬁﬁﬁ¢;ﬁ,%3%@%&G?ﬁ%%¢ﬁ
B 3% % #| B LR
FREHBEBRLPE
e W LEBHRES 2 H BE? 2R | FFEI R A T AR
o BB A R 5 o) 2 R

Tl AR L & BT B

J

BT ET &2 SCV Huk ¥ Rl

ToRokEEZ A

[1] 2R EN%FEL
[2] REFRFITFER
[3] & TIL gFts5ln

25



2229 WF TR ERETZLFATREP 2N E (Kwonetal., 2000)
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Legend: L L L Affected area of slope movement by aerial photo interpretation

Tunnel 11 1 Affected area of slope movement by field identification
=¥ Tunnel collapsed section |2 Section of crack patterns illustrated

] 3.4-5 & P19 2 8 5 48 122 8 % (Wang, 2010)
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% Bl (Wang, 2010)
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zone stabilized
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4.2 %5 1k

421 3 P LR
FEHHEABE R R RET PR AL 2 R 5L SRR
(creep)* T o B L HFRPFEFAF 5 o ¥ LR FREURIET A 5 (1)
Zb5E 5% (Visco-elastic model) ~ (2)4F 38 % #-3" (Visco-elasto-plastic model) ~ ¥
()AL % H5-37¢ (Visco-plastic model)» H # 12 ZL3E 45 P 4p 2 4258 (Burgers model)
AT EAMBHRR LR > GUEEZ LA AN 2SR A

PR T REEERS T BN
G,

w)F%H“Hﬂé+L) (3 4.2-1)

G, 2 T
Y GG B (ERHR)PREE g~ g, 5 A (L)) D
FiF Gl o
Sulem % 4 (1987a~ 1987b)#-"4:f Bz s B2 %A 5 (DB 2B}
Mz w2 QBRFREG M2 B¥ ks s BRBFZ - ERGEEZ
RGNS
C(x,t)=C (x)[1+mC,(1)] (5% 4.2-2)

Cl(x):le}—( X H (4 42-3)

c.(0=1-(; (3 4.2-4)
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VEOXGHZR T ML F XS n 2 T2 B AR M2 4 L 5
Ao G PR R et 3 RO 2 R R AR 0 B Tl
WEE A (012 R A0 25 0 R T R FEPT  REEY
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o P AR F e > i B 2 3k 2 (generalized least squares)
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Slem -~ REEFH R 75 & o, £* (Uniaxial Compressive Strength, UCS) ~
EHBAR(ZEVRE S s  VEFRZEL AN AR EMAR AR R 2
EPEATEEBa BEDF SR R dost 425 T o

AN

o =0, +O',(mb&+sJ (7% 4.2-5)
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B ofro AW a2 R SER S frdo | A B4 (F k) BES
Bom frs F F R PhiER PP o RF B Slom FlE BT S R
TR 2 S EBRBREFIZAMN > S A RE o BT RS R G
H7 ﬁvﬁrﬁ:@gfﬁ P T A A R B %? F by ke S8 m
b ¥ F R TR L 4 B P S o Bell $(1998)% BT L
FFEOiE e 51+ ¢ 32 7 & 7 £ (quartz content) ~ &2 7 £ (clay size
content) ~ ¥t & % & (packing density) ~ 12 % % 4 % ~f & i% (particle size
distribution) ° Jeng % (2004)2 5 8w £ 5 0> FH BT E P B2 P
TL B oL e B B+ 0 @ H550 % & (dry density) ~ 4R £ (specific weight)
3L 14 5 (porosity) ~ 34~ % Ff 1t ](grain area ratio, GAR) ~ 3adp % B & i 3

O RERETIH AR f“M%;'*E@mﬁkﬂ,vﬁ #

FOIV M F 2 GAR A T3 (T 5 Ry # 4§ 1 81 4, 5( 4.2-3) - Weng
FQOIDJI* Bt Es T L FHI KT GAR Hu £ 4 £
B mr sy it - A He A RE RERT - 7 GAREEY

H'm@#g;ri &P‘? y u{_g;t, F'? L ;4‘,.,':3 GARi‘E}ét , i"‘l 'Tg;l 34 fﬁg(btiﬁﬁyf
3 4 (B 4.2-4) - Sabatakakis & (2008)#F 31 B i Mg B8 e 2k A~ F) £

,.

BT R BRE T P RR AP E SR R EE A
‘b (sparite/micrite) B 8+ B F M F o HP 22 gt hjdxg o £
1SR m, 6 4§ % S (1] 4.2-5) ¢
BAEARE £ (2009) 14 kmarEH S g > B BT BRI R
e S FERA b AR ATA A g ERRER R  Br LR A R
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ABEFELDF T SR 0 KRB ER Vo Pk b TR SRR
s AR e 0 P A A B LTI S @R AT A D REE
FoOERBHOARBERS THEOAREELE LA IR LERORTLRT P E(E
42-6 ~ Bl 42-7)c Tan Q01D =@ # = ¥ % > Fdh g iv* $i-f £ 4
FRE RS R R R Rl M R A M HR
B AL 2 R TR B e h TR B BT Y - B
> AR KRB AR

£ MR (201141 * sez- 8 5 % £ 3% jF 4 17 (multiple regression analysis) >
o TR A BT 0 R Hgokss i s gt A2 R PR
G RE T RE RS P BRI AR AR R WL R
AT  HEFIH I n BN Re Y GAREEFE - EHEEHEF(R
4.2-8 ~ Bl 4.2-9) -

FRPET(2012) 0 * T H S HF R TR RS 0 S - Sl o e
BEAP I R CERY BB EEE BRI REN
T BT H R R IR AT B e B BT R AR R BUR G R PN
BV B Ao B A bR U(B] 4.2-10) 0 7 B T N EECTICR AR
OB A v g RGBT 'R AR RN (] 42-11) c AR ERAEFEFET 5 0 BE
4 SERCIR TR AT B S g BT R ARV (] 4.2-12) 0 B4 PINERCIR Bk
B ey BB A ARR(B] 4.2-13) 0 U BT E PR fRITIR TR

ﬂ'{ﬁﬁiﬁi%“’ IR RRHE TS B PR PR ET 0T
FOR AR B A B LIV S T M E fh (b4 o b TE AR
mA2 e Z P LI 6 2T i ivr (dedolomitization) © > fE F AR ¥t B
Home 20 5T 4R (R 4.2-14) -

ARE B L REFASEEFAFAASREF U A LR LA
%%&’%ﬁmﬁﬂﬁﬁpémﬁﬂmﬁ T 5w L E
JYX“'F;LI?';";‘%'%; ",Enﬁ«mhq'g‘r,éﬁvg ;igm%%ﬁ%?‘ﬁ#w, £ 5 #rc
B ERE T o AN P HHFAPIRBIER AT B T o BHR L X ] RE
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WEFMAL  PFEREFIMBRED A A TR MR8 28T
FP MA T REACEY ERERE P RS EFRE AT TS o

By £ PR X 296
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GAR = 25%

B 423 3 B %~ GAR 43 -2 #) 2 B B3 & 2 A #7(Jeng % > 2004)

0

50

GAR (%) oo™
Bl 4.2-4 3 1 5 27 GAR $#) £ H B 5% & 0 B (Weng ¥ > 2012)
35
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25 R?=0.85

_ 20
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Bl 425 FAa$® > f2F 8 %4 £ 5 mi &R 5 (Sabatakakis & » 2008)

50
__ A Oday

7 E = 4.0 (GPa)
< 40 - 38.78 A 5 days
g 100 j E = 1.0 (GPa)
E 80_ - B 0O Ll{l)’
-, ! E = 3.9 (GPa)
— =
= 0604 B _5days
..2 : E = 2.3 (GPa)
= 404 . ___C 0day
_6‘ 4 3 E = 2.9 (GPa)
L 204 3 C 10 days
“_cé 0 1o 1d |=1d2--1d3~I1dg~I1d5 E = 1.2 (GPa)
— T T T T T

0 10 20 30
cycle times (day)

0 'I —% 1 T &
0 0.01 0.02 0.03 0.04 0.05
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Bl 426 -k sapg# B 53 I S0 TR 4T i Heat 4 A B0 1 (2) % H MR S
4 — Y R(+) (FBATRE > 2009)

- — angle( )

cf 1+ Average + 30cycles | & -0 cveles

E i ke Ocycle = 40cycles | --35 cveles

= | *Scycles < 60 cycles =30 cycles

2 1B : #-40 cyvcles

s | s —+- 060 cycles

g N

= 0.5% %

] )

S ] A . . .

2 0 . , . . v tilt test angle( © )
0 20 40 60

cycle times (day)

180
F14.2-7 KB EFLT bR RS BT B EHEE (28 2 e LA

B4 Bl(7) (RALFRE > 2009)
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<R 0.4 : 3 15t
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5t 5
[~~~ 1 O, i 1 1 L 1
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B 4.2-8 3ziR% R RUCSE 2 3i'HF B 429 52.8%7 REEZ L it X %
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F AR ARFRI(E MRS > 2011)
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B 4.2-12 AEFA X TR BRI B
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Gl BN P R AR B TR S b B U £ DR
ﬂ%’iﬁﬂpﬁ%%§ﬂ%%@ﬁ%ﬂ%ﬁﬁﬁﬁﬂ’Hiﬁ@%ﬁ%ﬁﬁ

o $li2 B 2 8- AT EFnPFP LA E > FH 5 %L
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B EAH S H - B FBEQOIPIY P F E kA 50k
THEEE ARREFARORAE R QR TEET o pUg S Y AR A
X RGOE o NFEFRALTE » B33 A R+ & (Impedance ratio)
F i B (D/A)Fo8E F(Ho)iem 318 pf arr i it 2 535 - Bl 5.1-1 &2
B S 12 muldmingd g Rk AT fpizg o 70
R R A R TR SR RO ERER R R EF
(DA~ HEFMHz)2 g E(A)F M 52 RCBEFEOMNE 02524
BAPRARE b B PRMBEFROMNE 025 2 BEBF T k)
oo b TR H R M G R IR ()b g 0 B 513 BT F R 0
L A SR N (O E ﬁ*%%ﬁ’<ﬁ%§ﬁ%ﬂﬁ@@4ﬁﬁ
B o Bl S.1-4 B MR T K B K P tEh Y T LR REIFR
(h) ~ Amp7 38 14 (B ] # 342 0 8c(BEr) 2 v 0] 5 BT+ o SRR 2 > %
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pirv Y ' p1YY 1V '
(7. - hd
.Unn Y ; Yy
~ ~ Pa>Vs> V D h
P Vo Ty 2 "2 2 e _ I
\ H"'- \ H;'.
Infinite elements — Infinite elements /
(;_ i h 4 -6 il
i U - ¢'Un
P- Wave S - Wave P - Wave § - Wave
u(t)=u,sin(wt) u(t)y=u,sin(mt)
B SA-1 % 30 B ABGFHE > BISI2 % e T AT ARGFRE
2012) 2012)
120 —@ ~ fifs GN.nlan';qu 20 —@
UN,mu.\;';Un 1 i .
B o A - Tifs Garli.m:n"'“n 18 - = 5 -
—¥— O\,max'®n o
80 — S a . v _ -
| v - 16— 4
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0 T T | T | T | T I |2 | : | ! | v | y | J |
275 28 28 29 295 3 g LG
hika hiky
B 5.1-3 i 20 K P AT A A6 o El 5.1-4 giE T K R arH K A
THRCBEIFFREEAIRCHARA MG oo PRICBFIFREIRACTH LR
(2574 % » 2012) B % (2FT8 % > 2012)

52 %3 L PRI ETFIZMEFT D FR %R
FUER D ARBE LD REIFEFF RPUEBA S B R @ T
PR R e g FHLDRI LA M E FREESQPFLE
2REAFHEP PR FGE DRG] FAPGE L R PR TR EFF
A4 EE HI A BB L2 9% G puf 2 stk - Wang and Lee(2012)F1
PRG RS B R RE G RS P A AP L RF TR oA HNG R
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TR AT A 4 Bk F Rk RS R 3 R TR e B
A d A4 kA BE B%REARY KA INA ”'é] PRI K
fo4 3 A SR R IR S.2-1) 0 F - %G F R BT R AL
WH o A B A DA IR yop RAFH S

TR EC AR RBREEFERR > 2 P Y BRI
® o sl rug chh It A £ 2 BUR(R] 5.2-2) -

Top soil

Ground water surface |5

Gravel

Sandstone |

\_

Water inrush with debris

Bl 5.2-1 g jx -k 7 4 K& é?‘r,m% 51 3% 8 4 T I Wang and Lee, 2012)

81



Ground surface after
Tunneling completion

in 1972
Boundary of
tunnel excavation

% zone

Tunnel

Local
creek

T_ Estimated boundary of
colluvium and weathered rocks

(a)

Ground surface in 1972 —+ ’

Ground surface after

1999 Chi-chi earthquake i

;/— Cyclic seeping effect enlarges
weakening zone surrounding tunnel

Tunnel

"~ Estimated boundary of
colluvium and weathered rocks in 1999

(b)

Ground surface after
1999 Chi-chi carthquakc -

Ground surface after Lo
a torrential rain
in 2004

-~~~ Estimated boundary of
colluvium and weathered rocks

Cyclic seeping effect enlarges
weakening zone surrounding tunnel

Tunnel damaged

(c)
B 5.2-2 ¥+ B2 %7 5l R ¥ FIHHL0E 2o 513 4 §£(Wang and Lee, 2012)

53 BHBFEIIRFHFHFLEE 2 20
PAE BRI RBHER T o AR B E o LRSS
Mg p AR R T 5 1 5 bl £ 8 4R T2 B 43T - Zangerl & 4 (2008) 038 L
Gotthard = o'k 5 0 FHAPE BRI R FREAR? €374 % &d
FEYRAREWENF L2 HBEORE o ORGE B8 B AR Y
fado®] 5.3-1 9770 » %3 R HAMOES ¢ R AR > Brugphe L £330 L3 -
B 532@) i BB T ENEEE B HEAE > UE B EIGE s F > R

532b) S FE B LB G BRITIGERE - PSR 0 aiA #1E
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SR M EANY BT G A B L A B SE iR 0 5] R % Bl E ok

B (R 5.3-3)0 i m 314 BBk 4 B g oo m i A
M A A2 T 10 & kB X TR E IS 062 50 B 4 T KAk Hu %
TR B PG B IEA 2 B WL P - Strozzi # 4 (0117 £ 4
it 2@ i£ (Synthetic Aperture Radar, SAR)E ¥ ~ = [Fl3+ 2} % i* > FFdag % 1
FIRE Z RN F]F AW AT SR FRENR T AR I
BRAT KR AU KR 4 b iR E AT g (B 5.3-4)0 4 4
BB X AT (R 5.3-5) dedhpuE w1 I ROBHEE 0 ¢ B EBruE b FIF 2
ABEZ KA B g RER 2T B R PR IME -

TALR R -
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(dip angle)
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6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000
Distance from tunnel north-portal (m)

2 km
North South

B 5.3-1 Gotthard = B&"8 3 Jr B BB 2 B 32 7% -k 2. 2 # (Zangerl & 4 >2008)
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Aar-massif Gotthard-massif
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B] 5.3-2 Gotthard =
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Distance from tunnel north-portal (km)

Bl Permo-carboniferous [] Granitic-gneiss
and Mesozoic sediments  [__]| Paragneiss

FLURAE R A%k B A ST aE 2 B (Zangerl & 4 > 2008)
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fault zone
(Dg=0.01 to
10 m?/s) /

matrix
Dg=1e-3 to e

1e-5 m2/s
' \

B 533 BipiEd ¢ F3n-k4 a3 R L wkx(Zangerl & 4 > 2008)
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Bl 5.3-5 friE 3 £ 3 255 (b & 5 (Strozzi % 4 > 2011)
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Characterization and
properties of waste

Public requirements

Legal conditions

|

Required ground conditions

Selection of the site

A 4

Site exploration,

ground properties

geologic, hydrologic conditions,

'

Preliminary design of underground facilities

O\

In situ tests Laboratory tests

~

Risk assessment

//’N

Barrier integrity

Permeability analysis

Prevention of hazards

Geotechnical safety analysis

'

Construction, monitoring and ground control

Bl 5.5-1 =&

:

Long term safety assessment

PR TR RS2 Y E TR A2 BI(ITA, 1994)




Site investigations Geotechnical investigations

l

Ground characteristics :
Geology prim. stress, strength, water,
fissures, anisotropy, etc.

Design of underground opening,
choice of excavation method,
structural elements

Yy
Mechanical model

'

Numerical analysis

l

Safety concept —h| Failure hypotheses F— Design criteria

Risk assessment

1

Excavation,
Construction

'

Field assessment

Bl 5.52 3 T pri s & B o1 AR% a2 B(ITA, 1994)
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Vehicle way

Vehicle way

B 5.5-3-k4 g4 S+ T 22 % 24 (Wang and Lee, 2012)
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