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The purpose of this project are to enhance our technical capacities on
reviewing the final disposal plan and to support the development of
review guidelines for the regulatory agency. Taiwan Power Company
proposed the “Technical Evaluation Report on the Final Disposal of
Low-level Radioactive Wastes” for the proposed candidate site announced
by the Ministry of Economic Affairs. Based on the report of Taiwan
Power Company, this project proposes "Research on safety assessment
and verification technology for low-level radioactive waste disposal”. The
expected outcomes are to conduct parallel evaluation on the related safety
topics in the report prepared by the Taiwan Power Company, to enhance
domestic technical capacities on reviewing the final disposal plan, and to
recommend review guidelines for the low-level waste final disposal plan

for the regulatory agency.
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Abstract

This study is the last year of the 4-year low-level radioactive waste disposal plan. Previous
research completed important results including the initial state of the site and its evolution and the
particularity of domestic geology, the uncertainty assessment of hydraulic-mechanical parameters
and the sensitivity analysis of the flow field, and the analysis of the hydraulic-mechanical coupling
flow field of the tunnel were discussed. This study further collects the technical report of Taiwan
Power Company regarding the fracture characteristics of the rock mass at the disposal site and the
geological survey data of the adjacent area. The study found that although the two sites are adjacent,
the fracture characteristics of the two sites are different. Furthermore, artificially generate hydraulic
aperture data as a function of depth. The study found that the more parameters used in the model
can reduce uncertainty. The transformations equation used to evaluate the hydraulic aperture from
mechanical aperture will induce uncertainty of hydraulic aperture, too. In addition, the study
assisted in the preparation of the draft review guidelines with the goal of presenting an advertised

version.
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=yZ (3.1

on = Ko, (3-2)

:‘plrgg é }f‘%% 55-9-)’:,47\-?_‘ 11(33)} Z\-r a_’_‘t“ Z;i—ﬁ%é’axﬁyﬂljff_%"ﬁ(lﬁ, ’

Bl BEAARS SN BT 3 g kT3 R AR

O-x\

Oy
1%

)

e bz B ¥ LA e (strike)p 22 v & (dip)y & 7 0 4oB 3.2 frow

“~

7]vpioqbﬂj‘§'umﬁ]"'Kﬁ*§.E|“ ’EL 2t Pz\ﬂ‘pkrﬁﬁll"@ﬁ_)};’}

v fETE-FAFHEE TG ARNEN AL FE YR ETE I A ALE A
*
A%

40(3.4);8 3 (3.6)57" ¢

§ = sinf1+ cosfj 3.4)
t = cosPcosyi — sinficosyj — sinyk 3.5)
fi = § X t = — cosp sinyi + sinfsinyj — cosyk (3.6)

12(1)

=i

\

Y(3b)

X ]

X(R)
Bl 3.2 2@ B hs T &
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BECNDA TR AP ARERT HIAE A2 NI RFRAFE G L 2w B 0 5
34

= [cos(s,i) cos(s,j) cos(s,k)|[[0 mn,
cos(t,i) cos(t,j) cos(t,k)|[0O O mn, 0 n, n,

O—X
{Un} cos(n,i) cos(n,j) cos(mk)|[[nrx O O ny, 0 n, {Uy
0

3.7)

d 37N ED s 2 a2t B4 2T R 2 75 Barton-Bandis Model(5 (3.8)

RGN EHE A RS FE T ER T AR RP T 2 R € P B (2017)
$ 418 TA R

]RCO

to =752 (0.2525~ 0.1) (3.8)
K, = 0.02 (’“0) + 2JRCy — 10 (3.9)
-0.25
b™ = —0.3 — 0.006/RC, + 2.24 (’“") (3.10)
0
Aoy
E =ty — 7ot (3.11)
A=+ 3.12
- (3.12)
A
B=w (3.13)

He g hddoB o T JRCo S H 723 25 ek hlic-JCS) 5 7 2 5 ER%R - o
FAEHTHERRE Ko sd bl e BRI AT PR EAFEE CEZAENT -

S AR A@S N R B Barton ERL B R Tk P TS
(314)» F7 KB & BHM A BFERZ K4 N Feo

o= _E (3.14)

JRC?5
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sk P2 AT ) Lo kA PEEIER @S 2R 2 e
HHJRC)M 2 b F 5 HR%RJCS)E S BB P o 51 B4 2 EEFH2 k4 B Gl
SRR ERAA PR T R SRS ERER S P T A M SR T A4 R B

~ &% 3§ 3.1 & 2 Barton-Bandis Model 22 = 2 » G K7 b J4 ifix T2 4 Fp
R LEES TP RSk PR EESRELS P AL A K 0
kAP EZ AR RAYF A SRR £ F B 2017) 0 Bl 3.3 A 65 JRC 2 JCS $47k
APRT2ZARER D BET I ORI P TR 22 ERBAVFL AL RRE -

AETRABRRBELLA P T2 B AL LB AT e i e 2R
BGBURO)M 2 7 5 BB % B (JCS) > £HIR(G.1)% B~ s 20 2% 5 =3B &
THETFS00 N kTR LR R RE R R TERAR MG LY 2R
BBz M4 5307 2 G 2 ek A B(URO) S 100 7 @ i 6 H B3 B (JCS) 5 100 MPa » 2 %
bl 3.4 o o d BT Ar o k4 N B RTE A 100 22 B EGIZ > B IRRAZE 100 2 ¢
oo kA N ERIARE o - e S ls B35S IE3T AuL A Fe mAGEE A
Bl 5 30745~ 60°) F ik G 2 fekk B B(JRC=5 10~ 15 % % @ & %R % & JCS=50 -
100 ~ 150 MPa)$t % R 2. k4 M TR d S5 7 v 2886 2 SR04 P
BEECl A e ERERUCHE RS PR FR S  F o A - 3 JCS B

ok ) TP 2 R T
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b — g, =0.15 MPa
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31 BRETHERBE(0)E 22 F s HRBRJCSHFF » -5+ B ) 2 85~ ¥k
to=0.1 mm t0=0.2 mm t0=0.3 mm
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Frd Saokd DEARRY BRI TERN

L RS ok Wl Pk RS KA R TR ZIF S FARE @0
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¥ fe & Barton-Bandis Model> * 1 B3k 1 &2 B Hrat AR F 2.2 BIFER DS A R

|9

E-HED RS P TZ TG R TR BED B TR TRT S B (Y BIFR

RS IR AEA S R EAE KA R R AR R o AR AL HFF AN

PR kS Sl kA RER 25428 8D kS RFREDDSEGE- HERH SRS N T2

Y

A3 eI FEREL AR THE A1 A4 e T3 44 5 47 &° 540 2

o i AR A Sl

IRE N ERT-3 8 e P §¢

e
=
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= |

AR R THFEMR S ERRY A Rk B E MR R T2
TR - WK Sl AT o - Ik HIR A R e ARk 2 EE A
MRz k4 Sl & 7 T E R5% (constant-flow tests) ~ ¥_-K Ef 38 % (constant-head tests) ~ #t
k3#2% (slug tests) 4 2 /& 4 7% fired B (pressure pulse tests) % o F i 2 ;¥ = 2 & 5 H R4 gk
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l-‘\‘
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341 H 2 k4 s R A2 BB REE P Y F 2 £ (2006))
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gk A~ Bk

Rk | WAk B R R | TS RET | ()F kR
B AR TRk | SR ke | Q) B K

GRS T ) - AT TV SR T SRY-E
KSR | B E KT AGRE | 2 K | ok ] o7 @ Sk e R
TRk - S FRE R ARl R A

Mok | P e Tiii R AR - (1) 7 18 % -k &
”Ft E’J‘,VJ\ l:_ ’ ‘)/" ﬁ . . sy

[LAE A BN SR
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Wi o

P
P
B4R sk | Bedid r - RR KO | GERKRPT 0 | TR Sk Rkl
Wohe o GRS R | PR HORESR o | R R
BLRDK AR B R K B o

P T R

A2 H 2 R4 @i sl p HIE R P FE & F £ (2006))
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Ui R FASE S k&

Viiad = ® 2GRS MG kR
R A BR it B g R E g K A
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4.2 By -k + Bk fg k4 PR

FREFHAMB A E SR mHA R Y DN 4 & Ead FRES o k4 R
FEAREL 2 Sz - o REERS HHEM2 RS PEFTREEET 2 & ZHERR
G2 ML BEE TR DA AR B o TR AR Ak PR AR R
ARy R4 FEBk o - Y ood Mp kA BHRTAERE SRS PR A RE
A G g (1) »—3t 14 4 B (Equivalent Porous Media » EPM) 4 47 ~ 22 (2)-T {7 4% (parallel plate
PP)A& 47 0 f 1% 22 T fr2 -k 4 B Thdges 18 1% 2% T A2 ¥k 0 Bc(Transmissivity
T - HPEkS R T

1.2 »%3' K. 4 (Equivalent Porous Media » EPM)

RIS Nl %‘r (Equivalent Porous Media > EPM)= ;% > 1 & 7 {245 Snow (1968) 74 3%

2ok APNE-Z2EF BT FEEM GEFiE o MG eT @)
2b = V6kA (4.1)

He o ki p ai%d GE(l?) ;) Az FER(L) (1A HAE Z) - 12 Rutqvist(2015) & &(B) 4.1)
W EiER Y BT ELRERFROZFEFI(RAN(R) L8
41(7)) e fIF SR FERERF RS PTER 4L(F)) o

W
o
=
L
)
E
Pl
=
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™ = Fracture shear
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¥ aperture-stress
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2. T i7 4 (parallel plate » PP)

L {7 4% (parallel plate » PP)4 45 = » 2 L ikjpgeit @ J - B BT K4 2% 0 RIE
TN - FEAEEAR L kT T EE@DN TGN E R P AR 2 T
(cubic law)(Snow » 1965)i&— # F3|-k 4 N F o

3
T =KL = % (N) 4.2)
_T _ _ pg(2b)®
Ty =5 = Ky2b = 2222 (4.3)
2b =" 12:;” (4.4)

B H2b G BRTFTEFHEUL)Z R PR pE kDB HIFERMLT) ; o EkA%AEM
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Mean(um) SD (um)
Depth-independent model
Neglecting lithology 42.43 29.50
Considering lithology-Slate 57.68 26.01
Considering lithology-Sandstone 27.18 24.48
Depth-dependent model x=Ae B +C
Neglecting lithology 43.57 22.26
x = 83.961e7000% 127825
Considering lithology-Slate 57.14 19.50
x = 68.966e70008Y 1 42 968
Considering lithology-Sandstone 30.33 15.42
x = 93.229¢70010Y 1 14,714
Multiple regression model (1) x =Ay,+ By, + Cy3 + Dy, + E
Neglecting lithology 42.43 12.43
X = —0.09depth + 0.67JCS + 3.04JRC — 0.07dip — 11.46
Considering lithology-Slate 57.68 11.21
X = —0.08depth + 0.75J]CS + 2.46]JRC — 0.09dip — 16.91
Considering lithology-Sandstone 27.18 12.75
% = —0.09depth + 0.48JCS + 3.36JRC — 0.06dip — 4.08
Multiple regression model (2) x=Ae B + Cy, + Dy; + Ey, + F
Neglecting lithology 42.43 7.98
£ = 75.87¢70:009depth 4 0 67/CS + 3.08/RC — 0.07dip — 50.54
Considering lithology-Slate 57.68 7.42
£ = 65.03¢70:008depth 4 0 75/CS + 2.90/RC — 0.08dip — 57.91
Considering lithology-Sandstone 27.18 6.43
£ = 65.03¢70:008depth 4 0 75/CS + 2.90/RC — 0.08dip — 57.91
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Abstract

The subproject 2 can be divided into two major goals this year. The first is to
review the Taipower Company's “Technical Evaluation Report on the Final
Disposal of Low-Level Radioactive Waste” which parts related to the simulation of
the containment and retardation function of the disposal engineering barrier system.
The other target is to organize the “Guidelines for the Review of the Safety Analysis
Report for Final Disposal Facilities for Low-Level Radioactive Wastes (Version
0)”.

According to the main project’s implement planning, The organized working
of Guidelines for the Review of the Safety Analysis Report is separated into 3
phases to discussion and organization. Following up is the general review of the
draft contents In the final phase. Each phase had held an expert committee review
meeting by the main project, to review and modify the content of each chapter.
The “Guidelines for the Review of the Safety Analysis Report for Final Disposal
Facilities for Low-Level Radioactive Wastes (Version 0)” described in Chapter 6.

The working of technical review of the containment and retardation function
of the disposal engineering barrier system. Through the review of relevant research
results and the commonly used numerical model functions, to select the
HydroGeoChem as the simulation model. Test case simulations are used to
understand the correlation between design parameters and safety functions of the
disposal facility.

Based on the current concept design of the tunnel disposal facility, the disposal
vault is one of the important barriers units which to ensure that the disposal facility
can achieve safety functions. Based on the result of the testing case, the diffusion
coefficient that is more sensitive to nuclear migration characteristics than hydraulic
conductivity.

Because of the diffusion function or the permeable function design of the

concrete are not included in the technical specifications such as "concrete



construction  specification and explanation” and "construction outline
specification”.

The design and implementation of the diffusion coefficient and hydraulic
conductivity of the engineering barrier system are directly related to the retardation
function. It is recommended that the design of the hydraulic conductivity coefficient
and diffusion coefficient of the concrete should be confirmed, as well as the
confirmation test after the construct of the disposal, and the verification technology

should be continuously developed.
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AR 2,100 0.30 1.0E-09 4.0E-10
J 2,400 0.20 1.0E-10 1.0E-12
& e AL 2,000 0.40 1.0E-12 2.0E-10
Ak 2,400 0.20 1.0E-10 1.0E-12
=R ) 2,100 0.30 2.0E-10 1.0E-10
Y Y 2,200 0.25 1.0E-09 2.0E-09
BiiEd % 2,300 0.25 1.0E-09 2.0E-09
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4222 Fan iz E a1 BT 2 Sk 2(5 7 o7, 2017)

e iR & PV k4 @‘ﬁ-rfﬁﬁi £ REQE /'S
(kg/m3) ) (m/s) (m2/s)
ZE ROk i 1,900 0.35 4.0E-09 7.0E-10
AR 2,100 0.30 2.0E-09 4.0E-10
fk F 2,400 0.20 2.0E-10 1.0E-12
i et A 2,000 0.40 1.0E-11 2.0E-10
Bk 2,400 0.20 2.0E-10 1.0E-12
W 34 2,100 0.30 4.0E-10 1.0E-10
BREd % 2,300 0.25 2.0E-09 2.0E-09

Bir: F1E AR R IGES R A A RERY 0 b R I REEY M &k B GERRECRERGESLF o

"LLWD2016 3¢ £ | 4% SKB *" 2014 & 3 {7 2. R14-14 3¢ £ (SKB, 2014) - 3 & w
SRR @RGSR B A R T LR R R R AT Y

BT TR R A4 BRE AR MBI YL EFE RArE R

AR Ry gk BEGRTR 2 6] dodk 2.2-3 2 4 2.2-4 #75)] o
FHEP P o B TR HERA PR LR IARREEY CF 1 ARREEY 113

7 BB A B - RS 24 SKB EB kY BE Az o S ETRRE Y 2

PEOMBMEXRG Y L2V blERT > BELEYFCEAAI LT BB P AR

>N\

£223 Fi-RERGESN L RBED ¥4 L ERT 2ok BE AR (ST S P,2017)

e HP ST
(A z»;w%@;.l Fag) 22 e w s
k4R Gt (%1 s A e )
B 1 1.5 5 10
A % 1 1.5 5 10
73 442 1 L5 5 =
= IARFP 1 8 10
BRESH 1 8 10
e P pER
o g%ﬁ ;5;5 ) 0 50 & 300 & >700 #
k4l Gt (71 s LA s )
R b 1 1 15 2
Ak % 1 1 L5 2
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¥ e 1 1 1.5 2

W 3R 1 1.5 5 10

= AR 1 10

BiiEH % 1 10

%224 HHiRiE R E S L RBAEED F S L iER T2 k4 GG (ST 7, 2017)
P {s pE R

iﬁggw 0 50 & 300 +# >700 #

(A 5 Fig) \ :
kA R GEOL (7T A Ak )

B3 1 2 10 100

Rk % 1 2 10 100

W 3 1 2 10 100

BEES S 1 4 20 100

P fs pE R

l?@g,” 0 & 50 & 300 # >700 #

(B ~ C #f B ¥uif) ‘ -
k4 R GO (7T A A )

B3 1 1 1.5

Fek & 1 1 1.5 2

i bt 1 1 1.5 2

W 3 1 2 10 100

By Es % 1 4 20 100

(4) PrfE> 1 febiEY 2 B ik
& TLLWD2016 47 % |, 8.2.3 &£ 853 &M - 3 1 ALMES § fet B 2 B4l ¢
TR o % Goldsim #ah W1 B o & B kg Aiop 5kt B Cell ke

fire g B2 VAo 2.2-6 22 ) 2.2-7 #7or o

A . s . g

PEP S & ?aﬁﬁ;wwwvézz s i
TOTITAVE el
mﬂmm I.
o > > - N
AR -
AR e
P o
A

LR e
. . . y A RS - AVER OIS T & e
"EREEY AR R A R L Ton s wgra | ke %JI fee 1%

Bl 2.2-6 A sp et F e SR PR A @t g S A B(0 2 7, 2017)
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BAr  RLE EGHE wE#R - me gﬁi ¥ ERg:
L] o T ;
&”ﬂﬂ**%ﬁl@%'l%%{?i%” > ; A 1‘ PR
SEHEEY AEA A L S i - 4L B PAER R i s A %
B 2.2-7B ~ C 4/ druiff st fiine 4 @ R P L B(5 R = 7, 2017)

25 ¥ ExAE E e £ R)

S S AR ,y_i;ﬁfggﬁj§aﬁg 45m x 15m > #H4ck £

B AR 361m? 5 44 B~ C o MO B R F ke
E3
A

A £ S 276 M2 o K% 7 1V IR 2
814 2.2-4 05 o B ALK K6

whFRERTRZERR

A e

i @%Jﬁ'mf?:\ 3.6m x 15m:

EEo
B rergopd B A : A o 4ok 2.2-3

WS FIR R L Arig e TR AL B B K
Y
kJ

Zﬁ;v}&g*ﬁfﬁ g@_@_%mé\ﬁolé‘g’(i’llljﬁ}g’#@

&

B 2 Pifiz A pe B A% JAEA 23X T (JAEA, 2013):F 8 £ 2250 ¥ 4 & K pFRF R
BRT o piclicy i FIREFR P E RS a A A5 > 244 IAEA 20X 21 &K

}—E%. Z2_"R Ki—]» b2

}E%-%"g J\p ;LT;‘&-W.J%‘ELV)‘ I-j»;éﬂbo

4225 P e &S E

v & B

Mo AP ATE 500 £ 18 TR T Rk T2

23R Rk

10% - 3%4F 2 ¥ Bk § 1 A2

B2 A pehl(s T o, 2017)

s B B i (mllg) 3 i & (ml/g)
" KR FEROR | RE L R Ya KRR | E D yad

H 0 0 0 0

C 1 1 0.1 1 0 0.1
Cl 0 0 0 0 0 0
Co 12.5 50 10 12.5 50 10
Ni 12.5 50 10 12.5 50 10
Sr 1 1 200 1 1 200
Zr 2,500 1,000 100 2,500 1,000 100
Nb 0 100 100 0 100 100
Mo 0 0 0.1 0 0 0.1
Tc 0.3 0 0 0.000003 0 0
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s & 1 (ml/g) F i+ & (ml/g)
” ROREETE | BB R | ER | KRR BB R | 2%
| 1.25 0 0.1 1.25 0 0.1
Cs 2 50 50 2 50 50
Ba 1 1 200 1 1 200
Pb 12.5 50 100 12.5 50 100
Po 0 0 0 0 0 0
Ra 1.25 1 500 1.25 1 500
Ac 250 1,000 5,000 250 1,000 5,000
Th 250 1,000 1,000 250 1,000 1,000
Pa 250 1,000 5 250 200 0.025
U 250 5 5 25 0.005 0.025
Np 250 5 5 250 0.005 0.025
Pu 250 5,000 50 25 5,000 2.5
Am 250 1,000 5,000 250 1,000 5,000
Cm 250 1,000 5,000 250 1,000 5,000

RGP T Ao 24R 2 A R £ Goldsim 1F R PG EERL & o 7 P L1 AR
¥R R A 2 B Sl 4ot ok BT s e i E o PR
e B&ﬁp .f-;—-"J p}: iﬁ » TR ;’5 g fif—?—@?‘f% /WJ‘E“W#‘ - J\/H 5"}3—%&19 ’ # ’ﬁ‘/n '/'%‘F‘ E ’\:}t T‘I;’}’/i\

Goldsim ¥ & {7 ¥ -
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$=23 FPF T W R R R

20 fE7 PECERSGVHET L BRARRIIEE AR N o A2 BRI R R L
2 X B M kAT WERN Y * 4o BLT ~ GoldSim ~ RESRAD £ HydroGeoChem % #cie
Bosb o TS AERVRZ G

31 BLT-MS 4 %

BLT-MS(Breach, Leach, Transport - Multiple Species)#t %8 2. d % Wi B~ 7 I8 2
Brookhaven Bl 33 S 3 B4 » £ § 'UR F A 493 F o R MO R D P RE K v 2 P
BARERAPPARGE TG RN LR RY 2 FRS AR ¥ 020G A 2006 # Y &P er
EE 1 P AR AT S RO R P R X 2R E SRS T I R Lk
REFELT ~BRAFPWEFH G0~ PRGHEPREE RS = A RS 0
W BLT-MS ¥ AR BMA R * ¥ 45 > @ % ¥R EWIUDFR LD (T2 - AW

AL E LT A A Ao B 311 4T

s RN . & ik, TRt P
|
i L :
: Design o) w | Collect !
: Facility e “| Data I
I
: *a x/t .
‘ Develop ]
Conceptual i Interpret
: Model i Results
| i
I__A______$ ______ _J
Y
Implement
Mathematical Results N
Model Satisfactory?
BLT-MS
l l Yes
Perform Analysis:
Repeat as needed to Models and Data _N_O_)‘
understand system Satisfactory?
behavior

@] 3.1-1 BLT-MS #-7]:& ¥ /4257 & Bl(U.S.-NRC, 1996)

dol ¥ R ond T RREOPERS R 8 TR R RO RRBER ¢ §
(E2E LS LIS ENS TP TR LIEES S & S 5 23 LI ERTE S
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MR R AL ARIR AR 2 BB S 4 5F A & B BLT-MS i Rfice s w5 BRSO
Bl s AR F T KGR RCE  OEICE 0 A BT R BN 2 48 4 MR 4c R 312 41 F -

Water Flow

Flow rate
moisture content

g Container
Performance

Breached area

Y
Waste Form
Performance

f, Release rate per unit
Solubility
Limit T wolume

—

. Transport

B 3.1-2 BLT-MS 425 i & e 48 & B #5427 & B(U.S.-NRC, 1996)

BLT-MS *" 5t & pF R 2 P fa i85 > Bakinid & — B s @ R ¥ 2 4] ek 2 R
rc® o doleh & kA T o SRR 2 SRS X g AR A PR
MERACTR AR o blhed B MR F4 F BRRFE TR LTS AP
eitynde o b g R HE ¥ BURSE L - BLT-MS 2% 24 3.1-3 #77 o BLT-MS #25¢ 218
AR > B RSN FRR S

D7 R L ATRmmE 2 2 kE -
ﬁ@7k%ﬂﬁﬁ4éif%°

2
MREFBEALAF R EF BT BL AP AR S o

()3 & F B i fhhB B o
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Read Input

Initialize Calculation
\

— | Update Time

\

W ater flow velocity

Y

Container
Performance

i P ;

Waste Form ;
Release Rates - Repeat for
~ each
+ . contaminant

Transport

Ingrowth in the Calculate ingrowth

after transport of all
W aStef’ m species is calculated

Problem Finished

Y

®] 3.1-3 BLT-MS Az ;¢ #f2# 22 i 42 B(U.S.-NRC, 1996)

No

dORGHCED R RO BRSO I EF SRS R TR T
Hapficie 2 ) AR R TP

BEYCBERE BT RS N AR 2 4 Ry

L2265 DR FIER 2 &7 FoREgd 70 Bid] s a2t 5
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1)

£ s dirFEyitERL
g7t EAREFLTY

h%&%ﬂ%@@% =R (L)
5 A (L)

(QrH e
Py MEEe § AR E N AL kA s AT B Y 2 RN
F] o P Ao

Lok e D BGK PR KRBT 2 TR SR 2 1 B R T R R R
BRASTLY AR LEFTEARE

Mi=My;+M,;+M
t,i wf i ai D,i (4)
FF o M d BB s BFE
Mwfi & B3 F ~ %8 ;Fﬁ—_i._é‘
Mai & 743 R P HF &
Mpi & B Fg 323V I A B e £
I = P fd

2. FET D SBSGNE H NPEIS g A O E M BR W TS R At B E S o
B 2 A R O 2T 20 o 0 RTI A RERRI A AR R
BEPAEA B A B E R B E o Fhc B ] A AT
ac:i(X’tf) 2
—— =D, VG (xt:) - 4C (% 1)
Oty ®)
C(xt) % A 4 AR chp ik &
R Y L TN 113
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Asviiat et ik
Xiz@Bigwd

U 5% BRERPER

ECEIPAUER-E S EOEN | IVNECERUES. SUFP RS E e g

UM, _i
W, { c } (6)

A U.Hﬁh@ L
'Fb’]‘ ﬁé/%&
Csatl F“* fé/" VAN

A4, AfRRIF] 1 E S N E R T2 AERLE 0 TS '%*1 PN ¢ EH Al R

(3) 1 i e
¥ PAR I L ARmEEE > H @ﬁ%]i’r?r AN STENETE TS B raNE P I N
BB (RIEE )% c ABLT-MS N 22 A AW EIEGS @ 2 a3
Ak HORE & T PR RE A B FEMWASTE-L 42.5% (Yeh, 1982):5 "1~ 4 ff# i
BnARE T o B4 A28 40T o

eR,aa%—v 9DVC; +V-V,C, ~LORC; +> "

j=i

f/lRC + S,

-N U7

(7)
= X;0C, — 1, pK;,C

f¢ Cippindnd kR
tipr
7k E
Ri & prghe % =1+ pK,, 16
p%i%%%&
d| . ,f@%vb M A %‘m’—m} fie % #c
0Dy, 4wt 4c-pHcR £
a 5 e R
U R T TRk S
Vo bimgav g i g ainid
5k| = Kronecker delta
D, & #hac s
A btk % #&
fi 2P 1% %2 P ot b
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NI == F 3
X, 45— pripdp 4 ivid & ¥ &
Mis— FFBAR Y @5 ¥

S; b K iR IE
AR LTF R AR R A caﬁfffam@%ﬁ*? PR el s AT Ty P EMB A
FHFTREMEEET A G AR 0 oa AFTilic s kR B4R Y Y R TR B P T2

o

x
\\\?{r

@B BLT-MS 1 & 2 ' 34]¢ 2
(DA 473 5 8 - B o Poa st 2 Gapiips > &5 7 E % 10 Bocitiipifh -
(2)F = &~ 478 5 7 % %5000 BAEH & & o
()7 w220 27 enf iy BA S0 20 27 e R R Sk -
AP EAFERD BT LA Mk~ 2403395 ¥ 1L ~ 45318 -
(B)-kimifd His kv FH LS B K T o
(6) K} > % Bl 2 RRE AR FE T2 g RHIRE 0 F Yk EER &

(7) P59 e T41 5000 % o ot BT 9 o § P VIR AR A » bl s § WM 5 1
EpE LERABUHL TR - BER AL ETLRG A2 E -

3.2 GoldSim 4 %

GoldSim #48 ¥ 4 % K Golder Associates Inc. =~ @ B3 » # 30 F ~ M50 B A 7 e
BERTRAAE I N EFARMUMRT 5 ok R FRF A Rt R
AR o BREL O RN R TSR RIS AL RTEE R 7 0 2 R DOE
Yucca mountain project ~ # & DOE waste isolation pilot plant ~ # & Nevada test site ~ % & Los
Alamos LLWsites ~ B A& ~ 2 ® ~ & L7 ~ & 7 4] % - GoldSim #c#8 # #r3k Lt £ F 5 4
i ﬁ%ll— i %J - % (reactive transport/contaminant transport module) - b -4 3% = 7 st
B P fEn 2 R AR u@%ﬁs_%ﬁ TR AEN I X RBEB T 27418
ﬁ#ﬁw*“ﬁ‘”*ﬂﬂﬁﬂﬁﬁﬁaﬁﬁﬁ/&ilmﬁﬁ 7 4R 5% (element)
= CIRETE R IR o NP Oh A & (pathway) i {7 p g HCRE o
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(1)GoldSim 575 4 4 W8y 4 s,

L5 % 4 GoldSim @ w4k 48 4 519 e B T 4 AR 1 U3 SRR A I TR
FxE‘_ﬁ;?}eie‘“ﬂxé’?*"ﬂk ;5,;11’11“?);)@ #W’Fr"'lfj&lf”' ’JJ?J'/.'TIJ'** E -l AL A

1o ARG AR CE A E R 2 E o

2 AR 1 B 42 0 GoldSIm 75 4 4 @ E e {1 % B3 RGBS L SN R B - @
WRERATHBESERA AP Thb Rl s baeg KK ~@p it~ 20 2 e
CFe @% SISO G- BN S ARIRE G T R F T REF A T RBP4
BR)LEEBARE L BERS TR (Gl B R R oA fie il) - R Y F T TR

@ﬁ% it 2 BB k5 4oB 3.2-1 21w o
E| E|

Soil Water Supply_Well

f

n u
= =

Shallow_Aquifer Rock

® 3.2-1 GoldSim @ ﬁiﬂ L s e B R Bl(GoldSim, 2018)

3. FRA B4R 1 L0 22 BERIIER I ?ﬁﬁﬁéﬁﬁéi@ﬁ? BRI - TR 248
BETR TP T AREZFHBES OB A2 5 T § F BHEIAP T F b
3 FRIFE @R - GoldSim ¥ 7 1 % & S A & A B B s e
LTI R TR T EE 4T o dp - LR FTHC BRAETDY
- BRI HEF B SRR RIF S E AT R B4R Y 0 P RER Y
B bbb /R Bafdc e = BRSO EE 4008 Lir it SRR E Y TS ATk T oD
A2 ’L‘Lﬁﬁ-@@?ﬁ’fﬁ B4 o f kg ‘k#ﬂ Lm@%y? IR BERES®IY
BRI o AR IR TR R4S o F L Ry i T RS DB R F
o BREHED Y - BRID LT 4087 > F AL iR T RIRE T

FU I A (A F)E- BRES BT Y - BRIC - 155 BRLDHE - F BRI 54

&
=
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A¥ 3RS 4P khE A GoldSim ¥ » R AL avagkx >d @ —*Ff;i—fy;’ RIET R LR
PERFEHNE BHE R F - BN IR T RN AR fRK 6 o B AERE BN RIE
Fe ii*‘r“m%’f:%ﬁﬁp P FRISHE K X @%]‘Ffﬁ o f& * ﬁ T iR B FQ) et F

1 PR vk Qe RN Y AT

iy

4z

‘“\
(<
,w-

Z_

R

ol
i
A
e
o

rﬁ
Euhn
k

SRF AR REEL O G WA EREY R R DS R RA L

HEF BEF T REFLPFPHPF UG A G T2 dh i) B 38
CEF)Y A AT RR R R RO

%@ﬁﬁﬂéﬁ%@ﬁﬁ@éw’j;g¢ﬁa%@m VR R - GoldSim i i X
27

71\

SR P BRI RIS MR 2
FHRRBIPRBENFTLPFOE BRI M P I F S (blde 4% 2L vmr x5 ¢
S A s R ) BTV UESA AP RR S L UE et B( T T 4pd) ~ 2B (Blde

B &~ fR AR E R

o

(2)Cell i3 iz

Cell B/Z ¥ 1P FEd £ 7 14T AR

Lafe @Y 7 05 e B A F(bdek i s 2§ 3 F o~ 2H)Api Cell
EAE R AT A e BT AT AR R Cell P BE L 2R LD 2T
o 30 g f Glicfe? B AT T EIMMBE S L AREIRAYT -

278 AR T R FF g Cell PO AT MELF RN DE AP R R
o Cell ¥ 7344 i3 [k R 3 A AER BR U bk @7 F 1 AHCHERF - ~F ok
% > GoldSim ¥ 72 75 IF =& B R R {r? A2E f2 R "LE o

B R BE R FV N RBAIHE AR AR FAE S K (bl - B
Cell 17— & Cell) o 7 vt AE# 4 77 T i fosfdc @B s 4] o @ % & & 45 TT 50 @
PR PR R AT OB P B o % R Jdp T e A (R e B 3T
TG GR) 0 0B g A PR (A TR iR BlAcil BT F R A ) ot ko Cell ¢
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SOERE T A LA R Cell e B A TP o SR T P R BRI AP AR IR
il (A S AT o FTEANI R F BT LR S B AR S T
(EBES ~ mIZicH % iﬁi&?#ﬁ)ﬁﬂ@ﬁf@]@ﬁ o
+ 5 1 Cell ;ﬁfé T feipAcis il b - AepF o Cell peeni= 5 G BcE + ¥ s > 42
m%pm%imfoﬁ%J’CwéMH%iﬁﬁiikﬁﬁﬁkﬁﬁﬁ;bﬁﬁoGM$MMu
B A Rfame s e NP EE B Cell ¢ G A LS FR(UE Cell L enf i
B)IT A R chadic o Cell i § * *SH3IRE A R(bl4cr 3B - B ~ X E 2 HA L F)Y o
PATH o AR B HRT o Cell iy ¥ i ARG Kk foipin 8 B icid &5 4 o
Cell @ﬁ%]ﬁ*’éi‘}‘_:é B & % AR P AT 1 AR IR K LY @ﬁ%ﬁ?'l”iiﬁﬁ ~F T j%

B &2 2 ENEERP - Celli A AT & T 7> A28 40T -
NP NF;
mis = ~miels +me JofosR sp< ) chs +5i ®)
He >

mig=% & i ¢ 5§ S iR H 4 (MIT)

mis=H % i ¢ S chF £ (M)

As=F S eng g F (T

NP=# s g

fos=% 5 # 5 s b b

Rpy=2 5 HFPRENALPFSchit F-h v ¥
Ag=# 7 S i 3 £ (& ) (M/mol)

A=t P a3 (& R ) (M/mol)

NF=%p /%5 B~ i chf £ 3 4hdniic

fo=t B SHEFE I Bohcemyn » F(ier H < i) (MT)
Sis=HN KRBT R S E Al 0 2 H A0t 5 (MIT)

Cell B/l =@ 7= $hin F R R405% 0 » W R ESERM N Tk a 222 5

FHo - p @ﬁkﬁ&%?i‘_ [ Ji@%?]}i%]f‘_j Z W REREHE S N7
NPT,
fs,i—>j = Cimsq + Z PFt ) Cits Tvmg” Cpimtqc (9)
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He

Q=¥ S AR E T F R B4 5 (L3/T) Rk ET™ 5 (M/T)

Coms=H 207 A MPpFsapfEd mfedmmkR (e minpl s M/L3;
Yok m i FMA L MIM) e

NPT=Reis e E 2 0 ¢ 4 F menB 8 4 F i

NPTj,=R 8 ~ ¢ 4 FnehBAM 4 ik

PF=F #%#c (02 1) » i 7 W84 £4a8 F L At BIF L ?

Cos=H =i ¢ BRA TP H 7 s vtk B (M/M)

vm, = BRIt g R i

CPime=2 7 | ¥ 7588 m % BRIt ik B (ML)

Cell @i/t 8 ~FvVE2 it fEL 2485 > * WRHEEEL F HAiELBLEL BF
B 3 S8 FET ELFe SRR N Y & S0 S8 L S YR R Y A

NPT

C:
fs,i—>j = D; (Cims - 1= ) + PF; * Di(Cits * CDime — Cits ijnt) (10)

K
nms —

H#He

D=7 £ 4% F s e @ A (L3T)

Cims=H ~ i ® 4 HH s a3 j2k & (M/LP)

Cins=H ~ ] ¥ 4 F 4 0 s 3 iz ik & (M/LY)

Kpms=1 F s i@ A F n(E ~ ¢ Mo i m(E ~ 0 @ )2 B ens e (4 m
L4 %N s L)

NPT, =¥ = i @ jRdll m ersppic B4 4 g

PF=1r%% (02 1) » A2 7 TR E4RLT Lor A tRF 2y

D=7 8 B487 3kt Fffic B LR

Cous=H ~ 0 7 FR At 9 F 5 s ax itk & (M/M)

CPime=H ~ 0 ¥ Jn4E m i BRI t ek A (MILY)

Ces=H = j ¥ 2 FH tAp B ehde B s 2 ik B (MIM)

Pjme=H ~ | ¥ inM n B iF ARt ik A (M/LD)
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(3)Pipe & i # ik

2 Cell =7 I > Pipe RIS R L & 3 - Bl A - e - 27 24 RFOHOHM
A < Pipe & * 2 i prgk ik SR ALenT R Heni gy AR BT IR ¢ - TR
G WA BF 0 R ® ee M 2 £ (ingrowth) - 2 2 2 BT R g (Blhe 0 AT
%@°?”i”mﬁ@ﬁ%ﬁﬁﬁ%ﬁﬁﬁ%%@ﬁ@ﬂ,éﬁ&ﬁaﬁmﬁﬁ@*%ﬁ
i o p A2 B ehT A fie RS SRS R Y K 4y e i SR (AR "
I@iﬁﬁiwﬁﬁ°%‘ﬁﬁﬁﬁﬁ@ﬁ%ﬂi“’Nm%?u%ﬁw%%ﬁaaﬁaﬁ
B s F O D LATHCE 20 N R R BRE SRR kR LR it
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Prepare for steady-state simulations

\_l

> Start a new coupling iteration

I—l

Implement the steady-state version of
the fluid flow module

o

Check the convergence of fluid flow

y

Update subsurface flow

\_l

Implement the steady-state version of
the heat transfer module

The coupling

Y

Update heat transfer

\_l

Implement the steady-state version of the
chemical transport module

v
Check the convergence of chemical transport

Update chemical transport

Convergence for all? End steady-state simulations

@] 3.4-1 HGC #i-5% 42 ik » 17742 Bl (Yeh, G. T., 2008)
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The transient

Start a new time step for transient simulations

.

Prepare for the present time step of simulation

I_*

—»| Start a new coupling iteration

—

Implement the transient-state version of the fluid
flow module

.

Check the convergence of fluid flow

v

Update fluid flow

—

Implement the transient-state version of the heat

transfer module

The coupling

'

loop

Update heat transfer

—

Implement the transient-state version of the
chemical transport module

!

Check the convergence of chemical transport

v

No

Update chemucal transport

End of transient simulations?

Convergence for all?

End transient-state simulations

Update flow and transport variables

Bl 3.4-2 HGC -5 #7 ik » 7 42 Bl (Yeh, G. T., 2008)
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Abstract

The tunnel disposal is assumed as the final disposal method for low-level radioactive waste
(LLW) in Taiwan. Its design principle is the same as the “multiple barriers” that has been
adopted in the advanced technology disposal countries. The multiple barriers consisting of
engineering barriers and natural barriers provide the function of radionuclide containment and
hysteresis. The tunnel disposal facilities also provide isolation function superior to surface
disposal facilities. Due to the required engineering technology is far more complicated than
other disposal methods in the states of design, construction, operation and closure of the disposal
tunnel, and is deeply affected by the site characteristics. It is important to develop the
corresponding verification and evaluation technology for the adopted numerical method,
parameters, boundary conditions and tunnel section types.

In order to continuously develop and improve the assessment technology for the structural
stability of the LLW disposal tunnel, and to implement the localization of Taiwan's LLW
disposal review technology, this project searches for technical reports on internationally
advanced technology countries, and collect the relative works in the domestic tunnel
engineering field. In addition, according to the geological concept model of the proposed
candidate site in Daren Township of Taitung County and Wugiu Township of Jinmen County,
and the possible disposal tunnel type, the tunnel structural stability analysis models are proposed
by using UDEC commercial software.

Finally, some suggestions on the verification of the structural stability of the disposal
tunnel are proposed according to the results of numerical analysis.

Keywords: low-level radioactive waste, disposal tunnel, numerical analysis, verification and
evaluation technology
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: INITIAL STATE (2) UNLINED TUNNEL  (3) OPERATION TI\IF : (44&) (4B)
PRE-CLOSURE (SHORT TERM) (4) POST'CLOSURE
te=0 t, =0* t; t3 ty (time)
(1) Lining emplacement Backfilling

EXCAVATION

BI2.1-1 e sif 142 238w FFE anwwﬁxme%*“%ﬁcmﬁwa~@)
AP S BRI R B DHPIREE  BP % BB ﬁ%%ﬁ‘iéf@:‘kf—’“*i‘}
Td AEr s od HEp A4 RE %> % (Deleruyelle % %« > 2016)

2211 1ARBEELHRE 2R 2PN F RE FRER(SETS 27 0 2017)

i . _ P
B | B ||, | % | ®| = R
B |
S R I S | | R ol
-F)ri '5(‘ x Ij] He ’j{ u{"fﬁ‘%ﬂ *TF i{‘ﬁ] "5. *j, ;ﬁ; *)j, *;j, m ? 5 Fﬁ
O R R AR R AR R
o pape | HHBZ € e e e - -0 e e e
§ ~ WS BE| - |- -] - |- -]-|-]-|@
. e |BEHEERE] R -
}3;}; E;&%#ﬁ’ﬁﬁ E*j"f"}'ﬁ&.l]‘i . O . .
ks R BLEEEL O O @ @ - - | - | - - | -
FREIFREE kAR5 4%% @ - @ @ @ 0 0 @ 0 O
PR3] 4% B0 1% & PR3 ® - © 6 6 6 © ¢ 0 o
PR A% A 75 AR B AR OO0 I0|O0I0]O0010]0
EAL 4B 2 I U O A R R
| mmEs EELE @
Bl Rieidm -
%) andki i o T T e I R e
A% FE R Tt NS4 ® - 6 06 6 © 6 0 ¢ o
TAEREELL|ANEZEEAEE - - | O O O @0 O O 0| -
By ok AR 2 ﬁ*ﬁ*’ﬁ}g@’?“ ololololololo|olo|e

@ BALE e BoAki#EE -
O BHFLRL2HE 2R PIAETET -
- &b e
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22 yif BpE RS
221SKB ¥ T 1 X3 w i

1195 SKB# T 1 423k 3+ % % (SKB’s Underground Design Premises)(SKB, 2004) > frbi?i
FRE LW R PR TE 1 R R KA R ) o %T

20U F £ R A U] PR ¢ o BRI  B)E 4 IR
BHRF R B T 2_ & ¥ (gravity-induced structurally controlled block

movement) ¥ (i) & 4 31 3k 2. %1 7% #L 3k (stress-induced spalling) » 4o §]2.2-1477% o

(@) (b)
R2.2-1 EARprpuE 1 & SRR C(F 4 FI R BRFEHRRE O RS FI R
(spalling) L 3 (SKB, 2004)

Ll A 48 Tie - 82 + 1 48 (geotechnical engineering) 7 B cR° AL 0 4e £
~ & & 5 (Canada standard association)$& ! =_& i* sk *& 4 $7 (quantitative risk analysis,
QRA)ZEH » T2 A # 12X T ehh 'R F IR kY5 > FEFI22-20 b ' F L% A b &35 (risk
assessment) & b *& - 432 (risk control)® + 1 1% o AR &3 THI0A 0 & 3T R & A 47 (risk
analysis) £2 h *& = & (risk evaluation) » H Ap B 1 i ¢ 35 ¢ T #F 4] 7% (hazard
identification) ~ B " 1% 3 (risk estimation) ~ & *& =7¥ £ A& (risk acceptance) £ k. *& ¥f
P(risk estimation) » fie & E Rl Tk {7 > FE X T HA > T L bR EIAE R kIR

(decision-making) -

-\‘X

P % RER G M SRR R R
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GRS B F R L B k47 2

Risk Management

Risk Assessment Risk control
| |
| | | I
Risk Risk Decision- o
. . . Monitoring
analysis evaluation making
I | I |
Hazard Risk Risk Risk
identification estimation acceptance estimation

B12.2-2 4c £ <R3 5 3 LR 1 R & 4 17 7 H(SKB, 2005)

RISK ASSESSMENT FOR UNDERGROUND STABILITY

!

HAZARD IDENTIFICATION

* Fall-of-ground (Wedge) e
*Spalling (Stress induced)

|
! !

FREQUENCY ANALYSIS SEVERITY OF HAZARD

* Probability distribution * Size of Wedge to Support

- In-situ stress - Elevation

- DFN model - Tunnel orientation

- Strength
* Frequency of occurrence * Depth of Spalling

- % of tunnel length - Elevation

- vs Depth & tunnel orientation - Tunnel orientation

I !
|

RISK CONTROL OPTIONS

* Depth of Repository ~ * Tunnel orientation * Tunnel support
*Tunnel Size * Tunnel shape * Exposure time
* Excavation procedures * Organization of the tunnelling work

I

RISK EVALUATION
* Compare to levels of acceptable risk for underground construction
- Capacity
- Servicablity
Underground Need for
i additional
Repository ) !
; information
Design & analysis

F12.2-3 &amer g S48 X2 b % 3= (SKB, 2005)

¥R FRE G MGl SR TR R
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R ) 4 3T AP R 2 P AR AR §
Ao+ & | gl g mh BRI

1995 B & A 17 (QRA)EE H.5F B ehi Airr b S8 R b "6 3R 7 AR 0 3EArF12.2-3
Hx @B p b5

(1) ¢ % #%zc(hazard identification): pt 384 AN FEREI A 7 o R I B E 4 51K
2 BB E AR S B 4 5132 4% (spalling) B -

(2) % 4 #F 5 & +7 (frequency analysis) @ 7 FH B IR = B4 ~ ACH I % (Discrete
Fracture Network, DFN) 2 £ #8353 & & Tl = LT 5 o #F > gt b Rigpuf i
£E‘%¢§Eﬁ%&9ﬁQ%%iﬁ$°

(3) B & 1+~ 17 (severity of hazard) : » %[ {2 45 % 4% (elevation) ¥z Hvig = i (tunnel
orientation) » 3=z 7 & L 454 42 2 = (size of wedge to support) 2 %% F &
(depth of spalling) -

(4) & *& ¢ 4778 P (risk control options) : 1235 k¥ #-F & (depth of repository) ~ #sg
i*(tunnel orientation) ~ & ¥ & %7 (tunnel support) ~ 37sg %76 * ~f (tunnel size) ~ FLif
%7 m A% (tunnel shape) ~ & @& P¥ F (exposure time) ~ ¥ #7 42 & (excavation procedures)
Y puip B 47 1 17 oh e BGE 17 (organization of the tunneling work) ¥ 5 B & {7 b & 43

(5) B *& =% (risk evaluation) : 245 r B Fuif 0K 3% B & % £ (capacity) 2 pRAx
(serviceability):£ = ¥ 3% % ek "% & % (levels of acceptable risk) > #5148 7 b "& 3%
£ o

(6) kb *& 4% (Risk acceptable) : 43w it b "G 3THAZR TEF RS - L 2R
IR TT AT R R T R TILRG BR R RR O PE O i Nl K
2+ ¥ £ (Underground Repository Design) » TR RS R R R

i 7 AR

222 Bug B il HMIE G

Fi W R ﬂ%imiﬁf'aj’zﬂiii*iﬁ ¥ F- @;%]P\ ERN KR
fiL 5 B 424F 5 % (excavation damaged zone, EDZ) » 7= 2 i & %f’v ' (excavation disturbed
zone, EDZ) - EDZ:iiz A B- R A 4% R ~ R EZEPE 1 BE T arcg &0 B

Blgehs $4ETP 2 LGB BFRA BE BB hr i BRI RFIE ol 325

¥R FET G OM A SR R E R T

~_9_



MR B B 5 1 AT AR R 2 P B AR R PR
FRCR R T AR g R T B k2

- EAPUE N R ER DX DT L B AE e A s & & ¥ (crystalline rock) en
H it B § d Ak HrePEDZR S F1 % 0 Hudson(2009) BT 4o §]2.2-445 7% » 3 A ik 4o
(1) # %2~ J&(Rock mass response to tunneling)
AHMIPLE R P1IREF LR e HBEDEH S hIVES LEF
R T IRFLIRCBHEATEY BFELT T X XTI RO
a Fuig ETe SR L e R ERBERE e Y EIRA 2 B4 P (stress
concentration)#2& » £ H 4 %75 AR E K d AR AT AREFSRS B
YRG0 B 85 ¢ Rl ERPEDZA g o
b. ¥4 BFE D RF MBI R SR E REFRRFY B FRR
GorrA S st B ERGE 04 L3 b 5ID HMITG
CC "> P FREL e HE I d 3T 30070 4 EMV;% AR
CERE R e B AR A RS P eI STER BT EYPREG B E
d =ZEEF 4 FHFM 0 #(soft rock) e £ & 5 R/ ¥ & (squeezing/swelling) 4% |+
TR L BRI G Y
e. HEA BRI EEY 3 A% (fractures) » BER B g R BT R E M

1%
S
ESS
&
=3

Ak}

Ry B o 5 B F DR -
fo# e » PRSP ERE SRS &~ &8RRI 3e  &a P PEDZS
A
(2) # #7 = % (excavation method) :
“ﬁ% ot B F RHEDZig & 2 Rk rig (R i 27 638
Fopdnex Foa Bip s 2 R RS 2 e BRI G 7
a. #%8ix ¢ & ek (rock conditions and blasting)
() gkt el & (drilling precision)
(b) *F % (explosive)
(c) “R:# (detonation velocity)
(d) "Bpk 4= 438 =_0E i (initiation)
(e) %% 7 48 & i% ¥ (charging and decoupling)
b. # 8 0F*& > %r0 4R 8 0 * (rock conditions and use of a TBM)
(a) *» ¥ & 45 =938 3+ (cutter head design)

BoF > BURRE G M SR A B 2T 4T

~ 10 -



M B ) 41T AP B 2 Pl B AR R R
FRIR AR § MR A IR

(b) *» W] g8 4z 44 1 8 2 ] 4§ 2k i 2 (cutter head forces)
(3) #F#xiv = ;% (characterization method) :
FUE SR RpTE TR Y2 EARE A A NE RS I FRTE AN
AR 0 APM 2 2 ¢ 2PUE R A (7 £ (investigations in the tunnel) ~ 42 'F % 33 &

(survey of overbreaks) ~ ¥ if 3t L% ~ s F E o

———
jRock conditions ’

Drilling precision

Tunnel J
geometry | Drill & Blast { 1]5::«::‘;1-( |
—— \ S ~ [charge
r— / (D&B) % ~{Explosives + e
/ \ il JDL‘(O"J[IOH
State of \ \\ jvelocity
stress \ \ :mh.ﬂmn
Mechanical ~)| Rockmass Excavation \
| =2 T .4 response to method YCharging Ipec oupling
properties e 3% [
~ Geological | " /| tunneling | . :
Orientation |~ SUUCUres \ ;‘jkmk conditions ’
vs. Tunnel > m— .‘\‘T = = yd
\| i achi O T,
Mechanical ylunee (nga)m’c ne L -{Cutter head design
properties of the 3
rock mass Excavation {Cutter head forces
Damage
urvey of the contour
one S f the
Aloverbreaks)

," [Obsefvahonson half barrels ]

[ Investigations in tunnel } Mapping on induced fractures
W

/ \
/ Y '{Surfacc geophysics ]

Characterization | \[Large scale weir measurments
methods d thd'auht transmissivity)
Occurence of
A /|macroscopic fractures

{Borehole investigations j——[Borehole geophysics ]

N\
"'Poccholc hydraulic tests

N

B12.2-4 B #45 % % (EDZ)2 40 b § 4 F]13 (Hudson % 4, 2008)

2.3 3 BB EA

T2 SFRY ~ K3l 2 ehE T 2IRE HNAE L ¢ (SKB 0 2014) 0 ¥ £ 4 A &
B F R w0 210,000 PPERF R RGEER 3R R R FIEAET N FIEMA
U R MA EREMEE 2 3 ERAEE T e chlikciE 1 B 5 ITASCA
o MR E3DECE Adicl s il BRE 1 Re S r SIS 24 RpMAE
BOTER Y 2 fiiE 1B o Herarendiabe TR s puf AN g dre - B S A
ot o e i A S P g AR [ Mo R R B e B TERE S 2

52 F BB G MR SR R R 2 AT

- 11 -



AT B ) 1T AP ek 2 P SR kPR 7

FRER T LR § R 9147 2

TIGPE B8 2 255 2017)¢ » A &SI M A F A 2 BE T %R F - 194ESKB
% 1BMA£ IBLARLE % £ & 2t dicie 2 755% - A 17425 5
(1) ﬁs?l A et AL ST R M N FEY .

@) =¥

BB R E - G 058 (Mohr-Coulomb) » B B384 { i & B i # A

4. #-5% (Coulomb slip fracture mode) » & (718 & & F|/% & T Hrig i o

(3) rwk 3 B HCHL

(4) 1IBMARLYE Z w3 p) + R ES (82 figwa 7 -

(5) & ¥trek 3% R # W% R FBETITRE R -

(6) E£A4FH () > E FI()# MR AeH (SR 2 HAAD D el F 0 )k 3 8IS
BHL(E5HR R B -

LA IR o R (S) A AR S TR E Py THA LD Y RS
— AR IS e VIFAAR AR AKARE T EDEIST2Z £

z

o

3DECE #F & 2~ 47 #3414 £ 7 & f&4 17 #-3](analyzed models) » 4 %] £_% ) 5. 48 i

F](models with deformable blocks)¥ k|48 i-3] (models with rigid blocks) > 4 %] ¥4 [§]2.3-1
27 [§]2.3-2 -

3DEC DP4.20

©2011 itasca Consulting Group, Inc.
Step 0
18/11/2011 16:54:28

Block
Colorby. Region

H

inner blocks
deformable zone 2
deformable zone 1
outer blocks

outer blocks

BLA

BMA

concrete

sand Outer rock Inner rock

SMER G - ZRPREFE 6 m HEBERslE - RREEE 2~3 m

F]2.3-1 % 25348 %] (models with deformable blocks) (SKB, 2014)

CEE N PLA R TS ES SNy STt



TS B ) i AT AP AR 2 B AR R PR ]
fFrcta+ i & | asii gLk B hap

.ﬁ

®]2.3-2 k|48 #-7] (models with rigid blocks) (SKB, 2014)

3DEC _DP4.20

©2011 lasca CTnashng Group. Inc.

Step 746
00/01/2012 17.35:40

Block
Plane on back
Colorby Region
_ inner blocks
I deformable zone 2

deformable zone 1
outer blecks
outer blocks

8LA
BMA
concrete

sand

FotEAS BB T TR s HR Y 514 B R E R AL 4
r—ég\,}iﬂim@{ﬂp,ﬁé TR SKBd 3DEC A 47H03 % & 4 1 (1) Rk ¥ 1 g
dABH o R R F o BB Q)8 W%@%Aﬁﬁéﬁﬁ&ﬂ&@’%%
233447 > MTERFEEER OB SR FPRELRGS 0 T CRFPRR
NGRS F L s T4 RRLIEEDR S TELFILFRA TIRER o

F2.3-3 =4 B SRR L (SKB,2014)

B2 BTG M A B R T T s

- 13 —



PR AR B 3T AP Rl 2 Pl SR R
FRERS LR g R R g R

2.4 g SR IKELS 1T

d 3 PuE SR T 1T F 8 A # W (fractured rock mass). 5B 373 # (8 51 3k eh
et EATAFe ~ RAAEE Hig 2ok 4 Sl it o TP AR Bl B A 472 E R F
ZOoBPT R FpREMAR S T e R R BRI P At -
FAEATE Y B A 173 2 T R A 52 5 H (continuous) 4 7 ~ 24id i %8 (discontinuous) &
¥9 2 @ F -2l AR £ (hybrid) > 47 % = < % - S WA R A 5 'UEL 4 2 (Finite
Difference Method, FDM) ~ F *I = % ;% (Finite Element Method, FEM) £2 i % =~ % ;2
(Boundary Element Method, BEM) = * #f » 2t:d § 48 4 47 % &4 3 347 ~ % /2 (Discrete
Element Method, DEM) 22 &t 47 %] 4. % % ;* (Discrete Fracture Network Method, DFN) -

241 B ¥wesr
(1) % *LL A i (FDM)

L L L HEEE R M AR BB 2 2 R RT O Kl R B )
it o pREBRIEES 3 B BB BN R pes S AR e S R BR B R R o d
Foitfs > BoE BRI P ARAR S BE JR B B 04D AR - R B R S ERCA R
EARAERE AR %50 PO FDME &2 B 42 2 W HE Y F b R AL

HAymimsandEs 2 ARSI f i@l -

<%

" FDM 5 A# A % B eh1 Z 88 > 5|4cFLAC2DZ FLAC3D » ¥ Ak$5 * 04 # 1 4%
ML A Sl R R AR AT R 1 A2 doF24-] -

B2 R BET NP SRR R B

~=$



i B ) B AT AP R 2 Pl AR R
RO R R R R R LR € 2

> Waler table

r— ST,
— v;.’, .'I ) \‘\\
hydraulic ‘/'\/ R Y \\ , model
wesure [ [ attached gridpoints houndary
pressure ] e 2 /' boundary
L 1‘ * } L\/ v .Y )(/ /
/ |
——
horizontal
boundary
Stress
——
— —
structural cable ———a
—— g
| internal -
boundary —f—zone
(excavation) i -
— structural beam N
gridpoint
— - ~f—
fixed
bottom
boundary

B2.4-1 3 1 424p B 2 FLAC#cie $i-3] (ITSAC, 2016)

(2) 3 *A~ %2 (FEM)
ik b4 30 & 2 a8 d 2 2 s > A28 i ie 0 RE T INfE  H iR R A K

CEHA R s R EF G LR AU ER R U TR AR Sk
K HEA PN P A B~ BRI A T o ARG A3 R R iR 2 2
ﬁﬁT’?”%Q@W%%&QWﬂﬁﬁnA&1ﬂﬁvﬁﬁoﬁmdmmﬁ Ho) 4p
FoFEM7™ &2 B £ SR FRAREML AR s &2 586 30 2 F0ir
i FFDM % 11 % (2. 2 A B R acal a2 -
(3) # & ~ %2 (BEM)
A0 > FDM#2 FEM e 47 » BEMIE 451030 3 Fh dic i @ 2 (738 8 » &0 fhir ¥
& fic(shape function) . 18i7 11 f2 « BEM- 7 A 2 BERF A2 22 PRIF <
%%ﬁﬁ°Eﬁﬁﬂ%%éﬁﬁﬁﬁiﬁﬂ%%i%&’M%@Jﬁ%%;@ﬁgﬂa
%2 Bl & fR(source)ip B i L PR RBES R 52 S -BEMAS W L2 B
A A BARS T i m HRA M AT AL HN A A s AR 4 T S hB g
E B3 > BEM#k * # % ehd B < Z (singular element) & 47 2.

El

At}
\\\

¥R FRE G MGl SR TR R

~ 15 —



A EH B R 1T AP Rl 2 PUE B AR LR R
RO R R R R R LR € 2

242 @A
(1) #4c~ % 2 (DEM)

A 22 55 d Cundall»t1971# 3 41 > * 0UER 2 2 47 £ 7 SR bne 3N pOR R 31
BEis T @A AL 4 7 5 afcER(Cundall 0 1979) o p - 2 iE G w[3T 0008 A A 4
FRAFR2ZIHES Z > SRR - A M2 G FRAEE R N licE A
17202 0 RIEREARY > BEETHHREA P F R Ad @R FE 0 TEd 2 HEE

HITfrd E iz fBerifgs 4478 1345 Cundall F 4 (1989) ¥ DEM sk
HZEF T I() rFer~F3 A2 AR2Z2EHEZH T LFAZ2F 20
B (i) 3 EHEARY A p B HRIRTA A iRl e A A 32 573 8 - 1345 Cundall
S Hart(1989) 5987 § » #dc % 2 A 5w 4F
a. i %]~ % ;# (Distinct Element Method)
B R UL 0 R B AIE S T S AR BT SRR AT R LB
#it 4% (soft contact) » £ % & |+ :42 ;Y 3 TRUBAL ~ UDEC ~ 3DEC - PFC2D ¥ PFC3D
%500 PFC 2 6] Hied 2§ A ;mm;«){v BRI A g BB G
ViAEES REY Kk B 242
b. & & Lkt 2 (Modal Method)
B2 B R SR o ERR PR d2 2 HEV A R ik
#-#t (modal superposition) » & % % 4 4% 3\ 4o CICE -
C. # il 4§ %34 47(Discontinuous Deformation Analysis » DDA)
A2 L Shi(1989)4& &) » Thar ™ SRR /Y » B2 BT 2 IS 7 9354
B3 LR T A AL A4S S DDA -
d. # £ % %/# (Moment-Exchange Method)

\Fﬂ

MERT SRR HA Y BRI A SR AR A R BN
kn
A
@@—» bond
bond FS|.......__ breakage @@
_breakage Fn
c
P
KNG, Fhie|———-= A
1 ARS
1
Fé:bond strength OO%/_ —@— Un (Us)
kf : stiffness %“‘@?

b Uj: displacement

BI24-2PFCAL 172 3% 4 BB M &

3
Iy
s

BUZ R M B e 41 B S AT 4T



M B ) 41T AP B 2 Pl B AR R R
FRIR AR § MR A IR

(2) Hr4c 2 1 4 %% (DFN)
R e F A AR Y > DEN- 0% 3t B A R R i g féﬁi%lif‘u?b 17 0 4B

2435 o473 2 T 4 A e e 4 (fracture geometry) €2 @ ii%l;’r? 4 (transmissivity) »

Bl4o & 7 2 K B E & (shallow fractured aquifer)® » 24 I 4% & #5102 584 47 -

(3) # #7123 (Block Theory)

# ¥.72 3% (Block Theory)* Fi & B 42 3. 88 32 4 (Key Block Theory) » & Goodman £
Shi(1985)#7#k #1 o e @ > LMW F A2 a3+ L p b2 il LAy
§F IR HA G FELTEAR A SRR IR LMK g 0 §3IR
W2 R Homslg - #E B R AR ERT sl 15 TR
Ft o R R T E B SR ERTREAFEMAT R AL DTG0 W P

NMAERAE B R M IS, Ao TR R R A B R R

o

o

3DEC DP5.20

©2016 ltasca (ﬂ)sulting Group, Inc.
Step 0

DFN dfn name Label
Shrink Factor: 1
Fractures (113724)

background
. sub_horizontal
. sub_vertical

12.4-3 r13DEC:: 2. DFN#& i@ #-3] (ITASCA, 2016)

44

SR BRR G OME AR T AT S AT
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243 i FH-2id F 8 & A 45 (Hybrid Method)

RE AT g E S 1T EARR PFREEAFET a7 2 o blded FH S 472 7 @
FxerirL& & * > 4o DEM/FEM ~ DEM/FDM 2 DEM/BEM % > 3 B DEM/FEM & &
AT E R AN G 2 RJE o o] 244 P o Bt A R PR TRE AT R0 e
B 2.4-5 > ¥ %% Potyondy and Cundall (2002)'2 PFC #2 FLAC & 471 £ & = 34788 -id
P SIRE D) WIS E Y

Excavation DEM region Blocks (rigid
———— | or deformable)

FEM region .\_\Interfa-::e

/ ~_ FEM elements
Interfa ce/

B2.4-A DEM/FEM;R & &~ #7 % 2 & 4 & 2_/ed2 > ;% (Jing and Stephanson, 2007)

FEM £ FDM if * £&% & ;q Fﬁ‘ B2 T HE 2 do ] 24-0(a) s F BB B
BIp chHl AT RRIPE B TG EE2 2 FMEA 0 2 FEM & FDM F th i
* 5 hofEl 2.4-6 (d) @wﬁﬁ# BRZEMTEY I F LY A RE A~ E L
MERA > 4o 2.4-6(b) s HI P BB M AT 2 E8 > Bl DEM A 4585 i & 0 4cRl
24-6(c); M AW HHAFRAE > AT AEHAF R FNA T R FHA T L 0 4oF
2.4-7 #75% o pt ¢b > Bandis(2004)3% J e BB A SE 0 2 H R edic A -1 R A 5 A 2
BEWATER TV FLARKESA P HRATULI AL TR WAL 2 > B
BFHE 2 REA S DR s Bk 24-1 9% o

B R M R R L



PR AR B 3T AP Rl 2 Pl SR R
TR+ ic & R g sl gEn AL

248 m

3N
v

o, =60 MPa

G, =11 MPa

Mine-by tunncl

#2.4-5 PFC2 FLAC:# * #4788 -1 4§ #8 48 & #-1] (Potyondy and Cundall, 2004)

B2 BTG M A B R T T s
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SRS R et RS 2

Persistent
discontinuities

O

conlinuum

(@ Sets of discontinuities ™

(e}

F2.4-6 & fABEA,T > 2H* DHAREHA 17T C () 2 FHA 47~ (b) ddc~E A~
F70 A EF AR AR 2R EMAT (o) Pt A red) FEdEMes 4 Jing,
2003)

Classification Model
of domains concept

l ‘\ i Idealization Continuum
| ! T ——
| ! model
| |
| L - |
High-density
Continuum
fgftuig\‘ggtwork miodel

Double~ / Multi-
continuum model

fractures
X7 X ~
A )
I 2N \deali Discrete
| ealization
i X /\87\ y R fracture model

Dominant single fractures 3
+ rock matrix Discrete

fracture model +
continuum model

ol
\@ea 22

\o i
v o[\
AN

Double- / Multi-
continuum model

247 RHABAF ZRATIHFETHL 22 FA 472 4 B (Dietrich et al., 2005)

FoF o BT M P AR R R R

~- 20 —



FRCR R R R g R

M R AT B PE R R 2 P B AR R

& 3

ﬁ“
I

Equivalent

= Discontinuum = Continuum
continuum
Q 0,01 0,10 1,0 10 100 1000
YN TR g S -
» ’1/,{/ 145 e ',I S\ A X
i | |PROA |25
Type of ({ \/ ] A V Q\
rock mass Pj . VA\ATS / 4 L X
v A ~
Ao b ;A Ha Py |
Fractures/m: 20-100 10 - 20 2-10 0.5-2 <05
:F(’")i"l . 001-005 0.05-0.10 0.10-0.50 0.50-2.00 >2.00
s H
Diameter /s - >>500 100 - 500 20-100 5-20 <<5
Suitable FEM, FDM S DEM - FEM, BEM
approach

B2.4-8 HHA %z 4

2241 P £ R 45 orER T i

Numerical

Method

Advantages

* Easy to formulate.
* No local trial (interpolation) functions required to

¥R #cE A 712 R A 7 & 7 ik F 8 4 47 (Bandis, 2004)

% g1 g4l gt g (Jalali and Dusseault, 2012)

Disadvantages

* Cannot handle complex geometries, material
inhomogeneities.
¢ Neumann boundary condition can be only

FDM abDrokimate POEs approximated, not exactly enforced.
S .and e tek e « Inflexible in dealing with explicit fractures, due to
que-. the necessity of continuity of functions between
neighboring grid points.
o L -scal i lidi d let
* Flexible in handling material inhomogeneity and el _SI Mg an con"!pe g
medEE detachment are not permitted due to continuum
e e e . assumptions.
* No coordinate transformation is required for S o :
3 complex geometries * Numerical ill-conditioning will occur due to large
g FEM scah handla compl(;x bourdary conditions aspect ratios of fracture elements in the explicit
£ s Suisiblaford ; bl ’ representation of a large number of fractures.
c RS o YIS RroviamS. e Cannot be used for fracture growth, however
[} * Neumann boundary conditions are enforced . " & )
o R there are some special algorithms to overcome this
Y: problem, e.g., enriched FEM.
¢ Discretization of the boundary only (reduction of
iodal dimenslon by oha) y oty ( * Non-symmetric, fully populated system of
o Sinnlifad pra ro‘::essin' equations in collocation BEM.
. lmp rove: azcura gm stress | concentration * Treatment of inhomogeneous and non-linear
BEM roblepms i problems is extremely difficult.
F: Sim Ie. and: ‘accursts “modelin of wroblems * Requires the knowledge of a suitable fundamental
. ‘p e oy € ; P solution, hence usually an elastic solution.
involving infinite and semi-infinite domains. : A :
S Skmplified treatmant of syrametrical problems (no * Practical application relatively recent, not as well-
X L X known as FEM among users.
discretization needed in the plane of symmetry).
*» Lack of knowledge of the geometry of fractures.
o DEM * Explicit representation of fractures. * Large amount of computation required.
g * Flexible to handle large amount of fractures. ¢ Matrix-fracture flow interaction cannot handled
= adequately.
€
° * Requires fewer degrees of freedom in comparison ¢ Lack of knowledge of the geometry of fractures
:'n: DFN with FEM. and hydraulic properties of fractures.
a * Suitable for generic quantitative studies of e Large amount of computation required.
fracture impacts. * Can't handle heat flow and mechanical process.
. < - - ¢ Large amount of computation required.
Hybrid e Benefits from both continuous and discrete A g 4 P q .
Mathods B el * Displacement continuity and stress equilibrium at

the interface is a big concern.
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(1)f#+7 f2 ;% (analytical analysis) : * F 2V 32 > deBH—LF3 4o &2 5 o

(2)# 4 j= £ 2 (rock load analysis) : 4rTerzaghiz. £ 4% =&/ » 4v£3.14 -

(3)#c i ~ #7:% (numerical analysis) : ;2 Z f/* 2 T N7 o7 7 A Y
WA 2 @ FWA S w2457 UL F2(FEM) - @R ~ %72 BEM)& § "L 42
(FDM)* ; i 4 Rl ¢ 45447~ % 2 (DEM) 78 352 (block theory)®? 7 i 4 %25 4 47
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BRFEFOVHBRERZGAL TV B SR BRSO RV EF G -

b. 38+ % = |4 (Elasticisotropic)ticst @ s ' 2 A H AR 7 5 0 Ry A o
FLEFMI PR Y RS O RRERY 95 M REHE
B4 B E A kRS L TR

c. Drucker-Prager # {4 5% @ it G- il S EF L2 AR 4 5 Bl
iR o @ FERE RIERof (R R .

d. Mohr-Coulomb # 2 H#75% @ b 5 B AL S F{o B 74 Fari + 2 A5G T4
MR P E RGeS R P RIS A Bd ] A4 hed
FTERYRBINPFALRS P

e. &% dci/H i 5% (Strain softening/hardening model) : #* #5347 ficfi (= P 224014 4L
t2 AL BN

f. ¥ & & IZH58 (Ubiquitous joint model) & 2 $5% 5 £ & P58 » £ 5 — k7| b &
&%ﬁ&?%ﬂo%ﬂV“'§4&?%%9’ﬁWWHS¥&%&éi°

g. B £ % K$i558 (Double-yield model) : #* 5% % 7 %% Mohr-Coulomb # Rt » ¥ 3% &
T BTERER] > Y IR S L AR O RET T w4

L EHRRE AHG G AR T B R RS g

FEPRECFAREF AP 0 2 2R A 57 4% Mohr-Coulomb #-5% » #

S FECOE AP BN 2 Sl T A by Bk P-F o 7 UDEC

ez F AP > uMohr-Coulomb #7558 238 8 F o f s - H 8 {387 i & RE

SRR S Fe R -

g MR P BT T LA B RN
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#4.4-1 UDEC+H##L %2 = #-3% (ITASCA, 2014)

RPN i T #

Null EA I SAE SOl | N WHEIGFERLFIE > ¥ A4
(S ECE ATHE ~

Elastic PR d R RS | FRAMY 0 FRMR ARG

BRI R WEER R T EL G

i

Transversely isotropic R ## #L (laminated | & 4z B & U5 B 2 H kK R F 1

elastic material) » |44 & (slate) s

Drucker-Prager Bt 3 MBEEZ KBV AN U F AR o

plasticity E; FLHF

Mohr-Coulomb FRELE W R | - s R T2 7S (4

plasticity B RS FHETLIT AR TER)

Strain — hardening/ EARMBERA A2k | MRS EL 2T e

softening Mohr- S VAL~ BE R AT

Coulomb

Ubiquitous-joint

EERFEELEBRRE B2

LB EHE B R

L A
Bilinear strain- B R R 2 | AR ML s 7L
hardening/softening B RRF A1
ubiquitous-joint
Double - yield FIRA @ g R A A ] K+ R I FErE I L2 i

P S AR A

Modified Cam-clay

%%ﬁ??Jﬁﬁﬁﬁﬁ%@
b B2

Hoek-Brown plasticity

# o L E

Modified Hoek-Brown

R LT

plasticity 5 s
Cysoil (cap-yield) TDRMFALGUOFEA R | B R Py
RN RS 1 B 12 2%

Chsoil Cysoil 2 ff it $3% > % v fdg 8 | S0 s 2 K ¢ o 1 42 4p
B sz 5t WA B2 2%

B g MO U SR A T L B0 B R
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AT B ) 1T AP ek 2 P SR kPR 7
I S

,,,,,,,

FRCR RS AR § RS R

444UDECH 25 2 4 752 a3
S gL

UDEC#% ;¢ $3% &° AFELEABRS BRFEAAFORG  53F iR

(ContactPoint ) > B4/ > ;7 % A4 Z W28 2 ¥ 05 & > B EH* & H5H:if (
Cornerto Edge) # & ¥t & (Cornerto Corner) #iff > ;% » 4c§l4.4-2(a) ~ (b)#77 ; 7 %

AR S BRI 4 a8k (Gridpoints) 165 T8 » 4o A% | PEETREAR 5 o

BLOCK B

direction

\ of contact
* normal

shear
direction

i R,
\L\“' BLOCK A

5 P
corner Py;

(a)

BLOCK B
)/direction of
contact normal

r

shear
BLOCK A direction

(b)
B14.4-2 &3 fg > 3% :(a) & Hif 570 2 55 (b) & ¥ & 457§ > 5 (ITASCA, 2014)

>
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e B ) 4R AT AL Rl 2 P B AR LRERN
RO R R R R R LR € 2

S0 YRR AL BPEEA FF5 > FILUDECAENHS T i1 T 7

= BIRK

(1) ¢ **UDEC A2 g2 B HREE > § Flo HR & 2 dhm L& g8 2 4 £ 7
B% o FIPUDEC 42554 & 3 3800l JL IR % > & BHi T Eenfif ¥ - FH
» R &2 N deBl44-3@) (b)rw o - R EFE LB A AR B A2 deiE
JEREFE AR EERER > ¥R AR T IEEE D19 o

(2) EHEFEPF FEMG L2 R RBPHT > B EARER & £ RS B 5 UDECH
R B L ATERE IR B E RS 2 R Mg MR s T 2
o B L AT N R EER B pF 0 3DECAE { ATH A p B A 2 AT P
hERAR S DREREEL TR TR R 2 ES - AT

(3) 3DECAZA "4/ h 2 2o 4 2 P4 3 E 2N T e gg T - X ERIFL
PEHE 0 deBl44-4077F o

d=r d>>r

d T
dI‘. o

d = distance to corner
r = radius of rounded corner

(a)

(b)
F44-3UDECH & * 7 A Bl:@@)i# * 2 £2 #&£ (bR * 282 2
(ITASCA, 2014)

g R K SR RN 12 22 B R
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\Finite Difference
Zone

& Gridpoints

®, @ @ Corner-Edge Contacts

L1 ) |-2 o 3 Length Associated
with Contacts

, Domains

Bl4.4-4 #4859 22 ¥ & (ITASCA, 2014)

UDEC #2:%% 3 I A& m@ille S 058 27 < 3na £ izdp ik i§ & 2 = (Coulomb
Slip Law) 3 B @ & > 1217 A Gig §8 A A Bk 2 2

(1) BR3=f9 2 & F # #-3" (Joint point contact model) :

FAE A BB e AR T E G TR Y 2 B0 N EERAE R~ 7
Ak R B e 2 BRHCT o

(2) w &g R & & B3 (Joint area contact model) :
LERRE W i - | B = Bf%é@ o TR E SR BT R  BERE R
BAZRABREESE PREWERERE- APTEDR 2 F KRB 75

YRR HIRGT S G T 2 Ko 2 #HHEA -

(3) o ¥ 4% 33 i #-37% (Area contact with displacement-weakening model) :

g R K SR RN 12 22 B R
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RO R R R R R LR € 2

(4)

(5)

N E FEG F A TS NSRBI A 2 RRA F RS RN YR
BETEG L F PR XA R AR R P o

i § '8 k47 (Continuously-yielding model) :

RSt S B R TS STPIPT Y ST R LR P
BFET Lo

L 2§32 7 5 H05% (Barton-Bandis model)

d 3t 7 fE ;N ¢ Barton-Bandis $iS 2 i E RN REF S AE RS BR
Bt PRSI G T REF 0 FPL R EGHFFRGCRY AR > p T

R AT 20 TR 2 L Rlhe 2432 907 o

#4.4-2 UDEC & 32 = = #;V (ITASCA, 2014)

= e B* #F
Point contact et 3 U R A R RUR | B RABER A B iR
B2 P B A 45
Area contact FRWHEEP O kY | - R F S BRI bldos T
K o Bz
Area contact with EA R aARAT A R | - BB E 4 FR A
displacement Z A e
weakening
Continuously yield BN G e EF S| £ A& F (S B (predominant
(hysteretic behavior)z_ # % &3Z | hysteretic loop) i % 2 J % * £
] 2 { ¥4 £ (load reversal) ~ # fi
PRCES LR
Barton-Bandis Barton-Bandis 2. & 32 4 & 4| -k 4 % (hydraulic apertures) 2
Nz B EEG T

$r o SRR Pl B AR RS 1T B2 B RN S

— 62 —



A A R i A A 2 e AR LR
Ao+ & | gl g mh AL

4.5 APl P EENT 2 2 8 A SRR UL 1T

FR2 P A E A TR Sl HRLAR SR BRI B
?%@ﬁﬁéﬂﬁ’£ﬁ¢$ﬁﬁiﬂ’ VG - A h B R A E A R C
AW HR R AR PR ERE AN N E g A > AuE R BRI IVV
BEERA AT 2 38 - ARG A ) Pl B S an ne > W L
BT TP YR B M il 225 2 (SNFD, 2014) 75 k RE RS £ 2 T
B A ARG W B R 2 e 2o L (D (B & 0 2014) 5 2
HEEAEHN T AR Y AR TG (5T F o PERAS T

451 UDEC BcEH )2 E a4+ Kk i H s
RFALD-1FER2 g FRFRE e R 2 2T AujE2d A E

&

PRIE R0 I Hrhk 2 MO s A 3 Rl B UDEC #c@ fi03] o #rdr * chiuif #75 2

AR G AeF|4.5-1 0 BelE ¢ < 2 R E 2o Fl4.5-28 Fl4.5-3 0 WA T WP 4o f

(1) SRl EA A > BANRTER B e iF 2 EE R o 208 2 4 (1)K
et o 0 E RPN S AR Sl ()R RE R S (V) A B Y T
F P e R (VR R BERA 1T

(2) BAR Sl B2 FE ST ¢ 4 2 TH 85m 3 K 59m - BB~ Caf kbt
PAE Z2PE%s 215359 72m-~ 89 55m-

(3) & iz #ReE ki E a2 Buf ¥ A5k ST FA; 0 %Y UDEC #&EHA Y %27 F
ERARZ e S Pug e - 2 55 - BEPGR I L )2 B B § R
3R 05 Frhk 2 B ¥ g A5k 5 ®IDA(5 BA)) 0 > UDEC #ci i) @ # L Fl&2 e
A58 AR A P #Te 0 G AR B B

(4) t UDEC #c@#3)c 1@ A i 3ns > s il 2 4 % 100m X 100m >

w

Pz Pup e ¢ S BENHCAY L > HERR B R 3 0 S s 10 B o
ML EREE RS E R o AR RIFRRINS > TR B W ARERIFE S 2
P ERIFAA Y G 80m &£ 60m - XX HF - E L L 2700 kg/m’ o ] R
#ch 13 20151 T > 3-8 UDEC #iciefid]? »rg % 4edd n 1 kT it o 3%
hoB]4.5-22 §4.5-35057 o

$of o A B SRR R 1 2 A B N S
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2 A4 e

cA45-1%77] % Je 7R E %
HFA54 0 o

4 _1{37]\_1}‘%4

et

>
&
£ &

i

i

S

3

ht

B~ C #f R} ¥

B3 pt
B~ C 3/l b

I 3

~

<

3
T
- o |
™ ool ]
= maEe | ”
s EEERE W
2, ke
P B
)
2 X5 85 m
ki $9% 59 m
R 16 m R 16 m R 16 m R 16 m
U
D
E o T
' i _ .
c = BL
C Dl = a =
f_E't 269.85,56 +Z 2
O o ¥ 4300 <> o
25,602 . d W B
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- d »4 5515455 B o 360,512.26) g
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PR AR B 3T AP Rl 2 Pl SR R
TR+ ic & R g sl gEn AL

Linear elastic model, density 2700 (kg/m3), E=1.5 GPa, v =0.2
oYy = pgh=(-2700*10*38)=-1.026e6(Pa) 38m
(-50,100) l G000 L
80m
42 m
v v 138 m
~(0;58) - g~ === e b
58 m
(-50,0) (5(-),-0-)““-"““““““M""-““““"""""-"y- -----------
B4.5-2 F =342 UDECH#cE #-3] ® 2@ f ik i
Linear elastic model, density 2700 (kg/m?), E =1.5 GPa, v =0.2
oyy = pgh=(-2700*10*18)=-0.486e6(Pa) 18m
(-50,100) l (000 4
60 m
B 42 m
oxx =1.3 1 118 m
-(0,58) - - §- - - Y
58 m
| (-50,0) | (50,-0-) -------------------- Bomrrrrmreese oo e

B4.5-3 § s 3-n 2 UDECH#c@E ficd] = ~F 228 15 2

B Mol U S AR T AT L RS B B
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%451 A RFERIFERT 2 LF 54 ERT A

Depth(m)

ov(Pa)

Kk

Oh (P a)

38

1.03E+06

1.3

1.33E+06

80

2.16E+06

1.3

2.81E+06

138

3.73E+06

13

4.84E+06

B14.5-4 UDEC#c & $-3) 4= 40 & 4 5 A

JOBTITLE : .

(*10:2)

UDEC (Version 6.00)

LEGEND

27-Sep-2019 15:16:19
cycle 2
time = 3.495E-04 sec
boundary plot
YY stress contours
contour interval= 1.000E+05
number of contour/color= 3
-3.700E+06 to -1.100E+06

-3.500E+06
-3.200E+06
-2.900E+06
-2.600E+06
-2.300E+06
l -2.000E+06
-1.700E+06
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L 0.900

L 0700
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| 0300
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T
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T T
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T
2000

T
4.000

(10~1)
(a)

JOBTITLE : .

(10%2)

UDEC (Version 6.00)

LEGEND

27-Sep-2019 15:16:19

cycle 2
time = 3.495E-04 sec
boundary plot

XX stress contours
contour interval= 5.000E+05
-4.500E+06 to -1.500E+06

-4 500E+06
-4 000E+06
-3.500E+06
-3.000E+06

-2.500E+06
-2.000E+06
-1.500E+06

| 0.900

L 0700
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£
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Em(GPa)
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0.20
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0.20
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0.20
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0.20
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0.20
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boundary plot ” *A'A; Hox B e T e e x N : ;‘#%
Principal stresses ) A—x . w4 ),x,/,r;#} “"-‘::*:%\K\ EE \f | s7s0
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JOBTITLE: .

UDEC (Version 6.00)

LEGEND

29-Sep-2019 16:04:25

cycle 2420

time = 1.095E+00 sec
¥ dizplacement contours
contour interval= 1 000E-03
number of contaur fcalar=
-1.000E-02ta 1.000E-02

(%]

-4.000ED
-FODDED?
-5.000ED3
-3.000ED3
-1.000ED
1.000E-02
3.000E-02
5.000E-02
T.000E-D2
9.000E-03
1.100E-02

boundary plot

(b)

JOBTITLE: .

UDEC (Version 6.00)

LEGEND

29-Sep-2019 16:04:25

cycle 2420

time = 1.098E+00 sec
Y displacement contours
contour interval= 1.000E-03
number of contouricolor= 2
-6.000E-03to §.000E-03

-5.000E03
-3.000E-03
-1.000E03
1.000E-03
3.000E-03
5.000E03
7.000E-03
9.000E-03

boundary plot
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Run cycles
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Deformable modulus(GPa)

(b)
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FRIR AR § RS R B hAR 2
1453 BHMANE H R 748 FHc ARG R H RS (= Ha)
Em C ¢ UCS TNS
Q RMR |Rock Class L
(GPa) (Pa) @) (MPa) (MPa)
0.05 17.04 \% 1.50 0.20 100000 15 20 2
0.1 23.28 v 2.15 0.20 200000 25 30 3
1 44.00 1 7.08 0.20 300000 35 40 4
# 4.5-4 UDECH B “745 — = #F7 2 $ » Sl
Young’s
Unit weight c ¢ kn ks UCS
modulus v .
(kg/m®) (Pa) @) (MPa//m) | (MPa/m) (MPa)
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Displacement(m)
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(b) % IV %748
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