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Abstract

Taiwan’s low level radioactive waste (LLRW) might be disposed of using the
tunnel system in mountain areas. Construction of tunnels creates fractures in the host
rock formation. These man-made fractures along with the naturally occurred joints,
faults form effective passways of groundwater. Thus, there is a possibility that the
radioactive waste can be transported by groundwater to the biosphere through these
fractures. The safety assessment of such an event relies on an understanding of the
hydrogeology of the fractured rock formation, which can be properly described by a
hydrogeological conceptual model. Based on the flow paths and flow conditions
produced from groundwater flow simulation, transport simulation can be followed.
Consequently, the techniques of hydrogeological simulation for repository of low
radioactive residues with tunnel system in fracture rocks is needed for quality control
under different stages including siting, design, construction, operation, closure, and
post-closure stages for LLRW disposal. The systematic studies have been executed on
this issue by SKB in Swedish of SFR repository for low- and intermediate- level
nuclear waste which is still operating. It is valuable for comprehensively reviewing
the development of hydrogeological simulation techniques for SFR. Besides, since
the repository site might be changed, the concerned problems for developing and
reviewing hydro-geologic simulation are quite different. Taiwan’s experience is also
valuable for investigating and simulating the groundwater flow in a tunnel. The
proposed plan is to review the procedure and approach of the hydro-geologic
simulation of repository for low- and intermediate- level nuclear waste with tunnel
system in Swedish. Hydrogeological investigation and simulation of constructed
tunnel in Taiwan is also reviewed. The hydrogeological conditions are evaluated of
possible sites of repository for low- and intermediate- level nuclear waste. The
results of the proposed works will become the guideline for hydrogeological site
investigation, simulation and evaluation. It is expected the proposed research
provides the reviewing agency, Atomic Energy Council, the reviewing technique of
the hydrogeological simulation for repository of low radioactive residues which will
be deposited in the hill area with tunnel system.
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ZONES: Purple= H2. Dark blue= 3. Dark red= 6. Yellow= 8. Green= 9.
TUNNELS: Grey= Access. Red= SILO. Dark blue= BIFI1. Light blue= BTF2. Green= BLA Yellow= BMA

B2-2 SFRu:f & sife B 2 B3I & 2 2 K+ (Fracture zones) (4 p [4])

A close-up view of zones H2 and 6 and the layout of the deposition tunnels. Zone H2 is a
sub-horizontal zone, which intersects the access tunnels below the SILO. Zone 6 is a
vertical zone that intersects the following deposition tunnels: BTF1, BTF2, BLA and BMA.
ZONES: Black= H2. Dark blue= 3. Red= 6. Green= 9.

TUNNELS: Grey= Access. Red= SILO. Dark blue= BTF1. Light blue= BTF2. Green= BLA. Yellow= BMA

B2-3 SFRukE & sifie B (3T 16)8 h3n 2 & A M ¥ (B12-2.5% + ) (3 p [4])
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BLUE COLOUR: Denotes loading areas.
RED COLOUR: Denotes barriers (side fill) at sides of waste/encapsulation.

YELLOW COLQUR: Denotes the waste/encapsulation domain.

Model Y-axis (m)

BLA

400

380
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240

Model Y-axis (m)

BMA

F12-4 Ak % (BTF ~ BLA ~ BMA)-k T 316 2 3:m i3 (4 p [4])
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320
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Model Y-axis (m)



BTF TUNNELS - VERTICAL CROSS-SECTION THROUGH STORAGE AREA.

TOP FILLING (high permeability)

€ 80

0 -

™~

s B

s B WASTE|DOMAIN
g (low permeability)
g3

erm
230 235 240
Model X-axis (m)

B2-5 BTFALE Wi 2 2 26 m < B HN (3 A [4])

BLA TUNNEL - VERTICAL CROSS-SECTION

THROUGH STORAGE AREA.

-7

o
-

Model Z-axis (m)

300 305 310
Model X-axis (m)

B12-6 BLARE "hif 2 £F 9% 3w R H5( P [4])

BMA TUNNEL - VERTICAL CROSS-SECTION
THROUGH STORAGE AREA.

70

TOP FILLING (high permeabiity)

o
o

WASTE DOMAIN
(low permeability)

Model 2-axis (m)

FLOOR - BASE FILLING (high perfreability)
! — : — — —r— :
330 335 340 345 350
Model X-axis (m)

B12-7 BMAJLE "%if 2 £ 8 25 w0 © & 1055 (4 A [4])

[ee]



Model £Z-axis (m)

SILO - VERTICAL CROSS-SECTION

TOPFILLING (high permeability)

Bentonite barrier with concrete lid (low permeabili

Bentonite barrier (low permeability)

140 145 150 155 160 165 170
Model X-axis (m)

B12-8 SILOfE "hif 2 &8 35 w2 R 5 A [4])



2.1.2 :& F i¥ #(Boundary conditions)

FTERWSZER GV 2R RS EREEE R 5 physical boundaries)
TE oML RN e A AN 2 EREERd R R KRB 2
P R R R ERIR O BN R S BHRPTTRL G B R 2
(telescopic mesh refinement ; B]2-9) - FlH V0 » 4 jgid AREH (L B ot B
TG s eniAe) (B12-10) 0 s fiost e B E 2 5 pF 14 (time-dependent) -

B2-9 & RHGUR 2R RS 24k B R AR A [4])




2.1.3 4V ~ g7 kF 2 »F 5 (Establishment and simulation order of models)

BORt L8 2 o SR S HE 0 4 AR WS e 2 g p ¢

BB AN AHNI HE AR o Ra o FRMEE TR Z SRR AP
TECRE O ANRRE RS ERE, O RFEFHIVUE W R 2

FHio R (ArB2-11977) °

ESTABLISHMENT ORDER OF FORMAL MODELS

Local model

Tunnel

system zones

Regional model

Local fracture > cal

ibration

HFEZEEEd et BRI RS R CEREAMAS RE R

Regional model

SIMULATION ORDER OF FORMAL MODELS

Time dep.
land raise

Regional model

Local model

—>

Head at boundary
of local domain

Time dep.
land raise

®l2-11

—

Regional ,
P 4 doman > fecure > (IO
zones
’ Detailed model
Details of Fracture
tunnels zones
Semilocal model
Tunnel Local fracture y, Time dep.
system zones land raise
Sediment

accumulation

Detailed model

—>

Head at boundaty
of detailed domain

Flow in tunnels
and flow paths

Semilocal model

Head at boundary
of semilocal domain

Time dep. Flow intunnels
land raise and flow paths
Sediment

accumulation

Foke RN R 23K 2 iR 2 4Bk R R IZ(3E B [4])
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2.2 *RE ¥ T okimin IR

SFR? bt ) s Bt s J\MW Ko Bl E A AR (213
Rl -k o FSFRY MO b e ) 4 re PR R B R B R N 2
TR B BB o R A o d A fo‘r:ﬁx:ﬁ;:@ * 2 s R & hd ~2800
P R BRI E KB R Do B BN 1T Mg U SFRY Mt s g
ARk FP TORAURE R e PR E TR S R T S e @m e TR .
F]m A2 M e o F]ULFEIRI 2 SFRY M s R b Rk BT B R TR B R P
2 Gn B ARHNEPE I A e > e .F <5000 £ BF o BT ok 2 i it BRAE R
(steady-state-like) -

RN ( e R R P IR TR A RE R )P A &
iRl H 3t P el g 28 TR o e T R BN IE R AR
A S B TR R BB PR (TR T HIR ) o L R BB
Bk SURE IR HSIER TRGT “i’i%ﬁi’rfﬂ?@i % i 0 75 BMARE ¥ i§

KB BRI EHZ 33 S S T BMAESFRY MOkt B 3 de il Hei
S T AT H%:P{%I;(hydraullc cage) % A -k H 5 4 HkE hid o SILORY
A 1% 5 SR 4 (low-permeable bentonite) ) = 5 sxerin & kS 0 14 iR 3t
K2 % i 5 S-BLAMGE R RIAP 7 = B FIEBLAME b ¥ 3 K4 -

$SILOE BMARRSE N 2o 3 K4 - 3V TR 1T 23 TR E 394p 5 M) o 1Y
BMA®MiE m 3 - itk % %W*“BMA%LEiT;HE Hyorrehg B kS R
T o 2 F 0 FERAFHLEFH o & BIEER F?]i” EKE - Bba3 o
BMA®R:E KRB %5 i@t AL B 5 8 i BTR % frBLA%.{E ZZRES B
= (concrete floor)B~ < » Rk » BMAMSRE 3 KR 23+ TR EHR5 P w2 50
2.20-40% » Flgt o B EAE A R P 38458 (different internal structures) 2. 3 F oK 3
MBS R AN E e BN BT E A A R A 2L 5
BT 277 F o i GBMAZ SILOE & A i "G 2o 3 TR B 1L E L
B E T R F BRI R B RS EANA2-1E L2250 £¢ &
AN RS R Y B R B (Ao By R A PTE SRR
EKEEE)2 g - UBMARE %:@ 00 BT RPN IR AR R TR
BEUE W RS2 RE SRR E A AT FRE AL AlL2
AIt.3)%%i F3hE > HP AR E A F R R EANA2-3 0 A 2-12 £2-3V F IR
Altlbt’AIt3; % e mm‘;ﬁ LR E > Alt3enid i B 1 2 LR g AL > T
TR RN R A R R TR R g PR R b B s
"{fE%Fé%g vz A% P Bgor >t B12-124-®]2-13 -

“ﬂh \"1-
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£.2-1 BN SRR S BMAALE i s B

s Sl

i 2 (4 A [4])

Total flow (m3/year)

BMA Trough different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD

Top filling 5.9 20.6 338 354 355 355
Waste domain 0.07 0.13 0.26 0.28 0.28 028
Encapsulation

Filling at sides 6.8 149 275 205 296 296
Concrete/sand floor 1.7 12.8 26.4 28.7 28.9 289
Loading areas 2.8 22. 322 32.8 32.7 327
All surroundings 8.8 36.8 53.0 55.0 55.0 55.0
Tunnel flow 8.7 36.7 52.7 54.7 547 547
Qallsurr. — Qwaste

Average specific flow (m/s)

BMA In different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD [ 7000 AD
Top filling 2.2E-10 3.0E-9 49E-9 5.1E-9 5.1E-9 5.1E-9
Waste domain. Encap. 9.3E-13 7.5E-12 1.2E-11 1.3E-11 1.3E-11 1.3E-11
Filling at sides 5.2E-10 4.3E-9 7.1E-9 7.3E-9 7.3E-9 7.3E-9
Concrete/sand floor 5.6E-10 4.5E-9 7.4E-9 7.7E-9 7.7E-9 7.7E-9
Loading areas 1.3E-10 6.3E-10 1.0E-9 1.1E-9 1L.1E-9 1.1E-9
All swrroundings 2.6E-10 2.6E-9 4.2E-9 4.3E9 4 3E-9 43E-9

£2-2 i E TRl S SILOALE i fin B & T o 8 (4 5 [4])
Total flow (m3/vear)
SILO Trough different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD

Top filling 0.53 14 22 22 22 2.2
Bentonite at top 0.27 0.32 0.21 0.28 0.31 0.31
Waste domain 0.23 0.22 0.16 0.23 0.25 025
Encapsulation

Bentonite at base 0.24 22 0.27 0.33 0.35 0.35
Bentonite at sides 0.023 0.043 0.055 0.054 0.054 0.054

Average specific flow (m/s)

SILO In different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD
Top filling 2.4E-11 8.5E-11 2.8E-10 2.8E-10 2.8E-10 2.8E-10
Bentonute at top 1.0E-11 1.2E-11 8.4E-12 1.1E-11 1.2E-11 1.2E-11
Waste domain. Encap. 1.3E-11 1.2E-11 6.8E-12 1.1E-11 1.3E-11 1.3E-11
Bentonite at base 1.0E-11 9.4E-12 1.1E-11 1.4E-11 1.4E-11 1.4E-11
Bentonite at sides 8.7E-13 8.1E-13 7.8E-13 9.6E-12 1.0E-12 1.0E-12

13




#2-3 BMAZRLE "k fe ¥

i 1 AIL3TE Bt S BMARLE "hif 4ot B 82 T 1ol g

B ‘/nl

2 (4 p [4])

Total flow (m3/year)

BMA Trough different parts of the studied tunnel at different times
2000 AD 3000 AD 4000 AD 5000 AD 6000 AD 7000 AD

Top filling 6.4 313 521 53.9 54.7 54.7
Waste domain. Encap. 7E-3 0.002 0.003 0.003 0.004 0.004
Filling at sides 7.1 21.0 37.3 39.7 40.1 40.1
Filling at base 79 15.5 30.6 33.0 334 334
Loading areas 31 321 49 4 49 8 50.9 509
All surroundings 8.8 38.1 55.5 57.5 57.5 57.5
Tunnel flow 8.8 38.1 55.5 575 57.5 57.5
Qallsurr. — Qwaste

Average specific flow (m/s)

BMA In different parts of the studied tunnel at different times
2000 AD 3000 AD 4000 AD 5000 AD 6000 AD 7000 AD
Top filling 3.8E-10 6.2E-9 1.0E-8 1.0E-8 1.0E-8 1.0E-8
Waste domain. Encap. 1.1E-14 1.1E-13 1.9E-13 19E-13 1 9E-13 19E-13
Filling at sides 59E-10 6.4E-9 1.1E-8 1.1E-8 1.1E-8 1.1E-8
Filling at base 6.4E-10 6.6E-9 1.1E-8 1.1E-8 1.1E-8 1.1E-8
Loading areas 14E-10 12E-9 2 4E-9 2.5E-9 2 6E-9 2.6E-9
All surroundings 3.6E-10 4 8E-9 8 0E-9 8.2E-9 8 3E-9 83E-9

Total flow through storage tunnels and silo, versus Time. Detailed model (Case 4).

100
e ? ﬂ
5
2
® 10 -
E
k7]
(7]
2
o
=
o
3
2 — o
£
;‘ /
2 =G S|LO top fill
—_ -
g /// ===BTF1 top fil
= I ===BTF2 top fil
—6—BLA top fi
——=BMA top fill
0.1
1000 2000 3000 4000 5000 6000 7000

Time (year, AD)

BI2-12 GRS el Wi TEEE W H A 2 RO E (3 [4])
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Total flow through storage tunnels and silo, versus Time. Detailed model (Case 4).

100

& "_'_,..-)(—— ’ﬁ_j[ﬁ
(“N}____,’-—

0.1 ________...-—-"""‘) ILO waste

P — =B TF1 waste

=B TF2 waste

=—f=—ELA waste storage domain [ |

—H=—BMA waste

Total flow, through object (m3/year)

Il

0.01 |
1000 2000 3000 4000 5000 8000 7000

Time (year, AD)

B12-13 R AR AR ARy R 2 WO B (3 A [4])

2.3 ¥ T okinds B A 15 (Flow path analysis)

2317 BB HiFANE A2 E T LAFEEE R (Length of flow paths)

BSFERI R &4k g B 3SFRY (s e 3 e ALl B Sn S AR Wi eh

%17}{‘;§L ,{;_(‘%‘ﬁ;{r\—"n ";L’(__ F" \3{ }%@_E'_KJZLEQ: B (nkra"_]_ %\U’ oiﬁ%‘b‘l—r 7J(‘:”f7;::k

RO PSE SLEAC IS RS STE- TS A TS - R TS R
"E\zf}eﬁp‘,ﬁﬁwﬁ@““{ ﬁ&—i‘g ce/}fﬂ"t’Av\‘%l] ‘5?[;7» Paﬁﬂ}%@ﬁ“giiﬁifﬂ;%l]

B LT B R 2 R TR 0 3 g A R A5 1%3F 7 % (topography remains the same)z.
FREGE R R T 0 FE 2 b B S AR 1 (visualisation) s % 35 L F12-14~F2-17 o
7 e pE R BLESBMAZ SILORRE 7 v BL AT & R B2 (2 4 2-42 £2-5 > nd B /s
A 47 3 B BEIE BigyodE (particle tracking simulation) » BB if BidHEE A & {;gg! i B
o BB U DB ES Y 2 BB R B TR R R T BEE B
Bk B TR AL KA F E R A F R TR R A ST
BTk A B TR RS FREHRERE T G A S st 0 -
o A FTE R AR 0 V- 2 g B G BT A DR 0 e B
FO R R P R T A e g G R e R BT E R FU
BT E RS RER S - AP A E Sl Ft A S0 L B A (10%

50% ~ 909%)2_ i #+ B& AT K B 0 Bt R R FP R A 2 10% 2 TR d R SR R 0 R R
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SO im B R IT R B 2 R AR S A F 5 10%ME 2 SRR B AT 0 B (50%27 90%)

22-4 7 b PR B BMARRE 5 93 4 2 ia et e £ B (3 £ [4])

BMA Flow path length (m)

Time AD 107 Percentile 50T Percentile 90T Percentile
2000 66 67 73

3000 77 114 199

4000 96 176 260

5000 112 206 312

6000 114 214 316

7000 115 216 316

225 7 PR R SILOMRE i B & 2 B e £ A (3 p [4])

SILO Flow path length (m)

Time AD 10™ Percentile 50 Percentile 90'™ Percentile
2000 66 66 131

3000 80 379 425

4000 69 341 384

5000 70 355 395

6000 71 355 395

7000 71 355 395

|_I;H‘

B12-14 & 2000 pFrgag kS~ 28 BB (R B06)8E = T RITERIZEE P [4])
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B2-15 & 4000 prrgsg h 2o~ 8 H M A (FE6) 88 T k2 inE BT (3 B
[4])
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®l2-16

& 6000 FF (4548 i )i .
=4 B [4])

L L
£
Yo Y
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Length of pathways from repository, versus, Time.

90th Percentile, Case 4.

=—g==S|LO
1000 =R A é é
B A e o |
£ 800 = 1BTF / N v X
@ 2BTF P €
g 600 7~ |
£ o L
o pany pany s
“5 400 Pant Fany oy r)
5 5 £ B &1
S 200
0 t
1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
Length of pathways from repository, versus, Time.
—8=—s|LO 50th Percentile, Case 4.
1000 =F=—BMA
=B A
E 800 o= 1BTF
: e i — c—
z 2BTF
@
a e
5 400 /] 4 A
£ 7&, = & ®
o
| =t
T 200 ;/ 2/5/: B £ 1 = ]
0 T T
1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
Length of pathways from repository, versus, Time.
P 10th Percentile, Case 4.
1000 =E=BMA
B A
E &m0 ¢=—1BTF
w i3
z 2BTF
= 600
P
®
o
5 400 W
L
=)
=
@ 200
e E ——
O T T T T T 1
1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
F2-17 # PR d 7 b Al s in e 42 amj\,,,@v LT E R WY RIZ
B F At (90% ~ 50%% 10%)2 5w 5 i £ A (4 f [4])

2.3.24 s B "F S T A2 7 5 E(Breakthrough times for flow paths)

LRt LT R IR
BTFL' i 1 2 BTF2%if S 2% i

B 1935 4 147 % % 3 WBMARE ~ BLAME -
pF /% (breakthrough times) #- & & ~ 3000 # =
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1~S&O%ﬁm%gaammﬁ;&—%#HT«%§+\ﬁﬁﬁﬁw°i#’
g ~2000# 24 0 nde R T s BTk E o] o & ~4000-50004# L% 2
o W TR E A AR RS E o TR R AR $2 AP ARIER > BMAZ
SILOALY Wi B i S A PR E B %L 4262 427> $5B 7 F
éﬂ%ﬁ%ﬁﬁﬁﬁ;iﬁ?ﬁﬁﬁpﬁp%aﬂﬁﬁ18&m“WT F] w6 B T
E ‘ F oS F o FlF S PER Y L AR A
Flpt £ ¢ 5 2110% ~ 50% ~ 90%2. F i BER o gL R B R At 5 10%2. F i pE
B R E L TEBF L ARSI A T LI0%F 2 H BT ERT > 8RR 2
FECERTAVE TR ®¥&C

N
c=y4 (2-1)

Pl BnEe s Y B2 E R[LD A g B F IR E T 2 S £ (specific
flow)[L/T] = % 4% 15 5 5 0.01(s* 1%)p+ > C =100%tyreathrough > +* /%@tbreathrough »
FTEPER o B 3 K F gt $(dispersion) & 4p B i;ﬁ;ﬁ%]s;@ﬁi CHETE S R F]A
BT }w LB ey i - Ay Darcy 22 ,‘TiL%rTv Darcyir;’fi,ig ﬁa,ﬂifﬁ%‘—" =4
B ROk L B A& - EREOE i R
B AR el ?i.mm'ﬂﬁ*+~ﬁﬁﬁiﬁﬁﬁm§{ﬁ%§ﬁéw
B At 2 E R AR 1¢%§§ﬁﬁ&ﬂa§$@
B AAACR G 4 REGEACN R - BT ST R E R R wicf i

/

AR A S T IS B > @ - B A T g Bl -

£2-6 o BMARRF in 912 % 35 pF R (3 5 [4])

BMA Flow paths, breakthrough time (Years)

Time AD 10" Percentile 50" Percentile 90" Percentile

2000 103 248 319

3000 18 52 91

4000 39 74 106

5000 49 84 127

6000 51 86 132

7000 51 87 132
%2-7 J SILO®gi im 412 % 3% PR (3 p [4))

SILO Flow paths, breakthrough time (Years)

Time AD 10" Percentile 50" Percentile 90" Percentile

2000 300 313 1056

3000 80 379 425

4000 40 121 163

5000 45 129 172

6000 47 131 182

7000 47 131 182
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Break-through time (years)

Break-through time (years)

Break-through time (years)

1000

100

o

1

1000

100

—
=]

1000

100

10

Break-through time for pathways from storage tunnels, versus, Time.
90th Percentile, Case 4.

G| O [
m=E—EMA =
mdp—ri A [
IBTF [
i B TF
000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
Break-through time for pathways from storage tunnels, versus, Time.
50th Percentile, Case 4.
a a E —
= ﬁ_ v * -
.
x\ //
‘-ik" —— O[]
—E—EA =
—e—p) A
G | BTF [
—=2BTF | |
1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
Break-through time for pathways from storage tunnels, versus, Time.
10th Percentile, Case 4.
al
=
1 ‘\.‘ "
. B
B 5O
—E—BMA =
A
1B TF —
DB TF ||
000 2000 3000 4000 5000 6000 7000 80C
Time (year, AD.)
BI2-18 d 7 Frfagin iz R EL i T A PR (4 P [4])
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233F B IEZ K4 W EEZ EFEE (Fracture zones as conductors of flow

paths)

Bk MBI B TORGEREE G A EINC A SR HESE Sl
P HEF L E R R oo T AL Tk EE R £ R P
%ﬁﬁﬁﬁﬁ%%ﬁ°ﬁimmﬁ%’@—ﬁ@£ﬂr%iin%%a&'@:
& L7000 PRI A A F FEH2 A B83 HABF B860 HHF 5804
P 9i”ﬁ5-fd/i{@ﬂ'%l€m H2 g ToRGRE R TR e AR F R EFH2
2-19
15

#

.
¥ A

ETIS

¥

HBA B2 HHF %8 gaﬁ%bmkm, B =38 B]2-19- 3 :§BMAZ SILO
S B RE PR A R AR BRI BRI ELF A A A2-82 £2-9

%28 Wi GEBMAL gt ERAKA FRHIE BRI E 2 A (HF
A [4])

Important Zones (percentage of flow from the tunnel that passes the zone)

Time AD Z-H2 Z-3 Z-6 Z-8 Z-9
2000 - - 24 - -
3000 28 35 47 - -
4000 40 62 55 - -
5000 42 73 61 2 -
7000 45 76 71 2 -

220 WA EESILOY N L ERABF R E R R E LT A

p [4])
Important Zones (percentage of flow from the tunnel that passes the zone)

Time AD Z-H2 Z-3 Z-6 Z-8 Z-9
2000 All flow directly through the rock mass

3000 83 - - 75 83

4000 55 - - 55 55

5000 60 - - 60 60

7000 61 - - 61 61
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Percentage of flow from tunnels Percentage of flow from tunnels
that passes the zone that passes the zone

Percentage of flow from tunnels
that passes the zone

®l2-19

Importance of Zone H2 as regards transport from from storage tunnels, versus, Time.

H2 , Case 4. Elow paths from:
100 SILO M
a0 =—&=—BMA | |
gy 5| A
80 H
\ ——IBTF
m / \ 5 TF [
60 / S & 5> = ]
50
0 / N =l = i
30 / 8
20 / / / e &3 L) yany yaal
10 / // /
. W
1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)
Importance of Zone 3 as regards transport from from storage tunnels, versus, Time.
Zone 3 , Case 4.
100
90 — o
d
b )( ~ * N
[|_——— %
70 / / <
. /4
50
// Flow paths from
40
ﬁ / // —e—sIL0
30 / // mfeEA [
20 B A |
5 / i B TF
DB TF
0 S & o & S o
1000 2000 3000 4000 5000 6000 7000 800C
Time (year, AD.)
Importance of Zone 6 as regards transport from from storage tunnels, versus, Time.
Zone 6 , Case 4.
100
a0 A yany pany yany =+
80 \ if o pal
70 ﬁ ﬁ
o e
50
/E, Elow paths from:
40
0 / =—8=5ILO | |
; i3\
El/ BMA
20 —te—pB A ]
10 IBTF |
B TF
0 \C S & & & &
1000 2000 3000 4000 5000 6000 7000 80(
Time (year, AD.)
= o ) PN N 9 RYSNEY I A , N 3 - 2 s Y
5?&3“H2‘3l}’:’61?.€~3i@§-/§@%_“3il§' @1]1’]\431%' Fmi‘t’rﬂ'—"‘{r@ﬁﬁ
» N q . 2 V-,&: 1‘“—( ,H ~ “ = > ‘\_‘: ﬂ 7 2,0 ‘v_L‘ ﬁ — ™\
Ui e g SR - ERAMA RN E BRI 2 A
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2.3.44 B 8 -k # 2 3 /£ # (Hydraulic interaction between deposition tunnels)

Frd TR AT T RIS L el R TR BT R
Pre REHURRE 0 NS TR R AR RE Rk AT o - i
T BuAERE RNk T EEL T L Bla T o B p BTR2%
i 2 BMAREIE on d1 2 # T ok R e BLARRE (£ 2-10) 5 p BTFLsgiE sn 2 3 T
R BTR2MaE (£ 2-11) > e £ G A TS5 3 m > d T el i in il 2
TR MO 10%z SR BN E B R o A R R k4 3
o4 4 d ~3000& 3 & <4000+ 2 ¥ (B)2-20) -

—_

13

#2-10 BLAWF 2 8 v Al W B2 k4 23 (5% (4§ p [4])

BLA Flow from swrrounding deposition tunnels
(percentage of flow from the surrounding tunnels that passes the BLA)

Time AD SILO BMA BLA BTF1 BTF2
2000 - - X - -

3000 - 6 X - 5

4000 - 4 X 0.1 8

5000 - 3 X 0.1 4
7000 - 3 X 0.2 4

#2-11 BTF2'if &2 2 U e ki B 27k 4 23 1% (3§ p [4])

BTF2 Flow from surrounding deposition tunnels
(percentage of flow from the surrounding tunnels that passes the BTF2

Time AD SILO BMA BLA BTF1 BTF2
2000 - - - - X
3000 - - - 10 X
4000 - - - 4 X
5000 - - - 4 X
7000 - - - 4 X
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Percentage of flow from other tunnels that passes the BTF2 tunnel, versus, Time,

BTF2, Case 4.
35 ‘
30
EIMLL@.W_:
25 —8—S|L0
i 5 A
20 e | ETF
by | A

Percentage of flow that
passes the tunnel studied

10 /‘\
5 . . i &
0 / B & o B & &

1000 2000 3000 4000 5000 6000 7000 8000

Time (year, AD.)

Percentage of flow from other tunnels that passes the BLA tunnel, versus, Time.

BLA , Case 4.
35

30

[

Flow paths from:
£ +—SILO
—B—EBMA
—fp 1BTF

B TF

20

Percentage of flow that
passes the tunnel studied

1000 2000 3000 4000 5000 6000 7000 8000
Time (year, AD.)

B12-20 7 I Ak w2 okin e 3 5 (48 p [4])

235,85 B HEiF p 2 # T -k % B(Origin of water in deposition tunnels)

& 72200 3| & ~3000&  F > {5392 /% gLaUEd HSFRY M| B R 4
FeeB B ooom b TR AR A A e o d 30 ToRIRR A TR TR
B g ende TR KR (origin)e B-RE 2 2T o Tt g T ok enit B 4 5 (chemical
composition)?'r”‘ 7 e oo BV IERISFR P A st Br 3 b Ll B 7508 0 Pl
Fol A 2B T oRkd RA R A R RE Ry X TR(BDE LT E K|
23 & :hlgh chloride content, low oxygen content)d& % % % p SFR? i< 3c it {4 g 3
PR HF LR REE S TR(EF F 0 25 - £ F ; no chloride, some
oxygen) v A BBV 4 F 2300F 3 F 2750F 2 fF o & 2750+ (8§ A
FradE 1033 0 TR A 2 B TR R P AL R (F e TR e R R
FRo ipe 3 TR E I L 2 B RN He s 174 L B12-21 0 A4
BEe 7O EEEWEBC RERISA T EELSE TSR R PR

1
B WEREA L T AR TR Tk R -

cHe



ORIGIN OF WATER IN DEPOSITION TUNNELS (Case 4)
Percentage of groundwater flow in deposition tunnels that comes from below a level of -200 masl

N 7
80 \
N

. E X
60 ~ | \
50 >,
40 —
30 "ol
20 / // \\
10 S
_/
_..—"-'
0
2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
Time, Years AD

Percent

¥

== From below -200 masl, Steady paths.
=== rom below -200 masl, Transient paths.
—+—From above -200 masl, Steady paths.
=== From above -200 masl, Transient paths.

B12-21 R RE RPN 2 TR KRGEE B [4])

2.3.6, .8 %8 K2 # T oLk = B (Location of discharge areas)

q];; % g;ggu;s\zt%ﬁ B TR e ds A Ak

frv
_’B
E;
it
g%
=
\y
-
o

%
—ﬂ}u 2T g =% o AR T %&iﬁﬂz T (AT —ﬂ}fﬁ‘&(low-lying parts of
the topography) » i 1 £ # % fed & ;"“—?é TR R AR
T X P e d 2000 & 0 A BN H PO EERE L G O EFHTR 40 LB
oAU R #-3p % SFR e B s o

o

FRMEEFZ ALY EE AT AT (Mo fg 5 ) 5 o
BAATL AR EE AL BRI 0 KA AR T AR R
BT H A5 R TR S 2 BN B AR 27 o B B ) R4F A (A
AER) > A BRI R Bd & & 2000 E FF ALY T S (B 2-22) 0 iF ik
3 & < 5000 4 (3 T ok onde i 4R A )PE R LR R A S 500 o = A 2-23)
or i SILO Al Mhif chim ) F B 30 A B R AL R ek ot AR T (B A (R 4E
) G AU R Y O AR R 700 o R K T REE IR e
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- GREEN:
Denotes the topography above
elevation = 0m.

- WHITE-BROWN: .
Denotes the topography between g

the shoreline and an elevation = 0m. /

e, ‘ g

- BLUE: 3 . = ™

Denotes the topography below the sea. o o ! h <
- PURPLE LINES: % y, = ;

Denote the fracture zones. 4 Q\\& g

(@p e \0008

- RED: & :

Denotes the position of the SFR tunnels, be 7 o 8 aed

in the local model. ” North: 6 700 2226
- YELLOW-BLACK: N

Denotes the discharge areas for the transport Bast:1632808.2

from the storage tunnels. The darker the colour, Direction of Given point (0, 2324) in system RAK 90

the larger the discharge. North

B2-22 K 3RECFC IR @ 200022 3000 Sk B ag 2w R (3 B [4])
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- GREEN:
Denotes the topography above
elevation=0m.

- WHITE-BROWN: .
Denotes the topography between
the shoreline and an elevation =0 m.

-BLUE:
Denotes the topography below the sea.

- PURPLE LINES:
Denote the fracture zones.

- RED:

Denotes the position of the SFR tunnels, pn 09

in the local model. . North: 6 700222.6
- YELLOW-BLACK: N ]
Denotes the discharge areas for the transport o East: 1632858 2
from the storage tunnels. The darker the colour, Direction of Given point (0. 2324) in system RAK 90
the larger the discharge. North

F12-23  f 04058 TER) 8 & 240008 50004 G 5 ALl S 20 R (3 B [4))

237,54 B A ip 14 Z A E R Tk H- E# (Discharge distribution and dilution
in discharge area)
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FdE LG P AT R A A4 i o d ~2000F > AT R P Al i
2B TR HEITE T G T A o de S Bk A5 R4 2 (A BIEE) F <4000

~

N

EAF kP R R 2B TR B2 RAE T G o bR g e e 20004 1 6 S
4000 2 fF » i B AR BAITHAE AR F RN FBE AT G o nd BT
B £ TR ARE R TOR(R AR E) MR AR R e T ’J\(%ﬁ
BRE) R AV B R BAERLR N R R R TR TR o T
B L8 HE AT R 2 LR EFR LR AT oo T
AR R R P R Rl R 2 B TR g e TR R A o
TR T kR wpg#ﬁ KB S AT 38 1E - BMA ~ BLAZ BTF
R R 2 A T A R R RN £2-120

%212 i gBMA ~ BLAZBTF Ll Wi # T kn i 2 4R 5% (3 p [4])

TIME FLOW FROM GROUNDWATER DISCHARGE
BMA.BLA, BTF Balance between contaminated and non-contaminated water
Discharge at the discharge areas where the water from the
distribution (%) BMA, BLA and BTF tunnels discharges.
Discharge of groundwater Discharge of groundwater
Below Above (m3/year) (%)
sea sea Not from From Not from From
(%) (%) deposition BMA.BLA,BTF deposition BMA,BLA,BTF
tunnels (polluted) tunnels (polluted)
(non-polluted) (non-polluted)
2000 AD 100 0 - - - -
3000 AD ca. 40 (1) | ca. 60 (1) - (D - (D - (D - (D
4000 AD 0 100 4471 205 96 4
5000 AD 0 100 3903 209 95 5
Steady state
(1) The discharge 1s close to the shoreline, the distribution below or above the sea 1s uncertain.

2.4 $#-k¥ HSFR T oRinE 2 B

e RLAUR AR BT H AT EARA KRE H A R B K
Fivdte 50 *ﬁffSFR“ MO B P R STk éH\ fB TR B
I R RE BARR S (TR R FI2-24)E 7 AT e A R R S

Lo 2ok 2od T A W 0 SFRY RS AR R Al S e 25 4

R TSFRY SeET A R LR R N k2 Vg J‘Jf@ﬁ %
ﬁﬁﬁ%i%Tﬂ’ﬂéﬁ%&¥?§&a&k% TR B g 2o
B8 2 BT K0 R A o R S ok e A B e
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AFH A Ao 2 RE SR AR R P g B TR 230k Rl (2

- 'rﬂi;mn TEACE L) PTG F R IR g ToRSRR I 40 g PR

e g 4 o gek # P i i g (access tunnel)Ap % o BF R ehE TR BE 1
i

3. SFR¥ Micbtit fx ) F el H T - ¢ 2 RN A R H T k2R

GO T b0 B Rl R R A BR2 T S BE GG b - R F - B2 3 en

ondrEL(sink) > gt — R E i ;k:-#dyﬁ’»f,as% |SFR® Mz st B3 4 i B 377 4

2B TR e FRE P - R R B R T A AR R 2 b B R B TR R

g 3 PR SFRY Mo B R P e H 2 TR 3Rk e E

PO AR i T

FEAIE T2 A BN A B R R MR BE
BEF) G L e e T 7J<iul§%§']ﬁ, ° e
2P BT ORIDL RS Rl R 2 R
TOREF T A F]E AL IR R TORGRE R TR L A Y AR RE BT o
R LR R R SR E SV 5 R B R SRS A S S e S
Fh B T ok Bk 2. D A}%fr,%%‘;g;w 7% £2-1321 £.2-147 > FID¥ F -k o
ﬁ&lg 2 T BLARKE Wi 2 T ORGEE A Mg 4o (£2-13) 0 B R SR EBLAKE %

2o b TR TR D IR B ) ﬁi(z\»2-14)°

Ao e o d "‘I?ufbfxm*
Bk -
B (5 A

2EF 5 ey

j —
3

\%\« )

>

% 2-14

%2-13 BADH Fok S e E R R R F 4478 A [4D
Well D CHANGE IN TOTAL FLOW GIVEN AS A FLOW FACTOR- LOCAL MODEL
2 37m’/day Flow Factor = New Flow / Flow of base case
Tine AD SILO (1) BMA BLA BTE2 BTF1
3000 AD Small 1.5 867 23 1.1
Changes
5000 AD Small 14 867 2.6 1.7
Changes
(1) First SILO definition (SD1).

A ST

Bk D ki i E R g 2 kBT
(4 p [4])
Well D PERCENTAGE OF TOTAL FLOW OF A DEPOSITION TUNNEL
2 37m’/day THAT REACHES THE WELL
Time AD SILO (1) BMA BLA BTF2 BTF1
3000 AD 0 75 100 100 97
5000 AD 0 75 100 99 67

(1) First SILO definition (SD1).
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. g
! - & ~ o .
- GREEN:
N ’ i 20Q AD \ ) Denotes the topography above
. # elevation = 0 m.
. [ }

Direction of 4
North - WHITE-BROWN:
g, Denotes the topography below
7 / elevation =0 m.
-BLACK BOX WITH LIGHT GREEN LETTER: o 400 - RED:
Denotes the ID ofa well. A . M Denotes the position of the SFR
North: 6 700 222.6 tunnels, inthe local model.

- BLACK BOX WITH LIGHT GREEN CROSS:
Denotes the horizontal position of a welj. B East 1 632 898.2 -BLUE LINES
Denotes the position of the

- PURPLE LINES: Given point (0. 2324) in system RAK 90 gy o fine at different times:
Denotes the fracture zones. 2000AD, 3000 AD
and 4000 AD.
- WHITE BOX WITH NUMBER: At 5000 AD the whole
Denotes the fracture zone number. area is above the shore line.

BI2-24 Kok 2 B 0% B e ks =B (4 5 [4])

FH#— TV B p SFRY Mk st MR b ALl B R 2 B TRz ok R
HERERER 2K RS BaE F o Apd R & % 5 fH ()R 5 20
RS R RESP ORE DRR T U - v H LG RPN D
(Ar% 2 WA ) PR B BRI AFRIR %R R M0 bk
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Tl TR P E R R RGP FAE T RLBE R G R2A LD 4 F
REAP L2 T 0 b G RIN S RS B RE A 2 R E o R T
HPEE R TOR(R RS 5018 3 B B B g AR L 2 R
30 L3 404 (b % R2)ERT a3 4 P 5 £0.0007; EA G (B % ®I)ERT
il 2 e 5004 o PR S BB AR FER T R R TR R T LR
FI o - B 2 s A (b R T L) AR N Al R (b G H2103)F o B
G HRLIER I P ELFT AP TRDREE 0 A b G B 21030 ALY Bl i AR R
e T 247 R % S B B12-25{0 §12-26

T ,
2 i
N % .

Direction of 3000 z o < - GREEN:
North ) \ X, Denotes the topography above
Rl elevation = 0m.
- THICK BLACK LINES: i - WHITE-BROWN:
Denotes aprroximate risk areas. A well . oy ded Denotes the topography below
located within these areas might be contaminated i North: 6 700 222.6 elevation =0m.
by water from the repository.
- RED:
- CIRCLE: Eashi1 638290 Denotes the position of the SFR
Denotes a certain radius from the centre of SFR. Given point (0. 2324) in system RAK 80 tunnels, in the local model.

M2-25 # 7 i kp AEHR TR A LR GRS AR GRS A
02T = 28 » bt E Y Fﬁ.gfﬂ%ﬁ‘&lﬂi ?\?%f’d(;f'ﬁ B [4])
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Size of risk-area in relation to the area defined by a radius from the center of SFR

100 T
1
=——QRisk Area 1. [—
—H—Risk Area2. |—
—»— Risk Area 3.
E 10 )&‘
[%9] —
£ TS
o R
— = P
8 2 o~
g 2
8_ E 1 m___
ew H&MWT
= YA B
g o
3¢ o —
- o
5w 0.1 =
S B = =
@D = =
(1]
=
2
S 0.01 ME&,
B e
%W
0.001
0 1000 2000 3000 4000 5000

Radius from center of SFR  (m)

B12-26 Ap 4t 0uSFRY w5 o 9T &2 b % % < ) (48 A [4])

2.5 ¥~ "&if  $u(Extended tunnel system)

SFR*# i« *qut MR P B Hr#-3 $B 3 % (expansion of the SFR rep05|tory)
AR A KPR RCR R 2 S BOR e g S Rk SRR P DA SRR R4
EE I S8 %éi*" TR 2 5 e Fl R k2 @ SFRY M b2 Ak 5 #%fz‘@%_i%
B R R S e B R R S A A T B e W 2 B Rt
FETL BRI 0 TP R AR R2-2T) E A R R IV
v o ﬁf‘u’lié ORI ATORE R R R S AR R o —.,—‘;%@
P E 2 AiEET R %ﬂ#%« BRIk AL TR T s B {5
Prood AT O D A 2 TR B R TR R R M 2 Wk A
T2 TORE RS R B P IR G A kA TR RS R AR o Y
AR o SFRY MRS A ) 4 Al B2 T BB TR PR e e
%L fe 3t d 5000# ~F 760007 fF 3 T AR d KR /ﬁrwi%ﬁ% fi o AR DA

3 N\ —
%fr&m SRR SN K@E fH2 B TR B o SRS ATRREE f B2 B TORR R R ik
GG RE RLB TR A W S R ATR T ’ﬁf‘ i 2B TR

BIpER 2 B Y .z—g%?‘;iaﬁ? . 2-15 -
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22-15  HF S R kAR ATR Al S BT Al R 2 S B (R A [4])

OLD AND NEW DEPOSITION TUNNELS
TOTAL FLOW
(m3/year)
Time AD ALL OLD ALL NEW ALL
TUNNELS TUNNELS TUNNELS
OLD AND
NEW
2000 45 213 257
3000 116 509 625
4000 238 1298 1536
5000 254 1293 1547
6000 254 1297 1551
8000 254 1297 1551

B12-27 SFR#% ~ "Whig & S8 K 3n A 1+ 2 = BB p [4])

26 SR R A H5-HAER 5%

2.6.1 %5 # £ £ »z (degradation of tunnel plugs)

i 5 ACR B A 47 % bl(sensitivity case) & Bk A Rk Tl R i E g
(access tunnels) f¥ z_ 4+ % 1 % i iF AL 4 (access ramp) P 3% #-30— T PFE N iE b
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3

3D

EH AR MR AT R N B Tk Y R
LRz

G

Z2ke ATREBBA ST T > el Y T2 TR E BT E RS TR )
24

w4

3L

BRI 2 kRS 0 Fla B N TR

i

1 FREE T RE 20T Fwt RENIERIE HE R >4 2
BMA ~ BLAF-BTF LS %hif dn £ 45 @532 2 FHFRT 02538 « &
SILOMLE Wi + 3> By T RmB2 4B {4 > HEL e RT 2 #
Tokin B Rt E R A ooRT 301 o

3'_

11\

gk

2. FRingHAEL R R et R HT ‘ﬁ%% AR B

hoT D BTFRl Wi oo FI3 T oRTR 2 e g A TR E %»};

& BLA{rBMAALE if B > T3t 4 s & 3 Tk £ 5 40 0 2531

TR B TR R o B TORME P AIFLE o B if;ﬁ;%*i::&g C i

SILOFl i # T -Rim B » Ka o FHBE T RN HR L KT
Pr(a 74000& 11 {8) > 415 4 sckad S on

N
> o

"

o

w7
[
& 5%
B

RIS ;J_EL #.2-16 % 4.2-17 - F) 5 i@ i£ £ 4 (access ramp) ! F 2 o @ 2

LR - S G A I S ] gL ,ié%iﬂ?pg_iﬁg—ryk/,},kgﬁo ﬂg\y—r,};ﬁgei
AoRag AT AR N > Ft o W E AR EHEET B TORIRERYE X
PR E AR e B A AR Rt A T T 2R 04 %

4 m{»J PAF (Singo 4 % )3t SFRY M i B 3 4 R B H-ag k Sh2 3 T ORE
IR RN E gl iy S

£2-16 R TR S BMAKLE i AT B (B R H R R T) (38 A [4)

BMA Total flow (m3/vear)
No plugs Trough different parts of the studied tunnel at different times
2000 AD 3000 AD 4000 AD 5000 AD 6000 AD 7000 AD

Top filling 7.0 55.7 £9.2 722 72.9 73.0
Waste domam. Encap. 0.08 0.46 0.59 0.60 0.60 0.60
Filling at sides 8.2 46.1 574 589 386 58.6
Concrete/sand floor 91 51 61.7 623 614 61.3
Loading areas 7.9 117.8 138.8 1443 146.1 146.2
All surroundings 123 1203 1334 135.7 135.8 135.8
Tunnel flow 12.2 119.8 132.8 1351 135.2 1352

Qallsurr. — Qwaste

Waste Flow Factor
Q Fac=0Q2/Q1 11 38 23 21 21 21
Q2 =Qwaste_no plugs
Q1 =Qwaste_basecase

Tunnel Flow Factor
Q Fac=0Q2/Q1 1.4 33
Q2=Qtunnel_no plugs
Q1=Qtunnel basecase

]
h
o
Ln
=]
<N
=]
¥
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22-17 B ARl S SILOAE Wi i B (B AR HwT) (3 A [4])

SILO Total flow (m3/year)

No plugs Trough different parts of the studied tunnel at different times
2000 AD 3000 AD 4000 AD 5000 AD 6000 AD 7000 AD

Top filling 77 199 581 641 66.4 66.5

Bentonite at top 0.15 0.04 03 0.34 0.36 0.36

Waste domain. Encap. 0.16 0.06 0.25 0.30 0.31 0.31

Bentonite at base 0.20 0.12 0.33 0.39 0.40 0.41

Bentonite at sides 0.02 0.02 0.04 0.04 0.04 0.04

Waste Flow Factor

Q_Fac=Q2/Q1 070 027 1.56 1.30 124 1.24

Q2 =Qwaste_no plugs

Q1 =Qwaste basecase

Top fill Flow Factor

Q_Fac=Q2/Q1 14.5 142 26.4 291 302 302

Q2=Qtopfill no plugs

Q1=Qrtopfill basecase

2.6.2 SILO&E #iF £ £ 2%

TR FACE B AT 0 B R HRRSILO Ak HaE 4 4 2 x(failed) 2 iR
T2 TR IR o BRR R L SILOALE MiE 2 R BRI 2 50 3 HLEE
7 4 % F(breached) » #-#t.% % 3 % 3 5 4 (encapsulation) % »z » i 5 SILO &k
BRIE 2 b TR B R S MR L R 2 iR B 414 4 o2 0 SILO
Feo¥ RRIE 17 B PR ERE T RGBS 2 A T o m ¢ B HER TR R SILO ALY i
HEREL s FRT > Hok4 B G 5100 mis o HEER RN T RS RE
BORoehs TORGEE RGP EMBE BRI T oh3~108 0 B e i B Bt s AL
s (shoreline)eni> % » &~ £ W2 4 g ~3000# = + o yj-},*;_:fl 5 R B MR D
BOEORIRA T 0 dok i h A vl Wi LR R B RS SILORLE i
AL ST R X A i o AR R AP SRR £2-188 £2-19 -

FT

#2-18 N TR R G SILO AL "RiE i B (BK SILO ik " i 24 48 4
4t =) (G A [4])

Sk

Failed SILO Total flow (m3/vear)

Intact tunnel plugs Trough different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD

Top filling 081 182 2.64 246 244 244

Bentonite at top 072 1.32 0.98 0.89 091 0.91

Waste domain. Encap. Q2 0.66 1.08 1.47 154 158 1.58

Bentonite at base 0.51 0.34 0.84 1.00 1.04 1.04

Bentomte at sides 0.82 1.69 2.71 2.89 2.95 2.95

Waste Flow Factor

Q Factor=0Q2/Q1 29 49 9.2 6.7 6.3 6.3

Q2 =Qwaste_failed

Q1 =Qwaste base case
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% 2-19

1’ m’fﬂ—}\ ’3? /P'J -

2 35 104 %) (%'% A [4])

FSILO B

Lk ap U B (K SILO e B R af 3T % 48 1

Failed SILO Total flow (m3/year)
No tunnel plugs Trough different parts of the studied tunnel at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD
Top filling 7.69 19.98 58.19 64.12 66.43 66.58
Bentonite at top 0.29 0.25 1.15 1.18 1.19 119
Waste domamn. Encap. Q2 0.62 0.74 1.53 1.64 1.66 1.66
Bentonite at base 0.68 042 1.16 1.34 1.37 1.37
Bentonite at sides 0.89 1.29 2.46 2.57 2.6 2.6
Waste Flow Factor
Q_Factor=Q2 / Q1 27 37 9.6 71 6.6 6.6
Q2 =Qwaste_failed
Q1 =Qwaste base case
2.6.3 BMA&o  SiF #1 XA 4 5228k
BMAGLE i 1R AR 3 % 0 U TAR R AT F £ ERR
R4 BMAZLE "EiE &~ T A 22l B3RP 2 T oK R 0 AR R A T B 4T
AW F % 6rdZone 6)2 -k 4 BE TGS Y FIF L4 BERF DY EHEAR
(1x10° m/s) o A 45 % % 5 Bin S BMAELE BRIE R R T e TR B E R R
Pr2 3 TORTRE & %0 FlRBIR TR AR TR S p it Flm g e TR

23—/%/%?\?/:-?" ° 1’5.5'-\’ r,r]‘:’ fit@_ﬂ “:i;ﬁ, ji;:\* AN ,‘/’\—‘— [ ,%ﬁ‘}(?ﬂ*ﬁ'fm,wﬂ

FEAIR) BRI R FERE R TR R MR S A N o T s BT kR
BRI BFS ABER - BMARE “@:@%m i TR E BT R E S TRk E
PERE AR P EAEGEEIES LR BRI ERRER S D

BT ORGSR BT AR (RINRBR)S TR AR

¥ -2 a 0 4 RIS % R % (breached section))s 2 BB pT 8 3+ K T
Koot B RN sﬁ-;ﬁdb% R B2 TR E A BRI E 97% o B3N R
WS R endt AR B TR R B 4302 3TR A o R a o FIH LY FIHE K

@:ﬁ,f,ﬁ«.gméﬁgft ok B EPEEEITATE B TR B (S dE B 2 3 R

BEADE )RR S A R e E'ii*'"’Kiu‘»;_#Bflﬂ X o i

m;fg;uﬁngzgu {zz%}ﬁi%wﬁ‘&m Fo2 3 T oRduR e X RET - B

B o0t E s BB R R

&
- J\/”ﬁqm;}—j-\;‘_o%‘_;ﬁ!’éé@ﬁ Kl}f.lé7 R J\/H
ToRRE AR AR R AT R 5y £2-20

PO G A 45 2
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2220 i E Rl S BMARLE Wi s in B (X BMAALY i #5484
%) (4 b [4])

BMA Total flow (m3/year)
With breached encap. Trough different parts of the studied section at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD
Top filling 59 214 35.1 36.6 36.6 36.6
Intact parts of encapsulat. 0.04 0.16 0.29 0.30 0.30 0.30
Breached part of encapsulat. 24 3.7 9.2 10.1 10.2 10.2
All of encapsulation 24 3.86 9.5 104 10.5 10.5
Flow of breached part in =00% 96% 97% 7% 97% 97%
relation to that of all encap.
Filling at sides 47 14 4 23.2 242 242 242
Filling at base 75 12.7 26.0 282 284 284
Loading areas 24 221 318 323 322 32.2
All surroundings 111 404 62.0 649 65.0 65.0
Tunnel flow 87 36.6 326 54.6 346 346

Qallsurr. — Qwaste
Waste Flow Factor
Q Factor=0Q2/Q1 348 300 36.5 371 375 375
Q2 =Qencap breached
Q1 =Qencap base case
Tunnel Flow Factor

Q Factor=0Q2/Q1 1.0 1.0 1.0 1.0 1.0 1.0
Q2 =Qrunnel_breached
Q1 =Qrunnel base case

2.6.4 BTF1 A& £ iF £ 222 /84

FRACR R AT TR - o T R R BT ALY g IS B A A

P KRR 2B TR IR o AT B A T B BT A HF 3 6&Zone 6)3% 4
FERET Bk B AR Y BBk 4 B8 Gl B4 e (1070 mis) 7
REAITP L g AR mls B HEEL %8 %R RINE RIE R R
DA R RGN0 5 e 4R AR B2 2R JEI0A 2 RA o HORE
SR TEE RS TR E ] 2 e > BTFLALE Wi 2 ¥ T ok RAE2 5
LIRSV S ) SR C AR I Tk
1 FTReARmLl HEBN 20 TR ERIEF A Sed B4 0 3 7 <6000
T TR E AR T t R EGVIERIEHB AR TR E

B AR B T KRR eB00%(F 2-21) o AR T 3 A R 2 (A 5 A
MGE )2 kR s 4R RS 161 4 he T ok £ (8 <3000 pF L

\"‘"‘\

2. F g RR2 0 FAEPN 2 TR MR A 4 0 2§ ~6000F 2 %o
B PABAE T ot R RSV IE RIS R R R R TR BT
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YR 20 TR R A00%( 4 2:22) » 4R BT B AR B4R 2 (A 47 R
TE )2 KRR 0 AR RS S5 X e T oRA B (& ~3000E FF L 6.3

iﬁ)o
=

3. Z RIS i (SILO ~ BMA ~ BLA - BTR2) P 2 T -kin & Bl 2495 A

BB 2 R A RT

\\

22-21 B TRl S BTFLAS i fim B (B BTFLALE Wif 3 4 4
e 1) (B # [4])

BTF1 Total flow (m3/year)

Alt 1. Breached Encap. Trough different parts of the studied section at different times
2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD

Intact parts of encapsulat. 1.7 21 53 6.1 6.3 6.3

Breached part of encapsulat. 26 43 5.8 6.3 6.5 6.5

All of encapsulation 42 6.3 11.0 123 12.6 12.6

Flow of breached part in 61% 67% 53% 51% 51% 51%

relation to that of all encap.

Waste Flow Factor 1.8 23 1.6 1.6 16 16

Q _Factor=0Q2/Q1
Q2 =Qencap_breached
Q1 =Qencap base case

Tunnel flow 82 19.8 285 313 321 321
(Qallsurr. — Qwaste)
Tunnel Flow Factor 1.09 1.02 1.08 1.02 1.05 1.05

Q Factor=Q2/Q1
Q2 =Qtunnel breached
Q1 =Qtunnel base case

2222 i TERln S BTFLAE Wi in B (B BTFLALE Wi # ka2
Pekin2) (3 A [4])

BTF1 Total flow (m3/vear)

Alt 2. Breached Encap, Trough different parts of the studied section at different times
Floor and Side-fillings

2000 AD | 3000 AD | 4000 AD | 5000 AD | 6000 AD | 7000 AD

Intact parts of encapsulat. 1.2 1.9 4.0 4.7 4.9 4.8
Breached part of encapsulat. 12.0 151 307 339 345 36.1
All of encapsulation 13.2 17.0 347 386 3973 408
Flow of breached part in 91% 879% 28% 238% 38% 88%
relation to that of all encap.

Waste Flow Factor 3.5 6.3 5.1 49 49 49
Q Factor=0Q2/Q1

Q2 =Qencap_breached

Q1 =Qencap_base case

Tunnel flow 145 241 450 50.2 51.2 51.2
(Qall_structures)

Tunnel Flow Factor 194 1.24 1.71 1.64 1.69 1.68

Q Factor=0Q2/Q1
Q2 =Qtunnel breached
Q1 =Qtunnel base case
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2.7 ATR B A F5-3 A5 Hrec 4 T oK d el

o R IT 208 & Rgr M (landscape) & A4 4 B (blologlcal environment) ¥+
RN N %;:éth_a‘_ﬁ 7 18 »x(release of radioactive nuclides) 7 £ + B2 58 o F] 5 i B ik
RRIE 2o TR HE-P R R R A RIOE 0 R (discharge areas)m SIS A
A3l TG o s F]2 42 g B iT* (biological and geological origin) & A B Sk iE
AR A R g A U AR A (sediments) B AE 0 ST AR R AR K 2 e S T A 5
A=+ T oK Ep e+ 2 (groundwater heads) o iE - ﬁ 2 ToRREE > Fla @ F
oA R A ALH B T OROR R R 3T s ARAR) o R R AT R RP
FlRfpd FE A2 okS B GEE AT ‘i%’:éIFL RS 0 E S S
Talic? 3}OTiE 4 ’iﬁﬁijﬁ'i TR SOt AR A vk 4 B R TR B B R
MLA A RAWECARAF AFEREE A THF ARFERF B R T
EREIRPERB,-FREFE R FIEARS Y TFS AR R F L e TR0
v B AN AR R o TR HEP L - R RAITRESE

bl

Tl

1. Sel 05 AAE A5 E » 3 ToRGN DB 28 » =30 F X @ Bk 46 K (4r
A A AR AR T AP P ) & 9 F 22000 3 39004F % L e
N2 RRER A BT Bt 2 s e R B A (B]2-28) -

2. B TR R A B Ko R e (wetlands) & 0 SR R A P RS 25
OB RS R TR B2k @ hlciE o uSel T2 iE it

5 BI(T AR & 5 10mmiyear s STAE 4ok 4 B % 10 *misec) > + % fd 2000

£ 3 F 4600 20 BF A EE x BARRE (Do I YR BLAR 2 (R g TP

¢ R AR T 0 A ) g L4600& T 5200F 2 FF oo R A R Bt A AL

S AR R RATR A o S - PRI DR A2 SRR 4218200

DR oA E AB200# 218 o N R HE S - B p 2o I RE
B ] B AR R R E - L PR - LA E R
%ﬁﬁw%¢—m&mwa’faéﬁ¢ET’daﬁ%ﬁﬁﬂaﬁ%@i

Bl et B R m g (AP B MRSl T2 AR A A IERL R
&G Sel TA(E T F > P iwfg) % Sel TB(F iy 3t @ imff) > A 11 5% %
5 H12-28 -

B H{e 2 4 i 42 (geological and biological process) % g & it » ¥t #-3 4c
Mfri?» FERM o P TR bR p BB Y A4
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TYPE OF DISCHARGE AREAS VERSUS TIME.
CONSIDERING FLOW PATHS FROM THE SFR.

Sel.7B 1

DIFFERENT CASES STUDIED

Sel.0 1

Sel.7A 1

B 1. Below the Sea

m BMA, BLA, BTF
23 5 Shoreline.
SILO to Land.

3a5

Shoreline for
all paths

-

[ 35 Land, but close
to shoreline.

M 3b. Land

@ 4. Small Lake

Os. Mire

Oe6. Large Lake

2000 3000

B]2-28 A%
B [4])

28 SFRY 1S bt R 4 Ak H-2 Wif 238k

B R~ 47Sel 722Sel 04 47 1

4000 5000

TIME (AD)

r':‘—[ /71L "l ?\?

6000

B AR T e B T

PN

(4

»,:' B:l_;.ﬁau-

P SFRY (3 S A ) 1 Ak B S0 R IR o A5 ok AR HR A 1

%lﬁﬁzﬂi/ﬁri/%%'f Koo E[}f’\’ ¥ 4 ©
(3R 42-23) 0 417 b fiope(d W 2-

—t\;_’aK—LF ‘97

REA R A REAATE 2 2

7 3L F}% %ﬂ.
}ia}y__“"ﬂll) s TP fo’r -, J\j

FPEH 2 TORGEEREE AT 0 PR URRATE R T el B3t e

£2:23 A gk i e 2

2 A7 w3V 1 5

‘(4 B [4])

Material in Tunnel Initial available porosity Percent

Access tunnels 0.3 Empty tunnels, 50% available (1)
Sand backfill 02 20

Bentonite backfill 0.01 1

Porous concrete 0.05 3

Concrete (encapsulation, floor) 0.01 1

Waste SILO 0.10 10

Waste BTF 0.25 25

Waste BLA 0.20 20

Waste BMA 0.15 13

models.

(1) Tunnel volume 1s reduced because of the excessive size of the access tunnels in the numerical

B8 Tk et e

ZSILO /e "hif chdf 4 v iT 2 3t
¥ AR T A &25# 0 2 ERBMA - BLAL 2 BTF)%@&
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Y% ##E o BMAZ SILORe Y "hif 3w A 758 %340 £2-24% £2-2511 % [§]2-29

% ®]2-30 -

#2-24 BMAELE Wi %%k T3 PR 05N TR % (3 A [4))

BMA

Part of tunnel

LENGTH OF SATURATION PERIOD
Saturation of initial available porosity

50% saturation

100% saturation

Tunnel floor (sand) = 1 month = 1 month
Filling at sides (sand) 2 month 11 months
Top fill (sand) 1 year 2 vears and 4 months
Waste and encap. (concrete) 6 months 1 year and 6 months

22-25 SILOALE "kif %%k #r 3 PFAF 50w B070 718058 % (3 § [4))

waste

SILO LENGTH OF SATURATION PERIOD
Saturation of imtial available porosity
Part of SILO 50% saturation 100% saturation
Bentonite at base ca. 1 month 6 months
Bentonite at sides 2.5 years 13-16 vears
Bentonite at top 0.5 years 2 years
Top filling (sand) above encap. 1.8 years 4 vears
Inside of barriers, encap.& 9.2 years 23 years

SFR GROUNDWATER RECOVERY AFTER CLOSURE. DETAILED MODEL, D24TC1, T=2000AD.
TRANSIENT INFLOW TO BMA. SATURATION VERSUS TIME. TIME STEP = 7.604days. Alt.B.

100

Pad

— |

=
=y

/(.)

80 //

e

el

4

70
60 / /

/

o

50 ;

S

30 /
20

Saturation of initial available porosity (percent)

=i B A filling at sides (sand)
==BMA: topfill (sand)

=== B A waste and concrete encapsulation

TIME (years)

1.5 2

B12-29 BMARRE 2 3wy Al B3 P 69 ok F A v (3 A [4])
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Saturation of initial available porosity (percent)

SFR GROUNDWATER RECOVERY AFTER CLOSURE. DETAILED MODEL, D24TC1, T=2000AD.
TRANSIENT INFLOW TO SILO. SATURATION VERSUS TIME. TIME STEP = 7.604days. Alt.B.

T AT LT P=an
Al /{)/
|

80

==t=Silo: bentanite at base

=&=5ilo: bentonite at sides

=8=Silo: bentonite at top

=== Silo: top filling (sand)

=== Silo: inside, waste and concrete
I I I I I I I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
TIME (years)

B12-30 SILOMEE 2 3 im Bt kel 4B 15 k3 -k A v (8 A [4])
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l‘—:_'ﬁ ‘:élﬁ}?‘f'—r }‘/n'-_?_—_"l; ;‘“ }‘FE ‘\:';‘:\;J-Lﬁ;*%ﬁ;

SERFHEATN 2 IR B B R A FEA 2B T ORI R R R TR
WP B S E 2 %3 22 &4 - Holmén and Stigsson (2001)[4]4% 1 — 347 H-5% %
o ERAE R TR B B RS o RS Y ek 5 M B (Closed) ~ B
#(Sealed) » pE p EFH K P B ToRIREEL 0 £ M(Rock mass) ik LA &
T BRE P TSR R e o g L AT R LI B R s
ToRGEFECHARMBRIF TARRBLAFTERBRERA G 2 ¢ IR
Al P REEAR e FARGZ S A RoRA R AF o A g S Rl
W ME RN B AT T 3 R QAR TR
BBGEAPM AT AP RITE A B BRI SR B TR BT
REE R T ERE D 2 TR S R R R o A R At - R R
st (3.18) » ¥ BSFR2 &4 47§ BILP doie 1% ﬁ%’%‘rﬁi%}ﬁ&@ﬁ*iL FEl
(3.24)

dy
|
S

=1

ALY B S 0 R BB Tk o 402,85 writ o 4@;;;
B TP AKPED LB TR R EA 0 P R Rk kR L
W e e DBAREBEARS L AT el A LR PR R Uﬁ%
PHER RGO R M o TR RS W A2 R R

* Theim= 425 3+ & (Holmen and Stigsson, 2001[4]) = & & 7= #-¥es scif b — ﬁw}%
fE2_ 128058 (3.38°) » F BESFRZ 2 45 F B P 4oie | % 247 f2s%k BB 22 1
FElE(3.4%) -

3.1 'ﬁlﬁ}’\ﬁ f"r J‘IH"‘% f')‘]" ﬁ*’ﬁ'ﬁ;

Bk e i e i B G %@(confined)él é doRG =8 e epE s AR Y
%‘n@%‘wﬂa% BEHNREFE T RRF R AP ERR AT 2 GRS
MMz £ T MR THREETEL > 2 g M EREREE RS o T A
u ¥ g Rk & [F) 3k K8 (sphere) ~ [F] 488 (cylinder) 22 7R 42 (ellipsoid) & » sk:E p -k
FR 2 f34T 23 0 Ap R o N A & $P~ p Carslaw and Jaeger (1959)[6] - & /i ~ i & f&
o 205 BN 2 BE > ¥ F 70 B 3 B (rewritten and developed) & *
BOToRGRES R AR o

fEAT 2SR RS TR R BT s e 0 T R R
fRtr AR TR EA)ELREE TR 2T o SRR IR 2 K E S 2 (2)
’piéif"f’kﬁf’v B A FHAAhE TR 2 Q)FEH T ok b 2RI
3 fhes E T O0R I % PF o FFIRE N 382 oK EE 81 ¢k 3R2 K ER 0 AR LR R

v
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SRNBRRE L - BT e B R AR EREF SR

SR LB TR F R R R R 2 E Tk R B ()
ECEABEd (QWE N E AP EREL BT QRBE T ki w4 ]
fo(4)% i HAY B T -

B T ok 2 b £ (specific flow) 5
- (3-1)

PEg St Bmis] s K Aok 4 @E G mis]s | kA R[] 1T 2 de g
EP 2 REE A S g[m] o A g b2 ok EE A S 4 [m]

311 IRAYRFE P 2 TR E
5 b it A A K o A 2 -k 5 (Carslaw and Jaeger, 1959[6])

3K, 1,

=—X 3'2
h =0k, 1K, G2

paK, B A2 k4 B g [m/s] s K B g R 3Rz ok 4 @ d[mis] L, B
B FEAEZ BB TR R S X B EEIRHRE ¢ enped[m] -

TRRERE P 2 kAR S HoREE g2 i A G

d 3K, 1
(= 91 _ r'r (3-3)
dx 2K, +K;
i#%ﬁ%iﬁ}l\i%"“lim BRI R TR RZ B S
3K, I,
g Kl U2K K 3K
O Kely Kelr 2Ky +Ky (3-4)

312 RVUE FHMEFE P 23 T kind

Bk b ToREEFERE N 2 A R A EO0R T 20 PIFIHL R P 2
-k £g % (Carslaw and Jaeger, 1959[6])

2Kely

A=K

(3-5)

AT PR S Y B VRN S
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| _dd _ 2Kl
YT K, 4K (3-6)

ﬁ*qﬁﬁﬁﬁﬁF\ 7 b T }\,” “’k’}:}.’gﬁ f\z B T }\(n 2_ b f_E_l‘_;—; :

2K, I,
g Kelp UKo +Kp 2K
dr  Kely Krly Kr + Kt (3-7)

3.1.3 WA EE p 23 T ok

ML - VRS - Rkt 29 - fhat 3 dhE R 3ct
® > ZEIk A (spheroid)¥ 1 = B 3 4B % chfhA ~ BEC o A $hE G K phA
Vb BAEReA B ABEC 22 R T A Z (e Mz LT) s L i A
wua\bﬁc$ﬁoﬁﬁ%1%ﬁﬁt

Volume =%7zabc

(3-8)
Pouat B (X, Y0,20) F ik S a~b&c sprp Al a2t S
(x=%0)* , (y=¥%)° , (2-20)* _,
2 2 2
a b c (3-9)

FHY A LSE RAPE  LERET AL WM R a>b=c Mt wa i £
#ho bec i b 7 PE-T}‘?]F?%Q az ]ﬂ—ﬂ‘f,phi’j/;l)‘,&rv%‘]hl-r-r o

TR EE AR K BRAMGEFE ERE AL XPh i FE &
Beil ki bz y&r zdh o B)7 o 2h(0,00) 2 IR £ 5 2 2 A2t 5o

c (3-10)

Tl TORIRZ KA RN E AT S0

I =(l1,19,13) (3-11)
Prely 2 BEE TORGEXES ek B RZ A E S, HER T ORIy
ek A HREZAE I E HREE TGS ZIET R BRZASE o

PRI B8 g ag o FR ez ok 3R 2 -k gg 5 (Carslaw and Jaeger, 1959[6])
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+A0(KtK_Kr] 1+ BO(KtK_Krj 1+CO(KtK_Kr]
r r r

(KtK_KrJIlA/LX (KtK_KrjIZBlX (KtK_Ker’CﬂX
P =l1x—lpy—I3z— r I r r
1

-9
A,lzlabcj' au
2 \/ 2 2 2
2@ +u)y(@s +u)(b“+u)(c+u) (3-14)
B/1=£abc du
2 2 \/ 2 2 2
4 (0 +u)y(@® +u)(b” +u)(c” +u) (3-15)
Cﬂziabc 5 > du > >
22 +u)y (a2 +u)(b? +u)(c? +u) (3-16)
2 2 2
gt =1
a°+1 b°+A1 cc+21 (3-17)

Ag~ By Cy s A=0fA A ~B,&C, 2 i -

¥R s asb=cp > A B, ~C,~ A ~B#C, Vi

A/i :1_e02 lln 1+eﬂv —e/1
e 3 2 l-e
0 4 (3-18)

(3-19)

2
A0=1 €o |:l|n(l+eoj_e0:|
€o 2 1—80 (3_20)
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a2 _b2 a2 _b2
P8, = a?+1 %= a’

T

)
’hi—‘
)

f

S AR N (B-12)AE A R N L KT LR T O REE TS
s (i) B (50 5 () g g A o 2 228 (3-12)F

q»»-ﬁ’:' .
v{rn A

AT

¢t:Q1|1X+Q2|2y+Q3|3Z (3_22)
H R, = i )T i ) T i K)o
1+ t_ 1+B,| —~t——r 1+B | —t —r
A)( Kl’ J O( Kf ] 0[ KT j

FHHHQ, ~ O, 8 Qo PRI )k il p g2 b 302 k4 14

B AT

Feifd ToRINE L FIRRIME G ph e B RIE P 2 TR

FRBE TORAR S F R A b s N(312)F 5

4 = '3 . (3-23)
1 t ™ r
)
PR p 2 k4 R |, 5 BRI 2 A > T 4 5
1 t— ™r
0

FHLMSEE N 23 TR B R B S TRk )

Kt !
e Ky
G _ Kilt _ Kr Ky (3-25)
ar  Krlg Krlg 1 (Kt Kr]
Ay
Ky



TS TR E L EFRRINZ e v RE P 2P T RIAR

FREBE TORIRE T B S XG1)T @S

Iy

th = (3-26)
1+%(&£Kfj
i

PR EE p 2K R | 5 H-REE g 2l P 7 &5
déy I

- % _ (3-27)
dy 1+ BO[KtK—KrJ
r

FHIMSEE R 28 TR R T ok S

K l2
1+%(“_K{] Ke
K
&_Km rJl_ Ky (3-28)
KI’

MEE R TFEEE TR E L B FFRIM L £ S e e T 4 SN
(3-24) £ (3-28)4F 7 3+ T oRin iy FHFFI M 2 £ fh ‘®dhA o 2 IR AP P2 oK
4 B AR

Kt Ki
Ky P, = Ky R (3-29)
K: — K K: — K
1+%(tK rj 1+%(IK rj
r r

32 'fl]’!l' *?ﬁ”ﬁﬁalﬁlﬁl”‘i —“:‘:_L_"E:%_%

f#47 #-5¢ (analytical model)2. p en 5 o B in i E g 2o TRIEE > Tk
PBEH T ER AL o SFRIFITER B e S o h 8% RGN (FE %

F) B R AP A S GE A 3LV AR IR RIS RV RES P B R
1B é FZiT o
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£3-1 fRATRL HCE R 2 e R R B (3 A [4])

Analytical Prediction Numerical Prediction
of total flow (m3/year) of total flow (m3/year)
Deposition Actual Local model. Base case.
Tunnel volume (m3)
Time Time Time Time
2000 AD 8000 AD 2000 AD 8000 AD
€)) 2
SILO 47 500 - - 4
BMA 47 600 19 85 5 65
BLA 27 600 14 74 15 61
BTF1 19 700 12 68 13 44
BTE2 19 700 12 68 12 41
(1) Vertical regional flow along ellipsoid short axis. Size of regional tlow = 0.003 m3/m2 year
(2) Horizontal regional flow along ellipsoid main axis. Size of regional flow = 0.007 m3/m2 year

337 g = 2 AR kTS

3 e R 5 - JFHW** C R FIEM S A BRR (1) ik B AR R N
gx;ﬁ%ﬁé#&ﬂ; v A BB TR~ B 1{3;’{%1?%15@4 »(2) & R E ok e OB
5% B BIF A1 * Theim = 4258 (47 i B Tk~ g > Theim= 4z5¢

(Holmeén and Stigsson, 2001[4]) 4=

¢=dy+

R =z [m] e

TR K2R SR X2 B R 4 FaRg o d - A
.$&®%gmwnmg¢£@1d@4%@. R ﬁwmﬁﬁﬁ@W$L%
K2 ] o A WS R AR N ok 2 s (RI3-1) 0 (L)%
FRAEWE E---Ew s 5 (2) M rF RS R gy

1w
27sz R
Wi T LR 2 R FM] 0 g R R

2 ﬂ[m/sec] b5 4ot kg 8 &[m] > r ;
2R # 55 (3-30)7 @ ¢
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PR 2345 2

(3-30)

e B okEE[m] > Q 5 l}ﬂﬁ*ﬁ%
= PR sk 2 2

(3-31)




Analytic solution No.1.
FLOW FLOW FLOW | | FLOW
—_ > — > —
Cylinder Cylinder
diameter at t=1 diameter at t=2

Analytic solution No.2.

FLOW FLOW
—> -«
FLOW FLOW
—>
Cylinder
height at t=2
Cylinder
height at t=1

BI13-1 Aok Wi L KPR E R G E 2 &% 6% 247 #5° (Analytic solution
No.1; &E % /5 % FlHod8 L =) 2 e 2% (Analytic solution No.2 5 &% % /r
%@ﬁ%ﬁ@m@%%ﬁﬁb’&émmrﬁﬁﬁb1$é4&&m%

s dhe REE RIS D ORI REE o

331 EwittE

Bk A2 s F AL 0 5o d AN E 0§ H Tkl
Boit ~ FRLA 7 A8 %A 5 ek &% AR vk T o PR ok e e Y N
F; /}E\‘ ~’T;;{lﬁ]+1§€r§}ip'$§x’ ll—f"%ﬁi F‘L;E.:F%Fé&tlifg’h@tz—i
£

2 2
Vavail = (”ftl b- o, b)77cyl (3-32)

Voait 5 FR G IR,V A2 B8 R s MR RLZEEL T i At
K2R AL gy & FIALREP 2 IV

AR WA i AP TIPNE S
t;
= [Q(t)dt ~ Q,At (3-33)
Lt

V, i IPRLT A2imr B QoML r £ AUFFRE -
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E; ’F"—E‘Z.} L/ﬁ%ﬁ@§§1 %E-;\' ’ |n’F| #Bfﬁ—y\vavall ’ %E"—T;\' .
QuAt = (210 — 21 ’b)7, (3-34)

§ 3 (3-34) 3L T

rt2 = rtlzl - QtlAt (3_35)
ﬂb 77 cyl

4458 (3-35) 1t » 4(3-31)%F :

Q. = 27Kk — 2= 53)
2 QtlAt
tl
In 7Zb77cy|
R

Qtzﬁ*%ﬁ:’l&tzﬁ'}ﬁ)\i o

RN (3-BL) R AR B - R E PR CL B T 5 (3-36)iE - 3
TR RS R o

332 o B E

BRI R e FR B A2 e o d AIVAL BEE ¥ Tk
Moie o~ TR > 2 AR R AR § Gk U TR R 3% 0 Bl A Uk end B AP Y 3

S B0l B T 5 K B BT S RS T L IR L
R E

Vavail = (7Zf2bt1 _ﬂrzbtz )Ucyl (3'37)
Vavanﬁ'gé;_F’&tl_LH%F’&tp f‘r7lFE]m:€-_’bléﬁ%F§tlB$F|Fq rg& bzﬂfﬁmtfﬁ’b

VREER R gy s AR 2GS

%%&tlj- E‘%Fytz—’;‘/‘ﬁ% ¥ 5
t;

Vi, = [Q(t)dt ~ QAt 53
t

Viné‘%ﬁ]&tliﬁ@tz?f‘f7}u}\ﬂ QtlafﬁmetFﬁm%_ﬂ Atﬂé;'ﬁ?ﬁ;o
E; }Fr'}é_:'} ﬁlﬁ%ﬁ@ég‘_’) %E‘;\ ’V ’F‘ #Bfﬁ—y\vavall ’ %E"—T;\' .
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2 2
QuAt = (7 “by —ar bt2 eyl (3-39)

d ;8339 kfzv itE 3 & ¢

b, =b, — QtzlAt (3-40)
' i 77cy|

4

#-3¢(3-40) * » 54 (3-31) 7 ¢

Q= 27ﬂ<[bt1 e } =% (3-41)

Qtzéf-&ﬁl&tzﬂg‘]ﬁ%ﬁ °

B8 A A AniE R > AR - BIRERFFE R T N(3-41)E- 3 E
TSR o

34 fI* BIfRAREE LR KEF IR S

347 5% (analytical model)z P e 5 & 8 il H 3P (8 LB RATE 2 BER
TR PEBCER S T 3 A AL o R R R R R L R
TEEAF T RBRTIERTTREEGE o I AR IR T AR %
FHPS 2 ToRAKEH 2 2 TR BRER RS FENE - F o B32%
SILOJi B "§if L K A Tk 2 i B R 1C (TR ) B E R E 372 5 %%
Analytic N0.1 5 /& 5 % 2 247 f33- 8 2 % > Analytic No.27| 3 #he &2 5 2 347
fRv B R o R RIS-2T vt R R B  E R AR Y R
RIE SURE-F 0 SR R

53



Inflow versus time.

25 . . — . - . -
| nflow 2D cylinder. Decreasing radius with time. Analytic No.1. |

wes|nflow 2D cylinder. Decreasing height with time. Analytic No.2. |
—>— Silo inflow as predicted by local Geoan model.

1.5 +

L |
S

0 1 2 3 4 5 6 7 8 9 10
Time (years)

Inflow to unsaturated domian (litre / minute)

F13-2 SILOAuE M A Kl B T ok o~ n 8 5 10 (47 ) e i WO f2 47 23+ 5
5% (3 6 [4])
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Frf RAPELRYFIRKIBTREL  AHEEEF0]

AFFUERPN 2 LRE U ATAERE AR R R TR A AR
’ﬁﬁ@iti"w%:?%@ﬁ%@%’mm;gﬁa,mm;géﬁ,
2001a; fE< 5> 2001b; ¥ EA R+ & 1 425 ¢ - 2002; &+ -2 fE2 55 2004 ;
B1 5 20055 3 % 48 % 4 >2006; & P E2 3k > 2006 8 + =% £ > 2006 ;
3 =% 4 52006 ; &< ¥ 0 2006 ; ¥l A2 5E4T35 5 2006[7-20]) > £ 44 1
ES RN L A PTE TG ERZ A I L PTG o T LA PR L LR
FR(FA -HEEZ -RFTOE) AMRFRED D LLARED &L Lok L F
ENCEINES P L 1 11 10 AL S
Pl %R (A 5 L)BEZER 24Pk > RN E S

L2 g1 4ke 3 TR A AHAE6 R0

4.1.1%%3g 1 fepEim
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BT HERABIACHF TR 0 R A E AR > EFHRYE S ETY v &
Feor R ETR L o

B 53 FXLFALE(2: *As 1 APfIARL)L RS BRT 2

%0 fHF AT p [28])
AT D KR CEA R RBAFERF R EXLEALY

AT RS (e 54) 47 FEAT LRI AR
LEN SRR T I
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Boil o POREFILG L RBEE A GREELLFREFEY 20 )BFR
AFE EXLAAT LR EEAY - R(HE NILTE/SO'E) » &m - &
S OSSN -FVEES RN ER 7ot REE B N R
& A w :a(l)@ Ao & AL 207 1R (24 20°F A~ w L AL 35T
WEFILT A AR 2 BABE L EE LA ALE AR S L BT
ERET LSS ﬁ%:};ﬁ P R R
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|
N

B 55 EXLFALFAFAI X HLAEFEG 2T X% e FHEEA1TED
[28])

88



AL ITH R TR L (T 2 (2 Foal & 2 AT ,1984)
R L - LS LD Sy R

Fod FEFIE G BT E G AP T FERER S ER DA e KT ta 2
o B AR A RRLT o RS- AT FANEILE A2 o e v 47
SO WRAFHEEZEFEG A2 LTRSS > d B g AR A R
e et o A o Tl L NELE L BLRE SR 2 0 TR A e 0 Tt
Mttt R g ™3 2 F i (Lu et al,2001;Chang et al.,2003;Chang et
al.,2006) [29-31]-> B 5-6 % Chang et al. (2006) [31] 1945 = ¥L&2 ™ 5L iF iE H-hl i
B2 A AT iR NI Yy Bt 0 BRRAR Y L L s 3t S
S AFFEZ AR 5-T) 0 Flet o ke FRAR 22 0 A e
R A RE SR TAALRE 2 2 RATERF I THA -

/~ Normal bedding %Isoclinal syncline axis

%. ‘Overtirned bedding (Z‘ Isoclinal anticline axis
/£ Cleavage S0 or S1
.1‘ ) ) #  supposed structure
Syncllne axis 1

A Thrust
% Anticline axis

0 Supposed bedding
‘\ Syncline axis
\ Anticline axis
—————— Cleavage (51)
J Pole of normal bedding
: Pole of overturned bedding
A r

=

B 5-6 = Bz ™ BLIEE Hu T Had 2 1R(HE B [31])
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Phase 1, '¥'1 3 @ r _i'_i)
&

Phase 2,2

0\

4
2
A{,

Iﬁ_/ Northem Luzon Ar'c

S Seas

v thrust &% isoclinal anticline % direction of compression

HRLATE BRI T AR S B2 8K 4G 6 [31])
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5.3 = 813 & h W ER

= B EE B NP L e 1‘“’:‘%&‘“ AR b ?ﬁ"% BEEPELEE G
BLERE(EPEL S F LAY L TR A9 1999)[32] 0 MG K R ¢
AP g \,E,,FH%(EI 5-8) - &a;aﬂ%m EA AR AN S CARUL i Fok R

AR AARALD B 2R R R E A S ’,ﬁ#&ﬁ%%&f“ﬁiﬁé’}%
A 2 ii..“:‘;‘_.::i LiEr R o AT R BT M PRI LT A
RE G AR RF L MRS f bk ﬁﬁ#*m”&%%ﬂiﬁﬁﬁ

¢
2GR AR I SRR SRR ARG R
FRI R AR R R 5 R LA ) S
BAEsokE o i T ARG T o B # R L 2 R
LR R B e R AR AE AL RAR A
BT UL AR REA S

ﬁt‘a n\

CHUTOUYU
L] ] LEGEND
3:
Fo  RAEF R xaw & - ls - H LA - RN
4'10 RECENT BEACH SEDIMENTS rs, and detrital curall maollusks.
- Ioflmlm
2 [ = SREL - BRILE
£l ﬁ HUHS! FORMATION Sandy mudstone with mollusks
'3 (=}
o | ries (o] ERE - MERHE
g SHIAOMENYU FORMATION Li and fy quartz
. M=) Basan
té et B R HEBALN
50  PENGHU FORMATION E bedded and
-3 mudstone in H!nm-non

[ s,
W58 i3s3 R o ¢ 1:50,000 p [32])

SRR A NGB R AR L2 h Y SRS TR A
(B 5-8) 15— L u A R B >+ A(BASATe N 302 )0TF 5
a2 gp2fpd BT822k o TR VLR £
#(B59@)c 2> Ha Rl Feg(iE~ & - 1992)[33] » #+ & S dc= ¢ B2 § F 3t
TRE AT RIS 2t 2 RB AP HE ERE VLA EHEEZ

+ (® 5-9(b)) -
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(1109:03)

ji"-n.l:o.?
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225 T v.f,}.grjﬁgﬂ FI 7,17;«5‘-‘]@?[

(@)% %@ _ B

Bl 59 - 5LFa@Zeptoi B ()~ sLdaA RI(EE A [32]) 5 (b) = 5idus RIGE
p [33])
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! é/ftéwizﬂ‘zﬁﬂm Te ZoAl > BI o R A £ 38 A ] AR
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