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Abstract

According to the domestic final disposal plan named *“Spent Nuclear Fuel Final
Disposal Plan”, the plan is divided into five stages to carry out. The most main
objective of the first stage named “Characterization and Evaluation of Potential Host
Rocks for the Final Disposal of Spent Nuclear Fuel” is to finish the “Feasibility
Assessment Report for the Spent Nuclear Fuel Final Disposal Technology
(SNFD2017 report)” by 2017, and it will demonstrate that our domestic engineering
ability of geological disposal is available. There are three missions shown below.
i)  To prove the granite rock bodies suitable for final disposal could be found in
Taiwan technically.
i)  To prove the disposal technology and engineering are ready for Taiwan.
iii) To prove the assessment capability for the long-term safety of final disposal is
ready for Taiwan.
The Swedish nuclear fuel and waste management company (Swedish: Svensk
Kérnbrénslehantering AB, SKB) is located at the international advanced position in
the area of final disposal technology. Taiwan Power Company (Taipower) in order to
make SNFD2017 be good quality and finish on schedule as well as meet the
international standard, Taipower and Institute of Nuclear Energy Research (INER)
build a visiting delegation. The goal of the delegation is not only to visit the facilities
of radioactive waste management in Sweden, but also to learn how to handle the
radioactive waste in Sweden. In addition, it is necessary to let SKB understand
domestic final disposal technical progress so that exchange mutual technologies and
experiences.
The visiting places include the final repository for short-lived radioactive waste (SFR)
in Forsmark, the canister laboratory in Oskarshamn, the interim storage facility for
spent nuclear fuel (Clab) and Aspo hard-rock underground laboratory. Furthermore,
there are two meetings related to technical exchange and discussion in the SKB’s
headquarters.
After the visit and discuss with SKB, | understand that the plan and concrete progress
related to high-, low-level final disposal facilities in Sweden, and let SKB understand
domestic technical ability and plan progress at present, which achieve our mutual
understanding. It is believable that many parts for us is worth to learn and refer related
to radioactive waste management from abundant experiences in Sweden.
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Clab (Y E S/ EZEME LR —+— -
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Vg ~ Z 23 N E By Aspo hard-rock underground laboratory
£:315 Aspo hiifi 4 B Bz (Hard Rock Laboratory, HRL)E [ 2%22 5 H

21 HEHAPU 419172 » B SKB 5 Roland Johansson 4 & & 53613
FST o PERERF P NI (1] — ) LURCRE RS 1 oY AR %5 B T 458
s ([E —+=)# A AR - #R SKB $ L RFZRHVE

Aspo T =8 Ehz= (Hard Rock Laboratory, HRL)J 1995 4F 44 i
£5 > BEREGIFHEIZ SRS © Bl (Agence Nationale pour la
Gestion des Déchets Radioactifs, Andra) ~ {& g (Bundesministerium fiir
Wirtschaft und Technologie, BMWi) ~ % [5% (Nuclear Decommissioning
Authority, NDA) ~ HZ(Nuclear Waste Management Organization of Japan,
NUMO) - H A& (Central Research Institute of Electric Power Industry,
CRIEPI) ~ HZ<(Japan Atomic Energy Agency, JAEA) - fj1& K (Nuclear
Waste Management Organization, NWMO) - %55 (Posiva Oy) ~ ¥+
(Nationale Genossenschaft fiir die Lagerung Radioaktiver Abfalle, Nagra)#il
7 (Radioactive Waste Repository Authority, RAWRA) » EH.f1 » Andra,
BMWi, NDA, NUMO, CRIEPI, JAEA, NWMO #I Posiva £ SKB 4HRV,
Aspd & EH4ZE &€ (International Joint Committee, 1JC)ZL[E1 &k
FYHETT(SKB, 2013) - HAHBHRRHALTT -
(—) A B Bt e R 1

Aspd HRL fir A5 Fg 771y Oskarshamn 72> Simpevarp & (& —
) - sz B E FE IR R B T AR R A R B IR B 5 < 5%
sTEESRATT - N B A LGS Simpevarp 5 » DUz E iz
FHY TR 460m 1Y Aspd mabi(E —+ 7))  BRELE RS 3,600m > T2
(R B2 LU NEZ DT U T - S (& HY 400m DLl il 2 9 1%
(Tunnel Boring Machine, TBM)#:17 E X 5m AVFHIZ([E] —175) @ #H i

i Lt T DA — R0 o S B g L S A () — )
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FHthF R o7 &0 Aspd HhIE - BEE TG A TURE - 431K - Aspd P
£ (Diorite) ~ Smaland(Avro){tiam e ~ 4k E = = (Fine-grained granite)
F greenstone(Rhén et al., 1997) - i (& H- It B i ZC S8 3R F T B g 2 4h
Al AR A & (aplite) ~ 20U B (R & (pegmatite) 7= ik (Staub et al.,
2003) = Asp6 I B ME S AN 4\ o PRI T BN A
NE-1~2~3-4 f1 EW-3~5+7 Hrt NE-2 {FHI GG AR 2825
AN A I A i B B P [ 7 SR L e — L
(&) Ehakxia
Aspd HRL EERRZE > idE =1 - Aspd HRL ME(Ei#EIT FHIE Sy
fi¢ 6 il £ ZEBFT - B
1. 3 T [E B2 81 % 75 T F2 (Geotechnical barriers and rock
engineering, TDG) : FHMEI AR EAOR] ~ [BIEEAEHSHY
e ~ HIEEAERES - iR B LA PR LAY [E A B R o bt
e

2. HERREE Z.4 T #2(Mechanical and system engineering, TDM) : I
S TRR BT Z s ~ PR EREE AR SE  AEEERET -

3. EEEIFI(Project and experimental service, TDP) : = EfE{THF
Aspd HRL EEifERH 2 B ~ 3t ~ 28~ EMBRHE -

4,  NREERFT(Public relations and visitor services, TDI) : #2{it Aspo
HRL HHEA AR &R

5. B4 Y (Facility operation, TDD) : FZE#EfT Aspd HRL
YOS = B T i G A R A 0 WGRESE - NIRRT E A

6. SEEEFY(Administration, quality and planning, TDA) : #1751 -

=
e~ anHE ~ KBRSV EE TIF -
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(=) sHERERE

Aspd HRL 51E1E 1986 F-Raa#HE] - FRAE 3 {H T 2EFEEL - BIEE—
P F2(1986-1990) : Hhl- e a o 55 fBEL(1990-1994) : HIGFEE: ;

—[EE%(1995-) : HEEIRES -

gl oy g ¢ it N /KR B T {4 5 (Groundwater Flow  and
Radionuclide Transport) ~ = £ J7 2 (Rock Mechanics) ~ T. 2 [& E#
(Engineered Barriers) ~ [ AR B 15 (Prototype repository) DL &% BEZEY)) i 38
(Waste Handling) 7255y ©

HN KO B A fE (T BT ¢ M i & B (Two-phase flow
project) ~ B LIEEg(Colloid project) ~ Jiu 4% 18 AE 4 & B (Radionuclide
retention experiment, RNR) - £ Hf #& ¢ & & (Long-term diffusion
experiment, LTDE » [& =+—) » &2 a2 E Ex(Matrix fluid chemistry
experiment) ~ &L H & E#(Redox experiment in detailed scale, Rex >
=-+) ~ RHEE| ZE R E B (Tracer retention understanding experiments,
TRUE » B =1+=) - flEYrEEs(Microbe project) ©

=0 7 5 Bk 1T BE 2 8 9 7 AH BE 07T 52 (Zone of excavation
disturbance experiment, ZEDEX) fl1 % +F & & & & (Pillar stability
experiment) o

TAZ PR EE F S TR AR U B B (Long-Term test of buffer
materials, LOT) ~ & K &3 50HES (Large-scale gas injection test, Lasgit °
[ = +-P0) ~ [EEEELE SR A (Backfill and plugging test » [ =+ 71)fI&
BB e 3 2 B (Temperature buffer test) o

J5 A e B 355 A R BT 52 B 95 4= KU (Full-scale) A5 =0 (Model
testing) - 4 K& B B FLHEAIUNE =1/NFoR - BREFLAN R T Bl
FYREHVESEIETY -
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J5& 2 V)& 3 AL 16 7K S Jiz B (Horizontal emplacement) ~ #E 5 i B
(Vertical emplacement)F15& & i o] U HTE (Canister retrieval test) 5% -
e B ELANE =R =1 /B % L e SKB 8L AR [F]BH % -
FEME s B Y B ) - i S EIRE B - 1T
e B PSRBT S 4R -
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7L ~ &b SKB 48E A0 K aT em

5 H 19 H%—R24j SKB A - THEBGI SKB A FHZEENT
JeHT 104-107 SR FEN A H#EI TR » A5 SNFD2017 224 5¥(d TR
HyAlEn#EE - IZRERT ST I A B AR EE=FHEGEHE =171) - &
ST - PR RE S SROAME - Bl A R i B RS T - TR
s R eS8 e ~ 22 S PRy 8 g e Bt SNFD2017 STy % 5T
{5 T E(Safety Assessment 1, SA1) - SKB 2Bl A\ B /A5 Ak
Jan-Olof Selroos ~ Hans Forsstrom ~ Magnus Holmqvist ~ Allan Hedin ~ Johan
Andersson(fE PU-f) - o3 BIFE(EHE [ /KERZ B b FEl 2 el &
2 A~ SKB International {fJ&%%RAMT ~ SKB International (Y485, ~ Z245F
fili EEFIMTHES -

N A BT TAZa%a T 7 1H - S SNFD2017 5+ 2 TIFHEHE ~ %
ERHE SRR - RIEE TS REITH - HAlE&2 w25 %00 -
RG2S BT AR T Lot hess - W fu(E I Ea = -
19 (EAPEGETE - PRI ZERRR - B RRES S - EEE—
SAHRANTTE - DUEREER EEMWERZ R TRRE IR EE BT
SNFD2017 SHEHYAEHA B R - S AE LIFHE B R R ME N R Bl &
S 7] o

5 H 22 H5E 2k SKB #HESaTam AR G Fad - A H 2 BEEmnY
ANE7H Hans Forsstrom ~ Magnus Holmaqvist Bi/K 2 H#/E 2/ Jan-Olof
Selroos(f& /U-+—) » JzEd Jan-Olof S B s A AR E T T3 5
TP B R it HSE R Raymond Munier S/ 3T TRY ) 7 B Bag A RH
FET R ©

B HZ RIS HAB E S EEE - TSR] HNEEE
RizEESEHEL - REFLNT B ERRS - BRI - (HH
R B AR LS g B i SIS B H AL 5 TG - ARSI B
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sTEm T TVAETT - SR SKB J TR M ek Bl Bk [F] 2 SR g i 1T
BRigEtEE

P iR T SR S Y R RE Ry B R PR 4 1 5 B (Discrete fracture
network, DFN)ZETT o 224 51E iy f% fd 38 ZE(Radionuclide transport)
EUE Bh{dag (Particle tracking)fHRH » B REEniE 1L A N /KR |
RO AIZEHEE 5 DN 1580 - i DFN B2 P ilififls 2 % E
WEGER - RERR VB R EIR BLPERCRE E AR & o LR SKB K LA
07 SR-Site iy DFN J550 $1¥ CA VBRI & HEO R R — (i =] DAE
FHF> SNFD2017 iz 5Py DEN #5581 - 177 BB Y B FR S A at il - &
SR IOR GatEm LS - TN R e R - 5540 0 Jan-Olof 4%
ARt S A B AT ER Y N SR L AT -

SR RIEEEIN 25 H b - AT SKB BRI &8 K -
H&EERE e By - A 3,000 A RS ILAKIED » A g2E/KnE
PR LI R BB PETHE - H2%E &R R C. Waelbroeck et al. /
Quaternary Science Reviews 21 (2002) » 3 8 A A A ST F i B K 3
ISRV IIZ L - 2 W FTRF4E T SKB 238 5 (Ll e B Y 9 S hie
sl - 3 SKB RE4G TR EEAVER, -

1 Raymond Munier 5 &m[Ea 73 E 59 /i M S (B U+ ) »
HIZB A ST BERIT T B s R e 2 R A RS s A o A THERE
R T w5 KRR 2 G ST IZ AE Bt B e
s ER e AR LA K - B B E BRI — e A
B - BB R 2 B RS (VIR E - BN B R T st =
ETTEEER AR -

AR B EEP AR AE D5 i AT IR SKB By &
TR-10-51 ([ U =) 81 TR-14-11 Wy A2 BV BN RYEHE AR AR g
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PRFFEL SKB AH[R] 2 3 Afrikds » ¢ RRa (S U Az e (8 70 - D) Ry H ik
AR RT3 - SKB TR ARAGRHEL S HET T A AT 3 o SRR R Eak
s - IXWTRT RS SKB REfE (5 AAlMHy R s - (HINEEE
A FETR P ELHY HAR - SKB B SLiF B R hY SNFD2017 iz | -

FEREE T TS SKB S Smsld SRS JT[m) o RHEUR A
i G FRERE
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@75 SKB B &=k B B = S N ]

Top pouring Bottom filling

B AR AR
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a A

Axial compression of ingot to suitable diameter

Piarcing of a centra hale Pushing out
with a mandrel of bottom plate

[/ SRS o 2 R

R,

:l/_,_:—-—n-\_\_h\l
E E&E 5

)
Placement of Insertion of mandrel
blocker in press into blocker

Pressing down of matrix Lifting out
on the blocker of copper fube

WL BRI PR 2 8 R ]
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Piercing mandrel

Die

(a) EEF

Drawing die

Mandrel bar

(b) AFHe

&+ BB R E
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The facility
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B — P4 Aspo HRL 7 HE {7 & &l
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At the Aspo HRL outside Oskarshamn, a dress rohoarsal is being held for

constructon of a final repository for spent nuclear fuel. The picture on the left
shows the research village. The underground part of the laboratory consists of
a tunnel that reaches down to a depth of 460 metres (see lustration at nght).

& —+F Aspo HRL $ 78 B 235 i &

B 75 Aspo HRL ) TBM izl
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Aspd Hard Roeck Laboratory

Prediction and Qutcome

Simpavaorp Halo Aspo
= -0

Legand NE-2 5 =500 m
= Pradicted 0 500 m

= futcoma
T T e 1]

(a) ESTEE

ASPO HRL
Fracture zone model 1996. Subvertical zones.
Based on wnnel documentation and borehole investigations

(b) FEEESHE
[ -1 Aspd b A A 43 {1 LA
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[ =--0U Aspd HRL AR G e

B =7 Aspd HRL [E[HEE Ef 22 e ]
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B =+ Aspd HRL fE EHe HL (L)
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g4

B =-/\ Aspo HRL FRE % EL(2)E

Concluding Remarks
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Near-field Stresses
Buffer and Rock
> React
Temperature
Groundwater Flow and
Salinity during Saturation
Chemical Alteration THM Saturation Grout Degradation
during Saturation

Consumption of Initially
Entrapped Oxygen

Swelling

Buffer Chemistry and
Migration in Buffer

Corrosion

Groundwater Composition
over Glacial Cycle

Near-field Far-field
Radionuclide Radionuclide Hydro Temperate Domain

Transport Transport
Solubilities P P

Biosphere Concept Model

[ VH-0U - #JH SNFD2017 S st e
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— ~ BN 1972 FERHMGE LR RN > BB AAHR S SRR AR A% B a4 i
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R E AL TR R HHRT 75 (Clab) - 1988 ERAsaE 2 - KX
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HEERGEE - FHAT 2025 SEFH4A
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