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ABSTRACT

This Annual Report 2011 reports on the T®Gchievements in
implementing the Spent Nuclear Fuel Disposal ProgramnPlahis
report presentsdDisposal Environment InvestigaticngDevelopment
of Disposal Technologies,and dPerformance Assessment of Spent
Nuclear Fuel Disposalin consistence with the requirements of the
program planfor the 2010 to 2012 period

The main achievements of the dDisposal Environment
Investigatiorg include drilling of first 500meter-drilled-core borehole
in the eastern Taiwan granitic bodies as well as conducting
Magnetotellurics (MT)geophysical survey around the planned area for
the Geologcal Tunnel Laboratory in +hrea for underground
information about water conductive structures. Moreover, this project
firstly sets up microseismic network and continuous GPS monitoring
stations around the target granitic bodies taononitor long-term
seismigty, uplift or subsidence by crustal movement. Furthermore,
downhole multi-packer pressure monitoringor groundwater also has
been kept for long-term hydraulic characterizationin three deep
boreholes in western offshore islands.

hy (GKS a5SOStRANNBYFIGE 2FSOKy2f23ASaxé
technical achievements in 2Qlinclude: laboratory-scale rock testing
on thermal properties by conducting thermal measurements in a
granitic block associated withbackfilled bentonite for further
numerical simulations discrete fractural network modeling (i.e.
DFN_Net) based on isitu fracture measurement from a tunnel of the
western offshore islands; for geochemical evolutionary modeling based
on hydrogeochemical data of the western offshore islands, this year
the EhpH diagrams of U, Cu and Fehave been carried out to

evaluating stable condition of HLW geological repositorand



laboratory nuclide transpadmtion and retardation testing for
determination of diffusion coefficient factors in different
aerobic/anaerobic enionments.

In the buffer/backfill material properties researcht describes
the features of bentonite as a candidate material for the buffer
including physical properties, mineral composition, etén order to
understand the material composition and prepties, and to explore
the thermal properties and hydraulic properties, to understand
features of bentonite under different design (such as density, water
content, etc.), to facilitate subsequent disposal of the reference
design engineering barrier.

The wak of subitem two is delegated to study performance /
safety assessment for the variational scenario. The scopes ofitub
two include (1) Analysis and systematic description of research results
about crust uplift, surface erosion, climate change, se&el change,
tsunami and otherenvironmental factors in Taiwgn(2) Analysis of
environmental factors in the past, recent and future trends, as a
comprehensive analysis of the disposal sites for possible future
changes in ambient conditions and formed ashs& for impact.

Earthquake damage to underground constructions is either caused
by shaking or displacement on old faults. The study conducase
studies related to seismic activies, understanding of seismic activity on
the damage of underground construotms.

In the performance assessment study, it includes overview of
current status of international Thermélydro-MechanicaiChemical
Coupling (THMC) project for spent nuclear fuel, and analyze the space
and time scale evolution affected by possible individughermal,
hydraulic, mechanical, chemical and its coupling interactions for space
scale and time scale to support the research of radionuclides migration

behavior simulations in the neafield.
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KMBHO04 monitoring for fracture pressure
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KMBHO05 monitoring for fracture pressure
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DNE W EDN to~"nNvni3 YA ww
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(1) EK$f| WRoyz' Ao En: t WG

E LY | § MNOKRoWn"H DYZ B

| MRo i TOh A Yy E W L

o k¥aM Y n £ E Lz X 10
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M Y K2 i WEo° Z L
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Aun nn n’ Eyu EA AQ [ Y. & 3-6
HY | £ EMw '+ 26~2.8 f{ Y < (Liquid Limit, LL)

tE O AMQ 3 AQ Nz Y w EL67% 0 §{
- M T4 YZh E' €090 %0 A 1Y <4 M
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¢ Z AMQ Mzl YWG® A E N AprtY

z AH ANE Y HY <1 €Y &MMXS80E EN A

Y -1t E€EY®YZ KPPt ZTE W ] A
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i =Y®OM, ™ EN fp ' €035 0 i =
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£ E Y Montigely GMZ16u w E £ E |
3.2.5.4. fi
M € B X A | E pT DN Y Z M
A Y 1 DRPI1£ % a Ay ShothermD2
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EYZM z R 18% Y e 2 f 3120 MPa
Y €] ¢z A A Y 1
w  E f (Thermal Chaacteristicsp n CON Y , s
(2003)y € (2004} w A& (2009) Wo @ A (Heat Probe
Method)Y w EDNT . Y B 3-48'HY
NMw E° n1° A B~ (Dry Density) z W (Water Content)t
A ... (Thermal Conductivity), O 0 = nE
oy 3 wYw E° ¢z R Y - /
] ¢ - JUt Yz kR e X ]
w A AE EDNKunigel V1 pT DN YZ M
A Jut 1.8 Mg/m3n E uy | 30w -«
-t 1.6 Mg/mM E Yonsw E o))
3 & =N ... (Suzukiand Taniguchi, 1999 3-49
t Kunigel V1 N1~ z /& 1 N .. YZ° N~ Az yu
= Jut N = 5+ 0.45~2.00 W/mKI |

z N u Q e @ (Swedish Nuclear Fuel and Waste
Management CompanySKBX MX-80£ E P

(Borgesson et al., 199%)Z . A 3/ 1 W

AY Jut a 3 WwWtO08A JUtY PN’ € o
T M Y 3-50L MX-80£ E°Nn° & -t n

Y Jut N t 0.6~1.3 W/mK1 |
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® 351 EN Q 2 (%)
}%Jlrgll%el Kl,i(rl],igia MX-80 Mo?st)igel Avo(?)seal oM (;hisiﬁf)
y 46-49 98-99 75 66 79 75.4 14
I3 29-38 <1l 15.2 8.3 5 11.7
y 2.7-5.5 5-8 2-4 4.3
Yy 2.1-2.6 <1 14 0.5
e Vv 2.02.8
Yy 3.03.5 1.5
0.50.7 0.3
y <1 0.8 30
& <1 12-15
doy 2 9.5 56
y 2
X Q | 0.310.34 0.4 0.003 0.3
Zh 2 2-3 7.3

lblto et al, 1998 2dPNC, 1996 3dbLajudie et al., 1996 4dbWang, J. et al,

200§ 5V

, 200§,
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@ 361" EN AQ
. . . w E
Kunigel | Kuniga Montige | Avonsea GMZz16' -
Vl(l,Zg,S) F(lf)l MX-80 @ g @ 5.6) (Zf(17l)S|n)
Specific| -, 5 2.7 2.7 2.8 2.8 2.6 2.7
gravity
LL(%) 416 993 400 140 257 99.8 67
PL(%) 21 42 70 50 49 41 18
Pl 395 951 330 90 208 58.8 49
Monto
morillon | 46-49 98-99 75 66 79 80 2.3
it (%)
CEC
(meg/ 52 1117 79 62 82 83.4 70
100 g)
Leach cation (meg/ 10§)
Na 54.6 114.9 56 1.8 46.5 1.6 23.1
K 1.3 1.1 2.3 0.2 0.7 0.34 1.4
cg? 41.9 20.6 30.1 37.6 39.5 52.92 38.7
Mg2+ 6.6 2.6 15.6 22.4 7 27.86 6.8
Na1C& | 15 | 558 | 186 | 005 | 118 | 003 | 06
ratio
d 1dbIshikawa et al., 1990 2dbIto et al, 1998 3db Suzuki and Fuijita,
19993 4dbLajudie etal., 19965 Hz Y 20043 6db Hz Y 20044

7db Chuang et al., 2010
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3.255.Fe T

OO0 OA R Q 0 Y Q =Y
oy V% L XX Tt RNY-Yyv (2008)
P <t 1.5~1.7 Mg/mh Y oyw E° ~25~80 " t N W2
- (hydraulic conductivityyy n Y DN™ n° -1
N e PLY > Q. 3-51'"Hy Y W2 - o C
n Yoy - o m2 - €)1 ZM <t 1.7 Mg/mNw
= =025 F£380 71 YIme F - t
Y ~° -0 0 1.7 Mg/m* 1N k2 F < Y Y
Pusch and Weston(2008) M 2 .. A
Y t £ E (Catype bentonite) =@ 0 1.6 Mg/m* /i
N bl € 2 oy, MR 3 Yvo amx—
AG D An wvYd me ... N o €]

i O (2008 i WRH % A (Vapour Equilibrium Techniqye
w EN°’ -t ME £ 2 (soil suction¥ u ® n Fredlund
and Xing model(Fredlund and Xing, 1994; Fredlund et al., 19%)y
(r € =03 1NE £ 21)0E -WRG §{§ 9 (soilwater

characteristic curve, SWC®&)y a € M2 ... (Unsaturated
hydraulic conductivityY ' Z A " ROE T a &1 ft
2 ] 352t w E° N1 -t ME -G §{ D
YZM t Y ot 2 i Fredlund and Xing model E M
E -G o YO K~° ~25340° YE # 21
o €Y~ <° 40360 £ 271 o0 ] 3-53t 2
Fredlund and Xing modelE M T m2 -Yva éEE e
- € E m2 =T’
wA X Kunigel VDN P & kR2 o Y Z co
A wA€E” | A (Japanese Geotechnical Society
Standard)1 JGS T 331 COA P | Z e /bt~ 50
mmy 10 mmrl Y KunigelVl EDN , 3041y =+
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1.8 Mg/mn YZA, " O M - %2 -1 ¢
X k2 - 1o) - Yonwl B P
N e e 0 KM M2 -1) ¢TX2° n WA
% A P Kunigel VD Nn° -t MTME -KG 1§ D

(Suzuki and Fujita, 1999) 3-55"Hy Y Q yZ < E
G f D Y A 1 3-56+ Kunigel V§ MX-80y
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YO M Q nNYKunipaF ENf 21 Y Z 1l £ MX-80

£ E u Kunigel V¥ |, EM Yz Z£ 271N
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- W&y YE N c Y X 0 ® 3-8Y ZMp

C €A Y M MYnm 3mwer B Q¢ uy M
MY I QY % doc 5 5 mmiyr, T 1 A" R
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® 3-7d 1 ()
OARGT
a ] v €5
Eon Era Period Epoch ( BdoMm TW
> )
X 1 5] Vv Holocene 0.01
B V
Quaternary Pleistocer 1.6
7" @ V Piocene 5.3
Cenozoic M VvV Miocene 23.7
T .J v Oligocene 36.6
Tertiary —
v Eocene 57.8
K Vv Paleocene 66.4
Na i ® 1 Creaceous 144
PhanerozoiMW* X 31 Jurassic 208
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t 1 Triassic 245
3 1 Permian 286
Y ¥ 1 Carboniferoug 360
XM ' 1 Devonian 408
Paleozoigs 1 Silurian 438
3 Ordovician 505
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Cr;ljlp?ozoic 4600
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i ec/e™ ()| N W
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3.3.1.1.2y ®1 Wi

v T s =Y egYMoWna pPY u JU
d, v @ &a« A1 | O L (1985) y 14~ Q
N 1 N>Q( 3-59)) e T - - o YE
m° 3 mmlyriv 1 H n” G)A - ~% d 5.5
mm/yr], O Dadsonet al.(2003) v N N30T (1970~1999N
—~ ¥ndoQ( 3-60YV €0 500mMWnN %d-
t 6 mmlyr, ¢ 1 & =Yooy m
y W o n (f 5 Ma)ml~ N iyneT1 .Y
RS MYmMm o N1 t 3~6 mm/yr ( 3-61), O> W
X d - ¥n Q Yy 71 ¢ Yd»OHKO 55~6 mm/iyfl1Y
vit.T Twm YAANM - b [ ¢

z X 0 4Ny AYé&TED &dB44 MA-
YT %d me’ 2500mmvpol € AT Y > ®AH
aYufF W uEYxA WN| €E6pYAiBA- Y® 921
> Y% d ot 3.9mm/yrY” 921 L — /  F324WwoeVY
QT AudpWm R Ay fyT uou” 0 3 A
YP 1 ud 2348~ WaY » Aud y . nNé&H
g AL ( ° Y 2003)

Siame L. L. et al(2011) > n KR° MMM E o

(suspended sediment load)N Y K k 50Ty X

Axd  &- Y Qt 5~7 mmlyi,

C (2009w " »n o Ad & (topographic steady state)
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