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It is anticipated that thermal - hydraulic - mechanical - chemical (THMC) processes will be coupled in the bentonite buffer
material of a high-level radioactive waste repository. The main contributors to these processes are heat arising from the radioactive
decay of the vitrified waste, infiltration of groundwater from the host rock and/or leachate from the cementitious component of the
repository, and the consequent increase in swelling pressure and chemical reactions. In order to evaluate these coupled processes in
the bentonite buffer material, it is necessary to take steps towards the development of a credible and robust THMC model.

The current paper describes the measured data of an engineering-scale coupled THC process experiment and the calculated results
of a THC model undergoing development. The coupled experiment used an electric heater, bentonite blocks and a mortar block,
subjected to infiltrating water to simulate a high-alkaline porewater derived from the concrete tunnel support seeping into the
bentonite buffer material under a thermal gradient provided by the vitrified waste.

Temperature and water content of the bentonite buffer material were measured by several sensors continuously for several months.
After this time, the buffer material was sampled. The results of mineral analysis of the samples suggested that the precipitate of
amorphous hydrate with silica was found in the buffer material in contact with the mortar. The developing THC model simulated
C-S-H gel precipitation as a secondary mineral in the exact same locality because of the solution being saturated with respect to
portlandite and chalcedony, thereby providing some confidence in the chemical feature of the developing THC model.

Some important issues in the future development of the model were also identified, including the concentration of porewater
being influenced by vapor movement in the bentonite buffer material due to heating from the vitrified waste and geochemical
reactions being affected by the water retention feature of the bentonite buffer material.

Keywords: high-level radioactive waste, geological disposal, engineered barrier system, coupled thermo-hydro -mechanical -
chemical (THMC) processes, coupled numerical model

NTPREIND.
ZDEHIR=T T 4= FERESEZHAELTFHIT D

1 [FC&HIC

A LV VRS OB AL 2R T 2 N TN T
EERO=T 7 4 —/V FOZEENT, FEFAEPDLORBE, A
TARYTHA~OH T RORE, $EEM ORZME, HEAGH
DAL E, B, KBEZER, J15E L UMIER(E 20 7
DEAPMHAICEEL KT LG ) ERBEALRE LD L

Engineered barrier experiments and analytical studies on coupled thermal —
hydraulic — chemical processes in bentonite buffer material by Hideaki Suzuki
(suzuki.hideaki@jaea.go.jp), Kiyoshi Fujisaki, Tomoo Fujita

*1 AARBCT DWFIEBRTEREAE  HUE AL P JEBR JE IR i A oy SR
e = k

Geological Isolation Research Unit Geological Isolation Research and
Development Directorate, Japan Atomic Energy Agency

T319-1194 KIRIAIRBIARAGMAT A4S 4-33

BUTR 5T ) 5 R BR BT R R AT

Nuclear Waste Management Organizaton of Japan

(Received 17 March 2009; accepted 15 October 2009)

*2

43

L, A=y T ORFEREFERAT O BREL SR &
FEIZT D92 CEHETHD. Tz, MBACRITFKEREES,
gy ) — FERERE LSS, =7 7 4 —/V FOfE4
PEZEINCIE > TRl 272901203, ALY T Z2 R s
LIoAL TN =T 7 4 — L R ORI S22 E
PEICH5 2 D BEER L, =7 74—/ ROEEE & E
BT ZAD ZEBFEL D, L LRD, 20 k)
REMEIHEERICL - THET LI EIIRETH D72
O, BEMTIC L D7 7 a0 —F B3GR TR 2 5 &
EZOND. ZOLH I EnD, AT TEPLEL
AR E A EZEE LT =T 7 44—/ NOMEH SR E R
Bl3 58— K — I S — (b s i F BT £ 7 V(L T,
FARHTE T L &\ D) DBFE 21T > TV 5[1,2].



JRFF18y 7 = RE5E

5, ALY TEBIOZEDOEDCTEL HERRREE T
BRI U, B TP O BEURATE 7 /L O3 I & R
HZEHRHAMELT, LEHBEDOANLTAY 7 BRI
(amma%ﬁ%btr ZESEED TWB[34]. Zh

T, KRR FICHT 5 180 B Mo % £l L, 18,
ﬁﬁ*é@%i@ﬁ@ﬁ%ﬁmpH%ﬁﬁbmﬂ,ﬁﬁ%
Hre 7 /W K D TR 3 T i TV 5 [5].

AT CIE, EEEOH FEBIZ L VTV S LTRK

DEBLEHERT B 0RET A s U KB ERE K
EFT830 HMDOATANY 7Rl E £l L=, £ LT, &
W o —IC K VIRERAKSELZRE Lz, £, $EE
H*®%E%ﬁki0%%k%7utx LT S iE WA

152720, RERE TRICEEM 2V 7Y v 7 LTe$sy
ﬁ%ﬁ%%ﬁ%%hbt.%bf,%%¢@@%%ﬁ%r

W&V, BEARSUETIZBIT2EALZALNLDET IV
71 U MERIBRK ORI & 2 AR AR B S D IR e IR
BE DU 72 £ % B R L T B — K — b R AT % SE S
L7z, 512, EBRER L OB A2E U T, Sty
NVDBUR L~V DR & A% ORI AT 7o at SR I
DONWTEERL.

2 AINYF7HER
2.1 HERE{m

COUPLE O#i%E# Fig. 1 (7. RBRiKIE, =7 U —
FEEEBELZEALZLT Oy 7 (E 1 mX BT 1 mx

BS 1m), JEfEN I A b TR L 7R A (L 0.3 m,

M 1 mBLUOBEEELERE LA T L AROERAK
b—X—(E£01m, £X1m, UF, fht—F—LWn
NMBREESND. RBRIEOIEL, RiFOHIRSE
BT Ay 7 OSHED, TH 2RI £ L) DR
BiE & FROGEICHESNIEER 1 Ab-voba
HED UTFRETHD Z D B[6], & 2 T, BEMES
BIOHLE—2—DBER%, [HF22HREBOELED] AL
WY THAEED 1T A r—n & L. %i%@fﬁk‘ot(ﬁ:e/v&w
7a v 7 OkE%E Table 1174, REBRAOMEIZIE, R

December 2009

EOERFNE 2525 3%/ ve —4 —%F#E L. 208
FL b —&—iF, a+81%%0)‘/ﬂ7‘/ﬂ?“flmb~ih%ﬁﬁi®ﬁﬁ/
W LT, BERK LEIE, EAZ LT vy 7 DKy B
FRREBIZAR D70, IR A L 72K Tz L7z, &)
BURO TEICITBrE, 2 e Uie. $7z, KRR ke

#9300
ELpL  [is

1. 000
(@) Plan view BT mm
01, 000

1¢@t 9—

EEH
EILEIL !

1, 000

vl

AR E—F—

(b) Section view BT mm

Fig.1 Schematic view of COUPLE equipment

Table 1 Properties of buffer material and mortar block

BEM (ERAVM)

EILZIL

=5 )L V1 (70wt%)

K/ A REE=55%, B# /AU RE=3

o H ET AT (30wt%) DEEH AN OPC (L E 3.16)
M AIESEHM(LLE 1.68)
1R E (kg/m®) 1600 1230
Faﬁ [té:zﬁ (-) 0.403 0.311
FE (kg/m®) 2680 1785
*JJHka SEAFNRE (-) 0.5 1.0
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Table 2  List of sensors used in COUPLE experiment
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Fig. 2 Distribution of pH of pore water in buffer material
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Table 3 Fluorescent X-ray analysis (XRF), X-ray diffraction analysis (XRD) and SEM/EDX analysis methods of buffer

material
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0
|Q|C<x>) o [M

oC P
r=ij a< >J+E(plnsrT<x>)=0
©)

Z2i8, G XA H OBUET RO R AR (mol/kg),
D, : ST Y mis), T, o xEHOBUCFREOKRE

JE(mol/kg) Td 5.
(4) HOER{LZELE O BT FEE

OE BRAFX(Xx & B OB LFROE BHETFR)
& p
Cp= aIZ:ll(Caxma) Cy=Tyu+ El(b"'*MIN") (4
BREN
BMEEE) MR
RS EH :06mH,0EE
MEBT AR
Ak EESES 2
BE :20°C
BRI 05
2BY E— Emlﬁf.i
KBW _;I‘!ﬂﬂt:ﬁ
_ MEBT HANR
filhE

| 0.05 0.10

- — A

@O B IR AE2( P H OBULHRO B AR

g[bw log(a, )]= Iog(Kp) (5)
QKB LFREOE ERTFBULFRE 2 R < a & B AR
ALY mEH )

log(a, ) = log(K, )+ X [c, . log(a, )

x=1

(6)

UL, A KB e REORE, m, o a & B KB
RO T RE VIR (molkg), p : MR, C,, : af
H KBRS0 3 5 x 3 B B PR 0T EamiRiR,
b,, : X &FHIMIH TS p & HBL AR/ R R
#, MIN, : p & HEmaEiti(molkg), N : B
Ofetk, a, o xFEBULFHEOE E(molkg), K, @ p#&
A 800 O B A 0 U5~ 26 UG O P E R,

a, : a®F HKEMLFOIEEmol/kg), K, : aFHK
AL AR O B Rt 0 U3 2405 5O 0 -l E 4
ThHD.

3.2 fRI&H

FRAT AT IR FS L O & Fig. 10 1”9, Afig
Broug, ®AZ2AnboET VA BB OREIZ L S
TREM OHERLF 7 r ' RICE BT H20, KEHEOY
BEBATOREEETHZ L L L, MBRIK LT oBERE&MED
FREERELZTIC W EE X BN D PEIGRE 2 FEflix 5

Ll ZLT, Pbe—4—, BEMBIOELZ LD
=HIRE AL VEEAR L U, BRI OPRELZ BB L T

TR D 1/8 % i ik 1146, BL#%L 515 DA REHE TE

E—s—BERECERE
AR
MEBT AR

0.56 -

Fig. 10 Analytical model and boundary condition of THC simulation
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BT S8y 7w RIS

FIAL LT, fRMEE i, He — X —0OREIRE L
90C& L7476 HIF &, ZhiTHiv T, 85C, 80C, 75C
& 5CT O3B TIRE KT 7= M4 523 800 H
e Uiz, EBICEHIl Sz b e —F —B X OELZ L
T D/ e —F —OREIE T, SFRIEEIZI VT

FEMREEIT L TR T SCRERR 7223 [8], =2 T,
E— X —OFRERELTERGME LTEX . ELZ VI,
FIFIDMR T TN S RGE L, 12K D RN % B [ L 7= %t
GHRIE DOIKEAE 0.6 mH,0 THEE L=, 7V ETFHEB XL
Ol VX, 2VE 8, KB ENS X UWERITICH L CRsER
& L7z, b e — & —fE O MER LRSI EE LRV D
DL L, £, KBEEB X UWEBIT~OFENER T X
% XKD ICHIBRER L OE KRS E /NS SRE L. 1%
fEE UG, IREIREEE T 20°C, RREM OKBETIET
0.5, E/AZVIEFE L=, WIHIBBRKIZ, %iRd 2%

TEGL & O A AR Mfeﬁ L7=. F7=, R OXIH
iTﬁﬁ%DJk ETHV, ZOEMNITIE, KENIEDEEL X
BT A #E LT,

3.3 BBEIUKEBEH/IT A —2DHE
3.3.1 BE#H

FREM OBMRESR A (Wim K)E L OE#h e, (kdkg K)
1%, Bkt o @)DOR%kE LTk E AV [20].

At =4.44x1071 +1.38x10% 0

Q)
+6.14x10 3 0% ~1.69x10 % 0°

Coy = (34.1+4.180) /(100 + o) ®)

FEAEHS DR FEE MBI, SBEM OV 7 2 VORET
IZHD E[20], faFn— REAFIRE VAT DB — R
WS TS van Genuchten 5 /L TR L7=[21]. A
e S 132 g vy (MH0) DB L LTk T
zINod.

3 0-90, 3 B -F . _i
S =0 —[1+‘a1//| } pei-s @

S r

22T, 0 IRFEEKE, O taRARE KR, 6, &
IMEREE KRS, am)E BOIFRTA—ZTHD. 22
T, 7> a v OUEMBICTY 4 v T 4 v 7T 5% S
ZBMELELT, 6,=0, a=0012, B=14 L@#EL]
[8]. 7eds, ARAFFETIL, 6, =0ITHELTNDHZ &b,
HNERIEE S, L ASY BRI S, X UA & 72 5.
FEMER O fFE AR K (mis)iE, FEAERE K (m?)ic
KO RKTREIND. AT COFEE O FEA TR E T
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4.00X10%(m? & L7-[20].

k — Kplg
H

(10)

RN ARAREL K 1ot L CRBIFE R IR S k Db %K
B ARAREL K A2 DWW TS, SR ~ DK D RNE B % 5
fiti U, B2 2 LT D A2 R A FNIR T AT IC X 2
BEfREMT T U 72[8]. Ml AKMRE K, LA shfafnE S, DB
RITRADEY TH B.

k
kl’ :L: = Se (Se SSeb) (11)
ks Seb
1-k
LS 25, (s,=S,) (2

27T, k,=0551, S, =099 TH%.

IREABI X DK OR8N, FBEM P OK s AR ES
BZ Lo TBEI S & 2 ERICESX[8], KU RTIRE
BB EEER SR Dy (mPls K)IZ & - T H % 72[22].

d(o, /p1)

D; = E'”Dva"hr dT

(13)
ZIZT, a:&MFEHTa=0,-0, v LHhOH AP
iz L MR- Tr=0.66", D, : ZERFHDOKEKIE
##(em¥s) < D, =2.16x10°(T /273)°, v : ~=27n
—77 75T, v=P/(P—PV)w>w, RFE Pk
LKRELRGE R, RS nwo <ty =1, h : HxHE
(), p, : BIFIKFELREE (kgm?), p, : KO (kg/md)
Thd.

3.3.2 ELAL

FL VOB DN T, KRSy BAFIEE O T 523/
INEEZONDIZYD, 22T, —EfE L CRafikaE
TR 2 ERE A VW2 [8].

EHNOKRGFEHERFR D van Genuchten ET /LT L
[21], Bi#ERABRIZL->T «=0380, g=L11&3EL
72[8]. F£7z, HiFEAKMREK, 1%, KA van Genuchten 7
M X TRELE.

K, :%:@[1—(1—sel’ﬁ)ﬂ}2 (14)
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3.4 MEBTINTA—4

KRB D FDIERAREUE, T58 2 IRERUD £ L) oHifE
WLy 3 AT D2 AR CREE S 723X 100 m%s & L 7=
[23]. EAZMAZOW T, TRU BEFEMALS a2
BT, W Hi% E AR D T v T Y BB O BB ATR AT
THWSNTZ 8X10 mYs & L7=[15]. #toBEE, —i#
7R EHELE LTHO LR TWABITIERED 1/10 fF&
U7z, AR L ORI ST, Bk D720 E 8 L C
W KR TE ST 2 EHE B LU B bR R O IEHER
Bix, FRFEN, 1.80X10°m%s, 1.35X10°m¥s [T E L
72[24].

3.5 HUERIEZFDETIE
3.5.1 BEHOMIKILEETIL

M CEERT DML, 7=V VIICEATHE
EY A (49 witt), bk R=(38 wit%), HLHA
F (2.6 Wt%), FEEKHE(0.7 wi%) & L[20], ILEXD wIREMED R
I NIRREEAIN T AR TIEY T LA ERKET
DYBIOC-S-H FNVEZREME L TEE L. 2D
b, vk R=, BV A N, VTV EABLIO CSH S
JAZDWTIE, K O RS 2 RE LTz,

EUEYBSA M, )R TRT LI, @& pH &M
T2 D Al R Si DEIFALFAEDNINK 53 fif O FRIR I %
ERL, REB IO pH O E LT (16) N3
% FN7=[25].

Nag 33Mg.33Ak 67514010 (OH ), +6.68H,0 =
0.33Na*0.33Mg?" +1.67AI(OH ), + 4HSiO5 +4.68H "

(15)
20.37/RT
¢ —| 474x10-6¢-3957/RT _177€ 8oH-
' 20.37/RT
1+177e Aoy~
2353/ RT
17008967/ RT 0.0297e AoH- A
.0 2353/ RT min
1+0.0297e2353/RT5
(16)

ZIT, r s EE RS NEREE (molls), A, #
ORIGEERHMY), T EEK), R &M EEK(KIK/mol)
Thb. T, TV BT A FOA ARG IO
REGEARSUSIT, KBS U TRISICEST 5V 1 Mk
DREINC AT DIEE BV TET /MEEIT o 7. fafn
REETOY A BB, 52 KEY &) OLREF M
TERE LB E L72[23].

HEHNT, WK OB E) 2 iR EE 7 L TEE L.

BOREEE r (mol/s)l, SCHRfE & v kXl L7z[26]. =
ZC. My, RAFERFEIRE (mol/), m,, : IR DOKFE
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A4V EEml/DTHD.

Table 4 Initial pore water composition of buffer material
and mortar used in THC analysis

tREM EILZNL
Al (mol/I) 1.00x 1077 1.29%x 107
C (mol/l) 1.91x107 1.31x10°
Ca (mol/I) 9.28x 107 5.33x107°
Gl (mol/1) 7.78%x10°° 2.28x%10°°
K (mol/l) 2.98x10°° 5.79%107%?
Mg (mol/I) 2.08x10°° 6.06x10°
Na (mol/I) 3.77x107 3.75%102
S (mol/1) 2.79% 10 4.05%x10™
Si (mol/I) 2.75%x10™ 1.19x 10t
pH 6.95 12.90
Eh  (mV) 80.9 6.51
mE (C) 20 20
FeS, +7/20, + H,0 = Fe*" +2S07 +2H" 17
05
r=10®9 0 p (18)
H+

FEMEHT ORHARIBAKIL, FBREM PG/ T 5 rETEE &
EELU[14], A Ao OG, RESHRISEBR LN
A N, It RIS KERE L, HERMEFE
B2 — R PHREEQC IZ L W sk 7c. BT — 2 12i%, 56
2 KW E& ) OBRMEFHFETHW T —FX—2
(991231cl.tdb, http:/migrationdb.jaea.go.jp/)[27] % fif F
U7z, FEEH O WM AHLEL 2 Table 4 (27”7

F 7o, WEEM OPIIEARRFLRETH Y, KT TR
KEMEL, 4E 1007 atm OEFE R L OV/E 10°° atm @
IRFE T A BB LT-.

3.5.2 ELZIIOMEKIEFEETIL

ELHVOYIME A 2 FAKRFAERSIE,  TRU BEZEM ML
SHEARRIEIZHEN[15], RV b T F A R, C-S-H 7L,
A Fali—x%y k, = Y HA K, Zr—%A bBX
OVAVEPEYE D KOH, NaOH & L, M@K/ kT v K 2
VMZEENDEBALNEEY A MKFNAERDIZ D
EREL, BfMfHEICL CTEAEEZRDZ[Z].  CasSi
BATxH Lz C-S-H #L ORISR EB L OV E 5T
Atkinson OE 5 /L CHEfE L[28], WD Ca/Si kit 1.8 & L
7=, £, ZREMELTHALYA FEZER L. KA
A DB T — Z T ONWTIE, L XV KR DR
ifi 2 S U 7= BESRIZEE L W3]. B/ Z L D IR B AR
X% Table 4 |Z5R~7.

3.6 fRT#HR
Hl b — X —OFGERE % 90°C, 85C, 80°C, 75CL
ZAb S, BN ER & 7 - 7RO 22 M 54 & FHIE & b
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REM P OKDTEAZ AR BEML, —F, Hilt
— T, BEARIC X DADBENC L > T, —Ff
HFINZHI DK afnE L0 IR T H5ZBA R L. 20
X O BT, BEM PICERE LI — ol EFC L - C
bR I 7Z[8]. Fig. 12 13, EP‘DT:~§?~B$E75)6%%L
Fhlem, 2cm B L4455 em OV EICRE L=V A 7 o
A—HIZ & HEHHME kﬁ%ﬁ%ﬁ'ﬁ%bh@bh%@f%é A
B, T4 70 A—FTHETE HE/KHIT 117 %LLET

EILZIL
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Fig. 11  Comparison of calculated and measured

temperatures after 365days
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Fig. 12 Comparison of calculated and measured water
content of the buffer material at the depths indicated as a
function of elapsed time

52

December 2009

H5[8]. b —F—DIREEZKT SO TR 25
WK DEEM L TV D. U, AR L K5y At & BE
@ﬁ&#ém\@@ﬂébfwé &%Twﬁé%@f
5. Fl, HPLe—F—BEmH»N DS 4.5 cm OFLEIC
L=V A 7 A —21%, &K 20 %I foéotﬁffm\fﬁi
B L0 EHAIREE L 72 o 7z

T DOURIRIC IR\ BT D TS R % Fig. 13 12”7, 7
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Fig. 13 Results of calculated mineral
dissolution/precipitation after 800days
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RBEXOT—4 o MIkEE L. $£72, C-S-H 7 Vig,
REF O & & BB D CalSi /S g o7z,

TRMEFE & B LSV E ORISR TS CRL R T A A R

RS D78, BBRAKH O CaiREEA H < 72 > T 5 (Fig.

14). *7-, BEMTOHI LT R=DEMRIC XL > T, EL

ELFIL

5x10’1_— EEH :

4x1072

3x102 .

2x 1072
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Fig. 14 Distribution of concentration of calcium in pore

water
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Fig. 15 Comparison of calculated and measured pH of
pore water after 800days
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Fig. 16 Distribution of concentration of surf sO" in
surface complex

5 v & O EILE CRIBUK R O SR EA-32
LT, BEARICEL Y ELZMANHEE L, C-S-HZ L
DI L > T SIEEIXKTT 5.

FE1ER OREIBRK pH D22 4345 % Fig. 15 173, JEMH
i, e —& —{lC pH=8 F&E, E/LH L OBERAIT
pH=9 B2 TH 2 DITxt L, T TlE, £, pH=6.8,
pH=11.6 TH o 7c. RHTET VT LD, R iEEH
HC T pH IR NRE T 5 2 L Ic k- T, #EEH T pH
DAFLNTERK SN D ZEEE KRB CTE 7. Zods, R HR
KO pH 1L, RESEERISICKE SN/ RTH o7, &
A b surf_sO™ I, & pHIERMARHEL T %%
L H AT E < (Fig. 16), HY &k LT pH 25&&E 3 5 X
7o TN,

3.7 EE

KRR &V H VL OB EGEE TR T A A
ROEMRT D728, mi\ Ca i DL & L BRK DS (R
M ~RIE9 5 (Fig. 14). —J5, BEMFTIEALE K=
DR L(Fig. 13), MBRKFO SiREREL 2o Tnb.
IO, X VEOEMREILSET C-S-H S s
DIEEWENE L TN REEER S 5. ZhE, FEE
P 7N o THB OO R EEET D, Ei, R
MEENLZVEOBEMPBELHICIST 2RV NI o ZA
FEBXOH LT R=OEMHRS LV C-S-H F LA,
Ry A b EEA Y MRS BT O EZBRIIAFZE
E—Ed B[29]. fENTCIE, FEEM T T REME LTE
J& L7= C-S-H 7 /W3 AR, /L& /LD AT, CalSi
D2 BN S C-S-H FARER LTS, Zh
1, K= A > NKFIAE R O IE % B R T A RO &
LTHATWNEDTHY, HERGETLTHEY Z L1
X, BEMFTO C-S-H ZFILOikEEEHRREE B 2
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L. B, FREELDIE, TR A MRIFEALE
BRI L TN EnD, AT LU T A—RFEChA 4
URBRBORTIL, T ud A MRBM LD TR
72K, C-S-HZLANER LIZT-%, Sapidicg Ehn s
ErEVBTA FORENMETFTLEZZ EREREEZD
no.

2 A A B ORIER RIS L OREAC R T O
FERNG, Pt — & =TT W TEA A A A1 b
BT S CalRlED LR ZMRL, Fik, MBEILY DL
DB RET HRERDBFELNTWD. 2D L9 BRBIRIT,
TR ARUC & 2 #t ) 22 K R R OB ENC L S MRk DR
ML -TELD b DO EEZXLND . IBREARIZ L DK
BN, FICKERICE2B8E) & HER STy 5 23[30],
ARFENTE T VAL, KRR & KRER & & B3 X2 ),
TRAKITH L TR BOT RN E M 2 & THERBITE
RKOTED @B XBMW), KEKBIIC X 2 HBKOHRMGEER
GERBTEXHETIVTIEHR. EBEOWNS T H1E
I, BEEERT A TR ERIC X o THFIKERE
JE2S ES-L, IBEARIC X > TR IR E DR RSy~
IKRERZD BT L CTRHIBRK N IRME L, BRI LD L7 8D
WO T 2 EELH 5. 20X ) 22X EHHET 572
DI, IREAEIC X 5 KEKOBEIC L 72 ) MK
G2 RBL A RERTT VOEANLETHD.

A F U RSEE L ORESE RN E, KOEIG LT
FOGIZH G T D94 MBI ELT 2 E & BV
TET/MELTEY, ERAMRETH 2O DORINIFAEL
52 LT D, WEEM ORGSR, T nd A MNE
ME, ORI T DR FHIBN LMD DO EEZ L
TV [24], RiTRIBRICIEATRBRIAELRAICRKT D &
HER S CTWD[3L]. A AU 2L, BRICIEET S
WA A2 D8, BRI O D A A % & Lok & B2fil
L7zBRiC, @K LR FRBAOBTAEL D EEZDND
Z &, FEEBASISIZOWT S, BT oA MR
ERITRIBRAKE DRI TALDIMIGEZZLND Z LMD,
B BIBRKDBFLE L7 K 5 2R BRI i, 20 LD
RGN AECRWATREE L E 2 b D, SRIOREBR Tl
il b — % =R EOREHILIEAKSRETH Y, 2o, §#
R ORFEIBRK pH (%, S5 A SGIZ 3Rl S 40TV D fiEHT
fERERoTNE., ZOX I REHIZE - T, EHllsh
RABZK pH & DRENICERNE - EZ NS, LV BHE
BRI 24T 2 72012, REafiRiglcks 7 5 € o
T A N ORKIERE % E B L - HER L 2 ROG T T L DE A
LMEEEZOND.

4 BbHYIC
ANINYTEBLIOREFOMLTAL DERBL %2 &N

ICHYRT 2 Z L2 A E LTLEHBED N T 735
BEM L. X512, BRTOEBRMENTET LV E RO TE
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M O HER LT RIS B L7 B — K — (b Fa g T
EFEML. LTICARTHEONIZMAEZE LD 5.
(1) IBER X OREEM P OKRDE(LE, FEEM IR L
RS IC X > THIE L. L LAads, a7
0 A—4, HEREBER L LI, BEMOEKL
OB EFRFIHIIREDS H 5 2 & RMAMIC b REN & -
To. AR OKRSEANL, AFHRE IS RIE T
BRREL, BNEHZFMET 2 ETEERERTH
5. A%, JFALETOAT Y 7RERA G ST
%z LR[32], MBS DE=2 Y v Z OFREMEIC D
WTHBRFEN TS Z &5 [33], FEEH T OfE%
WEAEST S EZor b —Icibo T, #ilzi3,
HEROEEFIAT 5 J71E[34] 78 £ OF AT OB
HEPMBETHD.

G O 7Y v TERB R R G & LT air, B
FOMTR LWL, B pH WIEOREC XV R o
MFRKIZ pH OARBET T2 Lo, TAF L
DEMSEE T, kM E LTC-S-H 7L
DY TSy T HIEREME L LTV AR
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TRE D E VX VEBRAK DS A BFIREE M P ~ZE L, F
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THEAEH 2B 8 Lo i B4 ORI 8 ] T & 5 Flae
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< HERALZ OGSO B O OB £, K0 HENR
HERNTE T VAT D 72D OEE N5 2 &
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Wi, NI T Z2FLE LTSRN EERN=T 7 4
—/V ROKBEEGL N PR EMIC G2 DB BB L,
=7 74—V ROBEKFEHZ EENITIEZ D Z L BT
Fliph, aryV— MXRERELZEGEICE, E
Wi7eE A NEMEBIOEBIZIVEVEY RS A b
DR, Ca BULIZ L DBKBREOE, =22
— NEEOEF Ca OIEBC & 2B KRR HMER S
DETDHZERBEZ NS, 5%I%, RIS THED
NIARICESE, LBl oL L KBS 5
TS ERZEB O AR % 5 8 L 7o il fighr €7 L
EREEL, NIANYTEFLELEZ=T 7 40—V RE
BEEOFEEN IR EZIT > T L.
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[1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[°]
[10]

[11]

[12]

[13]

PR, I LdE, =R Bk p s
BB DU = — ROBH%E, A 7 i
& EE, INC TN8400 2002-022 (2003).

Rz, I L3, WIHF=R0 0w LV MR BEE Y
MBS 5 =T 7 4 — )b ROBIK-IG B
WK T VT 2 — ROBZE, A 7 AR
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