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Bentonite buffer material is envisaged as a component of the engineered barrier system for
high-level radioactive waste disposal. As a result of its swelling property, the buffer may
extrude into the surrounding host rock through open fractures. If this persists for extremely
long periods of time, the buffer extrusion could lead to a reduction of buffer density, which
may in turn degrade the expected performance. In this report, the viscosity of bentonite was
measured as one of the parameters of a diffusion model. Additionally, a simulation analysis
was carried out to confirm the applicability of the model.

Results obtained from the studies are summarized as follows;

1) Measurement of the viscosity of bentonite

The viscosity was measured as a function of water content ratio by a Rheometer. The
measurement showed that the viscosity decreases with increasing water content. Apparent
viscosities estimated by inverse analysis of the density profiles obtained by the extrusion
experiment were verified by the measured viscosities. As a result, the divergence between
the apparent and the measured viscosities was observed at a water content of more than
800%.

2) Simulation analysis of an experiment result

Bentonite extrusion profiles were obtained by a model simulation based on the measured
viscosities and were shown to be different when compared with the observed profiles in the
extrusion experiments. On the basis of this result, a sensitivity analysis of the setting error
of the viscosity was conducted. The analysis showed that the extrusion profiles were very
sensitive to changes in viscosity.

The above results suggest that there are other factors besides the physical-properties
applied to the present diffusion model which determine extrusion profiles of bentonite and
highlight the need to optimize the model through experiment based identification of other kye
parameters relevant to extrusion phenomenon.
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FER L= —13 R v 72 Mz 57D E o —2 H\Wiz, £/, {BEX 25 C—
EE LT, BB, WEHEIEFEOLF = LT, 2 OB EROPESICERZ T & BEROE
WNBEA\DBENN Z 5 LW ) BR AR LIZIRERIES 27 LA TH D,

2.2.1.2 HERER

WEFOGEEZK 2.2, X 231277, K22 T EmifEffEr— (PP20S) ZfHL,
EEEROREHRIX 2.3 (R TRMEBHIEFAD VY LR b F Ty FE2RE L CEEITo T2, YN
YN T y TRICIIKRERGAER - — B A E X, BB S T2 2 & TREB ORI I
LTW5,

PEE O L, AERBZOHEBL(DFHITE 2D, K 2.3 (RTHEEORIE & [F CERER
TINIIN % T, FrE O MBERAT# ORI OBEERZ L E FANCE Lz (2720, IRERIEX
1To TR |, ZORER, &K 600 %DV 7L 1.42 ¢ D 8 K% O 1% 0.09g TH -
Too THUE, B/KEE L TH 555 %IZH Lz 2 LICHYS 35, EEEOMIE Tldm R T 26 B
ELTNDZ Emb, SBITKRSNEREL, GAREBED L TWDAREMERSH D Z BB LN
Do Gk, LV RHOKSEFROBELET DL & HIZ, I DITKSELEZIZ HHIESRE
RPETEEZRATT DHEND 5, AR TIE, HIERR & EKRELORRE TIRETE T
WieWizw, ABEIOT —ZIZEE L CEKRLOFHIEFIT> TV, 5% OMRFHIBW TR T
— X EBRRE, MENKETHLIRETRLTHIHDOET D,

X 2.2 MEEY— GEmEtstr9—) 2.3 HIERB (Y2 h BTy

X 2.4 IZ5F 7K 600 %, X 2.5 125 7K 700 %alkElOw ABTOT A ORKE(LE RS, GKE
600 %DFEHT, KL 77 (30 Pa) TIEEMMICIZIFERME L Lz 72 D EARE & Il c& 208
&2 2 IS TIHEEINT 5 & AT LRI A R4, 24U, v M A MEER
BRI E K IEOATEE L FRICK D TE RN 2R L, BRSNS ABEERIC X > TR
BHZEHEFLTVWD, 5T, WMENMRETH-> THRBRR L & bITEENEL, FEHtED
2 BOBEIEMTHIE 50 Pa, 100 Pa 3, 17— R 3R0EIR & & b8 MmL, 17 —A
FZEE—ES LIHHE B EMICH Y, HEMENMENb O LBbn s, Ziud, HEFITH
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FOMEE LR AMEE dy [dt 2, (2.1) REVEE ML 22Tk, Mg ORG TR L7
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2.2.2 RFHEEH 7 UV —7HE

ERMHN 27 )V —THEDPHERAOFEL Y, ZNETICRE L7 U —7H BB D8
FEIE, EREN N Z SIS Ko THEAME S AAED DAL TV D ARV mW T & 2RI S 7z
s, B Y —TMEIC L DRET — X OB % FRE SN L7z,

BIEIEE T, FEIC LA A S LA RS600 & Ve, HIESRMEITE 24 18T B THD, 72
B, BRI LEMISSTIO S, ONO#EM 7 —A1%, JEFIZ Téﬁﬂ®m@b<iofﬁ
ERGEE Moo r— R &R LTV D, BIERBIZOWTIE, O T HORIBIEFEANTIE CHIRE &
AHETEL, FERMITITH 930~1430 73 & 72 o7,

# 24 WESRM (7 V—T7HE)
ek (b AN | 7=V

fE Bk AREEK
G [%] 200, 300, 400, 500, 600 : 5 /K#%E
HEIRFE[CI 25 (~VTF = IR L)
WEE— R 7V —7HE

&Kk 200% : 500, 5000, (6000)
&K EE 300% : 2000, 2500, (3000)

#A s /1 [Pal & KEE 400% : 500, 1000, 1500, (2000)
& kb 500% : 100, 300, 1000, (1500)
&k 600% : 100, 300

PP20S : Rkt &9 —

ERE Y- B 20mm, ¥+ v 7 1.5bmm
2 FF ] [min] 276~1428
2.2.2.1 HIEREE
HIEFICB T 2RBEOEKEOEEHYRET 272010, BEEEEREHAIE LZ, 72721, &

Mmfimﬁwﬁﬁkmﬁﬁﬁiﬁofwﬁwoﬁﬂ®m%ammﬂﬁm®amwfhé%®&
L, EEE(MOBETKDEFETHD & LT, RFNREKIEOEINER 2.5 ITE L DT, #iR
FELOMIE & 7 CHIERFETH 5 1400 2B OFFETIE, 200 %DETlk 4 %FEE DG KD
B TH o703, 300~600 %DFENTITKE U T 15 %Aitk D& KB Uiz, Uik, AHIET
BONTEKILTEREZIT S, EABOT AOREZK 2.9~K 2.14 12737, 723, [X2.13
DE K 600 %DT — 2%, X 2.4 OFREED ORLTNWD, £7o, X2.141%, X125 DFEK
700 %DORERTH D, ARRELY, L TEMEZDOOTHIRES LR L, £OROERIL
FF—ED < LIFRERFRGRIZENWOT AN MG 5 28 2Rk Lz, O3 AOEISIE, WIEDFK
EECIRIZIE—EOEIGTEELTWnA E L, OTHAEE—E L Ao 5K ERE L T 2.15
(R TIAEIC Z 0B AMEE SR A2 R, 728, ZOXKMOREICBWTE, KAITHED
ETHEE LTz, 2 26 ITHEDRIEREREZ R L, 25 O R E2 - VWHEE & A WS 7 0B,

T AMNEE SR ORfRE LI 2,16 BLO 2.17 1IZ-T, £, AKHERBRE ZvE TICHEE
LIz V=TT =2 B80T n——77—%%, TAMNEE L HEORRR T 2.18 ICE L 5,
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# 2.5 REIOEKHEZEN

Omin 270min 510min | 1440min | & /KA TFR[%]
Yv7° viE &gl 0.678 0.673 0.668 0.661
ThirEElg] | 0.226 0.226 0.226 0.226
K4y E gl 0.452 0.447 0.442 0.435 96.2
R gl — —0.005 | —0.010 | —0.017
&k (%] 200 198 196 192

Omin 300min | 520min | 1260min | &/KHAK TFHE[%]
Yv7° viE &gl 0.594 0.579 0.571 0.531
ThirEElg] | 0.149 0.149 0.149 0.149
K4y E gl 0.446 0.437 0.429 0.389 87.3
HEA gl — —0.015 | —0.023 | —0.063
&k (%] 300 294 289 262

Omin 300min | 580min | 1580min | &/KHAK TH[%]
Yv7° v &gl 0.581 0.578 0.568 0.533
Tk &gl 0.116 0.116 0.116 0.116
K4y E gl 0.465 0.436 0.426 0.391 84.1
HEA gl — —0.016 | —0.026 | —0.061
&k (%] 400 375 367 336

Omin 300min | 580min | 1580min | &/KHAK TFH[%]
Yv7° v B [g] 0.581 0.578 0.568 0.533
Aok &gl 0.116 0.116 0.116 0.116
K4y E gl 0.465 0.436 0.426 0.391 84.6
HEA gl — —0.024 | —0.032 | —0.060
&k He[%] 500 462 453 423

Omin 300min | 600min | 1410min | & /KA TFHE[%]
Yv7° v &gl 0.516 0.566 0.554 0.528
Aok &gl 0.074 0.074 0.074 0.116
K4y E gl 0.442 0.424 0.412 0.386 87.3
HEA gl — —0.028 | —0.040 | —0.066
&k He[%] 600 575 559 524
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7% 2.6 CREEEHIERE R

o . . S P TR 7 e B2 X . "
K | RAMTS T | BEE OF 73 g i N
[%] [Pal [min] | A | R [s71] [Pa - s] fi
[min] [min]
500 276 200 276 5.89E-08 8.49E+09
200 5000 1025 700 1025 3.98E-06 1.26E+09
6000 75! — — — — Y7 VAR
2000 1300 1000 1300 1.84E-06 1.08 E+09
300 2500 981 400 981 1.39E-06 1.80 E+09
3000 vzl — — — — Y07 VAR
500 1017 500 1017 1.35E-05 3.70 E+08
1000 1274 500 1274 9.36E-07 1.07 E+09
400 1000 821 500 821 1.15E-06 8.69 E+08
1500 1266 500 1266 2.04E-06 7.36 E+08
2000 vzl — — — — Y7 VAR
100 1178 1000 1178 4.74E-07 2.11 E+08
500 300 980 600 980 2.41E-06 1.25 E+08
1000 1428 500 1428 2.61E-06 3.84 E+08
1500 75! — — — — Y7 VAR
30 1270 300 1270 - - [ 1A 2 )
50 960 300 960 3.21 E-07 | 1.56 E+08
50 1127 300 1127 1.78 E-07 | 2.81 E+08
600 100 1053 300 1053 6.35 E-07 | 1.58 E+08
100 929 300 929 4.79 E-07 | 2.09 E+08
100 1375 800 1375 8.89 E-07 | 1.13 E+08
300 1242 500 1242 9.75 E-07 | 3.08 E+08
10 1344 300 1344 4.22 E-08 | 2.37 E+08
10 1343 300 1343 1.79 E-07 | 5.58 E+07
700 50 1541 300 1541 5.15E-07 | 9.70 E+07
50 1262 300 1262 5.44 E-07 | 9.19 E+07
100 1139 300 1139 1.25 E-06 | 8.02 E+07
100 450 300 450 1.14 E-06 | 8.75 E+07
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oK, B R A7 —er@ETFliA— L |Cm? m”sA
B & 77T FFEA— L F/m mPkg’s'A?
% B VA= H/m m kg s*A*
E L T X L F AYa—mEL J/mol m’kg s mol™
Ty bEE— BABERY 2 — A mEAGEIAEY [J(mol K) [m?kg s2K ! mol
REHRE (XBEDPy #) |[7—wrFErrs T Clkg kg!sA
% 74 L 5 7 VA g Gyls m?s?
% & L Uy MERTF VT v Wisr m*m?*kg s*=m’kg s
% 5 i |7 v bavd A= b7 727 2 | W m® sr) |m®m? kg sP=kg s
B FO3E ME B EWZ =L A— L katm® m® s mol

#5. 8

T IS L5
0% |2 % Y | 10! d
TV A 2 10” ®
10® [= 7 ¥ E 10° |2 Uyl m
101 |2 Z P 106 |4 27u[ pn
10 |7 7 T 107 | 7l n
10° [¥ i G 10" | 2| p
10° £ Al M 100 |7 &b f
10° [¥ vk 10" |7 M a
102 |~ 7 K h 102 [ 7 K 2z
108 |7 e 100% |3 7 K y
#6. SHCBE SRV AS, STE PS4 5 HAT
g R SI HAZIC & Bl

o min |1 min=60s

53 h |1h =60 min=3600 s

H d |1d=24 h=86 400 s

FE °  [1°=(m/180) rad

5y > |1'=(1/60)°=(/10800) rad

(i 7 [17=(1/60)'=(1/648000) rad

~7 B =)L ha |1ha=1hm?=10*m?

Yy kv L, 1 [1L=11=1dm*=10°cm®=10°m?
2 t |1t=10°kg

K7. SLITEERVA, SIEHFA SN BALT, SIHMLT

KENDEEREBRNCHEOND HD
g ka2 SI HifZ TF S5 Hfil
# 7 A L B eV |1eV=1.602 176 53(14)x10°J
% kv Da [1Da=1.660 538 86(28)x102"kg
MR EHA] u |lu=1Da
K3 W I ua |1ua=1.495 978 706 91(6)x10"'m

#8. SUTESZRWVAS, STEPHH SN D Z Ofto HAL

gD e SI HAL TR Sh 55
2~ = /M bar [1bar=0.1MPa=100kPa=10°Pa
IKEME U A — b YmmHg 1mmHg=133.322Pa
v 7 A bhr—an A [1A=0.1nm=100pm=10""m
it B M [1M=1852m
A — “| b |1b=100fm®=(10"%cm)2=10"**m*
J D2 M kn |1kn=(1852/3600)m/s
S } STHIAL & ORI BRI,

) \ SRR O TE T\ KAT S
7 v X | dB
#9. HAOLFE S OCGSHNHAL
g ok ST L TR S 55l
= L 7| erg |1erg=10"J
4 A | dyn |1 dyn=10°N
N 7 Al P |1P=1dynscm?=0.1Pas
2 b — 7 A| St |1St=lem’s'=10"m?s?
A F b 7| sb |1sb=ledcm®=10%d m?
7 + M ph |1 ph=lcd srem® 10%x
H /M Gal |1 Gal=1lcm s°=10°ms?
~ 7 A U 1 M Mx [1Mx=1Gcem’=10*Wb
H v A G |1 G=1Mxcm?=10"T
T x7 v K )] Oe |10e2 (10%4mA m’
(c) 3ILARDCGSHNLR & SITIEHEILB TERND, F5 [ & )

RIS 2T T b O Th B,

#10. SR S 72V Z O fth o> HifE o i)

g (ks SI HifL TR S h 25l
¥ =2 U —| Ci |1Ci=3.7x10"Bq
v v b % ¥ R [1R=258x10"Clkg
7 K| rad |1 rad=1cGy=10Gy
%% Al rem |1 rem=1 ¢Sv=102Sv
77 v <[ v |1y=1nT=10-9T
7 = A 3 17 =/ 2=1fm=10-156m
A—=RMVRAT v b 1A= RVHRHA T v b =200 mg = 2x10-4kg
k V| Torr |1 Torr = (101 325/760) Pa
B % K & JE| atm |1atm =101 325 Pa
PR g | el [teal=41858] (N5CIHmY—) , 41868
(MTIA =Y —) 4184 (MBMLZ 1 E ) —)

g Vi = U op 1 p=1pm=10"°m

(58hR, 20064EE4ET)



COMRMEBEREERLTOES





