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Experimental studies on the coupled THMC processes by COUPLE equipment
- Part II -

(Research Document)

Yoshihiro Oda*, Hideaki Suzuki**, Susumu Kawakami*, Mikazu Yui*

Abstract

The research for numerical experiments on the coupled Thermo -Hydro
-Mechanical and Chemical (THMC) processes in the near-field of a high-level
radioactive waste repository has been initiated to improve reliability of the
near-field environmental condition, which i1s assumed for the evaluation of
engineered barrier design and performance assessment of the repository system.

As a part of these investigations, experimental studies have been carried out by
using the “COUPLE” equipment, which simulates the coupled THMC process. The
COUPLE equipment simulates the coupled processes in the near-field after
emplacement of the engineered barrier. The materials of COUPLE equipment are
composed of heater as the simulated container, buffer material and mortar block. In
this experiment, temperature at the simulated container and at side surface of
mortar block was kept at 100 and 70 , respectively. High-pH water (pH~10),
obtained from a reaction between distilled water and mortar, reacted with mortar
infiltrates into the buffer material.

This report presents the results of investigate chemical changes of buffer material
after the COUPLE experiment. The alteration of smectite and the precipitation
secondary minerals were examined by using methylene blue adsorption test,
measurement method of cation exchange capacity, X-Ray diffraction and SEM/EDS.

From these result, there is not confirm the chemical change of smectite and the
precipitation secondary minerals in the buffer material.

There are the results of X-Ray diffraction and SEM/EDS in attached CD-R.

* Tokai Works, Waste Management and Fuel Cycle Research Center, Waste

Isolation Research Division, Barrier Performance Group

**  Inspection & Development Corporation

-11-



JNC TN8400 2004-024

2.3

2.4

2.5.

3.1

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.1 X ettt e s

Ai4.2 X et e s e e

4.4.3 SEM EDS e

4.5

5.1

-1ii-



JNC TN8400 2004-024

32 PP P PP PP PP P PP PP P PP PPPPPPPPPPPPPPPPRS 41
33 PP PP P PP PP PP PP PP PPPPPPPPPPPPPPPPPPPRS 42
B s 43
1P PP PO PP PP PP PP PP PP PP PP PP P PP PPPPPPPPPPPRPPRPPRt 45
B s 46

-iv-



JNC TN8400 2004-024

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
4-1
4-2X
4-3X
4-4X
4-5X
4-6
4-7
4-8

SEM
SEM
SEM
EDS

(COUPLE)

© 00 J Ot w

38.8 38.9
129 193
2,560



JNC TN8400 2004-024

D/

D/

D/

B 17
B 18
B 8 XK 19
3-4 SEM E DS 20
S 22
Ao ] 23
4-3 D GO 30
5-1 39
3 40
5 40
5-4 PHREEQ C 41

-vi-



JNC TN8400 2004-024

1.
2001 2002 2003 2004
(COUPLE)
70
15 6 3
15 12
pH
1
2003 2004
(COUPLE)

X SEM

pH

pH

pH

100



JNC TN8400 2004-024

2.
(COUPLE)
2003 2004
2.1
(COUPLE) 2-1
Im><Im><1m
2
4 6
500mm
1008
125¢ 2258



JNC TN8400 2004-024

2-1 - - (COUPLE)




JNC TN8400 2004-024

2.2
1,000mm
2
50 2 1999a
1/7
2 1/7
300mm 100mm
2.2.1
2-2
1,000mm 2mm  SUS316
SUS316
251 193 1,001
0.6
3.16
1.68
2-1 707
2-1
SiO, | ALO; | Fe,0,+FeO | MgO | CaO | Na,O | K,0
69.90 | 15.00 5.05 193 | 310 | 262 | 0.20
300mm
1,000mm 16 30mm
1,000mm 28



JNC TN8400 2004-024

16-¢p30
A ‘ /
\ \
|
8 ©300
\
|
- 1000 .
2-2
2.2.2
2-3 290mm
930mm
10
2-2 T0wt% 5
15wt% 3 15wt% 2-3 2-4
13%



JNC TN8400 2004-024

290mm 100mm
1,600kg/m3
2-3 No.
No.
2003
2-2
V1 N0.304830
5
3 3 S
2-3
Sio, Al,O, Fe,O, CaO MgO TiO,
99.8 0.02 0.01 - - 0.03
3 96.3 21 0.1 - - -




JNC TN8400 2004-024

No.13

No.9

No.8

No.7

No.5

No.4

No.3

No.2

No.1

No.12

930

mm



JNC TN8400 2004-024

100

80

[%]

60 —

40 -

20

0.0

[mm]

2-4

2.3
2-5

100

1 /em

70
70

10cm

15 6 3 1500
15

180

10.0

1,000

121 10:00



JNC TN8400 2004-024

70
( )
|

ﬁ /\‘

Fi]

=

o % 70

ﬁ C
2-5 - - -
2.4
2003
(1) pH
pH 2-6
Ion Sensitive Field Effect Transistor ISFET) pH
pH 10.5 10
Calcite Calcite
(PHREEQC) Parkhurst, et al.,
1999
Calcite
CO2
pH 104 2003



JNC TN8400 2004-024

o777 80
% "
10.5+ -60
T .\ K
o
-50
10.0+ -40
—— 30
—— PHREEQC
95 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20
0 30 60 90 120 150 180
[day]
2-6 pH
2
90 2-7

THAMES-3D (Ohnishi, et al., 1985, Chijimatsu, et al., 2000)

1 /em

100

90 O =

851 s

1

[

70

65

300 400 500
[mm]

0 100 200

2-7

-10 -



JNC TN8400 2004-024

3) prH
pH 2-8
THAMES-3D
60
ISFET pH pH
pH 30
2-9 pH
ISFET pH
pH
pH
ISFET pH pH ISFET
0.3 11

10
0.2
- 9
e
©
I
ISFET 1% p Hat 8
0.1 D —
HoOA—4
Dt A r~< 7
ISFET  pH
0_0 | | | | | | | | | | 6
0 30 60 90 120 150 180
[day]
@ 50.0mm
2-8 pH

-11 -

pH

60

pH
pH



JNC TN8400 2004-024

0.3 11
-110
0.2 |
— -9
e
©
1T
! -8
0.14
-7
0'0 | | | | | | | | | | 6
0 30 60 90 120 150 180
[day]
(b) 62.5mm
0.3 : 11
-10
P
1 O
I
| SFET 4% p Het ;8
Dt BAA > - i
0.1 ]
— — GL-465 |
-7
-t = GL-665 |
| MZ:m
00 | | | | | | | | | | 76
0 30 60 90 120 150 180
[day]
(©) 75.0mm
2-8 pH

-12-



JNC TN8400 2004-024

11 ‘ ‘
—O— ISFET pH ( 4mm)
——ISFET  pH ( gmm) |——=
—e— pH ( BOX
10~ -
5 9 .
8, |
7 | | | |
0 20 40 60 80
[mm]
2-9 pH
2.5.
2-10
10 10
1/4 40
2-11

-13 -

100



JNC TN8400 2004-024

-14 -



JNC TN8400 2004-024

-215

-370
-415
-460

-715

-930

No.13

No.9

No.8

POO00

No.3

No.2

No.1

No.12

290
i OO O O !
No.13 ! ' No.13
| |
‘ No.9 ‘ No.9
1 1
— —‘—o—o—o— i —‘—— =
No.8 ! ' No.8
f f
‘ No.7 ‘ No.7
— : T O 1 : =
e bad || -
No.5 No.5
- i O Oi . - i —
No.4 No.4
I I
‘ No.3 ‘ No.3
I I
_ | O Ol — 4 | _
No.2 ! ! No.2
I I
‘ No.1 ‘ No.1
I I
No.12
} b o d - } No.12
A-A" B-B*
O
@ X SEM EDS
2-11

-15 -




JNC TN8400 2004-024

3.
3.1

100% F

140mmol/100g
JBAS-107-91
105 110 0.5+0.001g
2% 50me 10
80% 2
1m¢t
30
2
1 1me
2 1.5 2mm
1 2
[mmol/100g] = 0.01M [me] /0.5
3.2
JBAS-106-77
(a) 1N
100me 1IN
4 24

) 50ml  80%

() 100me  10%

(d)

-16 -



JNC TN8400 2004-024

0.1N 0.1N
100g [meq/100g] 1
2
CEC(meq/100g) = 107(A-B)
S(100— M)/100
A: 0.1IN NaOH[m¢(] B 0.IN NaOH[m¢ ]
f 0.IN NaOH S [e] M [%]
3.3
6%
0.5g
Na, K, Mg, Ca 1
2
2-11 28
3-1
33
5
SFSA
3.4 X SEM EDS
Ca
X (X-Ray
Diffraction, XRD) RINT2100 SEM(Scanning Electron Microscopy)
ISI-DS130 EDS(Energy Dispersive Spectrometry)
EDAX9100
3-2 X SEM
EDS 3-3 3-4

-17 -



_81_

3-2

Ca

Ca Ca

XRD

Si Si-0

XRD
SEM/EDS

C-S-H

Ca Si

C-S-H xCaO ySiO, zH,0

XRD

SEM/EDS

Si Al

XRD

Si Al Si

SEM/EDS

(Ca(OH),)
(CaCOy)

XRD

(CasSiys(OH), 4H,0)

XRD
SEM/EDS

Ca Ca

XRD

720-700% 00FSNL ONI


情報共用11
テキストボックス
- 18 -



_61_

3-3 X
2 40°
2 d(001)
= 2 25°
2
*2
15 17
10 10
2 15°
" (RH)
4 2 70 2
2
55 65< Al 2 2- Mg,Fe 3
3- d(060)
2- 149 150 3- 152 154
*1 ** *2
*3 RHO 100% 210% 11 *4

**

720-700% 00FSNL ONI


情報共用11
テキストボックス
- 19 -



JNC TN8400 2004-024

*x

XRD

EDS

EDS

3-4 SEM
EDS

SEM
SEM

SEM

-20 -


情報共用11
テキストボックス
- 20 -



JNC TN8400 2004-024

4.
4.1
4-1
4.2
4.3
4-1 4-2
1
2 2 1
Na* Ca?t

Ca2t Kt Mg2+

Na*

-21-



JNC TN8400 2004-024

4-1
MB - [meq/100g]
[mm] | [mm] No. [mmol/100g] ] Na* | K* | Mg* | Ca* | Total [meq/100g]
5 13 60 43 363 | 06 | 1.7 | 122 | 506 50.6
GL-0 45 60 43 404 | 06 | 14 | 124 | 548 50.2
85 58 41 441 | 11 1.0 117 57.9 50.0
5 60 43 401 | 04 14 12.0 53.9 50.6
8
GL-215 45 60 43 417 | 04 1.0 113 544 516
85 60 43 439 | 06 | 09 112 56.6 52.0
5 5 54 39 398 | 0.7 | 22 | 137 | 564 51.6
GL-370 45 56 40 433 | 0.7 14 131 585 52.0
85 56 40 406 | 09 | 09 125 54.9 50.6
5 56 40 418 | 0.8 19 159 60.4 50.9
25 5 56 40 381 | 07| 15 | 158 | 56.1 50.9
45 58 41 398 | 0.8 13 15.2 57.1 485
65 58 41 408 | 0.9 11 151 57.9 478
Gldls |85 58 41 [ 463 | 09| 08 | 139 | 619 481
5 60 43 446 | 06 | 19 | 130 | 601 532
25 5 58 41 452 | 07 | 15 | 126 | 60.0 52.0
45 56 40 443 | 0.8 14 132 59.7 48.8
65 58 41 480 | 1.0 1.0 131 63.1 50.2
85 58 41 405 | 10 | 08 125 54.8 48.2
5 5 58 41 389 | 04 | 18 | 126 | 537 50.8
GL-460 45 60 43 417 | 06 | 15 | 128 | 56.6 50.7
85 56 40 342 | 07 | 0.7 123 | 479 454
5 56 40 402 | 0.7 21 16.1 59.1 52.9
2
GL-715 45 56 40 439 | 09 16 15.0 61.4 525
85 56 40 449 | 12 12 15.6 62.9 52.4
5 58 41 394 | 05| 25 | 140 | 564 51.3
12
GL-930 45 58 41 376 | 05| 16 | 126 | 523 51.8
85 60 43 372 | 05 12 16.1 55.4 52.1
60 43 395 | 03 12 125 535 51.0
60 43 401 | 0.3 12 12.6 54.2 495
60 43 413 | 0.3 12 124 | 552 49.1
60 43 431 | 0.3 12 131 57.6 49.8
60 43 421 | 03 | 12 | 132 | 569 49.6
*
**100% (MB) 140mmol/100g
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Step 5: step4
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-0.7atm -3.5atm
Calcite
5-1 (OPC)
OPC 1g
[mol/g]
3
[9/cm’] [9/g-OPC] | [cm¥/g-OPC]
mol
C;AHg 3.783><10? 2.52 4.364><10™ 1.651>=<10"1 6.551><1072
Brucite 5.832><10* 2.36 4.635>10™ 2.703><107 1.145>102
CeASsHay 1.255>10° 1.78 8538>10* | 1.072x10" | 6.021>=107
KOH 5.611><10* - 1.164><10"* 6.531><1073 -
NaOH 4,000><10* - 7.535><10° 3.014><103 -
C-S-H 1.342><10? 2.35 3.589><103 4.816><10"1 2.049><101
Ca(OH), 7.409>=<10* 224 53751073 3.982><10"1 1.778><10"
2
Pyrite Calcite Chalcedony
5-2
5-3 2 1999b
10 14 Tobermorite CASH
CSH
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2003
-0.7atm -3.5atm
5-2
[mol/e ]
Pyrite: FeS, 1.622><10™
Calcite: CaCO, 7.222>10"
Chalcedony: SiO, 1.758><10"
2.78><10°
48 wtlh
[meg/100g] | 60.1
ZNa 51.4 (2.78g/€ ><51.4meq/100g=1.428><10°mol/¢ )
Z,Ca 7.4 (2.78g9/8 >=<7.4meq/1009/2=1.029><10"'mol/® )
[meq/100g] ZK 0.6 (2.78g/8 ><0.6meq/1009=1.668><10?mol/® )
Z,Mg 0.7 (2.78g/8 ><0.7meq/1009/2=9.730><10"*mol/® )
2ZNa-Z,Ca | 0.69
ZNa-ZK 0.42
2ZNa-Z,Mg | 0.67
[logKcer]
ZNa-ZH 1.88
logK(-)=-7.92, logK(+)=5.67
6.5><107° [mol/g]
29 [m¥/g]
PHREEQC 7
(3)
(1) (2)
50%
1
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pH 12.894 pe 7.706

2
Pyrite Calcite Chalcedony
Cazt (Z2Ca)
Z pH 8501 pe -4.498
(3)
5-4
Pyrite Chalcedony Calcite
ZNa 7Z:Ca Z:Mg ZK
pH 10.155 pe -6.098
p
5-4 PHREEQC

[mol/¢€ ] [mol/¢€ ]
Pyrite: FeS, 1.596><10™ 1.621>=<10™"
Calcite: CaCO, 7.151><10" 7.084><10"
Chalcedony: SiO, 1.758><10" 1.758>=<10"
ZNa 1.381><10% 1.401><10%
Z,Ca 1.124><10™ 1.166><10"
ZK 4.491>=<10? 1.656><107
Z,Mg 9.712>=<107 9.726><10"®
Surf sOH 3578><10? 6.938><10"
Surf sO 5.042>10? 1517><107
Surf sOH* 1.428><10™ 1.784><107
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