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To establish sealing performance suitable for geological environmental conditions of Japan, it is hecessary to obtain basic data
related to the sealing functions through laboratory and in-situ experiments. These data are to be used for practical design of the
sealing materials and to establish the method for analysis of the sealing performance.

Japan Atomic Energy Agency (JAEA) had joined the international project, the Tunnel Sealing Experiment (TSX), to demonstrate
the sealing performance of full scale plugs in-situ, and to develop analytical method of the sealing performance of the plugs at
Underground Research Laboratory of the Atomic Energy of Canada Limited in Canada.

This paper presents the experimental data on the sealing performance, as well as the analytical studies for clay plug performance
based on the tracer test results. The results of the experiments and the analytical studiesindicate that the low permeability of the clay
plug was well performed. It was also shown that the boundary between the clay plug and rock could be a dominant mass transport
pathway.

Keywords: HLW, geological disposal, sealing technology, TSX, URL, clay plug, crystalline rock, EDZ, tracer test, mass
transport
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10cm EDZ [22,25]
EDZ
25
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Table 2 TSX I nstrumentation in the Clay Plug
Instrument Description Quantity | Thermistors
Earth pressure cells (EPC) Swelling pressure 35 35
Total pressure cells (TPC) Swelling pressure 27 16
Thermocouple psychrometers (PSY) Clay moisture content 132 132*
Hygrometers (HYG) Clay moisture content 14 14
Time domain reflectometry (TDR) Clay moisture content 12 0
Vibrating wire piezometers (PZ) Clay water pressure 8 8
EDZ piezometers (PZ) EDZ pore pressure 5 5
Linear potentiometer (LP) Displacement 4 0
Rotary potentiometer (RP) Displacement 1 0
Sonic probe measurement points (SONP) Displacement 6 0
Stainless steel plate LVDTs (CLDT) Displacement 6 0
Steelshell LVDT** (CLDT) Displacement 1 0
Ring beam LVDTs (CLDT) Displacement 4 0
Evaporation room hygrometers (VHS) Relative humidity 2 2
Evaporation room thermistors (CL-T) Air temperature 0 6
Total 257 218

* Psychrometers use thermocouples to meas

ure temperature

** LVDT - Linear Variable Differential Transformer

17

e

30 %
(
)
EDZ
Fig.5
) Fig.6






Vol.14 No.1

3 2001 9 4 MPa
90 %
132 14 12
TDR Fig. 7 4
TDR
1 MPa 100 %
TDR
EDZ TDR
1998 9 2 MPa
45 mm

Distance from Downstream Face of Clay Plug

0.2m 0.8 m 1.2m 1.7m 2.3m
30 Aug 1998 — ' - =

30 Dec 1998

Suction

<1 MPa
1 MPa
2 MPa
3 MPa
4 MPa
5 MPa
>6 Mpa

OO0OmO = .

Fig. 7 Water Uptake by the Clay Plug as M easured Using Psychrometers and Hygrometers (RH values converted to
suction equivalents)

19



6.0

5.0

4.0

.
A
pressure o
o
A
X

3.0

2.0

Total pressure [MPa]

1.0

1/1/2002

0.0 i
1/1/1998 1/1/1999 1/1/2000 1/1/2001

Date [month/day/year]
Fig. 8 Distribution of Total Pressures of the Clay Plug

6 mm
38 mm
Fig. 8
( )
()

31
TSX

EDZ

20

December 2007

3.2
Table 1 5
15 0.8 MPa (1999
5 2000 4 ) 15 2 MPa
(2000 7 2001 4 ) 15
4 MPa (2000 9 2002 5 )
35 40 4 MPa (2002
11 2003 3 ) 50 55 4MPa
(2003 7 2003 12 )
Fig. 9 Fig. 4
1998 9 1999 5 0.8 MPa
4 100 mm® s?
4 MPa
0.8 MPa
2 MPa
9
0.8MPa 3mmés? 2MPa 8 mm®
st 4 MPa
10 mm® st
e seepage rate pressure temperature
140 \ \ \ \ \ 7
U
@
120 -6 &
) c
2 100 52
£ s
k) 80 — 4 “_|
° 3
% 60 13 -?lz
& L
® 40 12 E
o o
20 119
o

0
1/1/1998

17 /2000
Date [month/day/year]

1/1/2002 1/1/2004

Fig. 9 Tunnel Pressure, Temperature and Seepage Rate for
the Clay Plug



Vol.14 No.1

€ Flow of tracer

Sl ect or val ve

g —

Tracer tank

9:1

be bE b6

¢i¢ Concretea
plug

He ke b6

- 2

€ Pressure room =%

= >

Standpipe pressure-fed

Y

Clay
plug

e SRL L

6 8mm’s?

4 MPa

36x10%ms?

33

0.01 mg ¢!
27 mg ¢?

Fig. 10 Conceptual Diagram of the Tracer | njection Method

2 MPa

[22]
2 15
4 3 4 55
Fig. 4
15
Table 3
1 231
2 34 (816 )
08gt?

21

51,000¢

35

(5544

15

125

)

Fig. 10
15
Fig.11
(3000 )
3



Table 3 Results of Tracer Tests

Tracer Sodium iodide
Temperature [°C] 15
Tracer | Pressure [MPe] 0.8-2
test1 | Initial concentration [g (] 1
Breakthrough time at clay plug
[day(houn)] 231(5544)
Tracer Sodium bromide
Temperature [°C] 15-35
Tracer | Pressure [MPa) 4
test2 | Initial concentration [g (] 1
Breakthrough time at clay plug
[day(hour)] 4610
Tracer Rhodamine
Temperature [°C] 55
Tracer | Pressure [MPa) 4
test3 | Initial concentration [g ¢'] 37
Breakthrough time at clay plug 33(810)-
[day(hour)] 37(870)
Tracer Sodium iodide
Temperature [°C] 55
Tracer | Pressure [MPa) 4
test4 | Initial concentration [g ¢'] 0.8

Breakthrough time at clay plug
[day(hour)]
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Table4 Summary of Evaluationsfor Tracer Tests
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Table5 List of Material Propertiesin STEP 1
; Permeahility| Specific Coefficient of : Longitudinal
Materid ImsY |storagem?]| diffusion [m?sY |POrOSY| dispersivity[m]
A | ClayPlug | 3.8x10™ | 5.8x10* 1.1x10™"° 0.3000
B Backfill 1.3x10*" | 5.8x10* 1.1x10%° 0.2100
C| Shotclay | 1.3x10% | 5.8x10* 1.1x10%° 0.5300
D EDZ1 1.3x10° | 3.2x107 1.1x10™"2 0.0100 01
D' EDZ2 , "
Table6 | 1.7x10° 5.6x10 0.0050
E EDZ2
Rock 1.3x10" | 5.0x10® 1.1x10™" 0.0025
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Table 6 Analytical Case of STEP 1

case '(grl’go)co"ce””a“o” Permeability at 25°C of EDZ2 [m s7]
1-1 | constant 8.951x10™ ~
1-2 | pulse(1.0->0.1) 8.951x10™"
1-3 | constant 1.279x101° 2
1-4 | pulse(1.0->0.1) 1.279x10%0 2
1-5 | constant 6.393x10™ 3
1-6 | pulse(1.0->0.1) 6.393x10™

*1  Estimation by substitution of the Kys of 7.0x10" 1 . into equation (4)
*2  Estimation by substitution of the K15 of 1.0x107° |nto equation (4)
*3  Estimation by substitution of the K35 of 5.0x10™! into equation (4)
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Fig. 13 Comparison of Breakthrough Curve between Measurement and Calculation of Tracer Test 2 in
STEP1 (C/C,isnormalized solute concentration)

Table7 List of Material

Propertiesin STEP 2

. Permeability| Specific Coefficient of : Longitudinal
Material ImsY  |storagelmY| diffusion [m?s?Y |PO"OSY| gispersivity[m]

A | ClayPlug 6.7x10" | 5.8x10™ 1.5x10%° 0.3000
B Backfill 2.2x10* | 5.8x10* 1.5x10*° 0.2100
C| Shot-clay 2.2x10"%? | 5.8x10™ 1.5x10%° 0.5300
D EDZ1 2.2x10° | 3.2x107 1.5x10*2 0.0100 0.1
D' EDZ2 , s

Table 8 1.7x10 7.3x10 0.0050

EDZ2

F Rock 2.2x10" | 5.0x10® 1.5x10%2 0.0025
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Table 8 Analytical case of STEP 2

case I(gp/)(u:to)concentration Permeability at 55°C of EDZ2 [m s]
2-1 | constant 1.127x101° "
2-2 | constant 9.014x10™ "2
2-3 | constant 5.634x10 3

*1 Estimation by substitution of the Ky of 5.0x10™ into equation (4)
in which “uss=0.505" isused in place of

*2 0.8 times the permeability in case 2-1

*3 0.5 times the permeability in case 2-1
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