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Abstract

Applicability and potential for decreasing alteration of Low alkaline cement,
which has been produced for preventing alteration of bentonite and rock, is
investigated. Applicability is assessed by laboratory test and preventing potential
is assessed by long term accelerating test. This study consists of accelerating
corrosion test of rebar in saline, atomogeneous shrinkage test of HFSC,
accelerating test for bentonite and rock, and summarizing rock and bentonite
alteration.

Automogenous shrinkage

Automogenous shrinkage of HFSC is larger than OPC in cement paste.

It decreases corresponding to rise of fly ash content. The shrinkage in HFSC226 is
guite similar to OPC in cement paste. The shrinkage in HFSC concrete is smaller
than OPC concrete.

720 days alteration test of bentonite by solution of low alkaline cement.

lon exchange to Ca bentonite and calcite are observed in the solid phase. Thin
plate of bentonite is disappeared and round shaped secondary mineral is
generated. Dissolution of bentonite and generation of secondary minerals are
limited in pH 11.0 or less, since pH of bentonite is about 10.0.

720 days alteration test of rock by solution of low alkaline cement.

Calcite is generated in every test . Very small evidence is observed as generation

of secondary minerals. Etched pits are observed in tuff A due to corrosion.

This work was performed by OBAYASHI Co. under contract with Japan Nuclear

Cycle Development Institute

JNC Liaison : Material Research group, Waste Isolation Research Division, Waste
Management and Fuel Cycle Research Center, Tokaiworks

* OBAYASHI CO.
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1.
1.1
60 HFSC(HFSC226 )
2)
(HFSC)
30
pH
1.2
1.1
AE
1.1
W/C s/a kg/m
(%) (cm) (%) W C S G HS700
HFSC424 | 30.0 65+5 55.0 | 172 575 | 807 | 673 | ©x2.20%
HFSC
HFSC325 | 30.0 65+5 55.0 | 169 | 565 | 807 | 673 | Cx2.30%
HFSC226 | 30.0 6545 55.0 | 165 | 550 | 807 | 673 | Cx3.00%
OPC OPC 30.0 65+5 55.0 | 189 | 629 | 807 | 673 | Cx1.65%
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1.3
OPC HFSC424 HFSC325 1.2
1.2
pH
HSFC424 o o o o
HFSC325 ) o o o
HFSC226 o o
OPC o
1.4
(1)
1.3
1.3
wi/C
(%)
30
o5 Cl
Mm99 18
HFSc325 | 30 2.7 pH
HFSC 30
15 25 35mm
HFSC 30 100%
HFSC 30
100% 1 59 0.5 1.0mm
HFSC 30
25mm
(2)
4 1 13
50
50 60%RH
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28 200
28 13 91
(3)
1.4
1.4
JIS A 1108
28
JCI SC-4 5(
pH
6
8
10
JIS A 1108
13
JCI
119
JCI SC-4 5(
pH
1.5
©150x300mm
OPC HFSC424 HFSC325 HFSC226
28 100% 1.8 20
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1.6 pH
HFSC pH
30 5cm 10cm
HSFC226 HFSC424 HFSC325
2 1
91 pH
pH 20g
1 pH
1.7
1.7.1
1.5
1.5
cm
HFSC424 | 680680 3.7 21.0
HFSC325 | 700x680 4.1 21.0
HFSC226 | 680680 4.2 21.0
OoPC 630%x620 3.9 21.0
1.7.2
1.6
1.6
N/mm? N/mm?2
28 119 28 119
HFSC424 74.8 93.8 4.15 6.19
HFSC325 51.6 73.6 3.55 491
HFSC226 33.8 54.9
HFSC226 2)

28

40g
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1.7.3

(1)
1.1 1.2

—8—0.9%-25mm

—4a—1.8%-25mm

—a—2_7%-25mm

---0---1_.8%-15mm

---@---1_8%-35mm

—-%-—-1.8%-25mm

0.2mm
—-+--1.8%-25mm

0.5mm
—-%--1.8%-25mm

1.0mm

1.1 HFSC424

0 —a—(0.9%-25mm
-100 —&—1.8%-25mm
-200 *. —8—2._7%-25mm

>

=
-300 ‘ ---0---1.8%-15mm
~400 ---0---1_8%-35mm
~500 —-%-—1.8%-25mm

0.2mm
_600 —-+--1.8%-25mm
0.5mm
-700 —-%--1.8%-25mm
1.0mm
1.2 HFSC325
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(2)
1.7
1.7
Q cm?
pA/cm?

0 6 8 10 13
50 2149 | 2262 | 2319 2247 1818
0.012 | 0.012 | 0.011 0.012 0.015
25mm 2505 2038 2265 2377 2083
0.011 | 0.013 | 0.011 0.011 0.013
2302 2105 1557 1914 2240
0.011 | 0.012 | 0.017 0.014 0.012
15mm 2865 2645 2406 2434 2190
HFSC424 0.009 | 0.010 | 0.011 0.011 0.012
a5 3237 | 2948 | 2927 2889 2228
100 0.008 | 0.009 | 0.009 0.009 0.012
0.2 3531 3256 1139 1329 1246
0.007 | 0.008 | 0.023 0.020 0.021
925 0.5mm 2482 2584 1512 1610 1305
0.011| 0.010 | 0.017 0.017 0.020
1.0mm 3614 | 2636 | 1742 1753 1208
0.007 | 0.010| 0.015 0.015 0.022
50 2276 | 2417 2400 2233 1800
0.012 | 0.011 | 0.011 0.012 0.014
95mm 3044 | 2590 | 2320 2372 2106
0.009 | 0.010| 0.011 0.011 0.012
2875 | 2309 | 2300 2169 2279
0.009 | 0.011| 0.011 0.012 0.012
4000 | 2601 | 2430 2540 3333

15mm

HFSC325 0.007 | 0.010 | 0.011 0.010 0.008
a5 3283 | 2377 | 2220 2375 2330
100 0.008 | 0.011 | 0.012 0.011 0.011
0.9mm 3252 | 2701 | 2375 2151 1843
0.008 | 0.010 | 0.011 0.012 0.014
925 0.5mm 3770 | 2233 | 1972 2035 1684
0.007 | 0.012| 0.013 0.013 0.015
1.0mm 2258 | 2385 | 2270 1571 1237
0.012 | 0.011 | 0.011 0.017 0.021
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1.7.4 pH
pH 1.8
1.8 pH
1 4
HFSC424 12.17 12.02
HFSC325 28 12.29 12.21
HFSC226 12.29 12.16
1 3
HFSC424 11.96 11.88
HFSC325 91 12.23 12.19
HFSC226 12.40 12.41
1.8
1.8.1
1.9
(x10'8cm2/s) (Xx10°8cm?/s)
HFSC424 2.9 1.77 1.6
HFSC325 4.0 1.90 2.0
HFSC226 4.0 20.57 0.2
OPC 4.4 1.08 3.5
1.8.2
OPC
1.10
pH 1.3
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110 HFSC
(kg/m3) pH
HFSC424 0.65 12.41
HFSC325 0.22 12.19
HFSC226 0.00 11.88
OPC 0.98 13.00

12 ¢
1
P 2
E g y = -0.3404x? + 9.3859x - 63.495
0.6 _
04
0.2 n
O / I I I I | ]
11.8 12 122 124 126 128 13 13.2
_02 L
H
1.17 H
1.8.3 pH
pH 28 91 2
pH 3) pH 11.0
pH
HFSC424 : pH(t)=-0.00254t + 12.48
HFSC325 : pH(t)=-0.00032t + 12.21
HFSC226 : pH(t)=-0.00222t + 12.08
t
pH pH 11.0 10.0
1.11 pH 11.0
HFSC 2

10.0
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1.11 pH
pH pH
1 pH 11.0 | pH 10.0
HFSC424 12.48 1.60 2.67
HFSC325 12.21 | 0.00254 | 0.927 1.31 2.38
HFSC226 12.08 1.17 2.24
1.8.4
(1)
pH
1.12
1.12
pH
mm (kg/m3
15 0.22 5.0 0.11
HFSC424 12.03 | 11.64 | 25 0.00 0.0 0.02
35 0.00 0.0 0.02
15 0.31 2.0 0.05
HFSC325 11.72 | 11.41 | 25 0.00 0.0 0.04
35 0.00 0.0 0.03
1.8 15 0.66 53.70 0.58
HFSC226 11.43 | 11.10 | 25 0.31 10.58 0.63
35 0.26 8.21 0.20
15 0.13 2.31 0.55
OPC 13.00 | 13.00 | 25 0.09 0.0 0.0
35 0.16 0.0 0.0
HFSC424 12.03 | 11.64 0.11 3.0 0.01
HFSC325 . 11.72 | 11.41 0.00 2.0 0.05
HFSC226 ‘ 11.43 | 11.10 0.06 28.18 1.40
OPC 13.00 | 13.00 | 25 0.09 0.0 0.0
HFSC226 11.43 | 11.10 1.14 14.29 0.76
OPC 13.00 | 13.00 1.09 4.27 0.85
1.4 HFSC226 OPC
HFSC

-10-




JNC TJ8400 2003-063

16

OHFSC424
14 . OHFSC325 ‘
AHFSC226
12 HmOPC

0.8 .

0.6 A

04 -

02 | A

0 0.2 04 06 0.8 1 12
kg/m3

1.4

(2) pH
HFSC 0.2kg/m? OPC1.0kg/m3
pH 1.5

16 r
14+ 1

12 -

08 r
06 r

04 r

11 115 12 125 13 135

1.5 pH
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pH pH
11.0 pH
pH11.25 pH
HFSC HFSC226
HFSC325 424
HFSC pH
11.0
HFSC226
(3)
HFSC226
HFSC226 91 25mm
0.631 35mm 0.201
HFSC226 1.67 /
3) HFSC226
0.43 /
0.76
/91 4.3 0.71
HFSC226 OPC 0.76 0.85%
pH
HFSC424 325 HFSC424 325
1.13
1.13
pH
/ /
HFSC424 11.64 0.00
HFSC325 11.41 ) 0.71
HFSC226 11.10 0.43
1.8.5 ( )
1.14
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2 OPC HFSC226
1.14
pH
Cl mm mm
0.0 0.00 0.02
0.2 16.00 0.19
HFSC424 1.8 |11.64| 95 0 200 20
1.0 28.00 0.22
0 0.00 0.04
HFSC325 0.2 19.00 0.21
1.8 1141} 25 0.5 24.00 0.25
1.0 31.00 0.31
0.0 10.58 0.63
HFSC226 R N 0.2 25.81 1.60
0.5 29.38 1.58
1.0 34.37 1.54
0.0 0.00 0.00
OPC 0.2 0.82 0.99
1.8 | 13.001 25 0.5 6.32 1.34
1.0 857 0.58
1.6
18
16 | |mHFsCA424 _ _
L4 | |mHFsCa2s
| OHFSC226
12 —gorc
1 L —_—
08
06 |
04 |
o HiNE 1A
0 L L L
0 0.2 05 10
mm
16
HFSC424 325  OPC HFSC
OPC
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1.8.6
HFSC424 325 226 OPC
40
4)
5)
100mm D16 22 29 32
(1)
91
3.5cm
HFSC226
1.15
1.15
X108
kg/m3 cm?/s
HFSC424 10.13 1.77
HFSC325 10.13 1.90
HFSC226 10.13 20.57
opPC 10.13 1.08
(2)
HFSC OPC
HFSC424 325
0.1kg/m3
0.1kg/m3 0.71%/ HFSC226
0.1kg/m3
0.43%/ 0.1kg/m3 0.71%/ oprPC
1.2kg/m?3 1.2kg/m3 0.71%/
1.16

-14-
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1.16
0.1 kg/m?3 0.1 kg/m3 1.2 kg/m?
/ / /
HFSC424 0 0.71 0.71
HFSC325 0 0.71 0.71
HFSC226 0.43 0.71 0.71
oPrcC 0 0 0.71
(3)
100mm
1.15 1.16
1.17
1.16
4 1.18
1.17
0.1kg/m? 1.2kg/m3
HFSC424 14
HFSC325 13
HFSC226 2
OPC 61
1.18
D16 D22 D29 D32
HFSC424 18 17 16 16
HFSC325 17 15 15 14
HFSC226 5 4 3 3
OPC 65 63 63 62
(4)

5)

-15-
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1.19
1.19 2
Die D22 D29 D32
HFSC424 | 100 100 100 100
HFSC325 | 100 100 44 38
HFSC226 14 9 7 6
OPC 100 100 100 100

-16-
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2.
2.1
HFSC 20
HFSC
30 HFSC
2.2
(1)
2.1 1
AE
HFSC226
WI/C 30
2.1
WI/C s/a kg/
() ()| w C S G HS700
cm
HFSC424 | 30.0 65+5 55.0 | 172 574 807 673 | Cx2.2%
HFSC | HFSC325 | 30.0 65+5 55.0 | 169 565 807 673 | Cx2.3%
HFSC226 | 30.0 65+5 55.0 | 165 550 807 673 | Cx3.0%
OPC OPC 30.0 65+5 55.0 | 189 629 807 673 | Cx1.65%
(2)
40%x40x160mm
1
100%x100x400mm 1
JCI
10x10-6/

-17-
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2.1

2.1
2.3
(1)
2.2
2.2
cm
HFSC424 610x610 3.6 21.0
HFSC325 630x610 54 21.0
HFSC226 640%x700 4.1 21.0
OPC 640%x620 4.5 21.0
(2)
2.3 2.2
2.3
(><10-6)
0.5 1 3 5 7 9 14 18 21 28 35 43
HFSC424 0] 94]1023|1114| 1180{1226] 1304| 1348| 1371| 1408]| 1435| 1472
HFSC325 0] 71] 956[1097( 1161{1182| 1203| 1212| 1228| 1265| 1302| 1341
HFSC226 0] 52| 63| 730 948 982| 965| 988|1026| 1085|1121| 1147
OPC 0] 50] 360] 512 612 680| 800| 875 920| 1015]|1068| 1129

-18-



JNC TJ8400 2003-063

—a— HFSC424
600 —— HFSC325
400 ——HFSC226
o -
0
0 10 20 30 40 50
2.2
(3)
2.4 2.3
2.4
(><10-6)
05 1 3 5 7 9 14 18 21 28 35 43
HFSC424 0 30| 151| 162 161| 164] 171 177 181| 191] 200 209
HFSC325 0] 22| 122| 150] 156| 158| 157| 153| 154| 158 162| 168
HFESC226 0 18| 87| 162 177] 180| 1e6| 161] 167 180 188] 194
OPC 0| 47| 203| 223| 237| 246| 273| 296 310] 338 355| 372
400
350 e
© 300 |
X 250 |
200 |
150 |-
100 —= HFSC424
/‘ —+— HFSC325
50 —e— HFSC226
. —=—OPC

o

10

20

30

40

50

2.3

-19-
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2.4

OPC

60

HFSC

HFSC

OoPC
28 300%x10-6

HFSC

3 HFSC
HFSC226
OPC
OPC
30
6)
HFSC
HFSC
OPC
OPC

-20-
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3.
3.1
3.1
3.1
Na Fo
60mesh 250pum
60mesh 250pum
60mesh 250pm
OPC 40
SF 20 983-VSB
(HFSC)
FA 40
Ca(OH):
3.2
HFSC 12
3.2
3.2
No. pH () pH
41 100
42 80
43 50
11 1000/1 pH11 | 720
44 (HFSC)
45 80
46
* pH 2 4 pH10.5 pHI11

_21_
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50 80 100
m 50 100
3.3
3.3.1
20 28 55 60 70
3.3
3.3 pH
(mg/L)
pH
CaO Na20 K20 MgO Si02 Al20Os3
10.8 115 40 17 ND 6.4 8.9
3.3.2
1g 110
2L 1L
50 80
100
2 4 pH pH10.5
Ca(OH): pH11
3.3.3
80%

RH60%

.22-
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SEM
3.4
3.4
RINT 1500W CuKa
18KW 40KV
1/2 -1/2 0.15m/m-0.45m/m
2 /min
Ref Al203
DTA-TG PR .
2000 20 /min
10 30mg
15 20KV
SEM JSM-5600 150 5000
Na 0.05 mg/,. Mg 0.03 mg/L
K 0.05mg/l. Al 0.10 mg/L
6000 Ca 0.03mg/LL Si 0.15 mg/L
M/100
3.4
3.4.1
(1)
7)
720
3.5 120 360
12 7
8) Ca(OH):

.23-
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(i)

50 80 100
CaCOs
100 360 d=38
720
(ii) Ca(OH)
CaCOs
Ca(OH)2
CaCOs
100 360 Ca(OH):
pH11.5 80 180 360 720
720
Ca(OH): pH
pH12.5 80 100 CSH
CASH 50 CSH
CASH
50 CAH
80 pH12.5 CSH CASH
pH11.5 pH10.5

_24_
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3.5
M Q C Mx
No. - ( ) CaCOs
) () (CPS) 3.3 3.0 38
F® +
++
12 5000 430
120 5600 o+ * ™
280 4300
+ —— +
41 100 +
360 4400 208 6000 660
720 2100 + * e
9214 9600
120 4000 + * Y
350 4500
£ 4+
42 |(HFSC 11 80 ++
( ) 360 2700 997 6500
720 2000 o+ = M
238 11000
120 4100 + * o
390 3800
43 50 360 1800 + * AN
301 11000
720 1200 + * T
286 12000
* (CPS) 5
500 + 500 1000 + 1000 5000 ++ 5000 10000 +++ 10000 -+
(2)
120 700 800 120
Na
Ca 180
200 700 800
800
100 80 380
TG 110
% 3.6 110 110
110 250

.25-
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Na Ca
250 500
500 800
110 1000
3.6
110 250 500 800
110 250 500 800 1000 (%)
*x 13.6 0.5 0.8 6.3 0.8 21.9
120 8.8 3.7 1.9 14.2 0.2 29.0
No.41 100 360 7.2 3.3 2.1 17.4 2.8 32.9
720 6.1 2.8 3.6 20.6 10.3 43.3
120 10.0 4.0 1.0 12.2 0.1 27.2
No.42 80 360 7.9 3.2 0.9 16.0 2.5 30.4
720 6.1 2.5 2.2 21.1 7.4 39.3
120 8.5 5.7 0.8 9.9 0.1 25.0
No.43 50 360 6.8 2.4 0.7 16.2 4.8 30.8
720 5.4 2.6 1.2 21.8 6.3 37.3
* 110 110
110
. 9

.26-
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(3)
3.7
100
Ca(OH): p 11.5 360 CaCOs X
120 360
X
Ca(OH): pH11.5 80 50
pH11
3.7
X
(meq/g) (%) CaCOs
- 19 1.42 100 +++ —
Ca(OH): 19 100
7
120 1.23 87 +++ ++
100 No.12 360 0.39 28 ++ +++
720 0.32 23 ++ +++
120 1.32 93 ++ ++
No.13 360 0.44 31 ++ +++
80 720 0.38 27 ++ -
Ca(OH):
pH11.5 360 1.1 58
120 1.31 92 ++ ++
No.14 360 0.42 29 ++ ++++
50 720 0.42 29 ++ ++++
Ca(OH):
pH11.5 360 1.8 95

.27-
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(4)
SEM
720 SEM

720

"‘ ]

\ ! SR

2K TS

3.3 No.42 SEM
80 720

3.1 3.4

.28-

V.
3.2 No. 41

3.4 No. 43
50

SEM
720
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(5)
pH 3.8
120 360
Ca
120
360 100 80
Ca 50 720
Ca
100 80 Ca pH Ca(OH):
Ca Ca
50
Si
360 720 Si
X SEM CSH
Si CSH CASH
3.8 pH CaO
Ca0 (mg/L)
pH | (mL) Ca0 | Na2O | K20 | MgO | SiO: | Al:Os
(mg)
. 10.8 | 1000 115 40 17 ND 6.4 8.9
120 | 10.1 | 946 | 324 ND 89 10 ND 5.6 ND
No.41|100 [360 9.3 | 933 | 640 42 79 19 ND 48 0.5
720 87 | 925 | 1112 | 115 85 28 0.17 29 ND
120 | 106 | 975 | 181 ND 86 7.6 ND 5.6 ND
No.42| 80 (360 | 10.0 | 936 | 462 13 78 15 ND 50 1.0
720 96 | 903 | 925 39 88 23 ND 33 ND
120 | 10.8 | 1078 | 110 ND 75 45 ND 41 ND
No.43| 50 [360 | 10.4 | 1180 | 283 3.8 62 13 ND 36 3.3
720 | 105 | 1359 | 619 ND 50 14 ND 19 ND
ND

.29-
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.30-

3.4.2
(1)
3.9
()
(i)
360 d=38A 720
3.9
M Q F Mi A Ch C
No. () CaCOs
pH () 15 3.3 3.2 10.1 8.5 7.1 3.0 38
+++ ++++ ++ ++ +
9200 | 14200 | 4200 2600 370
120 ++ +++ ++ ++ + ++
m 4700 5600 2800 2200 320 1800
11 80 360 ++ +++ +++ ++ + +++
2800 8800 5900 1300 400 5400
790 G ++ ++ G Ee AR
3400 3900 2400 1100 290 9800
+ ++ ++ + +
480 3300 4200 190 210
30 + ++ ++ + + ++
460 2200 3500 180 350 1300
45 360 + ++ ++ + + ++ +
A 11 | 80 360 2900 1300 140 180 4600 650
790 + ++ ++ + + ?1-++
460 950 2800 220 260 000
+ ++ ++ + +
260 1200 | 4300 110 120
30 + + +++ + +
270 950 5900 120 880
46 360 + + ++ ++
B 11 | 80 230 640 1800 4500
720 b b o o
360 1200 3400 000
* (CPS) 5
500 + 500 1000 + 1000 5000 ++ 5000 10000 +++ 10000 ++++
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(2)
TG 110 % 3.10
110 110
380 800
380
800
580
120
360
3.10
110 250 500 800
110 250 500 800 1000 (%)
0.0 0.0 0.2 0.1 0.1 0.4
No.4 | 120 0.1 0.1 0.7 4.9 2.7 8.5
4 360 0.0 0.0 2.6 16.5 0.3 19.4
720 0.2 0.3 3.9 17.4 7.8 29.7
5.4 4.1 0.6 4.3 0.4 14.8
No.4| 30 2.0 1.6 1.4 3.2 0.0 8.2
5 | 360 3.0 1.3 1.1 14.2 0.2 19.8
720 2.8 1.2 4.3 17.2 13.3 38.8
2.6 1.1 1.2 1.1 0.0 6.0
No.4| 30 1.3 0.8 1.2 2.8 0.0 6.1
6 | 360 1.8 1.0 3.2 14.4 0.5 20.9
720 1.1 0.9 2.9 17.0 13.6 35.4
* 12
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(3)
SEM SEM 3.5 3.6
A SEM 3.7 3.8 B SEM 3.9 3.10

3.8 No.45 SEM

3.9 No.46 SEM 3.10 No.46 SEM
B B 80 720
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(4)

pH
(i) Ca
Ca?*
Ca
Ca(OH): Ca
(i) Na K
(iii) Si
360
Si
Si
(iv) Al

3.11

CSH CAH

360

360

360

.33-

Ca

360

Al
720
CAH

Si

pH

720

CSH

Al

Ca

Ca

720
Ca

CSH

Si



JNC TJ8400 2003-063

3.11 pH CaO
a0 (mg/L)
(mL) )
pH Ca0O | Na20 | K20 | MgO | SiOz | Al2Os
(mg)

192 10.8 1000 115 40 17 ND 6.4 8.9

N 120 10.7 980 171 5.0 46 10 ND 2.6 ND

42' 360 9.9 937 464 23 46 18 ND 36 0.9

720 9.7 912 937 69 48 23 ND 22 ND

N 30 9.7 981 63 ND 44 11 ND 5.7 ND

42' A 360 9.9 975 551 25 50 20 ND 82 0.6

720 8.8 838 882 55 50 21 0.17 57 ND

N 30 9.9 990 68 ND 44 10 ND 5.5 0.2

42' B 360 9.9 981 526 22 50 20 ND 70 0.2

720 8.7 817 877 52 53 22 0.17 52 ND

ND
3.5
12 720 X
SEM
3.5.1
Nat
Ca?2+ CaCOs
80 360
720
Ca CaCOs
CaCOs
720 Si Al 360
CSH CAH
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3.5.2

360

380

720 Si Al
CSH CAH
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360

720
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HFSC pH
HFSC OPC
4 20
HFSC OPC
720
XRD Ca
SEM
pH11
pH10
720
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(o2 I @ 2 BN S

10

11

12
13

14)

15

16

> (1998)
JNC TJ8400 2002-038(2002)
>*(1987)
<« >2(1999)
“ *>(2002)
“ 03>>(2003)
(1986)
- JNC  TJ8400

2002-013 (2003)

Pp.226-227(1996)

Vol12 No.1 pp.569-574 (1990)

Vol.19.N01(1997)

PNC TJ1201 97-001(1997)

*(2002)

PNC TJ1201 98-003(1998)

PNC TJ8400 99-007(1999)
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77 JNC

TJ8400 2000-34(2000)
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