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Abstract

TRU waste includes various chemical compounds such as nitrates. The influence of the
chemical compounds on the performance of the barrier system should be estimated. Since
the temperature of the deep-underground is higher than that of the near surface and a
part of the TRU waste generates the heat accompanied with the decay of the radioactive
nuclides, the influences of the heat to the barrier material also should be taken into
account.

In this study, we estimated the influence of sodium nitrate and also that of the leachate
from the ROBE-waste (borate-solidified body of concentrated low-level liquid waste) to the
degradation of the cementitious material. We also obtained the mineralogical data of
cementitious mineral after alteration in elevated temperature conditions. Results in this

year are described below.

1) Alteration of characteristics of cementitious material in nitrate solution were
evaluated by the water permeation test using sodium nitrate solution. The enhancement
of the alteration of cementitious material due to sodium nitrate was observed. The
dissolution quantity of the calcium of sodium nitrate solution permeated sample was
larger than that of deionized water permeated sample (denoted as "blank" in following).
Hydraulic conductivity of sodium nitrate solution permeated sample was lower than blank,
but after changing permeation liquid from sodium nitrate solution to deionized water,
hydraulic conductivity rose quickly. The increase of porosity and the decrease of
compressive strength were observed in the case of sodium nitrate solution compared with
blank.

In the nitrate solution, sulfate type and carbonate type of AFm changed into the nitrate
type AFm. The nitrate type AFm altered to the carbonate type AFm when the nitrate

concentration was lowered.



2) The influence of the leachate from the two types of ROBE-waste on the dissolution of
the cementitious material was evaluated by the leaching experiments. Dissolution of the
calcium from the cementitious material was accelerated in the leachate from both types of
ROBE-waste in comparison with the case of deionized water. The calcium concentration in
the case of the ROBE-waste leachate was generally lower than that of deionized water.
The acceleration of dissolution of calcium in the case of the ROBE-waste leachate might be
caused by the low calcium concentration in the leachate. The low calcium concentration in
the solution was attributed to the precipitation of sodium calcium borate or hydroxy

apatite.

3) Mineral composition of cement pastes which were cured at 80 or 50 for 1 year
were obtained. There was no difference in minerals between the 50 -cured specimen
and 20 -cured one except the decrease of aluminate hydrates such as monosulphate and
ettringite. In the 80 -cured specimen, aluminate hydrates observed under 50 -cured

were not detected and katoite was detected.

This work was performed by Taiheiyo Consultant Co., LTD. under contract with Japan Nuclear

Cycle Development Institute.

JNC Liaison: Materials Research Group, Waste Isolation Research Division, Waste Management and
Fuel Cycle Research Center, Tokai Works

* Taiheiyo Consultant Co., LTD.
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2.2
(N/mmz2) (% 104N/mm2)
5051 | 7671 | 3.93 0.25 0.24
0 5063 | 76.78 | 3.73 | 3.94 0.24 0.31 | 0.24 | 0.22
5020 | 7558 | 4.16 0.44 0.18
5023 | 7347 | 1.28 0.18 0.33
Imol/Il
1| e 9 | 5008 | 7308 | 1.06 | 1.05 0.20 0.19 | 0.30 | 0.28
3
49.90 | 7334 | 082 0.20 0.22
1mol/ 49.97 | 69.37 | 1.21 0.11 0.31
NaNO,
2 180 | 5026 | 6973 | 1.12 | 1.16 0.16 013 | 053 | 0.38
1
4970 | 69.91 | 1.16 0.11 0.29
1 0| —— | —— 171 0.34 0.30
2 180 —— | —— 1.18 0.12 0.35
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2.3
90
1 180
2
2
2
2.3

g/ml
0 0.98 57.4
1mol/l 90 0.67 68.3
NaNOs 0.98 55.0
1mol/l NaNOs 180 0.54 74.1
- 0.65 71.1
1* 90 0.73 65.4
1.01 54.1
2% 180 0.58 70.9
0.74 61.5
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1 AFm
AFm
2 AFm
AFm
2.5 wt
Ca(OH)2 | CaCOs AFm MN
0 26.2 N.D. 10.1 4.9 N.D.
1 90 6.6 2.8 12.1 0.09 1.3
24.7 5.0 10.2 0.06 5.0
2 180 N.D. N.D. 13.0 N.D. N.D
14.0 1.32 11.4 1.3 N.D
1 90 8.2 3.2 13.0 0.3 N.D.
275 3.4 11.7 4.9 N.D.
2 180 N.D. N.D. 12.8 N.D. N.D.
16.5 N.D. 114 11 N.D.
N.D.
Ca(OH): portlandite
CaCOs calcite
AFm 3CaO Al20s CaSOs4 12H20 3Ca0 Al:03 CaCOs 12H20 AFm

MN 3CaO Al:Os; Ca(NOs)> 10H:0
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2.6
CaO CaO
1 CaO
1 1
SO3
AFm SO42  NOs
SiO2 Al203 CaO
Na20 1
Na
1
Na
2.6 wt
SiO2 CaO Al203 SOs3 Na20 K20
0 16.66 50.80 4.10 1.59 0.12 0.23
1 90 24.43 38.12 5.95 0.40 1.03 0.03
16.14 39.56 4.02 0.61 0.17 0.03
2 180 30.01 33.61 7.22 0.34 0.03 0.04
21.09 | 44.97 5.50 0.79 0.03 0.04
90 22.74 39.58 5.73 1.73 0.06 0.04
16.27 49.41 4.12 1.72 0.05 0.08
180 27.56 35.21 6.58 1.56 0.04 0.04
18.56 46.56 4.69 2.23 0.04 0.04
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ROBE
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L 300 300 x X X X X x o
L 500 500 — — — — — — —
H 100 ROBE 100 o x X x x o
H 300 300 o X x X X X o
H 500 500 o) X x X X o

X

C-S-H xCaO ySiO2 zH20

Ca(OH)2 portlandite

CaCOs calcite

AFt ettringite 3CaO Al203 3CaS04 32H:0

MC 3Ca0O Al:03 CaCOs 12H:0 AFm
L 500

31




JNC TJ8400 2002-033

34
BL-100 1/2
300 500 ROBE ROBE 100
ROBE
AFm  BL-500 ROBE
AFm ROBE 100
AFm 300 500
3.4 wt
TG/DTA DSC
ig.loss Ca(OH): CaCOs MC
12.12 24.32 22.22 2.24 6.28
BL 100 100 13.46 24.44 11.70 2.10 6.52
BL 300 300 14.97 24.63 N.D. N.D. 6.62
BL 500 500 14.50 28.76 N.D. N.D. 2.73
L 100 100 13.78 23.78 N.D. 2.80 N.D.
L 300 ROBE 300 11.67 23.59 N.D. N.D. N.D.
L 500 500 20.61 29.99 N.D. N.D. N.D.
H 100 100 13.73 24.83 N.D. 3.12 0.12
H 300 ROBE 300 12.32 21.86 N.D. 3.50 N.D.
H 500 500 11.29 22.74 N.D. 1.80 N.D.
N.D.
ig.loss 950
Ca(OH): portlandite
CaCOs calcite
MC 3Ca0O Al:03 CaCOs 12H20 AFm
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3.5
ROBE ROBE
CaO ROBE ROBE
ROBE

3.5
wt
SiO2 Al203 | Fe203 CaO SOs3 Na20 K20
16.24 3.70 2.21 49.37 1.42 0.32 0.54
BL 100 100 17.90 3.87 2.85 46.17 1.59 0.03 0.03
BL 300 300 22.40 4.56 3.53 42.43 1.79 0.08 0.10
BL 500 500 21.72 4.58 3.53 38.30 1.82 0.04 0.04
L 100 ROBE| 100 23.07 6.18 1.46 32.88 1.19 2.15 0.09
L 300 300 32.11 | 10.37 8.90 20.10 0.15 3.10 0.07
L 500 500 11.57 3.34 242 14.49 0.15 8.25 0.09
H 100 ROBE| 100 20.6 2.73 3.21 38.05 1.73 0.64 0.04
H 300 300 17.78 4.02 2.87 30.82 0.46 2.29 0.07
H 500 500 16.27 4.20 2.51 26.23 0.10 4.18 0.04
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3.4

(1) ROBE

NaCaBsOgs 8H20

NaCaBsOg9 8H20

(2) ROBE

Ca1o(PO4)s(OH):

Ca1o(PO4)s(OH):

ROBE
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4.1
80
50 80
05 1 1 20
1 1
4.2
4.2.1
50% 20
4.1
80 0.5
1
W/C=0.5 20 50 0.5
28 1
20 1
4.2.2
1)
)
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4.3
(1)
4.2
50 0.5 1 katoite
C-S-H 3Ca0 Al203 3CaSO0s4
32H20 3Ca0 Al:03 CaCOs 12H20 20
80 0.5 1
katoite 3CaO Al203 SiO2 4H20
4.2
C-S-H Ca(OH)2: CaCOz: AFt MC CoS Cs3ASH4
20A 20 1 o o o o o x X
50F 50 0.5 o o o o o x X
50G 50 1 o) o o o o X x
80F 80 0.5 o o o x X X o
80G 80 1 o o o x X X o
O
X
C-S-H xCaO ySiO. H20
Ca(OH)2 portlandite
Ca(CO)s calcite
AFt ettringite 3CaO Al:Oz 3CaS0O4 32H20
MC 3CaO Al:03 CaCOs 12H20 AFmM
Cs3ASH4 katoite
(2
4.3
50 0.5
AFmM 80 50

0.5 1

a7
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20
4.3 wt
TG DTA DSC
Ca(OH)2 CaCOs MC

20A 20 1 12.0 19.5 25 51
50F 50 0.5 10.4 22.2 3.3 4.5
50G 50 1 10.2 22.0 4.1 3.0
80F 80 0.5 8.5 22.1 4.2 N.D.
80G 80 1 8.4 23.4 4.3 N.D.

N.D.

Ca(OH)2 portlandite

Ca(CO)3 calcite

MC 3CaO AI:03 CaCOsz 12H20 AFm

4.4
80 50
AFt AFm
hydrogarnet katoite
AFt
AFm
katoite
80 AFt AFm katoite
0.5 1
C-S-H tobermorite
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TRU
TRU
1)
AFm
2) TRU
ROBE
ROBE
Ca1o(PO4)s(OH):
3)

1mol/I

ROBE

50

50

katoite
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2) .

3) .
2002-028(2002

4) , “ TRU

2000-001 (2000)
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JNC 238400 99-0077 (1999)
" JNC TJ8400 2000-034 (2000)
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