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Activated Waste in Nuclear Power Plant
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When concrete is exposed to neutron rays for along time, the concrete tends to become activated. If activated, it is classified as middle
or low level radioactive waste. However, the great amount of the activated concrete is hard to dispose. In this study, low-activation
cement was developed for decreasing the activated waste from shielding concrete around nuclear reactor. Furthermore, the
manufactured low-activation was analyzed with activation nuclide Eu, Co. The low-activation cement showed great advantage for
low-activation with detecting none of Eu and 3.75ppm of Co while ordinary portland cement showed 0.4~0.9ppm of Eu, 5.5~19.8ppm
of Co content. As the results of physical properties of the low-activation cement, it is similar to type 1 ordinary portland cement and
accords with type 4 low heat portland cement. Meanwhile, as for the chemical properties of the cement, it accords wite type 1and 4 at
the same time.
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Table 1. Activation nuclide on domestic commercial cements

Types Co(ppm) Eu(ppm)
OPC-1 14.170 0.605
OPC-2 9.673 0.573
OPC-3 12310 0.695
OPC-4 19.850 0.960
OPC-5 8.740 0.580
OPC-6 5.513 0.467
OPC-7 11330 0.640
OPC-8 12.050 0.640
OPC-9 11.080 0.600

Blast furnace

e e 3 0.306 2.878

Blast furnace 0.323 2.600

slag type 3 B
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Fig. 1. Map of domestic mine mineral resources
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Table 2. Activation nuclide of limestones

40
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Mineral No Co(ppm) Eu(ppm)
L-1 0.065 0.036
Limestone L-7 ‘ 1.731 0.530
L1s | 662 0.092
Table 3. Activation nuclide of silica stones
Mineral No. Co(ppm) Eu(ppm)
S-1 0.120 < 0.1
S-2 32.360 1.218
Silica stone
S-3 84.110 0.374
S-4 < 0.1 < 0.1
Table 4. Activation nuclide of iron ores
Mineral Types Co(ppm) Eu(ppm)
magnetite 206.000 1.160
Iron ores hematite 5.360 0.450
the others 7.680 0.490
Table 5. Activation nuclide of agalmatolites
Mineral No. Co(ppm) Eu(ppm)
A-1 11.680 + 0.080| 1.730 + 0.020
A-2 13.180 + 0.129| 0.100 + 0.016
Agalma tolite
A-3 40.570 + 0.231| 1.132 + 0.034
A-4 63.370 + 0.279| 0.176 + 0.017
Table 6. Activation nuclide of clay samples
Minerals No. Co(ppm) Eu(ppm)
Zeolite Z-1 0.78 0.46
-2 2.26 0.71
Diatomite D-1 1.85 0.58
D-2 2.92 0.34
B-1 2.68 0.44
Bentonite B-2 3.53 0.81
B-3 3.60 0.76
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Table 7. Difference between using steel ball and alumina ball
for the mill

Balls for milling | ALOs Fe,03 Eu Co

Steel balls 11.82% | 2.17%

Alumina balls 10.56 % | 1.75%
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: Specific considerations for manufacturing low activation cements

Fig. 2. Manufacturing procedures of low-activation cement

Table 8. Physical properties of low-activation cement

. . Type #1 Ordianry Type #4 Low heat |Commercial low heat| Low-activation
Test items Units Remarks
portland cement(KS) | portland cement (KS) portland cement cement
Specific gravity(20°C) g/em’ - - 3.21 3.21
Fineness cm’/g above 2800 above 2800 3170 3820 KS standard
Stability(%) % below 0.8 below 0.8 - 0.08 KS standard
Porosity(%) % - 29.42
. Initial min. above 01:00 above 01:00 03:05 05:30 KS standard
Setting time - -
Final hr:min. below 10:00 below 10:00 05:00 07:30 KS standard
3day - - - 10.1
Compressive 7day MPa above 22.5 7.5 16.9 19.2 KS standard
strength
28day above 42.5 22.5 44.6 52.3 KS standard
SI=IMRBIRIRIstE =27 2017 92 227



Table 9. Chemical properties of low-activation cement

Test items Type #1 Ordianry Type #4 Low heat | Commercial low heat Low-activation cement Remarks
portland cement(KS) | portland cement (KS) portland cement
SiO, - - 26.41 26.25
ALO; - - 2.54 3.59
Fe,0; - - 2.99 2.17
CaO - - 63.09 64.25
MgO below 5.0 below 5.0 0.68 0.70 KS standard
SOs below 3.5 below 3.5 2.30 2.10 KS standard
Na,O - - - 0.20
KO - - - 0.35
CsS - - 29.2 28.8
C,S - above 40 56.6 53.5 KS standard
GA - below 6 1.7 5.9 KS standard
CS+ GA - - 30.9 34.7
C4AF +2(C5A) - - 9.4 18.3
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