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Migration Behavior of Radionuclide in Soil Layer of Final Storage Site
- Radionuclide Migration Test in Aerated Soil Layer

by Radicactive Contaminated Water -

Tadatoshi YAMAMOTO, Shinichi TAKEBE, Hiromichi OGAWA
Tadao TANAKA, Masayuki MUKAI, Tomokazu KOMIYA
Seiichi YOKOMOTO and Yoshiki WADACHI

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 13, 1989)

Radionuclide migration tests by radioactive contaminated water were
carried out using four kinds of undisturbed aerated soil samples (upper
and lower layer of loamy soil, sandy soil, tuff soil) taken out from the
final storage site of low-level radioactiﬁe waste, in order to obtain
realistic data on radionuclide migration in the soil layer. Based on
the analysis of data obtained from the tests, the retardation ability
of these soil layers was evaluated.

The concentration of %%Sr and 37Cs in effluent was less than detection
limit (2x1077 uCi/ml), and that of °°Co rose to 5x107° uCi/ml. It was
found that these so0il layers have a larger retention ability of radio-
nuclides. Difference in the radionuclide migration was observed between
portions of high concentration (10___2 UCi/g) and low concentration (107"
uCi/g) of radionuclides in the soil layer., In the portion of high
concentration, a large portion of the radionuclide was adsorbed mainly on
the surface of so0il layers and its behavior was not dependent on kinds of
s0il layer, In the portion of low concentration, a slight portion of the
radionuclide migrated to deeper layer. The migration rate of 80co was
particularly high in the upper layer of loamy soil, Difference in the
radionuclide distribution might be caused by the chemical form of radio-

nuclide and the properties of soil layer. Calculating the retardation
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factor from the portion of high concentration by using the radionuclide
migration model of the unsaturated soil layer, value of 10° ~ 10" order was
obtained. It was confirmed that these soil layers have a large retention
ability for ionic radionuclides. As to the portion of low conrcentration,
non-ionic radionuclide are considered to be taken part in the migration
and the retardation factor was 1 ~ 2 order lower than that of the portion

of high concentration.

Keywords: Migration Behavior, Radionuclide Migration Test, Soil Layer,
Radicactive Contaminated Water, Low-level Radicactive Waste,
Undisturbed Soil Sample, Disposal Site, Retention Ability,
Adsorption, Retardation Factor, Non-ionic Radionuclide,

Cobalt-60, Strontium-85, Cesium—137
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Table 1 Properties of soil layer samples used in this test.

JAERI-M 89-144

Measurement _ Test No.
item Us-1 Us-2 Us-3 Us-4

Solid phase (vol%) 26.12 22.1 50.1 55.1
Ligquid phase (vol¥%) 64.2 71.7 47.6 40. 8
Gaseous phase(vol¥%) 9.6 6.2 2.3 4.9
Sand (wt¥%) 17.5 18. 0 83.5 83.5
Silt (wtx) 39,0 41.0 3. 8.5
Cilay {(wt%) 43.5 41.0 3. 8.0
Density(g/cn?) 2.77 2.76 2. 68 2. 67
Permeability
coefficient(cm/s)} §.5%x10-% 4.1x10-4 2.5x10-4 9,3x 105
Cation exchange
capacity(meq/100g) 14.1 11.6 3.5 6.0
Surface area

(n2/g) 73.0 88. 3 39.6 23.6
Soil pH(H=20) 5.6 6.3 5.9 5.9
Distribution ¥°%Co L0XxX 103 1.2X103 4.6X 1843 L4x 108
coefficient 8551 .TX 102 3.0x 102 2.8x 103 3.4x 103

(ml/g) 137(Cs 5. 4% 103 5.0x 102 5.8x 103 .8x 108
Dispersion coefficient LIX 102 L7xX10-2 LEX 10! .2x10-2

_ {(cm2/min)
[Flow velocity{(cm/min)] L 4AX10-2 L4x 1072 .0x10-2 .Ex10-%
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Table 2 Conditions of test.

- _ Test No.
Conditions Us-1 Js-2 Us-3 Us-4
1.Radioactive solution
Concentration(u Ci/mi)
§0Co .5x10-3% 4.3X10-3 4.4X10-3 3.8x10-8
8585r 6. 1x 103 4.2X10-°3 4.2X10-3 4.5X10-¢
137Cs 7.2X10°3% 4,8X10-3 4.4x10-3 3.7%X10-3
Na*-concentration(ppn) 1.6 2.5 ' 3.1 1.1
pH 6.0 6.1 6.2 6.2
2. Inflow condition-
Flow rate (1/h) 0. 386 0.519 0.256 0.287
Time (h) 622 462 937 837
Inflow RI solution
volume (1) 240 240 240 240

Table 3 Amount of desorption from radionuclides adsorbed on soil.

Soil Desorption ratio (%)
Sample 50Co Bsgyr 137Cg
Loamy soil 0.05~2.4 1.1~11.2 0.03~10.12
(1. 8) (8.5) (0.05)
Sandy soil 0.02~12.5 0.6~6.2 0.03~10.2
(1.2) (4. 4) {0.06)
Tuff soil 0.02~1.8 ©0.03~1.4 0.03~10.1

(0.7) (0.6) (0.03)

Condition : Soil; Contaminated dry soil 10 g
Solvent ; Distrilled water 400 m!

Desorption time : 10 days
{ ) : Average value of ten soil samples
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Table 4 Migration distance of radionuclides for scil layer samples.

Test No. Radicactive Migration distance (cm)
concentration 80Co 8358y 137Cs
(umCi/g)
Us-1 1X10-2 A 8.6 3.0 3.6
B 9.4 7.1 6.1
C 11.5 7.1 7.1
1X10-* A 58. 6 21.4 20.8
B 71.6 34.5 31.8
C 77. 4 28.6 28. 6
Us-2 1X10-2 A 4.8 4.8 3.6
B 6.0 6.0 4.8
¢ 3.0 3.0 3.0
I1X10-¢4 A 31.5 22.6 22.6
B 31.5 28.6 25.6
C 24. 4 22.6 17.3
Us-3 1X10-2 A 4.8 4.4 2.4
B 5.4 4.7 1.8
¢ 8.3 6.5 2.4
1x10-¢% A 25.0 19. 6 13.5
B 22.6 20. 2 18. 0
¢ 41.7 24.3 21. 4
US-4 1X10-2 A 1.2 1.2 1.8
B 1.2 1.2 1.2
C 1.6 1.0 1.4
1xX10-1 A 6.1 4.8 4.2
B 6.0 5.4 4.8
c 7.1 6.5 7.1
A,B,C : A:; Center, B;7.5cm apart from center, C;12.5cm apart from center
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Table 5 Retardation factor of radionuclides for soil layer samples.

Test No. Retardation factor X«
SGCO HSSr IS?CS
Us-1 A 4.8x 102 5.6% 103 6.0% 103
B 6.0x103 5.4% 103 h.8x 103
¢ 4,4x 108 4,0x 10 4.5x 103
Us-2 A 3.2x 193 3.3Xx10° 6.4x 103
B 4.9x 103 4.3X 103 6.3x 1083
C 6.1x 103 6.5X 103 8.5%x 103
U5-3 A 1.2x 104 1.2x 104 2.3x10¢
B 5.7X103 6.9x 103 2.8x 104
C 1.1x10¢ 9.9x10% [.7x 104
Us-4 A 7.6x 1083 7.3 103 1.2X 104
B 1.4 10¢ 1.3x 109 8.9x 102
C 1.1X10¢ 1.2x 104 1.8X 104

A,B,C : A; Center, B:7.5cm apart from center, C;12.5cm apart from center

Table 6 Retardation factor calculated from distribution coefficient
by batch method.

Test No. Retardation factor K¢
80Co 855r 127Cs
Us-1 2.3%x 108 4.21x102 6.1X 103
Us-2 1.0X103 2.6x 102 4.3%103
Us-3 1.3x10¢% 7.9%x103 1.6X 1014
UsS-4 8.6>x103% 1.2x 10 2.1x 1904
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Table 7 Ratio of water migration distance Dy,; to radionuclide
migration distance Dpy.

Test No. Di;zo/an
BOCO BSSr 13TCS
Us-1 A 8.9 2.4X%X 10 2.5%x 10
B 7.3 1.5X 10 1.6X 10
c 6.7 1.8X 10 1.8X 190
Us-2 A 1.8X 10 2.5X 10 2.5X10
B 1.8X 10 1.9x10 2.2x10
C 2.3%X 10 2.5% 10 3.2% 10
Us-3 A 3.4% 10 4.3X10 6.2x% 19
B 3.7X 10 4, 2x10 4.7X 10
C 2.0X 10 3.4X 10 3.9%x 10
US-4 A 1.2%x10% 1.6X10% 1.8x 102
B 1.3x 102 1.4X 107 1.6x 102
C 1.1X 102 I.2x 102 1.1x102
A,B,C : A; Center, B;7.5cm apart from center, C:;12.5cm apart from center
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Fig. 1 Schematic diagram of soil layer apparatus for radionuclides
migration.
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Fig. 2 Geclogical structure of soil layer sample used in this test,.
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Fig. 5 Concentration of radionuclide in effluent for soil layer (US-3).
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Fig. 7 Concentration profile of radiomuclides in scoil layer (US-1).
{O:Center, (p:7.5cm apart from center, @:12.5cm apart from center).



JAERI-M 89-144

o 6000
~
&)
=
S
2 0336542 ©
5 3°§0%0 o o
i ]
0 50 100 150
10
< 85Sr
(]
oy
=
I C e 2 o
| . [
50 100 150
';-‘., I3TCS
=
=2
S
S &
§ Jo 00
S © go 00?
| |
0 50 100 150

Depth of soil layer (cm)

Fig. 8 Concentration profile of radionuclides in soil layer (US-2).
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