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Radiological Safety Studies on the Ground Disposal of Radioactive Wastes

—— Distribution and Migration\of Radionuclides in an Aerated Zone ——

Shinichi TAKEBE and Yoshiki WADACHI
Division of Environmental Safety Research,
Tokai Research Establishment, JAERI

{ Received December 18, 1978 )

This report concerns with a fundamental study on the safety evaluation
of the ground dispesal of radioactive wastes. In order to reveal behavior of

radionuclides in an aerated zone, the distribution coefficient, distribution

60 137

ratio and migration rate of ~ Co, Cs and 9OSP;90Y were measured with sand

layer model apparatus.
Each radionuclide shows a large distribution coefficient { unsaturated )

in the acidic and small value in both the neutral and the alkaline condition.
In pouring a radiocactive aqueous solution into the sand layer, most of the
radionuclide is adsorbed on the surface of sand layer and the distribution
ratio is to be decreasing exponentialy towards the deeper layer. The migration

60 90,.. 90

rates of Co, 13703 and Y were calculated by Inoue’'s equation regarding

Sr-
the radionuclide migration in an aerated zone. Each migration rate is small in
the acidic and large in the alkaline condition. These migration rates, however,

are considerably small as compared with that of water itself: 60Co ca. 17100,

90,,, 90

137cs ca. 1/10,000 and 2%sr-2%Y ca. 1/1,000.

Keywords: Radiological Safety, Ground Disposal, Radioactive Wastes, Aerated Zone,
Distribution Ratio, Distribution Coefficient, Migration Rate, Sand Layer,

Cesium-137, Cobalt-60, Strontium-90 - Yttrium-9G.
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Table 1 Chemical composition of sand @’

Chemical Cbmposition Weight pefcent

8i0, 63.00
Ti0, 0.87
Al,04 8.50
FeO 3.30
Fe,0, | . 3.53
MnoO - : 0.13
MgO ~2.45
ca0 ' 4.13
NaZO 6.21
K,0 5.41
H,0 2.04
Total 99.58

Table 3 The pH of radicactive aqueous

solution in the experiment.

Initial pH Final pH
3.0 5.8
7'0 6'0
12.0 6.8

N e e o 4 e e s s e
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Table 2 Influences of pH and effluent volume on the distribution
coefficients ( kd' ).
Distribution coefficients ( kd’ )
Radionuclides pH
0.5 1.0 5.0 4.0
3.0 6.4 x 10° 2.2 x 10° 1.1 x 10 7.2 x 10"
6000 7.0 4.0 X 101 2.1 X 102 1.1 x 101 _—
12.0 2.5 x 10/ 9.3 x 10° 6.4 x 10° 4.7 x 10°
4 % * *
3.0 [>8.3 % 10% *[>1.7x 10° >34 x 10° *[>6.8 x 10°
* .
137, 7.0 |>8.3x 0% ¥ 1.2 x 10" 3.5 x 10° | 3.3 x 10°
12.0 7.3 x 10° 5.3 x 10° 5.3 x 10° 1.1 x 10
: C WE
2.0 x 10
3.0 - - . _
(2.5 x 107
[ ]
70 _ o 4.8 x 10° L
90,90y (1.2 x 10"
12.0 - L 5.3 x 10
(2.7 x 100)

’

#. Radiocactivity of effluent solution is less than limit eof detection of

radiocactive measuerment equipment, therefore, these values were calculated

from the value of detection limit of 5"¢ x 4" NaI {Tl) scintillation counter

(1 x 10'5/c01/1 ).

*¥% .
’

Geiger-Miller counter ( 1 x 10‘6/uc1/ ml ).

These values were ~calculated from the value cof detection limit of
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Table 4 Influences of pH and effluent volume on the migration rates
of radionuclides.
Migration rates ( cm/day )
Radionuclides pH
0.5 1.0 2.0 4.0
-3 - -3 -
3.0 4.3 x 10 1.3 x 10 2.6 x 10 4.0 x 10
60¢4 7.0 7.2%x 1070 | 1.4 x 107 1.4 x 107" _
12.0 1.2x 0%, | 3.7 x 10° 4.5 % 10° 6.2 x 10°
L4 4 # T ¥ , -
3.0 >3.5 x 10 4 >1.7 x 10 4 >8.5 x 10 5 >4.3 x 10
. e _ ) i
137cs 7.0 [>3.5x 10747 2.4 x 10 8.3x 107 | 8.8 x 10
-3 - -3 -
12.0 4.0 x 10 5,5 x 10 5.5 x 10 2.6 x 10
ICET
_ >1.5 x 10
3.0 _ e -3
(1.2 x 10 7)
) L J
-2
gosp_goy 7.0 - _ 6.0 x ‘IOO _
(2.4 x 107 )
5.5 x 107
12.0 - - ' 1 -
(1.1 x 10
( %, %%; See Table 2. )




JAERI-M 8044

e——— 100 ———

Wl |

' l

AN

Aerated

Sand layer

R RO

Small pebble

D S A SN

W vl
Y L P
L~
¥ HE ige (D Nylon net
d ( 50 mesh. }
[ I — |
20mm
Fig. 1 Sectional scheme of column.
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Volume percent (vol%)
0 20 40 60 80 100
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Fig. 2 Water retention ratio and porosity of

the sand layer ( room temp. ).

M:

M:

=1

Water retention ratic (vol%).
Average water retention ratio in the

column, M = 24.4 (voi%).

: Porosity of stratum (vol%}.

: Average porosity of stratum in the

colurn, A: = 15.1 (vol%h).
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Degree of saturation
s (vol%)
0 20 40 60 80 100

Depth of sand layer (cm)

Fig. 3 Porosity and degree of saturation of
the sand layer ( room temp. ).
S=(M/ A} x 100
S: Degree of saturation (vol%).

: Average degree of saturation in the

i)

column, S = 61.9 {vol%).
M: Water retention ratio (vol%).
A: Porosity of stratum {(vol%).
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Fig. 4 Distribution.ratio of 6OCO in the bulk sand layer.
Following to the experimental number and experimental condition.
1, (0O), 0.5 , Ac, 2; {@®), 0.5 , N, 3; (o), 0.5 , Al ,
4; (Q)y 1.0 , Ac, 5; (@), 1.0 , N, 6; (O), 1.0 , AL,
7, (O), 2.0 , Ac, 8; (@), 2.0 , N, 9; {(g), 2.0 , Al ,
105 (O), 4.0 , Ac, 11; (@), 4.0 , N, 12; (3 ), 4.0 , AL .
Ac; Acidic ( pH 3 ), N; Neutral ( pH 7 y, Al; Alkaline ( pH 12 ).
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Fig. 5 Distribution ratic of 6000 in the center of the sand layer.

Following to the experimental number and experimental condition.

1: (Q), 0.5 , Ac, 2; (@),0.5 , N, 3 (0O), 0.5 , AL,
4; (O), 1.0 , Ac, 5; (@), 1.0 , N, 6; (0O), 1.0 , AL,
75 (O, 2.0 4 Ac, 8 (@), 2.0 , N, 9 (O), 20 , AL,
10; (O}, 4.0 , Ac , 11; (@), 4.0 , N, 12, (O), 4.0 , Al .

Ac; Acidic { pH 3 ) , N; Neutral { pH 7 )} , AL; Alkaline ( pH 12 }.
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Fig. 6 Distribution ratio of 137Cs in the bulk sand layer.
Following to the experimental number and experimental ccndition.
1 (0), 0.5 , 4, 2; (@), 05 , N, 3 (01},05 , AL,
4; {O), 1.0 , Ac, 5; (@), 1.C , N, & (Q), 1.0 , Al ,
7, {O), 2.6 , hc, 8 (@), 2.0 , N, 93 (o), 2.0 , Al ,
10; (O), 4.0 , Ac, 11; (@), 4.0 , N, 12; (O), 4.0 , Al .

Ac; Acidic ( pH

3 ), N; Neutral

(el 7T

), Al; Alkaline ( pH 12 ).
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Fig. 7 Distribution ratioc of >/

Cs ip the center of the sand layer.
Following to the expegpimental number and experimental condition.
13 (0),05 , Ac, 2; (@),05 ,N, 3;{(0), 0.5 , AL ;
4, (Q), 1.0 , Ac, 5 (@), 1.0 , N, 6; (0O), 1.0 , AL,
7 (Q), 2.0 , Ac, 8 (@), 2.0 ,N, 9;(0O), 2.0 , AL,
10; (Q)y 4.0 , Ac, 11; (@), 4.0 , N, 12 {O), 4.0 , AL .

Ac; Acidic ( pH 3 ), N; ( pH 7 ), Al; Alkaline { pH 12 ).
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Fig. 8 Distribution ratio of “"Sr-""¥ in the bulk sand layer.
Following to the experimental number and Sxperimental condition.
1; (O, Acidic , LA L2 {Q), Acidic , #**

3; (@), Neutral, ¥, 4; (@), Neutral , *¥,
5; (O ), Alkaline, * , 6; ( O), Alkaline, ¥*¥% |

* before radicactive equilibrium

## after radiocactive equilibrium
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| Fig. 9 Distribution ratio of ““Sr-""Y in the center of the sand layer.
Following to the experimental number and experimental condition.
13 {Q), Acidic , *, 2; (Q), Acidic , *¥ , -
3; (@), Neutral , ¥, 4; (@), Neutral , **
5; (O ), Alkaline, LA 6; (0O ), Alkaline, ¥##* |

*¥ hefore radicactive equilibrium

%% sfter radiocactive equuilibrium




