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 Studies on the Behavior of Radionuclides in a Saturated Sandy Layer (I)

——Apparent Diffussion Coefficients of Ions in a Sandy Sediment——

Masami FUukut* and Kosuke KATSURAYAMA*!

Recently, the pollution of water and soil due to industrial or radioactive wastes has been dis-
cussed, and it becomes important to forecast the behavior of pollutants in environmental hydro-system,
such as substratum layer near the coast of nuclear power plant site.

The degree of mobility of radionuclides can be represented by the apparent diffusion coefficients

in a bottom layer.

So, these work presented a mathematical model with non-steady boundary condition which could
determine this coefficients, and examined the validity of this model by laboratory experiments, where
many long-lived radionuclides diffused into a sandy sediment.

The values of apparent diffusion coefficient were approximately obtained as follows,

(3~4) % 10~"cm?/sec for Sr, (1~2)x10~7cm?/sec for Mn and (3~8)x10-%cm?/sec for Cd, Co and Zn.

The theoretical models for Ru, Ce, Hg and Zr were not suited for description of their behavior

owing to the complex sorption model.
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Fig. 1 Calculated concentration of ion in iter-
stitial water at the dimensionless depth &.
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Fig. 2 Concentration profile in semi-infinite
sandy layer along the dimensionless depth &.
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Fig. 3 Schematic diagram of the apparatus for
diffusion experiments.

Table 1 Ionic concentration and y-ray energy of tracer nuclides.

Tracer nuclides 109Cd 144Ce 203g 8y  106Ry  1Cs  9%Zr  Mn  %Zn 5°Co
v Ray energy (MeV) €.088 0.13¢ 0.279 0.514 0.616 0.662 0.722 0.835 1.115 1.332
Concentration of
tracer solution <0.0C1 <0.6C1 06.007 0.022 (.0506 <C.001 <0.001 <0.0601 0.024 0.CO01
(ppm as element)
Added salts CdCl, CeCly HgCl, SrCl, RuCl; CsCl (Zﬁ}%s)o MnCl, ZnCl, CoCl,
Salt concentration
(ppm as element) 5.6 4.7 10.0 4.4 3.4 13.3 3.0 2.8 3.3 3.0

equal to 0.1 peq/ml
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Table 2 Apparent diffusion coefficients of inorganic ions obtained according to two methods

in a sandy sediment (pH 4).
pH=4.0+0.2

(ay, @3 ;%1078 cm?/sec)

Cd Ce Hg Sr Ru Cs Zr Mn Zn Co
[ 7.9 0.9 3.9 32 51 0.5 4.3 16 3.3 4.3
C.F Ca, 42 05 0.7 27 20 0.6 19 4 3.7 3.0
ajas 1.9 1.8 65 1.2 26 08 23 L1 0.8 1.4
L 4 09 3.8 43 41 2.4 4.3 28 6.0 7.7
1073 (peq/ml) | a, 4 L7 0.7 39 45 1.9 12 17 9.0 6.5
ajas, 1.0 053 54 1.1 09 13 36 17 0.67 1.2
D 7.5 0.6 1.8 42 33 7.7 3.3 21 2.7 3.3
1072 (peq/ml)  a, 3.4 46 0.5 42 0.4 1.6 4.3 17 26 3.9
aja, 2.2 013 36 1.0 83 48 077 12 1.0 0.8
a 20 1.4 0.2 64 0.6 13 0.4 42 7.3 7.9
107 (zeq/ml) | ay 7.5 2.1 0.7 24 2.8 23 2.9 30 9.9 6.7
ajas 2.7 0.67 0.29 2.7 021 57 014 1.4  0.74 1.2
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Fig. 4 Calculated distribution of ion in Toyoura
sand after a week of diffusion experiment.
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Fig. 5 Obtained and calculated distributions of
Mn in Toyoura sand obtained for various
carrier concentrations.
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Fig. 6 Concentration distributions of various
radionuclides in a sandy layer after a week
of diffusion experiment.
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EbHbIhT\W3,
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Table 3 Apparent diffusion coefficients of inorganic ions obtained according to two methods
in a sandy sediment (pH 7).
pH~7.0+0.3 (a1, ag; %1078 cm?/sec)
Cd Ce Hg Sr Ru Cs Zr Mn Zn Co
[ 6.6 1.9 1.9 50 4.0 0.6 2.0 23 1.6 4.1
C.F ‘ s 2.8 3.8 — 18 3.2 0.9 1.3 13 1.8 3.0
Laqfas 2.4 0.5 2.8 1.3 0.67 1.5 1.8 0. 89 1.4
[ ay 5.7 0.7 3.9 49 2.6 1.9 3.3 20 1.1 2.9
mﬂ(wmmoﬁ o 2.6 58  — 21 — 0.8 05 87 20 31
‘aas 2.2 0.12 2.3 2.4 6.6 23 055 0.94
Ca 45  — — 20 — L9 — 22 1.9 4.3
1072 (geq/ml) = s 10 0.5 1.6 50 @ — 7.9 — 32 2.2 6.6
Lay/as 0.45 0.4 0.24 0.69 0. 86 0.65
a 6 05 20 4 — 39— 51 87 3.1
107 (peq/ml) ' s 18 1.2 4.7 60 7.1 18 — 53 5.2 1.4
afay 0. 89 0.42 0.43 0.57 0.22 0. 96 1.7 2.2
I D*eti
_ b _ 2 Hw
p+(A=p)r-K
4 DGFLART, o & a, DED, ZOREEDE 1.0 s
Ik DRERBELH D 2 LV, £ LTERLOB Qgi\\\
Bytkix, K& \WIE Sr, Mn, Cd, Co, Zn k7ch, pH ~ oal D Conchration
4DPE LT L, 1L, Cd, Co, Zn oW T $§1 JLowm
1%, Table 2 DEEFUCHAD &, o — & —13Fb bl gorf B ° o
B, @ HOFRBAET, PE T B, £ asl- . 10
PH 4 OBEHICoOWTHBBORESFCL D, #id 5 sl
URBROZY R, DFC, ERRORELL £ |
DEHR & ERAE R BT 5, Thbb, KEO 2 %4
EEBROBEEI SRDI a; HOFHED HEXTT 03
R 7 (V it/ De/H) ZEH U, KB ¢ b LT 0.2L =00
BEZEL C/C 27ry b FTHHETHY, ZDBA, ol e
a OFHEOEBNKE oL, HRRrboTh io® iq" 10° iof

MHKEL 7D, Sr, Co, Ce ®HIT LTHRLIRERY
Fig. 7, Fig. 8, Fig. 9 wRi3, pH 7 o4& 1, 2{f
A F Vicw U ERSR L o@A IR X v, Ry, Hg,
Zr wowTit Fig. 9 iR L Ce 04 LR,

FERBEZCERRSOTHhNKE L, ~vy —H
OEERVERTEINZ EDH b - T,

Dimensionless time 7 [a_l'_?./%_rj

Fig. 7 The concentration history of Sr in sur-
face water vs. dimentionless time 7 obtained
from mean values of apparent diffusion co-
efficients.
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Fig. 8 The concentration history of Co in sur-

face water vs. dimentionless time 7 obtained

from mean values of apparent diffusion co-
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Fig. 9 The concentration history of Ce in sur-
face water vs. dimensionless time % obtained

from mean values of apparent diffusion co-
efficients.
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