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To evaluate colloidal migration of radionuclides through geologic media in groundwater, a calculation code has been developed.
Four reaction models, i) instantaneous equilibrium, ii) first order Kinetic reaction, iii) filtration, and iv) first order kinetic reaction
with filtration capacity, have been discussed on their applicability to colloid transport through porous media on the basis of
breakthrough curves from column experiments using sand and reddish soil. The instantaneous equilibrium model could not
explain both time course and increase rate of breakthrough curve approaching to Cc/Cc,=1, however the first order kinetic reaction
model, as one of models having the property of blocking effect, successfully simulate them. Breakthrough curves from the reddish
soil column have a specific behavior showing step-wise pattern of colloid concentration in response to repeated inflow of colloid.
The instantaneous equilibrium, the first order kinetic reaction, and the filtration models could not explain this behavior. However
the first order kinetic reaction with filtration capacity model reasonably simulates the breakthrough curves with specific behavior.
As a basis of colloidal migration model of radionuclides in natural barrier, the colloid transport model has been evaluated its
applicability through the laboratory experiments.
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Fig.1 Conceptual model of colloid-radionuclide-soil
interactions for radionuclide migration. (D:
Soil-colloid reversible interaction, @ : Filtration of
colloids by soil, @: Colloids-radionuclide reversible
reaction, @: Radionuclide-soil reversible reaction, ®:
(Pseudo-colloids)-soil reversible reaction)
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Fig.2 Schematic diagram of experimental setup for
colloid movement.
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Fig.3 Breakthrough curves of relative concentration of

latex colloids in effluent from sand column (colloid size:
451 nm, inflow colloid concentration: 100 mg/dm?®).
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Fig.4a Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
(colloid size: 98 nm, inflow colloid concentration: 10
mg/dm?®).
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Fig.4b Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
(colloid size: 98 nm, inflow colloid concentration: 30
mg/dm?).
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Fig.4c Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
(colloid size: 98 nm, inflow colloid concentration: 100
mg/dm?).
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Fig.5 Comparison of first cycle breakthrough curves of
relative concentration between four sizes of latex colloids
and iodine ion from sand column (inflow colloid
concentration for each size: 100 mg/dm®).
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Fig.6 Breakthrough curves of relative concentration
of latex colloids in effluent from sand column
calculated by instantaneous equilibrium model and
first order Kinetic reaction model.
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Fig.7 Breakthrough curves of relative concentration of
latex colloids in effluent from reddish soil column
calculated by instantaneous equilibrium model.
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Fig.8 Breakthrough curves of relative concentration of
latex colloids in effluent from reddish soil column
calculated by first order Kkinetic reaction model
(Simulating the 3™ cycle: k;=0.01 cm3/dry-soil-g/s,
k,=0.0225 1/s; Simulating the 2™ cycle: k;=0.002,
k,=0.00125; Simulating the 1% cycle: k;=0.001,
k,=0.00125).
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Fig.9 Breakthrough curves of relative concentration of
latex colloids in effluent from reddish soil column
calculated by first order kinetic reaction model without k,
(kq: [ml/dry-soil-g/s]).
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Fig.10a Breakthrough curves of relative concentration
of latex colloids from reddish soil column calculated by
first order kinetic reaction with filtration capacity
model (colloid size: 98 nm, inflow colloid concentration:
10 mg/dm?).
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Fig.10b Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
calculated by first order kinetic reaction with filtration
capacity model (colloid size: 98 nm, inflow colloid
concentration: 30 mg/dm?).

:(2) [ 52, 53Cycle 100mg/dm?
08 | m
Qo 0.6
Sl \

0o | g 1Cycle

0.0

0 300 600 900 1200 1500 1800
B (s)

Fig.10c Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
calculated by first order kinetic reaction with filtration
capacity model (colloid size: 98 nm, inflow colloid
concentration: 100 mg/dm?).
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Fig.10d Breakthrough curves of relative concentration
of latex colloids in effluent from reddish soil column
recalculated using a smaller value (40%) of deposition
rate than for Fig.10c.
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Fig.11 Relationship between inflow colloid concentration
and deposition rate obtained by inverse analysis on 9
RUNSs of reddish soil column experiments based on first
order kinetic reaction with filtration capacity mode.
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Fig.12 Relationship between inflow colloid concentration
and filtration capacity obtained by inverse analysis on 9
RUNSs of reddish soil column experiments based on first
order kinetic reaction with filtration capacity mode.
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Change of breakthrough curves according to various combinations of deposition rate and filtration capacitie.
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