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MIGRATION STUDY OF AMERICIUM IN POROUS MEDIUM
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Migration experiments of 241Am3+ had been performed by a column system, to
investigate migration behavior of 241Am through a column packed porous sedimentary
materials: a coastal sandy soil and a reddish soil. Most 241Am loaded into the column
packed the reddish soil sorbed on the influent edge of the column. In the case of the sandy
soil, however, considerable amount of241 Am was passed through the column. This shows
that there is colloidal 241Am species which may move without effective interaction with the
sandy soil. Such a migration behavior of colloidal 241 Am in the sandy soil column could
be evaluated by a sorption model based on filtration theory. Sorption mechanisms of

41 Am on the sedimentary materials were examined by a chemical extraction method, for
241 Am sorbed on the sandy soil and the reddish soil at any sections in the column. The
241Am sorbed on the reddish soil was mainly controlled by a reversible ion exchange
reaction. On the other hand, the 241Am sorbed on the sandy soil was controlled by
irreversible reactions, such as the selective chemical sorptions onto Fe and Mn
oxyhydroxide/oxide. The experimental results support that the migration of 241Am in the
reddish soil layer can be estimated by using the ^d, whereas that in the sandy soil can not be
explained by the K& concept.

1. INTRODUCTION

Low-level radioactive wastes containing transuranic radionuclides (TRU nuclides)
such as neptunium, plutonium and americium have been generated in radioactive waste
treatment and in spent fuel reprocessing(1). Since most TRU nuclides in the radioactive
wastes are long-lived, they must be isolated from the biosphere for a long period of time
until it is radiological innocuous. The safety of disposal of the radioactive wastes in
geological formations relies on what is known as the multi-barrier concept(2). The
geological barrier can and must also make a large contribution to the overall safety. An
important mechanism by which waste components can be returned to the biosphere is by
circulating groundwater, accompanying with retardation to radionuclide migration by
sorption onto the geological barrier. Thus, understanding the retardation process to
radionuclide migration in geologic environments is important in the assessment of
radioactive waste disposal sites.

The retardation process can be generally quantified by using simple thermodynamic
equilibrium: distribution coefficient (ATa), that is defined by the ratio of radionuclide
concentration between in geological medium and groundwater(3)(4). Therefore, there is a
need to valid whether the K& concept is adequate to describe the geological
medium/groundwater interaction of TRU nuclides. The aim of this study is to consider the
validation of the K& concept from the viewpoint of migration mechanisms of TRU nuclides
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in geological formation, for setting up radionuclide migration models in geological medium.
We have performed migration experiments of 241Am(III) by a column system, to

investigate the migration behavior of 241Am through porous sedimentary materials: a coastal
sand and a reddish soil. Sorption mechanisms of 241Am on both the soils were had been
previously examined by a sequential chemical extraction method(5). The results obviously
showed that the sorption of Am onto the reddish soil is dominated by a reversible ion
exchange reaction, while that onto the sandy soil is controlled by irreversible chemical
reaction with Fe and Mn oxyhydroxide/oxide and/or fixation(5). In the present study, we
have discussed the migration mechanisms and assumed to evaluate quantitatively the
migration behavior.

2. EXPERIMENTAL

Soil Samples and Solution
The soils used in the present study were a coastal sandy soil and a reddish soil, of

which physico-chemical properties are shown in Table 1. The coastal sandy soil, which
was sampled at a site of the Tokai Research Establishment, Japan Atomic Energy Research
Institute, Ibaraki, Japan, was fractionated into the particle size range smaller than 1 mm in
diameter, by sieving method with JlS-standard sieve. The reddish soil, which was taken
from Aichi, Japan, was fractionated into the size range smaller than 500 mm.

Table 1 Physico-chemical properties of soil samples.

Specific gravity
CEC(meq/100g)
Mineral composition

Quartz
Plagioclase
K-feldspar
Gibbsite
Kaolinite
Sericite
Chlorite
Hornblende
Cristobalite

Humic acid
(mgC/lOOg)

Sandy
soil

2.69
1.9

Major
Medium
Minor
N.D.
Trace
Trace
Trace
Trace
N.D.

8.7

Reddish
soil

2.74
8.7

Major
N.D.
Minor
Trace
Trace
Trace
Minor
N.D.
Trace

<1

Chemical composition (%)
SiO2

A12O3

TiO2

Fe2O3+FeO
CaO
MgO
Na2O
K2O
P2O5

MnO
H2O

Distribution coefficient of241

Kd(cm3/g)

Sandy
soil

78.20
8.31
0.36
2.46
1.95
0.98
2.55
2.70

-
0.07
2.04

Am
1,200

Reddish
soil

66.57
19.71
0.53
5.11
0.01
0.41
0.09
1.25
0.07
0.03
5.89

13,000

Equilibrated solutions used as an influent solution in the present column experiments
were prepared as follows: each soil sample amounting to 7 g had been contacted with 700
cm3 of deionized water for 4 weeks. The supernatant was filtrated with membrane filter of
0.45 \i m in pore diameter. The filtrate was used as the equilibrated solution. Chemical
properties of the equilibrated solution prepared from each sample are presented in Table 2.

Radionuclides used were 241Am3+ in the form of nitride. A stock 241Am solution
was prepared by introducing the 241Am in deionized water to have ca. 3X10 Bq/cm in
radioactivity, and by adjusting pH to 4 with 0.1 mol/dm3 NaOH solution. The 241Am
solution introduced in the present experiments was prepared by adding a small amount of
the stock solution into the equilibrated solution of 5 cm3 and then standing for 1 day.
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Table 2 Chemical properties of equilibrated solutions.

pH
Eh (mV)
K+ (mg/dm3)
Na+ (mg/dm3)
Mg2+(mg/dm3)
Ca5+ (mg/dm3)

Sandy
soil

7.5
240

1.4
1.2
0.6
8.8

Reddish
soil

4.8
360

0.2
0.4

<0.1
<0.1

HCO3" (mg/dm3)
SiO2 (mg/dm3)
SO4

2' (mg/dm3)
Fe (mg/dm3)
Al (mg/dm3)
Humic acid (mgC/dm3)

Sandy
soil

2.9

2.8
0.9
1.3
1.4

Reddish
soil

0.5
2.8
0.5

<0.05
<0.5
<1

Migration Experiments of241 Am
The apparatus for the migration experiments is schematically shown in Fig.l. The

soil column made of Teflon was 2.5 cm in inner diameter and 5 cm in height, and it had a
membrane filter of 5 11 m in pore size at the top and bottom. Soil layer was prepared by
charging 38.9 g of the sandy soil or 26.2 g of the reddish soil into the column to make a bed
thickness of 5 cm. Bulk density and porosity of the soil layers were 1.59 g/cm and 41 %
for the sandy soil, 1.07 g/cm3 and 61 % for the reddish soil, respectively.

After the soil layer was contaminated by passing 5 cm3 of the 241Am solution,
continuously 500 cm3 of the equilibrated solution was fed into the contaminated soil layer,
from the bottom at a flow rate of ca. 0.5 cm3/min by a micro tube pump. Effluent samples
passed through the soil layer were collected with a fraction collector. Soil samples were
taken out from the column at every 0.5 cm section in depth. Radioactivities of the effluent
and soil samples were measured with ORTEC gamma-ray detector.

In order to examine sorption mechanisms of 241 Am on the soils, the 241 Am sorbed on
the sandy soil and the reddish soil at any sections in the column was extracted with the mix
solution containing KC1 of 0.5 mol/dm3 and CaCb of 0.5 mol/dm3. Ion exchangeable
241Am sorbed can extract from the soils,(6X7)

Sandy
soil

Packed weight: 38.9 g
Poroclty: 41 %
Bulk density: 1.59
Velocity cm/min: 0.28
Dispersion

cm2/min: 0.31
Concentration :

Bo/cm3: 340

Reddish
soil

26.2 g
61 %

1.07
0.20

0.38

600

Water saturation
2.5cm 4> X 5cm

Pump

0.5cm3/min

Effluent
2 4 1 Am solution: 5 cm 3

Equilibrated solution: 500 cm 3

Fig.l Apparatus for the migration experiment.
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3. RESULTS

Concentration of 241Am in the effluent of the sandy soil is shown in Fig.2. In the
case of the reddish soil, no Am was always detected in the effluent. In the case of the
sandy soil, however, considerable amount of Am was passed through the column. Since
24"Am passed through the sandy soil column was detected at the beginning of the effluent
flowed out, the non-cationic 241Am species, which easily moves with water flow without
any appreciable interaction, might be produced. It is well known that there are two types
of colloidal 241Am in geologic medium; one is colloids formed by hydroxylation or
carbonation of 241Am and the other is pseudocolloids formed by association of Am with
some colloids, such as a fine soil particles, humic substances . Rapid movement of the
colloidal-sized species forming particulate like hydroxide(9)(10), carbonate(11), and organic or
inorganic colloids^ * ' through the geologic medium has been observed. The values of
pH, HCO3~, and humic acid concentration of the equilibrated solution for the sandy soil, in
Table 2, suggest a possibility of colloidal 241Am species production. Size distribution of
241Am species in the influent solutions was examined by a ultrafiltration method. As
shown in Table 3, the Am in the influent solution for the sandy soil was trapped by any
filters, particularly about 50 % of it were trapped by the filter of 0.45 jtimin pore diameter.
The results in the Table 3 make clear that241 Am forms colloidal species of size range larger
than 20 nm in the influent solution for the sandy soil. On the other hand, in the influent
solution for the reddish soil, of which pH is rather low about 4 ~ 5 , bulk of the 241Am passed
through the filter of 20 nm in pore diameter. This supports that there is little colloidal
241Am species in the influent solution for the reddish soil.

100 200 300 400
Effluent volume (cm3)

241 ,

500

Fig.2 Concentration of Am in effluent.

Table 3 Size distribution of 241Am species in influent solutions.

Sandy soil

>450nm
100-450 nm
20-100 nm

<20nm

49%
11%
9%
1%

Reddish soil

7%
3 %
4 %

86%
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Fig.3 Concentration distribution of 241Am in soil layer.

Concentration distribution of 241 Am in the soil samples was shown in Fig.3. In the
reddish soil layer, most 24IAm loaded into the column was detained near the influent edge.
The concentration of Am in the sandy soil layer decreased gradually and linearly when
the distance from influent edge became longer. These results show that there are two
chemical species in the column system; one is cationic 241Am which was strongly sorbed on
the influent edge, and another is colloidal 241Am species which may easily move without
effective interaction with the soil.

Figure 4 illustrates the results of the chemical extraction, as a fractional percent of
241Am desorbed from each section in the column by the CaCk and KC1 mix solution. The
24IAm sorbed on the reddish soil was mostly extracted with the mix solution and was
mainly controlled by a reversible ion exchange reaction. Contrary, the 241Am sorbed on
the sandy soil was not extracted with the mix solution. This indicates that the sorption
mechanism of Am on the sandy soil was dominated by irreversible reactions, such as the
selective chemical sorptions onto Fe and Mn oxyhydroxide/oxide and/or fixation, as well as
the results obtained previously from a batch experiment^.
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Fig.4 Fraction percent of 241Am desorbed from each section in the column
by the CaCh and KC1 mix solution.
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Above results involve important information on the migration mechanisms of 241 Am
through the soil layers. The migration of 241Am through the reddish soil is dependent on
the simple ion exchange of cationic 241Am. The migration of 241Am through the sandy soil
is attributed to a hybrid phenomena, containing movement of colloidal 241Am species and
irreversible sorption of24 Am.

4. DISCUSSION

equation(3):
In a porous soil medium, a solute migration with water movement is expressed by the
on(3):

dC p dQ d2C dC
+ - = D ~-V (1)

dt 0 dt dX2 3X
where C is solute concentration in water (Bq/cm3), Q concentration of solute sorbed on soil
layer (Bq/g), p density of soil (g/cm3), 6 water content, D dispersion coefficient
(cm2/min), V velocity of water (cm/min), / time (min), X length (cm).

Provided the reaction of 241Am between solution and soil is based on the
instantaneous reversible ion exchange reaction, the migration of 241 Am can be explained by
introducing the distribution coefficient:

(2)
and

fr=l + ( 1 f P KA (3)
a

where/porosity, K& distribution coefficient (cm3/g), R{ retardation factor.

Substituting Eq.(2) and (3) into Eq.(l), we obtain

dQ d2Q dQ 1

dt dx2 dx R(.
(4)

If the values of K&, Fand D are known, a concentration distribution of 241Am in the
soil layer can be estimated by solving Eq.(4). By using tritiated water as a non-reactive
tracer( 4), the V and D in the present experiments had been found to be 0.28 cm/min and
0.31 cm2 /min for the sandy soil, 0.20 cm/min and 0.38 cm2 /min for the reddish soil,
respectively. The Ka of 241Am was measured by a batch method and it was a value of
1,200 cm3/g for the sandy soil, 13,000 cm3/g for the reddish soil, as shown in Table 1.

The concentration distribution was estimated by using the radionuclide migration
prediction code with a finite difference method(15). The calculated result is shown as a
solid line in Fig.5. In the case of the reddish soil, it was in rough agreement with the
experimental result in the near surface region where the cationic 241Am probably governed
the detaining, since the 241Am sorbed on the reddish soil was mainly controlled by the
reversible ion exchange reaction. Thus the migration of 241Am in the reddish soil can be
estimated by using the KA.

On the other hand, in the case of the sandy soil, the concentration distribution of
241Am estimated by Eq.(4) was different from the experimental results. Because the 241Am
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formed colloidal species in the equilibrated solution for the sandy soil and the sorption
mechanisms of 24lAm on the sandy soil were dominated by the irreversible reactions.
Thus the migration of 241Am through the sandy soil is impossible to explain by the K&
concept based on the instantaneous equilibrium. These results imply that the colloidal
241 Am can migrate into the deeper region with water flow and a portion of it will be trapped
by the soil particles, then the detained colloidal Am changes to the cationic form and
resulting cationic Am must be more tightly and irreversibly sorbed on the sandy soil.

On the basis of filtration theory, an equation was proposed to evaluate the migration
of colloidal241 Am. The filtration formula( } is generally expressed by

dX
-- A. Cn (5)

where X, filtration factor (cm"1), Cp concentration of participate in solution passed through
soil layer of X cm.

Solving Eq.(5) for C = Co (X= 0) and constant Co, we obtain

C
Co

= exp(- X X). (6)

Hence, particulate concentration Qn at a position of Xj cm in a soil layer is given by the
equation

On

Q'nO

The logarithm in this becomes

(7)

( 0 ) (£?)->ZAj (8)
where Qn, particulate concentration detained at Xy of soil layer (g"1), gn 0 particulate
concentration detained at influent edge of soil layer (g'1).

3"(B
/b

0
«

u
c

E 1 0 °

K Filtration theory

. ̂ V. ^ / A = 1.9 cm'1

\ •

V-*.i»r«

Filtration theory

/ A = 0.7 cm"1

1 2 3 4
Distance from Influent edge (cm)

(a) Sandy soil

1 2 3 4
Distance from Influent edge (cm)

(b) Reddish soil

Fig.5 Concentration distribution of 241Am in soil layer.
Solid line: Calculation based K& model,

Dotted line: Calculation based on filtration theory.
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In Fig.5(b), since the logarithm of concentration was seen to decrease in proportion to
penetration depth in accordance with Eq.(8), the migration of 241 Am in the sandy soil layer
might be expressed by the filtration theory. The two values of filtration factor could be
determined to be 1.9 cm"1 and 0.7 cm"1, from the slope shown as two dotted line in Fig.5(b).
The fact suggests that the migration of 241Am in the sandy soil layer can not be expressed by
the Ki concept but can be explained by the filtration theory, furthermore it can be
significantly retarded by the irreversible sorption mechanisms and must much retard as
compared with the retardation estimated from the JQ, in a long period evaluation.

5. CONCLUSIONS

The migration behavior of 241Am through a column packed the coastal sandy soil or
the reddish soil was investigated. Most 241Am loaded into the column packed the reddish
soil sorbed on the influent edge of the column. In the case of the sandy soil, however,
considerable amount of 241Am was passed through the column. This shows that a portion
of the colloidal 241Am species migrated without effective interaction with the sandy soil.
Such a migration behavior of 241Am in the sandy soil layer could evaluate by a filtration
theory.

The 24lAm sorbed on the reddish soil was mainly controlled by the reversible ion
exchange reaction. Thus the sorption mechanism supports that the migration of 241Am in
the reddish soil layer can be estimated by using the K&. On the other hand, the 241Am
sorbed on the sandy soil was controlled by the irreversible reactions. The migration of
241Am in the sandy soil is not controlled by the K4 concept, whereas it must be significantly
retarded by the irreversible sorptions, as compared with the retardation estimated from the
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