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Distribution Coefficients of ?*"Np and 'Am in Sedimentary Geological Formation

Tadao TANAKA, Shinichi TAKEBE, Hiromichi OGAWA and Susumu MURAOKA
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Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 19, 1998)

Adsorption and desorption experiments of ¥*’Np(V) and #!Am(IID) onto sedimentary materials:
tuffaceous sand, sandstone and tuff had been performed by a batch method, to obtain distribution
coefficient and to examine adsorption mechanisms.

The distribution coefficient of 2’Np increased with pH, while it was not affected by Na* andCa?*
concentration. Migration behavior of *’Np in geological formations is able to be estimated by the
conventional adsorption model using distribution coefficient, since adsorption mechanism of B'Npis
dominated by reversible reactions. On the other hand, the distribution coefficient of *!Am was three
order larger than that of #"Np, and it showed maximum value in a pH range between 7 and 8. The
distribution coefficient of 2! Am for tuffaceous sand and tuff gradually decreased with increasing Na*
and Ca?* concentration. Adsorption mechanism of ?!Am is dominated by irreversible reactions. This
suggests that application of an adsorption model taking account of the irreversible reaction is necessary

to estimate exact migration behavior of 2!Am in geological formations.

Keywords: Adsorption, *"Np(V), ! Am(I), Adsorption Mechanisms, Coexistent Ion, pH,
Tuffaceous Sand, Sandstone, Tuff, Distribution Coefficient.
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Table 1 Radionuclides contained in LLW and TRU wastes.

¥k

Radionuclide

Radioactivity

LLwW* TRUW**
(Bq) (Bq/m®)
SH (12.3y) 1.22x10"*

"“C (5.7X10%y) 3.37X10'? 5.5X10°
$°Co (5.27y) 1.11X10"° 5.1X10’
*°Ni (7.5X10%y) 3.48X10'° 2.7x10*
®3Ni (100y) 4.44%10"" 4.1X10°
°°Sr (28.8y) 6.66X10'? 4.7X10°
°“Nb (2.0X10%y) 3.33x10'°
°9T¢ (2.14X10°%) 7.40X%10° 8.7x10*
"°%Ru (366.5d) 2.1X10°
2% (1.6X10"y) 1.11%x10° 2.1X10°
'34¢s (2.06y) 3.2%X10°
'37cs (30.2y) 4.07X10"° 6.5%10°
'““Ce (284.5d) 2.0%x10°
"S*Eu (8.5y) 5.6X10’
227Np (2.14X10°y) 3.7X10°
23%py (87.7y) 3.2X10’
24Py (14.4y) 6.8x10°
247 Am (433y) 8.7x10°
Z44cm (18.1y) 2.4X107
a-nuclides 2.33%x10"' 7.3X107

total storage plan in Rokkasho site

: LLW (Low level radioactive waste),

(2)

TRU¥ (Combustible low leve! miscel laneous

Estimated concentration

(9)

solid TRU waste),
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Table 2 Physico-chemical properties of the sedimentary samples.

Tuffaceous Sandstone Tuff
sand
Specific gravity 2.65- 2.75 2.81 2.57
Cation exchange capacity 1.8 - 3.4 24.8 16.5
(meq/100g)

Chemical composition (%)
Si0: 73.88-74.83 38.48 62.89
Alz0s 10.85-12.37 14.63 14.15
Ti0- 0.23- 0.30 0.77 0.34
Fe:0s 1.47- 3.80 18.71 4.99
Ca0 2.31- 2.43 9.65 3.20
Mg0 0.86- 1.82 5.24 1.68
Fe0 1.12- 1.72 2.88 1.29
Na:0 1.58- 1.72 2.22 2.56
K-0 0.40- 0.42 0.87 2.18
P20s 0.05- 0.06 0.13 0.05
Mn0 0.05- 0.07 0.08 0.06
H-0 3.35- 4.07 3.53 6.34

Humic substance (mgC/100g) 33 -37 2 2

Humic acid (mgC/100g) 1 -2 <1 <1
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Table 3 Physico-chemical properties of the equilibrated solution.

Tuffaceous Sandstone Tuff
sand

pH 6.4 - 6.5 8.6 6.8
Eh (mV) 420 -470 320 450
K* (mg/dm*) 0.17- 0.32 4.7 1.5
Na* (mg/dm®) 2.2 - 3.0 48.2 5.9
Mg®" (mg/dm®) 0.13- 0.23 0.19 0.60
Ca’* (mg/dm®) 0.15- 0.55 0.79 0.87
HCOs>™ (mg/dm®) 2.8 - 3.6 136 8.3
Si0. (mg/dm*) 59 - 7.4 34.8 35.4
Fe (mg/dm®) <0.05 <0.05 <0.05
Al (mg/dm®) <0.5 <0.5 <0.5
Humic substance (mgC/dm*) <1 16.4 6.1
Humic acid (mgC/dm*) <1 <1 <1

Table 4 Distribution coefficients in adsorption and desorption processes
and pH and Eh of solution .

Tuffaceous sand Sandstone Tuff
Dlstl’ibution ads des ads des ads des
coefficient (cm’/g) K K K K. K K
37Np 2.3 13 7.4 21 4.1 17
2" Anm 5400 >10000 2900 >10000 2000 >10000
pH 6.4 9.0 7.2
Eh (mV) 340 220 310
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Table 5 Percentage of 2°’Np and *“'Am desorbed from the sedimentary samples
by the sequential chemical extraction proceduré.

Radionuclide  Sample Eg:: Li‘i’gz“’d CaCl: KCI NH:OH+K-oxalate H:0:  Residue
Tuffaceous sand 48.9 15.2 2.1 5.8 2.5 25.5

Z37Np Sandstone 58.1 12.6 2.3 6.0 6.4 14.6
Tuff 57.6 17.2 1.3 4.2 6.1 13.6

Tuffaceous sand <0.1 36.6 10.8 14.4 16.6 21.6

24 Am Sandstone 1.3 1.6 0.6 2.0 32.4 62.1
Tuff 0.8 14.4 14.1 2.9 - 14.6 53.2
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Filtration

—

0.45
um

]

( Radioactivity )

Radioactivity
after 3, 24, 48, 96, 168 h

Equilibrated solution
10 cm3

Sedimentary samples
05¢g

Fig.l Schematical flow diagram of adsorption experiment.
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Fig.2 Time course of **'Np and **'Am concentration in supernatant;

the concentration is normalized to the initial on (o
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Filtration
045 |, Extraction reagents
”l'“ 10 cm3
- (Equlllbrated solution)
( Radicactivity ) _
CaCly
KCI
I ' NH,OH + K-oxalate
Ho05
Sedimentary samples
adsorbing 237Np or241am
05¢g

Fig.3 Schematical flow diagram of desorption experiment.
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Fig.4 Influence of pH on distribution coefficient of *°"Np and 24T Am;

— ¢ pH of groundwater.
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Fig.5 Influence of Na® concentration on distribution coefficient
of ?*"Np and **'Anm;

— : Na* concentration of groundwater.
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Fig.6 Influence of Ca®" concentration on distribution coefficient
of ?*"Np and **'Am;

— : (Ca®* concentration of groundwater.
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Fig.7 Percentage of 2*’Np and **'Am desorbed from the sedimentary samples

by the sequential chemical extraction procedure.
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