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Experimental Method for Determining Distribution Coefficients

of TRU Nuclides for Evaluating Their Migration Behaviors
Tadao TANAKA and Hideo KAMIYAMA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

(Received July 4, 1991)

Distribution coefficients of americium and plutonium were measured
by batch experiments for typical geological formations at Shimokita area
in Aomori prefecture, sand stone, tuff rock and sandy soil.

The distribution coefficients of both nuclides were largely affected
by pH of the used synthetic ground water as well as by the separating
condition of solid-liquid phase. It has been shown that their distribu-
tion coefficients are varied by their transfer route among geological
formations, since their chemical species, which can move through a certain
geological formation, are depending on its pore size and the pH of
infiltrating water in 1it.

It was concluded that consideration on the structure of geclogical
formations and their physico-chemical properties should be taken in the
measurement of effective distribution coefficients for evaluating the

migration behavior of TRU nuclides.

Keywords: Distribution Coefficient, Americium, Plutonium, Batch
Experiment, Sand Stone, Tuff Rock, Sandy Soil, pH,

Separation, Transfer Route, Geological Fermatiocn
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Table 1 Physico-chemical properties of sample.
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Sand stone Tuff rock Sandy soil
Density (g/ml) 2.81 2.57 2. 65
Mineral composition
Quartz Minor Medium Major
Stilkite - - -
Smectite Minor Medium -
Chlorite - - Trace
Plagioclase Major Major Major
K-feldspar - Trace Trace
Amphibopar Trace Trace -
Clinopyroxene - Medium - -
Orthopyroxene Minor - -
Calcite Minor - -
Amorphous - Majaor -
Cation extracted by distilled water (meq/100&)
Kt 12 3.8 0.8
Na*t 209 26 9.6
Mgzt 1.6 4.9 1.9
Cazt 4.0 4.4 2.8
CEC (meq/100g) 24.8 16.5 1.8
pH value of contacted water
pH (H20) 9.6 8.5 8.2
pH (KC1) 7.3 5.5 5.8
Specific surface area (m2/g) 41. 4 30.0 23. 8

Table 2 Ion composition of synthetic ground water.

lon species

Concentration (ppm)

K+
Nat
Mg2t
Ca2+
cCl-
HC O3
S Qa?-

o~c-u1:-.a>—~90<:.
A v

D B O OO

4
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Table 3 2%lAp concentration of liquid phase.

(a) Initial pH 5

Concentration {(cpm)

[Initial] {1 d] {1 w] [2 w) [3 w] [4 »] [Centrifuge] [Container]

Blank test Shaker stop 39Ud 2700 2900 2700 2600 26060 2000 432
1 hr after 3900 - 2600 2500 2500 12500

Sorption Sand stone 3909 1100 490 500 460 350 100 30

experiment Tuff rock 3900 110 110 120 130 140 33 37
Sandy soil 3900 b4 8 6 7 3 <l.8 78

(b) Initiat pH 9

Concentration {cpm)

[]nipial] [1d] (1 w) (2w) [3w) [4w] [Centrifuge] [Container]

Blank test Shaker stop 3900 1500 17¢0 1700 1100 1600 110 2500
1 hr after 3900 - 370 310 200 1000

Sorption Sand stone 3900 950 370 620 470 470 97 2500

experiment Tuff rock 3900 440 280 210 220 270 50 1300
Sandy soil 3900 94 17 i4 6 14 <1.8 1300

Shaker stop: sampling at the stop time of shaker.

1 hr after: sappling after 1 hr from the stop time of shaker.
[Centrifuge]: after centrifugation.

[Containerl: on container wall.
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Table 4 238%Pu concentration of liquid phase.

{a) Initial pH 5

Concentration {cpm)

[Initial) [1 d] (3 w] [2w] [3w] [4w] [Centrifuge) [Container]

Blank teazt Shaker stop 36000 20000 9900 74060 6100 6000 4300 17000
1 hr after 30000 14000 6200 4900 45060 4400

Sorptioen Sand stone 30000 12000 13000 13000 12000 10000 1700 190

experiment Tuff rock 30000 11000. 8700 7300 8300 11000 2100 2700
Sandy soil 30000 880 540 630 390 610 380 1400

(b) Initial pH O

Concentration (cpm)

[}nitial] (1d) (1w] £2w) 3wl (4w [Centrifuge] [Container]

Blank test Shaker stop 32000 31000 25000 24000 21000 11000 7700 100090
1 hr after 32000 22000 19000 19000- 16000 14000

Sorption Sand stone 32000 20000 16000 15000 15000 17000 1900 1700

experiment Tuff rock 32000 17000 15000 11000 12000 13000 280060 1700

Sandy soil 32000 1500 330 230 290 280 130 660

Shaker stop: sampling at the stop time of shaker.

1 hr after: sampling after 1 hr from the stop time of shaker.
[Centrifuge): after centrifugation.

[Container]: on container wall.



Table 5 pH and Eh of liquid phase after & weeks.
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pH Eh (mV)
Initial pH pH 5 pH 9 pH 5 pi 9
Blank test 5.8 7.2 215 202
247Am  Sand stone 9.3 9.3 92 91
Tuff rock 7.5 7.4 182 168
Sandy soil 6.5 6.9 206 196
Blank test 5.5 7.3 247 177
233py  Sand stone 9. 4 9.4 101 101
Tuff rock 7.0 7.5 195 185
Sandy soil 6.3 6.9 230 211
Table 6 Distribution coefficient of 2%lAm and 23%Pu.
Radionuclide 2414 238py
Initial pH pH 5 pH 9 pH 5 pH 9
Kd1 200 40 36 16
sand stone
Kd2 750 270 310 300
Kd 1 530 170 30 17
Tuff rock
Kdz 2300 1000 240 ZOQ
Kd1 4500 3700 920 22090
Sandy soil
Kdz >42000 >29000 1500 4800

— 12 —
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230Dy (IV), 24'Am () in 1 N HNO3(am)

4+ Synthetic ground water

|
pH5 _ pHO

24hr Z4hr

200ml + Sample:10g | + 200ml

Shaking (10°C)

1 day

Reaction | 1 week

2 weeks

3 weeks 1al—
4 weeks

i pH, Eh measurement : ! a-counting |

{ Centrifugation——1ml——
i (3000G, 30min)

Washing cantiiner wall 1al—

with 1 N HNOz of 50mi

Flow chart of experimental method.

Fig. 1

Ground surface

Surface soil

Concrete pit

Sandy soil layer TRU waste Sandy soil layer
pH 6.5 1 -
Kd1 {pH9) pE 11~12
+ ¥
| 1
¥

Tuff rock layer

Sand stone layer
pH 9.0 ; pH 7.5
Kd2 (pH9) 5 Kdz (pH9)
H Kdz (pH5)

Kd2 (pH5)

Fig. 2 Schematic diagram of TRU nuclide transfer route.




