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A concentration of Ra limited by coprecipitation reaction with calcite used to be 

estimated by a model of distribution assuming that constant mol ratio of Ra/Ca is 

preserved in solid and liquid phase. However, according to experiments of 

coprecipitation, it has been revealed that mol ratio of Ra/Ca in solid differs from that in 

liquid. This difference of ratio in solid and liquid phase was evaluated by a partition 

coefficient.

In this study, a partition model was established to evaluate an effect of coprecipitation 

of Ra in calcite with a partition coefficient. In the model, partition coefficient was 

converted to a distribution coefficient and the effect of incorporation of Ra was 

examined. As an example, this model was adopted under a condition of pore water of 

bentonite reacted with fresh reducing high pH (FRHP) ground water and a converted 

distribution coefficient was conducted. 

Release rates of 4n+2 series nuclides from engineered barrier with this model were 

also calculated. As a result of calculation, release rate of 226Ra was largest in their series 

on an outer surface of engineered barrier. This release rate was more than one order 

magnitude lower than that of 135Cs.
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2-1 4n+2 , year 

246Cm(4.73 103) 242Pu(3.87 105) 238U(4.47 109) 234U(2.45 105)

230Th(7.70 104) 226Ra(1.60 103) 210Pb(2.23 101)

Ra Ra Ra

Ra

Ba 4) Ba Ra

Ra Ba

Ba

Ca

Ra Ba Gnanapragasam 

and Lewis5) Yoshida et al.3)

Ra

Ra (D)5)

D = (mol ratio of Ra/Ca in solid) / (mol ratio of Ra/Ca in solution) (1) 

Ra (D)

Yoshida et al.3) (1.5 0.6) 10-1

Ra

(1) Ca

Ca Ra Ca

7)

Ra

Lorens6) 25

25

Ca
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(1) Ca Ra Ra

Ca

(1) Ra

Ra

4n+2

Ra 4n+2

Ra

Ra

Ra

(Kcp) m3 kg-1

Kcp = VRa / CRa (2) 

VRa 1kg Ra mol CRa 1m3 Ra mol

(1) VRa, VCa, CRa CCa

D = (VRa / VCa) / (CRa / CCa) (1’) 

(2) (1’)

Kcp = VCa / CCa  D (3) 

Kcp Ca mol Ca mol

D Yoshida et al.3) (1.5 0.6) 10-1

1kg Ca mol (VCa) 1m3 Ca mol (CCa)
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pH

8) FRHP Kcp

 FRHP Kcp

(3) Kcp 1kg Ca mol 1m3 Ca

2 Na

V1 2.1% 2.6% 9) 2.35%

1kg

1000 [g] 2.35 100 100 [g/mol]=0.235 [mol kg-bentonite-1]

25 25

V1 V1

9)

9) 22 m

250 62 m 22

62 m

x,y z

25 Ca

22 m 62

m 5.44 10-2 1.53 10-1 m2 g-1

25 Ca 1.54 10-3 4.34 10-3

1kg

22 m 0.235 [mol/kg-bent.]  4.34 10-3 = 1.02 10-3 [mol-calcite/kg-bent.] 

62 m 0.235 [mol/kg-bent.]  1.54 10-3 = 3.62 10-4 [mol-calcite/kg-bent.] 

Ca FRHP

5.25 10-5 mol kgw-1

VCa, CCa D (3) Kcp
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62 m

Kcp = 3.62 10-4 [mol-calcite/kg-bent.]  5.25 10-2 [mol/m3]  1.5 10-1

= 1.03 10-3 [m3/kg-1]

22 m

Kcp = 1.02 10-3 [mol-calcite/kg-bent.]  5.25 10-2 [mol/m3]  1.5 10-1

= 2.91 10-3 [m3/kg-1]

Ra Kd Tachi et al.10) 0.01

22 m 1/3

Ra Ra
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Kcp 4n+2

FRHP Ra MESHNOTE11)

,

Kcp FRHP

Ra

Kd_bentonite + Kcp  Kd_bentonite

Ra Kd_bentonite Ra Kd_bentonite

Ra Kcp

Kcp 2.9 10-3 4n+2 (Bq yr-1)

4-1

4-3 2)

4-2 4-4

Ra 7

4-1 Ra

4000 4-2

4-3 226Ra

4n+2 20

4100 Bq yr-1 135Cs 25 1

4-3 4-4 Ra 4-5 4000

10 Bq yr-1

20 4100 Bq yr-1

300 320 Bq yr-1
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Ra (Kcp)

Ca

Ra Kcp
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Kcp

Ra Kd Kcp

3.2 FRHP

Kcp Kd 3 1
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Kd FRHP 4n+2
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20 4100 Bq yr-1 2000
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���������������������

����



 11

NESI

���������������������

����



 12

1) (1999): 2 3

, JNC TN1400 99-023. 

2) , , , , ,  (1999):

2 , JNC TN8400 99-071. 

3) Yoshida, Y., Yoshikawa, H. and Nakanishi, T. (2007): Partition coefficients of Ra and 

Ba in calcite, Geochemical Journal(submitted). 

4) Dorner, H.A. and Hoskins, W.M. (1925): Co-precipitation of radium and barium 

sulphates, Journal of American Chemical Society, vol. 47, pp.662-675. 

5) Gnanapragasam, E.K. and Lweis, B.G. (1995): Elastic strain energy and the 

distribution coefficient of radium in solid solutions with calcium salts, Geochimica et 

Cosmochimica Acta, vol. 59, 24, pp.5103-5111. 

6) Lorens, R.B. (1981): Sr, Cd, Mn and Co distribution coefficients in calcite as a 

function of calcite precipitation rate, Geochimica et Cosmochimica Acta, vol. 45, 

pp.553-561.

7) Cherniak, D.J. (1997): An experimental study of strontium and lead diffusion in 

calcite, and implications for carbonate diagenesis and metamorphism, geochimica et 

Cosmochimica Acta, vol. 61, 19, pp.4173-4179. 

8) , ,  (1999): 2

, JNC TN8400 99-078. 

9) , , , , , ,

(1993): , PNC TN8430 93-003. 

10) Tachi, Y., Shibutani, T., Sato, M. and Yui, M. (2001): Experimental and modeling 

studies on sorption and diffusion of radium in bentonite, Journal of Contaminant 

Hydrology 47, pp. 171-186. 

���������������������

����



 13

11) Zhou, W., Apted, M.J. and Robinson, P. (1994): Comparison of International 

Source-Term Codes, Mat. Res. Soc. Symp. Proc., vol.333, pp.769-774. 

���������������������

����



 14

25 Ca mol

Ra 25 Ca mol

a = 6.35 =6.35 10-10 m 

=2 46.06o / 360o

=2.71 g cm-3 = 2.71 106 g m-3

1

1 a a sin( )=2.92 10-19 m2

1

= 2.92 10-19 m2

2

22

2

2
cos2

2
cos

2
sin3

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å +-
-³

a

aa
aaa

a

=1.22 10-28 m3

=3.31 10-22 g 

x, y z

n

n

 =  (n 2+1)3

n  = (n 2+1)3 - ((n-1) 2+1)3

(m2 g-1)

= 1 (n 2+1)2 6

= ( 3.31 10-22 g) 

( )
( )322

2219

121031.3

6121092.2

+³³³
³+³³³

=
-

-

ng

nm

12

5291

+³
=
n
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= (n 2+1)

n

n 25 Ca mol 25

25 =25

( ) ( )( )
( )3

33

12

122512

+³
+³--+³

=
n

nn

Ca mol

25 Ca mol = (x g) 25

25 Ca mol
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