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MODEL STUDIES ESTIMATING THE RISK OF A POSSIBLE POLLUTION IN THE GEOLOGICAL BASIS AND GROUNDWATER 
CAUSED BY THE DESIGNED NATIONAL DISPOSAL FACILITY FOR STORAGE OF RADIOACTIVE WASTE IN THE AREA OF 
NPS ”KOZLODUI” 
Nikolay T. Stoyanov 
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; nts@mgu.bg 
 
ABSTRACT. The spatial boundaries and the quantitative characteristics of the basic components of the potential pollutant transport media are 
determined for the area of the designed national disposal facility for storage of radioactive waste near NPS “Kozlodui”. From the radionuclides that 
will be disposed are defined those that are regarded as key factor in the performed study. A numerical 2D model is developed in order to 
prognosticate a possible migration through the engineered barriers and the unsaturated zone. Applying different variants of the model, a long-term 
prognosis for the behavior of the isotopes of 137Cs, 90Sr, 63Ni, 94Nb, 239Pu, 241Am, 129I, and 14C is performed. The boundaries and the degree of 
pollution of the geological basis are determined, as well as the transit time and the activity of each peculiar in the case it eventually reaches the 
groundwater level. A numerical 3D model is also developed and is applied for prognostication of the spatial distribution of the migrated into the 
water-saturated zone radionuclides, their arrival time and activity in the closest surface recipient of pollutants. In the numerical models is applied the 
scheme of convection-diffusion mass transport, taking into consideration the concomitant processes of sorption, dispersion, radioactive decay, and 
mixing. 
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: 1. ; 2.  
; 3.  

; 4. ; 
5. . 

; 6.  – 
; 7.  – . 

 6  – 6.  
; 6. ;  6. . 

,  h , 
,  k  

 Kd  
 

 ( ., 1992; ., 2007; 
., 2009; .). L 

 DM  
 (Adams, Gelhar, 1992; Gelhar et 

al., 1992; .). . 1  h , , k, 
L  DM , . 2 –  

 Kd  
 “ ” . 

 
 1.  
 h , m , g/cm3 k, m/d L, m DM, m2/d 

1 10-35 1450 0.7 0.005 1.5 10-4 
2 4-16 1540 0.02 0.002 1.5 10-4 
3 1-5 1750 0.25 0.003 1.2 10-4 
4 1-3 1850 5.0 0.025 1.0 10-4 
5 6-9 2050 20.0 0.03 1.0 10-4 

6.  
> 40 

1700 0.1 0.02 2.0 10-4 
6.  1730 3.0 0.05 1.0 10-4 
6.  1700 0.001 0.01 2.5 10-4 
7 1-8 1730 3.0 0.05 1.0 10-4 

 
 2.  Kd*, m3/kg 

  
1 2 3 4 5 6 7 

137Cs 0.20 0.25 0.23 0.14 - 0.40 0.10 
90Sr 0.07 0.12 0.14 0.075 - 0.20 0.04 
63Ni 0.30 0.65 0.65 0.40 - 0.65 0.30 

241Am 10.0 20.0 20.0 20.0 - 30.0 8.0 
129I 0.001 0.002 0.002 0.001 0.001 0.003 0.001 
14C 0.003 0.003 0.003 0.001 0.001 0.005 0.001 

94Nb 0.16 0.55 0.55 0.16 - 0.55 0.16 
239Pu 0.11 0.21 0.16 0.15 - 0.56 0.10 

:  5  129I  14C,  
. 
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 (Bredencamp, 1990). 
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 3.  
 

-
 A, Bq , d-1 Kd, m3/kg R       Ap0, 

Bq/m3 
137Cs 1.4x1014 6.3 10-5 3.0x10-3 42 1.5x108 
90Sr 3.4x1011 6.6 10-5 1.8x10-3 26 6.0x105 
63Ni 4.4x1012 1.9 10-5 1.2x10-1 1692 1.2x105 

241Am 1.3x1010 4.4 10-6 6.4x100 88001 6.7x100 
94Nb 3.3x109 9.5 10-8 3.5x10-2 482 3.1x102 
239Pu 8.7x109 7.9 10-8 4.3x100 59126 6.7x100 

129I 8.6x107 1.2 10-10 6.4x10-2 881 4.4x100 
14C 2.7x1012 3.3 10-7 10x100 137501 8.9x102 
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VS2DTI (Lappala et al., 1987; Hsieh et al., 2000; .). 
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 t.  

: 
 

A = Ap0 exp (- t) (1) 
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,  
 1410 .  129I  6010 .  14C,  

. ,  
 

. 
 

 4.  2D  

 
d*, 
m 

137Cs 90Sr 63Ni 

tmax, a Amax, 
Bq/m3 

tmax, 
a 

Amax, 
Bq/m3 

tmax, 
a 

Amax, 
Bq/m3 

1 1 590 1x102 270 2x102 350 5x100 
2 2 850 4x10-1 430 2x100 540 4x10-2 
3 5 1020 2x10-8 570 1x10-6 890 1x10-8 
4 9 1210 2x10-18 780 1x10-15 1590 3x10-18 

5-  21 1940 9x10-47 1430 2x10-40 4110 9x10-45 
        

  241Am 14C 129I 
1 1 1630 3x10-6 3350 474 50 4.41 
2 2 2590 3x10-9 3680 460 110 4.41 
3 5 5340 2x10-18 4440 424 300 4.41 
4 9 9140 2x10-32 5110 391 560 4.41 

5-  21 20130 3x10-69 6010 289 1410 4.37 
        

 
d*, 
m 

94Nb 239Pu 
tmax, a Amax, Bq/m3 tmax, a Amax, Bq/m3 

1 1 13980 1.6x102 29070 1.7x100 
2 2 24270 1.1x102 53530 8.0x101 
3 5 62950 2.8x101 100000 0.2x101 
4 9 100000 1.1x10-2 100000 3.3x10-2 

5-  21 100000 1.6x10-12 100000 1.1x10-9 

:  
 
 

 
 ( ) 

    
 3D  

.  
 – .  

 
 129I  14C. 

 
 3D  

   ,  
: 

  Modflow (Harbaugh et al., 2000). 
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