
 

 

 

APPENDIX B 

ENGINEERING ANALYSES 

 

B.1 RADON Analyses  - New for 2012 Update 

 

B.2 - Retained from Original Closeout Plan, 1998 

 SURFACE WATER HYDROLOGIC ANALYSIS 

o FLOOD HYDROGRAPH (HEC-1) ANALYSES  

o WATER SURFACE PROFILE (HEC-2) ANALYSES 

 REVISED UNIVERSAL SOIL LOSS EQUATION (RUSLE) ANALYSES 

 SLOPE STABILITY (SB-SLOPE) ANALYSES 

 DESIGN RUNOFF AND SHEAR CALCULATIONS 

These calculations were based on full build-out of the mine site. 

As-is conditions are less than full build-out, therefore these 

calculations are conservative for as-is conditions. 

 



 

 

B.1  RADON ANALYSIS 

 

WATER TREATMENT PONDS AND WASTE ROCK PILE AFTER CLOSURE



Table B.1  Input Parameters and Radon Flux - RADON modeling of Mine Water Treatment Pond Cover and Waste Rock Pile 

           

Pond Pond Sediment 
Fill from Area A and 
Ore Stockpile Pad 

Contaminated Soil Fill  Soil Cover  

Total 
Fill 

Depth, 
ft (1) 

Calculated 
Radon Flux 
from Cover, 

pCi/m
2 

S 

  

Average 
Thickness, 

ft (2) 

Average 
Ra-226, 

pCi/g 

Average 
Thickness, 

ft 

Average 
Ra-226, 

pCi/g 

Average 
Thickness, 

ft 

Average 
Ra-226, 

pCi/g  (3) 

Average 
Thickness, 

ft 

Average 
Ra-226, 

pCi/g     

1 1.5 119 1.0 214 11.0 44 2.0 6.8 14 19.7 

2 1.5 224 0.0 NA 11.0 44 2.0 6.8 13 19.9 

3 1.65 21 1.0 214 13.0 44 2.0 6.8 16 19.1 

4 0.75 18 0.0 NA 10.0 44 2.0 6.8 12 18.8 

5 1.7 11 0.0 NA 13.0 44 2.0 6.8 15 18.8 

6 1.5 6 0.0 NA 13.0 44 2.0 6.8 15 18.8 

7 1.4 10 0.0 NA 13.0 44 2.0 6.8 15 18.9 

8 2.25 27 0.0 NA 7.0 44 2.0 6.8 9 18.4 

Waste 
Rock Pile 

Waste Rock      Contaminated Soil Fill  Soil Cover      

  17 50 (4)     1.6 (5) 44 2.0 6.8   19.9 

(1) Total fill depth is design top of cover to existing top of pond sediment 
    (2) Pond sediment thicknesses are average values from test pit logs, April 2012. Pond 2 sediment thickness estimated  

 
 because of standing water 

       (3) Average of 10 pond surface sediment samples, to represent source of soil contamination 
  (4) Conservative estimate based on low concentrations of Ra-226 in SPLP leachate from waste pile tests, Table 2,  

 
 Kleinfelder, 2012 

        (5) 1.4 ft over 21.7 acres based on 48,660 BCY contaminated soil, 1.6 ft thick with 15% swell for LCY placed. 
 The RADON model was run in accordance with:               

U.S. Nuclear Regulatory Commission Office of Research, RADON, Version 1.2, May 22, 1989, and 
 

  

U.S. Nuclear Regulatory Commission Office of Nuclear Regulatory Research, “Regulatory Guide 3.64,  
 

  

 "Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings Covers”, June 1989.       



 

RADON Model – Mt Taylor Mine   July, 2012 

 

Pond #1 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  43.30 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.364 pCi/m2s per pCi_Ra-226/g 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.45      119      .25      0.4       5         2.704E-6   

  2    0.3       214      .25      0.4       5         2.704E-6   

  3    3.3       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

--------  Results of Radon Diffusion Calculation  -------- 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.45        3.964       109.4E3     0.850      

  2     0.3         31.44       104.5E3     0.850      

  3     3.3         20.75       18.20E3     0.700      

  4     0.6         19.67       0E0         0.700      

  

Total cover radon retention: 54.57% 



Pond #2 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  81.50 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.364 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.45      224      .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    3.3       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.45        38.88       118.6E3     0.850      

  2     0.01        39.70       118.2E3     0.850      

  3     3.3         20.99       18.39E3     0.700      

  4     0.6         19.86       0E0         0.700      

  

Total cover radon retention: 75.63% 



Pond #3 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  9.818 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.468 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.6       21       .25      0.4       5         2.704E-6   

  2    0.3       214      .25      0.4       5         2.704E-6   

  3    3.9       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.6         -23.6       72.31E3     0.850      

  2     0.3         12.41       73.85E3     0.850      

  3     3.9         20.04       17.62E3     0.700      

  4     0.6         19.10       0E0         0.700      

  

Total cover radon retention: -94.5% 



Pond #4 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  3.474 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.193 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.23      18       .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    3         44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.23        -5.23       45.65E3     0.850      

  2     0.01        -3.79       45.69E3     0.850      

  3     3           19.68       17.34E3     0.700      

  4     0.6         18.82       0E0         0.700      

  

Total cover radon retention: -442.%  



Pond #5 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  4.474 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.407 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.51      11       .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    3.9       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.51        -10.8       37.92E3     0.850      

  2     0.01        -9.26       38.01E3     0.850      

  3     3.9         19.72       17.37E3     0.700      

  4     0.6         18.85       0E0         0.700      

  

Total cover radon retention: -321.%  



Pond #6 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  2.183 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.364 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.45      6        .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    3.9       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.45        -11.2       37.21E3     0.850      

  2     0.01        -9.68       37.31E3     0.850      

  3     3.9         19.72       17.37E3     0.700      

  4     0.6         18.84       0E0         0.700      

  

Total cover radon retention: -763.%  



Pond #7 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  3.417 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.342 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.42      10       .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    3.9       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.42        -9.87       39.37E3     0.850      

  2     0.01        -8.38       39.46E3     0.850      

  3     3.9         19.74       17.38E3     0.700      

  4     0.6         18.86       0E0         0.700      

  

Total cover radon retention: -452.% 



Pond #8 

----------------  Input Parameters  ---------------- 

 Number of Layers:  4  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  13.98 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.518 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    0.68      27       .25      0.4       5         2.704E-6   

  2    0.01      214      .25      0.4       5         2.704E-6   

  3    2.1       44       .25      0.4       10        1.602E-6   

  4    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     0.68        -6.44       39.93E3     0.850      

  2     0.01        -4.96       39.99E3     0.850      

  3     2.1         19.10       16.86E3     0.700      

  4     0.6         18.35       0E0         0.700      

  

Total cover radon retention: -31.2% 



 

Waste Rock Pile 

----------------  Input Parameters  ---------------- 

 Number of Layers:  3  

 Radon Flux into Layer 1:  0 pCi/m2s 

 Surface Radon Concentration:  0 pCi/L  

 Bare Source Flux (Jo) from Layer 1:  43.68 pCi/m2s 

 Specific Bare Source Flux from Layer 1:  0.874 pCi/m2s per pCi_Ra-226/g 

 

Layer Thickness  Ra-226   Emanat  Porosity  Moisture  Diff Coeff 

 No.     [m]     [pCi/g]  Fract            [dry wt_%]  [m2/s]  

  1    4.5       50       .25      0.4       7.000     2.216E-6   

  2    0.5       44       .25      0.4       10        1.602E-6   

  3    0.6       6.8      .25      0.4       10        1.602E-6   

 

--------  Results of Radon Diffusion Calculation  -------- 

 

Layer  Thickness   Exit Flux  Exit Conc.     MIC 

 No.      [m]      [pCi/m2s]   [pCi/L]  

  1     4.5         13.07       35.47E3     0.790      

  2     0.5         21.08       18.47E3     0.700      

  3     0.6         19.94       0E0         0.700      

  

Total cover radon retention: 54.35% 
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