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s
im = mass of nuclide s in cell  [M]

p = denotes for parent of s

sl pl = decay constant for sand parent nuclide, respectively [  ]

pN = number of direct parents for s

s
pf = fraction of parent which decays into s

p sS ® = stoichiometric ratio of moles of s produced per mole of parent

decayed

sw pw = molecular weight of s and parent, respectively [M/mol]

lN = number of mass flux links from to cell 

s
l if ®

= influx ratio of s into  through advective and diffusive mass flux

link l [M/T]

s
iS = rate of direct input of s to  from source [M/T]
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sf = flux of s leaving the pipe pathway [M/T]

ssc = concentration of the suspended solid in the mobile zine [ ]

Q = volumetric flow rate in the pathway [ ]

s
ssK
= sorption coefficient between the suspended solid and the fluid for s

[ ]

sD = effective diffusivity of s in the mobile zone [ ]

a = dispersivity of the pathway [L]

L = length of the pathway [L]

x = distance into the pathway [L]

sc = dissolved concentration of s in mobile zone of pathway [ ]
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A = diffusice area of the matrix zone per unit length of mobile zone [L]

q = porosity for s

sR
pR = retardation factor for s and parent in the mobile zone, respectively

p = perimeter of the pathway [L]

imf = perimeter fraction occupied by matrix diffusion zone [L]

s
imD = diffusivity of matrix diffusion zone for s [ ]

NMD = number of matrix diffusion zone

s
imc = concentration of s in the rock matrix diffusion zone 
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s
imD = effective diffusivity of s in the matrix zone[ ]

imq = porosity of the matrix zone

s
imR

p
imR = retardation factor in the matrix zone for s and parent, respenctively

s
imA = diffusive area of the matrix zone per unit length of mobile zone [L]
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( )td = Dirac delta function [  ]

0
sM = initial mass of s applied to the pathway [M]

s
bf = boundary flux of s [M/T]

s
ef = flux of s from external pathway [M/T]
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Parameter Unit
Minimum

Value

Maximum

Value

Distribution

type
비고

Instant Release Fraction - 0.03 0.1 Uniform

Dissolution Ratio       Log-uniform

Canister Failure Time 
1E-1

(300yr)

1E4

()

Uniform

(Log-uniform)

Buffer Thickness  0 1 Uniform

Flow Rate    10 Log-uniform

Early Time Failure %
0

(Most likely 0.1)
0.5 Triangular

Waste Dissolution Rate       Uniform

Fracture Length 
50

(Most likely 100)
200 Triangular

Dispersion in Fracture 
-1

(Most likely 0)
1 Triangular 10*10**

Hydraulic Conductivity 
 

(Most likely 
 )

  Triangular

Porosity in MWCF -
0.025

(Most likely 0.05)
0.1 Triangular

MWCF Length 
400

(Most likely 800)
1600 Triangular

Disper5sion in MWCF 
-1

(Most likely 0)
1 Triangular 50*10**
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그림 의 일 때의 의4.12 PM 0.05(5%) Farmer Dose
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IRF-0.03 IRF-0.04 IRF-0.05 IRF-0.06 IRF-0.07 IRF-0.08 IRF-0.09 IRF-0.1

Time (yr)
[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

0 0 0 0 0 0 0 0 0

10 2.50E-08 3.33E-08 4.17E-08 5.00E-08 5.84E-08 6.67E-08 7.50E-08 8.34E-08

100 4.66E-05 6.21E-05 7.76E-05 9.32E-05 0.00010871 0.00012424 0.00013977 0.0001553

200 7.52E-05 0.00010031 0.00012539 0.00015046 0.00017554 0.00020062 0.00022569 0.00025077

300 9.02E-05 0.00012032 0.0001504 0.00018047 0.00021055 0.00024063 0.00027071 0.00030079

400 9.97E-05 0.00013291 0.00016611 0.00019938 0.00023259 0.00026582 0.00029908 0.0003323

500 0.0001058 0.00014107 0.00017633 0.0002116 0.00024686 0.00028213 0.0003174 0.00035266

600 0.00010944 0.00014592 0.0001824 0.00021888 0.00025536 0.00029184 0.00032832 0.0003648

700 0.00011115 0.0001482 0.00018525 0.00022231 0.00025936 0.00029641 0.00033346 0.00037051

800 0.00011137 0.00014849 0.00018561 0.00022273 0.00025985 0.00029697 0.00033409 0.00037121

900 0.00011044 0.00014725 0.00018405 0.00022087 0.00025768 0.00029449 0.0003313 0.00036811

1000 0.00012467 0.00016622 0.00020778 0.00024933 0.00029089 0.00033244 0.000374 0.00041555

1100 0.035648 0.04753 0.059412 0.071295 0.083177 0.09506 0.10694 0.11882

1200 0.061512 0.082012 0.10251 0.12302 0.14352 0.16402 0.18452 0.20503

1300 0.078867 0.10516 0.13144 0.15773 0.18402 0.2103 0.23659 0.26289

1400 0.0908 0.12107 0.15132 0.18161 0.21186 0.24214 0.27239 0.30264

1500 0.098737 0.13165 0.16456 0.19747 0.23038 0.2633 0.29621 0.32912

1600 0.10363 0.13817 0.17271 0.20725 0.24179 0.27633 0.31087 0.34541

1700 0.10619 0.14158 0.17698 0.21237 0.24777 0.28316 0.31856 0.35395

1800 0.107 0.14266 0.17832 0.21399 0.24965 0.28532 0.32098 0.35665

1900 0.1065 0.142 0.1775 0.213 0.2485 0.28401 0.3195 0.355

2000 0.10507 0.14009 0.17511 0.21013 0.24515 0.28017 0.31519 0.35021

3000 0.075948 0.10126 0.12657 0.15188 0.17719 0.20251 0.22783 0.25314

4000 0.05079 0.067726 0.084651 0.10158 0.11851 0.13545 0.15237 0.16929

5000 0.03395 0.045267 0.056583 0.067905 0.079214 0.090536 0.10185 0.11317

6000 0.022828 0.030438 0.038053 0.04566 0.053272 0.060883 0.068484 0.076094

7000 0.015467 0.020622 0.025776 0.030934 0.036091 0.041242 0.046399 0.051552
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8000 0.010572 0.014095 0.017619 0.021144 0.024666 0.02819 0.031716 0.035238

9000 0.0073008 0.0097346 0.012168 0.014601 0.017034 0.019468 0.021901 0.024335

10000 0.005101 0.0068012 0.0085015 0.010202 0.011902 0.013603 0.015303 0.017003

20000 0.00034179 0.00045572 0.0005696 0.00068354 0.00079725 0.00091132 0.0010253 0.0011391

30000 4.81E-05 6.41E-05 8.02E-05 9.62E-05 0.00011223 0.00012826 0.0001443 0.00016033

40000 8.03E-06 1.07E-05 1.34E-05 1.61E-05 1.87E-05 2.14E-05 2.41E-05 2.68E-05

50000 1.37E-06 1.82E-06 2.28E-06 2.73E-06 3.19E-06 3.64E-06 4.10E-06 4.55E-06

60000 2.33E-07 3.10E-07 3.88E-07 4.65E-07 5.43E-07 6.20E-07 6.98E-07 7.75E-07

70000 3.97E-08 5.29E-08 6.61E-08 7.93E-08 9.26E-08 1.06E-07 1.19E-07 1.32E-07

80000 6.77E-09 9.02E-09 1.13E-08 1.35E-08 1.58E-08 1.80E-08 2.03E-08 2.26E-08

90000 1.15E-09 1.53E-09 1.92E-09 2.30E-09 2.69E-09 3.07E-09 3.45E-09 3.84E-09

100000 1.70E-10 2.34E-10 3.14E-10 3.73E-10 6.50E-11 5.26E-10 5.37E-10 6.02E-10

110000 9.39E-11 1.29E-10 7.83E-11 1.71E-10 2.11E-10 2.46E-10 2.16E-10 4.92E-10

120000 2.51E-11 3.19E-11 4.04E-11 5.48E-11 5.59E-11 7.91E-11 6.23E-11 1.47E-10

130000 4.32E-12 4.66E-12 1.57E-11 1.23E-11 1.05E-11 1.50E-11 1.75E-11 1.69E-11

140000 6.94E-23 7.49E-23 2.85E-12 1.60E-13 1.01E-13 2.41E-22 2.67E-12 2.71E-22

150000 0 0 3.71E-13 4.84E-13 6.04E-13 0 6.99E-13 0

160000 7.93E-14 1.15E-13 1.61E-13 2.28E-13 2.29E-13 0 2.90E-13 0

170000 2.70E-14 2.78E-14 3.88E-14 5.64E-14 3.74E-14 0 6.58E-14 0

180000 4.34E-25 4.46E-25 6.23E-25 9.06E-25 6.00E-25 0 1.06E-24 0
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CFT-10 CFT-100 CFT-1000 CFT-10000

Time (yr) [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr]

0 0 0 0 0

10 6.19E-12 6.19E-15 6.19E-15 6.19E-15

100 2.77E-07 2.83E-10 2.77E-10 2.77E-10

200 1.50E-06 3.60E-07 1.50E-09 1.50E-09

300 3.38E-06 1.66E-06 3.38E-09 3.38E-09

400 5.64E-06 3.59E-06 5.64E-09 5.64E-09

500 8.09E-06 5.88E-06 8.09E-09 8.09E-09

600 1.06E-05 8.34E-06 1.06E-08 1.06E-08

700 1.32E-05 1.09E-05 1.32E-08 1.32E-08

800 1.58E-05 1.35E-05 1.58E-08 1.58E-08

900 1.83E-05 1.60E-05 1.83E-08 1.83E-08

1000 2.09E-05 1.86E-05 2.09E-08 2.09E-08

1100 2.34E-05 2.11E-05 3.82E-07 2.34E-08

1200 2.58E-05 2.36E-05 1.68E-06 2.58E-08

1300 2.83E-05 2.61E-05 3.61E-06 2.83E-08

1400 3.07E-05 2.85E-05 5.90E-06 3.07E-08

1500 3.31E-05 3.10E-05 8.36E-06 3.31E-08

1600 3.55E-05 3.33E-05 1.09E-05 3.55E-08

1700 3.78E-05 3.57E-05 1.35E-05 3.78E-08

1800 4.01E-05 3.80E-05 1.61E-05 4.01E-08

1900 4.23E-05 4.03E-05 1.86E-05 4.23E-08

2000 4.46E-05 4.26E-05 2.11E-05 4.46E-08

3000 6.52E-05 6.34E-05 4.46E-05 6.52E-08

4000 8.36E-05 8.20E-05 6.54E-05 8.36E-08

5000 9.98E-05 9.84E-05 8.38E-05 9.98E-08

6000 0.00011396 0.00011276 9.99E-05 1.14E-07

7000 0.00012646 0.0001254 0.0001141 1.26E-07

8000 0.00013745 0.00013652 0.00012658 1.37E-07

9000 0.00014712 0.0001463 0.00013756 1.47E-07

10000 0.00015562 0.0001549 0.00014721 3.30E-07
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20000 0.00019948 0.00019927 0.00019701 0.00015251

30000 0.0002125 0.00021244 0.00021182 0.00019939

40000 0.00021607 0.00021605 0.00021588 0.00021241

50000 0.000217 0.00021699 0.00021694 0.00021598

60000 0.00021719 0.00021719 0.00021717 0.0002169
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ETF-0 ETF-0.1 ETF-0.2 ETF-0.3 ETF-0.4 ETF-0.5

Time (yr)
[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

[I129]

[mREM/yr]

0 0 0 0 0 0 0

10 0 6.19E-15 1.24E-12 1.86E-12 2.48E-12 3.10E-12

100 0 2.77E-10 5.54E-08 8.30E-08 1.11E-07 1.38E-07

200 0 1.50E-09 2.99E-07 4.49E-07 5.98E-07 7.48E-07

300 0 3.38E-09 6.75E-07 1.01E-06 1.35E-06 1.69E-06

400 0 5.64E-09 1.13E-06 1.69E-06 2.25E-06 2.82E-06

500 0 8.09E-09 1.62E-06 2.43E-06 3.23E-06 4.04E-06

600 0 1.06E-08 2.13E-06 3.19E-06 4.25E-06 5.31E-06

700 0 1.32E-08 2.64E-06 3.96E-06 5.28E-06 6.60E-06

800 0 1.58E-08 3.15E-06 4.73E-06 6.31E-06 7.89E-06

900 0 1.83E-08 3.67E-06 5.50E-06 7.33E-06 9.16E-06

1000 6.19E-12 2.09E-08 4.17E-06 6.26E-06 8.35E-06 1.04E-05

1100 3.59E-07 3.82E-07 4.96E-06 7.26E-06 9.56E-06 1.19E-05

1200 1.66E-06 1.68E-06 6.50E-06 8.92E-06 1.13E-05 1.38E-05

1300 3.59E-06 3.61E-06 8.53E-06 1.10E-05 1.35E-05 1.59E-05

1400 5.87E-06 5.90E-06 1.08E-05 1.33E-05 1.58E-05 1.83E-05

1500 8.34E-06 8.36E-06 1.33E-05 1.58E-05 1.82E-05 2.07E-05

1600 1.09E-05 1.09E-05 1.58E-05 1.83E-05 2.07E-05 2.32E-05

1700 1.35E-05 1.35E-05 1.83E-05 2.08E-05 2.32E-05 2.56E-05

1800 1.60E-05 1.61E-05 2.08E-05 2.32E-05 2.56E-05 2.81E-05

1900 1.86E-05 1.86E-05 2.33E-05 2.57E-05 2.81E-05 3.05E-05

2000 2.11E-05 2.11E-05 2.58E-05 2.82E-05 3.05E-05 3.28E-05

3000 4.45E-05 4.46E-05 4.87E-05 5.07E-05 5.28E-05 5.49E-05

4000 6.54E-05 6.54E-05 6.90E-05 7.09E-05 7.27E-05 7.45E-05

5000 8.38E-05 8.38E-05 8.70E-05 8.86E-05 9.02E-05 9.18E-05

6000 9.99E-05 9.99E-05 0.00010271 0.00010411 0.00010552 0.00010693

7000 0.00011408 0.0001141 0.00011656 0.0001178 0.00011904 0.00012027

8000 0.00012657 0.00012658 0.00012874 0.00012983 0.00013092 0.00013201

9000 0.00013755 0.00013756 0.00013946 0.00014042 0.00014138 0.00014233

10000 0.0001472 0.00014721 0.00014888 0.00014973 0.00015057 0.00015141



- 44 -

20000 0.00019701 0.00019701 0.0001975 0.00019775 0.000198 0.00019824

30000 0.00021182 0.00021182 0.00021195 0.00021202 0.00021209 0.00021216

40000 0.00021588 0.00021588 0.00021592 0.00021594 0.00021596 0.00021597

50000 0.00021694 0.00021694 0.00021695 0.00021696 0.00021696 0.00021697

60000 0.00021717 0.00021717 0.00021717 0.00021718 0.00021718 0.00021718
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WDR 1E-12 WDR 1E-10 WDR 1E-8 WDR 1E-5

Time (yr) [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr]

0 0 0 0 0

10 6.19E-15 6.19E-13 6.20E-11 6.20E-08

100 2.77E-10 2.77E-08 2.77E-06 0.0027669

200 1.50E-09 1.50E-07 1.49E-05 0.01494

300 3.38E-09 3.38E-07 3.38E-05 0.033737

400 5.64E-09 5.64E-07 5.64E-05 0.056282

500 8.09E-09 8.09E-07 8.09E-05 0.080731

600 1.06E-08 1.06E-06 0.00010627 0.10604

700 1.32E-08 1.32E-06 0.00013199 0.13163

800 1.58E-08 1.58E-06 0.00015771 0.15721

900 1.83E-08 1.83E-06 0.00018328 0.18262

1000 2.09E-08 2.09E-06 0.00020869 0.20783

1100 3.82E-07 3.82E-05 0.0038166 3.8147

1200 1.68E-06 0.00016828 0.016833 16.829

1300 3.61E-06 0.00036141 0.036142 36.108

1400 5.90E-06 0.00058989 0.05899 58.908

1500 8.36E-06 0.0008363 0.083629 83.478

1600 1.09E-05 0.0010908 0.10908 108.83

1700 1.35E-05 0.001348 0.1348 134.43

1800 1.61E-05 0.0016051 0.16051 160

1900 1.86E-05 0.0018606 0.18606 185.37

2000 2.11E-05 0.0021137 0.21137 210.49

3000 4.46E-05 0.0044558 0.44558 441.55

4000 6.54E-05 0.006542 0.65419 644.83

5000 8.38E-05 0.0083768 0.83766 821.06

6000 9.99E-05 0.0099905 0.99902 973.52

7000 0.0001141 0.01141 1.1409 1105.1

8000 0.00012658 0.012658 1.2657 1218.4
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9000 0.00013756 0.013756 1.3755 1315.5

10000 0.00014721 0.014721 1.472 1398.5

20000 0.00019701 0.019701 1.9699 1740.4

30000 0.00021182 0.021182 2.1177 1714.3

40000 0.00021588 0.021588 2.1581 1589.8

50000 0.00021694 0.021694 2.1686 1448.7

60000 0.00021717 0.021717 2.1706 1313.3
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Porosity 10% Porosity 7.5% Porosity 5% Porosity 2.5%

Time (yr) [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr] [I129] [mREM/yr]

0 0 0 0 0

10 6.27E-15 6.25E-15 6.19E-15 6.03E-15

100 2.78E-10 2.77E-10 2.77E-10 2.74E-10

200 1.50E-09 1.50E-09 1.50E-09 1.49E-09

300 3.38E-09 3.38E-09 3.38E-09 3.37E-09

400 5.64E-09 5.64E-09 5.64E-09 5.63E-09

500 8.09E-09 8.09E-09 8.09E-09 8.08E-09

600 1.06E-08 1.06E-08 1.06E-08 1.06E-08

700 1.32E-08 1.32E-08 1.32E-08 1.32E-08

800 1.58E-08 1.58E-08 1.58E-08 1.58E-08

900 1.83E-08 1.83E-08 1.83E-08 1.83E-08

1000 2.09E-08 2.09E-08 2.09E-08 2.09E-08

1100 3.83E-07 3.83E-07 3.82E-07 3.79E-07

1200 1.69E-06 1.68E-06 1.68E-06 1.68E-06

1300 3.62E-06 3.62E-06 3.61E-06 3.61E-06

1400 5.90E-06 5.90E-06 5.90E-06 5.89E-06

1500 8.37E-06 8.37E-06 8.36E-06 8.35E-06

1600 1.09E-05 1.09E-05 1.09E-05 1.09E-05

1700 1.35E-05 1.35E-05 1.35E-05 1.35E-05

1800 1.61E-05 1.61E-05 1.61E-05 1.60E-05

1900 1.86E-05 1.86E-05 1.86E-05 1.86E-05

2000 2.11E-05 2.11E-05 2.11E-05 2.11E-05

3000 4.46E-05 4.46E-05 4.46E-05 4.46E-05

4000 6.54E-05 6.54E-05 6.54E-05 6.54E-05

5000 8.38E-05 8.38E-05 8.38E-05 8.38E-05

6000 9.99E-05 9.99E-05 9.99E-05 9.99E-05

7000 0.0001141 0.0001141 0.0001141 0.00011409

8000 0.00012658 0.00012658 0.00012658 0.00012657
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9000 0.00013756 0.00013756 0.00013756 0.00013755

10000 0.00014721 0.00014721 0.00014721 0.00014721

20000 0.00019701 0.00019701 0.00019701 0.00019701

30000 0.00021182 0.00021182 0.00021182 0.00021182

40000 0.00021588 0.00021588 0.00021588 0.00021588

50000 0.00021694 0.00021694 0.00021694 0.00021694

60000 0.00021717 0.00021717 0.00021717 0.00021717
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Instant Release Fraction(IRF) Canister Failure Time(CFT)

Early Time Failure(ETF) Waste Dissolution Rate(WDR)

Porosity in MWCF(PM)
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