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Sensitivity analyses of a fast analytical radionuclide transport and dose model  
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1. Final repository for spent nuclear fuel             2. Assessment of long-term safety
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3. Method for calculation of higher order Sobol’ indices for simple analytical model 
    
 
 
 
 
 
 
 
 
 
 
 

3c. Testing the method for higher order indices 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4. Application to fast analytical radionuclide transport and dose model 
 
Uncertain input parameters 
i = 1 Sorption coefficeint  for Radium,  
i = 2 Effective diffusivity  for cations, De 
i = 3 Conversion rate of fuel matrix, DFuel 
i = 4 Hyrdological transport resistance in rock, F 
i = 5 Time of canister failure, tFailure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3b. Extended this to higher order indices 
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Etc.;  Highest order indices obtained as 1 – sum of all other 

Note: With this approach total indices Ti are obtained directly from all S containing index i. 

Test case: Sobol’ G-function of order 5: ∏
= +
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G  and ai = 0, i∀  

 V = 3.21; Si = 0.104 i∀ ; Sij = 0.0346 ji ,∀ ; Sijk = 0.0115 kji ,,∀ ;  

Sijkl = 0.00384 lkji ,,,∀ ; S12345 = 0.00128 

 
QMC sampling; modified freeware from www.broda.co.uk
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Good convergence 

• for variance (V) after ~2
10

 = 1024 realisations 

• for total order indices (Ti) after ~2
12

 = 4096 realisations 

• for higher order indices (Si to S12345) after between 2
13

 to 2
17

 (8192 to 131,072) realisations 
 

Total number of model realisations in test: 2
k
 x N = 2

5
 x 2

20
 = 33,554,432 

Total run time: 109 seconds on ordinary laptop and Microsoft Excel VBA 

Tested also the triplet B, A and 
,...)(i

AB  with similar results. 

 
3a. Starting point: best practices for 1

st
 order indices in Saltelli et al (2010)
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Index i = 1 to k denotes variables;       Index R = 1 to N denotes model realisations 
 

Highly improved convergence with QMC sampling 
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Result : Calculated sensitivity indices for the Ra-226 dose at 10
6
 years 

1
st
 order  2

nd
 order  3

rd
 order  4

th
 order  5

th
 order  Total order 

S1 0.0188  S12 0.0005  S123 0.0004  S1234 0.0007  S12345 0.0002  T1 0.0812 

S2 0.0087  S13 0.0155  S124 0.0008  S1235 0.0001     T2 0.0387 

S3 0.1266  S23 0.0072  S134 0.0126  S1245 0.0002     T3 0.5216 

S4 0.2971  S14 0.0152  S234 0.0056  S1345 0.0033     T4 0.7361 

S5 0.0399  S24 0.0068  S125 0.0001  S2345 0.0015     T5 0.2383 

  S34 0.2453  S135 0.0040          

  S15 0.0049  S235 0.0019          

  S25 0.0023  S145 0.0040          

  S35 0.0330  S245 0.0018          

  S45 0.0774  S345 0.0639          

 

Notes on calculation and results 

• Input data distributions transformed to uniform distributions on 0 ≤ xi ≤1 

• QMC sampling; modified freeware from www.broda.co.uk
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• Total number of model realisations: 33,554,432 (as in test case) 

• Total run time: 540 seconds on ordinary laptop and Microsoft Excel VBA  

• S3 and S4 dominate 1
st
 and total order, S34 dominates 2

nd
 order 
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