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Glossary of abbreviations 

 
ADS   Accelerator Driven System 

 

ENDF  Evaluated Nuclear Data File 

 

JEFF  Joint Evaluated Fission and Fusion 

 

JENDL  Japanese Nuclear Data Library 

 

LBE  Lead-Bismuth Eutectic 

 

NEA   Nuclear Energy Agency  

 

OECD  Organization for Economic Co-operation and Development 

 

MYRRHA Multi-purpose Hybrid Research Reactor for High-tech Applications 

 

TAR  Target Accuracy Requirements 

 

SANDA  Supplying Accurate Nuclear Data for energy and non-energy Applications 

 

SLSQP  Sequential Least Squares Programming 

 

S/U  Sensitivity and Uncertainty 

 

WPEC  Working Party on International Nuclear Data Evaluation Cooperation 

 

SG46   SubGroup46  
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Abstract 

 

MYRRHA is a flexible experimental facility being designed at the SCK CEN, in Mol, Belgium. Cooled by lead-bismuth, it is 

conceived to operate both in sub-critical mode, as an accelerator driven system, and in critical mode, as a fast reactor. In 

order to comply with MYRRHA reactor design requirements, uncertainties due to nuclear data must be quantified. Significant 

gaps between the uncertainties and the target accuracies have been systematically shown in the past. In this report, first, a 

Sensitivity and Uncertainty analysis with JEFF-3.3 nuclear data library of the effective neutron multiplication factor keff of the 

latest MYRRHA reactor design - v1.8 - is presented. Then, because the target accuracy for keff of 300 pcm has been surpassed, 

a Target Accuracy Requirement (TAR) tool is utilized and described, and a TAR evaluation is performed, which allows 

determining the required accuracy on cross section data to satisfy the requested target accuracy. It is concluded that in order 

to reach the requested target accuracy, a reduction of the uncertainty in the fission and capture cross sections of 240Pu JEFF-

3.3 evaluation is needed in the fast energy range. 
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4. Results 

For this report, only limited results are presented, since only the first two terms of the constraints equation have been taken 

into account. In the future, the performance of the tool will be tested using the full constraints equation and introducing 

more cross sections and reactions into the analysis. 

 

As it has already been explained, there have been 2 different scenarios for the weight factors (Table 4). Results are presented 

for Case A and Case B in Figure 2 and Figure 3, respectively. 

4.1. Case A 

 

 

 

Figure 2. TAR analysis results: Case A. 



 

Report on MYRRHA v-1.8 TAR analysis.docx p. 16 / 20 
SCK CEN/55264898 ISC: Public 

  last saved on 11-05-23 

 

4.2. Case B 

 

 

 

Figure 3. TAR analysis results: Case B. 

 

4.3. Analysis 

As it can be noticed in Figure 2 and Figure 3, the uncertainty is not reduced in the thermal energy range. This was expected, 

since the sensitivities in the thermal energy range are close to zero for fast reactors (such as MYRRHA). Moreover, it also 

serves as a consistency check and to verify that the minimization tool is working properly, following the expected results.  

 

Detailed information in Table 5 shows that some reactions have a greater reduction of uncertainty than others. For example, 
240Pu (n,f) has a significant reduction in the fast energy range (2.035 keV to 67.38 keV) from a 26.2% initial uncertainty to a 
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Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - inelastic 2 7.4 2.2 2.4 2.9  1.5 1.8 2.2 
pb-206 - inelastic 2 18.1 4.0 5.2 5.9  3.0 4.4 5.1 

Table 7. Summary of TAR exercise per integral response in ASTRID system 

JEFF-3.3   SG26 -No correlations  SG46 - with correlations 
keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - n,gamma 4 2.0 0.7 0.7 0.6  0.4 0.4 0.4 
pu-240 - fission 2 8.4 1.3 1.5 1.5  1.1 1.3 1.3 
u-238 - inelastic 2 7.4 1.3 1.7 2.2  1.0 1.2 1.6 

 
Full void reactivity   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

pu-239 - fission 5 3.4 1.3 1.4 1.3  1.4 1.3 1.3 
pu-239 - n,gamma 5 5.6 2.3 2.3 2.2  2.6 2.3 2.2 

            

Table 8. Summary of TAR exercise per integral response in ESFR-SMART  

JEFF-3.3   SG26 -No correlations  SG46 - with correlations 
keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - n,gamma 4 2.0 0.7 0.6 0.6  0.4 0.4 0.4 
pu-240 - fission 2 8.4 1.3 1.4 1.4  1.1 1.3 1.2 
u-238 - inelastic 2 7.4 1.2 1.5 2.0  0.9 1.1 1.4 

 
Full void reactivity   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

pu-239 - fission 5 3.4 0.7 0.6 0.6  0.8 0.7 0.7 
 

Doppler reactivity (up)   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - inelastic 2 7.4 3.5 4.1 4.8  3.2 3.6 4.5 
 

Doppler reactivity (down)   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

fe-56 - elastic 4 6.0 4.0 4.6 4.9  3.9 4.1 3.9 
u-238 - inelastic 3 9.1 5.5 9.0 -  5.8 7.0 8.4 

 
 
A summary of results for the TAR exercise per reaction is shown in Table 9, with the most limiting 
case shaded in the table.  
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Table 11. Joint ALFRED-ASTRID-ESFR TAR exercise for k-eff: main contributions per system 

JEFF-3.3   SG26 - No correlations  SG46 - with correlations 
ALFRED - keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

pu-240 - fission 2 8.4 1.2 1.4 1.4  1.1 1.3 1.8 
pu-240 - fission 4 25.4 3.5 4.0 3.9  2.3 2.7 4.3 
pu-240 - fission 3 14.9 2.8 3.2 3.1  2.0 2.3 6.8 
u-238 - n,gamma 4 2.0 0.8 0.8 0.7  0.5 0.5 0.6 

 
JEFF-3.3   SG26 - No correlations  SG46 - with correlations 

ASTRID - keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - n,gamma 4 2.0 0.7 0.7 0.6  0.4 0.4 0.4 
pu-240 - fission 2 8.4 1.3 1.5 1.5  1.1 1.3 1.3 
u-238 - inelastic 2 7.4 1.3 1.7 2.2  1.0 1.2 1.6 

            
pu-240 - fission 4 25.4 3.6 4.1 4.0  2.3 2.7 2.7 
pu-240 - fission 3 14.9 2.9 3.3 3.2  2.0 2.4 2.3 

 
JEFF-3.3   SG26 - No correlations  SG46 - with correlations 

ESFR/SMART - keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - n,gamma 4 2.0 0.7 0.6 0.6  0.4 0.4 0.4 
pu-240 - fission 2 8.4 1.3 1.4 1.4  1.1 1.3 1.2 
u-238 - inelastic 2 7.4 1.2 1.5 2.0  0.9 1.1 1.4 

            
pu-240 - fission 4 25.4 3.4 3.6 3.5  2.1 2.5 2.4 
pu-240 - fission 3 14.9 2.8 3.1 3.0  1.9 2.2 2.2 

 

Table 12. Joint keff + SVR + Doppler TAR exercise for ESFR 

JEFF-3.3   SG26 - No correlations  SG46 - with correlations 
keff + reactivity 
coefficients   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

pu-240 - fission 2 8.4 1.3 1.4 1.4  1.1 1.2 1.2 
u-238 - n,gamma 4 2.0 0.7 0.7 0.6  0.4 0.4 0.4 
u-238 - inelastic 2 7.4 1.2 1.5 2.0  0.9 1.1 1.4 
u-238 - inelastic 1 5.7 1.3 1.6 2.1  1.0 1.2 1.5 
pu-239 - chi 1 5.5 1.2 1.2 1.1  0.7 0.7 0.7 
pu-240 - fission 4 25.4 3.3 3.6 3.6  2.2 2.5 2.5 
pu-240 - fission 3 14.9 2.8 3.1 3.0  1.9 2.2 2.2 
pu-240 - fission 1 6.3 2.0 2.3 2.2  1.5 1.7 1.6 
u-238 - inelastic 3 9.1 2.5 3.1 4.0  1.3 1.7 2.2 
pu-239 - fission 4 1.0 0.6 0.5 0.5  0.4 0.3 0.3 

            
pu-239 - fission 5 3.4 0.8 0.7 0.7  0.7 0.7 0.7 
fe-56 - elastic 4 6.0 2.7 2.5 2.4  3.6 3.4 3.3 
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Table 13. Top contributions per system 

JEFF-3.3   SG26 - No correlations  SG46 - with correlations 
keff   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - n,gamma 4 2.0 0.7 0.6 0.6  0.4 0.4 0.4 
pu-240 - fission 2 8.4 1.3 1.4 1.4  1.1 1.3 1.2 
u-238 - inelastic 2 7.4 1.2 1.5 2.0  0.9 1.1 1.4 

 
Full void reactivity   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

pu-239 - fission 5 3.4 0.7 0.6 0.6  0.8 0.7 0.7 
 

Doppler reactivity (up)   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

u-238 - inelastic 2 7.4 3.5 4.1 4.8  3.2 3.6 4.5 
 

Doppler reactivity (down)   A B C  A B C 

Reaction EG Current 
(%) 

Target 
(%) 

Target 
(%) 

Target 
(%) 

 Target 
(%) 

Target 
(%) 

Target 
(%) 

fe-56 - elastic 4 6.0 4.0 4.6 4.9  3.9 4.1 3.9 
u-238 - inelastic 3 9.1 5.5 9.0 -  5.8 7.0 8.4 

 
 



 

 
 

4.3. Conclusions TAR Exercise 

Table 14. Summary and conclusion of current ND uncertainties and uncertainty reduction requirements 

 

Above Threshold 
Fertile 

2.23 106 eV 
- 

1.96 107 eV 

Above Threshold 
Inelastic 

4.98 105 eV 
- 

2.23 106 eV 

Continuum to URR 
 

6.74 104 eV 
- 

4.98 105 eV 

URR 
 
2.03 103 eV 

- 
6.74 104 eV 

RRR 
 
2.26 101 

eV 
- 

2.03 103 
eV 

EPITHERMAL 
 

5.4 10-1 eV 
- 

2.26 101 eV 

THERMAL 
 
1.0 10-5 eV 

- 
5.40 10-1 eV 

HRPL entry number for the 
reaction (https://oecd-
nea.org/dbdata/hprl/) 

 
Reaction IG=1 IG=2 IG=3 IG=4 IG=5 IG=6 IG=7  

U-238 (n, gamma) - - - 0.4% - 0.6% - 0.9% 0.6%  

U-238 (n, inelastic) 0.9% - 1.3% 0.9% - 1.5% 5.8% - 8.4% - - - - 18H  
(2%) 

Pu-239 (n, inelastic) - 4.4% - 7.0% - - - - -  

Pu-239 (n, gamma) - - - 0.8% - 1.5% 2.2% - 
2.6% - - 32H 

(3%RRR,  3%% URR) 

Pu-239 (n, fission) - 0.3% - 0.4%* 0.2% - 0.3%* 0.2% - 0.3%* 0.6% - 
0.7% - - *Below standards uncertainties 

Pu-240 (n, fission) - 1.1% - 1.8% 2.0% - 6.8% 2.3% - 6.8% - - - 37H 
(2-3% SFR) 

Pb-206 (n, inelastic) 1.1% - 1.6% 1.0% - 1.5% - - - - - 41H 
(5% LFR) 

Pb-207 (n, inelastic) - 1.0% - 1.5% - - - - - 42H 
(5%-LFR) 

Fe-56 (n, elastic) - - 4.8% - 7.2% 3.9% - 4.1% - - -  

Fe-56 (n, inelastic) - 1.2% - 1.8% - - - - - 34H 
(2%-ADMAB) 

Na-23 (n, elastic)   2.6% - 3.1% 3.9% - 4.0%     

Na-23 (n, inelastic) 2.0% - 2.4% 1.3% - 2.0% - - - - - ID29 
(4%) 

O-16 (n, elasticP1) - 5.2% - 6.5% - - - - -  
U-238 (n, elasticP1) - 3.2% - 3.6% 3.8% - 4.9% - - - -  

 

 

https://oecd-nea.org/dbdata/hprl/
https://oecd-nea.org/dbdata/hprl/




https://oecd-nea.org/download/wpec/volume26/volume26.pdf
https://oecd-nea.org/download/wpec/sg46/
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[SANDA/WP5/T1/Other] LWR/UOx loss of reactivity versus burnup 
[CEA, A. Rizzo & D. Bernard] 
 
A new study is made here to try to give some insights to JEFF-4.0tx libraries, namely for depletion studies, 
since the reactivity modification from JEFF-3.1.1 and the latest JEFF-4.0t2 is reaching about -1000 pcm for 
a 50 GWd/tHM LWR/UOx spent fuel. This new study concerns the uncertainty of such a reactivity loss 
between 40 GWd/tHM and fresh fuel through pin cell direct sensitivity calculations (owing to a deterministic 
discretization of the Boltzmann/Bateman equations) and the use of various 26 energy-group covariance 
matrices: (see Table 2 for sensitivity values and Table 3 for uncertainty values) 
 

Table 2. Sensitivities of LWR/UOx 40GWd/t HM  reactivity loss to major nuclear data [pcm/%]:  
 

 
 
 
  

�~�v�U�v�• (n,f) �~�v�U�v�• (n,f)
1���~�ð�X�õ�ò�ò���t���í�õ�X�ò�ð���D���s�•-0.02 -0.76 0.02 -0.09
2���~�î�X�î�î�ï���t���ð�X�õ�ò�ò���D���s�•-0.23 -2.09 -0.07 -0.53
3���~�í�X�ï�ï�ó���t���î�X�î�î�ï���D���s�•-0.07 -1.95 -0.02 -0.28
4���~�ì�X�ð�õ�ð���t���í�X�ï�ï�ó���D���s�•0.18 -2.91 0.34 -0.83
5���~�í�õ�ñ�X�ì���t���ð�õ�ð�X�ì���l���s�•0.25 -1.49 0.39 -0.18
6���~�ò�ó�X�ð���t���í�õ�ñ�X�ì���l���s�•0.48 -1.15 -0.07 -0.34
7���~�î�ñ�X�ì���t���ò�ó�X�ð���l���s�• 0.46 -0.96 -0.18 -0.28
8���~�õ�X�í�í�ô���t���î�ñ�X�ì���l���s�•0.50 -0.73 0.11 -0.25
9���~�í�X�õ�í�ì�����t���õ�X�í�í�ô���l���s�•1.84 -1.54 0.30 -0.71
10���~�ð�í�ì�X�ô�����s�����t���í�X�õ�í���l���s�•3.92 -4.04 0.53 -1.51
11���~�ñ�î�X�ò�ó�����t���ð�í�ì�X�ô�����s�•16.20 -20.05 2.34 -5.37
12���~�ð�X�ì�ì�ì�����t���ñ�î�X�ò�ó�����s�•34.35 -34.35 14.84 -24.87
13���~�í�X�î�ñ�ì���t���ð�X�ì�ì�ì�����s�•1.19 -4.02 0.46 -2.20
14���~�í�X�í�ð�ô���t���í�X�î�ñ�ì�����s�•0.16 -0.46 -0.02 -0.23
15���~�í�X�í�ì�ð���t���í�X�í�ð�ô�����s�•0.30 0.11 -0.23 -0.34
16���~�í�X�ì�ì�õ���t���í�X�í�ì�ð�����s�•-0.05 -0.32 0.09 -0.18
17���~�ì�X�õ�ò�ð���t���í�X�ì�ì�õ�����s�•-0.16 -0.37 -0.21 -0.14
18���~�ô�ô�ì�X�ì���t���õ�ò�ð�X�ì�����s�•0.16 -1.06 -0.21 -0.55
19���~�ò�î�ñ�X�ì���t���ô�ô�ì���u���s�•2.55 -5.19 0.23 -1.51
20���~�ï�ñ�ï�X�ì���t���ò�î�ñ�X�ì���u���s�•45.38 -54.26 3.74 -3.72
21���~�î�ï�í�X�î���t���ï�ñ�ï�X�ì���u���s�•203.00 -205.04 24.32 -25.49
22���~�í�ï�ô�X�ì���t���î�ï�í�X�î���u���s�•135.09 -145.27 32.65 -45.08
23���~���ó�ò�X�ñ�����t���í�ï�ô�X�ì���u���s�•93.49 -126.21 24.57 -41.00
24���~�����ï�ð�X�ð���t���ó�ò�X�ñ���u���s�•72.84 -119.39 24.16 -39.16
25���~�����í�ì�X�ñ���t���ï�ð�X�ð���u���s�•35.79 -66.12 16.20 -22.90
26���~�����í�X�ì�ì���t���í�ì�X�ñ���u���s�•7.98 -14.36 4.15 -5.55
SUM 655.59 -813.96 148.44 -223.30

Incident Energy Group
241Pu239Pu
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