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Evolution of the JEFF library for MOX fuel calculations

JEFF-3.1.1

• Good performances of the JEFF-3.1.1 library on PST benchmarks

• However, several physical problems still unsolved

JEFF-3.2

• Improved MOX calculations, mainly due to new Am241 evaluation

• Pu239 evaluation comes from WPEC/SG34 

 3 resolved resonance ranges are merged

 good performances on PST are preserved

 Resonance Parameter Covariance Matrix is given

JEFF-3.3

• New Pu239 resonance parameters (to solve some missing interferences, …)

• Upper energy limit of the RRR is increased up to 4.5 keV

JEFF-x.x

• New PFNS 

• New Thermal Neutron Constants

• New modeling of the fission process: Include (n,f) reaction, add class II states …

Solve inconsisent RTC results with measurements performed in the EOLE reactor
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Pu239 evaluation in JEFF-3.1.1

Resonance range divided into three resonance parameter sets (computer limitations)

E1= 1 keV

E2= 2 keV

E3= 2,5 keV

External levels to avoid 

cross-section mismatch at 

the energy boundaries

1st set

2nd set

3rd set
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Background cross section (for fission) not used in the resolved resonance range of JEFF-3.1.1

Pu239 evaluation in JEFF-3.1.1
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Modification of (Pu239) in JEFF-3;1;1 to improve the reactivity temperature coefficient

(RTC) in EOLE experiments, cold conditions 20-80°C (JEF/DOC-1158)

Pu239 evaluation in JEFF-3.1.1
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S. C. van der Marck

Nucl. Data Sheets 113 (2012) 2935

(average value over 368 PST)

good performances of the JEFF library on

PST benchmarks

Pu239 evaluation in JEFF-3.1.1
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S. C. van der Marck

Nucl. Data Sheets 113 (2012) 2935

(average value over 368 PST)

WPEC/SG34  the non-regression of the

Pu239 nuclear data was continuously

monitored during the evaluation procedure

with a selected set of ICSBEP benchmakrs

Crucial step to conserve the good

performances of the JEFF library on PST

benchmarks

Pu239 evaluation in JEFF-3.2
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S. C. van der Marck

Nucl. Data Sheets 113 (2012) 2935

(average value over 368 PST)

Y. Peneliau , JEFFDOC-1583, 2014

O. Caballos, JEFFDOC-1532, 2014

JEFF-311 and JEFF-32   Similar results for Plutonium in THERM spectrum

Pu239 evaluation in JEFF-3.2
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Several experimental 

programs were conducted 

by CEA to investigate the 

use of MOX fuel in 

commercial PWRs or 

innovative concepts for 

various moderation ratios

Integral experiments carried out in the EOLE reactor of CEA Cadarache

Interpretation with the Monte-Carlo and deterministic codes TRIPOLI, MVP and APOLLO 

PWR-MOX

BWR-MOX

PWR-MOX

mixed core

Pu239 evaluation in JEFF-3.2

Average value obtained with JEFF-32   C-E=+50 pcm with a standard deviation of 180 pcm



7 MAI 2018 PAGE 12

CERES program (P. Leconte, PHYSOR 2014)

• Collaboration between Winfrith and Cadarache (1992-1995) as part of the

CEA/UKAEA collaboration on LWRs

• Experiments conducted in the DIMPLE (AEA) and MINERVE (CEA) reactors on

common samples, manufactured both at Cadarache and Winfrith

• Reactivity-worth measurements of fresh MOX fuel samples provided by CEA and AEA

Pu239 evaluation in JEFF-3.2
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Mean value = -1.0 ± 0.5 %

(standard deviation : 2.5%)

Integral results for f (SG-34) @ P. Leconte

SG34 seems to be Ok !

Pu239 evaluation in JEFF-3.2
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Integral results for K1 (SG-34)

Mean value = -0.4 ± 0.5 %

(standard deviation : 5.2%)

@ P. Leconte

SG34 seems to be Ok !

Pu239 evaluation in JEFF-3.2
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Propagation of the Pu239 resonance parameter uncertainties on EOLE benchmarks

Final uncertainty (1000 pcm)  dominated by the capture cross section uncertainties

Pu239 evaluation in JEFF-3.2
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Propagation of the Pu239 resonance parameter uncertainties on EOLE benchmarks

Final uncertainty (400 pcm) after the Integral Data Assimilation of CERES (P. Leconte)

Pu239 evaluation in JEFF-3.2
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Significant reduction of the Pu239 capture cross section uncertainties at low neutron energy

COMAC-V0.2 COMAC-V2

Pu239 evaluation in JEFF-3.2



CEA | 10 AVRIL 2012
COMAC-V0.2 COMAC-V2

Pu239 evaluation in JEFF-3.2

No modification of the Pu239 fission cross section uncertainties
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JEFF-3.2 (=SG34)
Relative uncertainty

JEFF-3.2 COMAC-V2

f 747.2 barns 0.9% 0.7%

 270.1 barns 4.4% 1.6%

If 308.8 barns 2.3% 2.3%

I 180.1 barns 5.7% 5.7%

K1 1161.5 barns 1.7% 0.9%

Final uncertainties after the Integral Data Assimilation of the CERES program

Pu239 evaluation in JEFF-3.2
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Pu239 evaluation in JEFF-3.2
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Fluctuations in the fission cross section between 2.5 keV – 5.0 keV

not taken into account via statistical calculations

Fluctuations observed in JEFF-311  confirmed by Tovesson data (2010, LANL)

Upper energy limit of the RRR  5 keV
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New capture data from Shea Mosby provide crucial trends to extend the RRR

Data from Mosby are shape data  A good agreement is obtained with the data from Gwin

(normalisation with the PROFIL experiments carried out in the PHENIX reactor of CEA

Marcoule)

Upper energy limit of the RRR  5 keV
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Optimization of resonance ladders randomly generated by using URR parameters 

from JEFF-311

Upper energy limit of the RRR  5 keV
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Comparison with GMA/CONRAD results

Extension of the RRR from 2.5 keV to

5 keV in good agreement with the GMA

analysis (differences of 4%)

Upper energy limit of the RRR  5 keV
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Impact of the extension of the RRR up to 5 keV

Significant impact ( 200 pcm) on SNEAK7A and SNEAK7B  sodium free configurations

Upper energy limit of the RRR  5 keV

Two sets of resonance ladders 

(CadTool and CALENDF) were 

generated and included in the ENDF 

file (MF=2, MT=151)

Tovesson data included in the Pu239 

evaluation (MF=3, MT=18)
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New PFNS

Impact of the mean neutron energy uncertainty on PST calculations

Y. Peneliau et al., Pu239 Prompt Fission Neutron Spectra Impact on a Set of Criticality and

Experimental Reactor Benchmarks, ND2013 (2013)

Uncertainty suggested by R. capote E =  ± 1.5%  keff(PST)  ± 300 pcm

Authors years E [E(PFNS),E(JEFF-32)] [keff(PFNS),keff(JEFF-32)

N. Kornilov 2008 2,055 -2,8% +680 pcm

L. Berge 2014 2,087 -1,2% +316 pcm

V. Maslov 2008 2,092 -1,0% +250 pcm

JEFF-32 2013 2,113 0% 0 pcm

P. Romano 2014 2,122 +0,4% -90 pcm

O. Serot 2013 2,140 +1,3% -290 pcm

D. Rochman 2014 2,195 +3,9% -890 pcm
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New PFNS

mean neutron energy uncertainty  low impact on EOLE benchmarks

E= ± 1.5% 

 ± 109 pcm

Impact of the mean neutron energy uncertainty on MOX fuel calculations

E= ± 1.5% 

 ± 87 pcm

@ A. Chebboubi
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Thermal 

constants

AGS Monte-Carlo (N=1000) STD2018

Values and fitting 

uncertainties
Final unc.

Values and fitting 

uncertainties
Final unc. Values

Final

Unc.

Pu239

s 7.99 (12.40%) 12.40% 7.99 (12.40%) 12.38% 7.8 12.82% 

f 749.10 (0.35%) 0.45% 749.50 (0.27%) 0.49% 752.4 0.29% 

 270.60 (1.02%) 1.07% 270.10 (0.91%) 1.15% 269.8 0.93% 

t 2.882 (0.19%) 0.20% 2.881 (0.13%) 0.23% 2.878 0.45% 

New Thermal Neutron Constant

Determination of the TNC with the CONRAD code by using “mic” data from Axton

 CONRAD and GMA analysis provide similar results

Fission cross section uncertainty seems to be underestimated 

t uncertainty seems to be 

overerestimated 
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New Thermal Neutron Constant

JEFF-3.2

(=SG34)

Relative uncertainty

JEFF-3.2 COMAC-V2

f 747.2 barns 0.9% 0.7%

 270.1 barns 4.4% 1.6%

t 2.875 - 0.1%

Determination of the TNC with the CONRAD code by using “mic” data from Axton

Two problems in JEFF3.2 and COMAC-V2

• Fission cross section

• t Uncertainty
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Thermal 

constants

AGS Monte-Carlo (N=1000) [car09]

Values and fitting 

uncertainties

Final 

unc.

Values and fitting 

uncertainties

Final 

unc.
Values

Final

Unc.

Pu239
ga 1.079 (0.51%) 0.71% 1.081 (0.44%) 0.75% 1.078 0.22% 

gf 1.053 (0.44%) 0.64% 1.053 (0.35%) 0.64% 1.055 0.21% 

New Thermal Neutron Constant

Determination of the Westcott factors by using the “mac” data

Westcott factors were extracted from the macroscopic data of Axton by considering

the TNC as fixed parameters with known uncertainties. Their uncertainties were

propagated via the marginalization technique implemented in the CONRAD code.

JEFF-3.2 (=SG34)

ga 1,077

gf 1,052

Westcott factors in JEFF-3.2  Ok
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Reich-Moore analysis with the CONRAD code

• New transmission of the 1st resonance is 

needed  Bollinger 1958 !!!

• Fission cross section  problems to 

normalize the 3 data sets from Weston 

• Capture cross section  problems to 

normalize the capture data from Brooks 

(1966) and the 2 data sets from Gwin (1971)

• Mosby data not yet available

• Comparison with the Pu239 evaluation study 

of M. Alrwashdeh (ANE 118, 313, 2018)

New resonance parameters
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New model for the fission process

@ E. Leal Cidoncha

Pc=1 for the fission reaction  Pc(E)

U234(n,f)
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The observed fission is the sum of the « direct » fission and of the two-step (n,f) reaction:

f,obs(E)=(n,f)(E)+(n,f)(E)

Channel widths for the direct fission (n,f) and for the two-step (n,f) reaction

• Two openened fission channels for J=0+  f1(0
+) and f2(0

+)

• One openened fission channels for J=1+  f(1
+)

• Two J-dependent widths for the (n,f) reaction  f(0
+) and f(1

+)

New resonance analysis by including the (n,f) process
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The smallest resonances with J=1+are dominated by the (n,f) process

Good agreement is obtained between the (n,f) reaction deduced from the RRR and the 

AVXSF calculations (LANL/CEA collaboration)

New resonance analysis by including the (n,f) process

@ O. Bouland
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New resonance analysis by including the (n,f) process

CONRAD analysis with the (n,f) contribution

Strong impact interferences between 

the resonances
Slight modification of the radiation widths

(0.5 meV in average)
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New resonance analysis by including the (n,f) process

Behavior of the cross section between the resonance can be changed by using the

imaginary part of the distant level parameter R∞
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Simultaneous analysis of the Neutron multiplicity

)()(
4

1

EPE i

i

ip 


 
)()(

)(
)(

),(),( EE

E
EP

fnfn

i
i








Channel widths for the direct fission (n,f) and for the two step (n,f) reaction

• Two openened fission channels for J=0+  f1(0
+) and f2(0

+)   f(0
+)

• One openened fission channels for J=1+  f(1
+)

• Two J-dependent widths for the (n,f) reaction  f(0
+) and f(1

+)

Four partial widths are introduced in the phenomenological description of p



7 MAI 2018 |  PAGE 40

Contribution of the (n,f) process can be observed for resonances with J=1+

Simultaneous analysis of the Neutron multiplicity



This work

SPRT method from Delaroche and 

Lagrange (IAEA-190, 1976)
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Equations of the SPRT method have been 

implemented in the OPTMAN code (ND2016)

Link with optical model calculations

n+Pu239

 Consistent description of the phase shift and neutron penetration factor
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Integral validation with EOLE experiments as a function of the temperature 

(CEA Cadarache)

RTC experipments (MOX fuel)

… but negative slope not yet solved 

 (Pu239)Significant improvement …

@ J.P. Scotta


