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Deterministic ERANOS in conjunction with these basic/covariance data sets:

•JEFF-3.1/BOLNA (unadjusted), with Version 2.2. 
BOLNA: Brookhaven, Oak Ridge, Los Alamos, NRG and Argonne.

•JEF-2.2/JEF-2.2 (unadjusted), i.e. JEF-2.2, with Version 2.2.

•ERALIB-1/ERALIB-1 (adjusted), i.e. ERALIB1, with Version 2.1. 
ERALIB-1: Eric Fort, adjustment made with respect to several sodium-cooled fast 
spectrum system experiments.

As requested: 33 group discrete-ordinates transport-theory (BISTRO for cylindrical
geometry) with P1S4 approximations (symmetric weight set) + given correction factors. 
Same meshing as in the benchmark specifications (not given for the ABR core: Input
preparation is complex and time consuming).

Sensitivity coefficients: Perturbation theory for keff (|keff - keff adj| < 0.0001);
Generalized perturbation theory for reaction rate ratios at core center; 
Extended perturbation theory for reactivity effects.
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0.701.4431.440ERALIB1

3.531.4321.429JEF-2.2

1.448/0.90.721.4391.436JEFF-3.1/BOLNA

F49/F25 (at core center)

8.870.9240.916ERALIB1

9.010.9220.914JEF-2.2

0.962/1.46.680.9840.975JEFF-3.1/BOLNA

F37/F25 (at core center)

0.980.2010.196ERALIB1

2.550.2040.199JEF-2.2

0.214/1.12.450.2100.204JEFF-3.1/BOLNA

F28/F25 (at core center)

0.351.002141.00767ERALIB1

2.340.996131.00163JEF-2.2

1.00000/0.20.4170.999411.00493JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

JEZEBEL-Pu239/
Library

In red: No common range between experimental and calculational
values by accounting for their uncertainties.
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: Pu239 fission: 0.3%.
JEF-2.2: Pu239 fission: 2.3%.
ERALIB1: Pu239 fission: 0.3%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/BOLNA: Pu239 inelastic scattering: 2.5% (neither U238 fission nor U235 fission).
JEF-2.2: U238 fission: 1.6%; U235 fission: 1.4%; Pu239 inelastic scattering: 1.4%. 
ERALIB1: Pu239 inelastic scattering: 0.8% (neither U238 fission nor U235 fission).

Most important contributions to the data uncertainty of F37/F25:
JEFF-3.1/BOLNA: Np237 fission: 6.5%; Pu239 inelastic scattering: 1.6%.
JEF-2.2: Np237 fission: 8.8%; U235 fission: 1.4%; Pu239 inelastic scattering: 1.0%.
ERALIB1: Np237 fission: 8.8%.

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/BOLNA: Pu239 fission: 0.5%; U235 fission: 0.4%; Pu239 inelastic scattering: 0.4%.
JEF-2.2: Pu239 fission: 3.3%; U235 fission: 1.1%.
ERALIB1: Pu239 fission: 0.5%; U235 fission: 0.5%.
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0.3441.005841.01062ERALIB1

2.1080.999241.00399JEF-2.2

1.00000/0.20.6671.003741.00851JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

JEZEBEL-Pu240/
Library

Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: A variety of reactions of the Pu isotopes.
JEF-2.2: Pu239 fission: 1.9%.
ERALIB1: A variety of reactions of the Pu isotopes.
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8.890.81580.8090ERALIB1

9.010.81660.8098JEF-2.2

0.8561/1.46.600.86210.8549JEFF-3.1/BOLNA

F37/F25 (at core center)

0.870.17320.1681ERALIB1

2.400.17620.1710JEF-2.2

0.1799/1.11.950.17740.1722JEFF-3.1/BOLNA

F28/F25 (at core center)

0.2520.994570.99323ERALIB1

2.1070.982220.98089JEF-2.2

1.00000/0.30.7110.999290.99794JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

FLATTOP-
Pu239/
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.6%.
JEF-2.2: Pu239 fission: 2.0%.
ERALIB1: Pu239 fission: 0.2%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/BOLNA: Pu239 inelastic scattering: 1.8% (neither U238 fission nor U235 
fission).
JEF-2.2: U238 fission: 1.6%; U235 fission: 1.4%; Pu239 inelastic scattering: 1.0%. 
ERALIB1: U238 fission: 0.6%; Pu239 inelastic scattering: 0.5%.

Most important contributions to the data uncertainty of F37/F25:
JEFF-3.1/BOLNA: Np237 fission: 6.4%; Pu239 inelastic scattering: 1.2%.
JEF-2.2: Np237 fission: 8.9%; U235 fission: 1.4%. 
ERALIB1: Np237 fission: 8.9%.
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0.410.13370.1388ERALIB1

1.530.13390.1390JEF-2.2

0.1323/2.42.180.13290.1380JEFF-3.1/BOLNA

C28/F25 (at core center)

0.570.02300.0224ERALIB1

3.760.02300.0224JEF-2.2

0.0233/3.06.540.02240.0218JEFF-3.1/BOLNA

F28/F25 (at core center)

0.380.92160.9357ERALIB1

2.520.90440.9183JEF-2.2

0.9435/2.10.860.90510.9190JEFF-3.1/BOLNA

F49/F25 (at core center)

0.1441.002410.99060ERALIB1

1.5950.994460.98274JEF-2.2

1.00051/0.231.1781.001950.99015JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

ZPR-6 Assembly 7/
Library
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.8%; U238 capture: 0.5%.
JEF-2.2: Pu239 fission: 1.3%.
ERALIB1: Pu239 fission: 0.1%.

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/BOLNA:U235 fission: 0.5%; Pu239 fission: 0.4%; U238 capture: 0.2%.
JEF-2.2: Pu239 fission: 2.3%.
ERALIB1: Pu239 fission: 0.3%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/BOLNA: U238 inelastic scattering: 6.1% (neither U238 fission nor U235 fission).
JEF-2.2: Na inelastic scattering: 2.1%; U238 inelastic scattering: 1.8%; U238 fission: 1.5%; Fe56 
inelastic scattering: 1.1%. 
ERALIB1: Various isotopes and reactions.

Most important contributions to the data uncertainty of C28/F25:
JEFF-3.1/BOLNA: U238 capture: 2.1%.
JEF-2.2: U238 capture: 1.1%; U235 fission: 1.0%.
ERALIB1: U238 capture: 0.3%; U235 fission: 0.2%.
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0.1411.001540.98917ERALIB1

1.5760.993500.98123JEF-2.2

1.00080/0.2201.1921.001710.98933JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

ZPR-6 Assembly 
7 High Pu240/

Library

Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%; U238 capture: 0.5%.
JEF-2.2: Pu239 fission: 1.3%.
ERALIB1: Pu239 fission: 0.1%.
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0.400.13970.1374ERALIB1

1.530.13970.1373JEF-2.2

0.1379/1.892.250.13870.1364JEFF-3.1/BOLNA

C28/F25 (at core center)

0.380.91930.9257ERALIB1

2.490.90350.9099JEF-2.2

0.9295/1.990.890.90310.9095JEFF-3.1/BOLNA

F49/F25 (at core center)

0.520.021620.02039ERALIB1

3.730.021720.02049JEF-2.2

0.02210/2.767.800.020760.01959JEFF-3.1/BOLNA

F28/F25 (at core center)

0.1440.999170.99119ERALIB1

1.6220.991190.98327JEF-2.2

1.00080/0.1541.3790.996780.98882JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

ZPPR-9/
Library
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U238 inelastic scattering: 1.1%; U238 capture: 0.6%.
JEF-2.2: Pu239 fission: 1.3%.
ERALIB1: Pu239 fission: 0.1%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/BOLNA: U238 inelastic scattering: 7.5%; O16 elastic scattering: 1.3%; Fe56 inelastic 
scattering: 0.9% (neither U238 fission nor U235 fission). 
JEF-2.2: U238 inelastic scattering: 2.3%; Na23 inelastic scattering: 1.8%; Fe56 inelastic 
scattering: 0.9% (neither U238 fission nor U235 fission). 
ERALIB1: Various isotopes and reactions.

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/BOLNA:U238 inelastic scattering: 0.5%; U235 fission: 0.5%; Pu239 fission: 0.4%. 
JEF-2.2: Pu239 fission: 2.3%.
ERALIB1: Pu239 fission: 0.3%.

Most important contributions to the data uncertainty of C28/F25:
JEFF-3.1/BOLNA: U238 capture: 1.9%.
JEF-2.2: U238 capture: 1.1%; U235 fission: 1.0%.
ERALIB1: U238 capture: 0.3%; U235 fission: 0.2%.
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0.003816JEF-2.2

Given βeff: 0.003550.003812JEFF-3.1

βeff

9.9726.2835.22ERALIB1

97.4530.3040.62JEF-2.2

31.68 
cents/1.136

91.4027.5136.88JEFF-3.1/BOLNA

Na void (Step 5)

7.5126.6126.21ERALIB1

74.0630.6030.15JEF-2.2

29.39 
cents/1.225

67.6028.4328.01JEFF-3.1/BOLNA

Na void (Step 3)

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

ZPPR-9/
Library

Similar uncertainties for JEFF-3.1/BOLNA and JEF-2-2.
However: Compensating effects between U238 inelastic scattering and Pu239 fission.
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Most important contributions to the data uncertainty of Na void Step 3
(JEFF-3.1/BOLNA):

15.31.79.911.7O16

5.95.42.3Na23

8.37.53.3Fe56

1.81.6Ni58

4.70.24.7Pu241

5.03.22.62.8Pu240

19.56.711.53.113.9Pu239

61.68.32.454.328.2U238

1.40.51.3U235

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/

Isotope
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Most important contributions to the data uncertainty of Na void Step 3
(JEF-2.2):

2.40.42.3Pu241

2.01.7Cr52

8.06.64.4O16

14.513.55.1Na23

7.36.52.32.4Fe56

1.51.2Ni58

6.21.75.03.2Pu240

67.024.761.01.612.3Pu239

24.810.09.315.713.5U238

2.00.22.0U235

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/

Isotope
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Most important contributions to the data uncertainty of Na void Step 5
(JEFF-3.1/BOLNA):

20.62.313.415.5O16

8.37.53.2Na23

11.210.21.24.4Fe56

2.42.2Ni58

6.30.36.3Pu241

6.64.23.53.7Pu240

26.29.015.54.218.7Pu239

83.410.93.273.837.7U238

1.90.61.7U235

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/

Isotope
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Most important contributions to the data uncertainty of Na void Step 5
(JEF-2.2):

3.10.53.0Pu241

2.72.21.3Cr52

10.78.95.8O16

19.518.27.0Na23

9.38.63.23.2Fe56

1.91.11.5Ni58

8.12.36.54.2Pu240

88.132.580.22.216.3Pu239

32.512.912.020.817.7U238

2.70.32.6U235

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/

Isotope
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0.1561.001071.00000ERALIB1

0.9821.002761.00169JEF-2.2

1.00105/0.181.2531.004131.00306JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

JOYO/
Library

Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U235 capture: 1.1%.
JEF-2.2: Pu239 fission: 0.7%.
ERALIB1: Pu239 fission: 0.1%.
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0.2841.00292ERALIB-1

1.8170.99717JEF-2.2

1.0921.00054JEFF-3.1/BOLNA

1σ -uncertainty (%)keffABR startup metal core
Library

0.3840.99981ERALIB-1

1.5390.99078JEF-2.2

1.4891.00574JEFF-3.1/BOLNA

1σ -uncertainty (%)keffABR recycled oxide core
Library

0.1921.01436ERALIB-1

1.6611.00657JEF-2.2

1.0171.01450JEFF-3.1/BOLNA

1σ -uncertainty (%)keffABR startup oxide core
Library
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ABR core (continued)
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Most important contributions to the data uncertainty of keff (oxide core):
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.7%.
JEF-2.2: Pu239 fission: 1.4%.
ERALIB1: Pu239 fission: 0.1%.

Most important contributions to the data uncertainty of keff (oxide core, recycled):
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.8%. 
JEF-2.2: Pu239 fission: 1.0%.
ERALIB1: Pu238 fission: 0.2%.
(The remaining parts are coming from a variety of reactions and nuclides, the MA being 
important in each case).

Most important contributions to the data uncertainty of keff (metal core):
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%.
JEF-2.2: Pu239 fission: 1.6%.
ERALIB1: Pu239 fission: 0.2%.
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0.003914JEF-2.2

0.003943JEFF-3.1

βeff

2.24-0.0093ERALIB1

4.97-0.0096JEF-2.2

5.18-0.01-0.0102JEFF-3.1/BOLNA

Doppler constant 

3.713.63ERALIB1

7.064.12JEF-2.2

8.624.33.89JEFF-3.1/BOLNA

Na void reactivity ($)

0.1871.05812ERALIB1

1.4711.04856JEF-2.2

1.6181.05221.05838JEFF-3.1/BOLNA

keff

1σ -uncertainty 
(%)

Quoted valueCalculated 
parameter

FBR core/
Library
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%; U238 capture: 0.4%.
JEF-2.2: Pu239 fission: 1.0%.
ERALIB1: Pu239 fission: 0.1%.

Most important contributions to the data uncertainty of the void reactivity,
JEFF-3.1/BOLNA:

5.80.15.7Pu241

1.61.3O16

1.51.47.0Na23

1.51.3Fe56

1.00.5Pu240

2.30.41.71.5Pu239

5.20.34.62.6U238

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope
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Most important contributions to the data uncertainty of the Doppler constant,
JEFF-3.1/BOLNA:

3.03.0Pu241

1.51.5O16

0.60.4Pu240

0.90.2Pu239

3.50.33.11.6U238

Relative 1σ –uncertainty,% (> 1%, ν: > 0.1%)

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope
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JEFF-3.1/BOLNA in general leads to satisfactory predictions of experimental 

values in the sense that there is a common domain for the calculational and 
experimental ranges by consistently considering 1σ standard deviations. 

However, this overlap often results from the fact that data uncertainties are much

larger than experimental uncertainties. 

In addition, and as a consequence, calculational uncertainties do not match

target uncertainties. 

There is anyways a significant improvement as compared to the use of JEF-2.2. 

The use of ERALIB-1 (adjusted JEF-2.2 data)  significantly reduces the nuclear

data uncertainty, but the computed values more frequently lie outside the

experimental range. Moreover, the correlation matrices were found not positive 

definite, clearly resulting in underestimations of these uncertainties. 

These findings certainly support the proposed adjustment exercise.


