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Deterministic ERANOS (Version 2.2-N) in conjunction with the following 
basic/covariance data libraries:

•JEFF-3.1/COMMARA2.0 (unadjusted).

•ENDF/B-VI.8/COMMARA2.0 (unadjusted), 
since COMMARA2.0 should be used in conjunction with ENDF/B-VII.0 (no ENDF/B-
VII.0 based library available with this edition of ERANOS).

ERANOS format for COMMARA-2.0: Gerardo Aliberti’s work + Small in house 
program for generating all data available, based on the dedicated format kindly 
provided by NEA to the to SG33 members shortly after the May meeting.

Due to some modified quoted experimental values and correction factors after the May 
meeting, revised values are additionally given referring to calculations with:

•JEFF-3.1/BOLNA (unadjusted). 
BOLNA: Brookhaven, Oak Ridge, Los Alamos, NRG and Argonne: One of the 
predecessors of COMMARA.
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Just for completeness, without further comments, presented are also revised results for
•JEF-2.2/JEF-2.2 (unadjusted), called JEF-2.2.

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

As suggested: 

•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, when available.

Sensitivity coefficients and uncertainty analysis, and representativeness calculations for 
JEFF-3.1/ and ENDF/B-VI.8/ COMMARA-2.0: Thereby use is made of perturbation 
theory (|keff - keff adj| < 0.0001). No condensation of the sensitivity coefficients to 15 
groups needed for calculations based on COMMARA-2.0.
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/COMMARA2.0: Pu239 fission: 0.3%.
JEFF-3.1/BOLNA: Pu239 fission: 0.3%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/COMMARA2.0: Pu239 inelastic scattering: 2.4% (neither U238 fission nor U235 
fission).
JEFF-3.1/BOLNA: Pu239 inelastic scattering: 2.5%.

Most important contributions to the data uncertainty of F37/F25:
JEFF-3.1/COMMARA2.0: Np237 fission: 2.7%; Pu239 inelastic scattering: 1.6%.
JEFF-3.1/BOLNA: Np237 fission: 6.5%; Pu239 inelastic scattering: 1.6%.

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/COMMARA2.0: Pu239 fission: 0.5%; U235 fission: 0.4%; Pu239 inelastic scattering: 
0.4%.
JEFF-3.1/BOLNA: Pu239 fission: 0.5%; U235 fission: 0.4%; Pu239 inelastic scattering: 0.4%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: Uncertainties slightly smaller (by 10% for 
spectral indices, representativeness factors of the order of 0.99).
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Most important contributions to the data uncertainty of keff:

JEFF-3.1/COMMARA2.0: 
Pu239:  Fission: 0.27%, inelastic: 0.23%.
Pu240:  Fission: 0.18%, ν: 0.37%, inelastic: 0.12%.
(Pu241: Fission: 0.02%.)

JEFF-3.1/BOLNA: 
Pu239:  Fission: 0.27%, inelastic: 0.24%.
Pu240:  Fission: 0.29%, ν: 0.35%, inelastic: 0.04%.
Pu241:  Fission: 0.29%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: keff-uncertainties are similar, 
consistent with the excellent representativeness factor of 0.994.
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Common 1σ confidence interval (min/max)
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Most important contributions to the data uncertainty of keff:

JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.6%.
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.6%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/COMMARA2.0: Pu239 inelastic scattering: 1.7% (neither U238 fission nor 
U235 fission).
JEFF-3.1/BOLNA: Pu239 inelastic scattering: 1.8%.

Most important contributions to the data uncertainty of F37/F25:
JEFF-3.1/COMMARA2.0: Np237 fission: 2.8%; Pu239 inelastic scattering: 1.2%.
JEFF-3.1/BOLNA: Np237 fission: 6.4%; Pu239 inelastic scattering: 1.2%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: keff-uncertainties are similar, 
consistent with the excellent representativeness factor of 0.997. Uncertainties of 
spectral indices slightly smaller (representativeness factors of the order of 0.99).
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.9%; U238 capture: 0.3%
(Pu241 fission: 0.01%, O16 capture: 0.2%).
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.8%; U238 capture: 0.5%
(Pu241 fission: 0.1%, O16 capture: 0.3%).

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/COMMARA2.0: U235 fission: 0.5%; Pu239 fission: 0.4%; U238 inelastic: 0.4%; U238 
capture: 0.2%.
JEFF-3.1/BOLNA:U235 fission: 0.5%; Pu239 fission: 0.4%; U238 inelastic: 0.5%; U238 
capture: 0.1%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/COMMARA2.0:U238 inelastic scattering: 6.2% (neither U238 fission nor U235 
fission).
JEFF-3.1/BOLNA: U238 inelastic scattering: 6.1%.
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Most important contributions to the data uncertainty of C28/F25:
JEFF-3.1/COMMARA2.0: U238 capture: 1.5%.
JEFF-3.1/BOLNA: U238 capture: 2.1%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: Slightly larger uncertainties, the maximum 
deviation being 15% for the F28/F25 value and this despite the excellent representativeness 
factor of 0.997.
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Most important contributions to the data uncertainty of keff:

JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.9%; U238 capture: 0.5%, 
(Pu241 fission: 0.02%, O16 capture: 0.16%).

JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%; U238 capture: 0.5%, (Pu241 
fission: 0.2%, O16 capture: 0.24%).
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 1.1%; U238 capture: 0.4%.
JEFF-3.1/BOLNA: U238 inelastic scattering: 1.1%; U238 capture: 0.6%.

Most important contributions to the data uncertainty of F28/F25:
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 7.6%; O16 elastic scattering: 0.3%; Fe56 
inelastic scattering: 0.7% (neither U238 fission nor U235 fission). 
JEFF-3.1/BOLNA: U238 inelastic scattering: 7.5%; O16 elastic scattering: 1.3%; Fe56 inelastic 
scattering: 1.1%.

Most important contributions to the data uncertainty of F49/F25:
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.5%; U235 fission: 0.4%; Pu239 fission: 
0.4%. 
JEFF-3.1/BOLNA:U238 inelastic scattering: 0.5%; U235 fission: 0.5%; Pu239 fission: 0.4%. 

Most important contributions to the data uncertainty of C28/F25:
JEFF-3.1/COMMARA2.0: U238 capture: 1.4%.
JEFF-3.1/BOLNA: U238 capture: 2.5%.
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Main contributions to the data uncertainty of Na void Step 3
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Main contributions to the data uncertainty of Na void Step 3
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Main contributions to the data uncertainty of Na void Step 3
(JEFF-3.1/BOLNA)
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Main contributions to the data uncertainty of Na void Step 5
(ENDF/B-VI.8/COMMARA2.0)
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Main contributions to the data uncertainty of Na void Step 5
(JEFF-3.1/COMMARA2.0)
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Main contributions to the data uncertainty of Na void Step 5
(JEFF-3.1/BOLNA)
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0.8510.996250.99881ENDF/B-VI.8/
COMMARA2.0

0.872JEFF-3.1/
COMMARA2.0

0.1560.997441.00000ERALIB1

0.9820.999131.00169JEF-2.2

1.00105/0.18
1.253

1.000491.00306

JEFF-3.1/BOLNA

keff

Experiment /1σ -
uncertainty (%)

1σ -
uncertainty 

(%)

Corrected 
calculated 
parameter

Calculated 
parameter

JOYO/
Library

0.99781keff

Representativeness coefficient of  JEFF-3.1 with respect to ENDF/B-VI.8 

(COMMARA2.0)

0.99177/1.00473keff

Common 1σ confidence interval (min/max)
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JOYO (continued)
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/COMMARA2.0: U235 capture: 0.7%.
JEFF-3.1/BOLNA: U235 capture: 1.1%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: keff-uncertainties are similar, 
consistent with the excellent representativeness factor of 0.998.
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ABR core
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0.9951.00415ENDF/B-VI.8/COMMARA2.0

1.074JEFF-3.1/COMMARA2.0

1.0581.00593ENDF/B-VI.8/COMMARA2.0

1.140JEFF-3.1/COMMARA2.0

0.8621.01720ENDF/B-VI.8/COMMARA2.0

0.926JEFF-3.1/COMMARA2.0

0.2841.00292ERALIB-1

1.8170.99717JEF-2.2

1.092
1.00054

JEFF-3.1/BOLNA

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

0.3840.99981ERALIB-1

1.5390.99078JEF-2.2

1.489
1.00574

JEFF-3.1/BOLNA

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

0.1921.01436ERALIB-1

1.6611.00657JEF-2.2

1.017
1.01450

JEFF-3.1/BOLNA

1σ -uncertainty (%)keffABR startup oxide core
Library
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ABR core (continued)
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0.99320Startup metal core

0.99104Recycled oxide core

0.99113Startup oxide core

keff -representativeness coefficient of  JEFF-3.1 with respect to ENDF/B-VI.8 

(COMMARA2.0)
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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/COMMARA2.0: U238 inelastic scattering: 0.7%.
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.7%.

Most important contributions to the data uncertainty of keff (oxide core, recycled):
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.7%. 
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.7%. 

Most important contributions to the data uncertainty of keff (metal core):
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.9%.
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%.

JEFF-3.1/ versus ENDF/B-VI.8/COMMARA2.0: 10%larger uncertainties; the 
representativeness factors are of the order of 0.99.
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FBR core (RZ simplified model)
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1.031

1.0522

1.06110ENDF/B-VI.8/COMMARA2.0

1.128
1.05838

JEFF-3.1/COMMARA2.0

1.4711.04856JEF-2.2

0.1871.05812ERALIB-1

Doppler constant

4.26-0.0099ENDF/B-VI.8/COMMARA2.0

4.53JEFF-3.1/COMMARA2.0

5.18-0.01
-0.0102

JEFF-3.1/BOLNA

4.97-0.0096JEF-2.2

2.24-0.0093ERALIB1

Na void reactivity ($)

5.964.06ENDF/B-VI.8/COMMARA2.0

6.15JEFF-3.1/COMMARA2.0

8.624.3
3.89

JEFF-3.1/BOLNA

7.064.12JEF-2.2

3.713.63ERALIB1

1.618JEFF-3.1/BOLNA

keff

1σ -uncertainty (%)Quoted valueCalculated parameterFBR core/
Library
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FBR core (RZ simplified model), continued
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Most important contributions to the data uncertainty of keff:
JEFF-3.1/COMMARA2.0: U238 inelastic scattering: 0.9%; U238 capture: 0.3%.
JEFF-3.1/BOLNA: U238 inelastic scattering: 0.9%; U238 capture: 0.4%.

0.99393Doppler constant

0.99442Na void reactivity

0.99315keff

Representativeness coefficient of  JEFF-3.1 with respect to ENDF/B-VI.8 

(COMMARA2.0)
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FBR core (RZ simplified model), continued
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0.90.10.70.30.00.5Pu241

1.40.01.10.9O16

1.21.00.70.0Na23

1.30.50.71.0Fe56

1.20.70.50.30.0a0.8Pu240

1.90.51.50.70.0a0.8Pu239

4.80.30.14.30.0a2.1U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

Most important contributions to the data uncertainty of the void reactivity,
ENDF/B-VI.8/COMMARA-2.0:

a Squared uncertainty is slightly negative.
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FBR core (RZ simplified model), continued
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1.00.20.80.10.00.6Pu241

1.30.01.20.7O16

1.20.90.80.0Na23

1.40.50.81.1Fe56

1.30.80.60.30.0a0.8Pu240

2.00.51.60.50.0a1.0Pu239

5.00.30.14.50.0a2.3U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

Most important contributions to the data uncertainty of the void reactivity,
JEFF-3.1/COMMARA-2.0:

a Squared uncertainty is slightly negative.
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FBR core (RZ simplified model), continued
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5.80.15.70.00.00.5Pu241

1.60.21.31.0O16

1.51.40.50.1Na23

1.50.60.21.3Fe56

1.00.50.80.00.00.3Pu240

2.30.41.70.40.0a1.5Pu239

5.20.30.14.60.0a2.6U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

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

a Squared uncertainty is slightly negative.
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FBR core (RZ simplified model), continued
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Most important contributions to the data uncertainty of the Doppler constant,
ENDF/B-VI.8/COMMARA2.0:

1.00.40.70.5Fe56

1.50.41.40.0Na23

0.40.10.20.20.00.3Pu241

1.30.01.30.2O16

0.90.40.30.20.0a0.8Pu240

1.10.10.50.60.0a0.8Pu239

3.30.30.12.80.0a1.8U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

a Squared uncertainty is slightly negative.
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FBR core (RZ simplified model), continued
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Most important contributions to the data uncertainty of the Doppler constant,
JEFF-3.1/COMMARA2.0:

1.00.40.70.5Fe56

1.50.41.50.0Na23

0.40.10.20.00.00.4Pu241

1.30.01.30.2O16

0.90.40.30.20.0a0.8Pu240

1.00.10.50.40.0a0.8Pu239

3.60.30.13.20.0a1.8U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

a Squared uncertainty is slightly negative.
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FBR core (RZ simplified model), continued
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Most important contributions to the data uncertainty of the Doppler constant,
JEFF-3.1/BOLNA:

0.90.50.30.6Fe56

0.90.50.80.0Na23

3.00.03.00.00.00.3Pu241

1.50.11.50.3O16

0.60.40.40.10.00.2Pu240

1.00.20.50.40.0a0.8Pu239

3.50.30.13.10.0a1.6U238

Relative 1σ –uncertainty,%

TotalνFissionInelastic 

scattering

Elastic 

scattering

CaptureReaction/Iso

tope

a Squared uncertainty is slightly negative.
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The use of COMMARA-2.0 slightly reduces the calculated uncertainties
as compared to BOLNA. Particularly smaller in the benchmark are uncertainties 
resulting from Np237 fission, Pu241 fission, O16 capture and elastic scattering, 
U238 capture and U235 capture.

However, data uncertainties, especially for keff in conjunction with U fuels are still much 
larger than experimental uncertainties. This is because in most cases uncertainties are 
dominated by U238 inelastic scattering. The significant standard deviation of this cross-
section (10-30%) is even slightly larger in COMMARA-2.0 than it is in BOLNA.

COMMARA-2.0 likely provides valuable results also when used in conjunction with 
JEFF-3.1 cross-sections. Representativeness factors between ENDF/B-VI.8 and JEFF-
3.1 are high, namely > 0.99 in most cases, and correspondingly the analytical confidence 
intervals are partly overlapping. 

We might propose that special care in the adjustment exercise begiven to U238 inelastic 

scattering for which more accurate measurements are unlikely to be realized.


