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BNL’s plans 

• Cr with input from IAEA, ORNL 
• Zr with input from ORNL 
• Pb with input from ORNL 
• 86Kr with input from LBL, LLNL 
• 238U(n,n') with LBL, LANL, IAEA (Not covered here)



Pb

Zr

Cr, Mn, Fe, Co, Ni

Ca, Ti, V

Na

Al

Structural 
materials tend 
to be near 
closed shells



Nuclei near closed shells have large cross section 
fluctuations that extend to high energies 

These fluctuations dramatically impact neutron 
leakage and scattering
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52Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal and Carlton likely not (correctly) 

taken into account 
• Poor agreement of total inelastic with recent data 
• No fluctuations imposed on inelastic reactions 
• Poor inelastic angular distributions 
• Spherical OMP
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Structural materials: role of the capture by first 
resonances at odd isotopes (EFDOC-1525 (2013)).

Impact of new evaluation at C/E (Chromium)  

Adjusted parameters of first 53Cr resonances were embedded in ROSFOND 2010 
library. Left panel shows results for HCI05-4 assembly heavily loaded by Chromium, 
right panel  - for HCI05-3 loaded by stainless steel and Molybdenum. Benchmark for 
assembly loaded by natural Nickel shows C/E close to 1.

Legend: RF2010 – ROSFOND-2010; E52 – ENDF/B-V.2; E70 – ENDF/B-VII.0; E71 – ENDF/B-
VII.1; J311 – JEFF-3.1.1; L-40 – JENDL-4.0; TL12 - TENDL-2012.
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• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



53Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



53Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



53Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



53Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



53Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• High-resolution (n,total) exp. data from Agrawal likely not (correctly) taken into 

account  
• Seems like recent capture data from ORNL is not properly in the evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, due to 

53,50Cr(n,g) being too low (maybe even after properly considering Guber data) 
• Spherical OMP 



50,54Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, likely 

due to 53,50Cr(n,g) being too low (maybe even after considering Guber data) 
• Poor agreement of 50Cr(n,g) with RPI data (Stiegltiz), especially at the 5 keV peak 
• Exp. transmission data from Carlton for 54Cr(n,total) not taken into account. 
• Spherical OMP



50,54Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, likely 

due to 53,50Cr(n,g) being too low (maybe even after considering Guber data) 
• Poor agreement of 50Cr(n,g) with RPI data (Stiegltiz), especially at the 5 keV peak 
• Exp. transmission data from Carlton for 54Cr(n,total) not taken into account. 
• Spherical OMP



50,54Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, likely 

due to 53,50Cr(n,g) being too low (maybe even after considering Guber data) 
• Poor agreement of 50Cr(n,g) with RPI data (Stiegltiz), especially at the 5 keV peak 
• Exp. transmission data from Carlton for 54Cr(n,total) not taken into account. 
• Spherical OMP



50,54Cr Status
New information from integral testing since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected findings?  Only few integral 

experiments are sensitive to Cr, but they can be very sensitive (pmi-002,hci-005) 
• Neutron transmission: any new/unexpected findings?  No 
• (n,xn) activations: any new/unexpected findings?  Ongoing studies, LANL & LLNL 
Known deficiencies/gaps: 
• Elastic angular distribution inconsistent with cross section, is from ENDF/B-V 

elemental evaluation 
• Integral exp. points to natural capture at 2-10keV (52Cr valley) is too low, likely 

due to 53,50Cr(n,g) being too low (maybe even after considering Guber data) 
• Poor agreement of 50Cr(n,g) with RPI data (Stiegltiz), especially at the 5 keV peak 
• Experimental data from Carlton for 54Cr(n,total) not taken into account. 
• Spherical OMP



Cr Plans for Next Evaluation

• Integrator 
• Lead for RRR — ORNL, with BNL help 
• Lead for Fast — BNL, with IAEA help 
• Lead for Validation — IAEA/BNL 

• Team Will Involve 
• BNL, ORNL, IAEA 

• Objective 
• Consistent treatment of fluctuations and (n,n’g) data, 

describe capture correctly to improve integral 
performance



90Zr Status
New information from integral 
testing since ENDF/B-VIII.0 release 
& publications  
• Criticality performance: any new/

unexpected findings?  90,91Zr, S𝛼𝛽 in 
thermal & intermediate systems [Snoj et 
al, Ann. Nucl. En 42, 71 (2012)] 

• Neutron transmission: any new/
unexpected findings?  Zr Oktavian 
sphere (unevaluated) 

• (n,xn) activations: any new/unexpected 
findings?  (n,2n) deficient [RPSD-2018 
contrib #25362] 

Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent 

with cross sections 
• Last ENDF Evaluation: BNL/KAERI, 2011 

• Unused: (n,n’g) data from P. Garrett et al. 
Phys Rev. C,68,024312 (2003)  

• New data: 
• [RP] Resonance energy, 2013 

G.Tagliente+, 2 points 
• (n,2n), 2016 A.A.Filatenkov, 7 points 
• (n,2n), 2016 A.A.Filatenkov, 8 points 
• (n,a),2016 A.A.Filatenkov, 7 points 
• (n,g) [RP] Resonance strength, 

2013 G.Tagliente+, 2 points 
• (n,p),2016 A.A.Filatenkov, 7 points 
• (n,p), 2012 P.M.Prajapati+, 1 point 
• (n,x)89Y, 2016 A.A.Filatenkov, 6 

points



91Zr Status
New information from integral testing since ENDF/B-VIII.0 
release & publications  
• Criticality performance: any new/unexpected findings?  90,91Zr, S𝛼𝛽 in 

thermal & intermediate systems [Snoj et al, Ann. Nucl. En 42, 71 (2012)] 
• Neutron transmission: any new/unexpected findings?  Zr Oktavian sphere 

(unevaluated) 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent with cross sections  
• Last ENDF Evaluation: BNL/KAERI, 2011 
• New data: 

• [RP] Resonance energy, 2013 G.Tagliente+, 5 points 
• [RP] Resonance strength, 2013 G.Tagliente+, 5 points



92Zr Status
New information from integral testing since ENDF/B-VIII.0 
release & publications  
• Criticality performance: any new/unexpected findings?  No 
• Neutron transmission: any new/unexpected findings?  Zr Oktavian sphere 

(unevaluated) 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent with cross sections 
• Last ENDF Evaluation: BNL/KAERI, 2011 
• New data: 

• [RP] Resonance energy, 2013 G.Tagliente+, 4 points 
• [RP] Resonance strength, 2013 G.Tagliente+, 4 points 
• (n,p), 2016 A.A.Filatenkov, 7 points



94Zr Status
New information from integral testing 
since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected 

findings?  No 
• Neutron transmission: any new/unexpected 

findings?  Zr Oktavian sphere (unevaluated) 
• (n,xn) activations: any new/unexpected 

findings?  94Zr(n,g) in IRDFF 
Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent with 

cross sections 
• Last ENDF Evaluation: BNL/KAERI, 2011 
• RI, thermal cross sections may need work 

(Trkov, Herman report (2011)) 
 
 

• New data: 
• [RP] Resonance energy, 2013 

G.Tagliente+, 2 points 
• [RP] Resonance energy, 2011 

G.Tagliente+, 50 points 
• (n,a), 2016 B.Champine+, 5 points 
• (n,a), 2016 A.A.Filatenkov, 7 points 
• [RP] Reich-Moore resonance width, 

2011 G.Tagliente+, 36 points 
• [RP] Resonance strength, 2013 

G.Tagliente+, 2 points 
• [RP] Reich-Moore resonance strength, 

2011 G.Tagliente+, 50 points 
• [RI] Resonance integral, 2014 

K.S.Krane, 1 point 
• (n,g) Reaction yield, 2011 

G.Tagliente+, 21724 points 
• (n,g), 2013 F.Farina Arbocco+, 1 point 
• (n,g), 2012 P.M.Prajapati+, 1 point



93, 95Zr Status
New information from integral testing since 
ENDF/B-VIII.0 release & publications  
• Criticality performance: any new/unexpected findings?  No 
• Neutron transmission: any new/unexpected findings?  

None known 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent with cross 

sections 



96Zr Status
New information from integral testing 
since ENDF/B-VIII.0 release & 
publications  
• Criticality performance: any new/unexpected 

findings?  No 
• Neutron transmission: any new/unexpected 

findings?  Zr Oktavian sphere (unevaluated) 
• (n,xn) activations: any new/unexpected 

findings?  96Zr(n,g) in IRDFF 
Known deficiencies/gaps: 
• RRR, URR, Fast region inconsistent 
• Elastic angular distribution inconsistent with 

cross sections  
• Last ENDF Evaluation: BNL/KAERI, 2011 
• RI, thermal cross sections may need work 

(Trkov, Herman report (2011)) 
 
 
 

• New data: 
• [RP] Resonance energy, 2013 

G.Tagliente+, 3 points 
• [RP] Resonance energy, 2011 

G.Tagliente+, 15 points 
• (n,2n), 2016 A.A.Filatenkov, 7 points 
• [RP] Reich-Moore resonance width, 

2011 G.Tagliente+, 13 points 
• [RP] Resonance strength, 2013 

G.Tagliente+, 3 points 
• [RP] Reich-Moore resonance strength, 

2011 G.Tagliente+, 15 points 
• (n,g) Particle multiplicity d/dE, 2011 

T.Katabuchi+, 155 points 
• [RI] Resonance integral, 2014 

K.S.Krane, 1 point 
• (n,g) Reaction yield, 2011 G.Tagliente+, 

26265 points 
• (n,g), 2014 F.Farina Arbocco+, 1 point 
• (n,g), 2011 T.Katabuchi+, 4 points



Zr Plans for Next 
Evaluation
• Integrator 

• Lead for RRR —  
ORNL, with BNL help 

• Lead for Fast —  
BNL 

• Lead for Validation —  
BNL can do ICSBEP benchmarks,  
will need help with Oktavian spheres 

• Team Will Involve 
• BNL, LLNL (Escher), ORNL 

• Objective 
• Consistent treatment of fluctuations and (n,n’g) data

ENDF/B-VII.1 Data Testing, . . . NUCLEAR DATA SHEETS A. C. Kahler et al.
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FIG. 19: Calculated eigenvalues for a suite of U233-SOL-
THERM and U233-COMP-THERM benchmarks. Moderat-
ing materials include one or more of water, polyethylene and
beryllium. Accurate eigenvalue predictions are obtained for
the most thermal systems, and a bias of less than 0.5% is
observed for the Light Water Breeder Reactor Seed-Blanket
(UCT1) benchmarks, but otherwise there is a clear trend in
calculated eigenvalue versus Above-Thermal Fission Fraction.

erally fall within the trend established by the U233-SOL
experiments and occur at an average Above-Thermal Fis-
sion Fraction value that fortuitously yields calculated
keff values near unity. We have previously noted that
a FAST system with a Thorium reflector, PMF6 (also
known as “Thor”) has a slightly low C/E keff . C/E
keff values for this small population of Thorium bear-
ing benchmarks are generally within 200 pcm of unity;
a good result. Nevertheless the population size for Tho-
rium bearing benchmarks is very small and there is a clear
need to expand this benchmark category. We conclude
this discussion noting that the most highly thermalized
systems, characterized by ATFF values near 0.05 are ac-
curately calculated and, as summarized in Table VII, a
number of FAST systems (whose ATFF values are unity)
are also accurately calculated. This suggests that the
thermal and high energy (hundreds of keV and higher)
cross sections for 233U are likely accurate. It is deficien-
cies in 233U nuclear data over a broad range of interme-
diate energies that are likely responsible for the observed
C/E keff trend.
Finally, we note C/E keff results for zirconium, an im-

portant reactor material, both for its superior corrosion
resistance and its low neutron absorption cross section.
We have assembled a suite of 21 ICSBEP benchmarks
that contain significant quantities of zirconium. Eigen-
value calculations have been performed using ENDF/B-
VI.8, ENDF/B-VII.0 and ENDF/B-VII.1 cross sections,
as shown in Fig. 20.

Changes in the zirconium cross section evaluation have
occurred when moving from ENDF/B-VI.8 to ENDF/B-
VII.0 and again in moving from ENDF/B-VII.0 to the
new ENDF/B-VII.1 file. The history of this work is
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FIG. 20: Calculated eigenvalues for a suite of ICSBEP bench-
marks containing zirconium.

summarized in our companion papers [1, 2]. For the 21
benchmark suite the average C/E keff bias was +74 pcm
with ENDF/B-VI.8 cross sections and increased by ap-
proximately ∼ 0.2% when ENDF/B-VII.0 cross sections
were used. Particularly disturbing was the nearly 0.4%
increase in the well characterized Triga (ICT3) bench-
mark. The latest zirconium cross section revisions have
done much to restore the previous, more accurate, C/E
keff results, as the ENDF/B-VII.1 based average bias is
now +83 pcm. Further evaluation work on the impor-
tant stable Zr isotopes is planned, as specialized reaction
rate ratio experiments (discussed below) suggest further
refinements are needed in selected capture cross sections.
Particularly disturbing was the nearly 0.4 % increase in
the well characterized Triga (ICT3) benchmark [13].

F. Argonne ZPR Systems

Detailed as-built MCNP models have been developed
at ANL for a series of Argonne ZPR/ZPPR critical as-
semblies. These models represent the physical dimensions
and masses of each and every plate, can, drawer and ma-
trix tube and the interstitial gaps among these materials
for the as-built material loadings for each of these assem-
blies. It is now practical to produce high-fidelity models
of these assemblies and to calculate these experiments us-
ing continuous-energy Monte Carlo methods. Simplified
models of most of these experiments are also available in
the ICSBEP Handbook and results of performance test-
ing with ENDF/B-VII.1 data for many of these models
are also reported in Appendix B of this paper. It should
be noted that because only very small corrections or bi-
ases are required with the use of the detailed models of
these experiments to account for simplifications of the
model, the associated uncertainties (and potential biases)
in these models are smaller than those for the simplified
benchmark models.

3012

A.C. Kahler, et al. NDS, 112, 2997 (2011)



204Pb Status
New information from integral testing since ENDF/
B-VIII.0 release & publications  
• Criticality performance: any new/unexpected findings?  No, 

LCT’s still need work 
• Neutron transmission: any new/unexpected findings?  No, e.g. 

Pb LLNL pulsed spheres unchanged since 2006, not great 
• (n,xn) activations: any new/unexpected findings?  

204Pb(n,n’)204mPb in IRDFF 
Known deficiencies/gaps: 
• Generally poor agreement between elastic angular 

distributions reconstructed from RRR and from fast region 
OMP calculations
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206Pb Status
New information from integral testing since ENDF/B-VIII.0 
release & publications  
• Criticality performance: any new/unexpected findings?  No, LCT’s 

still need work 
• Neutron transmission: any new/unexpected findings?  No, e.g. Pb 

LLNL pulsed spheres unchanged since 2006, not great 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• Generally poor agreement between elastic angular distributions 

reconstructed from RRR and from fast region OMP calculations 
• New data: (n,xnγ) from Mihailescu, et al. Euratom Report 22343 

(2006) 
• New data: (n,xnγ) from Negret, et al. Phys. Rev. C,91,064618 (2015)



207Pb Status
New information from integral testing since ENDF/B-
VIII.0 release & publications  
• Criticality performance: any new/unexpected findings?  No, 

LCT’s still need work 
• Neutron transmission: any new/unexpected findings?  No, e.g. 

Pb LLNL pulsed spheres unchanged since 2006, not great 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• Generally poor agreement between elastic angular distributions 

reconstructed from RRR and from fast region OMP calculations 
• New data: (n,xnγ) from Mihailescu, et al. Euratom Report 22343 

(2006)



208Pb Status
New information from integral testing since ENDF/B-
VIII.0 release & publications  
• Criticality performance: any new/unexpected findings?  No, 

LCT’s still need work 
• Neutron transmission: any new/unexpected findings?  No, e.g. 

Pb LLNL pulsed spheres unchanged since 2006, not great 
• (n,xn) activations: any new/unexpected findings?  No 
Known deficiencies/gaps: 
• Generally poor agreement between elastic angular distributions 

reconstructed from RRR and from fast region OMP calculations  
• New data: L.C. Mihailescu, et al. “A measurement of (n,xnγ) 

cross sections for 208Pb from threshold up to 20 MeV”, Nuclear 
Physics A 811, pp. 1-27 (2008)



Pb Plans 
for Next 
Evaluation
• Integrator 

• Lead for RRR — RPI 
• Lead for Fast — BNL 
• Lead for Validation — ? 

• Team Will Involve 
• BNL, RPI, ORNL, 

Westinghouse 
• Objective 

• Consistent treatment of 
fluctuations and (n,n’g) 
data

Reactor Physics paving the way towards more efficient systems

Figure 3: The groupwise contribution of different reactions to the coolant temperature
coefficient in the active part (left-hand side) and in the top reflector (right-hand side).

ficients case the total coefficient turns to negative according to the Serpent direct and perturbation
theory calculations, which is due to the radial leakage. The SCALE results deviates again showing
positive coefficient due to the inadequate radial resolution of the model. Comparing the partial and
total coefficients obtained from the direct calculations one can observe that the total coefficients
are significantly smaller then the sum of the partial coefficients. This means that changing the
cladding radius in the complete core introduces an effect which is beyond the linearity assumed by
the perturbation theory methods. This can be the explanation for the slight overestimation of the
total coefficients by the Serpent LPT methodology. The effect becomes visible in this case due to
the involvement of the larger bottom plenum besides the smaller top plenum (see in Fig. 1).

The physical processes are also very similar to the coolant temperature coefficient case: as shown
in Figure 4, a spectrum hardening can be observed in the active region, which can be explained by
the decreased inelastic scattering as it is reinforced by the decrease of the homogenized removal
cross-section above 1 MeV.

5.3. Fuel Temperature Coefficients

In order to calculate the fuel temperature (or Doppler) coefficient by the reference direct perturba-
tion method (DPM) the fuel temperature was changed by ±200 �C to ensure adequate statistics.
The group-wise relative cross section changes required by the linear perturbation theory were ob-
tained from 238-group resonance corrected libraries generated by the CSASI module of SCALE
for fuel temperatures deviating from the nominal by ±200 �C. Table 5 compares the results from
the different types of calculations for infinite assembly arrays.

As expected the sign of the feedback coefficients is negative in all cases. The two largest contribu-
tor isotopes were found to be 238U and 239Pu with negative and positive contribution, respectively.
Due to the larger fertile isotope ratio in the fuel composition, inner fuel assemblies have stronger
negative feedback coefficients. The values obtained from different methods are very close to each

Proceedings of the PHYSOR 2018, Cancun, Mexico
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P. German, et al. “SENSITIVITY AND UNCERTAINTY STUDIES FOR THE ALFRED LEAD 
COOLED FAST REACTOR CORE” PHYSOR-2018 proceedings, Cancun MX (2018)

Benchmarking ENDF/B-VII.0 NUCLEAR DATA SHEETS S.C. van der Marck
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FIG. 123: Neutron spectrum for the LLNL Pulsed Sphere, Ti
(2.2 mfp) benchmark, angle=39◦.
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FIG. 124: Neutron spectrum for the LLNL Pulsed Sphere, Ti
(3.5 mfp) benchmark, angle=39◦.

9. LLNL Pulsed Spheres, Fe
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FIG. 125: Neutron spectrum for the LLNL Pulsed Sphere, Fe
(0.9 mfp) benchmark, angle=39◦.
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FIG. 126: Neutron spectrum for the LLNL Pulsed Sphere, Fe
(2.9 mfp) benchmark, angle=39◦.
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FIG. 127: Neutron spectrum for the LLNL Pulsed Sphere, Fe
(4.8 mfp) benchmark, angle=39◦.

10. LLNL Pulsed Spheres, Pb
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FIG. 128: Neutron spectrum for the LLNL Pulsed Sphere, Pb
(1.4 mfp) benchmark, angle=39◦.
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86Kr Status
New information from integral testing since ENDF/B-VIII.0 
release & publications  
• Criticality performance: any new/unexpected findings?  N/A 
• Neutron transmission: any new/unexpected findings?  N/A 
• (n,xn) activations: any new/unexpected findings?  Interest at LANL & LLNL  

Known deficiencies/gaps: 
• 1 b under prediction of (n,tot); (n,tot) missing fluctuations above RRR, 

evident in Carlton data (#13149.003) 
• (n,2n) cross section dramatically over predicts Bhike data (#14429.003) 
• (n,g) cross section above RRR has bad shape compared to Bhike 

(#14429.002) 
• (n,n’g) in bad shape compared to Fotiades (#14368.002) 
• RRR hasn’t been touched in long time (Mughabghab, part of SG-23, 2006)



86Kr Plans for Next Evaluation

• Integrator 
• Lead for RRR — BNL? 
• Lead for Fast — BNL 
• Lead for Validation — hopefully LLNL! 

• Team Will Involve 
• BNL, LLNL, LBNL (A. Lewis), FSU (E. Rubino) 

• Objective 
• Consistent treatment of fluctuations and (n,n’g) data


