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nuclear data that reaches the users’ community!

The previous release (VI11.0) was great, but... E““FIB

Underpredicted depletion at high burnup
* Had deficiencies in leakage benchmarks Viil.1
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ENDF/B releases are a key interface in the improvement of the
nuclear data that reaches the users’ community!
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The previous release (VII1.0) was great, but... E“nrl B

* Underpredicted depletion at high burnup
* Had deficiencies in leakage benchmarks Viil.1
* Many other contributions since then was released Aug 30, 2024!
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What’s next?
Or... Why talk about ENDF/B-I1X.0?

* With VIII.1 now done, now is the perfect
time to plan out the next cycle

* The lessons learned are still fresh, we i
can start off in better footing than before The '(ul lg
» Tools are in place for a relatively quick P
turnaround for a IX-Beta1 IS dead!

long live

 We, as a collaboration, should take the

time to plan out what we want to th Ki:— »i
develop for IX.0 e K lg

* INDEN had a huge impact in VIII.1: Now
what INDEN should focus on to also

have a big impact in 1X.07 'BTW, there will be updates tosrds |

National Laboratory
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Aiming to start discussion on which structural
materials INDEN could/should focus for IX.0

From VIII.1, it seems:

 Cu and Pb need some post-
VIII.1 care

« Crwill likely be updated following
new resonance measurements

* | hope to take the opportunity
to finally do consistent fast-
region covariances

* Fe will always need to be
tweaked
« 77?77
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Aiming to start discussion on which structural
materials INDEN could/should focus for IX.0

From VIIl.1. it seems: From 2024 CSEWG meeting:
. « Many talks began to lay out plans
C{J/”aln,]d Pb need some pOSt * Roberto gave a great talk on planned work for
.1 care Fe, Cr, Ni (hope to hear more about it this
« Cr will likely be updated following weekl)
new resonance measurements » Multiple talks about Zr (evaluation and
_ measurements)
* | hope to take the opportunity N ———
to finally do consistent fast- BERKNER ya,,

HALL

region covariances

* Fe will always need to be
tweaked
« 77?77
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i
Zr

Zirconium
91.224

Talking about Zr... WPEC SG-53

* During the WPEC meeting in May 2024, we proposed a sub group to converge efforts and to
collaborate on Zr evaluations

* Plan is to:

* Focus on 20.91Zr, for which there are recent resonance data and perform new resonance
evaluations

 Evaluate fast region with EMPIRE, which could be somewhat easily extended to minor
isotopes

* PhD thesis of Greg Siemers (RPI)

 Leveraging previous fruitful collaboration among BNL/IAEA/JSI/ORNL/RPI...
« Was formally approved in August: “SG53: Stable Zirconium Evaluations and Validation”
 Trying to organize a kickoff meeting

« Some challenges due to secretariat change in NEA

* Hope to have a half-day meeting in the end of January
k}\ Brookhaven

National Laboratory 8




Other potential candidates

* Lot of attention is turning towards fusion:

 Finalizing a summary paper on 2024
talk at WANDA

* NDIAWG FOA call

« Magnet components: Nb, Sn,
* VVessel/blanket: Ti, V, ...7?
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Other potential candidates

« Lot of attention is turning towards fusion: * 27Al
- Finalizing a summary paper on 2024 * Many known issues
talk at WANDA « Lastly really updated in 1998

Has low-fidelity ang. dist.

* NDIAWG FOA call
: Many relevant new data since then for
. ?
Magnet components: Nb, Sn, ...~ (n.2n), (n.2), (n.2p). partial cross sections,

* VVessel/blanket: Ti, V, ...7? angular distributions, ...
FeCrAl alloys for nuclear power applications

W s * Ni
HR N EEE - Next-order component in SS
: : -i sfe :' * Many exp. data newer that last complete

4 -~ 53 54
oo B
81 £ s s

At

evaluation
 What else???

Handbook on the Material
Properties of FeCrAl Alloys
for Nuclear Power

b Dy Ho Er Tm Yb Lu Production Applications

cf Es Fm Md No Lr
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Plans for 2025

* Planning for a Hackathon late Summer at
ORNL

* There are many remaining bugs in the
library

* With the push for the final release,
Hackathon was low-priority

* This is a good time to do it:
* After VIII.1 and before |X-Beta1

* Release a Beta1 in late August

I k:.‘ Brookhaven
National Laborator '




Conclusion

« INDEN was incredibly successful and
highly impactful for the ENDF/B-VIII.1
cycle

 That was true for actinides, but
very much as well for structural
materials

* The same argument applies to
JEFF, JENDL, etc.

* This happened because we
tackled the right relevant problems

 How do we keep INDEN structural
materials impactful for ENDF/B-1X.0?

L:.\ Brookhaven

National Laboratory
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RequestID 110 Type of the request Special Purpose Quantity

Target Reaction and process Incident Energy Secondary energy or angle Target uncertainty Covariance
40-ZR-90  (n,2n) SIG/SPA 239Pu(n,f) 3 Y

Field Subfield Created date Accepted date Ongoing action Archived Date
Fission Dosimetry 26-MAR-18 06-JUN-18

» 90Zr(n,2n) from IRDFF-Il is
yet to be incorporated into
ENDF/B

« When doing so, consistency
among all reaction channels
needs to be ensured

ENDF/B-VIII.O
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Next evaluations planned at BNL

« After CIELO Fe evaluation, we did a study of which isotopes had measured data that
were more recent than the last evaluation (at that time)

* Focusing on structural materials, we came up with a list of potential priorities for re-
evaluations: Cr, Al, Zr, Ni, Ti, V, Co...

* Those conclusions remain more or less valid
« After finishing Cr, the natural next one would be Zr:
* Improvement in benchmarks
» Leveraging collaboration and experience gained with Fe, Cr
* Resonances from ORNL
» Fast and file assembly from BNL
« Strong collaborations with IAEA; validation by JSI

I k? Brookhaven
National Laboratory
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Why Zr?

 Other structural materials have been recently re-evaluated:

 Applications:

©

* Fe (IAEA, JSI, BNL)
« Cr (BNL, ORNL, IAEA, JSI)
* Cu (LANL,ORNL)

« Cladding
« Zircaloy
« Zirconium-Niobium alloy

 Zirconium is used in fuel rods cladding due to its
corrosion-resistance and low thermal neutron
absorption cross-section. It is also considered in
advanced reactor design studies as a moderator (in
the form of zirconium hydride) and as inert matrix
fuel material. The ENDF/B-V1.8 files evaluated in
the 1970's relied heavily on experimental data and
lacked quantities such as double-differential cross
sections and gamma production.

Brookhaven

National Laboratory

Rod cross section:

Pressurized water at 360°C

Zr oxide

Zr cladding

Isotopic abundance for
zirconium

Corrosion Resistant
Outer Zircaloy-2
Surface

Corrosion
Resistant Inner
Zircaloy-2 Surface

Degradation
Resistant

Bulk Zircaloy-2
Tube Wall

- Moalloy

EJ soft liner of Zralloy or alternate

® 91zr
927r
© 94zr

/
PCI Resistant ‘
Zr-Liner / UO, Pellets

O

~ Zr-alloy or Alcontaining stainless steel or alternate



Critical benchmarks sensitive to Zr

From DICE search, critical/subcritical benchmarks sensitive to
Zircalloy and Zirconium-Niobium Alloy

LCT-015-001 — LCT-015-165
LCT-020-001 — LCT-020-007
LCT-021-001 — LCT-021-006
LCT-026-001 — LCT-026-006
LCT-030-001 — LCT-030-012
LCT-031-001 — LCT-031-006
LCT-036-001 — LCT-036-069
LCT-053-001 — LCT-053-014
LCT-060-001 — LCT-060-026
LCT-061-001 — LCT-061-010
LCT-064-001 — LCT-061-007
LCT-070-001 — LCT-070-012

k? Brookhaven

National Laboratory

LCT-071-001 — LCT-071-004
LCT-072-001 — LCT-072-009
LCT-073-001 — LCT-073-014
LCT-075-001 — LCT-075-006
LCT-079-001 — LCT-079-010
LCT-081-001

LCT-085-001 — LCT-085-013
LCT-087-001 — LCT-087-025
LCT-094-001 — LCT-094-011

LMT-001-001 — LMT-001-005
LMT-002-001 — LMT-002-006
LMT-003-001 — LMT-003-015

LMT-005-001 — LMT-005-012
LMT-006-001 — LMT-006-010
LMT-007-001 — LMT-007-012
UCT-001-002 — UCT-001-004
UCT-004-001

MCT-002-001 — MCT-002-006
MCT-004-001 — MCT-004-011
MCT-006-001 — MCT-006-050
MCT-007-001 — MCT-007-027
MCT-008-001 — MCT-008-028

17



Critical benchmarks sensitive to Zr

¢ Brookh
National Lab

=0.0072

Sensitivity Plot
LEU-COMP-THERM-015-001 KENO ENDF/B-VII.0 / 238-Group total zr-90 : 0.005072 +/- 0.000007
LEU-COMP-THERM-015-001 KENO ENDF/B-VII.0 / 238-Group total zr-91 : =0.002325 +/- 0.000003
LEU-COMP-THERM-015-001 KENO ENDF/B-VII.0 / 238-Group total zr-92 : 0.001083 +/= 0.000003
LEU-COMP-THERM-015-001 KENO ENDF/B-VII.0 / 238-Group total zr-94 : 0.002160 +/- 0.000003
LEU-COMP-THERM-015-001 KENO ENDF/B-VII.0 / 238-Group total zr-96 : ~0.000092 +/- 0.000000
1E-5 1B+ 163 1E-2 jr =1 160 1EL 12 163 164 165 16 1E7
Energy (eV}

W LEU-COMP-THERM-015-001 KENO ENDF/B-VILO { 238-Group total zr-30 B LEU-COMP-THERM-015-001 KENO ENDF{B-VIL0 { 238-Group total zr-91 m LEU-COMP-THERM-015-001 KENO ENDF{B-VIL) { 238-Group total zr-92

o LEU-COMP-THERM-015-001 KENO ENDF/B-VIL0 / 238-Group total zr-04

LEU-COMP-THERM-015-001 KENO ENDF/B-VIL0 { 23B-Group total zr-86
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Critical benchmarks sensitive to Zr

Sensitivity Plot

0.0023 | LEU-MISC-THERM-001-002 KENO ENDF/B-VI.0 /-238-Group total zr-90: 0.003691 +/- 0.000022
00022 | LEU-MISC-THERM-001-002 KENO ENDF/B-VII.0 /:238-Group total zr-91 : -0.000719 +/~ 0.000009
0.0021 LEU-MISC-THERM-001-002 KENO ENDF/B-VII.0 /:238-Group total zr-92 : 0.000944 +/- 0.000009
LEU-MISC-THERM-001-002 KENO ENDF/B-VII.0 / 238-Group total zr-94 : 0.001534 +/- 0.000011
00020 8- £)_ MISC-THERM-001-002 KENO ENDF/B-VII.0 / 238-Group total zr-96 : 0.000103 +/- 0.000001
00019 | | FU-MISC-THERM=001-002 KENO ENDF/B-VII.0 / 238-Group total fe=56 : 0.000359 +/= 0.000008

00017

nsltivity per Unit Lethargy

¢4

i

0011 56 Fe

1E-5 164 163 1E-2 161 1E0 1E1 1E2 1E3 1E4 1E5 166 17
Energy {eV}

B LEU-MISC-THERM-001-002 KENO ENDF/B~VIL) / 238-Group total zr-80 m LEU-MISC-THERM-001-002 KEND ENDF/B-VIL) { 238-Group total zr-01 = LEU-MISC-THERM-001-002 KENO ENDF/B~VIL0) { 238-Group total zr-92
o LEU-MISC-THERM-)01-002 KEND ENDF/B-VIL.0 / 238-Group total zr-94 = LEU-MISC-THERM-001-002 KEND ENDF/B-VILY) { 236-Group total zr-96 m LEU-MISC-THERM-001-002 KENO ENDF{B-VIL.0 / 236-Group total fe-56
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Original plan for Zr resonance evaluations
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I L? Brookhaven
National Laboratory
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Original plan for Zr resonance evaluations

* The original plan: Measurements at GEEL, resonance evaluations by RPI
« Challenge: All GEEL activity for new measurements is suspended.

Current status of experimental isotopic measurements and evaluation in the
resonance region:

« 90Zr: w « 947r:
 Measurements  Measurements x
« Evaluation (preliminary) « Evaluation

 91Zr: « 96Zr:
 Measurements %  Measurements x
« Evaluation (Will be done 2024/2025) . Evaluationx

o 92/7r:

« Measurements x
« Evaluation x 29




New plan

I k:.‘ Brookhaven
National Laboratory
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* RPI PhD student Greg Siemers has been working on data analysis and resonance evaluation
» 90Zr is done and °1Zr should be done soon

* Instead of just sitting and waiting for GEEL to come back to life, Greg is motivated to work on producing complete
evaluations for 90Zr and %1Zr: RRR + URR + Fast (EMPIRE + fluctuations)

» Collaboration and meetings will begin to ramp up: RPI, BNL, NNL, ORNL, IAEA, JSI,...? WPEC-SG!

» Greg will visit BNL to work with Gustavo on EMPIRE calculations

 Although this effort won'’t lead to final answer to “all-things-zirconium?, it will be already very impactful:
» Capture in critical systems is driven by 91Zr resonances

» With 90.91Zr, we cover 62% of natural abundance for fast region, which also has significant impact in some
benchmarks. Potentially, with evaluated EMPIRE inputs for 99Zr (even) and °1Zr (odd), we could even
straightforwardly generalize to fast-region evaluations for 92.94.96Zr and 93. 95Zr (but we're not worried about
this now)

» Leveraging a few timing opportunities:
* “Imminent” release of ENDF/B-VIII.1 frees a bit of my time to work with Greg
» Suspension of GEEL forcefully frees Greg’s time
* In-between ENDF releases: aim for a |X-Beta release, having a much improved Zr performance than VIII.1
* New release of EMPIRE coming soon: which should make the life of a beginner a bit easier...

Ny Navonar caporatory




