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Evaluating fission product yield energy resolution for accurate nuclide
iInventory predictions

Nuclear data libraries, including the US ENDF/B library, provide fission product yields (FPY) at few energy points: for
example, 0.0253 eV, 500 keV, 2 MeV, 14 MeV

Depletion codes may interpolate FPY to a problertlependent average energy of fission

Validation of SCALE depletion calculations using these FPY resulted in good agreement between calculation and
measurement for spent nuclear fuel inventory of BWRs and PWRs

Questions to answer:
1. Is FPY interpolation between such coarse energy points adequate?
2. Would additional FPY energy points improve code validation results?
3. Do we have enough measured data that can validate FPY data?

This work:
A Investigate of the relative impact of FPY energy resolution on nuclide inventory predictions

A Deplete small representative reactor models using GEFY FPY data with additional energy points in the fast enerc
range
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Small test models allow investigation of nuclide inventory across
various reactor concepts

Moderator Fuel enrichment Depletion time [years] Discharge burnup [GWd/ tHM]
PWR Uuo, Water 5.0wt% U-235 ~4.3 59.9
HTGR Uuo, Graphite 17.0wt% U-235 ~3.3 80.0
MSR LiF-BeF,-UF,  Graphite 2.29wWt% U-235 4 74.6
SFR U/TRU10Zr -/- 16.5wt% TRU ~4 94 .4
SFR U-10Zr -/- 16.5wt% U235 ~8.9 149.6
MCFR NaCl-UCI -/- 12.5wt% U235 7 9.7

PWR unit cell HTGR pebble MSR unit cell SFR unit cell MCFR unit cell

Each model is a small unit cell that is the smallest, sel€ontained piece of geometry that represents a repeating portion of ¢h
%QAK RIDGE corresponding reactor. Reflective boundary conditions on all sides create an infinite lattice of these unit cells. The neutro
National Laboratory gyactrum conditions are similar to those of the full reactor so that depletion calculations result in representative nuclidaventory.



Depletion calculations used GEFY FPY libraries with different energy
resolution

Available energy points for

Fission yield library: GEFYGEFbased fissionfragmentyield library in fission yields in GEFY [eV]

ENDF forma}

2.53E02 6.00E+0¢ 1.60E+0]
. . 1.00E+0t 6.50E+0€¢ 1.65E+0]
Selected actinides: U235, Pu239, Pu241 ool e T
. . . . ] 3.00E+0t  7.50E+0€¢ 1.75E+07
Energy points in 2 test libraries based on GEFY: AT GOSN O
1. FPY for 4 energies to represent the current ENDF/B resolution: 288?8 ggg?gé 1285*8
. +0¢ . + . +07
2. FPY for all energies available in GEFY: g-ggg*gf 1825*8' g-ggg*g'
. . . +QE . +07 . +07
0.0253eV, fine resolution between 10 keV and 30 MeV GOSE  LIGET 20
1.50E+0¢ 1.15E+07 2.30E+0]
2.00E+0€ 1.20E+07 2.40E+O0]
250E+0€ 1.25E+07 2.50E+0]
3.00E+0¢ 1.30E+07 2.60E+07
3.50E+0€¢ 1.35E+07 2.70E+07
4 00E+0€¢ 1.40E+07 2.80E+0]
4 50E+0¢ 1.45E+07 2.90E+0]
5.00E+0¢ 1.50E+07 3.00E+07
5.50E+0€¢ 1.55E+07

GEFYhttps://www.khschmidts -nuclear-web.eu/GEFY.html
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Depletion calculations were performed with SCALE and Serpent

Neutron transport code Neutron transport method Cross section library

MG (252 groups for thermal systems, 302

SCALE 7betalRITON: XSDRN+ORIGEN 1D deterministic
groups for fast systems)

SCALE 7betalRITON:Shift+ORIGEN 3D Monte Carlo CE

Serpent 2.2.1 3D Monte Carlo CE

Monte Carlo settings: 50,000 neutrons per generation; 200 active and 100 inactive generations
Cross section and decay data library: ENDFA¥11.1
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Fission yields are interpolated differently between ORIGEN and Serpent

SCALE/ORIGEN: Serpent:

A For each actinidej, an average energy of fission is calculated A The production rate of FRis the sum of partial rates

B O, % O average group energy (simple midpoiny) corresponding to the available FPY energie®

B o » [ Multigroup fission XS of actinide |
" R0 %o flux in energy group g Y I (O) €Y

o :

A The FPY of actinid¢resulting in FPiis then calculated by

linearly interpolating the FPYs at this average energy A Partial fission rates: When the fission event occurs at

o O neutron energyQ, the corresponding fission rate
() 1 © ( o © >¢(F (©) 1 (0)) contribution is distributed between the two adjacent
O, thereby incrementing the associated partial fission

withO O O, and’O and O the respective adjacent ener oints . . . . h
P ! wP rates according to linear interpolation weights:
A Then the production rate'Y i of FPiis: VS o O, . VS o 0. .
Yi o o Yi0 Yi 5o Yi©
Y r (0 &), k%0 G nuclide density of actinide]
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Additional FPY energy points are located in the fast energy range

Vertical lines:

Solid color: Energy of average lethargy

of fission (EALF)

Dashed green: 4 FPY energies
Dotted gray: all GEFY energies

Observation:

Thermal region:only 1 relevant energy

point

Fast region:additional relevant energy
points that are closer to the EALF than
the traditional 500 keV and 2 MeV

Model EALF (eV) -

PWR 0.98 eV
HTGR 0.21 eV
MSR 0.23 eV
SFR U/TRU 262 keV
SFR HALEU 206 keV
MCFR 86 keV

%
Thermal

systems systems

%OAK RIDGE

National Laboratory

Fast

Neutron flux

1074 ;

10_5g

10_7g

Flux per lethargy

10_83

10_93

10—10-

PWR
HTGR

MSR

SFR-U-TRU
SFR-HALEU .|
MCFR ’

.

k]r et .
I |

—

0

1074

100 102
Energy (eV)

104 106



Additional FPY energy points are located in the fast energy range (cont.)

Fission reaction rate - Pu-239
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Variation in GEFY FPY at high energies are most relevant for fast systems

Fission reaction rate - U-235 Fission reaction rate - Pu-239
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Difference [%]

The use of GEFY data with all energies has visible impact on nuclide
iInventory at EOLfor fast systems

10.0 SFR-U-TRU EOL: all vs. 4 energies
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SCALE and Serpent show different trends due to different approaches of using the available FPY.

$ R R xE
%Noéi(lll}y)(t}g some fission products.

The impact of using FPY at all energies vs. the traditional 4 energy points is clearly visible, with up to ~8% f




The use of GEFY data with all energies has visible impact on nuclide
Inventory across the entire irradiation history for fast systems

SCALE

20 SFR-U-TRU: all vs. 4 energies
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The impact of using FPY at all energies vs. the traditional 4 energ
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points can be higher over the course of depletion compared to EO

The boxes represent the interquartile range (IQR), from the 25th
percentile to the 75th percentile; the horizontal line presents the
median (50th percentile); the error bars go to the most extreme
data points within 1.5<IQR; and the dots are outliers.
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Summary and Conclusions

Use of additional FPY data points in fast energy range in GEFY impacts prediction of fission product inventory:
A Several % difference at EOL for fast spectrum systems; negligible impact for thermal spectrum systems
A Varying magnitude of differences at specific times during depletion compared to EOL
A Varying magnitude of differences between SCALE and Serpent due to different FPY interpolation schemes
A Visible impact despite only few additional energy points in relevant energy range
We need:
A Additional FPY energy points in thermal and intermediate range
A FPY interpolation based on appropriate weighting with fission reaction rate

A Analysis of the impact with respect to validation data

A?20tql efqR2IJWI ¢T RYHSIVDOGRHCOGWeEHt ¢! W ¢qeWnyY!l WT>XW7i Allne D0 W
inventory validation

This work was supported by the US Department of Energy, Office of Science, Nuclear Data Program.
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Reactor models covering thermal and fast neutron spectral conditions
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EOL nuclide densities
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Difference [%]

Difference [%]

The use of GEFY data with all energies has negligible impact on nuclide
iInventory at EOLfor thermal spectrum systems

SCALE

PWR EOL: all vs. 4 energies

Serpent

PWR EOL: all vs. four energies
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MSR EOL: all vs. 4 energies
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SCALE/ORIGEN average energy of fission

PWR

MSR

SFR U/TRU

SFR HALEU

MCFR
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EOL fission reaction rates
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Fission reaction rate - U-235

Fission reaction rate - Pu-239
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