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Summary PSI

* Reactivity (k, or k. as a function of burnup)
 Simplified versus realistic calculations
* Pincell

* Assembly
* Impact of nuclear data

« Example of BWR core

e Future: HALEU fuel
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2D model for a PWR Fuel pin

} PSI

U0y or MOX

Fig. 1. The geometry of the pin cell model used in
Serpent. The fuel, either UO, or MOX, is surrounded by
concentric annular rings with a void and Zircaloy clad. The rest
of the square is filled with water, and all sides are subject to
reflecting boundary conditions. All distances are in millimeters.
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40
Burnup [MWd/kgHM]

Fig. 3. kesf =k, as a function of burnup for the three fuel
types. The large deviations from 1 are explained by the
simplified model: no leakage, infinite grid of pin cells (with the
same burnup), and no control mechanisms. The uncertainty
bars represent the data uncertalnty Dl (k ) the statistical
uncertainty is negligible in comparison.



2D model for a PWR Fuel pin y PSI

e Total uncertainties due to nuclear data
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2D model for a PWR Fuel pin

e Contribution of nuclear data
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2D model for a PWR Fuel pin

 Effect of models, codes and libraries
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2D models for PWR or BWR assembly PSI

* More realistic: assembly cases
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2D models for PWR or BWR assembly

* More realistic: assembly cases
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2D models for PWR

 Simplified versus realistic calculations
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2D models for PWR (3 cycles)

10/21

PWR UO,

0000000OCOOOOONOS
0000000COGOOOOOOS
(XXX T XYY Y}
(XTI XX XYY YT YY)
000000OCOOOOOOOS
0 00 000 00 o0
00000000OCOCGOOOIONS
0000000 000OCGOOS
00000000 0COCGOOOONS
ooDeoodDooodoedee
0000000COGOOOOOOS
ooedDooooosedooe
(XXX YOI YT Y Y X}
000000000000 000°
0000000OCOCOOOONONS

PSI Center for Nuclear Engineerin

W

= e Y -

&

-

8 HEE B N 8

9 EEEEEEEEEEEE 9

10 EEEEEEEEEEEE 10

1 11

I; 12

13 13

14 [ [ ] ] ] 14

15 15

1.20 T - . -

1.15F |

1.10F i

1.05F 1

TN

1.00F .

0.95} cycle 16 cycle 17 cycle 18 -

0.90F i
Sl ¥ L 1 1 1

0.85% 350 500 750 1000

Cvele 16 EOC
ABCDEFGHIJKLMNOP

Cvele 17 EOC
ABCDEFGHIJKLMNOP

Sk 0D -

-

Cvele 18 EOC
ABCDEFGHIJKLMNOFP

Time (days)

PSI



2D models for PWR (3 cycles)
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PWR UO,
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2D models for PWR (3 cycles) | PSI

Burn-up (MWd /kgU)
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Fig. 3. Relative uncertainty on k-infinity (U1 sample) due to cross-sections, v) (total neutron multiplicity) and y (fission spectra). The VCM are taken from SCALE-6.0.
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2D models for PWR (3 cycles)

Relative k-inf Uncertainty (%)
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Burn-up (MWd /kgU)
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Fig. 4. Relative uncertainty on k-infinity (U1 sample) due to cross-sections, v and y (VCM from ENDF/B-VIL.1).
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2D models for PWR (3 cycles) | PSI

Burn-up (MWd /kgU)
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Fig. 5. Relative uncertainty on k-infinity (U1 sample) due to fission yields (JEFF-3.1.1 and ENDF/B-VII.1) using GEF correlations with re-normalization.
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2D models for PWR (5 cycles)
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Example on k.« for real BWR cycles
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Single assembly burn-up (MWd /kgU)
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Fig. 4. Uncertainties for keg (full core) for cycle .4 and k., for a single assembly
from Ref. Rochman et al. (2017). For the full core (bottom X-scale), two cases are
presented: with uncertainty propagation for cycle .4#° only, and for also for all

previous cycles.
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Example on k.« for real BWR cycles
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Going towards HALEU fuel PSI

« HALEU fuel: to be used in SMR, space propulsion, PWR long cycles
¢ 23U enrichment>5 %

 Alreadyintestin some PWRs.
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Going towards HALEU fuel | PSI
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Conclusion y PSI

* Fortesting nuclear data (and uncertainties):
 Simplified reactivity calculation: ok to get an approximative answer
* Realistic reactivity calculation: can change the k . trend and needs to be done.

* |nto the future:

* Check higher enrichments for PWRs

* Different fuel for SMR and space propulsion
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Many thanks
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