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Motivation

Knowledge of spent fuel (SNF) properties is important for safe handling

and final disposal
» Decay heat and reactivity — volume of repository space
* Nuclide inventories — radiation protection, dose estimates

= Computational determination of decay heat involves several uncertainty
sources

= SNF properties are also dependent on fuel type,
enrichement and burnup

= At VTT, these uncertainties have been studied using
the Monte Carlo reactor physics code Serpent 2 [1]

[1] Leppénen, J., et al. (2015) "The Serpent Monte Carlo code: Status, development and
applications in 2013." Ann. Nucl. Energy, 82 (2015) 142-150.
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Recent spent fuel studies at VTT
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Simplifications in operating history

Boron concentration, assembly power and
coolant temperature and density were
averaged over three cycles.

Averaging assembly power overestimates
activity, decay heat and photon emission rate
64 — 78 % right after irradiation.

After 10 years the effectis <1 %

Effect on spontaneous fission rate and the
studied nuclides (C-14, CI-36, M0-93, Ag-
108m, I-129, U-233, U-235, Pu-239, Pu-241)
Is mostly below 1.5 %
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Choice of calculation parameters

= Studied calculation parameters:

» Depletion zone division
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= Neglecting DBRC 10

* non-negligible effect on some heavier nuclides

Decay heat
* Maximum effect on DH and PE ~0.5 % y
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Uncertainty analysis of one sample
In a 6x6 BWR assembly

Moderator density 0.759 g/cm? 2

Power density 18.84 W/gU 1.7

Fuel temperature 923 K 2

Water temperature 549 K 1

Void, 50 % 6.7 (Avoid = +10 %)

Void, 50 % 1.3 (Avoid = +2 %)

Fuel density 10.5 g/cm3 0.3

Fuel radius 0.612 cm 0.01 5 5 5
234 enrichment (in 225U)  0.65 0.1 (AZ4U = £0.25 %) Ocatei = Oi T Oic
235U enrichment 2.53 0.7 (A?*°U = £0.05 %) I .

238U content 85.92 0.7 GtZOt - Z %
Burnup (assembly) 22.627 2 -
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Decay heat uncertainty of the BWR
sample
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Heat per initial U mass (W/tU)

Impact of fuel type and burnup on decay

heat

BWR
ot 50 MVYd/ng ‘ 100 . A .
9 —o—BWR —6—25 MWd/kg
:Z:I\E’l:/];:RMO 3 —o doMwdkg |
o VVER-1200 ~ o 60 MWd/kg
—~ 50 —o—80 MWd/kg|
X
<
Q 25106 o 4
10° % 099@*9979677797677&7{
g Of
=)
A s %9—9-9—9'9—9'9’9_9'9—9’_'6—9’_’5
-50 ”}39 oo —o—%¢
10 | . . -75 ; ' '
0 50 100 150 200 0 50 100 150 200

Time (years) Time (years from discharge)

= Difference to 50
MwWd/kgU

27.10.2022 VTT - beyond the obvious

Top decay heat contributors 5y (top) and 100 y
(below) after irradiation

VVER- VVER-
1200

Y0 | 277 cs134 272 cs134 279 Csi34

Bal37m --

Cs134 Bal37m  25.1 Bal37m  23.2

I O N .| .
R0 100 RMIOG 114 Cm2e4 103 Rh105 104

440)

27.2 Bal37m 24.5

% (VVER-

1200)
Am241 40.0 44.8 46.4 BOa!
Pu238 22.8 23.6 22.6 34.8
Bal37m 16.3 141 13.6 11.4
Y90 15.0 121 12.4 10.7
Pu240 5.9 5.4 5.0 4.0
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Nuclear data
uncertainty
propagation
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Key ldea

TASMAN
= Create hundreds of randomized nuclear data files for many TALYS-system _
nuclides e
- New nuclear data is produced from nuclear models and v v v v
experimental data: No need to resort to covariance data. TANES TARES TALYS TAFIS

n nu-bar,
fission yield
files

n cross section

n prompt neutron |
files

» The data is produced with TALYS and a few satellite
programs = T6 [2] |

n resonance
parameter files

= Assign a random combination of the random data files for a ¢
Serpent run TEFAL
- Repeat hundreds of times and compile uncertainty in the

output with an appropriate statistic

[2] A.J. Koning et al. (2019) “TENDL: Complete Nuclear Data Library for innovative
Nuclear Science and Technology”. In: Nuclear Data Sheets 155, 1-55.

SERPENT

n SERPENT
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Current state m

500 files for 88 nuclides have been produced for 0 K, 300 K,
600K, 900 K and 1200 K temperatures

Random fission yield files have been included
» Adopted from TENDL — website

Scripts for file processing, TALYS/Serpent environment
Initialization, data visualization etc. have been set up.

= |t is now straightforward to propagate data uncertainties
through Serpent, although computationally expensive.
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Key take aways

= Approximations in power density should be avoided, when dealing with "fresh” SNF
(cooling time < 10y).

= Pin-wise depletion zone division should be used in burnup calculations and Gd pins
should be further divided in radial rings.

= DBRC should not be neglected. Use on U isotopes and %3°Pu and 24°Pu is mainly
sufficient.

= Significant sources of uncertainty for BWR assembly calculations
* Nuclear data

e Burnup

» (Void fraction and moderator density)

Using recycled uranium significantly increases decay heat from SNF
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Future work

= Full libraries and random nuclear data files with T6
= Expanding from 2D assembly calculations to 3D full core

» Serpent — Ants sequence (Kraken computational framework [3])

= Participation in activities of NEA subgroup on decay heat

[3] Leppénen, J., et al. (2022) "Current Status and On-Going Development of VTT’s Kraken
Core Physics Computational Framework" Energies, 15, 876,
https://doi.org/10.3390/en15030876.
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