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Temperature discretization

What would be a good discretization for this temperature profile?
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Discretizing a continuous temperature distribution always results in
some error.

This is due to the cross sections being Doppler processed into the
wrong temperature at some regions.



The source of the error
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The cross sections are Doppler processed into too high a temperature
at the H-regions and into too low a temperature at the L-regions.

This results in too wide resonances in H-regions and too narrow

resonances in L-regions.
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Simulation
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Simulation

Distance from centerline (cm)

m A pin-cell with 30 fuel rings of eq.vol + gas + cladding.
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m External coupling to a temperature solver.

Distance from centerline (cm)

m A pin-cell with 30 fuel rings of eq.vol + gas + cladding.
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m External coupling to a temperature solver.
m Volume averaging of temperatures in each ring.

Distance from centerline (cm)

m A pin-cell with 30 fuel rings of eq.vol + gas + cladding.
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Simulation
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m External coupling to a temperature solver.
m Volume averaging of temperatures in each ring.

m The number of temperature zones reduced to 1, 2, 4, 8, 16 or

24.
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Simulation
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External coupling to a temperature solver.
Volume averaging of temperatures in each ring.

The number of temperature zones reduced to 1, 2, 4, 8, 16 or
24,

Reference was 32 temperature zones (/zaccurate).
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Simulation
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The number of temperature zones reduced to 1, 2, 4, 8, 16 or

24.
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A pin-cell with 30 fuel rings of eq.vol + gas + cladding.

Reference was 32 temperature zones (/zaccurate).

Depletion calculation until 60 MWd/kgU.
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Simulation
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Simulation
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External coupling to a temperature solver.

Volume averaging of temperatures in each ring.
The number of temperature zones reduced to 1, 2, 4, 8, 16 or

24.

0.1

Distance from centerline (cm)

A pin-cell with 30 fuel rings of eq.vol + gas + cladding.

Reference was 32 temperature zones (/zaccurate).

Depletion calculation until 60 MWd/kgU.

Comparison of nuclide compositions & reactivities.

Averaging over 10 depletion calculations.
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External coupling of Serpent and an external temperature solver with

m Internal correlations for temperature and burnup dependent heat
conductivities. Simulation
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conductivities. Simulation

m Static geometry — gas gap always open.
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m Overpredicted temperatures at high burnups.
m Differences between discretizations are pronounced.
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m Static geometry — gas gap always open.
m Overpredicted temperatures at high burnups.
m Differences between discretizations are pronounced.
m Solution for the continuous temperature distribution — volume
averaged for neutron transport.
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External coupling of Serpent and an external temperature solver with

m Internal correlations for temperature and burnup dependent heat
conductivities. Simulation
m Static geometry — gas gap always open.
m Overpredicted temperatures at high burnups.
m Differences between discretizations are pronounced.
m Solution for the continuous temperature distribution — volume
averaged for neutron transport.
m Reduction of temperature zones by combining zones with the
closest vol.avg. temperatures.
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Simulation

External coupling — Loss of nuclides without cross section data
between burnup steps. Nuclide compositions not realistic.
Comparisons between externally coupled cases OK.



Problem geometry — UK-EPR

Table: Fuel pin and lattice dimensions.

Dimension Value (mm)
Pin outside diameter 9.50
Pin cladding thickness 0.57
Diametrical gas gap 0.17
Pellet diameter 8.19
Lattice pitch 12.60

Table: Density of fuel.

Table: Nuclide composition of fuel
(3.2 % enrichment).

Property Value Nuclide ~ Weight fraction (%)
Theoretical density (g/m?) 10.96 5y 2.8206
Fuel density (% of theoretical) 95 =8y 85.3233
Fuel density (g/m?) 10.412 60 11.8561
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Simulation

m 300 W/cm Linear heat rate for whole fuel life.

m Periodic boundary conditions.

Total fuel burnups (MWd/kgU)
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Computation time & memory size

Table: The maximum memory consumption and the minimum and maximum
CPU time consumptions of calculations with different number of temperature

steps.

Steps Memory (GB) Min. time (d-hh) CPU Max. time (d-hh) CPU

1 6 2-20 X5650 3-08 X5650
2 11 2-19 X5650 3-17 X7542
4 21 3-01 X5650 3-19 X7542
8 43 3-18 X7542 5-07 2435

16 85 3-18 X7542 4-01 X7542
24 127 3-22 X7542 4-03 X7542
32 158 3-23 X7542 4-05 X7542
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Results — reactivity
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Nuclides A
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m The followed nuclides were 90Y, 131, 235y, 238y 238p, 239p,

241 Am and 2*4Cm.

m Both local and total differences in nuclide amounts were
calculated.

Results



General remarks
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With less accurate discretization:

m More resonance absorption at H-regions:

Less 28U at H-regions.

More 2°Pu at H-regions.

Larger amount of power generated in 2*°Pu-fissions.
Larger amount of power generated at H-regions.
More fission products and actinides at H-regions.
Overestimation of significance of H-regions.

A

Aalto University
School of Science

Effect of T(r)
discretization on
conversion

A. Rintala,
V. Valtavirta

Results



Yttrium-90
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Figure: Radial mass fraction at different burnups
(MWd/kgU) calculated with 32 temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 90y with different number of

temperature zones (in percent).
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with different number of temperature steps.

Temperature steps

Error 1 2 4 8 16 24

Total 2.42 1.21 0.56 0.21 0.06 0.05
Local positive 2.89 1.29 0.55 0.21 0.06 0.05
Local negative —1.39 —0.84 —0.45 —0.15 —0.07 —0.07
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lodine-131
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FIgU re: Radial mass fraction at different burnups

(MWd/kgU) calculated with 32 temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 131 with different number of

temperature zones (in percent).

Proportional error (%)

FIgU Fe: Proportional errors of the total mass of the nuclide
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with different number of temperature steps.

Temperature steps

Error 1 2 4 8 16 24

Total 4.64 2.21 1.11 0.46 0.14 0.15
Local positive 6.77 2.87 1.38 0.59 0.21 0.20
Local negative —4.41 —2.79 —1.35 —0.58 —0.23 —0.20
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Uranium-235
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Figure: Radial mass fraction at different burnups
(MWd/kgU) calculated with 32 temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 235y with different number of

temperature zones (in percent).
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Burnup (MWd/kgU)

with different number of temperature steps.

Temperature steps

Error 1 2 4 8 16 24

Total 1.20 0.49 0.19 0.07 0.06 0.06
Local positive 1.26 0.51 0.19 0.08 0.08 0.07
Local negative —0.02 —0.01 —0.01 —0.01 —0.01 —0.01
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Uranium-238
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Figure: Radial mass fraction at different burnups
(MWd/kgU) calculated with 32 temperature steps.
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with different number of temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 238y with different number of

temperature zones (in percent).

Temperature steps

Error 1 4 8 16 24

Total —0.71 —0.15 —0.06 —0.01 —0.01
Local positive 0.23 0.07 0.03 0.01 0.01
Local negative —0.71 —0.15 —0.06 —0.01 —0.01
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Plutonium-238

0.04 e
2

< 003 s
5 10
g 25
= 0.02 0
2

o

s

0.01
0 o

0.2

0.3

0.4

Distance from centerline (cm)

Figure: Radial mass fraction at different burnups

(MWd/kgU) calculated with 32 temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 238py with different number of

temperature zones (in percent).
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Flgu F€l Proportional errors of the total mass of the nuclide
with different number of temperature steps.

Temperature steps

Error 1 2 4 8 16 24

Total 1.79 0.96 0.34 0.12 0.13 0.11
Local positive 2.53 1.14 0.84 0.73 0.79 0.66
Local negative —1.48 —1.06 —0.85 —0.61 —0.62 —0.52
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Plutonium-239
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Table: The maximum total, local positive and local negative proportional errors of the mass of 232Pu with different number of
temperature zones (in percent).

Temperature steps

Error 1 2 4 8 16 24
Total 5.45 2.56 1.24 0.51 0.22 0.16
Local positive 8.18 4.23 2.28 0.95 0.33 0.32

Local negative —5.15 —3.72 —2.21 —1.09 —0.38 —0.41




Americium-241
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Table: The maximum total, local positive and local negative proportional errors of the mass of 241 Am with different number
of temperature zones (in percent)

Temperature steps

Error 1 2 4 8 16 24
Total 5.99 3.13 1.45 0.67 0.47 0.38
Local positive 8.59 5.03 2.68 1.27 0.62 0.65

Local negative —6.66 —4.23 —2.22 —1.09 —0.58 —0.54




Curium-244
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Figure: Radial mass fraction at different burnups
(MWd/kgU) calculated with 32 temperature steps.

Table: The maximum total, local positive and local negative proportional errors of the mass of 244 Crn with different number

of temperature zones (in percent)
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- n w S ol o0

=)

x

o a

Ra

X %
X%

x

Flgu F€l Proportional errors of the total mass of the nuclide

20 40
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with different number of temperature steps.

Temperature steps

Error 2 4 8 16 24

Total 3.35 1.61 0.91 0.65 0.53
Local positive 5.15 3.02 1.55 1.08 1.15
Local negative —4.23 —2.34 —1.19 —0.79 —1.07
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Summarizing nuclides A
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m Mass fraction of fission products and actinides overestimated.
m Mass fraction of 238U underestimated. —_—
m Total mass of some nuclides overestimated by up to 6 % (**!Am

and 244Cm)

m Differences halved when the number of temperature zones
doubled.



Summary

m Serpent was coupled to an external fuel temperature solver.

m Depletion calculations were performed with different radial
temperature discretizations.

m Local and total errors in nuclide composition resulting from

inaccurate radial temperature discretization were estimated.

m Inaccurate discretizations tend to overpredict the produced
amounts of the followed fission products and actinides.

m A higher amount of the fission power is generated in ***Pu
fissions when inaccurate discretizations are used.

m Differences halved when the number of temperature zones

doubled.
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Thank you!

Ideas, suggestions and questions are appreciated.

Results

This work has been funded by SAFIR2014, the Finnish Research
Programme on Nuclear Power Plant Safety 2011 — 2014.
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