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Motivation for this study to be done

▶ SMRs come to solve big NPPs problems: smaller capital investment, shorter
construction times, modularity and standardization

▶ Most SMRs have internalized the lessons learned from decades of experience
▶ Most SMRs include passive safety features to improve reliability
▶ But there is still room for improvement in severe accident conditions
▶ ATF are fuels whose materials and technolgies improve these responses
▶ So we decided to evaluate feasibility of avoiding Zr in the cladding
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Motivation for this study to be done

▶ Amongst ATFs we focused on avoiding Zr because of its oxidation potential and
the H2 production when overheated

▶ An Iron based alloy was preferred for the vast industrial experience with Iron
alloys

▶ But the use of such alloy to replace Zr implies a big increase in neutronic
absorptions

▶ This work focuses on the neutronic implicancies of increasing the cladding
absorptions

▶ How can we compensate this increase in absorptions?
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Motivation for this study to be done

An enrichment increase is necessary, but how much?
When introducing ATF, do we increase enrichment as to compensate absorptions or
what?
How is enrichment affected by design and operational parameters?
How are safety requirements complied with while optimizing enrichment?
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Fuel Cycle neutronic optimization

A neutronic optimization scheme is proposed.
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Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



8/14

Neutronic optimization: modifications
Venenos quemables

▶ The amount of burnable pins is adjusted
to avoid reactivity peaks at BOL

▶ The BAs concentration is adjusted to
avoid reactivity peaks near EOL

▶ BA pins location is defined fine tuning
the reactivity and power peaking factor

▶ Enrichment in BA pins is rised to ease
power distribution

▶ But the increase in ϵ235U lowers CRs
weight, which narrows the possibilities
for higher enrichements



9/14

Optimization results

¿What are the core configuration results?



10/14

Optimization results

Clad ϵ [ %] # BP
pins

Max. BP
conc. [ %]

ϵ in BP
pins [ %]

Zir
ca
loy
-4

2.0 0 0.0 0.711
2.5 6 1.0 0.711
3.0 6 7.4 0.711
3.5 9 7.5 0.711
4.0 12 10.0 0.711
4.5 15 11.0 2.5

SS
30
4-
L 4.0 6 0.5 0.711

4.5 6 2.1 0.711
5.0 6 4.2 0.711

Fe
Cr
Al

3.0 6 0.5 0.711
3.5 6 1.4 0.711
4.0 6 7 0.711
4.5 10 7 2.5
5.0 11 9 2.5
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Conclusions

¿What could be concluded so far?
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Conclusions

▶ Any enrichment change has to be accompanied by a BA optimization strategy.
▶ The assessment of new and safer nuclear fuels must include cost analysis.

Something safer but unaffordable, is hardly going to be used, will be replaced
by other sources of energy (wind, solar or coal, for example).

▶ We were able to find configurations using FeCrAl cladding, with neutronically
compensated enrichment and BAs content so as to comply with core design
requirements.

▶ The economical evaluation of these configurations has already been made and
is in the process of peer review for publication.

▶ We found it is economically feasible to avoid H2 production as a result of Zr
oxidation with the use of FeCrAl cladding.
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Thanks
for your attention

Vielen Dank
Muchas Gracias
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