
Natália Gonçalves, Karytha M. S. Corrêa, María Lorduy-Alós, Sergio Gallardo, Carlos E. 
Velasquez, Clarysson Alberto M. da Silva, Gumersindo Verdu and Claubia Pereira

nataliagplo@ufmg.br 

Rio de Janeiro, 08 de maio de 2024

Neutronic Evaluation of a SMR using the 
MCNP and SERPENT Codes



INAC 2024 - Rio de Janeiro, 08 de maio

Introduction
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Small modular reactors (SMRs) are
advanced nuclear reactors that have a
power capacity of up to 300 MW(e)
per unit, which is about one-third of
the generating capacity of traditional
nuclear power reactors. Their main
advantages are:

 Physically a fraction of the size of a
conventional nuclear power reactor.

 Its modular characteristic, making
it possible for systems and
components to be factory-
assembled and transported as a unit
to a location for installation.

 Offer savings in cost and
construction time, and they can be
deployed incrementally to match
increasing energy demand
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The principle module parameters are:

 Core Power
 375 MW(th)
 150 MW(e)

 Salt nominal temperatures
 Fuel salt = 760 °C
 Coolant salt = 588 °C

 Layout
 10x10 array of fuel assemblies
 18x18 fuel rods

 Dimensions – Indidual Module Core
 2.05 m length across fuel assemblies
 2.05 m width across fuel assemblies
 3.7 m height of fuel (incl. Support frames)
 1.6 m active height of fuel assemblies

 Dimensions – Reactor Tank External for 300 
MW(e)
 6 m length (along modules)
 5.3 m length (across modules)
 4.2 m overall height
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This work aims to assess the neutronic behavior in steady state and later during burnup, for the 
SSR-W core, using the Monte Carlo codes MCNP6.2 [3] and SERPENT 2.1.32 [4]. The reactor 
was simulated for full power temperatures of the components using data from the ENDF/B-
VIII.0 cross-section libraries [5] and the NJOY99.396 code [6].
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The SSR-W core was modeled with the MCNP6.2 and SERPENT 2.1.32 codes, using the ENDF/B-VIII.0 neutrons 
cross-section sublibrary.
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In an SSR, the fuel is burned over a period of 5 years. Every six months, the fuel elements are moved horizontally
to allow fresh fuel to enter.

Fuel salt with 3.1% of fissile material obtained from 
PUREX-type reprocessing.
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Parameters obtained for steady state, simulated with 10,000 particles
for 400 cycles, with 100 inactive cycles in both codes.
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The burnup simulation in both codes was carried out only for one
assembly, with an equivalent power of 3.75 MW(th), burnup intervals
of 6 months, and a total burnup of 5 years.
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 Although the mass variation between the codes presents
very similar values, referring to the consumption and
production of actinides and fission products, respectively,
the final activity of the burnup inventory presents a
percentage difference of around 16%.

 The CINDER90 library file used for burnup in MCNP6.2
can only track a limited number of isotopes in its decay
chain algorithm.

 In principle, in SERPENT 2.1.32, there is no such
limitation, and it is also possible to work with updated
decay libraries, such as ENDF/B-VIII.0, used in this
work.

MCNP6.2           SERPENT2.1.32
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4. J. Lepp änen et al., “Development of a dynamic simulation mode in serpent 2 monte carlo code,” Proceedings

of M&C, pp. 5–9, 2013.
5. D. A. Brown, M. Chadwick, R. Capote, et al., “Endf/b-viii. 0: The 8th major release of the nuclear reaction data

library with cielo-project cross sections, new standards and thermal scattering data,” Nuclear Data Sheets, vol.
148, pp. 1–142, 2018.

6. R. E. MacFarlane et al. The NJOY Nuclear Data Processing System, Version 2016. Los Alamos National
Laboratory, Report LA-UR-17-20093 (USA), 2016.

7. (Lindsay et al., 2018): Introduction to Moltres: An application for simulation of Molten Salt Reactors,
Alexander Lindsay, Gavin Ridley, Andrei Rykhlevskiic, Kathryn Huff, Annals of Nuclear Energy 114 (2018)
530–540.

8. (Kang et al., 2020): Evaluation of 99Mo production in a small modular thorium based molten salt reactor,
Xuzhong Kang, Guifeng Zhu, Rui Yan, Yafen Liu, Yang Zou, Ye Dai, Xiangzhou Cai, Progress in Nuclear
Energy 124 (2020) 103337.



ACKNOWLEDGEMENTS



Natália Gonçalves, Karytha M. S. Corrêa, María Lorduy-Alós, Sergio Gallardo, Carlos E. 
Velasquez, Clarysson Alberto M. da Silva, Gumersindo Verdu and Claubia Pereira

nataliagplo@ufmg.br 

Rio de Janeiro, 08 de maio de 2024

Neutronic Evaluation of a SMR using the 
MCNP and SERPENT Codes


	Número do slide 1
	Número do slide 2
	Número do slide 3
	Número do slide 4
	Número do slide 5
	Número do slide 6
	Número do slide 7
	Número do slide 8
	Número do slide 9
	Número do slide 10
	Número do slide 11
	Número do slide 12
	Número do slide 13
	Número do slide 14

