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Summary
-

e Importance of the microgeneration market for
nuclear power

e R&D activities needed for micro-reactors

e Different fuel and core designs
— Monolith for fast and thermal micro-reactor
- Monolith with fuel elements
- Fuel element cores

e Final remarks



Large, small and micro generation in Brazil
(except Hydropower) - 2021

Installed capacity in
Brazi (GW)I, 2021

e Growing share of medium size
and micro generation markets

e Microgeneration market
presents the greatest growth
rate in recent years

e Micro-reactors may participate
in the micro generation market

e |t allows developing the supply
chains for materials and
services for a sustained
nuclear power in the country
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Some SMR and micro-reator projects
in the world
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Main R&D activities for micro-
reactors

Desenvolvimento e Teste de Tecnologia
aplicavel a micro reatores

Fuel and Sistema de conversdo de
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Heat pipes (HP) -1
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Sistema de instrumentagao, controle e protegao UDT-4
Transferéncia de calor integrada entre UC-HP-TC
com varetas aquecidas eletricamente UDT-3

Alinhamento com a Autoridade Regulatéria quanto as normas de
seguranca aplicaveis a tecnologia de micro reatores




Comparison of fuel requirements for micro-
reactors and large power reactors

Typical values

Parameter Large LWR Micro-reactor
Power density in the fuel region (W/cm3) 400 10-50
Cycle length (year) 1-2 5-10
Fuel burnup (MWd/kg U) 65 <15
Coolant average temperature (°C) ~ 320 ~ 700
Fuel average temperature (°C) ~ 1300 ~ 1300
Thermal power to mass ratio (kWt/kg U) 60 1-2

« Micro-reactor high temperatures are due to the saturation temperature

of the heat pipe working fluid (usually a liquid/vapor metal)

- Typical fuels for micro-reactors: UO, UN, UC, Triso, U-metal alloys

and recycled fuel with Am, Cm, Pu




Main components of the micro-

reaCtor (INL/EXT-16-40741 Rev 1

2017)
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M On OI ith Co re (INL/EXT-16-40741 Rev 1, 2017)
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Figure E-4. Heat pipe and fuel pin numbering scheme.
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Figure E-2. Abaqus model geometry of a single 60° reactor core sector.



Fast or thermal reactor core
<

e The monolith defines the neutron
spectrum of the core

- SS (fast), graphite (termal)

e Heat transfer through conduction

e (Green region: monolith
e Red: fuel pins

e Yellow: heat pipe




Fuel element design with an
internal heat pipe INL/EXT-17-43212 Ver 1, 2018
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Figure 1.1. Short-parametric model geometry



Alternative fuel element designs
with internal heat pipe
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What is the impact of heat pipes on core
reactor physics?

at z= 28.4 cm (core top) at y=3.06 cm (near the core center)
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The power density distribution becomes
unbalanced due to néutron streaming out of the

core through the heat pipes Nucl Eng Des, 423 (2024) 113205



Final remarks about fuel design of
micro-reactors

The core can have a fast or thermal neutron spectrum
Different fuel design requirements
Low burnup and low power density in the fuel region

High temperatures due to the use of heat pipes
— Thermal stresses due to high temperatures

- Use of fluids to facilitate heat transfer between components of the
core (He and liquid Na)

Complex integration of fuel and heat pipe in the core

Heat transfer through conduction and heat pipes — new
safety parameters



e Thank you



