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E CONTEXT FOR GENIV SMR DEVELOPMENT

= Competitiveness and safety of future reactors must
improve in order to be acceptable by the population and
decision-makers.

= Unfortunately, for now, safety means costs and the safer
the reactor is, the more expensive it is.

= Research in advanced reactors must tackle this dilemma
by promoting inherent safety and simplified design.

‘ SMRs can be a response to this challenge : simplification, intrinsic
safety, reduced capital cost, flexibility, passive systems

‘ SMRs have key features to improve the acceptability of reactors :
can they be economically competitive ?
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E CONTEXT FOR GENIV SMR DEVELOPMENT

= Sustainability is still a key issue, so we must still promote
the development of fast reactors.

=" SFR have interesting features for promoting intrinsic
safety : no coolant pressure, resilient natural core
behavior, efficient natural convection, thermal inertia
providing grace time & autonomy.

Mixing the ambitious objectives of SFR GenlV designs and the
# benefits of SMRs could be a game-changing choice for the future of
nuclear industry.

# Rather than oppose SAFETY and ECONOMY, bring them together in
a breakthrough design approach, aimed at a shock of simplification

Cwery D = conowy

ACCEPTABILITY
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CONTEXT FOR GENIV SMR DEVELOPMENT

Objectives of GenlV reactors

The perfect GenlV reactor is safe, cheap, resistant to proliferation, sustainable,
flexible and compatible with the intermittency of renewable energies
# everyone is trying to square the circle e
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OBJECTIVES OF THE SMR CADOR

What scale effects can simplify the design of a sodium SMR and make it

economically viable ?
= SMRs allow more easily the implementation of technological breakthrough

Intrinsic safety core design

+ CADOR core type relying on a sufficiently large Doppler reactivity feedback effect able to
prevent core melting during unprotected reactivity insertion

+ =>» Practical elimination of the whole core melting ?

Passive Decay Heat Removal through the primary vessel
>> Breakthrough in the diversification & reliability in comparison of classical systems

Simplifications

* Less safety systems (no core catcher)

+ No secondary circuit

+ Simplified fuel handling (low decay heat of on subassembly)
Less sodium circuits
Vessel diameter sufficiently small to allow factory fabrication
No safety vessel
Modularity
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E OBJECTIVES OF THE SMR CADOR

= Safety

= Two strong main objectives are the guidelines of the
design :
o Avoid the total meltdown of the core for all situations,

including unprotected reactivity insertions. The CADOR
core is selected for this purpose.

o Allow to remove the decay heat in natural convection with
one system through the Primary Vessel (PV) without
sodium circuit.

* This objective has clearly the most impact on the design and
# is the main topic of the paper.
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E CADOR CORE (1/2)




E CADOR CORE (1/2)

{ We need to demonstrate that ULOF, ULOHS, UTOP, SAF and all other J

transients cannnot lead to total core meltdown

Prevention objectives Design options Interest of
SMR

No boiling for all ULOF Passive devices (hydraulic rods, SASS...),  Yes
core design (CFV...), enhanced natural
convection
No subassembly melt for TIB ~ Subassembly design (hexagonal tube with ~ Yes
(Total Instantaneous holes...)
Blockage)
No fuel melting for all UTOP Biggest challenge ! >> CADOR core No
No total loss of DHR safety Passive DHR through the vault Yes
function

CADOR: Core with reinforced Doppler effect
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CADOR CORE (2/2)

How to enhance the Doppler effect ?
T Fusion Combustible

— *
AIODoppIer - I<Dopp|e In( T NO i aie )
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Keado — Lower lineic power
' (more pins, larger core)
CADOR =) Or higher fuel melting
Ker temperature (carbide
[ SFR Axe 2 fuels)
| \
Tcador Tsfr Tfusion

Introduction of Beryllium pins as moderator to soften
the neutronic spectrum and favorize the U8 captures
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OBJECTIVES OF THE SMR CADOR

= Fconomy

= Vessel diameter less than 6m to allow road transportation of the vessel
o LOOP-type reactor to reduce the size of the vessel.

= Suppression of the secondary circuit. One of the overcosts of SFR in comparison of PWR is the
need of an intermediate circuit, to prevent the damage to the core in case of sodium-water (or
gas) reaction. Considering that the CADOR core can cope with reactivity insertion due to an
unprotected gas flow through the core, the design option of the suppression of the
intermediate loop can be envisaged. That implies to design appropriate a sodium/gas heat
exchangers and means of leakage detection.

= Simplified fuel handling systems, due to a low decay heat per subassembly for a SMR.

= Supercritical CO2 Brayton conversion system to increase the efficiency of the energy
conversion system. The feasibility of this type of cycle is not guaranteed for large power unit
but can be envisaged for a SMR. The choice of the fluid of the conversion system has not
been made yet.

= Suppression of the safety vessel. A liner directly in the reactor pit is a design option suitable
for a SMR. This option is also investigated in the ESFR-SMART project (see paper 280 — Joel
Guidez — ESFR SMART Organization of a pit justifying the option of safety vessel suppression >>
Tuesday afternoon)
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E PASSIVE DECAY HEAT REMOVAL CALCULATIONS

* DHR system through the primary vessel and the primary circuit must operate
in natural convection during station black-out
» High degree of DHR systems diversification
 Better acceptability of the design in a post-Fukushima context

Design criteria

15tbarrier integrity Teraa <= 825°C,
2™ parrier integrity Tpy <= 700°C,
Natural circulation APnet= APnat conv — APtor> 0

APnat_conv = 9 Hnat_conv (Pc — Pn)
* Main design parameters to reach the criteria
«  Capability of the DHR system
« Height between the core and the barycenter of the DHR system To maximize
» Temperature difference between the cold and hot pool

«  Core pressure drop o
*  Primary circuit pressure drop To minimize
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PASSIVE DECAY HEAT REMOVAL CALCULATIONS

Assembly
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Lower core pressure drop
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PASSIVE DECAY HEAT REMOVAL CALCULATIONS

» Pre-design COPERNIC code has been use, complemented with Matlab routines
* Main equations
» Ensuring the Na level in case of primary vessel leakage

2
Do py @

Vovy, = (Hpy = bpy) + Vine puip py »

» Temperatures calculation in the primary circuit and for the reactor pit

dT pc
d: Ihc = [Pres - (Kcond v + (Qtot Cp)) (Thc - ch)];

dTec
Tar Icc = [ (Kcond IV) (Thc - ch) + (Qtot Cp)(Thc - ch) - KconvNa (ch - TPV)]I'
daTr
div Ipy = [KconvNa (Tee = Tpy) — Kconsz (Tpy — TNZ) — Ppy ]/
dT ;
d:t Ipit = [Kcond Li (TLi - Tpit) - P, ]

« Power extracted through the primary vessel

Epy
Ppy = Apy E(GT;}V —Jpv)

» Natural convection calculation

4
_ Pm ﬁm Dres ATO CpOanat _conv /n
Qnat _conv — QO

28poCpm
» 13 equations and 13 unknowns (see paper)
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E PRE-DESIGN OPTIONS

= Main design options are :

o Target power is between 200MWth to 400MWth, meaning a range of
[75MWe - 150MWe]. Another design track is to investigate the design of
SMR-CADOR only for heat production, operating in natural convection
for normal operation. In this case, the target power is 50MWth.

o CADOR core

o LOOP type reactor : 2 or 3 loops

o EMP on the primary circuit

o Water/steam, gas or supercritical CO2 PCS

o Main DHR system : DRACS with active or passive operation
o Vessel diameter less than 6m

o Vessel height less than 23m

o DHR-PV fluid : oil, salt, Nak, Pb-Bi

o Vessel emissivity higher than 0,5
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PRE-DESIGN OPTIONS
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# Vessel height should be sufficient to allow the natural convection in the
primary circuit using the DHR-PV as the cold sink

# Structures maximal temperature is the limiting parameter (not the core)
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PRE-DESIGN OPTIONS

= Sketch exemples
o 2 LOOPS and modular HX
o With or without by-pass

Main parameters are :

* nominal power
* circuit pressure drop (by-pass benefit)
* vessel emissivity
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CONCLUSIONS AND PROSPECTS

CADOR core

Less safety systems

Secondary circuit
suppression

100% after the scram
Fully passive

Simplified fuel handling
Smail diameter vessel
No safety vessel

All these innovating design options are allowed by the small power of the reacto

i * Prospects

! Finish the design for a 400Mwth
i Evaluate the safety (natural convection
i & unprotected transients) and economy
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