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Reactor physics and MSR: challenges and needs

=
=
g
]
)
0rtium,)

5 .
M ThTRU z i H
W TRy Y %%;335:"{?
% % %% 5838858 S
AL LT ¢
2 -
%% 5%%38283585 &TA
= &

& .$A‘~ y"‘“?“%
Sl sy ipEReua
SEFIEE 1323359 %
s ERERNEN
e R SNES]
i/ JsEl 1%
S 2 £
§ EA
. ocn
t 1
Qutside

/ july
@A. Laureau, CNRS
(Multi)physics for core
design

Reactor building

Auxiliary
building

Reactor casing

SEEEE

ing System /EDS

MSR innovation vs. solid-fuel reactors:

» Flexible reactor design and operation regarding fuel composition,
operational flexibility (load following), and power level

» No classical solid fuel fabrication (cladding, assembly) required
— Potential reduced cost and easier to add waste (MA) into the fuel

for burning

- Elimination of most accident and accident escalation (over-accident)

initiators

— This results in a reactor with potentially a high level of intrinsic

safety

core structure

("paper reactor”)
What feedback? The ARE, the MSRE, (the MISBR)
R

freeze valve

[@MSRE - Oak Ridge National Laboratory]
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Research Activities on Reactor Physics and MSR at LPSC

Using a liquid and
Space usually circulating fuel
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Research Activities on Reactor Physics and MSR at LPSC
Using a liquid and
usually circulating fuel
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Nuclear Data, Cross-Sections and Residual Power

Nuclear data: cross sections and residual power

- Contributors differ from PWR
— Fast spectrum, cycle, Pandemonium effect

« New issues Residual power i
— Share of residual power in gaseous/metallic (non soluble) fission products + Contributors identification °®

- Multiple uncertain data » Propagation to T&H coupling and grace period estimation
— Cross-sections, fission yields, decay data, isomeric ratio — See panel TR4 on Safety

- Which impact on core design choices and on safety? Pres des principaux contributeurs (= 1.0% Pres totale) pour Tir = 0.5 années

tmax(pes) = 1jour — max(Pres) = 3233013 W

. . . 3 @.J. Halwani, CNRS
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Research Activities on Reactor Physics and MSR at LPSC

Using a liquid and
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Scenarios + Depletion & Evolution

Objective - how can we design a MSR core targeting to
» Reduce waste radiotoxicity / disposal size

. . tJ ———o-—_, :
- Breeding fissile matter nat.yJ enrJ — —> PWR
» Mix fleet combining of reactor types: PWR+MSR or PWR+SFR+MSR
(Pressurized Water Reactor / Sodium Fast Reactor) X
dep.UJ :
Depletion calculation principle
"
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Research Activities on Reactor Physics and MSR at LPSC
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Design by Multi-Criteria Optimization |

Issues

- Sizing the (neutro)-hydraulics of a MSR fuel circuit requires >100 parameters

— Genetic algorithm / Multicriteria optimization

Heat exchanger parameters

Differential evolution [@wikipedia]

(some) Elements of a reactor
Outside

Double wall
Reactor building

Auxiliary
building

Reactor casing

Principle

framatome ~ @

SAC

+ 0D modeling of the whole system components with correlations g ®

» Optimization and analysis of the Pareto optimum

— iterative approach to fill the gaps

@T. Sornay, CNRS / Framatome
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Research Activities on Reactor Physics and MSR at LPSC

Using a liquid and
usually circulating fuel
o impacts many
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Neutronics, T&H and System Studies |

Neutronics (Boltzman equation) + Thermal-Hydraulics (Navier Stokes equation) Neutronics (Boltzman) + Thermal-Hydraulics (Navier Stokes)

- Delayed neutron precursors (which stabilize the chain reaction) are mobile, and the . Iffﬂpkmentatipn Of a Green's function e}pproach (TFM - Tﬁansi‘ent
Monte Carlo transport approach is too computationally intensive Fission Matrix) with Correlated sampling (local perturbation) in the
— Development of a Green's function approach TFM (Transient Fission Matrix) Gz eF:nMC(soldet O -

— Advanced point kinetics with precursor tracking rom O(1) to O(N) complexity

- Strong coupling to Thermal-Hydraulics Development in OpenMC code

— CFD (3D) for classic transient: pump loss, reactivity insertion, load following
— Multi 1D for system code

— Recent focus on fast transient with pressure wave - delay in density feedback
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Research Activities on Reactor Physics and MSR at LPSC
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Neutron Noise

The pile noise characterizes the kinetic and safety parameters of the core (neutron chains originating
from delayed neutrons), while the power noise is used for diagnostics of reactor operation Neutron shower — Example on the CROCUS reactor @EPFL

— What is the impact of turbulence on the delayed neutron source? + Utilization of Green functions (fission matrices) to sample new tracks
— Extremely long Monte Carlo calculations — MC to determinist to MC &

o ~400 times faster than classic Monte Carlo

0 IOOM 400

Detector ""noise" = signal (high frequency and intrinsec to the physics of the neutron chains)
» Events in detector = +1 in corresponding bin
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