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DEN ASSIGNMENTS

Nuclear Energy

e Support the Nuclear Energy industry
e Be at the forefront in the development of future nuclear systems

Dismantling & Decommissioning

e Clean-up and dismantle nuclear facilities

Valorization

e Offer our skills and tools to non-nuclear industries or other CEA Divisions

Education & Training
e Provide skilled people in Nuclear Energy
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C2A OPTIMIZATION OF CURRENT NUCLEAR SYSTEMS

Reactors and Fuel

3 main goals

u 1stgoal:
Increase Reactors Lifetime

U 2nd goal:
Improve Fuel Performance
and Plant availability

U 39 goal:
Improve Nuclear Power Plant Safety
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GENERIC R&D ON AGEING OF REACTORS

Containment structure

Steam generator
Pressurizer

Circuits (primary loop)

Internals

Vessel

Six fields of studies
dConcretes (containment and structures)
ACircuits (integrity)
dSeismics
oCorrosion
dVessel d neutron flux
dinternals (evolution)
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THERMAL LOAD
C FATHER Experiment

Thermal load and strain measurements

Temperature and wall heat flux
CHYPI

C Hydraulic 3D velocity measurements
L.E.S calculation

170°C

I 146°C
122°C
97,5°C
73,3°C
49,2°C

25°C

MATERIAL AND MECHANICAL INVESTIGATIONS
C 3D Calculations of FATHER experiment
C Fatigue experimental study with a large number of
cycles (1069)

C Fatigue strength curve determination under thermal
stress (SPLASH experiment
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R&D IN SUPPORT TO FUEL QUALIFICATION AND

— DEVELOPMENT

2"d GOAL : IMPROVE FUEL PERFORMANCE AND NPP AVAILABILITY

Industrial Objectives

Improve competitiveness (performance / reliability / availability / core management
optimization) _
Quialification/Licensing of new products

Fuel R&D program structuration

Fuel assembly endurance and reliability

Hydro dynamic behaviour BU
Wear i fretting

Cladding alloys and FA structure alloys
PIE lead test assembly fuel rods

Irradiation creep and growth Cycle

Corrosion -

Behaviour in accidental situation (LOCA, RIA) duration
High burn-up fuel behaviour

PIE on LTA rods

FGR characterisation and modelling New fuel

MOX optimization qualifying
PCMI
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=== HERMES P AND HERMES T LOOPS : FUEL ASSEMBLY AND

C@@ COMPONENTS STUDIES
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C2A U0, AND MOX FUELS AT HIGH BURN-UP

Gas behaviour at high Burn-up

i Post-irradiation examinations and modeling
i Instrumented irradiation (REMORA) in OSIRIS
Section of a 6 cycles rod (70 GWij/t) instrumented in LECA
with thermocouple and pressure transducer
Submitted to pre-defined transients with emphasis on the influence of
hydrostatic pressure in the fuel on gas behavior
« validation of FGR models

Threshold for HBS formation function of

Burn-up and temperature
But also : constraints, fission density, grain size, Pu content, etc.

FGR during during transients (LOCA, RIA)

Analytical experiment GASPARD program
Annealing tests at 1200°C at various burn-up
after a short re-irradiation at low power (C 133Xe)
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Main physical phenomena investigated during a Pressurized Water Reactor accident :

C Design basis accidents: Loss Of Coolant Accident (LOCA) and Reactivity-Initiated
Accident (RIA)

A Fuel degradation
C Severe accidents
A Hydrogen generation and hydrogen risk

A Behavior of the corium issued from core degradation

Ve

A N Source termO: fission products Release/Transport

Christophe Béhar - October 24th, 2012 9



CONTROLLING HYDROGEN RISK
cea

(C E A GMESTRA FACILITY)

C The stakes T Hydrogen inflammability depends on:

U Its distribution and stratification in the containment as a function
of air and steam motions

mm) Predicting the distribution of concentrations in
large-scale geometries for local and fast phenomena

U The combustion wave, which can grow as a deflagration and, in
extreme cases, can induce a detonation

MISTRA
‘ Predicting flame rate and smothering

C Lessons learned

i Mechanisms of stratification and erosion of a gas MR
stratification in the Saclay MISTRA facility

U Efficiency of recombiners in degraded conditions




CZ2A CORIUM BEHAVIOR: C E A &PBINIUS PLATFORM

In extended loss of coolant conditions: formation of corium

The issue at stake:
- Vessel breakthrough

- Corium-Water interaction in the vessel and the reactor pit, with the related risk of
steam explosure affecting containment integrity

Lessons learned:
- Experimentation of corium-water interaction (PLINIUS)
- Extrapolation to the case of the reactor using physical and statistical calculation

codes

Outlooks:
Improving the understanding of fragmentation and explosion phenomena (through

enhanced thermal transfers), and impact on the mechanical strength of structures 4

T Pre-mixing Triggering Propagation Explosion

liquid (water) _\{—\/Y'
- s )
\S % o )}
o _f

Melt jet Local vapor film Shock wave Steam explosion:

fragmentation collapse; propagation; dynamic

and film boiling formation of the intensive heat pressure reaches
pressure pulse transfer from fuel hundreds of bar

Corium jet at 3000°K: to coolant
seconds \ 1.5 ms ) =1 ms \ 1.5 ms

X-ray characterization of the ~1000 m/s approximate time bar

corium/steam/water pre-mixing stages Stage of pre-mixing and

fragmentation prior to explosion
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SOURCE TERMO : F1 PRODUNTS BEHAVIOR DURING A

C@a SEVERE ACCIDENT

Phenomena involved:
U In case of fuel clad failure or melting in the reactor core:

FPs release from the solid fuel:

First, fission gases (krypton, xénon),

volatile FPs (iodine, cesium, tellurium, ¢é) ,

and then a fraction of low volatile FPs (ruthenium, cerium,
strontium , é&),

and actinides
FPs transport in the primary coolant system:

where they are partially deposited before being transferred to
the containment
FPs release to the environnement:

By containment leakage or filtered containment venting

U In case of vessel breach:

Additional release of low volatile FPs:
Through air inflow to the vessel (ruthenium), through corium-
concrete interaction
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