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@ French Bituminized Waste Products (BWPs)

» Production started in the 1960’s and still goes on

- Waste characteristics evolve over time &=
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» Several inorganic reagents ' ‘ -
- Co-precipitation salts: Fe(OH),;, BaSQO,... Fsonbumon pocess / «w
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Discharge pipe

» Specific bitumen quality: 70/100

» Produced by extrusion to have an homogenous
mixture

SEM |maqe of S|mulated BWPs
Andra, CEA, EDF, Orano Babylone : R&D program for French BWPs acceptability in deep geological repository — P. Vigneron &al. 07/07/2022




E French BWPs location

French BWPs have been produced on 2 sites:

» La Hague: interim storage of ~ 13 000 drums
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E Issues of BWPs acceptability in deep geological repository (Cigéo)

2 main issues to be tackled:

» During the exploitation period: BWPs behaviour subsequent to
thermal stress (fire case)

» Over the exploitation period: BWPs long-term behaviour (~ 100 000 y)

flux d'eau resaturation
convergent phase gazeuse

Heating in an oven of a concrete container
filled with simulated BWPs drums Over 100 000 y : water resaturates disposal cells
and hydraulic equilibrium is recovered
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E The R&D global strategy

A complementary approach based on:

» Phenomenologic knowledge
» Modeling & simulation
» Experiments

/ Description of <:> BWPs behaviour <:> BWPs behaviour \
physical phenomena modeling numerical simulation
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Physical constants Experiments
\ acquisition /
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E Babylone : four-party R&D program

Partners : Andra, CEA, EDF, Orano
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» BWPs thermal behaviour
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Microcalorimetry measurement of simulated BWPs

» BWPs long-term behaviour in repository

Tomography image of simulated
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BWPs free leaching test

Thermohydraulic simulation of BWPs
in a wall-heated 2L vessel



@ BWPs thermal reactivity

French BWPs described by 6 composition domains

Energy, Power and T, previously acquired with experimental designs

What is foreseen in Babylone:

» TOo assess uncertainties 7
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» To establish envelope curves of chemical
reactivity
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» To figure out data on real BWPs by sampling | T—————
drums in La Hague and Marcoule

Température [°C]

Example of superimposed thermograms
in order to define envelop curves
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@ BWPs thermal behaviour

Previously studies on just-made non-radioactive BWPs and
conservative approach modeling based on conduction phenomenon

What is foreseen in Babylone:

» To study the effect of radiolytic ageing on BWPs thermal behaviour:
External irradiation of non-radioactive BWPs at different doses

Physico-chemical constants acquisition of these materials

Influence of the presence of H, gas bubbles
Influence of doses equivalent to 200 years ageing

» To validate BWPs thermohydraulic modeling with thermal
stress experiments on drum scale

Example of 2L vessel for

heating tests of simulated BWPs
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a BWPs long-term behaviour in repository

~10° years : Ti
y Callovo-Oxfordian claystone me

o ' oh W . repository
» Osmotic phenomenon —» Water uptake I ——
» Salts leaching Bitumen
_ lons interface
» Swelling o
BWPs
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@ BWPs long-term behaviour in repository

Previously conservative approach : maximum of the theoretical BWPs swelling
pressure applied on the disposal cell wall and considered as constant in time

What is foreseen in Babylone:

» To collect experimental data related to leaching BWPs behaviour in
volume- or stress-constrained conditions

» To build a hydromechanical model with these data
» To simulate Callovo-Oxfordian behaviour under BWPs swelling stress
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Free leaching tests: Example of claystone hydromechanical
Swelling of mono and bisalts BWPs simulation under BWPs swelling stress
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@ Conclusion

Andra, CEA, EDF and Orano have launched a R&D program on BWPs
for a period of 6 years.

Its main objectives are:

» To confirm the design and implementation of disposal cells and to
Increase safety margins during the operation of disposal cells

» To consolidate the safety assessment during BWPs disposal

» To increase safety margins during BWPs disposal
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