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Résumé du projet en francais (Non Confidentiel - 4000 caractéres maximum,
espaces inclus)

Le sous-sol représente pour la ville des enjeux fondamentaux pour son développement et son
évolution. Il est a la fois le support des fondations des aménagements de surface, un lieu ou se
réalisent les transports publics, ou se concentrent les réseaux (eau, communication, ...). Il est
également une source d’énergie encore insuffisamment exploitée en zone urbaine : la géothermie.
Dans le contexte de changement climatique, dont les effets seront particulierement marqués au
cours des prochaines décennies dans les grandes métropoles, le sous-sol peut aussi devenir un
nouvel espace a développer, en alternative de I'étalement urbain, que ce soit pour des
aménagements tertiaires (commerces, bureaux, espaces culturels, ...) voire d’habitation. Le
programme du projet ciblé n°10 du PEPR sous-sol dans le bassin de Paris (S-PASS) est construit
autour de ces enjeux, sur le périmétre géographique de la métropole du Grand Paris, qui s’étend
autour de la ville de Paris, jusqu’au projet de métro automatique trés structurant du Grand Paris
Express. Il s'intéresse aux premiers 200 m du sous-sol et vise (1) a mieux connaitre les formations
geéologiques et leurs variabilités associées et les propriétés géomécaniques du sous-sol situé sous
la zone fortement urbanisée autour de Paris et a tester de nouvelles méthodes géophysiques en
zone urbaine ; (2) a construire une maquette numérique 3D couplant d’'une part le modéle
géologique 3D des formations géologiques cénozoiques, intégrant la variabilité naturelle des
formations présentes résultant de leur mode de formation et, d’autre part, les infrastructures
souterraines existantes de transport en commun. Le couplage de ces deux modéles permettra de
créer un prototype de jumeau numérique du sous-sol urbain parisien ; (3) a replacer ces espaces
souterrains dans I'imaginaire du grand public et dans sa perception des développements futurs, a
analyser I'empreinte environnementale de [utilisation du sous-sol dans le modéle de
développement urbain en comparaison d’aménagements de surface, sur la base des indicateurs
de développement durable ; et enfin (4) a envisager des méthodologies innovantes pour augmenter
les applications d’économie circulaire, a savoir valoriser les terres excaveées issues des travaux
souterrains et utiliser la chaleur du milieu souterrain grace aux infrastructures ou aux doublets et
sondes géothermales. Ces différentes thématiques nécessitant des degrés de maturité variés
seront étudiés par des acteurs académiques, institutionnels et d’ingénierie afin de renforcer les
synergies entre ces approches.
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Résumé du projet en anglais (Non Confidentiel — 4000 caractéres maximum,
espaces inclus)

For the city, the subsurface represents fundamental challenges for its development and evolution.
It is the foundation for surface developments, a place where public transport is provided and where
networks (water, communications, etc.) are concentrated. It is also a source of energy that is still
insufficiently exploited in urban areas: geothermal energy. In the context of climate change, the
effects of which will be particularly marked over the next few decades in the major metropolises, the
subsurface can also become a new space to develop as an alternative to urban sprawl, whether for
tertiary developments (shops, offices, cultural spaces, etc.) or even housing. The programme of the
PC n°10 of the PEPR “sous-sol” in the Paris basin (S-PASS) is built around these issues, on the
geographical perimeter of the Metropole du Grand Paris, which extends around the city of Paris, up
to the very structuring automatic metro project of the Grand Paris Express. It focuses on the first
200 m of the subsurface and aims (1) to gain a better understanding of the geological formations
and their associated variability and the geomechanical properties of the subsurface located under
the heavily urbanised area around Paris and to test new geophysical methods in urban areas; (2)
to build a 3D digital model coupling, on the one hand, the 3D geological model of the Cenozoic
geological formations, integrating the natural variability of the formations present resulting from their
mode of formation, and, on the other hand, the existing underground public transport infrastructures.
The coupling of these two models will make it possible to create a prototype digital twin of the
Parisian urban underground; (3) to place these underground spaces in the imagination of the
general public and in its perception of future developments, to analyse the environmental footprint
of the use of the underground in the urban development model in comparison with surface
developments, on the basis of sustainable development indicators; and finally (4) to consider
innovative methodologies to increase circular economy applications, i. e. to valorise the excavated
soil from underground works and to use the underground subsurface heat, through buried
structures, doublets and geothermal probes. These different themes requiring various degrees of
maturity, will be studied by academic, institutional and engineering actors in order to strengthen the
synergies between these approaches.
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1. Context, objectives and previous achievements |/
Contexte, objectifs et réalisations antérieures

1.1. Context, objectives and innovative features of the
project /| Contexte, objectifs et caractére innovant du
projet

The growth and densification of big cities give the subsurface a strategic role in the ecological
transition and in the socioeconomic development of urban infrastructures and facilities. In urban
areas, the subsurface is already the support of foundations, the place of underground utilities for
transportation, sewage, energy and communication networks, and the location of water and
geothermal resources. Human societies have modified and affected urban subsurface spaces
leaving underground quarries, abandoned foundations or structures, urban-triggered natural
cavities, soil contamination, heterogeneous backfilling and archaeological remains.

The Paris Basin is one of the leading economic regions in Europe with a population of more than 12
Million inhabitants in the lle de France administrative region. The dense urbanisation induces a large
network of infrastructures present in the subsurface: 200 km of subway lines, 10 km? of subsurface
quarries below Paris, more than 600 car parks and caves, and 200 km of tunnels linear planned for
the Grand Paris Express project. This has an impact on the soil stability, through movements and
geomechanical changes that may affect existing infrastructures or future projects.

The development of surface and subsurface facilities enabled to explore and investigate the
subsurface, and to collect geological and geotechnical data, for about 150 years. More recently, in
the Paris area, the Grand Paris Express (GPE) project (a 200 km network of new subway lines
around the Greater Paris area) provided an important new amount of subsurface investigations.
The links between geotechnical behaviour of the subsurface and the geological history are still
underestimated. A better knowledge of the temporal and spatial 3D sedimentary geometries of the
tertiary deposits would allow a better geomechanical characterisation of the subsurface, very useful
in the design of new underground facilities and in the management of risks induced by underground
works.

For smaller projects, the dense urbanisation make often difficult the realization of new destructive
geological investigations. New measurements with innovative sensors capable of non-invasive multi-
physics and multi-scale measurements, and able to cover large areas in a limited timeframe in
unfavourable areas (high levels of anthropogenic noise or interferences, land access, etc.) have to
be developed.

In the context of global warming, the development of new uses of urban subsurface space may
become a solution to reduce the city horizontal growth and may provide places where the
temperature remains moderate during the heatwaves that will happen more and more often. The
possibility to transfer some human facilities in the underground space may be assessed, under
social, environmental and sustainable development criteria.

The appropriation by citizens of the subsurface environment is therefore a major issue requiring an
informed debate on these new facilities.

The representation of the subsurface with 3D model including the geological environment and the
existing anthropogenic constructions, like the subway network and the underground quarries, will
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make the subsurface more accessible and understandable for the citizens, for the urbanists and for
the decision makers.

The issue of the valorisation of excavated materials coming from the GPE and other future
underground projects appear essential in the purpose of reduction of carbon footprint of these
projects.

The need of low carbone energy will also significantly increase in the future decades. In big cities
like the Greater Paris, solutions based on low enthalpy geothermal resources at the neighbourhood
or building scale have to be studied in order to evaluate their potential.

Most of these questions are already addressed by different scientists, but at different levels, at
different scales, or in different zones of the Paris area, and not in an interdisciplinary approach. In
order to enhance the consistency and the effectiveness of the scientific program, the following
choices or assumptions have been made:

e The studied area will be limited to Paris city and the high urbanized suburbs, that constitute
the “Metropole du Grand Paris” (that we call the Greater Paris in this document). It extends
approximately to the surface included in the perimeter of the Grand Paris Express project
(see figure 1) and the two Paris main airports;

e The interest depth of the project will be limited to 100 m for the geological and geotechnical
items, and to 200 m for the geothermal subject (to be in line with the rules of low enthalpy
geothermy limited at 200m). On the geological point of view, it corresponds to the quaternary
and tertiary deposits, until the top of the Cretaceous Chalk.

o Theresearch will be based on existing data, with in major part, the data collected in the recent
infrastructures projects (Grand Paris Express and extension of metro lines). The partnership
with the RATP and SGP (Société du Grand Paris) will provide the access to these data.

Socité \
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o figure 1: Extension of the “Grand Paris Express” project, around the Greater
Paris metropole
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The S-PASS project is related to the Référentiel Géologique de la France (RGF) programme, one of
whose projects is the Paris Basin, but it does not cover exactly the same areas. On the one hand,
the RGF project concerns the geology of the formations of the Paris Basin, taking into account the
whole basin with a focus on the Cenozoic core; the S-PASS project is only interested in the geology
of the formations under the densely urbanised area of the Paris conurbation. On the other hand, the
S-PASS project is focused on the problem of underground space planning, which is not at all covered
by the RGF project, and associates other disciplines with geology: geotechnics, geophysics, social
sciences. Close links will nevertheless exist so that the geological data acquired in the framework of
the RGF project can be used in the S-PASS project and in particular in WP2 for the construction of
a 3D model.

1.2. Main previous achievements [ Principales réalisations
antérieures

A set of main references is listed here below, for each scientific domain of the project. The names in
bold are searchers directly involved in the PC10 project.

Geology of Paris Basin

e Briais, J. (2015) Le Cénozoique du bassin de Paris : un enregistrement sédimentaire haute
résolution des déformations lithosphériques en régime de faible subsidence, thése Université de
Rennes 1, 466 p.

e Guillocheau, F., Robin, C., Allemand, P., Bourquin, S., Brault, N., Dromart, G., Friedenberg, R.,
Garcia, J. P., Gaulier, J. M., Gaumet, F., Grosdoy, B., Hanot, F., Le Strat, P., Mettraux, M.,
Nalpas, T., Prijac, C., Rigollet, C., Serrano, O., and Grandjean, G. (2000) Meso-Cenozoic
geodynamic evolution of the Paris Basin ; 3-D stratigraphic constraints, Geodin. Acta, 13, 189—
245.

o Meégnien C. (1980), Synthése géologique du Bassin de Paris, |, stratigraphie et paléogéographie,
Mém. Bur. Rech. Géol. Min.,101, 1980, 466 p., ll, Atlas, Mém. Bur. Rech. Géol. Min., 102,1980,
lll, Lexique des noms de formation, Mém. Bur. Rech. Géol. Min., 103, 467 p.

Geotechnics and Geomechanics

o Lachérade L., Marache A., Halfon I., Closset L., Denis A., Rohmer J., Quesnel F., (2022).
Modélisation géostatistique 3D de paramétres géotechniques des unités sédimentaires
cénozoiques du Grand Paris Express, JNGG 2022.

o El Kahi, E., Deck, O., Khouri, M., Mehdizadeh, R., Rahme, P., (2020). A new simplified meta-
model to evaluate the transmission of ground movements to structures integrating the
elastoplastic soil behavior. Structures. 23, 324-334.

e Basmaji, B., Deck, O., Alheib, M., (2017). Analytical model to predict building deflections induced
by ground movements. European Journal of Environmental and Civil Engineering. 10, 1-23.

Geophysics and sensors in urban areas

e Correa, J., Isaenkov, R., Yavuz, S., Yurikov, A., Tertyshnikov, K., Wood, T., ... & Pevzner, R.
(2021). Distributed acoustic sensing/surface orbital vibrator: Rotary seismic sources with fiber-
optic sensing facilitates autonomous permanent reservoir monitoring. Geophysics, 86(6), P61-
P68.
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Rodet J., Brllé S., Tauzin B., Nziengui D., Amin Panah M., Coutant O., Guéguen P., Michel K.,
Lantiq V., Rollet R., Grange J., Deprét O. (2022). Fibres optiques, sismologie et géotechnique
pour ville intelligente : le projet DASARA a Lyon. 11emes Journées Nationales de Géotechnique
et de Géologie de 'ingénieur, Lyon 2022.

Rohmer O., Bertrand E., Mercerat E.D., Régnier J., Pernoud M., Langlaude P., Alvarez M.
(2020). Combining borehole log-stratigraphies and ambient vibration data to build a 3D Model of
the Lower Var Valley, Nice (France). Eng. Geol., vol. 270.

3D geological modelling and BIM

BADER A.G., JANVIER T., RAINGEARD A., LOPEZ S., ALLANIC C., (2020) — Bassin ferrifére
lorrain. Phase 2 : Modélisation géologique 3D du bassin de Briey-Longwy, Phase 3 : Intégration
des ouvrages miniers. Rapport final. BRGM/RP-70321-FR, 58 p., 19 fig., 4 ann., 1 clé USB.
Grataloup S., Closset L., Lacherade L., Halfon I., Vernoux J.F., Briais J., Quesnel F., Cochery
R., Assy Y., Bourgine B., Bault V., Bernachot |., Badinier G., Neveux A, Beaufils M., Bonnefon
C., Lanher V., Andrieu S. (2020) — Projet OPERA - Conception et développement d’'un modéle
géologique, hydrogéologique et géotechnique pour le Grand Paris Express - application a la
Ligne 15 ouest — Jalon 3. Rapport final. BRGM/RC-70189-FR, 412 p., 185Iill., 19 ann.

Pedrinis F., Samuel J., Appert M., Jacquinod F. & Gesquiére G. (2022). "Exploring Landscape
Composition Using 2D and 3D Open Urban Vectorial Data". ISPRS International Journal of Geo
Information vol . 11, #9, p. 479. doi : 10.3390 / ijgi 11090479. HAL : hal-03775976.

The sustainable underground city

Palisse J-P, (2017) Projet National « Ville 10D — Ville d’Ildées », Rapport d’étape n°1, Mars 2017,
44p.

Parriaux A., Blunier P., Maire P., Dekkil G., Tacher L. (2010), Projet Deep City : ressources du
sous-sol et développement durable des espaces urbains, DOI 10.3218/3332-8, 106p.

Audi, Y., Jullien, A., Dauvergne, M., Feraille, A., D'Aloia Schwartzenruber, L., Methodology
and application for the environmental assessment of underground multimodal tunnels.
Transportation Geotechnics, Volume 24, 2020, 100389, ISSN 2214-3912.
https://doi.org/10.1016/j.trgeo.2020.100389.

Valorisation and re-use of excavated materials

Geoffroy, V., Dazas B., Ferrage E., Berenguer F., Boissard C., Michot L.J., van Oort F., Tertre
E., Hubert F. (2022). Soil crusting: New insight from synchrotron 2D micro X-ray diffraction
mapping of clay-particle orientation and mineralogy. Geoderma, 428, 116096. DOI:
https://doi.org/10.1016/j.geoderma.2022.116096

Salvé J., Grégoire B., Imbert L., Hubert F., Karpel Vel Leitner N., Leloup M. (2021). Design of
hybrid Chitosan-Montmorillonite materials for water treatment: Study of the performance and
stability. Chemical Engineering Journal Advances, 6, 100087. DOl:
https://doi.org/10.1016/j.ceja.2021.100087 (open access)

Vidal Beaudet, L., Cannavo, P., Schwartz, C., Séré, G., Bechet, B., Legret, M., Peyneau, P-E.,
Bataillard, P., Coussy, S., Damas, O., (2017). Using wastes for fertile urban soil construction —
The French Research Project SITERRE. Soils within Cities - Global approaches to their
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sustainable management - composition, properties, and functions of soils of the urban
environment, Catena Soil Sciences, 2017, 978-3-510-65411-6

Urban and low enthalpy geothermy

e Badinier, T., de Sauvage, J., Ouzzine, B., Reiffsteck, P, Szymkiewicz, F., Delerablée Y., &
Minatchy, C., (2023 publication ongoing). Energy Geo-structure : experimental and numerical
modelling of thermal behaviour and interaction within the city underground, European Journal of
Environmental and Civil Engineering

o DiDonna, A., Emeriault, F., Demongodin, L., Gobichon, J.F. (2020), Aspects géotechniques et
énergétiques des géostructures thermoactives : application a un cas d’étude réel. Revue
Frangaise de Géotechnique, 164, 4.

¢ Rammal, D., Mroueh, H., Burlon, S. (2020) Thermal behaviour of geothermal diaphragm walls:
Evaluation of exchanged thermal power, Renewable Energy, 147, pp. 2643-2653.
10.1016/j.renene.2018.11.068

e Maragna, C., Les Landes Antoine, A., Durst, P., Dupaigne, T., 2022. Cartographie du potentiel
de la géothermie de surface sur le territoire de la Métropole du Grand Paris (Rapport final V2
No. BRGM/RP-71139-FR). https://infoterre.brgm.fr/rapports//RP-71139-FR.pdf

e Darnet, M., Wawrzyniak, P., Coppo, N., Nielsson, S., Schill, E., & Fridleifsson, G. O. (2020).
Monitoring geothermal reservoir developments with the Controlled-Source Electro-Magnetic
method—A calibration study on the Reykjanes geothermal field. Journal of Volcanology and
Geothermal Research, 391, 106437

2. Detailed project description | Description détaillée du
projet

2.1. Project outline, scientific strategy [ description du projet,
stratégie scientifique

The current principal challenge is to improve the knowledge of the Greater Paris subsurface in order
to better rationalize the multiple uses of the urban subsurface. This requires to:

e Collect and manage the dense existing geological and geotechnical data available in the
Paris area, for instance the data collected for the big infrastructures projects (GPE, new metro
lines, etc.). The management of this high density of data is a crucial issue. Until now, most
data have been of exclusive use for a single project. They must be harmonised, shared and
open to the public or scientific community for a better knowledge of subsurface nature and
behaviour.

e Make full use of the available geoscientific data’knowledge. It needs to share the data with
the geologists and geotechnical searchers, and to give them access to the cores for
descriptions and possibly for some laboratory analyses.

e Develop new methodologies to increase the resolution of the available information, for
example by promoting geophysics new measurements with innovative sensors (e.g. optical
fibres, distributed sensors...) capable of non-invasive multi-physics and multi-scale
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measurements. The sensors should be able to cover large areas in a limited timeframe (high
levels of anthropogenic noise or interferences, land access, etc.).

e Move from a 2D to a 3D knowledge of the geology and the geomechanical properties,
integrating uncertainties and upscaling, with the use of geostatistics.

e Integrate existing subsurface infrastructures in the 3D geological model, like for example
underground transport network, in order to gather in one model the environmental information
and the existing facilities, to build the first step of a City Information Modelling (CIM).

¢ Diffuse these data within society, contractors, and among political actors.

e Improve the tools and methods to better manage the interactions and potential impacts
between the surface and the subsurface, assess the social perception of the subsurface
uses.

e Develop a method to assess the environmental impact of subsurface projects, compared to
surface ones, in a context of a dense urbanisation.

e Promote the circular economy for the field of underground works.

e Study the potential and the impacts of low enthalpy geothermy in urban context.

The scientific program consists in five work packages, in the geographic and depth perimeter of
the Greater Paris, as defined in § 1.1 :

o WPO: Project coordination, supervision and dissemination

e WP1: Geological, geotechnical and geomechanical knowledge

e WP2: Digital 3D model of the subsurface

e WP3: The sustainable underground city

e WP4: Resources of the urban subsurface

2.2.Scientific and technical description of the project /
Présentation scientifique et technique du projet

The S-PASS (PC10) project includes 13 individual scientific tasks, distributed in the 4 scientific work
packages (WP1 to WP4).

WP1 - Geological, geotechnical and geomechanical knowledge

The uses of the subsurface require a good knowledge of the properties of the rocks, for the urban
planning, for the realization of the underground works and for the long-term evolution (post-
construction). We propose to better define the nature of the rocks present under Greater Paris at the
geological, geotechnical and geomechanical levels. A methodological component on acquisition and
monitoring is also proposed.

The challenge of subsurface knowledge lies in the characterization and prediction of heterogeneities.
The Cenozoic rocks constitute a small thickness compared to the totality of the sedimentary pile but
show a great diversity. This is due to the low subsidence of the Paris Basin, the presence of an
interface between marine and continental conditions during much of the Cenozoic history, and the
existence of repeated low amplitude deformation during the Cenozoic (Guillocheau et al., 2000).
This results in numerous lateral facies variations, a wide diversity of rocks including marl, sand,
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carbonate and evaporite deposits, and sedimentary bevels and gaps related to sedimentation stops,
emersions or erosions.

The project plans to understand the variability of the distribution of sedimentary rocks based on
available data whose quality will have to be estimated, by acquiring new data thanks to the cores
made available by the RATP and the Société du Grand Paris and to key outcrops. Facies diversity
will be reconstructed within a geometric and paleoenvironmental framework. The characterization
will be carried out at different scales: at the sample scale at high resolution to define the dynamics
of the depositional environments and the sedimentary and diagenetic origin of the heterogeneities
and at the layer scale thanks to the logging data available in the boreholes to model its extension
and to propose an origin to the facies variations. The analysis of the samples will include a
petrographic and sedimentological component and a geochemical component of the mineral and
carbon phase. A geometric model built on the assumptions of sequence stratigraphy and dressed in
sedimentary facies will be proposed for the different intervals of the basin. It will thus be possible to
estimate the relative part of global mechanisms (eustatism, tectonics, climate) and local mechanisms
(petrographic nature, diagenesis, karstification, ratio of in situ production to detrital input, community
of producers including microbial) in the control of anisotropies. It will also be possible to evaluate the
sedimentary dynamics of production, export and transport of mixed carbonate, terrigenous and
evaporite systems. This work will be carried out by researchers from the universities of Paris-Saclay,
Rennes, Sorbonne, Bordeaux and Dijon and engineers from the BRGM. There will be a strong
coordination between these works and those carried out in the 3D geological modeling (WP2).

These heterogeneities have consequences on the geotechnical parameters of the soils. A famous
reference is the work of Filliat and Duvauchelle (1981), which is a compilation of the geotechnical
parameters of the geotechnical data of Paris area. In spite of the quantity of data acquired since the
publication of this work, this synthesis is still widely used although it is limited. Indeed, it is based on
a small number of data, compared to the quantity available today, which cannot be representative of
the complexity of the Cenozoic formations of the center of the Paris Basin, misleading geotechnical
engineers in certain situations, with a consequent lack of optimization of geostructures. The project
therefore proposes an analysis and a synthesis of the geomechanical parameters of the Parisian
subsurface dedicated to geotechnical engineers, to constitute a set of reference parameters in each
geological unit, and by area. The geotechnical database will be built with data collected from major
public owners. The main laboratory tests (identification tests, triaxial mechanical tests,
compressibility tests, swelling tests) and in situ tests (pressuremeter tests, CPT, SPT) will be
considered. After defining the quality-reliability-coherence criteria, homogeneous sectors will be
defined for a statistically processed analysis. The goal is to establish a regionally validated data set
and correlations between different parameters. The non-homogeneous distribution of the drillings
and the heterogeneity of the practices of the companies according to the geotechnical mission
carried out make it difficult to apply the classic geostatistical tools. A comparison with neural network
tools and expert judgment will be carried out. The project will be led by the GERS/SRO laboratory of
University Gustave Eiffel and by the BRGM, which have the necessary computer tools and skills to
carry out this study.

The project will also consider the geomechanical properties of the Paris area subsurface in order to
evaluate the interactions between the surface and the underground structures. Settlements induced
by the excavation of tunnels and underground structures in urban environments can cause damage
to buildings and surface infrastructures. To understand this phenomenon and predict the associated
consequences, it is necessary to take into account the soil-structure interaction (SSI) by integrating

24/07/2023 11/23



PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
Fl{;@ PROJET CIBLE
2022 S-PASS

PROGRAMME PC10 - PARIS BASIN

the characteristics of the ground and those of the impacted structures. The purpose of this work will
be to build a database of the ground and buildings displacements induced by excavations. Data will
be collected from satellite radar interferometry measurements and direct monitoring in the Grand
Paris Express project. Analytical and numerical simulations will be done to improve prediction of
transmitted displacements. It will thus be possible to evaluate the ground movements, their
consequences on the buildings located in the zones of underground works in space and time.
Abacuses usable to apprehend the surface damage associated with underground works will be
established according to the geological contexts of the Paris Basin. The project will be conducted by
the laboratory GeoRessources of the University of Lorraine.

Finally, the characterization of geological environments and their petrophysical and geomechanical
properties requires the use of many methods, from the field to the laboratory, from the sample scale
to the kilometer scale in a very particular urban context. We wish to use this urban context which
has many handicaps (noise, highly anthropized environment, housing density, difficulty of access)
for seismic imaging to develop innovative and non-invasive investigation or monitoring methods and
thus better constrain the structure and heterogeneities of its subsurface. It will test acoustic
measurement techniques on optical fibers (DAS: distributed Acoustic Sensing) for the knowledge
and monitoring of geomechanical properties of the subsurface. Using the thousands of kilometers of
optical fibers installed in the city and underground infrastructures to develop ultra-dense and high
resolution (<2m) permanent seismic sensor networks is envisaged in particular by using urban
seismic noise (train, metro, traffic, construction site, ...) as seismic sources for imaging and temporal
monitoring. This use has already been successfully realized at large scales (>1 km, seismological
applications, Linsay and Martin, 2021), at intermediate scales (100m, reservoir application, Correa
et al., 2021). The project will have three stages. (1) DAS measurements on optical fibers in a
continuous environment (test sites of the GeoEND laboratory in Nantes consisting of a pit in which
homogeneous materials representative of the urban underground environment are available and
optical fiber platform of the BRGM in Orleans); then (2) DAS measurements in a real environment
(several sites are being evaluated in the center of Paris) thanks to an optical fiber installed on the
surface; finally (3) the same exercise will be carried out thanks to operators of the basement with an
optical fiber already present in the underground of Paris. The project is supported by the GERS/SRO
laboratory of the Gustave Eiffel University and the IPGP.

WP2 - Digital 3D model of the subsurface

The first task of this work package is to produce a 3D geological model of the Cenozoic formations
up to the top of the Upper Cretaceous chalk (max 100m depth). It will take into account the data of
the subsurface and the data of the underground quarries. The geological data taken into account,
including those of the regolith, will come from the BRGM borehole database (BSS), from recent
works carried out within the framework of the Grand Paris Express project, which will be
progressively released according to the lines, from recent university works (thesis of Moreau in 2023
on the carbonate formations, thesis of Marie on the detrital formations of the Paleogene and thesis
of Chourio Camacho on the Quaternary, all these thesis works being held in the frame of the RGF
project), and finally from the works carried out up to 2026 within the framework of the project (WP1).
These data of various origins will be formatted to be integrated into the model. A first geometric
model will be built at the beginning of the project and then fed by the newly acquired data. It will
allow to check the consistency of the geological data between them and to make adjustments in the
database if necessary. It will also be possible to test the most suitable methods for taking into account
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lateral and vertical variations in facies. A close link will be established with PC4 Digital Earth to
benefit from adapted methodological developments. Available petrophysical data will also be
associated with the model. This first model may be limited to certain key geographical or geological
areas in order to set up the right modeling strategy. The modeling of underground quarries (their
geometric envelope) will be conducted in a second model. All these data and the methodology
initiated will allow the project to have a model with variable resolution depending on the sectors and
the density of information available on the geological formations present in Greater Paris. This work
will be carried out by BRGM.

The Parisian subsurface is home to the RATP metro network, comprising about 200 km of lines and
300 stations. The RATP is thus one of the main actors of the Paris basement and is in charge of the
management of this underground heritage. The data concerning these underground structures
(tunnels and stations) are sometimes very old, and still insufficiently digitized. The objective of this
task is therefore to capitalise and group in a 3D numerical model, the major elements of the
underground RATP network, which will be the first step of a BIM model of the network. For this
project, the level of detail will be low (LOD = 0 or 1), the objective being at this prototype stage to
model the external infrastructure envelope. This task will be carried out by the Heritage Department
of the RATP.

The 3D geological model and the infrastructure model will be coupled in a prototype approach to
represent and visualize the geometry of the urban subsurface in its entirety in order to build a digital
twin of the Parisian subsurface. This coupling faces several limitations that must be overcome: (1)
the need to offer services and tools that are independent of business tools and (2) the dissemination
(visualization and querying) of 3D data on the web applied specifically to the context of geosciences:
nature of the data, querying of the data, visualization of the volumes, interoperability on the
dissemination of geoscientific data among themselves and with other data from anthropic
infrastructures. From a technical point of view, the SCUDDD API (Application Protocol Interface)
developed by BRGM, allowing a user to query static or dynamic geoscientific models, will be tested
in the context of Building Information Modeling (BIM) tools, as well as the OGC (Open Geospatial
Consortium) protocols for access to data and information, particularly from web visualization
(GeosciML; CityGML; ...). Internationally adopted in many domains, the OGC SensorThings API
standard, for example, is a key opportunity to stimulate the dissemination of environmental data on
a large scale and in an interoperable way in the context of the Internet of Things. The Linked data
approach will also be explored to enable the exchange of semantized content without having to
redefine specific models in the BIM world. Regular exchanges will take place with data producers
and model designers. This project will be led by BRGM and the Lumiére Lyon University.

WP3 - The sustainable underground city
In order to meet the requirements of city development but also of transformations linked to ongoing
environmental changes, an examination in terms of sustainable development is required to evaluate
the impact of underground works in the different fields that are currently dominant, but also real
estate for collective, office or residential use, or cultural, commercial or sports facilities. We propose
to develop an evaluation methodology and indicators to highlight the advantages of underground
works in terms of sustainable development, in accordance with the 17 Sustainable Development
Goals (SDGs, ODD in French) defined by the United Nations and included in France's roadmap for
the 2030 Agenda. These ODD indicators cover all sustainable development issues such as climate,
biodiviersity, energy, water, etc. Indeed, the current methods, as carbon footprint and life cycle
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analysis (LCA), are often penalizing compared to a surface solution (because they consume more
concrete and steel). Appropriate indicators and methodology should allow for better management of
underground projects, particularly in urban areas where the populations impacted can be
distinguished (users, local residents, etc.) according to pre-established perimeters. This work is a
continuation of Audi's thesis work (2016) conducted as part of the National Project "City 10D, City of
Ideas" on the design and development of underground spaces for the sustainable city. The project
will be conducted by CETU and the Navier laboratory of Ecole des Ponts ParisTech.

The underground city can be frightening and worrying, but it is also the object of fantasies and false
news. Our first objective is to demystify, discover and reveal the real importance of the underground
of the Paris area and the possibilities of the underground city, to fight against preconceived ideas.
We will collect and produce information on the reality of the underground Grand Paris or of modern
sustainable underground cities. Different means of communication and transposition towards the
public will be implemented: visits, virtual visits, exhibitions.

In addition, we will collect the different perceptions and opinions of citizens or actors on the
sustainable underground city, underground works or the current and future development of the
underground city. The objective will be to make people think about the challenges that the
underground part of the Parisian metropolis represents for the future of the city. But we will also try
to highlight the elements of approval, acceptance, concern or rejection as well as the brakes or
drivers that could favour or limit the development of a sustainable underground city. This aspect will
be achieved through the organisation of round tables, public surveys or participative actions
confronting the territory and its users. This project will be led by the University of Reims Champagne
Ardennes, with some contribution of Paris Sorbonne (Geography, Cities), the School of Urbanism of
Paris (University Gustave Eiffel). Links and common workshops will be organised with PC1 and PC6
of the PEPR “Sous-sol”.

WP4 - Resources of the urban subsurface

Underground works generate large quantities of excavated materials for which it is necessary to find
an application to turn these wastes into resources. This project proposes to valorise clayey
excavated materials into fertile aggregates for their reuse in the construction of “technosoils”. These
aggregates made of clayey materials will provide a stable and aggregated structure to the
reconstituted soils that in turn will benefit from improved transfer and retention properties of fluids
(air/water) and nutrients, ensuring their fertility for urban green areas applications. Clayey materials
from the Grand Paris Express works will be selected to design fertile aggregates and to study the
mechanisms leading to their formation with i) screening and selection of excavated soils based on
the knowledges of geological formations; ii) fast characterization of their mineralogical heterogeneity
by portable IR/DRX; iii) quantitative mineralogy of the selected clayey materials (XRD-MEB); iii)
formulation of the fertile aggregates and study of the mechanisms for their design. The project is led
by the IC2MP Institute (HydrASA team) of the University of Poitiers and the BRGM.

The geothermal resource available at shallow depths (<200m) in urban areas, defined as geothermal
energy of low enthalpy, is an important resource which should be developed in order to diversify the
energy mix and limiting our dependence on carbon energies (carbon neutrality). The potential of
small-scale geothermal energy under Paris is important and its applications concern the production
of heat but also of cold for urban areas of medium density. The main issue of its development is the
definition of the sustainable density of geothermal systems to keep an optimal exploitation. It will be

24/07/2023 14/23



PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
Fl{;@ PROJET CIBLE
EO) 2022 S-PASS

PROGRAMME PC10 - PARIS BASIN

necessary to (1) evaluate the local geological heterogeneities of the subsurface and the associated
underground flows and (2) predict the thermal disturbances generated by nearby systems and thus
to observe finely the evolutions in time and space. The project proposes (1) to provide a methodology
for modeling the geothermal potential (and usable in a sustainable way) of minimal importance at
the scale of a neighborhood in the Greater Paris area by taking into account open (doublet) or closed
(geothermal probe) systems and (2) to develop new geophysical sensors that are minimally invasive
and adapted to the underground environments of Greater Paris allowing to observe on the long term
(10-20 years) the evolution of the thermal regime of the subsurface in the vicinity of the geothermal
structures with two preferential tracks (use of optical fiber (link with WP 1) or magnetostriction). The
work will be carried out by BRGM, the GEOPS laboratory of the University of Paris-Saclay and the
ITES laboratory of the University of Strasbourg.

Shallow geothermal energy, adapted to the urban environment, is also based on the development
of thermoactive geostructures. This consists in giving a heat exchanger role to underground
structures (walls, rafters, ...) built for their structural role, and thus to install geothermal solutions at
lower cost. Recently, these methods have been developed for the infrastructure of metro stations
and tunnels which represent a very important energy potential (Di Donna et al. 2020). In this sense,
the development of large underground infrastructures in the Paris region will allow to test this solution
before its development on a larger scale. The project will have two objectives. The first is to
numerically study the impact of uncertainties related to geology and water flow around an energy
geostructure on the overall performance of the structure and its impact on the environment
(interaction between structures, thermal plume, multi-year thermal drift). The thermo-hydro-
mechanical models will allow optimizing the energy production by determining the distribution and
the dimensioning of the exchange systems and the characteristics of the heat pumps. The second
objective will be to define the degradation of the geothermal performances of tunnels and stations,
linked to the over-exploitation of geothermal energy in order to optimize the heat pumps. A
demonstrator will be set up in cooperation with the Société du Grand Paris with the installation of
numerous temperature, strain and stress sensors to evaluate the impact of thermal activation on the
geotechnical behavior of the structure and to improve the structural design processes. The project
will be developed by the universities of Grenoble Alpes, Lille, Gustave Eiffel and the CETU.

References : Correa, J., Isaenkov, R., Yavuz, S., Yurikov, A., Tertyshnikov, K., Wood, T., ... & Pevzner, R. (2021).
Distributed acoustic sensing/surface orbital vibrator: Rotary seismic sources with fiber-optic sensing facilitates autonomous
permanent reservoir monitoring. Geophysics, 86(6), P61-P68. Filliat G., Duvauchelle C. 1981. Chapitre 29-Géologie et
géotechnique de la région parisienne. In: La pratique des sols et fondations. Le Moniteur. Lindsey, N. J., & Martin, E. R.
(2021). Fiber-optic seismology. Annual Review of Earth and Planetary Sciences, 49, 309-336.

2.3.Planning, KPl and milestones | Déroulement, indicateurs
et jalons

The project will run for 7 years, from 2023 to the end of 2029.

The first three quarters of 2023 are dedicated to the development of the scientific programme and
contracting with the ANR and the partners. The first research projects will start as soon as contracting
is achieved, in the last quarter of 2023.
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All along the project, the Work Package 0 gathers the project coordination, supervision and
dissemination, under the responsibility of the BRGM (I. Halfon). Progress reports will be produced
annually, with a summary of scientific actions, workshops, publications, attending conferences, etc.,
of the last 12 months.

The geological, geotechnical and geophysical research will happen in Work Package 1, under the
responsibility Paris Saclay University (J. Barbarand). Most of the tasks will run from 2024 and 2027.
The study of movements induced by tunnelling excavation, based on the Grand Paris Express
settlement monitoring data, will start later by the end of 2026 when the data become available, and
will take place by the end of 2029.

2023 2024 2025 2026 2027 2028 2029
sk deed b B P Y S O Y A A B A M Y
elelelelelelelelclolelelelnlelelclelelelclolelslelnle |

1|WPO - Project coordination, supervision and dissemination 1. Halfon

1.1{Project setup, and contracting

1.2|Project coordination and supervision 0 0 0 0 3 g 0
2{WP1- i ical and i J. Barbarand

2.1{Geology : 3D geometry and lateral facies variations of sedimentary deposit in Greater Paris area 0

2.2|Geology : Spatial variability and characterisation of carbonate, clayey and evaporite facies 0

2.3|Geotechnics : Analysis and synthesis of geotechnical data collected in the Greater Paris project 0

2.4|Geotechnics : Soil-structure interaction from settlements induced by GPE tunnel excavation g

2. ics : Moni and imaging from DAS 0
3|WP2 - Digital 3D model of Greater Paris subsurface I. Halfon

3.1/Geological 3D model 0 0

3.2{Metro network 3D model 0

3.3|A prototype approach to visualize and couple 3D geological and BIM model 0
4{WP3 - Underground sustainable city I. Halfon

4.1{Social perception of the underground city [

4.2|Sustainability of the underground city 0
5/WP4 - Resources of the urban subsurface J. Barbarand

5.1|Valorisation of excavated materials of the Greater Paris Express project in fertile aggregates 0

5.2|Geothermal potential of tunnels and underground stations in Greater Paris area o

5.3|Capacity and permanent monitoring of systems of low enthalpy 0

0 : deliverables

o figure 2 : Gantt diagram of pc10 “S-PASS"” project

The Work Package 2, under the responsibility of the BRGM (. Halfon), will progress in parallel with
the geological analyses and interpretation performed in WP1. The geologists of the BRGM, Paris
Saclay University and partners will be in constant interaction with the 3D geological modelling team
of the BRGM, for a duration of four years, from 2024 to end 2027. The 3D model of underground
metro network will progress independently of 3D geological model. It will start in 2025, for a duration
estimated to three years. By the end of 2026, the third and last task of WP2, which will merge the
3D geological model with the BIM model will be engaged, in order to reach a prototype of city
information model by the end of 2029.

The Work Package 3, under the responsibility of the BRGM (l. Halfon), will start in 2024 with the
thesis led by the CETU and the Ecole des Ponts “ParisTech” about the environmental impact of
underground facilities. The other task regarding the social perception of the underground city will
start in 2025 and will extends on three years.

The Work Package 4, dedicated to the urban subsurfaces ressources, will be under the
responsibility Paris Saclay University (J. Barbarand). It will include three independent tasks (re-use
of excavated earth, urban geothermal infrastructures, and low energy geothermy), extending from
end of 2023 to end 2027.

Two sets of KPI (key performance indicators) will be followed: project progress rate indicators,
dissemination indicators.

KPI type Indicator Criteria
Progress rate indicators Partnership contract Number of signed agreements with
partners
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Engaged task Conformity with programme schedule

Achieved task Conformity with programme schedule

Distributed subsidy Conformity with financial schedule

Progress reports Annual progress reports
Dissemination indicators Posters or oral presentations in | 2 per task

conferences

Accepted or published papers in | 1 per task

scientific journal with reviewers

Two main risks associated to this programme are identified.

The first one is the access to the existing data and the quality of these data. A large part of geological
and geotechnical data is not available yet and will be progressively recovered from the two main
data providers: the Société du Grand Paris (SGP: ownership of the Grand Paris Express project)
and the RATP (owner of the Paris metro network). The SGP is a partner of BRGM and will
progressively provide its geotechnical database (SONGE), as well as the core samples, along the
project schedule. The RATP is a partner of PC10 S-PASS project and will provide all existing
geotechnical reports and access to its core store. But the data will be probably of various format
(paper, pdf files, etc.) and will need an important pre-processing. Other data like monitoring data
from tunnelling excavation, that will be necessary in WP1, are not yet available and will need the
agreement of the SGP.

The second risk is the thematic richness proposed by the S-PASS project with a very large
community operating in this project including geologists, geochemists, geomechanics,
geotechnicians, modellers, geographers, urban planners from various organisations from the
academic vision of academics to the engineering vision. This will be all the more true for the
construction of the 3D geological and infrastructure model which will require exchanges between
WP1 and WP2 and between the different tasks which will not always be at the same stage of
progress. This risk is of course an opportunity that must be taken up in order to reach a new vision
of the underground city.

3. Project organisation and management / Organisation et
pilotage du projet

3.1. Project manager [ Responsable du projet

Isabelle Halfon is a senior geotechnical expert, graduated in 1991 from the Engineering School of
Pierre and Marie Curie University - Paris VI (now Polytech Paris). She is 32 years of professional
experience in soil and rock mechanics and geotechnical engineering, applied to civil engineering
and natural hazards.

Her career is mainly focused on geotechnical engineering: definition, analysis and interpretation of
geotechnical investigations, design of foundations, retaining walls, underground structures, soil
improvement, stability and seep analyses. She worked in various geotechnical engineering
companies (Mécasol: 11 years, Arcadis: 4 years), in an independent check office (Socotec: 8 years)
and in an engineering company specialized in transport infrastructure (Systra: 5 years), where she
was managing the geotechnical section in the Tunnels and Underground Structures division.
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She joined the BRGM (French geological survey) in 2020 as a geotechnical expert and project
manager. She is now in charge of various operational projects with public bodies, such as the
Defence Infrastructure Service, the Société du Grand Paris and the City of Paris. She also leads a
PhD program on the «Contribution of an integrated geotechnical, geological and hydrogeological
approach in the geostatistical modelling of the superficial and cenozoic formations of the Paris basin:
application to the Grand Paris Express».

She is also closely involved in the management and structuration of geotechnical data and actively
participated in the MINNnD Working Group, for the development of interoperability in BIM (Building
Information Modelling).

Isabelle also provides education: she is a geotechnical teacher in the Civil Engineers School ESTP
Paris since 2011 and is the technical coordinator for an annual 3days training «Definition of a
geotechnical investigation» provided by Ponts Formation Conseil (PFC) since 2013.

Isabelle is an active member of the CFMS (Comité Francais de Mécanique des Sols) and the CFMR
(Comité Francgais de Mécanique des Roches). Since June 2022, she chairs the CFMS Working group
“Geotechnics, Climate Change and Sustainable Development”, gathering about 40 members from
the geotechnical French community.

3.2.0rganization of the partnership |/ Organisation du
partenariat

The envisaged consortium gathers university specialists and EPIC partners from the different
approaches, geology of sedimentary formations, geotechnics, 3D modelling, societal issues of the
underground city and environmental applications. Existing or to be acquired data will be the basis of
the project and will concern geology, geotechnics and geophysical methodological developments.
The geological characterisation of the different facies (limestone, clay and marl, gypsum) will be
carried out by the universities of Paris-Saclay, Dijon, Sorbonne and Bordeaux in association with
BRGM. This team has regional and methodological knowledge. The processing of geotechnical data
will be carried out by the universities of Lorraine and Gustave Eiffel in association with BRGM and
CETU with the aim of compiling existing data and using them to develop models of the mechanical
evolution of the areas affected by the works. Finally, the underground city is an opportunity to develop
new geophysical tools based on the presence of ambient noise or existing infrastructures (fibre optics
for example). This task will be carried out by the Gustave Eiffel University, the BRGM and the IPGP.
The modelling part will be carried out for the 3D geological model by BRGM, which has developed
the tools, the processes, skills and know-how. The infrastructure modelling will be carried out by
RATP, which has a large amount of data and experience of BIM in the underground environment.
Finally, the integration of the two models will be carried out by the University of Lyon Lumiére and
BRGM. The consequences of the creation of underground infrastructures will be monitored from a
life cycle point of view by CETU, BRGM and the Gustave Eiffel University and from a societal
perception point of view by a consortium led by the University of Reims Champagne Ardennes
bringing together archaeologists, geographers and sociologists. Finally, applications will be taken
into account and will concern the evaluation of the reuse of excavated soil by the University of
Poitiers and geothermal energy via infrastructures with the participation of the universities of Lille,
Grenoble Alpes, Gustave Eiffel and CETU and via structures of minimal importance with specialists
from BRGM and the universities of Paris-Saclay and Strasbourg.
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The key roles of the PC10 S-PASS project are summed up in the following table.

Work Package

WP manager

Task

Task key persons

WPO0 — Coordination

I. Halfon (BRGM)

Coordination, supervision and

dissemination, progress reports

|.Halfon (BRGM)

WP1 - Geological,

J. Barbarand

Geology: 3D geometry and lateral facies

J. Briais (BRGM)

Paris subsurface

geotechnical and | (Paris-Saclay variations of sedimentary deposit in

geomechanical University) Greater Paris area

knowledge Geology: Spatial variability and | B. Brigaud (Paris-
characterisation of carbonate, clayey and | Saclay University)
evaporite facies
Geotechnics: Analysis and synthesis of | F. Szymkiewicz
geotechnical data collected in the Greater | (University Gustave
Paris project Eiffel)
Geotechnics: Soil-structure interaction | O. Deck (Lorraine
from settlements induced by GPE tunnel | University)
excavation
Geophysics: Monitoring and subsurface | E. Bertrand (University
imaging from DAS measurements Gustave Eiffel) & I.

Gaudot (BRGM)
WP2 - Digital 3D | l.Halfon (BRGM) | Geological 3D model S. Grataloup (BRGM)
model of Greater Metro network 3D model P-E. Quemener (RATP)

A prototype approach to visualize and
couple 3D geological and BIM model

Ch. Loiselet (BRGM) &
G. Gesquiere
(University Lyon
Lumiére)

WP3 - The
sustainable
underground city

|.Halfon (BRGM)

Societal perception of the underground
city

G. Fronteau (University
of Reims Champagne
Ardenne)

Sustainability of the underground city

L. D’Aloia (CETU) & A.
Feraille (ENPC)

WP4 - Resources of
the urban
subsurface

J. Barbarand
(Paris-Saclay
University)

Valorisation of excavated materials of the

S. Coussy (BRGM) & F.

Greater Paris Express project in fertile | Hubert (University of
aggregates Poitiers)
Geothermal potential of tunnels and | H. Mroueh (University

underground stations in Greater Paris
area

of Lille), A. Di Donna
(U. Grenoble Alpes), N.
Berthos (CETU), Th.
Badinier (University
Gustave Eiffel)

Capacity assessment and permanent
monitoring of geothermal systems of low
enthalpy

B. Brigaud (Paris-
Saclay University) & M.
Darnet (BRGM)

3.3.Management framework [ Pilotage

BRGM is the coordinating institution for this project S-PASS (Paris Basin). It will be the scientific and
administrative contact for the ANR and all other partners. The project manager |. Halfon (BRGM) will
be assisted by J. Barbarand (Université Paris-Saclay) for the scientific coordination and they will
share the supervision of the 4 scientific work packages (they are referred to hereafter as
"supervisors").
Steering meetings will be organised every quarter between the two work package supervisors (l.
Halfon and J. Barbarand) and the key persons responsible for the 13 scientific projects identified in
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the table in 3.2. For each project, the first kick-off meeting will be scheduled at least 3 months before
the effective start of the project, in order to check the availability of the management staff, the
progress of the recruitment of non-permanent staff (trainees, post-doctoral or doctoral students), the
purchase of equipment and all administrative aspects.

The following steering meetings will bring together the work package supervisor, the project leaders
and the non-permanent staff (trainees, post-doctoral or PhD students) recruited for the project.
During these meetings, the project leaders will present the scientific progress, any publications or
participation in conferences, compliance with the project schedule, and any difficulties encountered.
Minutes will be taken at each meeting by the work package supervisor.

The monitoring of indicators and milestones will be carried out by BRGM, using information gathered
during project steering meetings. An annual progress report will be produced by the project manager
(I. Halfon). This will include for each of the 13 projects: the progress rate in relation to the initial
schedule, a summary of the sums paid and those still to be paid, the list of publications or
participation in conferences, a summary of the work and scientific advances during the past year.

An internal project website will be developed so that each project can communicate to the project
manager but also to all project partners the progress of the different tasks. The main data will be
hosted so that they can be known and used by the different partners. The site will be organised by
WP and by task. It will be hosted on the CNRS digital services portal (mycore) or on the servers of
the University of Paris-Saclay. Regular meetings will be organised for the tasks that require a strong
synergy and in particular between WP1 and WP2 but also between WP1 and WP4.

3.4.Institutional strategy [ Stratégie des établissements

BRGM : The BRGM'’s action is organised around six major scientific and societal issues: geology
and knowledge of the subsurface, groundwater management, risks and spatial planning, mineral
resources and circular economy, subsurface potential for the energy transition, digital data, services
and digital infrastructure. The "S-PASS" project targets several of these challenges by placing them
within the scope of urban geology in order to support cities' resilience to global changes. In particular,
geological knowledge has a role in future urban planning and as such, BRGM, as a national
geological service, capitalizes, manages and makes available geological data, with the aim of
increasing cooperation among geologists, planners, decision makers, and the public.

The Université Paris-Saclay has identified in its scientific strategy eight societal challenges,
including the "Energy, Climate, Environment, Sustainable Development" challenge. The S-PASS
project fits perfectly into this strategy with the need to better characterise and understand the
underground world with the aim of reducing our society's energy footprint through the development
of public transport or new resources such as small-scale geothermal energy. These research actions
will benefit developments and innovations that aim at a more sustainable development.

University of Lorraine: Lorraine Université d’Excellence is an initiative of the Lorrain Research
Site which subscribes to the dynamics of knowledge creation, the transfer of knowledge and
innovation, and active participation in the economic development of the area. This initiative seeks to
respond to the major points of transition in our world: materials, energy, ecological transitions, digital
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and health and humanity’s place in this constantly changing society. The PEPR Sous-Sol is mostly
connected with the DeepSurf project, which aims to investigate implications of the ground and
subsoil in the energy transition.

University Gustave Eiffel: The University Gustave Eiffel develops research from fundamental
aspects to applied projects on various subjects related to the sustainable development of cities and
territories. The S-Pass project perfectly fits this ambition, particularly on the thematics of GERS
research Department (Geoscience and Natural Hazard) and will serve the University missions of
public policies support and development of technical doctrine. This project is the continuation several
years of work on underground exploration for construction and geotechnical aspect, better
understanding of soils dynamics and soil-structures interaction, and development and promotion of
energy geostructures.

CNRS (Centre Limousin Poitou Charente) - University of Poitiers: The University of Poitiers has
based its scientific strategy on three main challenges including sustainable cities and communities,
and interdisciplinarity. The S-Pass project matches perfectly with these challenges by promoting
project aiming at turning waste such as excavated earth from the Grand Paris Express into soil
resource under the form of fertile aggregates. This ambitious aim is intrinsically interdisciplinary,
involving several skills at the frontier in between geology, civil engineering, soil science and
agronomy.

University Grenoble Alpes: The University Grenoble Alpes is particularly involved in research
activities regarding civil engineering, geotechnical engineering and geomechanics. Among its
research objectives, the development of renewable energy resources, as geothermal systems, plays
a fundamental role. In the last decades, a strong expertise on the behaviour and optimisation of
energy geostructures has been developed, moving more and more from simple (piles, walls) to
complex (tunnels, stations, infrastructures) geostructures. This includes, among other aspects, the
thermal efficiency of this technology in function of the underground conditions, the mechanical
implication of the thermal activation of geostructures, the consequences in terms of soil response
under thermal cyclic loading. The S-PASS project is in continuation of this research axis.

University of Reims Champagne Ardenne: The University of Reims Champagne Ardenne develop
a multidisciplinary approach of links between the environment and humans societies in urban ou
rural area (bioeconomy, sustainable sciences, , humanities, social and cultural studies). This
includes environmental geosciences, urbanistic cultural and economic change approaches. The S-
PASS project is part of the continuity of work already carried out by different laboratories of the
University : GEGENAA, REGARDS and HABITER (Reims Souterraine, Ville10D, Consumption and
Spaces), which will collaborate on the theme of the sustainable underground city with other
specialized institutes.

CETU: The centre for tunnel studies (CETU) is a notified body of the French Ministry of ecological
transition. It was founded in 1970 and it is responsible for all technical aspects of tunnels from design
to asset management relating to equipment or civil engineering. CETU’s missions are to establish
national technical guidelines and recommendations, conduct applied research in partnership with
other organisations, provide technical advice on projects, advise the regional and local offices of the
Ministry on tunnel-related issues, represent the State within national and international bodies,
conduct engineering studies and provide expertise, monitor the state-of-the-art in underground

24/07/2023 21/23



PROJET CIBLE

/\ PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
FRANCE
2022 S-PASS

PROGRAMME PC10 - PARIS BASIN

works, take part in the creation of European standards and disseminate knowledge and best
practices in the field of underground works. Its multidisciplinary teams focus on six main research
areas: tunnel fires, environmental issues and sustainable development, integration of human and
organizational factors in tunnel design and operation, asset management and road tunnel operation
policies, technical and economic risks related to tunnel construction, analysis and management of
risks during operation. That is why the scope of this research program is in line with the main strategic
orientations of CETU.

RATP: Historic operator of the Paris metro, RATP operates and maintains a multi-modal network in
the Tle-de-France region that ensures the continuity, quality, performance and security of over 3.3
billion journeys per year. In order to consolidate its position as a leader in sustainable development,
the RATP group has developed connected urban mobility and is a privileged partner of smart cities.
RATP provides cities with answers to all their public transport needs and aims to be a true strategic
partner for them, offering mobility solutions and urban services, tailor-made and adapted to all their
stakeholders.

4. Expected outcomes of the project [ Impact et retombées
du projet

The general deliverables envisaged correspond to interim and final reports for the different tasks and
to scientific publications in peer-reviewed journals.

More specifically, the aim will be to:

- Clarify the relationships in terms of environments between the deposition of carbonate, marl and
evaporitic facies and produce palaeogeographic maps for the key periods in the evolution of the
Paris Basin;

- Propose a generic guide to explain lateral facies variations and facies distribution in the basin;

- Produce abacuses to understand surface damage from underground workings;

- Create a reference work on the geomechanical parameters of the Parisian subsurface formations
for geotechnical engineers. This work will aim to make the link between geological facies and
geotechnical parameters;

- Present developments and prospects for new geophysical tools for observing ground movements
and characterising the terrain in urban area;

- Produce a 3D model of the Parisian subsurface: a tool for synthesising and capitalising on
knowledge for scientists, planners and engineers. This model will be adapted according to the pubilic,
uses and potential conflicts of interest. It will be simplified for the purpose of education and scientific
popularisation. The 3D model will be the first building block of a digital twin of the Greater Paris
underground;

- Provide an assessment of the exchanges between the various actors in society and the problems
of the urban subsoil in terms of the understanding/perception of citizens, and in terms of
environmental impact;

- Validate or not the reuse of excavated soil for the creation of fertile sail;

- Specify the geothermal potential of Greater Paris and to provide guidelines on the sizing of
structures and on the risks associated with the exploitation of this resource in structures or in
geological formations.

The sustainability of these approaches will be ensured through academic work and scientific
publications. The partnerships established between the various teams involved in the project and
the 3D models developed should be consolidated at the end of the project. The approaches used
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and the societal issues addressed (transport, low-enthalpy geothermal energy, etc.) should have
their place in other projects developed in urban centers in the future. Everyday trains and regional
RERs are good examples. These topics could also play an important role in PEPR projects and
national acceleration strategies, where the transformation in question is already underway and the
market is already established. The urban underground has its place in this strategy.

The PEPR subsurface common goal has identified regional workstreams for which issues in terms
of resources and use have been identified. The Paris Basin project is focused on the theme of urban
subsurface infrastructure. The work and methodologies developed within the S-PASS project can
be used in other regional or urban work sites where developments are planned. The transversal
tasks carried out within WP2 and WP3 could serve as a guide for further work. A strong link has also
been initiated with WP1 which is interested in the scenarios of use of the subsoil with the application
of the methodologies considered (organisation of round tables, serious games, ...) on the territory of
Greater Paris. Similarly, we will maintain close relations with PC8 legal regulation. In fact, the
question of the legal framework for the various activities that occupy the underground needs to be
clarified and better defined. The diversity of partners and issues involved in PC10 will provide a good
opportunity to address all aspects of this legal framework.

The link with the other platforms and sites of the PEPR will be achieved by (1) the participation of I.
Halfon in the program committee which will meet every two months and will be in charge of
implementing the global strategy; during this committee, seminars for the presentation of scientific
results will be organized and will allow the dissemination of the methodology and data produced in
the S-PASS project; (2) the participation in the inter-targeted projects and open projects exchanges
organized on specific points or during the annual subsurface day.

Participation in inter-PEPR meetings will promote exchanges between different communities in close
proximity (e.g. Irima and OneWater).
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