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Les questions économiques, environnementales et de planification exigent aujourd'hui I'accés a des
informations précises sur le sous-sol. Récemment, de nouveaux outils et de nouvelles
méthodologies pour I'acquisition de données et de connaissances, mais aussi pour l'intégration 3D,
la simulation multiphysique & plusieurs échelles et la diffusion ont vu le jour. lls ont le potentiel de
révolutionner la maniere dont nous collectons, produisons et utilisons les données et les
connaissances géologiques, afin de fournir de meilleurs services. La géologie est une science a la
fois naturelle et intégrative qui s'appuie sur de nombreuses autres. Le défi consiste a conserver ces
deux caractéristiques pour réaliser a la fois : 1) une plateforme Digital Earth unique qui donne accés
a une connaissance quantitative commune du sous-sol sous la forme de compétences et d'un
ensemble numérique associé de données, de modéles, d'outils et de flux de travail cohérents ; 2)
des interfaces pour différents types d'utilisateurs.

La passerelle du systéme d'information géoscientifique sera le point d'entrée pour déployer des
technologies innovantes pour les géosciences prédictives telles que l'analyse moderne des
données, les méthodes d'inversion conjointe... Elle fournira un acces aux données et aux modéles
produits au sein de pbles de compétences interconnectés se concentrant respectivement sur :

- Le pble Géologie du Référentiel Géologique Francais (RGF) comprenant linterprétation
géologique des corps du sous-sol et leurs relations spatiales et temporelles,

- Le pble de prédiction spatiale pour construire des modéles continus et discrets de la subsurface
incluant les propriétés physiques et intégrant les incertitudes géologiques et physiques,

- le pble de modélisation multi-physique pour simuler I'évolution temporelle de la subsurface en
tenant compte des processus physiques couplés.

Tous ces poéles se situent a l'interface de plusieurs domaines d'expertise scientifique : géologie,
physique, chimie, mathématiques appliquées, informatique... lls ont tous des composantes
technologiques substantielles, ce qui leur confére un fort potentiel d'innovation. Pourtant, il est
indispensable de jeter des ponts entre des contextes scientifiques trés différents (vocabulaires,
regles et pratiques...). L'absence de transfert de technologie (informatique, science des données...)
et le cloisonnement de la recherche et des données qui en découle constituent I'un des obstacles
au développement socio-économique et aux réalisations innovantes. Cela signifie également que
nous devons réfléchir aux futurs utilisateurs afin de comprendre de quelles informations et de
quelles interfaces ils ont besoin pour accéder utilement a ces données.

L'ambition globale de cette plateforme est de lever cet obstacle. Tous les participants partagent la
volonté de fédérer, d'intégrer et de permettre le transfert des connaissances et des modeles de la
subsurface vers les parties prenantes et le grand public afin qu'ils acquiérent une meilleure
compréhension des défis liés a la subsurface et qu'ils disposent d'outils décisionnels précieux pour
évaluer les ressources ou l'impact des contraintes anthropiques. Une navigation fluide entre tous
les poéles permettra le développement de synergies (ateliers communs, écoles d'été,
détachements...) qui favoriseront I'intégration de différentes approches.
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espaces inclus)

Economic, environmental and planning issues today demand access to precise information about
the subsurface. Recently, new tools and methodologies for data/knowledge acquisition, but also
3D integration, multiphysics multi-scale simulation and dissemination have emerged. They have
the potential to revolutionise the way we collect, produce and use geological data and knowledge,
in order to provide better services. Geology is both a natural and integrative science that builds
upon many others. The challenge is to keep these two characteristics to achieve both: 1) a unique
Digital Earth platform that gives access to common quantitative knowledge of the
subsurface in the form of competences and an associated humerical set of consistent data,
models, tools and workflows; 2) Interfaces for different types of users.

The Geoscientific Information System gateway will be the entry point to deploy innovative
technologies for predictive geoscience such as modern data analysis, joint inversion methods... It
will provide access to data and models produced within interconnected hubs of competences
focusing respectively on:

0 The French Geological Referential (RGF) Geology Hub including the geological
interpretation of subsurface bodies and their spatial and temporal relationships,

[0 Spatial Prediction Hub to build continuous and discrete models of the subsurface including
physical properties and integrating — both geological and physical — uncertainties,

00 Multi-physics Modelling Hub to simulate the temporal evolution of the subsurface taking into
account coupled physical processes.

All these hubs lie at the interface with several scientific fields of expertise: geology, physics,
chemistry, applied mathematics, informatics... They all have substantial technological
components leading to a strong potential for innovation. Yet, there is a crucial need for building
bridges between very different scientific backgrounds (vocabularies, rules & practices...). Lack of
technology transfer (IT, data science...) and the associated compartmentalisation of research and
data is one of the impediments to socio-economic development and innovative achievements.
That also means that we need to reflect on the future users in order to understand which
information and which interfaces they need to usefully access these data.

The overall ambition of this platform is to clear this hurdle. All participants share the will to federate,
integrate and allow the transfer of knowledge and models of the subsurface towards both
stakeholders and the general public so that they acquire a better understanding of the subsurface-
related challenges, and have valuable decision-making tools to assess resources or the impact of
anthropic stresses. A seamless navigation between all hubs will allow the development of synergies
(common workshops, summer schools, secondments...) that will foster the integration of different
approaches.
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1. Context, objectives and previous achievements

1.1. Context, objectives and innovative features of the project

A paradigm shift is needed to increase the productivity and effectiveness of scientific data analysis
for geoscience. Observational systems, modelling technologies along with data centres of FAIR
scientific data are cornerstones of this new paradigm, which includes the significant increase in size
and complexity of data, the structuring of existing and novel scientific codes as well as new
approaches covering the entire data lifecycle from capture to management, exploration, analysis and
exploitation. These data need to be interoperable within the domain but also enable the use and
exploitation between domains and by different groups of users (resource analysis, observation,
decision makers, citizens, etc).

The Digital Earth Platform will approach these challenges with 4 hubs: an information system
orchestrating access; a focus on geological data and interpretive knowledge; new approaches for
spatial modelling; and new tools to explore multi-physical interactions in the subsurface. All these
hubs lie at the interface of several scientific fields: geology, physics, chemistry, applied mathematics,
informatics... They all have substantial technological components leading to a strong potential for
innovation. However, the compartmentalisation of research and data has been one of the
impediments to socio-economic development and innovative achievements. There is, therefore, a
crucial need for building bridges between very different scientific cultures (vocabularies, rules &
practices, integrative methodologies and codes, APIs). That also means that we need to reflect on
the future users in order to understand which information and which interfaces they need to usefully
access these data. The overall ambition of this platform is to overcome the hurdles while advancing
the science to better understand the interactions and functioning of the subsurface while accounting
for the associated uncertainties.

The Geoscientific Information System gateway (WP2) will be the entry point to deploy innovative
technologies for predictive geoscience such as modern data analysis, data processing methods.

It will provide access to data and models produced within interconnected specialised hubs focusing
on: FAIR and predominantly open access data with or without registration, distributed via web
services with community standard APIs. This will call for seeking improved interoperability using
common standard vocabularies, ontologies metadata and data exchange formats. This will involve
harmonization with other initiatives on interoperability rules (INSPIRE, GeoSciML,
EarthResourceML), Open Data (public sector information directives), and capitalization on best
practices (OGC, W3C, RDA, OSDU...). The Digital Platform will have strong links with national and
European Research infrastructures, both in France with DataTerra and its Solid Earth component
ForM@Ter and in Europe with EPOS and its French mirror EPOS-France. It will also link to the best
practices between the European Geological Surveys in EGDI. These links will scale up at the
international level with the OneGeology consortium and web portal based upon OGC and IUGS-CGI
standards providing global geoscience information. We will build on previous achievements focusing
on the current challenges which are:

e Integrating real data from the acquisition stage to the decision-making processes,
implementing FAIR (Findable, Accessible, Interoperable, Reusable) research Infrastructures,
Data Science and Digital Twins topics: increasing engagement in the adoption of
standardized approaches with the use of standards for catalogue data provision in a unified
common registry.

e Enhancing data semantics, access and discovery (ontologies, Linked Data, semantic
indexing, Semantic Web): testing new ways to store and transfer knowledge, querying of
digital products created with the information system (including numerical models) and
restitution of the information.
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e Exploring the whole mass of data and their interconnections, combining them in order to
automatically produce synthetic knowledge, resorting to Artificial Intelligence techniques:
data graph, inference; Machine Learning, Deep Learning...

The Geology hub (WP3) will be the meeting place for the different study sites of the PEPR
"subsurface, common good" regarding geological knowledge. Starting from observation and
instrumental measurements, the geological knowledge pyramid encompasses the various levels of
information, at various degrees of interpretation to identify, locate, and characterize the geological
objects that make up the subsurface, whether they are rock formations, mineralized bodies, or
faults. For a long time, geologists have presented these geological objects in the form of textual
documents, interpreted boreholes or geophysical sections, geological maps and sections and 3D
models. France, like most other countries today, needs to rationalize and represent this knowledge
digitally, in order to better meet the challenges of the coming decades in terms of resources, risks,
and societal adaptation to climate change. In this context, the goal of the geology hub will be to
allow a better conversion from fundamental knowledge into a more applied geology. To achieve
this, it will need to link the physical and chemical properties of the rocks with the geological objects
that make up the subsurface. These properties constitute the essential input data for the
production of spatial models (WP4) and subsequent multiphysical simulations (WP5). For this, the
Geology hub will aim at:

e understanding the needs of the stakeholders involved in the subsurface uses as well as on
the data or information types that are used and how they are transformed during their life
cycle, taking into account all the associated semantic and topological relationships.

o Developing methods and digital tools to facilitate the storage and the harmonization of the
available and future geoscientific data (field observations, geological maps, drill hole data,
geophysics, geochemistry data, etc.) integrating data sciences and artificial intelligence.

e Producing geological information at different scales by combining field observations,
boreholes and geophysical measurements.

¢ Understanding how the geological history of rocks (genesis, metamorphism, deformation,

alteration) relates to their physical properties and possible use, and using this knowledge for
predictions.

The Spatial Prediction hub (WP4) aims to advance the state of the art in predictive 3D geological
modelling from available information. This hub will federate the efforts of the French community
working on geomodelling and geostatistics to address some of the pain points and limitations of
existing methodologies. This includes the efficient handling of all available information (e.g., interval
data), the integration of conceptual expert knowledge, and the accurate representation of geological
discontinuities and their impact to better model and reduce the associated uncertainty. For this, the
spatial prediction hub aims at providing innovative modelling operations to honour data types which
are currently ignored or processed manually, to navigate between scales, locally update three-
dimensional geological models and ultimately better integrate indirect geophysical observations and
subsurface digital twins in the face of uncertainty. The resulting technologies will be implemented as
a set of interoperable open-source codes.

The objective of the Multiphysics and multiscale hub (WP5) is to develop research, to gather
knowledge, and to federate the geoscience community to improve the reliability and predictivity of
coupled physical simulations. It will focus on simulation over time of coupled phenomena that modify
the subsurface, both during geological time scales (sedimentary, tectonic and chemical processes)
and human time scales in connection with energy transition applications such as CO2 sequestration
and energy storage. Within this framework, models are understood as sets of equations that describe
the different Bio-Thermo-Hydro-Mechanical-Chemical (BTHMC) phenomena considered. In the
context of the ecological and energy transition, basin and reservoir simulations initially developed for
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petroleum applications are not sufficient. They need to be integrated and improved by strengthening
the coupling of the various BTHMC processes, by linking regional and local scales and by reducing
the CPU time of the numerical solvers. The resulting progress will make it possible to better assess
the potential of the subsurface (resources in place, storage locations and capacities) and to better
prevent possible environmental impacts or conflicts of use.

All participants share the will to federate, integrate and allow the transfer of knowledge and models
of the subsurface towards both stakeholders and the general public so that they acquire a better
understanding of the subsurface-related challenges, and have valuable decision-making tools to
assess resources or the impact of anthropic stresses. A seamless navigation between all hubs will
allow the development of synergies (common workshops, summer schools, secondments...) that
will foster the integration of different approaches.

1.2. Main previous achievements

The French Geological Survey BRGM is responsible for collecting and disseminating geological
information about the territory through the Infoterre portal. In spite of recent progresses, a gap still
exists between the enormous production of data and knowledge by all stakeholders and what is
generally available. For instance, no geological model produced by public works is routinely
produced and made accessible. This can be explained by infrastructure challenges, legal aspects
and also by the need to progress on the numerical representations of geological data and knowledge,
as well as on integrative and automatic processing, modelling and simulation. The PEPR is a unique
opportunity to progress in these areas. It will help to maintain France’s leadership in the development
of digital geosciences and its recognition as a key player in the geoscience data, knowledge and
modelling ecosystem in Europe and internationally.

In recent years BRGM and CNRS/INSU have taken a significant role in the landscape of Research
infrastructures in France through DataTerra and its Solid Earth component ForM@Ter, in Europe
through EPOS (European Plate Observing System), hosting the EPOS infrastructure and EGDI
(European Geological Data Infrastructure). BRGM plays a key role in the new Geological Service for
Europe GSEU project defining services and facilitating a joint approach across the European
Geological Surveys and other Research Infrastructures. At the international level, BRGM also
contributes to OneGeology as founders with its global reach. The coexistence of several initiatives
(EPOS, EOSC, ENVRI, RMIS, OneGeology) allow the distribution of a large amount of information.
However, one of the limitations lies in the structuring of the data and especially the lack of
standardisation and interoperability. This involves a constant need of human resources to process
and prepare the data to develop specific dissemination products. The existing technologies allow to
access information but it is tedious and inefficient, and often poorly implemented.

One of the reasons is that the conceptualization of the geological features of interest, of how they
interact, and how they can be stored in a shared data base is still a relatively recent research topic’-
4. Another persistent geoscience challenge concerns the automatic identification and interpretation
of geological features from raw data (e.g., the detection of faults or ore bodies on geophysical
images® or the identification of stratigraphic units from borehole data®). Through the PEPR Chantiers,
this project will gain access to unique data to test new interpretation methodologies. However, these
approaches will need to be complemented in the case of incomplete spatial coverage of the raw
data. For this, the Digital Earth project can capitalize on recent advances pioneered by
GeoRessources in the stochastic association of disjoint observations/interpretations, such as the
correlation of geological strata between stratigraphic sections’® and the association of fault traces
between cross-sections®. Such approaches will provide scenarios for geological features honouring
the available data. Several approaches have been designed independently by BRGM, Mines
ParisTech and GeoRessources to interpolate!®*® the geometry of the corresponding geological
objects and to assess the associated uncertainty'*. The Digital Earth project will address open
guestions in this field to efficiently integrate interval data which are generally ignored, expert
conceptual knowledge, and to improve integrated uncertainty assessment approaches*.

8/34


https://www.data-terra.org/
https://www.epos-eu.org/
https://www.europe-geology.eu/
https://www.geologicalservice.eu/
https://onegeology.org/
https://www.epos-eu.org/
https://eosc-portal.eu/
https://www.envriplus.eu/
https://rmis.jrc.ec.europa.eu/
https://onegeology.org/

PROJET CIBLE

/\ PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
FRANCE \
‘@) .7\ 2022 Digital Earth

PROGRAMME SousSoL BIEN COMMUN

Among the gaps to fill in geomodelling lies the appropriate management of scale for geological
objects and discontinuities while honouring spatial data. This calls for addressing several outstanding
research challenges:

e Meshing robustly and efficiently complex geological configurations with a possibly variable
number of geological objects while maintaining essential geometric features compatible with
geological history41>,

e Establishing a mathematical and numerical connection?® between the available spatial data,
geological history and knowledge, the geological structures, the associated physical and
compositional properties and the application purpose (e.g., mineral or natural hydrogen
prospection, minimization of the environmental footprint of resource exploitation, etc.).

e Using this connection to understand how geological uncertainty propagates to model-based
forecasts?’.

For these points, we will strive to extend and adapt the longstanding French research expertise
acquired in the oil and gas domain to the needs of the ecological and energy transitions. This
includes advanced technologies that are almost unigue in the world such as geodynamic modeling
at ISTEP, geomechanical modeling at UGA, basin simulation and stratigraphic modeling at IFPEN).
However, these new uses of the subsurface need the development of specific numerical
methodologies to better representing the various BTHMC processes at stake in sedimentary basins
(e.g., kinematic and thermal'8, hydro-mechanical'®, microbial?®®, diagenetic?!) and fractured rocks??
while managing complex geometries?2,

In the above, we have taken the classical path from data to forecasts, but the reality of modeling
naturally calls for making sure that models are consistent with all observations, including indirect
data coming from geophysical measurements in the largest sense (displacements, gravity,
(electro)magnetics, resistivity, flow rates, fluid flow rates and compositions, etc). The integration of
geological principles in such joint inverse methods has received significant attention recently424-2¢,
but still struggles with computational and conceptual hurdles to better understand and forecast the
behaviour of the subsurface.

In summary, the involved partners have made pivotal contributions in subsurface data management
and modelling, and have developed international collaborations (e.g., RING and Loop3d consortia).
The Digital Earth Project comes as a unique opportunity to foster and develop new collaborations at
the French level and to address some outstanding challenges through novel incremental and sketch-
based modelling, and develop new parameterizations which can be used in joint stochastic inversion
to quantify and reduce uncertainty.
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2. Detailed project description

\
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System
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WP5 Multi-physics
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"

e Figure 1 Digital Earth Platform

2.1. Project outline, scientific strategy

The hubs of the Digital Earth Platform will work together under WP1 coordinating the project in
the traditional sense but also leading and sharing connections with stakeholders including the
other Targeted Projects and Site specific projects, as well as in concert with the national,
European and international networks and infrastructures described above. The principle behind
taking a common approach to these connections is that they will by nature be multi-faceted and
require the combined specialisms contained within the hubs to address these. Likewise there are
skills and tools developed within the hubs that will require disseminating to a cross and multi-
disciplinary audience of stakeholders.

The next section will detail the specific actions of each of the five workpackages.

2.2. Scientific and technical description of the project

Work package number WP1
Work package title Coordination & Stakeholder Engagement
Objectives

The aim of WPL1 is to guarantee:

¢ Successful, smooth and high-quality management of the project, with respect to both contractual
and financial management as well as operational and strategic management;

¢ Efficient project governance and internal communication;
Effective risks management and impact assessment;

e Optimal dissemination and exploitation of project results and achievements including
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communication to promote the project throughout its full lifespan,
e Full coordination with SOUSSOL MANAGEMENT PROJECT to maximise the exploitation of
project results by PEPR SOUSSOL.

Description of work

Task 1.1 Project management; Task Leader BRGM, Participants (All WP Leaders),
(Methods/resources)- WP Leader (0.75 FTE), Junior Engineer/Assistant (0.75 FTE)

Task 1.1 is in charge of:

- Coordination of the project activities, ensuring compliance with the project workplan; this includes
direct communication with the Governance mechanisms of the PEPR SousSol.

- Technical management, including (i) the periodic and final reporting to PEPR SousSol; (ii) quality
control activities; (iii) continuous monitoring of the project activities through WP internal reports.

- Financial management, including distribution of the ANR pre-financing and all subsequent
payments to the beneficiaries, continuous monitoring including beneficiaries’ internal financial
reports on an early basis.

- Coordinating with the PEPR SousSol in technical matters relating to Elaborating a Data
Management Plan (DMP) and Data Policy.

Task 1.2 Project governance; Task Leader BRGM, Participants (All WP Leaders),
(Methods/resources)- WP Leader (0.75 FTE), Junior Engineer/Assistant (0.75 FTE)

Task 1.2 is in charge of:
- The establishment of the governance and advisory bodies of the project:

o Digital Earth Council (DEC), composed of the WP Leaders, will monitor and assess the
project activities to effectively reach project results. The DEC will have representatives of each
of the other Targeted Projects and Regional Projects and open call projects under PEPR
SOUSSOL to ensure relevance and guide prioritisation of activities in Platform Digital Earth.

o Digital Earth Advisory Board (AB), composed of external experts not engaged in PEPR
SOUSSOL (e.g., Research Infrastructure managers; internationally recognised scientists; e-
science experts; Policy makers representatives from other stakeholder groups etc.).

Digital Earth Council (DEC) meetings will be organised on a quarterly basis (at least one in-person),
in the framework of the SOUSSOL Week in order to assure good project implementation.

Regular face-to-face meetings and/or teleconferences will be organised at WP level with the involved
beneficiaries to gain smooth communication on activities carried out at the task level.

Advisory Board (AB) meetings will be organised on at least a bi-annual basis (One in-person). These
will likely be more frequent at the beginning of the project.

Additional face-to-face meetings, teleconferences or hybrid meetings might be organised if needed.

Task 1.3 Monitoring and assessment of the project performance (KPIs) and project-related
risks (Risk Register); Task Leader BRGM, Participants (All WP Leaders), (Methods/resources)-
WP Leaders (0.1 FTE), Junior Engineer/Assistant (0.1 FTE)

- The project's Key Performance Indicators (KPIs) defined in section 2.4 will be monitored on a
yearly basis and corrective actions will be defined if the results of the activities executed are not
effectively achieved. The DEC will be responsible for the approval of the Project KPIs and their
monitoring on a yearly basis.

- The project Risk Register based on the risks identified in the proposal will be updated and
officially validated by the WP Leaders at the Work Package level at the beginning of the project
(M4) and updated on an annual basis. The Risk Register lists all the predictable risks and the
assessment of potential threats to the success of the project. The DEC will be responsible for
the approval of the Risk Register and its monitoring on a yearly basis.

Task 1.4 Dissemination, Best Practices and Communication; Task Leader BRGM, Participants
(All), (Methods/resources)- WP Leaders (0.05 FTE), Engineer (0.1 FTE)
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Task 1.4 is in charge of (i) making the Digital Earth Platform’s results public; (ii) transfer and circulate
knowledge within the project to make the best use of it and further build on the project’s results to
maximise the impact; (iii) promoting the action and informing about the results to multiple audiences.
At the beginning of the project, the “Dissemination, best practices and communication plan” will be
elaborated (M6). It will describe the dissemination, best practices and communication measures
planned, and the target groups addressed (e.g., the scientific community, end users, policy makers,
and the public at large). The plan will be periodically updated in alignment with the project’s progress.

All the beneficiaries are committed to Task 1.4 aims within each Work Package activity.

List of Deliverables for WP1

\;\/Cokrg Short Disse | Delivery
Deliverable L P 91 nameof | Ty | minati date
Number Short description e .
name lead pe on (in
numbe o
; participant level months)
Management plan to
ensure a high-quality
level of management
Management activities (e.g.,
D11 | Plan and | procedures for! \wp1 BRGM | R P M2
quality deliverables  quality
procedures control; reporting;
KPls and risks
management; internal
communication)
Dissemination, R.eport. _on )
. dissemination, best
Best Practices ractices and
D12 |and P - WP1 BRGM R P M6
I communication
communication A
lan measures; ii) target
P group(s) addressed.
Second report | Report on the
on the | communication  and
- ) . BRGM
D13 communication d|s_se_r_n|nat|on _ WP1 R P M60
and activities carried out
dissemination | during the 2nd year of
activities the project
Work package number WP2 (BRGM)

Work package title Geoscientific Information Gateway

Objectives

The objective of this workpackage is to improve the common access to existing subsurface data and
capture new data in an information system. The main challenge is to standardize data capture
methods in parallel with existing data standardization processes without interrupting the services
which geoscientists require for their work. The solution offered is web-service based, allowing the
deployment of interoperable services that can be called from any IT platform, and to call any existing
services that been developed elsewhere. In this way, we are not offering a platform in parallel or
replicating existing national and European infrastructures but one which will fully integrate within this
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ecosystem. The gateway is conceived and designed to interact with the PEPR IRIMA and OneWater
numerical platform. The Geological Information Gateway will fully interface with existing e-
Infrastructure components such as the BRGM Integrative Numeric Platform, Form@ter- the
GeoScience hub in the national e-infrastructure, Dataterra as well as EPOS, at a European level,
developing the services further to increase their effectiveness and usefulness in a period of 3 to 6
years.
The strategy therefore proposes to develop the medium-term technological contributions that are not
yet fully-mature (3 to 6 years) from which the major infrastructures (BRGM Platform Numeric
Integrative, Form@ter, EPOS, BRGM Geology Information System) will benefit. It is also a question
of consolidating the community of stakeholders in the field of IT infrastructures for the geosciences
by contributing to a sustainable research and development community.
The first phase (task 2.1) of the workpackage consists of :
1. improving coordination with existing national and European infrastructures
2. Set up an effective gateway for geoscientific data sources guaranteeing both their use and
their continuous improvement in the FAIR context;
3. while conducting effective monitoring of innovative technologies potentially useful to the
geosciences.
The second phase (task 2.2 to task 2.4) consists of:
1. improving technologies through research work carried out in partnership and with a
community of digital scientists
2. to improve technologies through engineering work carried out by a group of personnel
qualified in IT development.
Six key areas have been identified:
o Enterprise Architecture of information systems for the geosciences. Optimization of
maintenance costs, therefore improving long-term sustainability.
¢ Organization of data capture during data collection campaigns (hardware data acquisition
or analytical) with the systematic introduction of concepts novel in the geosciences; studies,
protocols, observation support, observation acquisition.
e Management of workflows dealing with a declaration tool accessible to geoscientists and its
deployment on dedicated computing infrastructures and automatic parallelization of code.
¢ Data standardization for the geosciences and standardized data declaration tools adapted
by thematic specialists.
e Cross-cutting processes with higher added value in the field of geosciences, in particular in
the field of access to data and Al.
¢ A web-based dashboarding tool that can be manipulated by geo-scientists and Al.
Introduction of natural language to describe interaction with data.
Task 2.1: Coordination of the workpackage (BRGM). Coordination with other national and
international Geoscience Platform Projects (EPOS, Form@ter, BRGM Integrative Numeric
Platform, DT-GEO, GEO-INQUIRE...) requiring research and development to increase their
effectiveness in the 6 thematics areas: Data, Process, Workflow, Dashboarding, Enterprise
Architecture, Data Capture. Urbanization of IS. 1PhD, 2 FTE BRGM. 0,25FTE LIFO Université
Orléans. 17 Months IT Engineer, 1.5 IT Alternant.
Sub-Task 2.1.1: Scientific direction and technology-watch in the field of information systems for
the geosciences.
Sub-Task 2.1.2: Definition of partnership to share IT services developed in the framework of the
Digital Earth Gateway.
Sub-Task 2.1.3: Structuring action to be able to handle different families of data and data flows
for geosciences in order to decrease maintenance costs and to value data. This complex task
will focus its efforts on the production of a roadmap and its implementation making it possible to
define the goal to be achieved in terms of standardization of access, transformation and reloading
of geological data sources. Above all it will propose structuring stages of existing rich geological
information sources not yet standardized 6 months after the start of the project guaranteeing
both their use and their continuous improvement in the FAIR context. This task will be based on
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continuous customer feedback and cultural change on the subjects of the "FAIRization" of
geological data sources.
Sub-Task 2.1.4: Coordination with other PEPR SousSol WPs including the study sites
workpackages to encapsulate IT development in order to make them efficient and interoperable.
Integration of developed services in different platforms who want to partner with Digital Earth
Gateway.
Task 2.2: Data Capture (BRGM). 1 PhD BRGM. 15 months of IT Engineer. 1,27 FTE BRGM. 1.5
IT Alternant
Sub-Task 2.2.1: Choice and adaptation of technologies to introduce concept of "Study",
"Protocol”, "Observation Acquisition”, "Observation Support" and "Enrolment", especially in the
domain of geology (Geology IS) .This task studies how to organize data captured from many users,
using different techniques, covering many types of analysis, during long periods, from many
locations. The deliverable must be an integrated development environment (IDE) adapted for a
low level IT developer of geoscientific information systems. Many problems must be handled in
this part: User Experience required, GUI to navigate data and to define the organisation of data,
to handle "enrolment" (relation between data, observation support, user's profile, and user
acquiring data), standardization of these concepts in the Open Geoscience Consortium. This
engineering action will improve technologies of IT Development to integrate or to migrate a data
model into a different Information System
Sub-Task 2.2.2: User Development Guidelines to develop tools for data capture. Creation of these
concepts translated into an architecture for low level IT developers. This research action will
improve technologies that software development engineers can use to integrate them into existing
information systems.
Task 2.3: Standardization of data and process to access (LIFO Université d'Orléans), transform and
load data. 1 PhD INT Université de Toulouse. 1 PhD BRGM. 1 PostDoc, 30 Months of IT Engineer.
2 FTE BRGM. 3 IT Alternant.
Sub-Task 2.3.1: Standardization of input and output data types of basic components to extract,
transform and load data. Development to create or adapt most valuable basic components (process)
automatically declared in catalogue services including CUPIDON, BRGM Integrative Numeric
Platform, Form@Ter, EPOS and RGF. Vocabulary and ontology registry- work with the Form@ter
community of observatories and users to identify gaps and opportunities to improve the landscape.
This engineering action will improve technologies about IT Development to integrate basic
components into different Information Systems.
Sub-Task 2.3.2: Development of most valuable models of datasets that do not already exist
(Geology IS, Form@er) Integration of the MacroStrat database from WP3 and make the connection
with basic components to be able to extract, transform and load data. This engineering action will
improve technologies about IT Development to integrate or to migrate data model into different
Information System.
Sub-Task 2.3.3: Accredited Data Centres. To achieve this, the task requires the definition of
requirements for selected use cases, the extension of the EPOS architecture design to integrate
proposed ICS-D prototypes with the EPOS Data Portal, mapping and prototype integration of
computational resources provided by supercomputing centers such as Cyfronet, and development
and integration of selected ICS-D prototypes with the EPOS Data Portal.
Sub-Task 2.3.4: User Development Guidelines to develop datasets, basic components respecting
FAIR easily declarable in catalogue services including CUPIDON, Form@ter, RGF, Geology IS and
EPOS. It will integrate User Engagement- user analysis and best practices. Licences to use data
produced in a different context, licences to use components and dataflows. The work will adhere to
the existing architecture developed in DataTerra and leverage existing scientific workflows and
services to enhance the research infrastructure. This research action will improve technologies that
software development engineers can use to integrate them into existing information systems.

Task 2.4: Workflow and dashboarding. 2 PhD LIFO Université d'Orléans. 25 months of IT Engineer.
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2 FTE BRGM. 1 FTE LIFO Université Orléans. 3 IT Alternant

Sub-Task 2.4.1: Choice and adaptation of environment to create graphically and coded
workflows from basic components or other workflows with standardized typed input and output
defined in sub-task 2.2.1. This module must be able to declare standardized and typed input and
output for the workflow. All created workflows can become a component called in a new workflow.
The deliverable must be an integrated development environment (IDE) adapted for high and
intermediate level of IT developer of geoscientific information systems. This task aims to develop
prototypes of selected use cases of the Integrated Core Services - Distributed (ICS-D) in EPOS
and BRGM Integrative Numeric Platform. These prototypes will provide an interoperability layer
between BRGM Integrative Numeric Platform, the EPOS Data Portal and various types of ICS-D
services, including data processing and visualization services, remotely hosted Virtual Research
Environments (VRESs), and High-Performance Computing (HPC) infrastructure for computing
resource-demanding applications. This engineering action will improve technologies about IT
Development to integrate or to migrate data model into different Information Systems.

Sub-Task 2.4.2: Choice and adaptation of technology to define dashboard where widgets are
related to input and output of workflows (BRGM Integrative Numeric Platform, EPOS) defined in
sub-task 2.3.1. Available widgets must be adapted to the needs of geoscientific information
systems. The chosen technology must be compatible with IA in order to be able to automatically
create dashboards in the near future. This engineering action will improve technologies about IT
Development to integrate or to migrate data models into different Information System

Sub-Task 2.4.3: User Development Guidelines to develop "workflow" Integrated Development
Environment for GeoScience with dashboarding. This research action will improve technologies
that software development engineers can use to integrate them into existing information systems.

List of Deliverables for WP2

Work Short Diss Deliver
date
Numbe | Deliverable I SLEEY) | TN @ emin y.
Short description e lead Type : (in
r name o ation
numbe | participa level | month
r nt S)
D2.1.1 | Technology IS technology plan for | WP2 BRGM Report | Publi | M6
Roadmap next 6 years c
Scient.
Publi.
D2.1.2 | Agreement Agreement to share | WP2 BRGM Agree | Privat | M9
technology ment e
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D2.1.3 | Urbanization IS urbanization plan for | WP2 BRGM Report | Publi | M9
Roadmap the next 6 years defining o
different steps to Scient.
achieve it Publi.
D2.1.4 | Technology Integration of technology | WP2 BRGM Syste | Publi | M6-
Integration in different IS for m c M72
Geoscience.
D2.1.5 | Urbanization Implementation of IS | WP2 BRGM Syste | Publi | M6-72
Implementation | Urbanization plan m c
D2.3.1 | Data Center Accredited Data Center | WP2 BRGM Infrastr | Publi | M15-
ucture |c M72
D2.2.1 | Data Capture Standardization of data | WP2 BRGM Syste | Publi | M42
capture (Study, Protocol, m c
Observation Acquisition,
Observation  Support, Scient.
Enrolment) Publi.
D2.4.1 | Sl Data Flows FAIR API chaining WP2 BRGM Syste | Publi | M48
D2.3. m c
Scient.
Publi.
D2.3.1 | FAIR Data FAIR Data Approach WP2 BRGM Syste | Publi | M60
m o
Scient.
Publi.
D2.3.2 |SI Basic | FAIR API approach WP2 BRGM Syste | Publi | M60
Component m C
Scient.
Publi.
D2.4.2 S| Dashboard | Extension to organize | WP2 BRGM Syste | Publi | M72
D2. with Al data vizualisation of m c
dataflowsFAIR
Scient.
Publi.
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Work package number WP3 (BRGM)
Work package title Geology Hub
Objectives

The Geology Hub will develop new tools and methods to produce a more precise and continuous
knowledge of geological objects. The Geology Hub includes three research tasks.

Task 3.1: Geological knowledge workflow in society. This task aims to understand the different
needs for geological knowledge according to subsurface uses. It will be necessary to identify the
different routes of this information through the producers, holders, and users of geological
knowledge.

Task 3.2: Towards digital geological maps of the future. This task aims to design a conceptual
scheme, from the users' point of view, of geological data and information concerning the collection,
processing, and dissemination of data according to each need identified in task 3.1. which may be
for exising data from projects and external resources, as well as for future collection campains.
Emphasis will be placed on the integration of physical and chemical parameters in geological
objects, with all the questions that arise about the representativeness of this data, their adaptation
to scale changes (upscaling), and their variability. This axis will also include the design of a new
form of geological map with data management tools allowing validation of consistent geological
data from various sources (descriptions and analysis), as well as tools dedicated to research in
order to be able to analyse the enormous amount of scientific literature and extract specific
information, with a data mining approach. This task will be fed by the geological data and
information from the PEPR study sites.

Task 3.3: Towards augmented geology. The objective will be to improve the knowledge of
geological objects in the near subsurface, both in terms of their geometry and physical properties.
This task will focus particularly on the identification of surface formations (generally loose and
poorly identified on maps) as well as on a better definition of the geometry of the deeper geological
objects composing the subsurface. The task will be composed of two components focusing on:

¢ Identification of surface formations based on high-resolution DTM coupled with other data
sets (i.e. spectral or hyperspectral imaging)

e Coupling geological and geophysical data to improve the geometric knowledge of
geological objects (geostatistics and deep learning)

Description of work
Task 3.1 - Geological knowledge workflow in society. Task Leader (Maxime Padel BRGM)
Participants BRGM —UFR Tours/Blois, - WP Leaders (0.1 FTE), Engineer (1.3 FTE), PhD (1)

This task aims to understand the different needs for geological knowledge according to subsurface
uses. A better understanding of the geological knowledge producers/users communities will make
it possible to prioritize socio-economic and scientific needs, to assess the relevance of the types
of data according to the expressed needs. This step is essential for the realisation of the
Geological Information System Gateway (WP2) which will take into account a conceptual
geoscientific knowledge model established a posteriori based on an epistemological analysis and
not on a preconceived idea of a model imagined only by a limited specialist team.
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in the following Sub-Tasks:

Sub-Task 3.1.1: Identifying the sources of geological knowledge production and their flow across
the various layers of society is a prerequisite of WP3. This task will establish a map of the
geological production sources and of the different ways to use. Use case diagrams of this
information will be produced, taking care to seek interactions with other types of data.

Sub-Task 3.1.2: Define the specific needs (types of data, tools, storage) of producers, holders
and users of geological data and to what extent they are willing to share their data. This sub-task
will lead to the realization of a conceptual diagram of geological data, from the point of view of the
users, bearing on the acquisition, the processing of the data according to their geometric
representation and each need identified in Task 3.1.

Task 3.2 - Towards geological maps of the future : new concepts, new tools; Task Leader
(B. Le Bayon (BRGM) Participants BRGM/IFPEN/GEOPS/Study sites partners- WP Leaders (0.1
FTE), Engineer (5.5 FTE) Post-Doc (3) trainee (1)

With the advent of digital technology, one can now surpass the limitations of traditional geological
maps by integrating drilling data, all analysis, and also new information such as petrophysical
properties and the geological events that have shaped the rocks In addition, these maps will be
declined at various scales using hierarchical lithostratigraphic and structural lexicons.

in the following Sub-Tasks:

Sub-Task 3.2.1:

Creating a framework for arranging geological information that enables the classification of lexical
descriptions and analytics data, based on their affiliation to common geological events. Indeed, it
is the geological event sequence that really determines the current physical and chemical
properties of the rocks. This subtask will design/ implement new digital tools to provide simple
ways for the integration of various sets of data, in order to provide harmonized and easily delivered
interpretations of subsurface (including geophysics) and surface data. In particular, innovative
statistical methodologies for merging heterogeneous data will be developed, applied to predictive
mapping in Geosciences.

Sub-Task 3.2.2: The aim of this subtask is to improve our capacity to define and predict the
variations of the main petrophysical characteristics of a given geological object (like geological
formations, faults). Spatial petrophysical property variations will be tackled through multiple
geophysical measurements, such as acoustic or electrical resistivity. The variation of these
properties will be investigated through:

-1) a multi-scale approach (from outcrop and wells to regional geophysical surveys) to define the
representative elementary volumes (REV) ie. the volume of rocks for which a physical property is
constant and to be able to upscale the observed and measured variations;

-2) taking into account and assessing the impact of the different processes affecting rocks
(geological events) petrophysical properties, from depositional variations (mineralogy, grain size,
facies changes, early diagenesis), burial (diagenesis, deformation and fracturation) to exhumation
and associated weathering.

The observations will be lead at various resolutions and depths on the same geological formation,
from outcrops to deeper settings to study the evolution of properties and geophysical signal in
respect to depth and geological history.

Two locations will be selected among the PEPR study sites (Paris Basin, Aquitaine basin, Rhine
graben) first on early diagenesis impacts and then on deeper buried and deformed formations.

Sub-Task 3.2.3: Geological data integration demonstrator (geological object geometry and their
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transformation history, physical and chemical properties, geophysical coverage, drill holes...)
using the example of a sector of the Massif central. All information will be structured through
lithostratigraphical, structural and event repositories.

Task 3.3 - Towards augmented geology; Task Leader (H. Tissoux) Participants BRGM/LIFO
(Orléans)/INRAE/Le Mans University - WP Leaders (0.1 FTE), Engineer (8.8 FTE), PostDoc (4),
PhD (1), Trainees (4)

The objective will be to improve the knowledge of geological objects in the near subsurface, both
in terms of their geometry and physical properties by coupling, with Al approaches, the different
data sources both observational and instrumental

Sub-Tasks:

Sub-Task 3.3.1: Development of innovative methodologies for semi-predictive mapping of surface
deposits from surface morphology data processing under GIS cross-referenced with other
datasets: multispectral and geology (maps and points) over the whole territory; hyperspectral,
gamma spectrometry, other physical or chemical parameter data where available. The
methodology will be deployed in different domains (basement, sedimentary) and different relief
typologies.

Sub-Task 3.3.2: Development of augmented predictive geological mapping tools, based mainly
on airborne geophysical data available in national databases. The objective is to provide
information on the geometry, the nature and some characteristics of the geological formations.
This work will require the development of innovative Al/statistics-based methodologies.

List of Deliverables for WP3

Wor Short Delive
k f Di ry
Deliverable i pack name o DISSEM | Jote
Number Short description lead Type [ ination :
name age - (in
participa level
num month
nt
ber S)
D3.1.1 State of the art | What is the current | WP3 | BRGM/U | Repor | Public M28
of geological | state of production, FR t
data flow storage, Tours-
dissemination  and Blois
use (data and tools)
D3.1.2 Needs of [ What type of [ WP3 | BRGM/U | public | Public M39
producers, geological FR ation
holders and | information or digital Tours-
users tools will be needed Blois
in the future for our
interaction with the
subsurface
D3.2.1 Inventing the | Design an interactive | WP3 | BRGM, GIS Public M25
geological geological map (with IFPEN & | Plugin to
maps of the | integrated bore Study S M39
future holes) based on data sites
management  tools partners
taking into account
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the sequence of

geological events

D.3.2.21 | Facies studies | Understanding and [ WP3 | BRGM/G | Public | Public M29
of near surface | prediction of EOPS ation to 63
lithostratigraphi | petrophysical
C units variations of shallow

buried series.

D3.2.2 2 | Properties and | Understanding and [ WP3 | BRGM/G | Public | Public M29
variabilities of | prediction of EOPS ation to 63
deep buried | petrophysical
lithostratigraphi | variations of deeply
C units buried, deformed

series.

D3.2.3 Complete In support of PEPR | WP3 | BRGM GIS Public M53
Geological study sites and to 67
Data Model | implementation  of
Demonstrator | task 3.2.1 & 3.3

D3.3.1.1 | Methodology Semi-predictive WP3 | BRGM/L | public | Public | M33

mapping of surficial PG/Le ation
deposit methodology Mans/IN
RAE
D3.3.1.2 | Maps Maps on test-zone | WP3 | BRGM/L | Digital | Public M12-
related to study sites PG/Le maps M48
Mans/IN
RAE
D3.3.1.3 | Interface Software interface for | WP3 | BRGM/L | softwa | Public M65
application of the PG/Le re
methodology Mans/IN
RAE

D3.3.2.1 | Scientific 2 to  4Scientific | WP3 | BRGM Public | Public M36-

articles articles from ST ation M66
3.3.2. works

D3.3.2.2 | Supervised Augmented WP3 | BRGM Comp | Public M66
and geological mapping uter
unsupervised | tools code
mapping tools

D3.3.2.3 [ User manual | User manual | WP3 | BRGM Repor | Public M66
for the | describing how to t
mapping tools | use the developed

codes and their
known usage limits

Work package number

WP4 UNIV. LORRAINE
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| Work package title Spatial Prediction Hub

Objectives

The spatial prediction hub aims at advancing the state of the art in the computer-based interpretation
and modelling of the subsurface, focusing on two main challenges:

- The integration of multi-source, heterogeneous data and interpretive knowledge in three-
dimensional quantitative earth models.

- The quantification of the associated uncertainty, both spatially and in terms of physical
response.

Both aspects involve determining the geometry and connectivity of rock units in a unified way and to
make it possible to integrate these features into probabilistic (Bayesian) inverse problems while
honouring all observations and interpretations to reduce uncertainties. A key idea to achieve this
goal is to develop new approaches to allow for easier updating of 3D model geometry and properties,
especially in complex geological domains. This will include conceptual sketch-based modelling to
rapidly model complex geological structures with interactive numerical tools. To also advance the
guantitative integration of spatial observations, WP4 will also investigate the value of stochastic
partial differential equations to improve the scalability and the ability of implicit interpolation methods
to honour interval data and locally variable anisotropy while rigorously quantifying spatial
uncertainties. This method appears as very promising to consistently extrapolate the available
information and quickly produce several possible models in subregions deemed relatively continuous
at a given scale, i.e., a scale where geological discontinuities ( faults...) can be ignored or treated
implicitly. However, such discontinuities exist at multiple scales and can be difficult to identify, so
they also significantly contribute to subsurface uncertainties.

Therefore, the forecasting and processing of these discontinuities will be a major focus of WP4. More
precisely, we will work on the detection and modelling of stratigraphic unconformities and develop
dedicated remeshing techniques to explicitly integrate discontinuities in subsurface models. This is
expected to unlock possibilities for scale management in subsurface models, by providing new tools
and methodologies to adaptively choose the explicit or implicit representation of geological objects.
The proposed methodologies will also be used to develop innovative approaches to solve joint
geophysical inverse problems and produce more predictive subsurface models.

The methodologies proposed in WP4 will be implemented as open-source software interoperable
with the data gateway (WP2) to help with the seamless integration and interpretation of available
input data (WP3), and the propagation of the produced geological models to the multiphysics
modelling codes developed in WP5, and the communication and visualization for the general public
and stakeholders.

Description of work

Task 4.1 New Methodologies for 3D structural Modelling. Task Leader BRGM (Simon Lopez)

Participants BRGM, Mines ParisTech, INRIA Nice, UL
Sub-Task 4.1.1: Implicit modelling with Stochastic Partial Differential Equations (Ph. D
BRGM/Mines Paris Tech) The objective of this task will be the reformulation of the “potential”
geological modeling algorithm (Lajaunie et al., 1997) in the framework of Stochastic Partial
Differential Equations (SPDE). This approach has been successfully applied in spatial statistics
(Lindgren et al., 2011). It makes it possible to pose the classic problems of geostatistics using
sparse matrices whose resolution is much less computationally intensive. It allows for integrating
large data sets and for generating many simulations (Desassis et al., 2018; Pereira, 2019) to
represent uncertainty by considering several possible geological models simultaneously. On a
theoretical point of view SPDEs open connections between mesh free and mesh-based
approaches. In addition, they offer an efficient framework to take into account the inequality
constraints with a direct application to the integration of outcrop data into geological modeling.
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These data are acquired in greater numbers during geological mapping campaigns but remain
essentially used for a posteriori quality control of the models and not for their generation.
Sub-Task 4.1.2: Sketch-based geological modelling (Postdoc. 2 years, BRGM/Inria Nice)
Sketches play a fundamental role in science, and particularly in geology (Rudwick, 1976). Though
CAD techniques were applied to geological modeling quite early they lacked the “touch and feel”
of hand drawn sketches. Several works (e.g. Armorim 2017) have proven that modern techniques
could assist efficiently geologists in designing quickly 3D geological models. The objective of this
task is to mix several existing approaches in implicit procedural modeling to reach intuitive
approach that could replace the geologist’s field notebook: standard interpolation techniques (e.g.
Renaudeau, 2019, Pizzella et al., 2021) with the adjunction of geometric constraints (surface
developability (Fondevilla et al. , 2017)...), physical constraints (incompressibility, rigidity...) or
geological events such as erosion, deposition, faults... (Cordonnier et al., 2017). Whenever
possible we will also use deep learning tools to speed up geometric calculations. Then, building
on the work of Garcia et al. 2018, these techniques will be combined to add a temporal axis in
the sketching process based on a geometrical approximation of the geological restauration
problem.

Task 4.2 Detection and modelling of geological discontinuities; Task Leader UL

(Guillaume Caumon). Participants: UL, Inria/UGA, Univ Rennes, Univ Orléans, IFPEN, BRGM
Sub-Task 4.2.1: Updating tetrahedral meshes with faults and unconformities (UL Postdoc,
2 years, UL, Coll inria/UGA and ISTO). Faults and stratigraphic unconformities exist at multiple
scales in the subsurface. The goal of this task will be to develop robust model updating techniques
able to efficiently integrate finite surfaces such as fractures in tetrahedral meshes to integrate
these discontinuities. This work will build on the open library mmg (Balarac et al 2022) and on the
previous work on local model updating of Legentil et al (2022). One of the challenges will be to
integrate mesh simplification aspects in the methodology, so that mesh quality can be preserved
throughout editing. The meshes produced can be integrated with the interpolation methods
produced in Task 4.1.1, to increase the accuracy of LoopStructural (Grose et al, 2021), and to
the multiphysics codes of WP4. It should help to unlock some important challenges in geological
uncertainty assessment and incremental geomodel building.
Sub-Task 4.2.2: Uncertainty management for stratigraphic architectures (UL Postdoc, 2
years, Coll. Univ Rennes, BRGM, IFPEN). Stochastic stratigraphic correlation has made
significant progresses in recent years, and can be used to evaluate stratigraphic gaps and
correlation lines (Edwards et al, 2018; Baville et al, 2022). However significant challenges persist
to automatically and sensibly move from a set of correlation lines to realistic three-dimensional
stratigraphic geometries. The goal of this project is to integrate conceptual stratigraphic
knowledge to predict the geometry of stratigraphic time surfaces and unconformuties in the
subsurface from the data at hand. In addition to conceptual models, one avenue to investigate
will be to learn from forward stratigraphic modeling.
Sub-Task 4.2.3: Forward potential field response on tetrahedral meshes (UL Postdoc, 2
years, Coll BRGM): In continuity with WP2, the goal is to develop effective forward modelling
tools to compute the forward geophysical response directly on tetrahedral meshes. This will avoid
the transfer to Cartesian grids commonly used in geophysical inversion (Li & Oldenbourg, Guillen
et al 2008), which can be a source of aliasing and does not preserve the link to geological model
during inversion (Giraud et al, 2022). The approach will build on a prototype gravity code
implemented on GPU and will consider its extension to discrete implicit geological models as
produced in WP3. Once the forward problem has been addressed, and benchmarked, it can be
tested in the frame of potential field inversion. This last part may benefit from the methodology of
sub-task 4.3.1

Task 4.3 Inversion of geophysical data; Task Leader UL (Paul Cupillard) Participants UL,
BRGM
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Sub-Task 4.3.1: Joint stochastic geophysical inversion: exploring the null-space (UL
Postdoc, 2 years). The goal of this project is to perform joint inversion of geophysical and
geological data and to exploit their joint sensitivity to subsurface structures. This project will build
on the results of the GEOMOS project (Giraud et al, 2022) to introduce sampling strategies for
uncertainty estimation allowing the seamless addition and removal or rock geological features
from the implicit geological model used during geophysical inversion. To further improve our
understanding of the subsurface and to quantify and reduce uncertainty the current methodology
will be extended to multiple geophysical approaches with the use of, or joint inversion with,
magnetic, magnetotelluric and seismic data. We will consider applications to one of the Sous-sol
“chantiers cibles”.

Sub-Task 4.3.2: Non-periodic Homogeneization of elastic properties in multi-scale
fractured media (UL PhD, Coll U Orléans). The goal of this PhD is to make progresses on the
understanding of the interactions between seismic waves and heterogeneous fractured media,
which are important not only for the assessment of seismic hazards, but also for the imaging and
the monitoring of geothermal reservoirs. Whereas many analytical methods exist to compute
effective elastic properties in fractures rocks they are based on simplifying assumptions on the
scale and statistical features of the fractures which are seldom encountered in practice. This task
will build on recent progresses in non-periodic homogenization (Capdeville et al, 2020) to
compute effective properties on interacting fractures following realistic power law distributions.
The numerical methodology will be tested and validated against laboratory experiments on core
samples.

Task 4.4 An open toolbox for geological modelling Task Leader BRGM, Participants : BRGM,
Mines Paris, UL

Sub-task 4.4.1 Based on the ongoing initiatives of partners the objective of this task is to propose
an operational ecosystem based on open modular components for geological modelling and
spatial prediction. The objective is to perpetuate the algorithms developed in the framework of
this hub and connect them to other libraries/packages in order to offer operational tools to
members of SousSol program. It will be built around the QGis open source GIS software that
allow easy connections to standardised data fluxes with extended 3D viewing and modelling
capacities.

Sub-task 4.4.2 Though task 4.4.1 will be dedicated to operational aspects, this task will deal with
maintenance aspect and lower level software support selecting tools and methodologies to
facilitate a smooth and efficient integration of codes whether developed by Soussol partners (e.g.,
maintenance actions around the gstlearn geostatistics and machine learning library) or external
partners (e.g. loop3d consortium).

Sub-task 4.4.3 In connection with the Geology Hub and the social perception of geological
objects, the objective of this task is to develop or adapt 3D visualization technologies to represent
geological uncertainties and convey their specificities to a wider audience.

This task will be closely related to WP6-task3 of GSEU European project, which tries to promote
a similar approach at European level via a networking approach between geological surveys.

List of Deliverables for WP4

Disse Due
# Name / description Lead | Type rr;:)nnat (months)

D4.1.1 | PhD thesis SPDE, code Mines R+S | Public M44
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D4.1.2 | Paper code sketch-based modeling BRGM | R+S | Public M56

D4.2.1 | Paper, code and documentation UL R+S | Public M36
(Tetrahedral mesh editing)

D4.2.2 | Paper and data (correlation results) UL R+D | Public M54

D4.2.3 | Paper, code and documentation UL R+S | Public M45
(Tetrahedral potential field)

D4.3.1 | Paper, code and documentation (joint UL R+S | Public M32
inverse problem)

D4.3.2 | PhD thesis UL R+D | Public M44

D.4.4.1 | Interoperable geomodeling software BRGM S Public | M32/M56/M78

D.4.4.2 | Workshops / summer school BRGM R+S M32/M56/M78

Public

D.4.4.3 | Software and documentation (or web | BRGM S Public M56/M78
app?) (visualization)

Work package number WPS5 (IFPEN)
Work package title Multi-Physics Hub
Objectives

The actions related to this hub aim to solve scientific and technological challenges to improve
numerical models of the subsurface ranging from the geodynamic to more local models to represent
real geological formations and predict their behaviors in an operational framework. The work will be
conducted following two main axis described:

Axis 1. Towards more predictive and accurate simulations - Improving the physical knowledge
and modeling of the processes as well as the coupling of the processes

The importance of BTHMC processes is well established for many geo-applications. For example,
geothermal energy production involves many phenomena: fluid flow, heat transfer (along faults,
convection), geomechanics (fracturing), geochemistry (lithium deposition and production), but also
biological effects (clogging due to biofilms). It is essential to model each of this processes as accurate
as possible, but also to appropriately combine them because they are interdependent. The research
work for this first axis will consist of 3 Sub-Tasks (5.1.1 t0 5.1.3).

Axis 2: Towards higher performance and more reliable simulations — Speeding up computation
and improving reliability on the basis of new hybrid methodologies and also on calibration and
uncertainty quantification

Because of intensive computation times, adapted methodologies have to be developed to speed
up simulation time. Hydrid methods coupling deeplearning and numerical scheme will be
investigated. Due to the partial description of underground geological formations, the results of
BTHMC simulations are subject to uncertainties that requires a large computational time to be
estimated. Therefore, new methodologies are needed to make the problem affordable. Improved
performance will permit to make simulation more reliable and to estimate associated uncertainties.
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This is the key to increasing reliability. The research work for this second axis will consist of 3 Sub-
Tasks (5.2.1t0 5.2.3).

Description of work

Task 5.1 Towards more predictive and accurate simulations Task Leader (IFPEN)
Participants Univ. Lorraine, MNHN, Ecole Centrale, INERIS, Univ. Sorbonne, BRGM,
Université Aix-Marseille - WP Leaders (0.05 FTE), Engineer (2.5 FTE), PhD/Post-Doc (18 FTE)

Sub-Tasks:
Sub-Task 5.1.1: Multiphysics - Improving the modeling of bio-physico-chemical processes and
coupling. The modeling of processes affecting fluid/rock interactions at depth requires a more
detailed understanding of each of the phenomena involved and their modeling. Then, those ones
must be coupled to capture the joint influence of all processes. THMC numerical coupling has not
been widely implemented because of high computational costs and difficulties in validating the
results obtained. Advanced models are still needed to couple effects of geochemical reactions,
geomechanics,... in two dimensions, but more importantly in three dimensions.

5.1.1.1: An evolutive basin-scale RT model for depicting the genesis of lithium-rich brines
(PhD-IFPEN-Univ. Lorraine). This task aims at modeling the genesis and evolution of Li-rich brines
throughout the sedimentary basin evolution by tracing the lithium pathway from source to sink. The
results of current analytical and numerical studies focusing on the Rhine Graben lithium system will
be integrated with a more global dataset containing information about Li partition between liquid and
solid phases. Based on this dataset, simplified chemical laws will be implemented in basin modeling
tool ArcTem using machine learning methods to account for the fluid — Li-rich minerals interactions
in an evolutive basin modeling. This project is the follow up of a PhD thesis started in 2023 and is in
collaboration with work of PC9 “chantier rhénan”.

5.1.1.2: Reconstructing synthetic subsurface consortia to integrate geomicrobial processes in
reactive transport models of subsurface environments (PhD or postdoc- IFPEN/MNHN). The
continental subsurface is a huge reservoir for life, hosting about 60% of all microorganisms on Earth.
Carbon, nitrogen, and sulfur turnover by these complex microbial communities have a vast
contribution to all biogeochemical cycles on the planet. However, these diverse metabolisms may
also lead to a variety of undesired side effects such as clogging, souring or storage alteration. The
objective of this task is to characterize the influence of environmental conditions (mineralogy,
pressure, salinity, and temperature) on the interactions of archaeal and bacterial metabolisms related
to CO2, H2, sulfates, nitrates and metals with a view to develop reactive transport models that could
integrate these geomicrobial processes. The proposed approach aims at implementing an innovative
strategy by reconstructing representative synthetic ecosystems mimicking subsurface trophic chains
combining various interconnected metabolisms.

5.1.1.3: Modeling of fractured zone expansion at basin scale (PhD- IFPEN/Ecole Centrale
Nantes). This work will focus on the new concept of "graded damage" to detect and predict fractured
zones initiation and expansion under hydro-mechanical loadings in coupled simulation at basin
scale. The resulting theoretical developments will be integrated into a prototype open-source code
(based on a free GPL’ed finite element code Code_Aster). An application case will be considered.

5.1.1.4: Evolution of coupled hydro-mechanical numerical simulation at the scale of
sedimentary basins by a better modelling of hydro-mechanical behavior of faults ((PhD-
INERIS/IFPEN/ENPC + Postdoc- INERIS/IFPEN). This work will focus on coupling aspects between
pressure, stress and hydro-mechanical properties for faults represented with frictional contact
approach. The developed solution will be integrated in an iterative coupling strategy for THM basin
modeling.

Sub-Task 5.1.2: Multiscale coupling - Favoring consistency between scales. Modeling at the
regional scale is a mandatory step to understand and evaluate the potential of a given area, whatever
the geo-application considered. The two scales are related: the accuracy of the fine-scale simulation
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can be improved by integrating the results of the large-scale simulation (e.g., pressures, inflow and
outflow of fluids, boundary conditions...).

5.1.2.1: Integrated geodynamic-basin modeling of the geological history of a sedimentary
basin (postdoc- IFPEN/Sorbonne Université). Geodynamic modeling and basin modeling are
integrated here in a general multi-scale workflow to better predict the stress field in sedimentary
basins. Kinematic and geomechanical modeling at the geodynamic scale (involving restoration of
the recent geodynamic architecture) provides predictions of regional displacement and strain at the
base of the sediments which can be used as initial and boundary conditions of basin simulation. The
latter is carried out using an existing basin simulation prototype integrating a 3D geomechanical
model. This integrated approach would be applied to a basin case.

Sub-Task 5.1.3: Meshes for dynamic simulations. There are various types of meshes: structured or
unstructured, imposing or not topological types of cells (simplicial, hexa-dominant or polyhedral
meshes), conformal or not. Depending on the BTHMC processes, the scale or the geological objects
considered, the meshes must be carefully chosen to ensure the performance and convergence of
the simulations. For example, hexa-dominant conformal unstructured meshes, although compatible
with the calculation of the kinematic evolution of sedimentary formations and geomechanical
calculations by finite elements, remain difficult to generate because of the complexity of the
geological interfaces to be modelled. Research on meshes will focus on their generation, as well as
on the properties they must have to ensure stability and convergence of simulation codes.

5.1.3.1: Non-matching discretization of poromechanical models with frictional contact at
matrix-fault interfaces (postdoc- IFPEN/Univ Nice). Previous studies have shown the potential of the
virtual element method (VEM) to discretize mechanical equations on general grids. However, the
application of this method to complex mechanical models that involve fault behavior requires
additional efforts. Therefore, the objective of this task is to develop a numerical approach that
includes a discretization and solution method for modeling fault behavior (contact, friction, and slip)
in poromechanical simulations, using the VEM framework.

5.1.3.2: Polyhedral meshes generation for geosciences (PhD- IFPEN/ Université Aix-
Marseille). Recent works on numerical simulations have developed schemes applicable to more
general meshes. For example, the Virtual Element Method extends finite element to general grids
while the Hybrid Mixed Mimetic (HMM) family or nonlinear finite volumes schemes, that are
compatible with the more flexible polyhedral meshes, have been introduced for geoscience
applications. From the mesh generation point of view, polyhedral meshes have the great advantage
of being editable using an important range of topological and geometrical transformations. Moreover,
they are interesting candidates to simultaneously reduce the number of cells and control their
geometry, and thus improve the simulation performances and stability. This task intends to propose
strategies to mesh complex subsurface volumes by exploring well known algorithms and meshes,
like restricted Voronoi diagrams, while accounting for anisotropy and density fields and imposed
internal boundaries.

Task 5.2 Towards higher performance and more reliable simulations; Task Leader (IFPEN)
Participants Univ. Lorraine, BRGM, Univ. Nice- WP Leaders (0.05 FTE), Engineer (2.5 FTE),
PhD/Post-Doc (10,5 FTE)
Sub-Tasks:
Sub-Task 5.2.1: Speeding up simulation. Coupled processes have been modeled with several
approaches, each approach presenting specific benefits for the intended applications. Work is still
needed to develop algorithms that seek a compromise between computation time, reliability, and
representativeness. Hybrid approaches establishing models from deep learning methods or statistics
based upon physical models can contribute to improved performance.

5.2.1.1: Meta-models of the main geochemical reactions involving natural hydrogen in the
deep sub-surface, based on machine learning (PhD- IFPEN/Mines de Paris). The purpose is to build
metamodels of the main geochemical reactions controlling hydrogen release and capture in the deep
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sub-surface based on a machine-learning approach. Such metamodels are computationally more
efficient than a “full physics” geochemical solver and are needed to improve reactive transport
modelling performance. The task will consist of designing these metamodels by i) fully grasping the
chemical processes involved in the hydrogen cycle, ii) reducing each chemical process to one
representative chemical reaction, and iii) selecting and training an IA predictor validated against full
geochemical calculations. Finally, once validated, the metamodels will be plugged into the reactive
transport module of a basin modeling simulator and tested on a real natural hydrogen system.

Sub-Task 5.2.2: Arcane based application ShArc. The purpose is to develop an application to
assess the potential of the methodologies developed in this hub, in particular for meshes, and to
make them accessible to users.

5.2.2.1: Evaluating mesh strategies for geoscience applications with ShArc (postdoc-IFPEN-
BRGM-Univ. Lorraine). The objective is to compare different mesh topologies and to analyze their
influence on the performance and computation stability. Then, polyhedral meshes will be compared
to tetrahedral meshes with fault insertion. The benchmark will be carried out from simulations
performed with these meshes in the framework of the ShArc demonstrator. To achieve this objective,
the mesh generation tasks must converge towards an exchange workflow (described hereafter).

5.2.2.2: ShArc functionalities (engineer-IFPEN). Many mesh topology exchange formats
already exist. However, it is still necessary to define how to exchange boundary conditions and mesh
properties. This sub-task provides support for the construction of the case database that will be used
to evaluate within ShArc the methodologies developed in the hub.

Sub-Task 5.2.3: Calibration and uncertainty quantification. Calibration is an important step as it aims
at integrating the available data into models and making those ones more reliable. However, it has
to face many difficulties including the lack of data, the different natures and supports of the data, the
very large number of parameters, the CPU needs... On the other hand, even though calibration is
applied, there is still some degree of uncertainty both because simulations do not accurately
reproduce the THMC processes and because the input geological models are uncertain. As
numerical predictions often drive engineering decisions, it is essential to quantify the associated
uncertainties. This can be performed by propagating uncertainties all along the modeling workflow.
This calls for many simulations, hence a very significant CPU-time. Again, Al and statistics can be
appropriate tools to make the problem tractable.

5.2.3.1: Uncertainty propagation into highly coupled Multiphysics models (postdoc or PhD-
IFPEN/Univ. Lorraine). Uncertainty propagation in numerical subsurface models is usually
performed using stochastic methods like Monte Carlo simulation. However, when it comes to
complex geometries or models, the large number of simulations required may result in a prohibitively
large computational effort. An alternative is to use metamodels (including polynomial regression
method, kriging, polynomial chaos expansion or deep-learning). Whereas this approach has proven
its efficiency on relatively simple physical models, many questions remain open when considering
strongly nonlinear coupled models. In this work, we propose first to assess the relevance of different
classes of metamodels when they are applied to highly coupled multiphysics problems. In a second
step, we will investigate how to reduce the computational cost. We plan to decrease model accuracy
by reducing the problem dimensionality or linearizing the coupling terms to accelerate the estimation
of the meta-model. We will also consider how the multiphysical coupling can be degraded and
whether only a part of the physics may be replaced by a metamodel and combined with classical
Monte Carlo simulations for the main dominant process.

5.2.3.2: Calibration and uncertainty propagation for basin models (PhD- IFPEN/Univ.
Lorraine). Uncertainty reduction in a statistical context (i.e., providing a distribution of parameters
constrained to the data rather than having only a few calibrated models) remains a complex problem,
especially in the case of basin modeling. The aim of this work is to set up an efficient and relevant
workflow for stochastic calibration and risk estimation in a basin context. A first phase will concern
the comparison of existing calibration methods that provide distributions of parameter values
constrained to the data. Ensemble methods such as EnKF (Ensemble Kalman Filter) will be
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considered. A second phase will consist in setting up a workflow for the propagation of the
uncertainties obtained after the calibration and to look at how to generate samples of non-
parameterized distributions (a posteriori laws) to build precise substitution models in the areas of
interest of the parameter space. The methodology developed will be applied to a real case (e.g.,
Aquitaine basin) considering CO2 storage as the targeted application.

List of Deliverables for WP5

Work .
_ packa _ o Delivery
Numb | Deliverabl Short description ge Type Dissemination date
er e name level (in
numb
months)
er

D5.1 Progress Intermediate report | WP5 Report Public M42

report  on | describing the

multiphysic | improvements and new

S and | developments

multiscale performed, as well as

modeling the results obtained

after 3 years

D5.2 | Final report | Report describing the | WP5 Report Public M78

on progress made all along

multiphysic | the PEPR duration

S and

multiscale

modeling
D5.3 [ Case Meshing case database | WP5 Data Public M78

Database with ShArc

with ShArc

2.3. Planning, KPI and milestones / Déroulement, indicateurs et

jalons

GANNT Spreadsheet as attachment

KPIs

Delivery date

Number [ Short description ) y
(in months)
KPI11.1 Well coordinated project, reporting on time, deliverables on time M6,12,24, 36,
48, 60, 72, 77
KPI 2 Working System M3, 18, 36, 60,

77
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KPI 3 1. Scientific indicators

1.1 journal papers, conferences, citations
2. Collaboration and adoption indicators:

2.1 Community engagement in the open geomodeling ecosystem
(users, github stars or equivalent, number of bug reports / change
requests, number of workshop attendees...), including both national and
international stakeholders

2.2 Number of case studies in connection with chantiers.

2.3 Joint of publications / co-advised students between Digital Earth
partners.

KPI 4.1 Publication, software codes

KPI1 5.1 Number of publications / conference presentations.

Number of collaborations within the PEPR players and external
collaborations

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

3.1. Project manager / Responsable du projet

Matt Harrison BSc, MSc

Matt is the strategy director for digital platforms at the French Geological Survey, BRGM and
previously programme director for data and information systems, based in Orléans France. In this
and his previous position as Director of Informatics at the British Geological Survey, BGS, Matt brings
a depth of experience in the application of geospatial and non-geospatial data to subsurface
challenges, leading in developing new approaches in Europe and in collaboration across the world.
With 24 years of professional experience, Matt has worked as a digital specialist and geoscientist
across the marine and coastal, natural hazard, energy and mineral extraction domains, on projects
and initiatives for Governments, academia and industry.

Matt is the President of Form@ter the French Geoscience node within the French DataTerra e-
Infrastructure. He represents France as national expert on the EPOS General Assembly and was
previously the Director of the EPOS Integrated Core Service digital infrastructure and work package
leader for the digital infrastructure in the EPOS IP Horizon 2020 funded project. Matt has been the
Director of the OneGeology Global Digital Geoscience initiative since 2013. Matt is a key contributor
and represents BRGM in the EuroGeoSurveys Spatial Information Expert Group, having previously
sat on the EuroGeoSurveys General Assembly representing BGS.

3.2. Organization of the partnership

As the French National Geological Survey, BRGM is the foremost provider of public geological data,
with flagship products including geological maps and registered boreholes. The strength of BRGM
lies in its ability to combine cutting-edge geological research activities with field expertise tailored to
the needs of public or private services, to respond to contemporary challenges related to subsurface
use.

The Université de Lorraine (UL) is a large multidisciplinary university promoting knowledge sharing
and cross-disciplinary science and developing a culture of innovation to meet society's needs. With
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more than 3,700 teaching and research faculty and approximately 60,000 students, including nearly
10,000 foreign students, the UL is one of France's largest multidisciplinary universities with a long
tradition of high-level research and teaching in geosciences. According to the Shanghai University
Rankings, the UL is 1st in Europe in Mining and Mineral Engineering (13th worldwide). The UL
researchers involved in Sous-Sol are part of GeoRessources, a joint research lab of UL and CNRS-
INSU doing scientific research to support the sustainable use of geological resources. Numerical
modeling is a major area for GeoResources in particular for the multiscale hydrogeomechanics and
numerical geology teams. In close relationship to the topic of the Digital Earth Project,
GeoRessources animates the RING Consortium and participates to the Australian-based Loop3D
consortium, where leveraging effects are expected.

IFP Energies nouvelles (IFPEN) is a major research and training player in the fields of energy,
transport and the environment. From scientific concepts within the framework of fundamental
research, through to technological solutions in the context of applied research, innovation is central
to its activities, hinged around four strategic directions: climate, environment and circular economy
— renewable energies — sustainable mobility — responsible oil and gas. As part of the public-interest
mission with which it has been tasked by the public authorities, IFPEN focuses its efforts on bringing
solutions to the challenges facing society and industry in terms of energy and the climate, to support
the ecological transition and to develop sustainable uses of the subsurface.

Yann Dantal Leader WP2: studied general engineering at the Ecole Polytechnique Promotion, where
he completed a thesis in the field of space propulsion by hall effect engine. He launched a company
Soluscience to provide support to research laboratories to structure their experimental data and
capitalize on the data processing they were developing. The sufficient supply of data collected within
current medical activity made it possible to select homogeneous cohorts of patients sufficient to
develop the first effective gene treatments by intravenous routes. He joined BRGM in 2022, where
he takes charge of programmes including, data management for the JUNON project on the study of
water resources, greenhouse gas discharge emissions and pollutants with health effects, the
OFREMI project (French Observatory of Mineral Resources) for the management of the information
system, and the federation of geophysical data to record and value various geophysical
measurement campaigns to image the subsoil.

Thierry Baudin, the head of the Geology hub (WP3), currently serves as a scientific expert and
advisor to the Georessources Department at BRGM. With 28 years of experience at the BRGM, he
has realised geological surveys for around 30 maps in Morocco and France and co-authored over
70 publications. As a structural and mapping geologist, he has also extensive experience in
organizing data and geological information often related to major civil engineering projects such as
the HSL Lyon-Turin. For the last decade, Thierry has been instrumental in designing and
implementing "Référentiel Géologique de la France" program, and has also led the Orogen project
for BRGM in collaboration with CNRS and Total. Through these two major national projects (>1
M€ly), Thierry has acquired good collaborative practices by working with numerous academic and
industrial researchers.

Guillaume Caumon Leader WP 4 (PR 1, UL): Guillaume is Numerical Geology Professor at
GeoRessources and ENSG, and director of the RING Consortium (www.ring-team.org). Guillaume
teaches theoretical and applied geological modeling. His research mainly aims at finding appropriate
numerical parameterizations of geological objects to integrate geological knowledge, address
inverse problems, and quantify subsurface uncertainties, with a focus on sedimentological,
stratigraphic and structural aspects in sedimentary basins. He was an invited professor in
Geophysics at Colorado School of Mines in Spring 2015 and Postdoctoral Researcher at Stanford
in 2003-2004. He has supervised 26 PhD students, contributed to 70 peer-reviewed papers and
received awards from the French Academy of Sciences, the Society of Petroleum Engineers and the
International Association for Mathematical Geosciences in recognition of his contributions.
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WP5 Projet Leader : IFPEN Yannick Peysson : Yannick, R&D program manager at IFP Energies
nouvelles, is in charge of different research topics in the domain of the geosciences for the energy
transition: underground storage and transport of hydrogen, native hydrogen, geothermal energy,
characterization and modelling of the subsurface. Yannick joined IFPEN in 1998 after a PhD in liquid
physics at Sorbonne University (Pierre et Marie Curie Campus) and an engineer degree at ESPCI
(engineer school located in Paris). He spent a large part of his career at IFPEN in the Geosciences
Research Division where he carried out R&D activities and managed projects in the fields of
multiphase flows in porous media (CO2 geological storage, CO2 injectivity, methane storage,
enhanced oil recovery). He is the author of more than 60 publications in peer-reviewed journals and
conference proceedings and filed a dozen of patents.

3.3. Management framework / Pilotage

Within the framework of the SousSol programme the project will be governed through WP1 which is
set up to coordinate the activities the facilitate and manage the connections to the central facilities
of SousSol and the connections between the Digital Earth Partners and the other Targeted Site
Specific Projects. WP1 will set up a management group (Digital Earth Council) and advisory group
as described in the workpackage description and monitor progress against both the deliverables and
KPls. As part of the management of the project WP 1 with representation from each of the other
WPs will construct and monitor a risk register and mitigations if required as part of Deliverable 1.1.
Through deliverable 1.2 WP1 will coordinate communication and dissemination activities across the
Digital Earth Platform.

3.4. Institutional strategy / Stratégie des établissements

The Digital Earth Platform is well aligned with the Digital Strategy of BRGM, which was also written
by the project leader. The strategy is to:

Adopt a Digital First ethos across the whole of BRGM

Exploiting new technologies across the workflow of science production

Embrace new data acquisition technologies such as sensor technologies, Internet of Things.
To ensure well-managed, standardised, easy and timely access (FAIR data)

For structured and semi-structured data from a globally recognised & accredited National
Geoscience Research Infrastructure developed with partner organisations.

o All delivered via a common digital platform of interoperable data, tools and services

Finally new scientific insights will be gained by using and developing best of breed data science
and Al tools and new products and services developed to deliver these to stakeholders.

This strategy is supported by the BRGM Scientific Committee and Board and most recently fed
into the COMP agreement with the French Government.

IFP Energies nouvelles is a major research and training player in the fields of energy, transport and
the environment. IFPEN’s R&l programs have the objectives to overcome existing scientific and
technological challenges in order to develop services and products of the energy and ecological
transition. The R&I programs are structured around four strategic priorities:
* climate, environment and circular economy: reducing the impact of human and industrial
activities on the climate and the environment;
* renewable energies: producing energy, fuels and chemical intermediates from renewable
sources;
» sustainable mobility: developing efficient, environmentally-friendly solutions for the
transport sector;
* responsible oil and gas: meeting the demand for energy and chemical products in a more
environmentally-friendly manner.
IFPEN contributes also to the creation of wealth and jobs by supporting the competitiveness of
industrial players and fostering the economic development of sectors related to mobility, energy,
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eco-industry and sustainable uses of the subsurface. IFPEN's model is based on the transfer to
industry of the technologies developed by its researchers. Innovations are brought to market through
close partnerships with industrial players and through IFP Group subsidiaries.

The strategic plan of the University of Lorraine is to reinforce the excellence in research and
innovation through the development of partnerships and promotes the development of eco-systemic
engineering principles. Additionally, the UL has identified Geosciences as one of its major areas of
excellence; it endorses the three research lines of GeoRessources which concern geomodels, raw
materials and geosystems. Additionally, the UL supports research at the interface of different fields
of knowledge, and is strongly engaged in the National Plan for Open Science. Consequently, the
PEPR Sous-sol in general and the Digital Earth Project are clearly in line with the UL scientific
strategy.

4. Expected outcomes of the project

Upon its completion, the project will offer the opportunity to establish a virtuous circle within the
circuits of geological knowledge, both in professional spheres and among the parties concerned and
individuals. It will encourage participation from every segment of society by enabling them to file and
share new information.

The availability of representative digital tools aggregated to multiple subsurface data should help
guiding public and private action by understanding the various issues and risks. These numeric
technologies will make it possible to build the history of the subsurface and to assess its complexity,
to cross-reference data at different scales and to develop efficient and reasoned strategies for
subsurface exploitation, limiting conflicts of use of the subsurface and impacts while protecting the
common heritage. The development and use of these dynamic digital models should also lead to the
emergence of added-value services around digital twins of the georesource and storage sub-
systems.

Finally, the 3D digital reconstructions of the subsurface will be made available to the public and can
be consulted at any time. The public will thus be able to find the information they need and become
the actors of their own rise in skills on their knowledge of the subsurface and its uses. This type of
action could be organized around certain work sites through events bringing together researchers,
local authorities and the public, integrating also school visits.

The Digital Earth Platform will provide standardised access to interoperable data, services and codes
to enable the characterisation and understanding of the subsurface. It will contribute to national,
European and international knowledge and understanding in the provision of geoinformatics about
the subsurface.

It will achieve this through the provision of the systems, codes and deliverables outlined above. In
addition it will outline a communications plan to interact with fellow scientists and the public in an
open and transparent way. These events will include those such as the annual SousSol meeting,
public presentations and scientific event presentations such as at the European Geoscience Union.
More general communication events such as Féte de la Science and Pint of Science events will be
sought out to maximise cross-disciplinary and trans-disciplinary opportunities.

Beyond the scientific community, political authorities and the economic sector need digital tools of
the subsurface allowing to represent its complexity and to reproduce phenomena whose
understanding is useful to society, and to simulate, plan and improve the concepts of subsurface
use.
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