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Research outline

Starting from my Ph.D., the central thread of my research is to introduce, extend, and analyse advanced mathematical
models and non-standard numerical schemes, to facilitate and increase the knowledge of flow in fractured porous media.
Keeping in mind real applications, I focused my research mainly on 2 aspects. 1) To derive appropriate reduced order
models (hybrid-dimensional approach) for accurately describe the scalar transport, single-phase and multi-phase flow in
a complex system of fractures. Particular attention is devoted to the mutual interaction between fractures and between
a fracture and the surrounding rock matrix. 2) To facilitate the numerical solution of such models by studying non-
standard numerical schemes (e.g. XFEM, VEM), where the structural geometrical constraints imposed by the fractures
are consistently relaxed. This allow the solution of more complex problems in an affordable amount of time and lighten the
gridding process. Given my background and interests, I expect my future research to contribute in this field overcoming
more difficulties related to complex problems in fractured porous media.
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URL: https://arxiv.org/abs/2007.13513

Open-source software development

2017, May — Core developer of PorePy: A Simulation Tool for Fractured and Deformable Porous Media written in
Python. PorePy is developed by the Porous Media Group at the University of Bergen, Norway. See http://github.
com/pmgbergen/porepy.

2010, Jan. — 2013, Feb. Member of the administrative board and developer community of the parallel finite element
library LifeV. LifeV is developed by the groups: CMCS (Ecole polytechnique fédérale de Lausanne - EPFL, Switzer-
land), E(CM)2 (Emory University, USA), MOX (Politecnico di Milano, Italy), REO and ESTIME (Institut national
de recherche en informatique et en automatique - INRIA, France). See www.lifev.org and https://github.
com/lifev/lifev.

Grants

2017, Mar. - 2017, Dec. Personal grant from Akademia Agreement 2017. Grant for academic exchanges and travel
expenses (12k NOK ~ 1.3k EUR).

2016, Nov. — 2017, Jun. Personal grant from Akademia Agreement 2016. Grant for academic exchanges and travel ex-
penses (25k NOK ~ 2.7k EUR).

2016, Apr. — 2017, Jun. Personal grant from Meltzer Research Fund. Grant for academic exchanges and travel expenses
(20k NOK ~ 2.1k EUR).

2015, Dec. — 2016, Sep. Personal grant from Akademia Agreement 2015. Grant for academic exchanges and travel ex-
penses (20k NOK ~ 2.1k EUR).

2014, Sep. — 2015, Sep. Personal grant from Istituto Nazionale di Alta Matematica, Gruppo Nazionale per il Calcolo
Scientifico. Grant “Contributo Progetto Giovani Ricercatori 2014”, for conference and travel expenses (1.5k EUR).

2013 Personal grant from ERCIM Alain Bensoussan Fellowship Programme, co-funded by the European Commission
under the FP7 Marie-Curie action named ABCDE, applied for the hosting institute Inria Paris-Rocquencourt. Call
2013-14 1% round. The grant finances a Postdoctoral fellow position of 1 year.

I turned down the grant in favour of the Postdoctoral fellowship at IFP - Energies nouvelles.

Editorial activities

2019 Alessio Fumagalli, Inga Berre, Luca Formaggia, Eirik Keilegavlen, and Anna Scotti, eds. Numerical Methods for
Processes in Fractures Porous Media. Lecture Notes in Geosystems Mathematics and Computing. In production.
Springer, 2019.

2018, Mar. — Editor of the journal GEM — International Journal on Geomathematics, Springer.

2017, Ott. — 2018, Feb. Corresponding Guest Editor for the topical collection “Numerical methods for processes in frac-
tured porous media” of the journal GEM — International Journal on Geomathematics, Springer. Co-Guest Editors
Anna Scotti, Luca Formaggia, Inga Berre, Eirik Keilegavlen. 12 papers published. [1ink].

Scientific refereeing activities

Reviewer of journals on numerical analysis and scientific computing: Advances in Water Resources, Communications
in Computational Physics, Computational Geosciences, Computers & Mathematics with Applications, Computer Meth-
ods in Applied Mechanics and Engineering, Energies, Environmental Earth Sciences, Geofluids, Hydrogeology Journal,
International Journal on Geomathematics, Journal of Ambient Intelligence and Humanized Computing, Journal of Com-
putational and Applied Mathematics, Journal of Scientific Computing, Numerical Algorithms, Numerical Methods for
Partial Differential Equations, SIAM Journal on Numerical Analysis, SPE Journal.


https://arxiv.org/abs/2007.13513
http://github.com/pmgbergen/porepy
http://github.com/pmgbergen/porepy
www.lifev.org
https://github.com/lifev/lifev
https://github.com/lifev/lifev
https://link.springer.com/journal/13137/topicalCollection/AC_1afbd9db080e7147624784fadffb356c/page/1

Academic duties

5.

2.

External reviewer of the Ph.D. thesis of Pavel Exner “Extended finite element methods for approximation of singu-
larities”. Faculty of Mechatronics, Informatics and Interdisciplinary Studies, Technical University of Liberec, Czech
Republic. 11 Jun. 2019.

. External reviewer of the Ph.D. thesis of Daqing Liu “A numerical method for analyzing fault slip tendency under

fluid injection with XFEM”. Department of Mathematics, Politecnico di Milano, Italy. Dec. 2017.

. Internal examiner and member of the evaluation committee of the master thesis of Davide Illiano, “Iterative Schemes

for Solving Coupled, non-Linear Flow and Transport in Porous Media”. Department of Mathematics, University of
Bergen, Norway. 16 Dec. 2016.

Member of four selection committees for Ph.D. positions in applied and computational mathematics related to “Topp-
forsk project: Thermo-Mechanical Subsurface Energy Storage (TheMSES)”. Department of Mathematics, Univer-
sity of Bergen, Norway. Jun. and Jul. 2016.

. Internal examiner and member of the evaluation committee of the master thesis of David Landa Marban, “Modeling

and Simulation of Microbial Enhanced Oil Recovery: a New Approach which Includes the Role of Interfacial Area”.
Department of Mathematics, University of Bergen, Norway. 20 Jun. 2016.

Educational activities

Teaching activities

8.

A.Y. 2020-2021: lecturer of the undergraduate course Analytical and numerical methods for engineer, Energy En-
gineer, Politecnico di Milano.

. A.Y. 2020-2021: lecturer of the Ph.D. course Models and methods for simulations and hydro-mechanical coupling,

Department of Mathematics, Politecnico di Milano.

. AY. 2019-2020, 2020-2021: lecturer of the undergraduate course Curves and Surfaces for the Design, Communi-

cation Design, Politecnico di Milano.

. AY. 2019-2020: lecturer of the graduate course Functional analysis and numerics for PDEs, Department of Energy,

Politecnico di Milano.

. A.Y. 2018-2019: lecturer of the Ph.D. course Models and methods for simulations and hydro-mechanical coupling,

Department of Mathematics, Politecnico di Torino.

. A.Y.2018-2019: assistant lecturer for the graduate course Numerical modeling, Mechanical Engineering, Politecnico

di Torino. Lecturer Claudio Canuto.

. AY. 2017-2018: lecturer for the graduate and Ph.D. course Functional analysis, Department of Mathematics, Uni-

versity of Bergen.

. AY. 2017-2018: lecturer for the graduate and Ph.D. course Flow in Porous Media, Department of Mathematics,

University of Bergen. In collaboration with Florin Adrian Radu.

Student advising

4.

3.

2.

1.

Martin Sandanger Dugstad. “Upscaling on Fracture Flow Models”. Advisor: Kundan Kumar. Co-advisor: Alessio
Fumagalli. Master Thesis. University of Bergen, June 2017.

Marco Del Pra. “Mixed and extended finite elements for flow in fractured porous media”. Advisor: Lourenco Beirdo
Da Veiga, Luca Formaggia. Co-advisor: Anna Scotti, Alessio Fumagalli. Master Thesis. Universita degli Studi di
Milano, Feb. 2015.

Alberto Ferroni. “Numerical Simulation of the Darcy’s Problem on Surfaces in R3”. Advisor: Luca Formaggia.
Co-advisor: Alessio Fumagalli. Master Thesis. Politecnico di Milano, July 2013.

Guido Iori. “Una metodologia XFEM per problemi ellittici 3D con superfici di discontinuita”. Advisor: Luca
Formaggia. Co-advisor: Alessio Fumagalli. Master Thesis. Politecnico di Milano, Dec. 2011.



Pedagogical training

1.

A.Y. 2017-2018: attending the course Hot Moments in Teaching and Learning: Handling Conflict or Tension in
the Classroom and Supervision Situations, Program for University Pedagogy, Faculty of Psychology, University of
Bergen. Lecturer Yael Harlap. 18 hours.

Participation to conferences, workshops and seminars

Organization

12.

11.

10.

Minisymposium title Verification benchmarks for single-phase flow in three-dimensional fractured porous media at
SIAM Mathematical & Computational Issues on Geosciences (SIAM-GS) 2019, 8 participants. Houston Marriott
Westchase, Houston, Texas, USA. 11-14 Mar. 2019. Co-organizers Inga Berre, Wietse M. Boon, Bernd Flemisch,
Dennis Gléser, Eirik Keilegavlen, Anna Scotti, Ivar Stefansson, Alexandru Tatomir.

Minisymposium title Advanced models and methods for underground flows in complex geometries with applications
at STAM Mathematical & Computational Issues on Geosciences (SIAM-GS) 2019, 9 participants. Houston Marriott
Westchase, Houston, Texas, USA. 11-14 Mar. 2019. Co-organizers Anna Scotti, Stefano Scialo.

Minisymposium title Numerical methods for processes in fractured media at 10" International Conference on Porous

Media of the International Society of Porous Media (InterPore). 4 participants. Ernest N. Morial Convention Center,
New Orleans, Louisiana, USA. 14-17 May 2018. Co-organizers Géraldine Pichot, Elyes Ahmed.

. Minisymposium title Mathematical aspects for flows in fractured porous media at European Conference on Nu-

merical Mathematics and Advanced Applications (ENUMATH) 2017. 4 participants. University of Bergen, Voss,
Norway. 19-21 Sep. 2017. Co-organizer Eirik Keilegavlen.

. Minisymposium title Numerical methods for the characterization of geothermal reservoirs at SIAM Mathemati-

cal & Computational Issues on Geosciences (STAM-GS) 2017, 10 participants. University of Erlangen, Erlangen,
Germany. 11-14 Sep. 2017. Co-organizers Luca Formaggia, Eirik Keilegavlen, Anna Scotti.

. Minisymposium title Enriched methods for flow and mechanics in heterogeneous porous media at eXtended Dis-

cretization MethodS (XDMS) 2017. 13 participants. University of Umed, Umed, Sweden. 19-21 Jun. 2017. Co-
organizers Stefano Berrone, Stefano Scialo, Stefano Zonca.

. Chair organizer of the workshop Modeling and Benchmarking of Fractured Porous Media: Flow, Transport and

Deformation (MBFPM)- 2017. 43 participants. University of Bergen, Bergen, Norway. 8-9 Jun. 2017. Co-
organizers: Inga Berre, Wietse Boon, Bernd Flemisch, Ivar Stefansson, Anna Scotti, Alexandru Tatomir. Web site
www.uib.no/en/mbfpm2017.

. Member of the organization committee of the conference eXtended Discretization MethodS (XDMS) 2015. 112

participants. University of Ferrara, Ferrara, Italy. 9—11 Sep. 2015. Web site x-dms2015.sciencesconf . org.

. Minisymposium title Enriched methods for flow and mechanics in heterogeneous porous media at eXtended Dis-

cretization MethodS (XDMS) 2015. 9 participants. University of Ferrara, Ferrara, Italy. 9-11 Sep. 2015. Co-
organizers Stefano Berrone, Oliver Sander, Anna Scotti.

. Minisymposium title Advances in numerical methods for complex fractured-porous media SIAM Mathematical &

Computational Issues on Geosciences (SIAM-GS) 2015, 6 participants. Stanford University, Stanford, California
USA. 29 Jun.-2 Jul. 2015. Co-organizers Stefano Berrone, Sandra Pieraccini, Anna Scotti.

. Minisymposium title Modeling and Numerical Issues for fractured-porous media at STAM Annual Meeting 2014,

12 participants. The Palmer House, Chicago, Illinois, USA. 7-11 Jul. 2014. Co-organizer Géraldine Pichot.

. Minisymposium title Numerical resolution of PDE: the potentiality of the LifeV library at Societa Italiana per la

Matematica Applicata e Industriale (SIMAI) Biannual Congress, 4 participants. Politecnico di Torino, Turin, Italy.
25-26 Jun. 2012. Co-organizer Franco Dassi.


www.uib.no/en/mbfpm2017
x-dms2015.sciencesconf.org

Oral presentations

31.

30.

29.

28.

27.

26.

25.

24.

23.

22.

21.

20.

19.

18.

17.

Mixed-virtual element methods for discrete fracture matrix models. An application to reactive transport. Finite
Volumes for Complex Applications IX, Bergen, Norway (Held Online). 15-19 Jun. 2020. Invited speaker.

A multilayer model for reactive flow in fractured porous media. Advances in the SImulation of reactive flow and
TRAnsport in porous Media. University of Pau & Adour Region, Pau, France. 2-3 Dec. 2019. Co-author Anna
Scotti.

Flexible discretizations for mixed-dimensional Darcy-type flows in fractured porous media. Seminar at Faculty of
Mechatronics, Informatics and Interdisciplinary Studies, Technical University of Liberec, Czech Republic. 12 Jun.
2019. Organizer Jan Biezina. Invited.

Verification benchmarks for single-phase flow in three-dimensional fractured porous media. SIAM Mathematical &
Computational Issues on Geosciences (STAM-GS) 2019. Houston Marriott Westchase, Houston, Texas, USA. 11—
14 Mar. 2019. Co-authors Inga Berre, Wietse M. Boon, Bernd Flemisch, Dennis Gléser, Eirik Keilegavlen, Anna
Scotti, Ivar Stefansson, Alexandru Tatomir.

Mixed-dimensional partial differential equations for flow in fractured porous media, modeling and numerical schemes.

127 Workshop On Mathematical Modeling of Environmental and Life Sciences Problems. University Ovidius of
Constanta, Constanta, Romania. 24-28 Oct. 2018. Invited speaker.

Numerical methods for embedded interfaces: applications to geoscience. Societa Italiana per la Matematica Appli-
cata e Industriale (SIMAI) Biannual Congress. Sapienza Universita di Roma, Rome, Italy. 2—6 Jul. 2018. Keynote
speaker invited in minisymposium.

A general framework for heterogeneous discretizations in mixed-dimensional single-phase flow. Societa Italiana per
la Matematica Applicata e Industriale (SIMAI) Biannual Congress. Sapienza Universita di Roma, Rome, Italy. 2—-6
Jul. 2018. Co-authors Wietse Boon, Eirik Keilegavlen, Jan M. Nordbotten. Invited in minisymposium.

Flexible discretizations for mixed-dimensional single-phase flow in fractured porous media. Seminar at Department
of Mathematics of the University of Padua, Padua, Italy. 2 Mar. 2018. Organizer Mario Putti. Invited.

Dual virtual element method for fractured geothermal systems. European Conference on Numerical Mathematics
and Advanced Applications (ENUMATH) 2016. University of Bergen, Voss, Norway. 25-29 Sep. 2017. Co-author
Eirik Keilegavlen, Pal Neverlid Savik. Invited in minisymposium.

An integrated mathematical-geological workflow for fractured geothermal system in metamorphic rocks. SIAM
Mathematical & Computational Issues on Geosciences (SIAM-GS) 2017. University of Erlangen, Erlangen, Ger-
many. 11-14 Sep. 2017. Co-author Eirik Keilegavlen. Invited in minisymposium.

Dual virtual element method to simulate geothermal energy extraction on realistic geologies. Bergen-Budapest
Workshop. Western Norway University of Applied Sciences, Bergen, Norway. 29-30 May 2017. Co-author Eirik
Keilegavlen. Invited.

A mathematical and geological approach for fractured geothermal system. SIAM Conference on Computational
Science and Engineering (SIAM-CSE). Hilton Atlanta, Atlanta, Georgia, USA. 27 Feb.—3 Mar. 2017. Co-author
Eirik Keilegavlen. Invited in minisymposium.

Integrated flow simulation and outcrop interpretation in fractured geothermal systems. Seminar at Department of
Applied Mathematics in SINTEF, Oslo, Norway. 21 Sep. 2016. Co-author Eirik Keilegavlen. Organizer Xavier
Raynaud. Invited.

An integrated geological and mathematical framework for geothermal reservoirs. from outcrops to a VEM ap-
proximation. Seminar at Department of Mathematics of University of Milano-Bicocca, Milan, Italy. 2 Sep. 2016.
Co-author FEirik Keilegavlen. Organizer Franco Dassi. Invited.

An integrated geological and mathematical framework for geothermal reservoirs. Flow & Transport in Permeable
Media, Gordon Research Seminar. PGA Catalunya Business and Convention, Girona, Spain. 30-31 Jul. 2016.
Co-author Eirik Keilegavlen.



15.

14.

13.

12.

11.

10.

. An integrated geological and mathematical framework for geothermal reservoirs. 8t International Conference on

Porous Media of the International Society of Porous Media (InterPore). Hilton Cincinnati Netherland Plaza, Cincin-
nati, Ohio, USA. 9-12 May 2016. Co-author Eirik Keilegavlen. Invited in minisymposium.

Non-matching schemes for upscaling in fractured porous media. eXtended Discretization MethodS (XDMS) 2015.
University of Ferrara, Ferrara, Italy. 9-11 Sep. 2015. Co-authors Anna Scotti, Stefano Zonca.

Upscaling techniques for highly fractured porous media with non-matching discretization. SIAM Mathematical &
Computational Issues on Geosciences (SIAM-GS) 2015. Stanford University, Stanford, California USA. 29 Jun.-2
Jul. 2015. Co-authors Paola Panfili, Luca Pasquale, Stefano Zonca.

An efficient upscaling technique for highly fractured reservoir. International Conference on Approximation Methods
and Numerical Modelling in Environment and Natural Resources (MAMERN) 2015. University of Pau, France. 1-5
Jun. 2015. Co-authors Paola Panfili, Luca Pasquale, Stefano Zonca. Invited in minisymposium.

A double-layer reduced model for flow in fault zones using hybrid finite volume schemes. SIAM Annual Meeting
2014. The Palmer House, Chicago, [llinois, USA. 7-11 Jul. 2014. Co-authors Isabelle Faille, Jérdme Jaffré, Jean E.
Roberts.

Double-layer reduced model for faults with the hybrid finite volume scheme. Computational Methods in Water
Resources (CMWR). University of Stuttgart, Germany. 10-13 Jun. 2014. Co-authors Isabelle Faille, Jérome Jaffré,
Jean E. Roberts. Invited in minisymposium.

Numerical methods for flows in fractured porous media. FRACINI first workshop. INRIA Rennes - Bretagne Atlan-
tique, Rennes, France. 28-30 Apr. 2014. Co-authors Luca Formaggia, Anna Scotti. Invited in workshop.

. XFEM for heterogeneous porous media with networks of fractures. XFEM 2013, thematic conference of ECCOMAS.

Espace Téte d’Or, Lyon, France. 11-13 Sep. 2013. Co-authors Luca Formaggia, Anna Scotti.

. Assessment of an HPC two-phase flow solver in porous media for realistic cases. SIAM Mathematical & Compu-

tational Issues on Geosciences (SIAM-GS) 2013. Department of Mathematics University of Padova, Italy. 17-20
Jun. 2013. Co-authors Antonio Cervone, Luca Formaggia. Invited in minisymposium.

. XFEM for Darcy problems with networks of fractures. Societa Italiana per la Matematica Applicata e Industriale

(SIMAI) Biannual Congress. Politecnico di Torino, Turin, Italy. 25-26 Jun. 2012. Co-authors Luca Formaggia,
Anna Scotti.

. Reduced models for intersecting fractures in porous media with non-matching grids. 4'® International Conference

on Porous Media of the International Society of Porous Media (InterPore). Purdue University, Lafayette, Indiana,
USA. 14-16 May 2012. Co-authors Luca Formaggia, Anna Scotti. Invited in minisymposium.

. Modelli ridotti per flussi in mezzi porosi fratturati con griglie di calcolo non conformi. XIX Congresso dell’Unione

Matematica Italiana (UMI). Dipartimento di Matematica dell’Universita di Bologna, Bologna, Italy. 12-17 Sep.
2011. Co-author Anna Scotti.

. Interface Conditions for Fluid Flow in Porous Media with Reduced Order and Non Matching Fractures. SIAM

Mathematical & Computational Issues on Geosciences. Hilton Long Beach Centre, Long Beach, California, USA.
21-24 Mar. 2011. Co-author Anna Scotti.

. Models for oil expulsion and migration in fractured media. Reduction Strategies for the Simulation of Complex

Problems. MOX, Department of Mathematics, Politecnico di Milano, Milan, Italy. 19-21 Jan. 2011. Co-authors
Luca Formaggia, Anna Scotti

. Darcy solvers. Second LifeV annual meeting. MOX, Department of Mathematics, Politecnico di Milano, Milan,

Italy. 3—4 Jan. 2011.

. Computational aspects for oil secondary migration. Seminar held at INRIA Roquencourt, Paris, France. 16 Sep.

2010. Organizers: Jérome Jaffré, Michel Kern. Invited.
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Poster presentations

7.

Mixed-dimensional MVEM for real fractured geothermal systems. Dobbiaco summer school - Theory and Practice
of the Virtual Element Methods. Dobbiaco, Italy. 17-22 Jun. 2018. Co-author Eirik Keilegavlen.

. A mathematical approach for fractured geothermal system. InterPore Norwegian Chapter, 1% National Workshop on

Porous Media. University of Trondheim - NTNU, Trondheim, Norway. 19 Oct. 2017. Co-author Eirik Keilegavlen.

. Dual virtual element methods for real fractured geothermal systems. Modeling and Benchmarking of Fractured

Porous Media: Flow, Transport and Deformation - 2017. University of Bergen, Bergen, Norway. 8-9 Jun. 2017.
Co-author FEirik Keilegavlen.

. Dual virtual element methods for real fractured geothermal systems. Modeling and Benchmarking of Fractured

Porous Media: Flow, Transport and Deformation - 2017. University of Bergen, Bergen, Norway. 8-9 Jun. 2017.
Co-author Eirik Keilegavlen.

. An integrated geological and mathematical framework for geothermal reservoirs. Flow & Transport in Permeable

Media, Gordon Research Seminar and Gordon Research Conference. PGA Catalunya Business and Convention,
Girona, Spain. 30-31 Jul. and 1-5 Aug. 2016. Co-author Eirik Keilegavlen.

. LifeV::Geophysics @ EuroTUG2012. European Trilinos user group 2012 (EurdTUG). Ecole Polytechnique Fédérale

de Lausanne, Lausanne, Switzerland. 4—6 Jun. 2012. Co-authors Antonio Cervone, Nur Fadel, Guido Iori, Michel
Kern.

. Reduced models for fractures in porous media with non-matching grids. 4" International Conference on Porous

Media of the International Society of Porous Media (InterPore). Purdue University, Lafayette, Indiana, USA. 14—-16
May 2012. Co-authors Luca Formaggia, Anna Scotti.

Torino, Italy, 31 Mar. 2021

Treatment of personal informations is authorised according to the local privacy laws.
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