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Executive summary
This report gives an overview over the project activities performed in the second reporting period,
which covers the period from 1st April 2018 to 31st March 2019. It provides a detailed description of
the actions taken. Concerning the results, reference is given to the respective deliverables. Deviations
from the Description of Action in the Grant Agreement are highlighted for each work package, as well
as dissemination activities and publications. The status of all work packages is reported and the links
to the milestones reached and deliverables already submitted or in preparation are shown.
GEMex is a joined effort of the European project (funded by the European Union’s Horizon 2020
programme for Research and Innovation under Grant Agreement No 727550) and the Mexican partner
project (funded by the Mexican Energy Sustainability Fund CONACYT-SENER, project 2015-04-268074).
This project report focusses on the European part, but since the two project are strongly connected,
sometimes depending on each other and in all aspects collaborating, a strict distinction between
activities performed by the Mexican or European colleagues is sometimes difficult. Consequently, this
report will at some parts refer to the work performed by the Mexican team.
The general status of the project is: project is on track. Currently, we do not anticipate any delays for
the upcoming deliverables. The project experienced some delays at the beginning, which were mostly
caused be the late provision of funding to the Mexican partner project and the missing permission for
geophysical exploration at the Acoculco geothermal site. As a consequence, the project coordinator
requested a project amendment which included the readjustment of due dates of a number of
deliverables and milestones. This amendment was accepted by the European Commission and as a
consequence we will now be able to reach all deliverables within the new timeframe.
Thanks to the great dedication and engagement of the consortium, significant progress was made
towards the achievement of the objectives of GEMex. All work packages have successfully started
their work. The main achievement can very roughly be summarized as follows:






The management of the project (WP1) is ongoing and has set the boundary conditions for a
successful implementation of the project activities. Most significantly, a close cooperation
with the Mexican partner project has been encouraged and very good communication with
the Mexican GEMex consortium is continuously sustained.
The dissemination of project results and internal communication (WP2) has been continued.
Various channels of dissemination have been used to reach different target groups. Internal
communication has been supported by the Virtual Research Environment, which is used by
both, the Mexican and the European consortium.
The resource assessment (SP1; WP3 and 4) has carried out and a lot of activities, which build
the basic geological knowledge on the two research sites. A few more fieldtrips were
dedicated to collecting new data and take rock, fluid and gas samples. Preliminary geological
and volcanological models have been developed and updated with the new data acquired in
the project. The knowledge gained in this part of the project has been presented to the
project partners, which will subsequently make use of the results achieved so far. The
geological fieldwork as well as the modelling were both performed in collaboration with the
Mexican team in an equal partnership. The WP4-team successfully concluded its work and
8





submitted all the deliverables in time. WP3 will continue to update their models with the
data and knowledge obtained from WP 5-8.
The reservoir characterization (SP2; WP5 and 6) has finished most of the data collection, with
exception of the passive seismic data collection in Acoculco, which is still ongoing. Data
analysis in WP5 is ongoing, but all methods already delivered first results, which are available
to the project partners. In WP6, sample analysis for physical rock properties is to a large
extend finished, such that this data was contributed to the reservoir models which are
established in WP6. Geophysical fieldwork has benefitted from enormous support by the
Mexican team, who did the major part of the geophysical field surveys, even though survey
planning and data analysis are carried out in an equal partnership.
The concept development (SP3; WP 7 and 8) did mainly preparations in order to take up their
main work in the last part of the project. In WP7, the social engagement and public acceptance
studies have concluded their data acquisition and analysis. Models for the simulation of
reservoir stimulation have been developed and prepared. Currently, the most relevant data
resulting from the project is identified to be included in the simulations. In WP8, a Task Force
was formed, with the aim to integrate all data relevant for the development of a concept for
drilling and exploitation of a superhot reservoir. First meetings have been conducted, which
were very successful in bringing together insights from different parts of the project. Finally,
the corrosion test in Los Humeros has been conducted and analysis of problems of challenges
in Los Humeros concerning drilling and completion has been finished. Chemical and
mechanical modelling has started.
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Explanation of the work carried out by the beneficiaries and
overview of the progress
This section describes shortly objectives of the project and gives a detailed insight into initial
achievements and results from various activities implemented in individual tasks within all nine work
packages of GEMex from month 19 to month 30 of the project.

1

Objectives

GEMex is based on the assumption that the development of hot-EGS and SHGS resources carries an
enormous potential to expand the known geothermal resource base and to multiply its energy
output. Thus the overall objective of GEMex is to show a way how to better understand, explore and
develop a) EGS in a hot geological environment and b) super-hot resources that cannot be explored
and exploited by standard technologies.
The objectives for GEMex follow from the barriers and challenges identified for hot-EGS and SHGS
resources. These include:







To speed up the geothermal development in Mexico and beyond, by leveraging the
knowledge of European and Mexican researchers and industry
To reduce pre-drill mining risk by in depth understanding of the geological context of the
resource, in order to improve prediction of the occurrence of geothermal resources and their
quality
To improve geophysical imaging and detection of deep reservoir structures by novel
approaches dedicated to HOT-EGS and SHGS, and targeted to improved imaging resolution
To improve predictive models for reservoir characterisation and simulation
To provide conceptual models for sustainable site development
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2

Explanation of the work carried out per WP

2.1 Work Package 1: Project Management
Lead: GFZ
Partners: CNR, GFZ, ISOR, TNO, UNIBA
Duration: month 1-44
Status: started and ongoing
Objectives:
The main objective of this work package is to properly coordinate and manage the legal, financial and
administrative issues associated with GEMex and to ensure effective communication between the
partners, the European Commission and all interested parties. This WP also encompasses the
coordination with the Mexican partner project as well as the management and monitoring of
deliverables and the planning, organising and implementing of Executive Board meetings.
An additional objective of the work package is the adjustment of the projects efforts with regard to
the scientific aims and the summary of the results from the technical work packages towards the
overarching project results.
Participant
number

1

2

3

4

7

9

22

Total

PM used

TNO

UNIBA

CNR

BRGM

EGEC

PM
36
foreseen in
total GEMex

ISOR

GFZ

Short name

4

4

4

1

0

0

25.5 5.32 2.6 3

0.8 0.76 0.5

49

38.48

Table 1: Status quo of personal resources WP1

Summary (incl. exploitable results and their exploitation):
The project management has been concentrating on coordinating different tasks and internal
communication in order to implement the action according to the description of action. All the legal,
financial and administrative issues of the project have been supervised and carried out accordingly.
The communication with the Mexican partner project as well as the CFE (who holds the concessions
for the two geothermal sites investigated in the project) has been a major task in the work package.
Scientifically, recommendations have been given to the technical work packages with regards to
detailing of project plans. A task force was formed in connection with work package 8. The task force
is attended by the scientific coordinator, the SP-leaders, and dynamically completed by other
contributind partners. Its aim is to integrate relevant knowledge for the development of the superhot
11

concept. Two scientific workshops of the task force have been conducted (one in Europe in December
2018 and one in Mexico in February 2019).

2.1.1 Task 1.1 Legal Issues
The coordinator has been providing comprehensive advice on the legally correct implementation of
the action to the consortium on various occasions.
No specific legal task had to be addressed during this reporting period.

2.1.2 Task 1.2 Financial issues
The partners have been constantly informed on the financial issues and given advice when needed.
The periodic payment from the European commission was distributed among the partners according
to the consortium plan specified in the Consortium Agreement. A rough financial overview over the
financial status has been achieved with the interim reports collected every 6 months and partners have
been notified if their costs so far seem unusually high or low.

2.1.3 Task 1.3 Administrative issues
The coordinator has been in constant contact with the partners, providing them with administrative
notifications via various mailing lists and exchanging individually on upcoming deadlines, activities or
events.
The consortium agreed to submit interim reports always before (interim) project meetings. The
coordinator has collected interim reports from all beneficiaries in September 2018 which include a
rough description of actions performed, publications, dissemination activities, collected data and
delays with respect to the description of action. All beneficiaries have contributed to interim reports.

2.1.4 Task 1.4 Meetings
Project meetings are foreseen approximately every 6 months in order to encourage communication
between the project partners and to facilitate the planning of joint tasks and the exchange of results.
Table 1 details the planned and already carried-out project meetings.

Event

Location

Planned Date

Organizer

1st project meeting: Kick-off
meeting (Joint meeting with
Mexican partners)

Morelia (Mich.),
Mexico

15.-17.11.2016

UMSNH

2nd project meeting: European
project meeting

Utrecht, The
Netherlands

23.-24. 3.2017

TNO

3rd project meeting: General
Assembly (Joint meeting with
Mexican partners)

Akureyri, Iceland

2.-3. 10. 2017

ISOR / GFZ
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4th project meeting: European
project meeting

Bari, Italy

12.-13. March 2018

UNIBA

5th project meeting: General
Assembly (Joint meeting with
Mexican partners)

Morelia (Mich.),
Mexico

18-20 October 2018

UMSNH

6th project meeting: European
project meeting

Bochum, Germany

18-19 June 2019

HBO

Final conference and General
Assembly (Joint meeting with
Mexican partners)

Potsdam, Germany

18-19 February 2020

GFZ

Mexican final meeting

Mexico

Aug/Sep 2020 tbc

UMSNH

Table 2: List of project meetings

All project partners contributed to the project meeting in Mexico, in October 2018. At the project
meeting an Executive Board meeting took place.
Additionally, virtual Executive Board meetings have been implemented whenever need arose:


10 September 2018 to discuss agenda for the upcoming project meeting, project progress
and problems/delays

Meetings with the Mexican coordinator are specified in the report on Task 1.6 Communication with
Mexican partners.
Stakeholder Board meetings have been organised by partner EGEC and are reported in Task 2.4
Promotion of Project Results.

2.1.5 Task 1.5 Deliverables to the European Commission
All Deliverables to the European commission which are scheduled for the second reporting period have
been delivered. Some deliverables have been updated after the first submission in order to correct
mistakes or add proper references. No significant change to the content has been made.
All public deliverables have been published on the project website once they have been accepted by
the Project Officer of INEA.

2.1.6 Task 1.6 Coordination with Mexican Partners
The coordinator ensures continuous communication with the Mexican partner project. The Mexican
partners have access to the internal website VRE and the documents exchanged therein. The
Mexican coordinator has participated in all project meetings so far and has a permanent guest status
in the Executive Board. Therefore, the Mexican coordinator did participate in most of the Executive
Board meetings specified in the report on Task 1.4 Meetings.
Organisational requests from the Mexican coordinator have been communicated to the project
partners.
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Apart from the official communication through the coordinator, all work-package leaders and most
task leaders have been in close contact with their Mexican counterpart in order to ensure joint
activities and the syncronisation of the two projects. Mexican partners have contributed significantly
to the Deliverables, which shows the well established collaboration.
In the second reporting period, one project meeting has been implemented jointly with the Mexican
partners, namely the 2nd General Assembly in Mexico in October 2018. All Mexican and EU WP
leaders and many project participants have attended the joint meeting. Minutes of this meeting are
found in Deliverable 1.3 Minutes of General Assembly 2 (https://goo.gl/cYt9YL).

2.1.7 Deviations from the Description of Action
Partner BRGM shifted 0.76 person months from WP4 to this work package for attending project
meetings.
Partner EGEC shifted costs for 0.5 person months from other direct costs to this work package for
attending project meetings.
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2.2 Work Package 2: Dissemination
Lead: CNR
Partners: CNR, EGEC, GFZ, IGA
Duration: month 1-44
Status: started and ongoing
Objectives:
Work Package 2 is ongoing and will follow the course of the GEMex project up to the end. WP2 is
setting up the dissemination strategies and the tools to ensure a fruitful cooperation with Mexico on
geothermal energy, to facilitate internal communication within the project consortium and external
with the interested stakeholders. The dissemination of the project results has already started by
means of different channels implemented in the 5 tasks and it will continue in the next months with
the foreseen tools. The objectives already achieved in each task are reported in the next subsections
and the activities are detailed in the task reports.

Participant
number

1

6

7

22

24

Total

CNR

4

0

13.5

PM used

1.7

0.24 10.82 4.75

IGA

RWTH

PM foreseen in
total GEMex

EGEC

GFZ

Short name

5.5

2

25

0.5

17.51

Table 3: Status quo of personal resources WP2

Summary (incl. exploitable results and theirs exploitation):
During this second reporting period, the D2.1 entitled 'Strategic and communication plan' was
finalised and delivered. Main updates regarded the parts related to the events (i.e., section 5.6 and
appendix 1 section 7.1).
The website (D2.2) is up and running since the end of December 2016. The tracker tool setup reveals
that in the last in 21 months we had 3614 connections, 17867 page views and more than 60 active
users per week. Mexican users are the most, 601 (16.42%). Italians and Germans follow with 501
(13.68%) and 434 (11.85%) respectively. The home page is still the most visited page followed by the
'partners', 'about' and 'publications' pages.
The Open Access DataBase (OADB), which is the D2.3, was enriched with the datasets produced
during the field works that scientists performed in the second reporting period. Currently, 40
datasets were stored and described with metadata in the OADB. Moreover, 6 maps were built. Two
maps were created to put together the datasets related to each of the two areas (i.e., Los Humeros
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and Acoculco). Other 4 maps were prepared aggregating the datasets by typology (e.g., Geological,
Geophysical and Geochemical datasets).
Many activities related to task 4 and 5 are already started. The first E-News, as part of the D2.4, was
prepared and released at M24. The first E-News was spread to the following mailing lists recipients: i)
GEMex scientists, ii) EGEC and IGA networks, iii) EERA-JPGE network, iv) EU and MEX stakeholders
(stakeholder board) and v) the cluster of EU Geothermal project on deep geothermal set-up by INEA.
The second Stakeholder board meeting was organized and took place early in January 2019.
The progress of the activities (i.e., preparation and release of the due deliverables) and the resources
used are in line with the timing and effort/cost proposed in the Grant Agreement (GA).
The collaboration between work package leader, task leaders, project coordinator, WP2 participants,
and the WP/task leaders of other work packages is very fruitful. WP2 telephone conferences have
been organized since April 2018 approximately every 6 weeks.
No deviations from the Description of Action have to be reported.

2.2.1 Task 2.1 Strategic Communication Plan and communication campaign
The task 2.1, entitled Strategic Communication Plan and communication campain, was aimed at the
definition of the best way to disseminate and communicate the GEMex project results. Main
outcome is the D2.1 Strategic communication plan, where the dissemination strategy is described. In
this reporting period, the second version of the D2.1 (delivered at M18) was consolidated updating
the part concerning the events (i.e., section 5.6 and appendix 1 section 7.1). In particular, the events
lists were updated with the information available to date. The D2.1 was delivered in its final version
in time at M24.
The stakeholder board platform was then enlarged and updated. Some members changed the email
references or have given up. Other stakeholders from Mexico were also added and invited to
participate in the next initiatives.
During the second reporting period the task 2.1 was concluded at M24 in time.

2.2.2 Task 2.2 Website
The task 2.2 is dedicated to the design, implementation and maintaining of the project website and
partner's corner.
In the second reporting period, the project website was continuously updated in the contents. No
major changes were carried on to the website structure. Minor changes were made in the home
page, where just above the footer the project official presentation (.ppt), the GEMex poster (.pdf)
and the official GEMex flyer (.pdf) were made available for download with three big icons, and in the
results section, where a new item in the menu was added to make available the first E-News
released.
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Figure 1: Home page screenshoot showing the three big icons to download GEMex Flyer, Poster and Presentation.
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Figure 2: Screenshoot of the 1st E-News page.

In the results section both publication and project deliverables were updated. The publication
collection includes now the most recent contributions of GEMex scientists in congresses or journals.
The table of deliverables report the updated status of the release process.
The website will be continuously updated up to the end of the project.
The administration part of the website, equipped with a statistical tool, is continuously recording the
website traffic.
The Mexican WP2 counterside is keeping on to update synchronously the Spanish version of the
website (www.gemex-h2020.mx).
The private part of the project website, dedicated to the project consortium (Partner’s Corner) and
developed by using the VRE technology, is still well used by the project community. Currently, about
203 users are registered to the GEMex VRE, where 164 and 39 are Europeans and Mexicans scientists,
respectively. Beside the website, the deliverables, publications, presentations together with the
meeting minutes or any other relevant document are available for the GEMex consortia. It is
worthwhile to notice that the use of the social wall of the GEMex VRE increased in the last months,
18

scientists now among the things use it for example to announce a congress participation, a result of a
experiment, a paper publication.
The task 2.2 is still running and its activities will be concluded at the end of the project, M44.

2.2.3 Task 2.3 Open access database
Task 2.3 is dedicated to the design, implementation and maintaining of an Open Access Data Base to
collect and make available the datasets produced in the frame of GEMex project. The used software
(GeoNode) allows to store and describe with metadata the collected datasets and even to organise
them in aggregated maps.
Currently, the OADB includes 40 spatial layers, 19 more than the last reporting period, all available
for download. The uploaded layers include some general dataset made freely available by the
Mexican authorities (e.g., DEM, a vectorial geological map, some geological important sites, caldera
points, ...) and the locations of the sampling sites recorded by the GEMex scientists during the field
works performed from the beginning of the project. Six dedicated maps are created to aggregate the
available datasets by location and typology. Two maps includes all the datasets available for the two
GEMex areas (i.e., Los Humeros and Acoculco), while the other four group out the geological,
geophysical, geochemical and sampling points datasets. In each map, the features are represented
with a specific symbology and can queried by using the dedicated tool of the WebGIS.

Figure 3: Map of the location of data collected in Los Humeros

The OADB will be updated continuously with the datasets produced by each partner up to the end of
the project.
Task 2.3 is still running and its activities will be concluded at the end of the project, M44

19

2.2.4 Task 2.4 Promotion of project results
GEMex e-news. The first GEMex e-news was released in late September 2018. The newsletter gave
an overview of the project and of its accomplishments in its first two years. It included more than ten
articles analysing the main project results across several work packages. It was distributed to 138
people that subscribed to receive the GEMex news; furthermore, it was published on the GEMex and
EGEC websites, and disseminated among the EGEC network (more than 1000 subscribers) through
the EGEC newsletter and trough the IGA network (more than 4000 subscribers). The second issue of
the newsletter is foreseen between June and September 2019.
GEMex Action Plan. The GEMEX action plan second draft has been based on the structure adopted at
the presentation of the first draft of the Action plan proposed in 2017. On this proposed structure,
and considering the feedback by the Partners of the GEMex project, a presentation was given to a
stakeholder workshop on 10 January 2019, in order to collect inputs from the European geothermal
stakeholders as to the issues they would expect to see tackled from the GEMex Action Plan.
Following this workshop, building on the inputs from the experts and the project partners, EGEC
produced during the first quarter of 2019 a more comprehensive draft of the Action, to be submitted
to the partners for comments and completion, in view of a presentation of the draft action plan to
stakeholders ahead of June 2019.
GEMex workshops for stakeholders/Stakeholders Board. The second meeting of the GEMex
Stakeholders Board took place in Brussels, on 10th January 2019. The meeting presented an update
on projects results and focused on the presentation of the Action Plan and activities on public
engagement. In February 2019, the GEMex partners agreed to re-circulate the invitation to join the
Stakeholders Board to a selected list of stakeholders to enlarge the participation to the Board.
Finally, project activities and first results have been presented to the public in several conferences
and meetings (Table 4)
Event

Location /Date

Who

Authors, Title

European
Geothermal PhD
Day 2017

Bochum, 1-3 march
2017

C. Colombero

C. Colombero, F. Vagnon, J. Chicco
G. Mandrone: Field and lab
characterization of fault zone in
geothermal areas in central Mexico

EGU 2017

Vienna (Austria)

Cesare Comina
(UNITO)

C. Comina et al.: “A multidisciplinary
approach for the characterisation of
fault zones in geothermal areas in
central Mexico”

GeoEnergi2017 –
Geothermal
Conference

Bergen (Norway),
22-23 May 2017

Walter Wheeler
(CIPR)

W. Wheeler et al.: “GEMex- EuropeMexico collaboration for
development of Enhanced
Geothermal Systems and Superhot
Geothermal Systems”
Muller, J., “Laboratory Studies of
Geothermal Tracers at Supercritical
Conditions.”

Jiri Muller (IFE)
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IAVCEI Conference

Portland (USA), 1418 Aug 2017

German
Geothermal
Congress; Keynote
lecture

Munich (Germany),
12-14 Sept 2017

IMAGE Final
Conference

Akureyri (Iceland), 4- Anna Jentsch
6 Oct. 2017
(GFZ)

G Gropelli

David Bruhn (GFZ)

Groppelli, G., et al., “New geological,
structural and volcanological data of
the Los Humeros Volcanic Complex:
implications for reconstruction of
the 3D model volcanic structure and
geothermal exploration.”
GEMex: Cooperation Europe-Mexico
for the development of
unconventional geothermal systems
Structural-geological impact on soil
gas composition at Los Humeros
Volcanic Complex

Tania Toledo (GFZ) Seismic network survey design and
performance
5th European
Geothermal
Workshop

Karlsruhe
(Germany), 12-13
October 2017

Leandra Weydt
(TUDA)

Stanford
Geothermal
workshop,
Presentation on
GEMex

Standford (USA), Feb Egbert Jolie (GFZ)
2018

European
Geothermal PhD
Day

Zurich (Switzerland),
14-16 Mar 2018

Weydt, L., Bär, K., Sass, I. (2017):
Outcrop Analogue Study to
Determine Petrophysical Properties
of the Los Humeros and Acoculco
Geothermal Systems, Mexico
E. Jolie et al.: GEMex –A MexicanEuropean Research Cooperation on
Development of Superhot and
Engineered Geothermal Systems

Tania Toledo (GFZ) T. Toledo et al.: “Experimental
Network Design for Earthquake
Location Problems: application to
geothermal
field seismic networks”
Baptiste Lepillier
(TU-Delft/GFZ)

B. Lepillier, R. Bakker, D. Bruhn:
“Characterization of a fractureControlled Enhanced Geothermal
System (EGS) in the Trans-MexicanVolcanic-Belt (TMVB)”

Emmanuel OlveraGarcía (UNIBA)

E. Olvera-Garcia: “The Las Minas
exhumed geothermal system
(Veracruz, Mexico): a proxy for Los
Humeros geothermal field”

Gergö Hutka (GFZ)

Hutka GA, Hofmann H, Farkas MP,
Yoon JS, Zimmermann G, Zang A,
“Benchmarking of hydro-mechanical
coupled models against true-triaxial
laboratory hydraulic fracturing
experiments”
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Seminar

Universidad
Politecnica de
Catalunya (UPCIDAEA-CSIC), March
15th 2018

Francesco Parisio
(UFZ)

Parisio, F., “Enhanced supercritical
geothermal systems: toward
stimulation design”

EGU 2018

Vienna (Austria), 9 13 April 2018

Leandra Weydt
(TUDA)

L. Weydt, K. Bär, I. Sass: “Outcrop
analogue study to determine
reservoir properties of the Los
Humeros and Acoculco geothermal
fields, Mexico” (EGU2018- 7228)

Damien Bonté
(UU)

D. Bonté et al.: “Preliminary
estimation of the thermal structure
of the Acoculco-Los Humeros area,
Mexico” (EGU2018-16270)

Philippe Calcagno
(BRGM)

Calcagno, P., et al.: “3D preliminary
geological models of Los Humeros
and Acoculco (Mexico) - H2020
GEMex project” (EGU2018-12811)

Eszter Békési (UU)

Békési, E., et al., “Active deformation
of the eastern Trans-Mexican
Volcanic Belt based on InSAR
persistent scatterers” (EGU201815520)

Tania Toledo (GFZ) Toledo, T., “Optimized Experimental
Network Design for Earthquake
Location Problems: applications to
geothermal fields seismic networks”,
EGU 2018-15056
Paromita
Deb(RWTH)

Montegrossi, G., Deb, P., Clauser, C.,
Diez, H., Ramirez Montes, M. A.,
“Modeling of Los Humeros
geothermal field: preliminary
results” (EGU2018-17600)

Juliane
Kummerow (GFZ)

Kummerow, J., Raab, S., Schüssler, J.,
“Fluid-rock interactions at near- and
supercritical conditions and their
effect on physical properties of highenthalpy hydrothermal systems”
(EGU2018-7097)

Paromita Deb
(RWTH)

Deb et al., “Hydraulic-fracturing
experiments on a laboratory scale
for numerical codes verification”
(EGU2018-16136)

Francesco Parisio
(UFZ)

Parisio F., Vinciguerra S., Kolditz O.
and Nagel T., “The lithological
control on the brittle-ductile
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transition in volcanic areas”
(EGU2018-2429)
80th EAGE
Conference

Copenhagen,
Denmark, June 2018

Paromita Deb
(RWTH)

Deb et al., Laboratory fracking
experiments for verifying numerical
simulation codes, 1354, HydroThermal-Mechanical Modelling in
Tight Formations

Breaking the Rules!
Energy Transitions
as Social
Innovations,
International
conference hosted
by the Leibniz
Research Alliance
on Energy
Transitions

Berlin (Germany),
June 14-15, 2018

Eleonora
Annunziata (SSSA)

Annunziata, E., Contini, M., Diaz, F.,
Karytsas, S., Manzella, A., Padovan,
D., Sciullo, A., “Public engagement
strategy: a conceptual model for
enhancing the development of
geothermal energy”

24th EM Induction
Workshop

Helsingør, Denmark,
August 12-19, 2018

Arango-Galván, C., Hersir, G. P.,
Benediktsdóttir, A., Romo-Jones, J.
M., Salas-Corrales, J. L., AvilésEsquivel, T., Held, S., Manzella, A.,
Santilano, A., Schill, E.,
“Electromagnetic exploration for
unconventional geothermal systems
in Mexico: The GEMex Project”

Goldschmidt
Conference

Boston (USA), 12-17
August 2018

Carrasco-Núñez, G., Giordano, G.,
Dávila, P., Bernal, J.P., Jicha, B.,
“Short time scales and recent
replenishment in large magmatic
systems: case study of Los Humeros
caldera complex“

Cities on volcanoes

Neaples (Italy), Sept.
2-7, 2018

Anna Jentsch
(GFZ)

Marco
Calo(UNAM,
Mexico)

Philippe Jousset
(GFZ)

Jentsch, A., Jolie, E.,“Systematic soil
gas studies for volcanio tectonic
analyses of the Los Humeros
Geothermal Field, Mexico”
Granados, I., Caló, M., Soto, A. F.,
Oregel, L., Toledo Zambrano, T. A.,
Martins, J., Jousset, P., Perton, M.
(2018): Structure of the Los Humeros
geothermal field, Mexico, using
seismic noise tomography Abstracts, 10th Cities on Volcanoes
Conference (Naples, Italy 2018)
Jousset, P., Toledo Zambrano, T. A.,
Soto, A. F., Calo, M., Metz, M.,
Hersir, G. P., Martin, J. E.,
Obermann, A., Gaucher, E., Saenger,
E., Kieling, K., Bruhn, D. (2018): New
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Marco Calo
(UNAM)

passive seismology network
deployed in Los Humeros caldera
(Mexico): first results - Abstracts,
10th Cities on Volcanoes Conference
(Naples, Italy 2018)
J. Angulo, M. Calò, A. Figueroa Soto,
P.Jousset. “Induced and trigered
events in geothermal fields following
large earthquakes. The example of
the Los Humeros Caldera, Mexico”,
Cities on Volcanoes 10 meeting,
Naples, Italy, 2-7 September 2018.

Gerardo Carrasco
(UNAM, Mexico)

Lucci F., Carrasco-Núñez G.,
Giordano G., Rossetti F.,
“Petrogenesis of the magmatic heat
source of the Los Humeros caldera
geothermal field”

Michal Kruszewski
(HBO)

Kruszewski M., "Cementing
Challenges in High Temperature
Geothermal Wells"

11. Sitzung DGMKArbeitskreis
Bohrspülung

Bochum, September
2018

GeoMod 2018
conference

Barcelona, Spain, 2-4 Maestrelli, D.,
October 2018

Maestrelli, D., Bonini, M., Corti, G.,
Montanari, D., Moratti, G.: Exploring
the role of inherited structures
during caldera collapse: insights
from analogue modelling

European
Geothermal
workshop

Strasbourg (France)
10-11 Oct 2018

Emmanuel
Gaucher (KIT)

Gaucher, E., Toledo, T., Calo, M.,
Figueroa Soto, A., Jousset, P.:
“Passive seismic monitoring of the
Los Humeros (Mexico) geothermal
field”

Michele Contini
(SSSA)

M. Contini, E. Annunziata, F. Rizzi,
M. Frey, “Consumer’s perception of
company’s corporate social
responsibility in the context of a
geothermal energy facility
development”

Baptiste Lepillier
(TU Delft / GFZ)

Lepillier, B., Bakker, R., Bastesen, E.,
Bruhn, D., Bruna, P.-O., Daniilidis, A.,
Garcia, O., TTorabi, A., Wheeler, W.,
“Characterization of a FractureControlled Enhanced Geothermal
System (EGS) in the Trans-MexicanVolcanic-Belt (TMVB) Predictive
mechanical model for fracture
stimulation in an Enhanced
Geothermal System (EGS)”
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GRC Geothermal
Resources Council
Annual Meeting

Reno, Nevada, USA
14 - 17 October
2018

Leandra Weydt
(TUDA)

Weydt, L., Bär, K., Sass, I. (2018):
New insights on geothermal rock
properties of the Los Humeros
geothermal field, Mexico

David Bruhn (GFZ)

Bruhn, D., Jolie, E., Huenges, E.,
“European research efforts on
engineered and superhot
geothermal systems within
Horizon2020”

Michal Kruszewski
(HBO)

Kruszewski, M., Ramírez, M.,Wittig,
V., Sanchez, M., Bracke, R., “Drilling
and well completion challenges in
the Los Humeros Geothermal Field,
Mexico”

SEG (Society of
Exploration
Geophsicists)
Annual meeting

Anaheim, CA (USA),
Oct. 14-19, 2018

Sven Tveit (CIPR)

Tveit, S., Mannseth, T.,
“Identification of geothermal
reservoirs from ensemble-based
Bayesian inversion of 3D MT data”

VI Polish
Geothermal
Congress

Zakopane, Poland,
23 – 25 October
2018

Michal Kruszewski
(HBO)

Kruszewski M., Wittig W., "The
Influence of Mechanical Material
Properties of Cement and Rock
Formations on Stresses in the
Wellbore Cement Under Defined
Reservoir Conditions of a
Geothermal Well"

Society of
Petroleum
Engineers - Student
Technical
Conference (SPE
STC)

Freiberg, Germany,
8-9 November 2018

Michal Kruszewski
(HBO)

Kruszewski, M., Wittig, V., “The
influence of elastic properties of
cement and rock formation on
cement sheat stresses in geothermal
reservoirs”

German
Geothermal
Congress

27 – 29 November
2018, Essen,
Germany

M. Glißner

Glißner M., Lefebvre M., Hahn S.,
Kruszewski M., Wittig V., Bracke R.,
"Alternative Cement for Deep High
Temperature Wells based on AlkaliActivated Alumino-Silicates"

Michal Kruszewski

Kruszewski M., "An Influence of
Mechanical Properties of Cement
and Rock Formations on Wellbore
Cement Stresses in a Geothermal
Well"

Michal Kruszewski

Kruszewski, M., Montegrossi, G.,
Ramírez Montes, M., Wittig, V.,
Gomez Garcia, A., Sánchez Luviano,
M., Bracke, R “A Novel Approach on
Crustal Stresses Prediction and

Minisymposium on
Poroelasticity

Bochum, Germany,
19. February 2019
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Scientific - Basis for Geomechanical
Modeling on the Example of The Los
Humeros Geothermal Field, Mexico”
DGG Annual
meeting

EGU

Braunschweig,
Germany, 4-7 March
2019

Vienna (Austria) 712 April 2019

Emmanuel
Gaucher (KIT)

Gaucher, E., Toledo-Zambrano, T.,
“Local seismicity recorded at the
geothermal field of Los Humeros
(Mexico)”

Katrin Löer (HBO)

Löer, K., Riahi, N., Saenger, E.:
“Quantifying the composition of
ambient seismic noise using threecomponent beamforming”

Jon Limberger
(UU)

Limberger, J., Bonté, D., Békési, E.,
Beekman, F., Kretzschmar, T., van
Wees, J. D.: ”Studying the effects of
magma chamber emplacement
depth, groundwater
flux, and local advection on the
regional thermal structure of the Los
Humeros Volcanic Complex, Mexico”

Juliane
Kummerow (GFZ)

Kummerow, J., Raab, S.,
Spangenberg, E. Schleicher, A.M.,
Schuessler, J.,: “Monitoring reactive
flow in geothermal settings: A petroand fluidphysical approach” (EGU2019-11295)

Michal Kruszewski
(HBO)

Kruszewski, M., Montegrossi, G.,
Ramírez Montes, M., Wittig, V.,
Gomez Garcia, A., Sánchez Luviano,
M., Bracke, "Wellbore Stability and
Scientific Basis for Geomechanical
Modeling on the Example of the Los
Humeros Geothermal Field, Mexico

Tania Toledo (GFZ) Toledo, T., Gaucher, E., Malte, M.,
Jousset, P., Maurer, H., Krawczyk, C.,
Figueroa, A., Calo, M.,: Seismic
earthquake tomography imaging of
the Los Humeros geothermal field,
Mexico: first results, EGU201915960-1

Marco Calo
(UNAM)

Marco Calò, Joel Angulo Carrillo, Brenda
De la Rosa Espinosa, Ivan Granados
Chavarria, Stephani Cruz Hernandez,
Angel FIgueroa Soto, Philippe Jousset,
Mathieu Perton, Tania Andrea Toledo
Zambrano, and Emmanuel
Gaucher. Triggered LP seismicity in

geothermal fields and its implication
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on the characterization of the buried
structures.
Claudia Werner
(HBO)

Werner, C., Saenger, E.,: Sensitivity
maps for time-reverse imaging,
EGU2019-7106

Katrin Loeer

Löer, K., Riahi, N., Saenger, E.:
“Investigating the deep structures of
the Los Humeros geothermal field,
Mexico, with three-component
beamforming of ambient seismic
noise”

International
Geothermal
Association’s Board
of Directors
meeting

Budapest, Hungary,
12 May 2019

Michal Kruszewski
(HBO)

Kruszewski, M., "Developments and
Challenges of Deep (HighTemperature) Geothermal Drilling"

EGC 2019

De Haag,
Netherlands, 11-14
June 2019

Eszter Békési (UU)

Békési, E., Fokker, P., Esteves
Martins, J., van Wees, J.D.:
“Inversion of coseismic deformation
due to the 8th February 2016, Mw
4.2 earthquake at Los Humeros
(Mexico) inferred from DInSAR”

Arie Verdel (TNO)

Verdel, A., Martins, J., Obermann, A.,
Toledo, T., Jousset, P.: “Ambient
noise seismic reflection
interferometry at the Los Humeros
geothermal field, Mexico”
S. Karytsas, O. Polyzou, D.
Mendrinos, C. Karytsas. “Towards
Social Acceptance of Geothermal
Energy Power Plants”

Spiros Karytsas
(CRES)

Emmanuel
Gaucher (KIT)

Michal Kruszewski
(HBO)

Paromita Deb
(RWTH)

Gaucher, E. “One year of passive
seismic monitoring of the Los
Humeros (Mexico) geothermal field”
Kruszewski, M. “Crustal Stress
determination and wellbore stability
analysis: Los Humeros geothermal
field case study
Laboratory experiments and
numerical simulations of hydraulic
fracturing for enhanced geothermal
systems
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Paromita Deb
(RWTH)

Modeling Natural Steady State of
Super-Hot Geothermal Reservoir at
Los Humeros, Mexico

Peter Fokker
(TNO)

Fokker, P., “A fast model for THM
processes in geothermal
applications”

XIV European
Sociological
Association
Conference

Manchester (UK),
20-23 August 2019

Alessandro Sciullo
(UNITO)

Sciullo, A.,“Measuring the social
impact of renewables infrastructure:
the potential of integrating
counterfactual approach and Social
Impact Assessment methodology”

Celle Drilling 2019

Celle, Germany, 1011 September 2019

Michal Kruszewski
(HBO)

Montegrossi, G., Ramírez Montes,
M., Wittig, V., Gomez Garcia, A.,
Sánchez Luviano, M., Bracke, R.: “A
wellbore cement sheat damage
prediction model with the
integration of acoustic wellbore
measurements”

EAGE Near Surface
Conference: 1st
Conference on
Geophysics for
Geothermal-Energy
Utilization and
Renewable-Energy
Storage

8 - 12 September,
2019 in The Hague,
The Netherlands

Erika Barison
(OGS)

Barison, E., Poletto, F., Farina, B.:
Offset-gap compensation by seismic
interferometry for shallow signals of
active-seismic lines acquired in a
superhot geothermal field

Gualtiero Böhm
(OGS)

Böhm, G., Poletto, F., Barison, E.:
Near-surface geophysical
investigation for characterization of
a volcanic geothermal reservoir by
active-seismic-data tomography and
attenuation analysis

3rd International
Geothermal
Conference
GEOHEAT2019

Research
Geotechnological
Center of Far
Eastern Branch of
Russian Academy of
Sciences,
PetropavlovskKamchatsky, Russia,
3-4 September 2019.

XL Aisre
(Associazione
Italiana di Scienze
Regionali)
Conference

L’Aquila (Italy),
16-18 september
2019

SBE19 Thessaloniki
Conference -

Thessaloniki (Greek), S. Karytsas (CRES)
22-25 October 2019

Norini, G., Carrasco–Núñez, G.,
Corbo-Camargo, F., Lermo, J.,
Hernández Rojas, J., Castro, C.,
“Volcano-tectonic model guide for
the geothermal exploration of the
Los Humeros Volcanic Complex,
Mexico”

Allesandro Sciullo
(UNITO)

Sciullo, A., “Evaluating the impact of
energy renewable infrastructure on
local communities: a case study on
geothermal energy in Mexico”
S. Karytsas, D. Mendrinos, C.
Karytsas. “Methods for measuring
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Sustainability in the
built environment
for climate change
mitigation
WGC2020

social impacts of renewable energy
projects”

Reykjavik, Iceland,
April 2020

Evind Bastesen
(NORCE)

Bastesen, E., Bianco, C., Brogi, A.,
Caggianelli, A., Garduño-Monroy, V.
H., Gonzales-Partida, E., JiminezHaro, A., Laurenzi, M., Liottta, D.,
Morelli, G., Nawrocki, J., OlveraGarcia, E., Panczyk-Nawrocka, M.,
Rochelle, C., Ruggieri, G., Torabi, A.,
Wheeler, W., Zucchi, M.,: Studying
analogue geothermal systems in
Mexico: insights on the deep part of
Los Humeros geothermal field from
Las Minas mining area (eastern
Mexico)

Damien Bonté
(UU)

Bonté, D., Gutiérrez-Negrín, L.-C.,
Calcagno, P., Carrasco Núñez, G.,
Trumpy, E., Macías Vásquez, J. L.,
Giordano, G., Lopez, S., Kretzschmar,
T., Gola, G., Bonini, M., Liotta, D.,
Limberger, J., van Wees, J. D.: On the
importance of regional
characterisation for geothermal
energy in volcanic areas: the
example of Mexico

Jonathan Carillo
(CICESE)

J. Carrillo, M.A. Pérez-Flores, E. Schill
and N. Cornejo: “3D joint inversion
of gravity and magnetic data in Los
Humeros and Acoculco
unconventional geothermal
systems”

Gerardo CarrascoNuñez

Towards a comprehensive
volcanologic, magmatic and
structural model for superhot
geothermal systems, case study of
Los Humeros caldera complex,
Mexico
N. Cornejo, E. Schill, S. Held., M.A.
Pérez-Flores, J. Carrillo:”Towards
visualization possible fluid pathways
using gravity in the Los Humeros and
Acoculco geothermal fields.”

Natalia Cornejo,
KIT
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Paromita Deb
(RWTH)

Deb, P., Knapp, D., Aragon Aguilar,
A., Clauser, C., Marquart, G.,: Heat
and fluid flow modeling for
characterizing the initial conditions
of the superhot geothermal field, Los
Humeros, Mexico

Paromita Deb
(RWTH)

Deb, P., Knapp, D., Hernandez
Ochoa, A. F., Lopez Blanco, S.,
Marquart, G., Clauser, C.,: Numerical
modeling of production scenarios for
Engineered Geothermal System
(EGS) in Acoculco, Mexico

Hannes Hofmann
(GFZ)

Hofmann, H., Blöcher, G., Peters, E.,
Hernández Ochoa, A. F., “Hydraulic
stimulation scenarios for a potential
Enhanced Geothermal System (EGS)
in Acoculco, Mexico”

Peter Fokker
(TNO/UU)

Fokker, P., Singh, A., Candela, T.G.G.,
Wassing, B.: “A Semi-Analytic
Transient Approach to Modelling
Plasticity and Stimulation of
Geothermal Wells”

Eszter Békési (UU)

Békési, E., Fokker, P., Limberger, J.,
Bonté, D., van Wees, J. D.: “Ground
Deformation at the Los Humeros
Geothermal Field (Mexico) from
2014 to 2019 Inferred from Sentinel1 DInSAR Time Series Analysis”

Anna Jentsch
(GFZ)

Jentsch, A., Jolie, E., Pfeiffer, L.,
Zimmer, M.: “Volcano-tectonic
structures and their influence on soil
gas emissions in a low permeable
geothermal reservoir –A case study
from Los Humeros Volcanic
Complex, Mexico”

David Bruhn (GFZ)

“GEMex – Cooperation in
Geothermal energy research EuropeMexico for development of
Enhanced Geothermal Systems and
Superhot Geothermal Systems”

Egbert Jolie (GFZ)

Jolie, E., Liotta, D., Garduño-Monroy,
V. H., Gutiérrez-Negrín, L. C., Arango
Galván, C., Hersir, G. P., van Wees, J.
D.,Aragón Aguilar, A., López
Hernández, A., Bruhn, D., Kieling, K.
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and the GEMex team, “The GEMex
project: Developing Los Humeros
(Mexico) as a superhot geothermal
site”
Juliane
Kummerow (GFZ)

Kummerow, J., Raab, S.,
Spangenberg, E., Schleicher, A.M.,
Schuessler, J.: “Reactive flow in
supercritical geothermla settings and
its impact on electrical fluid and rock
properties”

David Bruhn (GFZ)

Liotta, D., van Wees, J.D., GarduñoMonroy, V. H., Hernández Ochoa, A.
F, Deb, P., Aragon, A., Lopéz
Hernández, A., Bruhn, D.: “The
GEMex Project: Investigation of
Acoculco (Mexico) as a Potential EGS
Site”

Michal Kruszewski

Kruszewski, M., Montegrossi, G.,
Ramírez Montes, M., Wittig, V.,
Gomez Garcia, A., Sánchez Luviano,
M., Bracke “Stress Field Evaluation
with Application to Geomechanical
Modeling of the Cement Sheath
Integrity: A Case Study of the Los
Humeros Geothermal Field, Mexico”

Philippe Calcagno
(BRGM)

Calcagno, P., Trumpy, E., GutiérrezNegrín, L. C., Norini, G., Macías, J. L.,
Carrasco-Nuñez, G., Liotta, D.,
Garduño-Monroy, V. H., Páll Hersir,
G., Arango Galván, C., Vaessen, L.,
Evanno, G.: “Updating the 3D
Geomodels of Los Humeros and
Acoculco Geothermal Systems
(Mexico) – H2020 GEMex Project”

Table 4: List of oral or poster presentations

2.2.5 Task 2.5 Events
as Annex 1 in Deliverable D2.1 Strategic communication plan. It specifies events in 4 categories





project events
scientific events
information events for stakeholders
workshops for consulting stakeholders
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Project meetings have been organised and conducted and are detailed in the report on Task 1.4
Meetings.
Scientific events: The GEMex consortium has contributed presentations to several scientific
meetings, as specified in the report on Task 2.4 Promotion of project results. A session on
“International Research on Engineered and Superhot Geothermal Systems” has been chaired by
members of the GEMex consortium (Egbert Jolie (GFZ), Olafur Flovenz (ISOR), Ernst Huenges (GFZ))
during the GRC (Oct 2018 in Reno, Nevada, USA).
Information event for stakeholders
GEMex was presented by GFZ during "Geothermal Conference: the impact of EU R&D funding - A 20
year perspective on EU R&D funding for geothermal energy" in Brussels (Belgium), 20th September
2019.
The organisation of the next stakeholder information event has started and is foreseen in context of
EGC 2019 (De Haag, The Netherlands, 10-14 June 2019).
Workshops of the stakeholder board are reported in Task 2.4 Promotion of project results.
Finally, during the second reporting period, GEMex WP2 staff participated to the Innovation and
Networks Executive Agency (INEA) proposed activities. An overview of the GEMex project was given
at the INEA meeting held in Bruxelles in June 2018. As a result of this meeting, GFZ initiated the
organisation of a joint booth for geothermal H2020 projects at the EGC 2019, the organisation is
ongoing. GFZ also initiated the organization of a joint workshop on "Risk assessment in geothermal
projects", which will take place in Potsdam, Germany, on 28th May 2019.

2.2.6 Dissemination activities
Bruhn, D., Jolie, E., Huenges, E., “European research efforts on engineered and superhot geothermal
systems within Horizon2020”, GRC Geothermal Resources Council Annual Meeting, Reno, Nevada,
USA 14 - 17 October 2018

2.2.7 Deviations from the Description of Action
No deviations from the Description of Action have to be reported.
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2.3 Work Package 3: Regional Resource Models
Lead: UU
Partners: BRGM, CNR, OGS, TUDA, UNIBA, UROMA3, UU
Duration: month 1-44
Status: started and ongoing
Objectives:
Work Package 3 is focusing on modelling the resources at regional scale both in Acoculco and Los
Humeros. The models are geological (conceptual, numerical, and analogical), thermal, and
hydrogeological. These models have for objective to characterize the geological and geothermal
system in close collaboration with the geological and geophysical work respectively performed in
WP4 of WP5. The understanding at regional scale on how the geological and geothermal systems
have evolved and are structured will help the purpose of the other work packages.
Participant
number

4

5

7

8

9

12

TUDA

BRGM

OGS

UROMA3

2

17

132

9.32

1

2.5

84.3

CNR

22

PM foreseen 2
in total GEMex

20

57

PM used

27.66 42.82 0

1

Total

12

UU

UNIBA

Short name

14

Table 5: Status quo of personal resources WP3

The work is benefiting from a strong working relationship between Europe and Mexico, both, with
the academic partners and the industry partner CFE.
The progress of the activities (i.e., achievement of the foreseen Milestones and release of the due
deliverables) and the resources used are in line with the timing and effort/cost proposed in the Grant
Agreement (GA).
Minor deviations from the Description of Action are reported below in section 0.
Task 3.1 has the objective to gather each geo-scientific specialty around a common platform to build
a shared understanding of the geological system in the form of a conceptual and 3D model
(Deliverable 3.1). Main results are:
 3 preliminary models: 2 for Los Humeros (local and regional) and a regional for Acoculco
created as a collaboration between EU and Mexican partners. These models have been made
available to the GEMex community through the VRE
 Published and unpublished data have been gathered for Acoculco and Los Humeros volcanic
complexes and organized in a GIS environment.
 A report on the knowledge gathered regarding the conceptual model has been prepared and
made available on the VRE
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The progress of Task 3.1 is according to schedule. The MS10, MS11, and MS13 that were related to
T3.1 have all been delivered on time.
Task 3.2 has the objective to create thermal and hydrogeological models to understand the
geological, volcanological, and geothermal systems at regional scale for Los Humeros and Acoculco.
The ultimate aims are to create a resource assessment of both sites.
The work on the thermal and hydrogeological modelling included first a collection of data (both for
temperature and hydrogeology) specifically for the purpose of the modelling. Then, by using the
geological structure and knowledge provided by Task 3.1 and WP4 a preliminary model has been
built for the thermal structure in Los Humeros and Acoculco, and for the hydrogeology in Acoculco.
Further knowledge will be provided by the update of the model in Task 3.1, and new knowledge
mainly from Task 3.3, WP4 and WP5. Main results are:
For the thermal models
 Preliminary models both in Acoculco and Los Humeros with hypotheses that will be
confirmed later on during GEMex (magmatic body parameters definition).
For the Hydrogeological model
 Information has been provided through collaboration with the Mexican team at CICESE
currently working on quantitative hydrogeology (e.g. whatershed) and geochemical study.
Theses information have led to the understanding of the boundary condition of the system
allowing the modelling to progress with complete knowledge of the area.
 Additional information concerning the system were provided by CFE
The progress of Task 3.2 is according to schedule. The only milestone MS15 was slightly delayed
(from M6 to M11) due to a discussion regarding the dissemination of data with CFE but this issue has
been solved at GEMex level and the work in T3.2 is now back on track.
The Task 3.3 has two main objectives addressing:
 the relationships between regional tectonics and volcanoes
 the surface deformation patterns related to the collapse of caldera and volcanic edifices.
Task 3.3 ‘Analogue modelling’ has started in October 2017 (M12):
 A field survey has been carried out in Los Humeros in November 2017, during which
geological-structural data have been collected in cooperation with personnel of Task 4.2 and
Mexican institutions. Post fieldwork, the collected data have been analyzed.
 A first series of analogue models has been carried out by CNR-IGG, starting in January 2018
and focused on the study of caldera collapse and the associated surface deformation.
The result of the T3.3 will be use by T3.1 and other partners that try to understand the evolution and
structure of the volcanic edifices.
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2.3.1 Task 3.1 Integrated regional models and characterisation of the
geothermal and volcanic systems
The task T3.1 “Integrated regional models and characterization of the geothermal and volcanic
systems” coordinated by the BRGM, gathers scientists from Europe and Mexico.
The Los Humeros and Acoculco sites are studied following three complementary 3D scales (Figure 4):




Supra-regional, ~100x50-70x30-40 km
Regional, 56x36x7b.s.l. km
Local, 9.5x12.5x7b.s.l. km

Figure 4: Boundaries of the local, regional and supra-regional models

The local scale is not described in the Description of Activity of the project, as T3.1 deals with
regional integration. However, the scale of the exploitation in Los Humeros has been envisaged after
the beginning of GEMex to fulfil the need of other partners, e.g. WP6 for simulation. In Acoculco, no
local scale model has been built during the reporting period.

Management and internal dissemination
Several meetings, workshops, teleconferences have been organized during the reporting period to
reach the forthcoming milestones and deliverables of T3.1, and to communicate beyond the task
framework within GEMex. These actions are listed in the following.


Presentations and discussion at internal project meetings

Event

Session

What

WP review meeting
Potsdam (DE)
06/2018

WP3

T3.1 status presentation
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5th project meeting:
General Assembly
10/2018
Morelia, MX

Plenary session T3.1 status presentation
WP3-4 sessions Discussion on the integration with other WP

Table 6: Task 3.1 presentations at project internal meetings.














Three teleconference dedicated to the whole task T3.1 were held during the reporting
period. (Minutes of these meetings are available on VRE)
o 14/06/2018, DGR/REG N°2018-020 - PC (https://goo.gl/w4YLLC)
o 17/09/2018, DGR/REG N°2018-024 - PC (https://goo.gl/UBMEhA)
o 17/12/2018, DGR/REG N°2019-002 - PC (https://goo.gl/gfZAQ5)
T3.1 Los Humeros tele-workshops (04/2018-03/2019): From April 2018 to March 2019,
almost weekly technical tele-workshops were organized by the LH 3D core teams (EU+MX)
regarding the update of the Los Humeros 3D preliminary geological models.
T3.1 Acoculco tele-workshops (06-09/2018): From June to September 2018 several informal
technical teleconference were organized between the modeller and the leaders of the team
who performed the field works. In September 2018 a tele-workshop was established with all
the persons involved in the Acoculco 3D core team (EU+MX) to set up the updated version of
the Acoculco 3D geological model. See minutes: https://goo.gl/mpdUfh. .
T3.1 Acoculco Teleconference (02/2019): a teleconference was organised (06/02/2019) with
the leader of the last field work performed in January 2019 in Acoculco to discuss the further
update of the Acoculco 3D geological model.
WP4-T3.1 Los Humeros regional geological interpretation teleconference (28/06/2018): A
teleconference was organized by WP4 to discuss the geological interpretation in LH at
regional scale.
TaskForce-T3.1 teleconference (12/02/2019): A teleconference was organized by to debrief
after the TaskForce meeting in Morelia held on 23/01/2019.
T3.1 Los Humeros integration tele-workshop (14/03/2019): A first teleworkshop was
organized to set up the integration of geophysical data in the geomodels (minutes to come).

3D GeoModels
The preliminary 3D geological models delivered in October 2017 (MS11, https://goo.gl/rSke7c) were
updated according to the new knowledge acquired since the end of the last reporting period.
a) Methodology
The geothermal contexts in Los Humeros and Acoculco are quite different. The Los Humeros area has
been studied and exploited since decades. It is a conventional, hydrothermal system whose main
features are known. The goal is to better understand the geothermal field under exploitation, and
particularly where the expected super-hot fluids would be contained and how it could be exploited.
The geothermal target is located within the pre-caldera rocks (andesites), and probably in some
upper portions of the underlying carbonate basement. In Los Humeros, the caldera rocks
(ignimbrites) seem to act as a seal-rock. This is why it is important to separate the volcanic
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formations into three distinct units (pre-caldera, caldera, and post-caldera), besides the basement
unit.
Acoculco is far less known. There are no geothermal fluids identified in the two exploratory wells
drilled by CFE, but the high temperatures recorded make it a hot-dry rock resource susceptible to be
developed by EGS technologies. The information collected shows that the geothermal target is
probably located in the basement where an EGS development is foreseen. In this case, the
differentiation of the volcanic rocks is not as critical as in the case of Los Humeros, and the total
thickness of this volcanic package is far less (around 700 m, against more than 2000 m in Los
Humeros). This is why in Acoculco it is more important to separate the basement lithological units
(limestone, granitic and metamorphic rocks as hornfels, skarn and marble) and group all the volcanic
products in one single unit (volcanites).
The rationale behind the geological models interpretation takes into account these different contexts
from an area to the other. However, a particular attention is paid to ensure, as much as possible, a
coherent way of geological interpretation for the 2 areas. For instance, the brittle/ductile transition is
taken into account accordingly and the rock units or groups have to be ordered in the same way.
The construction of the geomodels of Los Humeros and Acoculco was conducted in a team work
gathering European and Mexican colleagues. A loop was established through three main steps under
the supervision of a referent geologist: (i) data & knowledge, (ii) modelling, (iii) validation. The
shapes of the models were discussed at the team level. Then revised data and knowledge was input
in a new loop until the models are fully validated by the partners. The close connection between EU
and MX was crucial in this process. Regular meetings were organized to allow the interaction as
much as possible. These tele-workshops were organized almost on a weekly basis to share
documents, data, interpretation in cross-sections and boreholes, and to discuss the interpretation of
the geological objects in 3D.
The interpolation is performed using a co-kriging geostatistical method where 3D points located on
the geological interface to be modelled and 3D vectors showing the dip of this geological interface
are used at the same time (Lajaunie et al., 1997). The result of the interpolation is a 3D scalar
potential field where isovalues represent geological interfaces. A geological pile describes the
chronological and topological relations between the geological formations. It allows automatic
management of the geological boundaries (gradual or erosional). The links between faults and
formations are also described in the modelling process, to compute automatically how faults affect
formations. When faults interact with each other, they are combined in a fault network for
describing their relations. This methodology is fully described in Calcagno et al. (2008) and
implemented in the 3D GeoModeller package.
The interaction with other WPs regarding input towards T3.1 was mainly focussed on WP4 and WP5.
A close collaboration is in place with WP4 “Tectonic control on fluid flow” since the beginning of T3.1
to ensure a relevant geological interpretation from existing knowledge and new field acquisition, e.g.
teleconference on 28/06/2018. The interaction with WP5 “Detection of the deep structures” started
during the reporting period and will be strengthened in the following period to better constrain the
geomodels, e.g. tele-workshop on 14/03/2019.
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Los Humeros integrated 3D models are conducted by BRGM. Acoculco modelling is driven by CNR,
under the supervision of BRGM. All the geomodels are built using the GeoModeller software.
b) Los Humeros
Core team
Philippe Calcagno (T3.1 and model leader, BRGM), Gerardo Carrasco (referent geologist, UNAM),
Gwladys Evanno (Master trainee, BRGM), Luis Carlos Gutiérrez-Negrín (WP3 leader, CeMIEGeo),
Domenico Liotta (geology advisor, Uni Bari), Gianluca Norini (geology advisor, CNR), Bety Román (MC
degree, UMSNH), Loes Vaessen (Master trainee, Uni Utrecht and BRGM).
Other partners have joined the core team on specific topics.
Bibliography
Los Humeros references are available here: https://goo.gl/4vrRP3.
Data
The geological map from Carrasco-Núñez et al. (2017b) and the two geological sections from
Carrasco-Núñez et al. (2017a) and Norini et al. (2015) are the main references to set up the
geomodels. New fieldwork, mainly done by Norini’s team in 2018 was also used to update the
preliminary models.
In addition, the Comisión Federal de Electricidad (CFE) has provided geological description of fiftyseven wells, vs. sixteen wells for the preliminary models.
A selection of the main faults to be modelled at the regional and local scales was done. They all have
a maximum extension of four kilometres (below ground level) corresponding to the interpretation of
the brittle-ductile transition. For the modelling process, the geological formations are described as
four groups and nine units, respectively at the regional and the local scales.
The Digital Elevation Model (DEM) is provided by INEGI (Instituto Nacional de Estadística Geogreafía
e Informática).
Wells description
The fifty-seven wells provided by CFE were described according to the geological formations taken
into account for the modelling. As a complement of the geological units selected for the preliminary
model at local scale, another way of describing the “Pre-caldera group” was proposed. On top of
that, the geometry of the wells was set up to take into account the deviation parameters given by
CFE. This work regarding the description of the wells is available on VRE: https://goo.gl/1a3zUr.
Regional scale modelling
The preliminary geomodel at regional scale (56 km x 36 km x 12 km, i.e. down to 7 km below sea
level) presents four geological groups: basement, pre-caldera rocks, rocks from the caldera, and post-
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caldera rocks (Figure 5). The update of this model started during the reporting period and will
continue with the integration of geophysical data in collaboration with WP5.
The current Los Humeros regional geomodel is available on VRE: https://goo.gl/rSke7c.

Figure 5: The Los Humeros regional geomodel of the four geological groups listed at bottom left. Coordinate system is
WGS84/UTM zone 14N. Figure taken from Calcagno et al. (2018).

Local scale modelling
The geomodel at local scale (9.5 km x 12.5 km x 12 km, i.e. down to 7 km below sea level) presents
nine units: basement, basal pre-caldera, intermediate pre-caldera, upper pre-caldera, Los Humeros
caldera, Intermediate caldera, Los Potreros caldera, post-caldera, and undefined pyroclastic rocks (Fig.
4). The update of this model started during the reporting period with a new version of the local fault
model. The faults modelled at local scale were updated after new fieldwork, mainly done by Norini’s
team in 2018 (Figure 6).
The Los Humeros local fault model update is available on VRE: https://goo.gl/WmQQQ7.
The current Los Humeros local geomodel is available on VRE: https://goo.gl/rSke7c.
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Figure 6: Los Humeros local fault model updated during the reporting period.

c) Acoculco
Core team
Eugenio Trumpy (model leader, CNR), Philippe Calcagno (modelling supervisor, BRGM), Luis Carlos
Gutiérrez-Negrín (WP3 leader, CeMIEGeo), Guillermo Cisneros (UNAM), Domenico Liotta (geology
advisor, Uni Bari), Andrea Brogi (Uni Bari), Caterina Bianco (Uni Bari), José Luis Macías Vásquez
(referent geologist, UNAM), Gabriela Gómez (UNAM), Denis Avellán (UNAM), Víctor Hugo GarduñoMonroy (UMSNH), Bety Román (MC degree, UMSNH), Giovanni Sosa-Ceballos (UNAM).
Other partners have joined the core team on specific topics.
Bibliography
Acoculco references are available here: https://goo.gl/nJltXQ.
Data
The geological map from Avellán et al. (2018) is the main references to set up the geomodels. In
addition, the Comisión Federal de Electricidad (CFE) has provided a general geological description of
two exploration wells. Moreover, other information on the two exploration wells and on the
geological setting were retrieved from literature (e.g. López-Hernández et al., 2009; Lorenzo-Pulido
et al. 2010). Fieldwork, mainly done by Liotta’s team, was also used.
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A selection of the main faults to be modelled was done. They all have a maximum extension of four
kilometres (below ground level) corresponding to the interpretation of the brittle-ductile transition.
For the modelling process, the geological formations are described as five groups (see “Acoculco
results” section).
The Digital Elevation Model (DEM) is provided by INEGI (Instituto Nacional de Estadística Geogreafía
e Informática).
The model version delivered in September 2018, which updates the preliminary version released in
October 2017, took in to account some new evidences from recent field works performed by EU and
MEX teams. The faults system was updated accordingly as follow: i) normal faults were adjusted and
added in the norther part of the area, ii) the strike-slip faults were changed and mapped as 700m
strip width called ‘Damage zones’, where volcanic outcropping rocks are highly fractured (Figure 7
and Figure 8).

Figure 7: Acoculco regional faults system updated during the reporting period.

Figure 8: The Acoculco regional geomodel updated cross-section.

Regional scale modelling
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The geomodel at regional scale (56 km x 37 km x 10.5 km, i.e. down to 7 km below sea level) presents
five geological groups: basement, granite, skarns, limestones, and volcanics (Figure 9). The geological
map (Avellán et al., 2018a) was re-interpreted accordingly.
Two geological cross-sections were drawn to interpret the deep structures. They serve as reference
for the geological interpretation. Nine complementary cross sections were drawn according to the
two references cross-sections to ensure a coherent interpretation, for instance in terms of geological
formations thickness.
Acoculco regional geomodel is available on VRE: https://goo.gl/qYE7xM.

Figure 9: The Acoculco regional geomodel of the five geological groups listed at bottom. Coordinate system is
WGS84/UTM zone 14N. Figure taken from Calcagno et al. (2018).

d) Use beyond T3.1
The T3.1 geomodels are used by other GEMex partners as described in Fehler! Verweisquelle konnte
nicht gefunden werden..
Task

Preliminary GeoModel Purpose
in use

Partner

T3.2

Los Humeros regional
Los Humeros local

Hydrogeological simulation

BRGM

T3.2

Acoculco regional

Thermal modelling

CNR

T4.2

Los Humeros regional
Los Humeros local
Acoculco regional

Geological interpretation

Uni Bari
CNR

T5.1

Acoculco regional

Modelling inversion of geophysical EM data
from CFE and literature

CNR

T5.2

Los Humeros local and
regional

Seismic data analysis

OGS
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T5.4

Los Humeros local and
regional

Elastic modelling

OGS

T6.2

Los Humeros local

Understanding the relationship between the CNR
geological surfaces and the feed zones
RWTH
obtained from analysing the production data
and heating up profiles of wells.

T6.4

Los Humeros regional
Los Humeros local

Heat transport and fluid flow simulation

RWTH

WP8
Task Force

Los Humeros regional
Los Humeros local

Strategy for accessing super-hot resource

Several

Table TabUse: List of tasks using T3.1 geomodels.
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Conceptual models
Regarding the Volcanological conceptual models for Los Humeros and Acoculco, the updates of the
current knowledge draw on extensive field work and laboratory analyses including petrological,
geothermobarometric and geochronological determinations performed in WP4.2 and summarized in
the related Report D4.1.
Additional fieldwork was performed by CNR jointly with Mexican partners 10-22 November 2018:
 Sampling lava flows for archaeomagnetic ages
 Investigating stratigraphy and cartographic details in the South Western sector of the caldera
borders
The information will be compiled at M38 within the Report D3.2.
At this stage there is an overall convergence for both Los Humeros and Acoculco towards an
innovative conceptual model for the plumbing systems as related to multiple stacks of separated
magma batches active at different times, depths, locations and with different compositions and
temperatures. Such innovative view, grounded on available data described in Repost D4.1 suggests
that the heat source for the geothermal systems should not be modelled as a single large magma
chamber as believed and implemented so far.

Achievements
There was no milestone, nor deliverable related to T3.1 during the reporting period. However, the
following was achieved.
A scientific paper was published in Advances in Geosciences (ADGEO). It presents the preliminary
geomodels of Los Humeros and Acoculco (Calcagno at al., 2018). https://doi.org/10.5194/adgeo-45321-2018.
The fifty-seven wells provided by CFE were described with sets of geological units. The deviation
parameters were taken into account to calculate their geometry. They are available on VRE:
https://goo.gl/1a3zUr.
The Los Humeros local fault model was updated. It is available on VRE: https://goo.gl/rSke7c.
The Acoculco regional model was updated. It is available on VRE: https://goo.gl/qYE7xM.
They come with:





Metadata sheet for information
GeoModeller files
PDF3D file
TSurf files

2.3.2 Task 3.2 Integrated geothermal models and resource assessment
The task T3.2 “Integrated regional models and characterization of the geothermal and volcanic
systems” coordinated by the Utrecht University, gathers scientists from Europe and Mexico. The main
of them are listed here:
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Damien Bonté (UU), Jon Limberger (UU), Rosa Maria Prol Ledesma (UNAM), Gianluca Gola (CNR),
Eugenio Trumpy (CNR), Armandine Les Landes Antoine (BRGM), Maurel Camille (BRGM), Lopez Simon
(BRGM), Calcagno Philippe (BRGM), Thomas Kretzschmar (CICESE)
The aim of GEMex’s Task 3.2 is to investigate, at regional scale, the thermal and hydrogeological
structure of Los Humeros and the thermal structure of Acoculco. The purpose of these studies being
to (1) assess the resource in both sites and (2) help with the characterisation of the geological
parameters that creates these thermal and hydrological perturbations from stready-state. The work
has been separated into three teams that are investigating a specific aspect by using numerical
modelling: CNR (E. Trumpy and G. Gola) has been working on the thermal characterisation and
resource assessment of Acoculco, Utrecht University (D. Bonté, J. Limberger, and J.-D. van Wees) has
been working on the thermal characterisation and resource assessment of Los Humeros, and BRGM
(S. Lopez, P. Calcagno, C. Maurel, and A. Armandine Les Landes) has been working on the
hydrogeological system of Los Humeros. For the three team the objective has been to collect and use
the data both created in GEMex (e.g. petrophysical information from T6.1, volcanological 3D model
from T3.1) and already available in the literature such as the hydrogeology (e.g. Jimenez-Salgado,
2014) and understanding of the volcanological system (e.g. Carrasco-Núnez et al., 2017). The work on
task 3.2 is coming to an end at the same time as the end of this reporting period (M30 – March 2019),
therefore all finding will be available in Deliverable D3.3 Hydrogeological model of Los Humeros:
hydrothermal processes at the regional scale and D3.4 Regional resource assessment and geothermal
models.

Hydrogeological model of Los Humeros: hydrothermal processes at the regional
scale (Deliverable 3.3)
Groundwater flow in the shallower part
Figure 10 presents the simulated mass flux in the shallower portion of the model. While inside the
caldera of LP the flux is oriented toward the SW, the flux in LH caldera -north from Los Potreros Rimthe flux is oriented toward the NE. The flux directly outside the caldera is radial.
When looking at a cross section of mass flux in the shallow part of the model i.e. the reservoir
formation participating in geothermal fluid production in LHVS as illustrated in Figure 11, one can
rapidly identify the inflow and outflow of heat inside the calderas. The outflows are located in majority
near the Los Humeros NE Rim and the SW rim of Los Potreros calderas: La Antigua Fault. The inflow
zone is located in the NE rim of Los Potreros caldera. On both sides of LH caldera rim, the flux is
outwardly oriented. The fluid is thus conducted along the Los Potreros North-Est rim of the caldera to
the deeper area of the caldera and is heated through the influence of heat flux source in the basement
of the model. The geothermal fluid is then conducted toward the shallow level of the reservoir along
the faults of La Antigua in the center of LP caldera and along Los Humeros caldera rim. The results
obtained with simulation are thus consistent with the conclusion of the conceptual model introduced
by (Norini et al., 2015)
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Figure 10: Simulated mass flux orientation unscaled and colored with temperature (K) over the regional model for
permeability of 1.10-14m² in the Caldera and Pre-Caldera formation using a prismatic mesh.

Figure 11: Orientation of simulated mass flux mapped with temperature (K), centered on LH and LP calderas along a NESW cross section using permeability of 1.10-14m² in the permeable Pre-Caldera and Caldera formation and with
prismatic meshing.
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Groundwater flow in the deeper part
Figure 12 presents the mass flux orientation in the deeper part of the model (below 0 meter above
sea level). Overall, upward mass flux can be observed in the deeper part. These upward mass fluxes
tended to become more lateral in the shallower part. Note that the mass flux is mainly directed
radially outwards and upwards (from the LH caldera inside to outside: see orange arrows). Outside
the caldera two main flow directions can be observed: in the eastern part, the flow is mainly SW-NE
(see purple arrow) and in the western part the flow is mainly SE-NW (see green arrow). Inside the
caldera, mainly upward flows occur (yellow arrow).
A detailed description of the simulated mass flux shows that the simulated mass flux orientation and
temperature contour below 0 meter above sea level over a NE-SW cross section. The arrows (mass
flux) show upward flows in the deeper part (as described in the previous paragraph) and highlight the
impact of the powerful heat source below the caldera, which strongly impacts the mass flux around
the caldera.

Figure 12: Simulated mass flux orientation in the deeper part of the model (below 0 meter above sea level), unscaled
and colored with temperature (K) over the regional model, for permeability of 1.10-14m² in the Caldera and Pre-Caldera
formation and of 1.10-18m² in the basement using a prismatic mesh.

The distribution of flux and thermal anomalies at the regional scale of the Los Humeros Volcanic
Complex has been achieved, which is consistent with the conceptual models proposed by Norini et al.,
(2015). Indeed, heat from deep basement formation is directed towards the north and south rim of
Los Humeros caldera and over the south rim of Los Potreros caldera near the Antigua and Mastaloya
faults.
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Regional temperature structure of Los Humeros and Regional resource
assessment (Deliverable 3.4)
Temperature field considering the Heat and Hydrological flows
Two models were performed using a strong magmatic heat source and an hydrogeological flow. These
two final models (models D and E as described in deliverable D3.4) are shown in Figure 13.
Model D combines the regional effect of deep-water circulation with spatial variation of flow (qd and qr)
in the caldera zone, and the emplacement of a magmatic heat source at 5 km below sea level. The best
fit was obtained by scaling the natural flux Q with 0.5, before shifting the local discharge qd by a value
randomly sampled from a uniform distribution between +5 and -5. The sum of the total qd and qr is
kept at zero by adjusting the qr accordingly. To incorporate the effect of locally adjusted surface
sources (qd and qr) into each thermal model run, the hydrological model was updated and the resulting
fluxes used as input for the thermal model.
Model E differs from model D by a shallower magma emplacement of 2.5 km below sea level and
scaling the natural flux Q with 0.1, before shifting the local discharge qd by a value randomly sampled
from a uniform distribution between +2.5 and -2.5.
Both models show a reasonable fit with the wells used for the inversion. The main difference is that
model D underestimates the temperature for most of the misfit well (outside the predefined ±20°C
error bandwidth), while model E mostly overestimates temperatures for these misfit wells. What
becomes clear from the misfit maps is that over- and underestimated values are in some cases very
close-within one or two model cells-to each other. This could indicate that the model horizontal and
vertical resolution might be a limiting factor for finding the best fit, as it limits the capability to simulate
advective heat transfer via small-scale faults and fractures.
Other limiting factors are the single layer and vertical conduit, the input fluxes, the assumed ratio
between precipitation and infiltration, and the onset of hydrothermal activity at 5 Kya. The evolution
of the Los Humeros Volcanic Complex also consists of more phases than the single magmatic heat
source emplacement assumed in these models (Giordano et al., Task 3.1; Carrasco-Nuñez et al. (2018)).
Multiple heat sources, rejuvenation of existing heat sources, and bimodal volcanism could have a
significant impact on the results.
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Figure 13: : N-S and W-E cross sections through the thermal model based on the mean calculated temperatures after
stochastically varying the hydro fluxes. (A) For the top model (model D, Table 3), the emplacement depth of the heat
source was set at 5 km below sea level, while the thickness of the hydraulically conductive layer was increased to 5 km.
(B) For the bottom model, the emplacement depth of the heat source was set at 2.5 km below sea level, while the
thickness of the hydraulically conductive layer was kept at 1 km.

Resource assessment in Los Humeros
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For the volumetric heat-in-place assessment of the Los Humeros region, all layers except the granitic
basement (layer 5) were considered as potential reservoir. The granitic basement is considered to be
too deep in the caldera-region to be drilled economically. We adopted a minimum threshold
production temperature for Tzof 200 °C and we used the surface temperature of 25 °C as re-injection
temperature Tr. For simplicity, we adopted a single rock density ρrock of 2600 kg/m3 and specific heat
capacity Cprockof 836 J/kg K. We calculated the stacked potential of all layers above the granite,
assuming that all of these layers could potentially be suitable as a reservoir. However, due to the
chosen threshold temperature and the general thermal state of the region, the potential will mainly
be present in the pre-caldera units of layer 3 and the marble unit of layer 4. We used the temperatures
calculated for model D (Section 2.3.2.) as base for this resource assessment. Most of the potential is
associated with the high temperatures observed within the caldera zone (Fig. 20). The potential in the
SE-corner (Fig. 20b) can be explained by the thermal blanketing effect caused by the relative thick
cover of layer 1 and 2 rocks with a very low (<2 W/(m K) bulk thermal conductivity.

Figure 14: Stacked heat-in-place potential Hnormalized for cell surface area (PJ/km2), showing the spatial distribution of
Hand major caldera faults. Most of the potential is associated with the high temperatures inside the caldera. The
potential in the SE-corner can be explained by the thermal blanketing effect caused by the relative thick cover of layer 1
and 2 rocks with a very low (<2 W/(mK)) bulk thermal conductivity.

Regional temperature structure of Acoculco and Regional resource assessment
(Deliverable 3.4)
Result of the temperature model
The Acoculco geothermal system lies within the Tulancingo–Acoculco Caldera Complex (Sosa-Ceballos
et al., 2018; López-Hernández et al., 2009) sited in the eastern portion of the Trans-Mexican Volcanic
Belt. This volcanic complex formed in the Pliocene time (3.0–2.7 Ma) with the formation of the
Tulancingo Caldera. A second event in the Pleistocene time (1.7–0.24 Ma) drove the development of
the Acoculco Caldera within the older depression. According with the measured high 3He/4He values
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(R/Ra = 6.3, Polak et al., 1982) which suggest the presence of an active deep-seated magmatic source,
we explained the actual trend of the measured temperature profiles as the shallow expression of a
recent magmatic event.
The emplacement depth and temperature as well as the size of the magmatic body are unknown. Our
numerical approach consisted in solving the transient heat and mass transport equations in order to
forecast the present-day temperature distribution around a hypothetic, and recent magmatic
intrusion. The choice of solving for a dominant conductive heat transfer mechanism by setting very
low permeability values to the rocks (K < 10-18 m2) is supported by the thermal evidences recorded in
the wells and the observed pervasive secondary mineralization both at surface and in the cores that
reduced the permeability of the rocks.
We simulated the evolution of the thermal structure as consequence of a fast emplacement of magma
at time t1 having a fixed temperature Tmag which persist in the mid-to upper crust until time t2. The
initial conditions correspond to the steady-state conductive temperature distribution evaluated for a
basal heat flow of 60 mW/m2. The time-dependent solutions are computed every 1 kyr and the length
of the simulation is 155 kyr. The magmatic body starts to warm the overlying rocks as soon as it
emplaced at depth. The thermal wave moves upward controlled by the thermal diffusivity structure.
The thermal load is provided by the heat source for a time interval of 100 kyr. At time t2 the heat
source starts to cool and the release of the latent heat of crystallization has been considered. The heat
source has been parametrized through a Monte Carlo optimization procedure minimizing the misfit
between the measured and simulated temperatures.
The normalized root-mean square error (NRMSE) has been computed globally, i.e. using as control
points all the 46 borehole temperatures (24 from EAC-1 well and 22 from EAC-2 well). Low NRMSE
values are observed in the cooling stage for time larger than 10 kyr. These are related to a better
data fitting in the upper section of the thermal profiles but not in the lowermost section where a
change in the thermal gradient is observed. The characteristic convex upward trend of the thermal
profiles is simulated during the warming phase and as soon as the cooling phase starts. In Figure 18
the thermal profiles evaluated along the EAC-1 well at different times during the warming and
cooling phases are shown. As regards the timing, if the heat source is still active and we fall into the
warming stage, the thermal wave required about 50-80 kyr to reach the depth of the bottom holes.
Instead, if we fall in the cooling stage, the intrusion was active up to about 5-6 kyr ago or less.
Choosing the scenarios that give a NRMSE < 4, the emplacement temperature and the top of the
intrusion are 850±50°C and 2300±400 m below ground level, respectively. Although a preferred
narrow shape of the dikes system gives the better data fitting, we need supplementary boreholes in
the area of study or other geophysical data in order to better constrain the lateral extent of the
thermal anomaly.
We would stress that as the Acoculco geothermal field has not been yet explored in detail, large
uncertainties may exist due to the lack of data. The actual regional model represents the best
prediction using the available information from literature and from other GEMex Tasks.
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Figure 15: Thermal profiles evaluated as soon as the intrusion starts to cool for an initial emplacement temperature
of 850°C and its top set at 2300 m b.g.l.

3.2- Resource assessment in Acoculco
ThermoGIS code was used to assess the geothermal resources and its potential in the Acoculco area.
As geothermal potential the ‘Heat in Place’ was computed for the supposed EGS reservoir. ThermoGIS,
which is based on the volume method, was set up with the geological surfaces that limit the reservoir,
coming from the 3D regional geological model with a 500 x 500 m2 of resolution, the 3D temperature
field of the area with 500 x 500 x 100 m3 of resolution and a set of petrophysical rocks properties. The
result of the computation is a Heat in Place grid map of the Acoculco area with a 500 x 500 m2 as
horizontal resolution.
The supposed EGS reservoir in Acoculco is hosted in a volume of rocks including the limestones
underlying the volcanites, the skarns and the granite. Consequently, the top limestones surface
(Figure 15 A) and the top of the basement surface (Figure 15 B) from the 3D regional geological
model were used in the computation. In particular, the top of the basement is a composite surface
made of the bottom the limestones and the bottom of the granite. The volume of skarn rocks is
included between the two surfaces described.
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Figure 16: A) top limestone surface; B) top basement surface.

2.3.3 Task 3.3 Analogue modelling
Summary of Activity
Task 3.3 ‘Analogue modelling’ aims to explore the interplay between tectonic structures and magmatic
processes in shaping volcanic edifices, with the purpose of understanding specific volcano-tectonic
issues pertinent to the geothermal exploration of the study areas in Mexico. In particular, Task 3.3
addresses two main research themes that will be addressed in detail by specific deliverables that
should be completed at M36 (milestones M 3.3.1 and M 3.3.2), particularly (1) the interactions
between regional tectonics and volcanoes (Deliverable D3.5) and (2) collapse of caldera and volcanic
edifices and the associated surface deformation (Deliverable D3.6). These scientific issues have been
addressed through analogue modelling, which is an experimental practice that allows to study various
kinds of geological processes in the laboratory using scaled physical models built and deformed at
reduced time and length scales. Some experimental series have investigated the process of caldera
and volcanic collapse, focusing on the influence of regional pre-existing tectonic faults on deformation
pattern. The final experimental series investigating the deformation pattern related to (1) caldera
resurgence and (2) along-axis rift propagation are in progress.
Activity
Continuation of experimental analogue modelling of caldera and volcanic collapse and associated
surface deformation. Various model setups have been employed depending on the considered
process. In general, the set up of models performed at CNR consists of a brittle overburden (simulated
by K-feldspar sand) overlying a low-viscosity Newtonian fluid simulating a circular magma chamber. To
induce the collapse of the brittle overburden, the analogue magma is evacuated from below through
a tube in the central part of model. The experiments are based on new findings carried out in the frame
of Task 4.2, together with literature data, which document the presence of regional, pre-existing faults
in the pre-volcanic substratum of Los Humeros and Acoculco volcanic complexes. Such existing
structures are both transversal (i.e., ca. NE-SW striking) and longitudinal (ca. NW-SE striking) to the
trend of the Trans-Mexican Volcanic belt. The experimental modelling has thus investigated the
influence of pre-existing brittle discontinuities situated in different positions of the system, particularly
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(i) when these elements are bounding an analogue magmatic chamber settled in the upper crust, or
(ii) are introduced as pre-cuts in the brittle sand pack, as well as (iii) the role of fault dip in the final
deformation outcome of collapsed calderas and volcanic edifices. Modelling is also addressing
deformation connected with a resurgent block, which has been hypothesized to characterize the Los
Potreros caldera that developed within the larger Los Humeros caldera. In the latter experimental
series, analogue magma is intruded into model calderas simulating intra-caldera resurgence in the
form of (i) piston-like or (ii) localized intrusion geometry. A last experimental series addressing the
interactions between pre-existing crustal discontinuities and along-axis rift propagation has been
initiated, and is currently in progress.
Another experimental set up performed at Uni Roma Tre consisted in a glass box filled with a sand
pack (crust analogue) of variable thickness. In each experiment a layering has been imposed using a
non-cohesive marine sand below a layer of crushed silica sand to simulate the stratigraphy in Los
Potreros (stiff post caldera lava flows above soft and less cohesive ignimbrite deposits emplaced during
caldera collapse). At the base of the sand pack, a piston, controlled by an engine, pushes upward the
silicone (magma analogue) placed inside a cylinder. These experiments simulated the ascent of a
viscous intrusion into a brittle overburden with the aim to find a relation between the depth of
intrusion and the observed surface deformation.
- A mid-term task meeting was held in Florence in May 31, 2018 to discuss the modelling results
achieved so far and define the strategy of next modelling work to be performed by the different
partners involved in Task 3.3.
- Status and results of activities carried out in the frame of T3.3 (results of analogue modelling) were
presented during the 3rd General Assembly of GEMex held in Morelia, Mexico, on October 18-20, 2018.
- Contribution to the writing of ‘Final report on active geothermal systems: Los Humeros’ (Deliverable
4.1).
Summary of results
The experimental work performed at CNR has been subdivided into 4 experimental series, namely:
Series 1, Caldera symmetric/asymmetric collapse, Series 2A, Presence of pre-existing discontinuities
within the brittle overburden and substrate, Series 2B, Relationships between a propagating rift and
the existing fault pattern, Series 3, Pre-caldera volcano-related topography, and Series 4, Caldera
resurgence and interaction with existing structures (see Series 2). Analogue modelling carried out in
the last year mainly explored the role of pre-existing discontinuities on the collapse of calderas and
volcanic edifices (Series 1, 2A and 3), performing 85 models, part of which were dedicated to test new
model setups and reproducibility of results. Collapse invariably starts at a point and then propagates
laterally and down- and up-dip, implying that faults does not develop synchronously (Series 1 and 2A).
Although with differences depending on the tested setup, models normally (but not invariably) exhibit
sequential development of (1) outward-dipping reverse faults and (2) inward-dipping caldera ring
normal faults.
Existing discontinuities have been reproduced either as straight, vertical discontinuities or as
60°dipping faults. Discontinuities may be placed either at the caldera boundary, or in the overlying
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brittle overburden, or in both places. In general, preexisting faults are reactivated during, and
accommodate efficiently caldera subsidence producing a surface structural pattern characterized by
rectilinear caldera rim segments. More specifically, the presence of an inherited structure delimiting
the magmatic chamber, but not propagating up to the surface, can be exploited in various ways during
caldera collapse, leading to rectilinear features at surface. Similarly, a discontinuity also affecting the
overburden is able to produce straight rim faults bounding the collapsed caldera.
The rim geometry pattern of the Los Humeros caldera is characterized by rectilinear segments, such as
its south-eastern scarp and possibly the south-western scarp (Figure 17 a-c). A similar control of preexisting discontinuities can be also inferred for the Acoculco caldera (Figure 17 d). In general, there is
a broad similarity of the natural prototypes with the deformation pattern of Series 2A analogue models
controlled by pre-existing discontinuities (Figure 17 e), which suggests a similar evolutionary model.
These results validate the hypothesis of a regional tectonic influence on the development of the Los
Humeros and Acoculco caldera collapse, and suggest that caldera-bounding faults exploiting inherited
structures would represent potential targets for geothermal exploration whether fault permeability is
favourable.

Figure 17: Comparison of analogue models with structural geology observed in Los Humeros.

Series 2B has begun and investigates the deformation outcome produced by the interaction between
a propagating rift system and inherited crustal discontinuities. This model setup aims to simulate the
rifting associated with the Trans-Mexican Volcanic belt, which has been propagating through, and
interacting with a system of crustal discontinuities.
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The results of the experimental Series 3 addressing the collapse of a volcanic edifice suggest that when
the edifice is cantered on the underlying analogue magma chamber there is not a substantial
difference in deformation chronology with respect to models built without such an edifice (i.e., Series
1 and 2A). Instead, when the edifice is eccentric, its differential loading imparts a significant asymmetry
to the system that is reflected by the structural outcome.
Future modeling work will finalize the two experimental series 2B and 4 addressing (1) intra-caldera
resurgence and (2) the interactions between a propagating rift segment and regional inherited
structures.
An additional series of 9 experiments (Series 5) has been performed at Uni Roma Tre involving both a
layered (5 experiments) and a non-layered (4 experiments) overburden. The experiments show a
deformation pattern consisting of a first stage characterized by the uplift of a sub-circular dome,
bordered by inward dipping reverse faults, and a second stage characterized by the collapse of the
apical part of the dome where normal faulting occurs. The top view shape of both the reverse and
normal faults is sub-circular and is associated with the formation of radial fractures. A different graben
shape is observed with increasing overburden thickness: in the experiments with thinner overburden
an annular peripheral graben formed as the silicone reached the surface at the edge of the cylinder.
Conversely, experiments with thicker overburden showed a sub-circular apical graben formed as the
silicone reached the surface at the center of the dome.
All Series 5 experiments show that both the dome and graben diameter increase linearly with the
overburden thickness. The dome diameter increases abruptly with time becoming almost constant at
an early stage of the experiment; the graben diameter shows a similar pattern even if it enlarges
slightly with time (after the first abrupt increase) as the silicone rises towards the surface suggesting
that the intrusion depth has an higher influence on the graben diameter. Following Brothelande and
Merle (2015), we constrain the depth of the intrusion (T) from the geometrical parameters measured
in the experiments, such as graben diameter (Lg), dome flank dip (θ) and dip of graben master faults
(α). The application to the Loma Blanca dome (within the Los Potreros caldera) shows that the heat
source is at shallow depths (as shallow as < 1km), suggesting that the resurgence in Los Potreros is due,
at least in part, to multiple, shallow and small deformation sources in narrow areas.

2.3.4 Publications
Evanno, G., 2017. 3D preliminary geological modelling of the Los Humeros geothermal area (Mexico).
Master Thesis, ENAG/MFE-088-GB-2017, 123 pp.
Calcagno, P., Evanno, G., Trumpy, E., Gutiérrez-Negrín, L. C., Macías, J. L., Carrasco-Núñez, G., and
Liotta, D., 2018. Preliminary 3-D geological models of Los Humeros and Acoculco geothermal fields
(Mexico) – H2020 GEMex Project, Adv. Geosci., 45, 321-333, https://doi.org/10.5194/adgeo-45321-2018.

2.3.5 Dissemination activities (talks, posters, workshops)
Bonté, D., Limberger, J., Békési, E., Beekman, F., van Wees, J.-D., 2018. Preliminary estimation of the
thermal structure of the Acoculco-Los Humeros area, Mexico. European Geosciences Union General
Assembly, EGU2018-16270, Vienna, Austria.
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Calcagno, P., Trumpy, E., Gutiérrez-Negrín, L. C., Norini, G., Macías Vásquez, J. L., Carrasco, G., Liotta,
D., Garduño-Monroy, V. H., Hersir, G. P., Arango-Galván, C., Vaessen, L., Evanno, G., and the GEMex
T3.1 team, 2020 (accepted). Updating the 3D Geomodels of Los Humeros and Acoculco Geothermal
Systems (Mexico) – H2020 GEMex Project. Accepted, WGC2020, Reykjavik, Iceland.
Calcagno, P., Evanno, G., Trumpy, E., Gutiérrez-Negrín, L. C., Macías Vásquez, J. L., Carrasco, G., Liotta,
D., and the GEMex T3.1 team, 2018. 3D preliminary geological models of Los Humeros and Acoculco
(Mexico) - H2020 GEMex project. European Geosciences Union General Assembly, EGU2018-12811,
Vienna, Austria.
Maestrelli, D., Bonini, M., Corti, G., Montanari, D., Moratti, G., 2018. Exploring the role of inherited
structures during caldera collapse: insights from analogue modelling. Proceedings GeoMod2018
v1.0,
Barcelona
01-04
October
2018;
Abstract
book,
P24,
187-188;
http://www.ub.edu/geomod2018/index.html.
Montegrossi, G., Deb, P., Clauser, C., Diez, D., Ramirez Montes, M. A, 2018. Modeling of Los Humeros
geothermal field: preliminary results. European Geosciences Union General Assembly, EGU201817600, Vienna, Austria.
Newsletter eNews-WP3-t3 ‘Characterising the influence of pre-existing structures on caldera
evolution by analogue modelling’, GEMex E-News, Issue N.1;
https://mailchi.mp/302c280c5b25/gemex-enews-1.

Accepted abstracts
D. Bonte, Limberger J., Gola G., Trumpy E., Lopez S., Maurel C., Armandine les Landes A., Giordano G.,
Kretzschmar T., and van Wees J.-D.. Thermal and Hydrological Regional Characterisation of Los
Humeros and Acoculco (Mexico) Using Modelling Methods - H2020 GEMex Project. World
Geothermal Congress 2020, Reykjavik.

2.3.6 Deviations from the Description of Action
UNIROMA has reported a lot of person month in WP4 and less in WP3. This results from the fact that
the two work packages are strongly interconnected. It was decided to report the person month of a
researcher which worked at the border of both WPs completely in WP4. Consequently, less person
months have been reported in WP3.
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2.4 Work Package 4: Tectonic control on fluid flow
Lead: UNIBA
Partners: BGS-NERC, BRGM, CIPR, CNR, GFZ, IFE, ISOR, PIG, UNIBA, UROMA3
Duration: month 1-30
Status: started and ongoing
Objectives:
Work Package 4 is aiming at an understanding of the relationships among geological structures and
physical and chemical properties of high temperature geothermal resources in volcanic systems. The
objectives can be summarized as follows:
1. Study of the relationships between brittle geological structures and fluid flow in fossil,
analogue, geothermal systems as a key for understanding the deep structures in Los
Humeros.
2. Study of the chemical and physical characteristics in the paleo-fluids in order to define their
chemical and physical characteristics.
3. Study of the relationships between brittle geological structures and super hot fluid flow in
Los Humeros.
4. Study of the relationships between brittle geological structures and fluid flow in Acoculco, for
contributing to the understanding of the geological conditions at which EGS can be
performed.
5. Physical and chemical characteristics of the geothermal and cold fluids in Acoculco and Los
Humeros.
These five objectives include: indications on the stress field, distribution of fractures and geological
evolution of the three study areas and geochronological analyses in order to constrain their
geological evolution in terms of geothermal issues.
Participant
number

1

2

4

7

9

10

13

IFE

CIPR

UROMA3

NERC

PIG

10

12

18

48

8.5

36

71.2

7.83

12.5

22.62

58

11.75 38.92 338.81

ISOR

70

GFZ

BRGM

Total

CNR

21

69

PM foreseen in 36
total GEMex

24

PM used

11.19 69

35.8

18

UNIBA

Short name

14

331.5

Table 7: Status quo of personal resources WP4

The WP4 activities in the considered time interval were carried on together with the Mexican
colleagues in all its scientific aspects. The cooperation with CFE personnel was effective and useful in
all aspects. WP4 concluded:
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(a) the study of the exhumed geothermal system (Las Minas area), analogue of Los Humeros, in order
to shed light on the structures affecting and controlling the fluid paths at deep structural levels
(WP4.1). The final report D4.2 Final report on understanding from exhumed systems has been
delivered.
(b) the study of Los Humeros geothermal system, with the aim to better understand the structures
controlling the superhot fluid paths (WP4.2). The final report has been delivered in the VRE: D4.1
Final report on active system (LH and AC)
(c) the study of Acoculco area, in order to contribute (by fieldwork) to define the geological
conditions at which EGS will be simulated (WP4.2). The final report has been delivered: D4.1 Final
report on active system (LH and AC)
(d) the definition of the physical and chemical characteristics of the cold and hydrothermal fluid in
Acoculco and Los Humeros (WP4.3). The expected results were reached and the final report has been
delivered: D4.3 Final Report on geochemical characterization and origin of cold and thermal fluids
(a) Regarding the first point (WP4.1), the results produced a new stratigraphic knowledge and a new
geological map. As it regards the lithological succession, this was investigated by petrologic,
sedimentological and isotopic analyses, this latter for age dating producing novelties about the
succession of rocks, the magmatic origin of the heat source and ages, thus making more clear the
similitude with the Los Humeros succession. The structural and kinematic survey indicated the
occurrence of two system of faults, NNW-SSE and SW-NE oriented respectively. In terms of
geothermal exploration, it is meaningful that the orientation of the intermediate kinematic axis of
both systems is compatible with the channeling of geothermal fluids from deep to shallow levels
(NNW-SSE system) and their later migration (SW-NE system). A new detailed geological map,
reporting the indicated novelties, was therefore drawn. Fracture distribution in 3D virtual analogues
from key-outcrops confirmed the two main fault trends and permitted estimation on the main path
flows. The origin of geothermal fluids have been studied through fluid inclusions analyses and fluidrock interaction processes, highlighting the typical evolution of a magmatic-hydrothermal system.
The skarn–hydrothermal system then evolved toward lower temperature and salinity and the
residual saline fluid mixed with low-salinity meteoric fluid. The metasomatic reaction developed from
micro-fractured areas, favoring a more efficient transport of fluids. The final stage was dominated by
low-temperature (down to 200°C). Primary porosity was estimated by laboratory analyses and
compared to Los Humeros rock-samples. The results indicate very low porosity values (< 1%), thus
confirming that circulation is enhanced through fractures. A complete description of the data and
results, including the geological map is given at: https://goo.gl/w9kwct from which the WP4.1 final
report (including the geological map) can be downloaded.
(b) Regarding Los Humeros (WP4.2), a clear implementation on the volcano stratigraphy and
physical-volcanology was obtained: the main results are about new datings of rocks and field
mapping in key areas, bringing to define the evolution to the so-named “post-caldera stage” less
than 69 ka. It implies that the configuration of the plumbing system is not presently characterised by
a large and homogenized magma reservoir, although by often-interconnected several pockets of
magma, located at different structural level. The study and geographic distribution of the geological
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structures was defined both through a morphological approach and through field work and borehole
structural studies. The results suggest that the recent/active volcanotectonic deformation, induced
by possible active resurgence, is inferred to control the secondary permeability, partly inherited from
pre-existing, regional tectonic structures. A detailed analyses in the rock-analogue model reservoirs
brought to the conclusions that the higher permeability zones are located at the intersection of fault
zones and that the fluid flow is concentrated in fault damage zones. The petrological model, dealing
with the heat source, suggests that multiple magma pocket-chambers are characterizing the Los
Humeros geothermal system. The interaction between fluids and rocks is investigated through
isotopic analyses, underlining the leaching of limestone and andesite. Finally, by using data collected
by a thermal camera, heat signatures are explained as caused by the rising up of geothermal fluids in
several locations through the geothermal area. All these informations produced the background for
the other WPs dealing with models and integration of data. The initial aims were reached.
(c) About Acoculco (WP4.2), the physical volcanology novelties, gained during GEMex, brought to new
field mapping and petrological study of samples, permitting an estimation of the caldera-forming and
collapse process. New dating and paleomagnetic analyses brought elements for a more comprehensive
view of the magmatic evolution of the area. Field mapping finalized to the reconstruction of the
regional structures indicated two main regional trends, NW-SE and SW-NE oriented, respectively. A
similar local structural framework is also highlighted in the area where the exploration boreholes are
located and where a more detailed structural field mapping was carried out, indicating the trend of
the local main fractured zones, still in agreement with the regional framework. Finally, the internal
geometries of fracture networks and their potentiality as structural channel for fluid flow have been
described, through 3D analogue models. The study is enriched by a new regional structural map that
is included in the respective Deliverable 4.1 Final report on active system (LH and AC). The whole area
where the CFE boreholes (that are supposed to be used for the EGS system) were drilled, has been
studied in detail. The results indicate that the boreholes are presumably located in footwall of an active
SW-NE oriented normal fault, NW dipping, connected to the deformational pattern associated to the
regional NW-SE shear zone.
(d) The last point (WP4.3) is about fluid geochemistry dealing with laboratory experiments and
geochemical modelling on fluid/rock interaction processes at high-temperature and high-T tracer tests.
This study is a novelty for the two study areas. The most important novelties are about: 1) the role
played by the meteoric recharge as a source component of the Los Humeros geothermal fluids; 2) the
mean values of 2H and 18O for cold water from Acoculco are similar to those from Los Humeros.
Regional recharge cannot be ruled out for Los Humeros and represents an important percentage of
the total amount; 3) In the Perote plain and toward the south side of the Los Humeros study area, a
cluster of “warm” water wells (T up to ≈33°C) aligned in NE-SW direction were identified for the first
time. The Na-Li and Na-Cs auxiliary geothermometers, give concordant temperature values (320 ±
30°C) with those estimated using the classical geothermometers; 4) the relatively high B
concentrations suggest small inflows of high-temperature deep waters (close to 300°C), despite the
low permeability of these areas.
Soil degassing analysis at Los Humeros indicates that some areas are in good correlation with the
known faults. Moreover, the carbon isotopic analysis of CO2 and helium isotopic analysis of the
3He/4He indicated that faults and fractures have a link to the deep geothermal reservoir and favor the
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upflow of hydrothermal fluids. In Acoculco, gas flux was very low. Just in a few sites, evidences for
enhanced gas flow associated to the location of natural gas emissions, drilled boreholes and/or with a
few specific tectonic features seems to be present.
Several fluid-rock interaction experiments at different temperatures (T) and pressure (P) permitted to
define that the silicification is the most important alteration process at Los Humeros. Analytical
methods used suggest that in LHGF high mineralized waters likely reacted with andesitic reservoir.
Geochemical modeling was used in several fluid from Los Humeros geothermal wells, investigating the
possible mineral phases and their behavior as function of temperature. Finally, seven tracer candidates
were first tested for thermal stability in closed quartz vials at temperatures from 150 to 250oC. Among
the seven compounds tested, one tracer candidate (Tracer C) showed satisfactory properties as
geothermal tracer.

2.4.1 Task 4.1 Understanding from exhumed systems
This reporting period included the submission of WP4.1 final report D4.2 Final report on understanding
from exhumed systems. Thus, the activities carried out in the considered time range were finalized to
summarize and include in a common framework the obtained data and analyses. The study area is the
exhumed (active during Neogene) geothermal analogue of the present geothermal field of Los
Humeros. As indicated in the aims, the Las Minas study was promoted with the goal to get a better
understanding of the deep structural levels of a geothermal system, where hot to super-hot fluids are
circulating. The knowledge of the study area before GEMex was basically scarce, apart from studies on
the hydrothermal minerals, due to their economic value. Few data were available about the geometry
of the main geological structures and even the succession of rocks was only roughly defined. By this,
an intense fieldwork and rock sampling was carried out during GEMex and concluded in the latter
period. The results produced a new stratigraphic knowledge and a new geological map. As it regards
the lithological succession, this was investigated by petrologic, sedimentologic and isotopic analyses,
this latter for age datings. About the succession of rocks and in terms of geothermal exploration, one
of the most relevant novelty is from the petrological results indicating an almost complete parental
magmatic diorite-tonalite evolution, thus suggesting continuous magma injections through time
during Miocene, at about 4-5 km depth. This is significant for computations of heat transfer when
modeling on Los Humeros active field can be performed. The second significant novelty is the discover
of lacustrine sediments, Plio-Pleistocene in age, testifying a continental environment never considered
before. Dating analyses (U/Pb method) recognized Palaeozoic rocks (never supposed to be there,
before GEMex) and to date the entire succession, thus making more clear the similitude with the Los
Humeros succession. The structural and kinematic survey indicated the occurrence of two system of
faults, NNW-SSE and SW-NE oriented respectively. These are different in their kinematics: the first
system is initially dominantly oblique (with right and left component), and then normal, while the
second system is always characterized by a dominant normal component. These movements can be
explained in the framework of extensional tectonics. In terms of geothermal exploration, it is
meaningful that the orientation of the intermediate kinematic axis of both systems is compatible with
the channeling of geothermal fluids from deep to shallow levels (NNW-SSE system) and their later
migration (SW-NE system). A new detailed geological map, reporting the indicated novelties, was
therefore reported. Fracture distribution in 3D virtual analogues from key-outcrops confirmed the two
main fault trends and permitted estimation on the main path flows, a basic information for future
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numerical flow models. The origin of geothermal fluids has been studied through fluid inclusions
analyses and fluid-rock interaction processes. Fluid inclusion data highlighted the typical evolution of
a magmatic-hydrothermal system characterized by an early saline to hypersaline fluid (18-60 % NaCl
equiv) fluid circulation of high-temperature (up to 650°C), exsolved from a crystalizing melt, and by the
presence of a vapour phase produced at sub-lithostatic or hydrostatic pressure (0.5-1 kbar). The skarn–
hydrothermal system then evolved toward lower temperature and salinity and the residual saline fluid
mixed with low-salinity meteoric fluid. The metasomatic reaction developed from micro-fractured
areas, favouring a more efficient transport of fluids. The final stage was dominated by low-temperature
(down to 200°C). These data can be useful to predict the P-T conditions in the super-hot system below
the geothermal system of Los Humeros. Primary porosity was estimated by laboratory analyses and
compared to Los Humeros rock-samples. The results indicate very low porosity values (< 1%), thus
confirming that circulation is enhanced through fractures. Finally, based on the obtained results, the
Las Minas conceptual model was defined describing the relationships between geothermal resources
and geological structures. The fluids are channelled along the NNW-SSE structures and laterally
migrated, along the SW-NE structures and bedding foliations, when these latter are hydraulically
connected to the NNW-SSE structures. In this view, one of the main lateral reservoir is determined by
the boundary between granitoids and calcareous rocks.
In order to complete this task, a fieldtrip took place 3-11 July 2018: A group of researchers from UNIBA
did some final work on the Las Minas complex, check the geological map and added more
measurements of structural features.
Concluding, the task 4.1 aims were completely reached, with novelties representing an improvement
of our knowledge both for the area evolution and for the understanding of the hot to super-hot fluids
paths within geological structures. All the milestones were also reached on time. A complete
description of the data and results, including the geological map is given at: https://goo.gl/w9kwct
from which the WP4.1 final report (including the geological map) can be downloaded.

2.4.2 Relationships between brittle structures, and fluid flow in active systems
(Los Humeros and Acoculco)
The results obtained in the indicated time interval are here briefly summarized. A complete
presentation of data and their analysis is given in the WP4.2 final report, that is possible to download
from the VRE public web-site. This summary is divided in two parts, the first is related to Los Humeros
and the second to Acoculco study areas. Such areas were differently analysed due to their final
objectives: in the Los Humeros area, in fact, the study was dedicated to deepen our knowledge in
order to contribute to a better understanding of the volcanic context in which super-hot geothermal
fluids can be stored; differently in Acoculco area, the studies were finalized to have a more detailed
information on the geological structures and stress field, in order to give parameters for its evaluation
as a potential EGS area.

Los Humeros
An implementation on the volcano stratigraphy and physical-volcanology was obtained: the main
results are about new datings of rocks and field mapping in key areas, bringing to define the evolution
to less than 69 ka of the so-named “post-caldera stage”. It implies that the configuration of the
plumbing system is not presently characterised by a large and homogenized magma reservoir,
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although by often-interconnected several pockets of magma, located at different structural level. The
study and geographic distribution of the geological structures was defined both through a
morphological approach and through field work and borehole structural studies. The results suggest
that the recent/active volcanotectonic deformation, induced by possible active resurgence, is inferred
to control the secondary permeability, partly inherited from pre-existing, regional tectonic structures.
A detailed analyses in the rock-analogue model reservoirs brought to the conclusions that the higher
permeability zones are located at the intersection of fault zones and that the fluid flow is concentrated
in fault damage zones. Finally, the petrological model, dealing with the heat source, suggests that
multiple magma pocket-chambers are characterizing the Los Humeros geothermal system. The
interaction between fluids and rocks is investigated through isotopic analyses, underlining the leaching
of limestone and andesite. Finally, by using data collected by a thermal camera, heat signatures are
explained as caused by the rising up of geothermal fluids in several locations through the geothermal
area.
In order to complete this task, three field trips took place





13 June -2 July 2018: a researchers from CNR took additional samples from the Los Humeros
drill cores in order to study hydrothermal alteration at CNR and UNIROMA. Furthermore, some
additional fieldwork on structural geology in the central part of the Los Humeros Volcanic Field
was conducted.
18 – 27 October 2018: researchers from CNR did additional structural geology fieldwork in Los
Humeros
07 – 17 February 2019: a researcher from CNR did additional structural geology fieldwork in
Los Humeros

Acoculco
The physical volcanology novelties, gained during Gemex, account for new field mapping and
petrological study of samples, permitting an estimation of the caldera-forming and collapse process.
New dating and paleomagnetic analyses brought elements for a more comprehensive view of the
magmatic evolution of the area. Field mapping finalized to the reconstruction of the regional structures
indicated two main regional trends, NW-SE and SW-NE oriented, respectively. A similar local structural
framework is also highlighted in the area where the exploration boreholes are located (and where a
more detailed structural field mapping was carried out. This latter indicates the trend of the local main
fractured zones. Finally, the internal geometries of fracture networks and their potentiality as
structural channel for fluid flow have been described. The study is enriched by a new structural map
that is downloadable from the VRE public web-site.
In order to complete the task, a fieldtrip to Acoculco took place 24-30 January, 2019: A group of
researchers from UNIBA, NORCE (former CIPR) and Mexican colleagues has completed the fieldwork
on structural geology in Acoculco.

2.4.3 Geochemical characterization and origin of cold and thermal fluids
In order to reach the goals of the task, detailed studies regarding fluid geochemistry were performed
(including literature review, field trips and laboratory work), together with laboratory experiments and
geochemical modelling on fluid/rock interaction processes at high-temperature and high-T tracer tests.
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Before and after sampling trips, various teleconference between the project partners were carried out
for better coordination of field work and data elaboration. The study performed in the framework of
the D4.3 represents a novelty for LHGF and AGF, since detailed investigation at regional scale has not
been done before. One of the most important novelty regard the role played by the meteoric recharge
as a source component of the Los Humeros geothermal fluids (see Chapter 2, part 1 of the Deliverable
4.3). Stable isotopes data of geothermal fluids are compatible with physico-chemical process
commonly identified in several geothermal wells worldwide (e.g. oxygen-shift due to interaction of
meteoric water with reservoir rocks). Mean values of d2H and d18O for cold water collected in the AGF
(excluding the acid waters) are similar to those for LHGF and this feature point out to the
regionalization of the meteoric component. Regional recharge cannot be ruled out for LHGF and it
could represent an important percentage of the total amount. In Perote plain and toward the south
side of the Los Humeros study area, a cluster of “warm” water wells (T up to ≈33°C) aligned in NE-SW
direction were identified for the first time. New details regarding chemical and isotopic properties of
circulating waters from springs and wells were also acquired in AGF (see Chapter 2, part 2 of the
deliverable 4.3), with better understanding of the characterization and evolution of meteoric
component at regional scale.
Several kinds of classical and auxiliary geothermometers are applied and developed for
thermal/geothermal fluids of both geothermal systems (see Chapter 3, part 1 of the deliverable 4.3).
The Na-Li and Na-Cs auxiliary geothermometers, recently defined, give concordant temperature values
(320 ± 30°C) with those estimated using the classical Silica-quartz, Na-K and Ca-K geothermometers,
and the isotopic δ18OH2O-SO4 geothermometer, for the Los Humeros deep dilute geothermal waters,
depleted in Ca, Mg and Sr, and enriched in SiO2, B and Li, after interaction with andesitic rocks in the
reservoir. For numerous thermal waters from both geothermal areas, which are mainly constituted of
shallow waters rich in Ca, Mg and Sr, interacting with Mesozoic limestone at temperatures estimated
from 60 to 100°C, the Na/K and Na/Li ratios similar to those of the Los Humeros geothermal waters
and the relatively high B concentrations suggest small inflows of high-temperature deep waters (close
to 300°C), despite the low permeability of these areas.
Detailed study of soil degassing was performed inside the LHGF producing zone and also in AGF (see
Chapter 2, part 2 of the deliverable 4.3). In LHFG some areas are characterized by good correlation
between known faults and the increasing in CO2 flux rate and elevated radon and thoron
concentrations (see Chapter 4, part 1 of the deliverable 4.3). The presence of very high degassing areas
(CO2 efflux > 300 g m-2d-1) at the surface can only be explained by convection along permeable faults/
fractures. By carbon isotopic analysis of CO2 and helium isotopic analysis 3He/4He determined in gases
released by the soil, it is indicated that faults and fractures in the subsurface have a link to the deep
geothermal reservoir and favor the upflow of hydrothermal fluids. The results of soil degassing study
suggest that the most permeable zone in the Los Humeros geothermal field is located in SW area and
extends towards the north and northeast. In Acoculco, gas flux was very low and no significant
correlations with alignment of regional faults/fracture were evidenced (see Chapter 2, part 2 of the
deliverable 4.3). Just in a few sites, evidences for enhanced gas flow associated to the location of
natural gas emissions, drilled boreholes and/or with a few specific tectonic features seems to be
present.
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Several fluid-rock interaction experiments at different temperatures (T) and pressure (P) have been
carried out to constrain the physical-chemical processes occurring in the upper reservoir of the LHGF
(see Chapter 5, part 1 of the deliverable 4.3). The obtained results indicate that silicification is the most
important alteration process. Analytical methods used suggest that in LHGF high mineralized waters
likely reacted with andesitic reservoir. In particular, the presence of wairakite in some experimental
products could corroborate the hypothesis that infiltrating waters extensively reacted with crossed
rocks before reaching the reservoir.
Geochemical modeling was used in several fluid from Los Humeros geothermal wells, investigating the
possible mineral phases and their behavior as function of temperature. Possible
hydrothermal/methamorphic high temperature secondary minerals were identified, together with a
group of secondary minerals with scaling potential. Also, some information regarding the origin of
chemicals present in the fluids of Los Humeros geothermal field are obtained.
Seven tracer candidates were first tested for thermal stability in closed quarts vials at temperatures
from 150 to 250oC (see Chapter 7, part 1 of the deliverable 4.3). Of the seven compounds tested, one
tracer candidate (Tracer C) showed satisfactory properties as geothermal tracer and is expected to be
suitable at temperatures up to at least 375oC.
Concluding, the task 4.3 aims were completely reached, with important novelties representing an
improvement of our knowledge for: i) identification of feeding zones of geothermal fluids, ii) physicochemical evolution of hot fluids, iii) characterization of flow-paths linked with geological structures in
fractured media. All the milestones were also reached on time.
In order to complete this task, a fieldtrip to Los Humeros was conducted by GFZ jointly with the
Mexican partner UMSNH between 2 April and 4 May 2018. CO2 measurements were refined in certain
areas, a radon survey was conducted in the same area as the CO2 survey in 2017 and additional soil
samples where investigated via mobile gas chromatography. A permanent station for measuring CO2
flux was installed.
Another fieldtrip was conducted by GFZ 20-22 October 2018 in order to recollect the station which
continuously measured CO2 flux over a period of 6 months. The equipment was collected and prepared
for shipping back to Germany. Preparation of the shipping took a lot of effort and resources and was
far more expensive than anticipated.

2.4.4 Publications
Norini, G., Carrasco–Núñez, G., Corbo-Camargo, F., Lermo, J., Hernández Rojas, F., Castro, C., Bonini,
M., Montanari, D., Corti, G., Moratti, G., Piccardi, L., Chavez, G., Zuluaga, M. C., Ramirez, M., Cedillo,
F., (submitted). “The structural architecture of the Los Humeros volcanic complex and geothermal
field”. Journal of Volcanology and Geothermal Research.
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2.4.5 Dissemination activities (talks, posters, workshops)
Carrasco-Núñez, G., Giordano, G., Dávila, P., Bernal, J.P., Jicha, B., “Short time scales and recent
replenishment in large magmatic systems: case study of Los Humeros caldera complex“,
Goldschmidt Conference, Boston (USA), 12-17 August 2018
Jentsch, A., Jolie, E., “Systematic soil gas studies for volcanio tectonic analyses of the Los Humeros
Geothermal Field, Mexico”, Cities on Volcanoes, Neaples (Italy), Sept. 2-7, 2018
Lucci F., Carrasco-Núñez G., Giordano G., Rossetti F., “Petrogenesis of the magmatic heat source of
the Los Humeros caldera geothermal field”, Cities on Volcanoes, Neaples (Italy), Sept. 2-7,
2018

Accepted abstracts
Bastesen, E., Bianco, C., Brogi, A., Caggianelli, A., Garduño-Monroy, V. H., Gonzales-Partida, E.,
Jiminez-Haro, A., Laurenzi, M., Liottta, D., Morelli, G., Nawrocki, J., Olvera-Garcia, E., PanczykNawrocka, M., Rochelle, C., Ruggieri, G., Torabi, A., Wheeler, W., Zucchi, M.,: Studying
analogue geothermal systems in Mexico: insights on the deep part of Los Humeros geothermal
field from Las Minas mining area (eastern Mexico), Abstract submitted for WGC 2020,
Reykjavik, Iceland
Jentsch, A., Jolie, E., Pfeiffer, L., Zimmer, M.: “Volcano-tectonic structures and their influence on soil
gas emissions in a low permeable geothermal reservoir –A case study from Los Humeros
Volcanic Complex, Mexico”, Abstract submitted for WGC 2020, Reykjavik, Iceland
Norini, G., Carrasco–Núñez, G., Corbo-Camargo, F., Lermo, J., Hernández Rojas, J., Castro, C.,
“Volcano-tectonic model guide for the geothermal exploration of the Los Humeros Volcanic
Complex, Mexico”, 3rd International Geothermal Conference GEOHEAT2019, Research
Geotechnological Center of Far Eastern Branch of Russian Academy of Sciences, PetropavlovskKamchatsky, Russia, 3-4 September 2019

2.4.6 Patents
A patent has been filed for the tracer candidates and was published under the International
publication number WO 2018/093272 A1.

2.4.7 Deviations from the Description of Action
UNIROMA has reported a lot of person month in WP4 and less in WP3. This results from the fact that
the two work packages are strongly interconnected. It was decided to report the person month of a
researcher which worked at the border of both WPs completely in WP4. Consequently, less person
months have been reported in WP3.
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2.5 Work Package 5: Detection of deep structures
Lead: ISOR
Partners: CIPR, CNR, CRES, GFZ, HBO, ISOR, KIT, OGS, TNO, UU
Duration: month 1-44
Status: started and ongoing
Objectives:
The development of seismic and resistivity methods for high temperature geothermal fields have
been the subject of the former and ongoing FP-6&7 supported projects I-GET and IMAGE. The
objective of this work package is to further advance the methodology and test it by application to
two high temperature systems in Mexico: the superhot conditions at depth in the Los Humeros field
and the Acoculco EGS field. The existing models from two superhot fields in Iceland (Krafla and
Reykjanes) will also be revised by applying improved methodology and results from the two first
deep drilling projects in Iceland, IDDP-1 in Krafla and IDDP-2 in Reykjanes. The improved models from
these fields will be compared to the Mexican fields. In addition, the results from GEMex will be
compared to available results from high temperature fields in Indonesia and Africa.
Participant
number

1

2

3

5

7

11

12

13

17

19

Total

GFZ

ISOR

TNO

UU

CNR

CRES

OGS

CIPR

KIT

HBO

Short name

PM foreseen in 45
total GEMex

54

20

41

8

22

24

24

45

36

PM used

54.57 17.86 32.12 6.6

26.4

319

13.14 19.83 12.56 41.46 19.36 243.9

Table 8: Status quo of personal resources WP5

2.5.1 Task 5.1 Resistivity imaging of EGS and SHSG
Subtask 5.1.1: Synthetic model calculations to optimize the results of 3D
MT/TEM modelling and avoid artefacts (ÍSOR, CNR)
Deliverable 5.1 on synthetic model calculations to optimize the results of 3D MT/TEM and avoid
artefacts was written by ÍSOR, CNR and KIT and delivered in December 2017: Deliverable 5.1 Report on
synthetic model calculations to optimize the results of 3D MT/TEM
This subtask finished during the previous technical report period.

Subask 5.1.2: Review and QC of existing data from Mexican sites (ÍSOR)
This subtask finished during the previous technical report period.
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Subtask 5.1.3: Survey design and preparation for additional measurements in
Acoculco and Los Humeros (ÍSOR, CNR, KIT)
The survey plan for Acoculco was made in a collaboration between the Mexican and European
partners, discussed at several skype meetings, the meeting on EGS in Potsdam in January 2018 and
finalized at the European meeting in Bari in Italy, in March 2018. The field work is planned for four
weeks in May 2018.
Two days workshop, organised by the European and Mexican consortium on EM and gravity data
processing was held at Instituto de Geofísica, UNAM, Mexico City on May 2nd and 3rd 2018 prior to the
field work. The workshop was attended by 16 people and included several introductory talks on the
subjects and a review of what has already been achieved regarding resistivity and gravity field work.
Overview talks on the geology and geothermal alteration in Los Humeros were given by Gerardo
Carrasco, Fernando Corbo and Geogina Izquierdo. The processing and interpretation of the data were
discussed lively back and forth and finally the important part: What to do with the data, what are the
next steps and timelines.
Another workshop was held at UNAM in Mexico City on WP5 - Status of the work and perspectives on
October 2018 prior to GEMex’s 3rd General Assembly in Morelía, another workshop. It included
contributions from all Tasks within WP5 (resistivity, gravity, passive seismic, joint inversion).
This subtask is now regarded as finished.

Subtask 5.1.4: Acquisition of new MT and TEM data collection in both fields, field
work and QC (ÍSOR, KIT)
Resistivity data, MT and co-located TEM, were collected during several campaigns in Los Humeros and
Acoculco from early November 2017 until February 2019. The field campaign was run by UNAM
(National Autonomous University of Mexico) together with UMSNH (Michoacan University of Saint
Nicholas of Hidalgo, Mexico) and Cisese (Ensenada Center for Scientific Research and Higher Education,
Mexico). ÍSOR (Iceland GeoSurvey) and KIT (Karlsruhe Institute of Technology, Germany), from the
European consortium participated in the campaign in the beginning and were a part of the discussions
and decisions taken on appropriate field practices and the resistivity survey in general. The campaign
took longer than anticipated due to unforeseeable problems of different kind that came up during the
acquisition period. However, we managed to collect almost all the data we originally planned to collect.
Most of the data are high quality data. The only data we did not manage to collect are a few soundings
in the Acoculco prospect which was due to the denial of the Cuautelolulco municipality to give
permission to work there. All the other municipalities in Acoculco (Cruz Colorada, San Francisco
Terrerillos and Jonuco Pedernales) gave their permission.
Location of soundings in the two areas was discussed back and forth and approved by both consortia
and within several WPs through emails, telecons and at meetings. The locations were based on
previously collected resistivity data and results from geological mapping. In the end a total of 122 MT
and 120 co-located TEM soundings were carried out in Los Humeros (Figure 18Figure 18: Location map
for the Los Humeros survey area. Black triangles and red circles denote the locations of MT and TEM
soundings, respectively. Red and white hatched lines are the Los Humeros and Los Potreros calderas,
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respectively. White lines are major faults in the area and black lines are roads. Coordinate system is
UTM zone 14 WGS84.) and 68 MT and 65 TEM in Acoculco (Figure 19).

Figure 18: Location map for the Los Humeros survey area. Black triangles and red circles denote the locations of MT and
TEM soundings, respectively. Red and white hatched lines are the Los Humeros and Los Potreros calderas, respectively.
White lines are major faults in the area and black lines are roads. Coordinate system is UTM zone 14 WGS84.
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Figure 19: Location map for the Acoculco survey area. Black triangles and red circles denote the location of MT and TEM
soundings, respectively. White lines are major faults in the area and black lines are roads. Coordinate system is UTM
zone 14 WGS84.

This subtask is now regarded as finished.

Task 5.1.5: Data processing and resistivity models (1D and 3D) of the Los
Humeros and Acoculco fields (ISOR, CNR, KIT)
Deliverable 5.2 Report on resistivity modelling and comparison with other SHGS refers to tasks 5.1.5,
5.1.6, and 5.1.7. Report describing processing and modelling of existing and new TEM/MT resistivity
data provided by the Mexican partners from SHGS and EGS fields. Comparison with similar fields in
Iceland, was written by ÍSOR, KIT and CNR and delivered in March 2019
The MT data for both areas were processed and quality controlled. PROCMT was used for quality check
during fieldwork and BIRRP for transfer functions robust estimation.The dimensionality of the data and
geoelectrical structure of the areas were analysed through phase tensor analysis and strike analysis;
tipper-strike and induction arrows (see Figure 20). The results have been compared with the geological
structure. Two workshops were held during the project period in Mexico City organized by the two
consortia, on the acquisition and processing of the data and their analyses and inversion, and how to
interpret the resulting resistivity models in conjunction with other geoscientific results from the areas
as described in Hersir and Benediktsdóttir (2018). These issues were also discussed at all General
assembly meetings in GEMex.
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The Los Humeros survey area is characterized by a three-dimensional structure with considerable
horizontal contrast in the resistivity structure. The resistivity structure appears to be characterized by
horizontal layers in the Acoculco survey area, with small variations in the lateral direction.

Figure 20: Induction arrows at 5 s, at each sounding, in the Los Humeros area; blue and red arrows are the real and
imaginary components, respectively. (left panel). T-strike between 1 s – 10 s, at each sounding in the Los Humeros area
(right panel). Red and white hatched lines are the Los Humeros and Los Potreros calderas, respectively. The white lines
are faults in the area and black lines are roads. The coordinate system used is UTM zone 14 WGS84.

Resistivity models of the two areas were compiled from the results of 1D joint inversion of the TEM
and MT data. Here, it was inverted for the apparent resistivity and phase calculated from the
determinant value of the MT impedance tensor. During the inversion process the MT data were static
shift corrected using the TEM data – the static shift multiplier was one of the parameters inverted for.
In Los Humeros the resistivity structure is complex. One of the most prominent feature of the model
is a resistive core that domes up along one of the main faults in the region (see Figure 21). In Acoculco
the resistivity structure is very close to a horizontally layered structure. A conductive cap is revealed
at a shallow depth close to a major fault intersection in the area, an area of probable geothermal
utilization.
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Figure 21: Horizontal cross-sections through the 1D model of the Los Humeros data at 2600 meters above sea level (A),
2000 meters above sea level (B), 1000 meters above sea level (C) and 3000 meters below sea level (D). White and red
hatched lines are the Los Potreros and Los Humeros calderas, respectively. Black lines are roads and white lines are main
faults in the region. The town of Los Humeros is where the roads form a dense grid. Black circles are MT sounding
locations and elevation contour lines are thin black lines, every 100 meters.

Resistivity models for the two areas were also calculated through 3D inversion of the static shift
corrected MT data. For Los Humeros it was inverted for the full impedance tensor – all 4 complex
elements while for Acoculco it was inverted for the off-diagonal elements of the impedance tensor.
The WSIN3DMT-code was used in the inversion. Four different initial models were used in the inversion
for Los Humeros and three for Acoculco. The results from Los Humeros and Acoculco were in good
agreement with the 1D inversion results, although the structure in the model became clearer. The
resistivity structure in Los Humeros is controlled by the faults in the area as well as the outlines of the
Los Potreros caldera (see Figure 22). Two main zones of interest were identified. In Acoculco the results
are very similar to the 1D joint inversion results, which is not surprising given the horizontally layered
structure in the survey area.
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Figure 22: Horizontal depth-slices at 2600 meters above sea level (to the right) and 500 meters below sea level (to the left)
through 3D resistivity models of Los Humeros. The initial models used were inv1D (A), H050 (B) and H010 (C). The black
box outlines the densely gridded are of the inversion. Dark gray lines are roads, gray lines are elevation contours, white
and gray hatced lines are the Los Potreros and Los Humeros calderas, respectively and white dashed lines are the main
faults in the region

The possibility to apply computational intelligence metaheuristics for the geophysical study of
geothermal fields was successfully demonstrated. Different approaches were tested, and the results
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can assist in understanding complex system such as the Acoculco geothermal field. The main results
are: i) the identification of the static shift of MT curves by means of joint optimization of TEM and MT
data, ii) the computation of a laterally-constrained resistivity profile by means of Particle Swarm
Optimization (PSO) with external information inserted as part of the swarm in the optimization
procedure, iii) the computation of 1D resistivity models from the joint optimization of VES and TEM
data.

Figure 23: PSO joint optimization of AC037 MT (XY) and TEM soundings. The resulting 25 models are shown in red, and
the minimum normalized RMS model is shown in blue. The theoretical MT data are shown (on the left) for the minimum
normalized RMS model and compared with the measured curve.

Subask 5.1.6: Revision of the model of Krafla and Reykjanes (ÍSOR)
The resistivity models from two similar superhot systems in Iceland where the two IDDP wells have
been drilled in Krafla, NE Iceland and Reykjanes, SW-Iceland have been revisited and compared with
results from the superhot system in Los Humeros.
Part of Deliverable 5.2 Report on resistivity modelling and comparison with other SHGS. The task is
now regarded as finished.

Subtask 5.1.7: Comparison with similar modelling from superhot systems in
Iceland and data from IDDP-1 and IDDP-2 (ÍSOR)
The resistivity models in the superhot geothermal Icelandic systems, Krafla and Reykjanes, were
revised with respect IDDP-1 and 2. The resistivity structure in Los Humeros was then compared to
that found inKrafla and Reykjanes. They all exhibit the case-example resistivity structure of
geothermal systems in volcanic settings but as they are located in tectonically different settings, the
shape and size of the structures vary.
Part of Deliverable 5.2 Report on resistivity modelling and comparison with other SHGS. The task is
now regarded as finished.
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2.5.2 Task 5.2 Seismic imaging
Subtask 5.2.1 Data acquisition:
Task 5.2.1 a) Gathering and evaluation of existing passive and active seismic
OGS completed the first phase of processing of the active-seismic data of Los Humeros, consisting of
lines L2, L3, L4 and L5. This activity included tomographic inversion of shallow arrivals, velocity analysis,
interpretation and pre-stack depth migration (PSDM) for all the four lines. This provides the velocity
depth model and information at seismic-line crosses. Seismic elastic modelling was used to simulate
source and receiver pattern responses and to support the interpretation of the real data. The
coordinates of the common mid points (CMP) have been uploaded on VRE together with the PSDM
results, with interpretation and velocity model up to 6 km depth. The interpretation, including faults
patterns, was performed based on data-driven analysis and comparison with the results of WP3
(Calcagno et al., 2018), and available well information in the proximity of the lines. The horizon
interpretation was interpolated in 3D by CAT3D software.
Comment: These results have been obtained in the framework of WP5.2, and are relevant for
detection of deep structures by integration of methods (WP5.4).
Task 5.2.1 b) Design of new acquisition networks for passive monitoring and based on the
objectives and instruments available
GFZ worked intensively on setting up a methodology for network design and published a related
paper (Toledo et al., 2019).
Task 5.2.1 c) Deployment and acquisition of new data using short-period and broadband
seismometers
The network deployed in Los Humeros was operated until September 2018. The Mexican partners have
recollected all stations. The re-import to Europe had to be organized and equipment arrived in
Germany at the end of 2018. A final check on the instruments and some calibrations necessary for
exact data evaluation were conducted. The complete dataset was assembled by GFZ and KIT and
provided to all partners in the task.
The network in Acoculco was finally deployed in April and May 2018 by the Mexican partners. Again,
the Mexican partners have done the station maintenance and data collection. GFZ, KIT and ISOR
provided support during database assembly.

Task 5.2.2 Seismic structure (tomography methods)
a) Earthquake analysis: KIT and GFZ completed an archive of Los Humeros passive seismic data,
detected earthquakes and picked the induced earthquakes.
b) Travel-time tomography: GFZ performed the travel time tomography using Velest and simulps
using the picked events. OGS performed travel time tomography using CAT3D using passive seismic
data.
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c) Ambient noise correlation methods: TNO performed the ambient noise tomography in
collaboration with ETH Zurich.
OGS performed tomographic inversion of active-seismic data (diving waves) to calculate near-surface
velocity (P-waves).
OGS performed active seismic data interferometry to reconstruct near surface lack of information
due to the offset gap in the real seismic data. Results have been calculated with real data and elastic
synthetic shots to verify contribution in the gap.
d) Attenuation: no attenuation tomography was performed with passive seismic data. OGS
performed attenuation tomography by active seismic data (diving waves tomography), after
compensation for receiver and source patterns frequency responses.
e) beamforming: HBO used the developed tools to perform beamforming analysis. They perform
three-component (3C) beamforming, a seismic array technique that provides the polarization,
direction of arrival (DOA), velocity, and incidence angle of a seismic wave crossing the array in a given
time-frequency window. They are now working on a journal manuscript with the passive seismic data
collected at Los Humeros
f) Anisotropy: although shear wave splitting was observed in the data, no accurate study was
performed. Using active seismic results of c) OGS analyzed anisotropy for velocity at the crosses
between seismic lines, oriented in different sub-perpendicular directions, observing variations and
interpreting the faults patterns from Calcagno et al. (2018).

Subtask 5.2.3 Time-dependent processes within the structures:
a) time-dependent tomography: First tomographies where done in this reporting period. Timedependent topmography will be performed in the last period of the project
b) time reversal modelling: Time-reverse imaging (TRI) is a method for locating and characterising
seismic events. HBO continue to optimize this technique and will it apply in a next step to the Los
Humeros dataset
c) Analysis of seismic energy accumulation: HBO performed some study on this approach.
d) Time-lapse study of passive seismic attributes caused by partially saturated rocks: HBO developed
a Python-based GUI to perform the p: posed time-lapse study of passive seismic attributes caused by
partially saturated rocks. This GUI is tested on a local dataset from Bochum. Moreover, a synthetic
time reversal modelling study was conducted to locate and characterize microseismic events. We are
in the process of publishing the results.

Subtask 5.2.4 Modeling:
a) Methods: HBO implemented a high-performance wave-propagation modeling code on a largescale computer at the Jülich Supercomputing Centre (JSC), Germany.
b) benchmark: OGS has calculated and uploaded on VRE the Acoculco seismic-velocity (Vp and Vs)
regional model, initial version (obtained from estimated geophysical and geological literature data
76

and using the WP3 GeoModeller regional geological model, after Calcagno et al., 2018) discretized
with two different grid sizes.
c) Full-waveform modelling: OGS performed poro-visco elastic simulation of seismic wavefields as
function of temperature and pressure, and sensitivity analysis on dependence of elastic properties on
temperature and pressure conditions, approach based on synthetic/numerical models (accepted
paper “Sensitivity of seismic properties to temperature variations in a geothermal reservoir” to
Geothermics, ) (also for the purposes of T5.4). Moreover, OGS has uploaded on VRE:




The EGC Full Paper entitled 'Analysis of seismic wave propagation in geothermal reservoirs',
F. Poletto, B. Farina, J. M. Carcione and G. Pinna, submission ID #296 to EGC 2019. This paper
reports the OGS theoretical study developed in the framework of WP5.2.4, analyzes fullwave poro-viscoelastic propagation in Los Humeros, utilizes pressure and temperature
information to analyze seismic wave propagation in geothermal reservoir, also in presence of
melting (relevant for WP5.4.4)
The paper accepted by Geothermics (2019) entitled ‘Seismic properties in conductive and
convective hot and super-hot geothermal systems’, Farina B., Poletto F., Mendrinos D.,
Carcione J.M., and Karytsas C. This paper was developed in cooperation with CRES. It studies
from theoretical point of view and simulates the seismic wave properties in convective and
conductive geothermal systems with particular attention to the Mexican cases of Los
Humeros and Acoculco. The model includes possible melting conditions.

Workshops
Task met for a separate workshop 10-11 September 2018 in Potsdam. TNO, HBO, GFZ, KIT, OGS, CRES
and Mexican partner UNAM attended the workshop.

Preparation of deliverables
In the last months of the reporting period, Deliverable 5.3 Report on the seismic structure of the
Acoculco and Los Humeros fields and Deliverable 5.5 Report on seismic modelling have both been
prepared. All partners have been involved in the preparation of D5.3. D5.5 was mainly prepared by
OGS with contributions of GFZ and HBO.

2.5.3 Task 5.3 Evaluation of other geophysical data
Work in the period 01.04.18-31.03.19 progressed in parts as planned in the task. Due to the delay of
the fieldwork the Milestone M5.3 was reached by in M21. Milestone M5.4. had been reached in time
in the first reporting period.
Mitigation actions: No further mitigation actions are necessary.
Preparation of the Deliverables D5.6 Report on gravity modelling, (M32) is on-going. The Deliverable
D5.7 Report on InSAR and GPS (M30) has been submitted.
Preparation of Deliverable D5.6 (KIT) included the following actions in the reporting period:
a) Data acquisition in Acoculco
b) Analyses of data quality for Los Humeros and Acoculco
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c) Data processing, calculation of Bouguer anomaly Los Humeros and Acoculco
d) Calculation of residual anomaly Los Humeros and Acoculco
e) Application of filtering Los Humeros and Acoculco
Additionally, work has been compared to the regional results obtained by the Mexican partners from
previous regional gravity campaigns (on a larger scale and consequently with a lower resolution).
Preparation of Deliverable D5.7 (UU) included the following actions in the reporting period:
a) Identification, discussion, and retrieving of the ENVISAT ASAR (2003 to 2007) and Sentinel-1
(2014-2019) data
b) INSAR data analysis of observed ground motions
c) modelling of inSAR derived motions in the Los Humeros Field due to production
d) analysis and modelling of inSAR derived motions during the M4.2 seismic event in 2016
e) ISOR has provided the comparison of results with observation on similar geothermal fields in
Iceland
f) Inclusion of work on GPS data from the Mexican partner UMSNH
Exploitation of T5.3 results: Results will provide information on deformation (T5.3.2) and fracture
porosity (T5.3.1) of the expected reservoirs at Los Humeros and Acoculco. T5.3.1 data will be used in
T5.4. for joint inversion with magnetotelluric data. Furthermore, the results will have implication for
WP6.

2.5.4 Task 5.4 Integration of methods and inversions constraints
CRES carried out the following work for Task 5.4:


Evaluated formation temperature readings at Los Humeros from well temperature logging
data provided by CFE (continued)
 Developed correlations using the SPSS statistical package of 3-D of formation temperature
with 3-D Vp, which were estimated by OGS based on the Los Humeros simplified geology
model; correlations of Vp with temperature were also performed for specific a) wells
(constant X&Y) and b) depths (constant Z).
 Contributed temperature models for Los Humeros field to the paper “Seismic properties in
conductive and convective hot and super-hot geothermal systems”, which was submitted to
the Geothermics journal for publication
 Organized a meeting between CRES and OGS at CRES premises on 21 February 2019 towards
the coordination of task 5.4.5 and preparation of deliverable D5.11.
CIPR has focused on Task 5.4.6 "Utilize ensemble-based inversion methods facilitating uncertainty
quantification".



CIPR has further developed a software framework for ensemble-based inversion and joint
utilization of different data types.
An expanded abstract utilizing the upgraded framework on synthetic TEM and MT data was
presented at the SEG 88th Annual Meeting in Anaheim CA in October 2018. It was also made
available on the GEMex VRE.
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A poster describing this methodology was presented at the GEMex 3rd General Assembly in
Morelia Mexico also in October 2018 (also uploaded to the VRE).
 Inversion of TEM and MT data from Los Humeros started and is in progress.
 A simulator for 3D gravimetry has been implemented in the inversion framework.
The framework is ready to implement a seismic simulator once such a simulator can be obtained
from project partners

2.5.5 Publications
Eszter Békési, Peter A. Fokker, Joana E. Martins, Jon Limberger, Damien Bonté, and Jan-Diederik van
Wees, in press. “Production-induced subsidence at the Los Humeros Geothermal Field inferred from
PS-InSAR”, Geofluids
J. Carrillo, M.A. Pérez-Flores, L. Gallardo and E. Schill, submitted. Joint 3D inversion of gravity and
magnetic data with application to Los Humeros Geothermal Field: a petrophysical approach,
Geophysics
Farina B., Poletto F., Mendrinos D., Carcione J.M., and Karytsas C: “Seismic properties in conductive
and convective hot and super-hot geothermal systems”, submitted to Geothermics
Poletto, F., Farina, B., Carcione, J. M., Sensitivity of seismic properties to temperature variations in a
geothermal reservoir, Geothermics, 76, pp 149-163, November 2018, DOI:
10.1016/j.geothermics.2018.07.001
Toledo, T., Jousset, P., Maurer, H., Krawczyk, C.: “Optimized experimental network design for
earthquake location problems: Applications to geothermal and volcanic field seismic networks”,
Journal of Volcanology and Geothermal Research, in press, DOI: 10.1016/j.jvolgeores.2018.08.011

2.5.6 Dissemination activities
J. Angulo, M. Calò, A. Figueroa Soto, P.Jousset. “Induced and trigered events in geothermal fields
following large earthquakes. The example of the Los Humeros Caldera, Mexico”, Cities on Volcanoes
10 meeting, Naples, Italy, 2-7 September 2018.
Arango-Galván, C., Hersir, G. P., Benediktsdóttir, A., Romo-Jones, J. M., Salas-Corrales, J. L., AvilésEsquivel, T., Held, S., Manzella, A., Santilano, A., Schill, E., “Electromagnetic exploration for
unconventional geothermal systems in Mexico: The GEMex Project”, 24th EM Induction Workshop,
Helsingør, Denmark, August 12-19, 2018
Békési, E., et al., “Active deformation of the eastern Trans-Mexican Volcanic Belt based on InSAR
persistent scatterers” (EGU2018-15520), EGU 2018, Vienna (Austria), 9 -13 April 2018
Marco Calò, Joel Angulo Carrillo, Brenda De la Rosa Espinosa, Ivan Granados Chavarria, Stephani Cruz
Hernandez, Angel FIgueroa Soto, Philippe Jousset, Mathieu Perton, Tania Andrea Toledo Zambrano,
and Emmanuel Gaucher. “Triggered LP seismicity in geothermal fields and its implication on the
characterization of the buried structures.”, EGU, General Assembly, Vienna (Austria), 7-12 April 2019
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Farina B., Poletto F., Mendrinos D., Carcione J.M., and Karytsas C: “Seismic properties in conductive
and convective hot and super-hot geothermal systems”, submitted to Geothermics”  accepted in
May 2019
Gaucher, E., Toledo, T., Calo, M., Figueroa Soto, A., Jousset, P.: “Passive seismic monitoring of the Los
Humeros (Mexico) geothermal field”, European Geothermal workshop, Strasbourg (France) 10-11
Oct 2018
Gaucher, E., Toledo-Zambrano, T., “Local seismicity recorded at the geothermal field of Los Humeros
(Mexico)”, DGG Annual meeting, Braunschweig, Germany, 4-7 March 2019
P.Jousset, T. Toledo, A. Figueroa Soto, M. Calò, M. Metz, G. Hersir, J. E. Martin, A. Obermann, E.
Gaucher, E. Saenger, K. Kieling, D. Bruhn. “New passive seismology network deployed in Los Humeros
(Mexico): first results.”, Cities on Volcanoes 10 meeting, Naples, Italy, 2-7 September 2018.
Löer, K., Riahi, N., Saenger, E.: “Investigating the deep structures of the Los Humeros geothermal
field, Mexico, with three-component beamforming of ambient seismic noise”, EGU 2019, Vienna
(Austria) 7-12 April 2019
Morales, L. A. O., Figueroa-Soto, A., Calo, M., Jousset, P., Ramírez, V. H. M. (2018): Analysis of the
seismicity in the Los Humeros Mexican geothermal field within the framework of the GEMEX
consortium - Abstracts, Seismology of the Americas (Miami, Florida, USA 2018)
Toledo, T., “Optimized Experimental Network Design for Earthquake Location Problems: applications
to geothermal fields seismic networks”, EGU 2018-15056, EGU 2018, Vienna (Austria), 9 -13 April
2018
Toledo, T., Gaucher, E., Malte, M., Jousset, P., Maurer, H., Krawczyk, C., Figueroa, A., Calo, M.,:
“Seismic earthquake tomography imaging of the Los Humeros geothermal field, Mexico: first
results”, EGU2019-15960-1, EGU 2019, Vienna (Austria) 7-12 April 2019
Tveit, S., Mannseth, T., “Identification of geothermal reservoirs from ensemble-based Bayesian
inversion of 3D MT data”, SEG (Society of Exploration Geophsicists) Annual meeting, Anaheim, CA
(USA), Oct. 14-19, 2018
Werner, C., Saenger, E.,: “Sensitivity maps for time-reverse imaging”, EGU2019-7106, EGU 2019,
Vienna (Austria) 7-12 April 2019

Accepted abstracts
Barison, E., Poletto, F., Farina, B.: “Offset-gap compensation by seismic interferometry for shallow
signals of active-seismic lines acquired in a superhot geothermal field”, EAGE Near Surface
Conference: 1st Conference on Geophysics for Geothermal-Energy Utilization and Renewable-Energy
Storage, 8 - 12 September, 2019 in The Hague, The Netherlands
Békési, E., Fokker, P., Esteves Martins, J., van Wees, J.D.: “Inversion of coseismic deformation due to
the 8th February 2016, Mw 4.2 earthquake at Los Humeros (Mexico) inferred from DInSAR”, EGC
2019, De Haag, Netherlands, 11-14 June 2019
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Békési, E., Fokker, P., Limberger, J., Bonté, D., van Wees, J. D.: “Ground Deformation at the Los
Humeros Geothermal Field (Mexico) from 2014 to 2019 Inferred from Sentinel-1 DInSAR Time Series
Analysis”, WGC 2020, Reykjavik, Iceland, April 2020
Böhm, G., Poletto, F., Barison, E.: “Near-surface geophysical investigation for characterization of a
volcanic geothermal reservoir by active-seismic-data tomography and attenuation analysis”, EAGE
Near Surface Conference: 1st Conference on Geophysics for Geothermal-Energy Utilization and
Renewable-Energy Storage, 8 - 12 September, 2019 in The Hague, The Netherlands
J. Carrillo, M.A. Pérez-Flores, E. Schill and N. Cornejo: “3D joint inversion of gravity and magnetic data
in Los Humeros and Acoculco unconventional geothermal systems”, WGC 2020, Reykjavik, Iceland,
April 2020
N. Cornejo, E. Schill, S. Held., M.A. Pérez-Flores, J. Carrillo:”Towards visualization possible fluid
pathways using gravity in the Los Humeros and Acoculco geothermal fields.”, WGC 2020, Reykjavik,
Iceland, April 2020
Gaucher, E. “One year of passive seismic monitoring of the Los Humeros (Mexico) geothermal field”,
EGC 2019, De Haag, Netherlands, 11-14 June 2019
Verdel, A., Martins, J., Obermann, A., Toledo, T., Jousset, P.: “Ambient noise seismic reflection
interferometry at the Los Humeros geothermal field, Mexico”, EGC 2019, De Haag, Netherlands, 1114 June 2019

2.5.7 Deviations from the Description of Action
Task 5.2:
Subtask 5.2.1 c) There is no activity planned so far concerning the DAS acquisition method. The
reason for this is that the DAS acquisition was foreseen for the site in Acoculco in the assumption
that a new well would be drilled. A DAS installation would only make sense if the cable would be
deployed before/during the casing of the borehole because the measurement requires a good
coupling of the cable to the drilled rock. This was not correctly communicated between the two
consortia and it came to our attention only after the signature of the GA, that there will be no new
drilling in Acoculco. Consequently, we do not see a possibility for DAS installation during the lifetime
of the project.
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2.6 Work Package 6:
Lead: RWTH
Partners: BGS-NERC, CNR, GFZ, ISOR, RWTH, TNO, TUDA, UFZ, UNITO, UU
Duration: month 1-32
Status: started and ongoing
Objectives:
In Work Package 6, the EGS reservoir in Acoculco and the SHGS reservoir in Los Humeros will be
characterised with respect to rock and fluid properties and their variation with temperature and
pressure. These are required, on the one hand, for setting up and parameterising discretised
structural models used in static and dynamic numerical simulations of fluid flow, heat transport, and
phase behaviour before and during geothermal exploitation. On the other hand, rock and fluid
properties and their variation with temperature and pressure are required for interpreting
geophysical seismic and electromagnetic measurements on the surface.
Participant
number

1

2

3

5

6

7

8

18

20

23

Total

0.5

13.82 58.57 2.73

12.75 7.22

UFZ

68

UNITO

17

21

6

182.5

7

194.95

NERC

5

TUDA

RWTH

6

CNR

UU

PM used

TNO

PM foreseen in 21
total GEMex

ISOR

GFZ

Short name

3

18

17.5

37

15.26 40.1

Table 9: Status quo of personal resources WP6

2.6.1 Task 6.1 Rock, fracture, and reservoir fluid properties
Main objective:
Analysis of petrophysical and geomechanical properties of reservoir rock samples, reservoir fluid
properties and outcrop analogues at different pressure and temperature conditions.
Deliverable:
Deliverable 6.1 - Comprehensive report on the rock and (as far as possible) fluid samples and their
physical properties in the Acoculco and Los Homeros regions
Due Date: March 2019; Status –COMPLETED
Institution: RWTH Aachen, BGS, UNITO, GFZ, TU Delft, TUDa (Contact: Leandra Weydt and Kristian
Bär)
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Activities:

















Since the beginning of the project, 5 field trips were conducted on the European side and a
total of 340 samples were taken by TU Delft (34 samples), TU Darmstadt (237 samples), and
RWTH Aachen (10 samples and two big blocks) for petrophysical and rock mechanical
investigations as well as for detailed mineralogical investigations and analysis on fluid-rock
interactions (BGS); out of which 265 outcrop samples were collected in the Los Humeros area
and the exhumed system of Las Minas; and 75 outcrop samples were taken in the Acoculco
area and exhumed systems in Zacatlán/SMT (D6.1). The samples were distributed amongst the
partners in order to increase the comparability of the results.
Further field trips were conducted on the Mexican side by Antonio Pola in order to collect
rhyolitic and dacitic samples within the Acoculco caldera complex as well as limestone samples
from the exhumed systemsin Zacatlán/SMT. First results of the petrophysical measurements
were included in the deliverable D6.1.
Furthermore 64 plugs and core pieces from 35 core sections of 14 cored wells of the LH
geothermal field as well as 6 plugs from 6 core sections of well EAC1 of the Acoculco
geothermal field were succesfully drilled at the CFE Los Humeros camp for petrophysical,
mineralogical and chemical analysis (TUDa, BGS, TU Delft).
The last field trip in March 2018 was performed by UNITO and the Mexican partners to conduct
shallow geophysical field experiments were conducted in Acoculco and Las Minas to determine
petrophysical and mechanical properties at a larger scale than the lab scale and thus allow for
upscaling petrophysical properties of fault and damage zones.
3 Master theses were completed at TUDa to work on the petrophysical characterization of (i)
the basement rocks, (ii) the reservoir andesites and (iii) the reservoir samples of the drill cores.
A Bachelor thesis with focus on petrophysical characterization of different lithologies of the
Los Humeros geothermal field in relation to petrological characteristics is in progress.
A comprehensive list of the experimental equipment, methods and of the conducted
experiments at the different partner institutions was established and defines the workflow of
lab experiments.
Lab experiments both under lab and in-situ conditions are finished (RWTH, TUDa, GFZ, BGS,
NERC, UNITO, TU Delft).
About 170 plugs have been analysed for petro- and thermophysical properties at ambient
conditions at RWTH Aachen (52 plugs/samples), GFZ (34 plugs), UNITO (56 plugs/samples),
UNAM (53 plugs), TU Delft (114 plugs) and TUDa. An extensive data base was set up including
data from all project partners involved in Task 6.1 as well as from the Mexican partners. Based
on macroscopic, thin section and chemical analysis, the samples were classified into
lithostratigraphic units with distinct properties. Furthermore, statistical and geostatistical
analysis were applied, which allows stochastic analysis of the dataset and helps to depict the
spatial and internal heterogeneity of individual lithostratigraphic units with respect to their
rock properties.
Beside the investigations at ambient conditions, cyclical heating experiments with
temperatures up to 400 °C were performed on 10 marble and 12 limestone samples by UNITO.
Long term high p/T experiments were conducted on 4 samples covering the most important
key lithologies at GFZ. Likewise, high p/T experiments in order to study fluid rock interactions
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as well as detailed mineralogical studies were conducted on several marble, limestone, shale
and andesite samples.
Results:


The results are compiled in Deliverable D6.1, which was delivered at the 31st of March 2019.
In total the report includes the results of the experiments at lab and in-situ conditions as well
as from rock-fluid interaction high pressure high temperature experiments (GFZ) and from a
field-based investigation of rock-fluid interactions of the exhumed outcrop analogues (BGS,
NERC), which helps to better constrain, understand and interpret the alterations which have
to be expected in the reservoir and how they influence fluid flow and alteration of the rock
properties. The results of Task 6.1 form the basis for the statistical parameterization of
numerical TH(M) models created in WP6 and should be used for the interpretation of
geophysical surveys conducted in WP5.

Figure 24: Cross plots of petro- and thermophysical properties analysed at ambient conditions on outcrop samples taken
within the Los Humeros study area.

2.6.2 Task 6.2 Reservoir characterization
Main objective:
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Using results from work packages 3, 4, 5 and task 6 .1 to create a conceptual static reservoir model.
The parametrized model are to be used for static (steady-state) regional simulations of fluid flow and
heat transport in Tasks 6.3 (Acoculco) and 6.4 (Los Humeros)
Deliverable:
1.
2.

Deliverable 6.2 Report on the numerical reservoir model used for the simulation of the
Acoculco reservoir, Due Date: March 2019, Status –COMPLETED
Deliverable 6.3 - Report on the numerical reservoir model used for the simulation of the Los
Humeros reservoir, Due Date: March 2019, Status –COMPLETED

Institution: RWTH Aachen (Contact: Paromita Deb)
Activities: Acoculco









Geometrical models created in WP 3 (November 2018) are used for gridding and
parameterization of the regional modeled units.
Conductive simulation performed in the large regional model are used to obtained boundary
heat flow conditions for the smaller local model which is cut from the regional model.
Stochastic simulation is performed using Monte Carlo on a local model (blue boundary,
Figure 25) cut out from regional model by varying properties such as matrix conductivity and
thermal conductivity to obtain the impact of uncertain parameters on the temperature field.
Temperature estimates obtained from stochastic realizations are used as input in a further
smaller reservoir volume (indicated with red boundary) to perform transient simulation.
Within this reservoir volume, we perform simulate production scenarios by assuming a
successful stimulation in the Skarn and Granite sections of the existing wells in Acoculco. The
assumption is that the stimulation technique is successful resulting in a creation of a
stimulated zone connecting the two wells.
Assuming potential fracture geometry, we simulate scenarios with different production rates
and permeability values for a lifetime of 30 years.
The extent of the model is indicated in theFigure 25. Details of the modelling is reported in
Deliverable 6.2.
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Figure 25: Fault model for Acoculco and outline of the local boundary for stochastic modelling.

Activities: Los Humeros








Geometrical models created in WP 3 (October 2017) are used for gridding and
parameterization of the regional and reservoir scale modeled units.
Parameterization have been performed using petrophysical properties obtained from
laboratory measurements performed in WP 6 – Task 6.1.
Parametrization is performed in two scales- regional and reservoir scale. Results of
parametrization is presented in Deliverable 6.3 - Report on the numerical reservoir model
used for the simulation of the Los Humeros super-hot reservoir in Mexico submitted end of
March 2019.
Numerical simulation of heat transfer and fluid flow have been performed in the regional
model to obtain boundary conditions for performing simulation in the reservoir scale
model. Uncertainties in hydraulic properties are taken care of by assuming different
scenarios for numerical simulations.
Temperature data base opened from CFE for almost 50 wells are used for calibration of
models. Heating up profiles of pressure and temperature data are being investigated to
obtain steady state temperature field by following required correction.

Institution: CNR (Contact : Giordano Montegrossi)
We followed the approach below for each well, according to the availability of the needed data in the
data package provided by CFE:
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1. Investigation on heating up profile, to identify the possible feed zones
2. Investigation on pressure build up during heating, to identify the pivot point and the pressure
controlling the feed zones as well as the pressure in the wellbore surrounding (example –
Figure 27)
3. Wellbore modeling to assess fluid P,T, enthalpy and phase segregation along well profile.

Figure 26: Feed zones position with the neighboring geological layers from the local geological model of Los Humeros.
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Figure 27: · Well H-49, central area. Pressure profiles during heating up show a steam zone (nearly 0-1300 m depth), and
a liquid zone, in which a Pivot point could be observed at 1450 m depth with 82 bar.

Additional activities included:

Investigate the recharge pathway

Investigate the hot source(s) position at Los Humeros geothermal system

Institution: UU (Contact : Damien Bonte)
Activities: Temperature data and regional characterisation for boundary condition usage in WP6.
The collection of a coherent dataset and the construction of a thermal model at regional scale has
been performed as a collaboration between WP3 and WP6 to allow a better characterisation of the
thermal behaviour of the reservoir at local scale.
Los Humeros have had 65 wells drilled; these wells are all contained in the central part of the
Caldera that was showing evidence of hydrothermal activity. Several measurements are available
(time series post drilling, measurements after a few weeks or months, and measurements while the
well is flowing). In order to obtain the temperature pre-drilling, the temperatures that have been
assessed by Utrecht University team are the time series measured immediately after the drilling. The
series are typically composed of a continuous log every 6 hours for the first 24 hours after the
drilling. We are using the deepest value that is commonly called a Bottom Hole Temperature (BHT)
measurement. Due to the perturbation of the drilling, these measurements required a correction.
We have used the Instant Cylinder Source (ICS) method from Goutorbe et al. (2007) for the
correction. The result is 54 temperatures in Los Humeros that can be used for further investigation.
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Figure 28: Corrected Bottom Hole Temperature for 54 wels in Los Humeros

As a joint effort in WP3 and WP6, the modelling of the temperature at regional scale has been
implemented at Utrecht University (UU) to (1) provide a thermal boundary to more local thermal
investigation (WP6) and (2) be used as a base for resource assessment (WP3). The methodology used
in Los Humeros at regional scale is an extension of the work of Limberger et al. (2018). Using the
regional geological model created in Task 3.1 by P. Calcagno et al., UU team has generated a regional
thermal model that considers the regional water flow as described by T. Kretzschmar in task 3.2 (pers.
communication) and the magmatic structure beneath Los Humeros from the work of G. Giordano in
task 3.1 (preliminary report for Milestone M13 report: regional structure and tectonic synthesis and
personal communication). As a result, the model created shows a deep heat source from a cooling
shallow magmatic chamber and more superficial viability related to the fluid flow that occurs in the
limestone and the caldera deposits. As a result, the model shows a large thermal imprint from a shallow
cooling magma chamber with strong local perturbations related to the fluid flow that occurs in the
limestone and the caldera deposits.
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Figure 29: Thermal model of Los Humeros at regional scale.

2.6.3 Task 6.3 Model approaches for EGS
Main objectives:


Creating a reliable set of hydraulic fracturing (HF) data under controlled conditions in a
laboratory.
Verification of different numerical hydraulic stimulation design tools using the HF data
created



Deliverables:
Deliverable 6.4: Report on the laboratory fracking experiment, its boundary conditions, and its flow
rates and fracture apertures versus time curves
Due Date: September 2018, STATUS –COMPLETED
Deliverable 6.5 Report on the robust stimulation model for the EGS-reservoir in the hot magmatic
environment at Acoculco and its verification against the laboratory fracking experiment
Due Date: May 2019, STATUS –ONGOING

Institution: RWTH (Contact: Paromita Deb)
Activities:





2 large samples of Granoite and 2 large samples of Marble each measuring 50 × 50 × 50 cm3
were sampled from Las Minas and Pueblo Nuevo Quarry which are considered as exhumed
systems of Los Humeros and Acoculco.
The samples represent the main rock types of Acoculco suitable for EGS.
The samples were transported from Mexico to Germany
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At RWTH Aachen, we prepared the sample by cutting and polishing for the hydraulic
fracturing experiments
 Improvements on experimental setup regarding measurement of fluid viscosity and
temperature have been conducted.
 Hydraulic fracturing experiments are performed under controlled conditions in the
laboratory on the four samples
Results:





The experiment methodology and results are explained in Deliverable D 6.4
Results of the experiments are distributed amongst the simulation partners TNO, UFZ and
GFZ for using them as a benchmark dataset to verify the codes used for field scale
stimulation design techniques.
Results from the simulation partners will be reported in Deliverable D 6.5 due on May 2019

Institution: TNO (Contact: Peter Fokker)
Activities:


The Hydraulic fracturing experiments were analyzed with numerical and analytical means.
For the numerical analysis, we used MFracTM. This concerned mainly the final size of the
created fractures. The numerical analysis required a scaling of the experiments.
 An approximate solution from the literature was used to perform an analytical assessment of
the time-resolved response of the pressure in the experiments.
 The analysis was documented in a report and summarized in the GEMex Deliverable D6.5.
Results:






The MFracTM modelling simulator can be used to scale hydraulic fracturing experiments.
However, this is only possible by making several assumptions and scaling some parameters.
There must be no fluid leak-off, and it must be assumed that the internal friction is negligible.
Scaling the injection rate q linearly with scaling factor S leads to the most accurate model.
Additionally, it is crucial to scale the fracture toughness.
Using Dontsov's approximation of a penny-shaped model to analyze the Aachen experiments
and corresponding models gave the following results. Two of the three P(t) curves of the
model simulations clearly fall in the leak-off toughness regime. This is surprising, since no
leak-off is one of the boundary conditions of the models. The third model matched
reasonably well with two different regimes: an ambiguous result.
The results of the analysis has implications for the in-field applicability of the Aachen
experiments and the models. Hydraulic experiments and models whose fracture propagation
has been affected by viscosity-related processes can't be linearly transcribed to the field,
where much less viscous fluids than glycerol are used. Thus GEMex partners are advised to
practice caution when using these results.

Institution: GFZ (Contact: Hannes Hofmann)
Activities:
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Particle Flow Code 2D V4.0 (PFC2D; Itasca 2008) and FRACOD2D V5.0 (Shen 2002) were
tested for their applicability to simulate the laboratory experiments described above. Both
are two dimensional numerical codes with an explicit solution scheme running on single core
windows PCs.
Results:





While the hydraulic rock fracturing process in homogeneous (FRACOD) and heterogeneous
(PFC) materials intersected by discontinuities can in principle be modelled with the tested
codes, it is currently not possible to model the provided laboratory experiments with either
FRACOD2D V5.0 or PFC2D V4.0. This is because the required time step size for a stable
numerical solution is too small when the real fluid properties, realistic fracture apertures and
small enough element sizes are used. Therefore, these codes could not be verified by the
provided laboratory experiments.
Necessary code development and parallelization efforts are ongoing for FRACOD3D and
PFC3D in order to overcome this limitation.
Further details on numerical modeling will be presented in Deliverable 6.5 due in May 2019.

Institution: UFZ (Contact: Francesco Parisio)
Activities:



Simulation and validation against analytical solutions of hydraulic-fracture propagation;
Simulation and comparison against experimental results on hydraulic-fracture propagation
for code comparison (D6.5).
 The software employed for the simulation is OpenGeoSys, a C++ open-source finite element
platform for the simulation of three-dimensional thermo-hydro-chemo-mechanical problems
in fractured porous media
Results:




Numerical modeling is performed using OpenGeoSys.
The numerical model compares well with the analytical solution in terms of normalized
pressure field and normalized crack length.
Results of simulation vs experimental results will be presented in Deliverable 6.5.

2.6.4 Task 6.4 Model approaches for SHGS
Main Objectives:


Modeling the heat transfer and fluid flow in the initial natural state of Los Humeros reservoir
field.
 Calibration of the model against available field data
Deliverables:


Deliverable 6.6 Report on the calibrated model for the super-hot reservoirs at Los Humeros
and its calibration against available field data
Due Date: May 2019, STATUS: ONGOING
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Institution: RWTH (Contact: Paromita Deb)










Literature review for understanding of fracture permeability characterization.
Communication and discussion with other Work Packages (example 4) for using fracture
geometry data collected using scan lines and other geological measurements in order to feed
into fracture modeling process.
Collaborating with other Work Packages and Mexican colleagues to understand the heat
source and the hydraulic parameters and boundary conditions to be used for reservoir
modeling
Numerical simulation of heat transfer and fluid flow have been performed in the regional
model to obtain boundary conditions for performing simulation in the reservoir scale model.
Several scenarios have been modelled to understand the sealing conditions of majhor faults
within Los Humeros geothermal field.
Uncertainties in hydraulic properties are taken care of by assuming different scenarios for
numerical simulations.
Temperature data base opened from CFE for almost 50 wells are used for calibration of
models. Heating up profiles of pressure and temperature data are being investigated to
obtain steady state temperature field by following required corrections

Institution: CNR (Contact: Giordano Montegrossi)







Definition of the permeability of the system by means of pumping step tests and Hawkin’s
model, based on production data
Definition of Rock properties for the feed zones
Define the recharge and hot source boundary conditions
We used a “state of the art” version of TOUGH2 code with supercritical Equation Of State for
water, developed at CNR in the framework of DESCRAMBLE project, H2020 grant agreement
Nº640573, and GNS – Geothermal Supermodel Project, to compute the steady state model
for “Los Humeros”
Calibration of the Steady State model and its boundary conditions using the temperature at
feed zones obtained in Task 6.2

2.6.5 Publications
Kummerow, J., Raab, S., Schuessler, J., Mayer, R. (2018). Non-reactive and reactive experiments to
determine the electrical conductivities of aqueous geothermal solutions up to supercritical conditions,
JVGR, DOI: 10.1016/jvolgeores.2018.05.014
Parisio F., Tarokh A., Makhnennko R., Naumov D., Yuan-Miao X., Kolditz O., Nagel T., Experimental
characterization and numerical modelling of fracture processes in granite. Journal of the Mechanics
and Physics of Solids, 2018, https://doi.org/10.1016/j.ijsolstr.2018.12.019.
Weydt, L. M., Bär, K., Colombero, C., Comina, C., Deb, P., Lepillier, B., Mandrone, G., Milsch, H.,
Rochelle, C. A., Vagnon, F., and Sass, I., Outcrop analogue study to determine reservoir properties of
the Los Humeros and Acocuclo geothermal fields, Mexico, Adv. Geosci., 45, 281-287,
https://doi.org/10.5194/adgeo-45-281-2018, 2018.
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Yoshioka K., Parisio F., Naumov D., Lu R., Kolditz O., Nagel T., Comparative Verification of Discrete
and Smeared Numerical Approaches for the Simulation of Hydraulic Fracturing. International Journal
of Geomathematics, 2019, https://doi.org/10.1007/s13137-019-0126-6

2.6.6 Dissemination
Deb et al., 2018, “Hydraulic-fracturing experiments on a laboratory scale for numerical codes
verification”, Geophysical Research Abstracts Vol. 20, EGU2018-16136, EGU General Assembly 2018
Deb et al., 2018, Laboratory fracking experiments for verifying numerical simulation codes, 1354,
Hydro-Thermal-Mechanical Modelling in Tight Formations, 80th EAGE Conference, Copenhagen,
Denmark
Kummerow, J., Raab, S., Schüssler, J., “Fluid-rock interactions at near- and supercritical conditions
and their effect on physical properties of high-enthalpy hydrothermal systems” (EGU2018-7097),
EGU General Assembly 2018, Vienna
Lepillier, B., Bakker, R., Bastesen, E., Bruhn, D., Bruna, P.-O., Daniilidis, A., Garcia, O., TTorabi, A.,
Wheeler, W., “Characterization of a Fracture-Controlled Enhanced Geothermal System (EGS) in the
Trans-Mexican-Volcanic-Belt (TMVB) Predictive mechanical model for fracture stimulation in an
Enhanced Geothermal System (EGS)”, 6th European Geothermal Workshop, Strasbourg, 10-11
October 2018.
Montegrossi, G., Deb, P., Clauser, C., Diez, H., Ramirez Montes, M. A., “Modeling of Los Humeros
geothermal field: preliminary results” (EGU2018-17600), EGU General Assembly 2018, Vienna
Weydt, L., Bär, K., Sass, I.,: “Outcrop analogue study to determine reservoir properties of the Los
Humeros and Acoculco geothermal fields, Mexico” (EGU2018- 7228), EGU General Assembly 2018,
Vienna
Weydt, L., Bär, K., Sass, I. (2018): New insights on geothermal rock properties of the Los Humeros
geothermal field, Mexico. – Proceedings 6th European Geothermal Workshop, Strasbourg, 10-11
October 2018.

Accepted abstracts
Deb et al., 2019, “Modeling Natural Steady State of Super-Hot Geothermal Reservoir at Los Humeros,
Mexico”, 2019, European Geothermal Congress, The Hague, The Netherlands, 11-14 June 2019.
Deb et al., 2019, Laboratory experiments and numerical simulations of hydraulic fracturing for
enhanced geothermal systems, European Geothermal Congress, The Hague, the Netherlands
Kummerow, J., Raab, S., Spangenberg, E. Schleicher, A.M., Schuessler, J.,: “Monitoring reactive flow
in geothermal settings: A petro- and fluidphysical approach” (EGU-2019-11295), EGU General
Assembly 2019, Vienna Deviations from the Description of Action
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Weydt, L., Bär, K., Sass, I. (2020): Petrophysical reservoir characterization of the Los Humeros and
Acoculco geothermal fields, Mexico. World Geothermal Congress 2020, Reykjavik, Iceland, 24-30
April 2020.

2.6.1 Student theses
Master Theses (completed)
Bech, M. (2018): Petrophysical and hydraulical properties of andesitic geothermal reservoir rocks of
Acoculco and Los Humeros, Mexico, unpublished Master thesis, XII and 73 p., 70 Fig., 38 Tab., 2
Attachments, 1 CD-Rom including further digital Appendix, Institut für Angewandte
Geowissenschaften, TU Darmstadt.
Kramer, T. (2018): Petrophysical and Hydraulical Properties of Cretaceous and Jurassic Limestones of
the Acoculco and Los Humeros Geothermal Reservoirs, Mexico, unpublished Master thesis, IX and 73
p., 50 Fig., 6 Tab., 1 Attachment, 1 CD-Rom including further digital Appendix, Institut für
Angewandte Geowissenschaften, TU Darmstadt.
Perizonius, J. (2018): Petrophysical and hydraulical properties of volcanic reservoir rocks of Acoculco
and Los Humeros, Mexico, unpublished Master thesis, XIII and 75 p., 37 Fig., 27 Tab., 1 CD-Rom
including further digital Appendix, Institut für Angewandte Geowissenschaften, TU Darmstadt.

Bachelor thesis (in progress)
Knauthe, R. (2019): Thermo-and petrophysical properties in relation to petrological characteristics:
an example of the Los Humeros geothermal field, Mexico, Bachelor thesis in progress, Institut für
Angewandte Geowissenschaften, TU Darmstadt.

2.6.2

Deviations from the Description of Action

TUDA has reported more months than foreseen in WP6. This is resulting from the fact that TUDA
counts persons working on part-time positions with full person months. Since TUDA has also
employed several students with a very limited number of hours, and has counted their worked
months as full months, a high number of person months is resulting, while the costs are fully in line
with the foreseen budget.
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2.7 Work Package 7: Concepts for EGS
Lead: TNO
Partners: CNR, CRES, ENEA, GFZ, OGS, RWTH, SSSA, TNO, TUDA, UFZ, UNITO, UU
Duration: month 7-44
Status: started and ongoing
Objectives:
The goal of work package 7 is to develop EGS stimulation techniques capable of achieving sufficiently
high and sustainable flow rates in such a way that the environmental effects are minor and
acceptable and that the local community is consulted and engaged. This is achieved by developing a
numerical model workflow and optimised stimulation scenarios for Acoculco, based on the collected
data and models created in the other WPs of GEMex.
Participant
number

1

3

5

6

7

8

11

12

15

16

20

23

Total

5.23 1.22 0.23 1.01 0

0

6

4

8

12

4.6

2,93 4.5

UFZ

PM used

3

UNITO

1

SSSA

CNR

6

ENEA

RWTH

6

OGS

UU

15

CRES

TNO

PM foreseen in 12
total GEMex

TUDA

GFZ

Short name

8

6
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7

45.17

9.65 8.8

Table 10: Status quo of personal resources WP7

Work in task 7.1 and 7.2 has recently started as planned. Only preliminary sensitivity analysis have
been completed. For task 7.3.1. mapping of the seismically sensitive areas is in progress and first
results were presented at a GEMex workshop on Task 8.4, “Thermal loop design and performance
monitoring”, Pikermi Attikis, Athens, February, 20, 2019. For task 7.3.2 a draft review paper on
seismic monitoring is almost completed.
In task 7.4, the following activities were conducted:
1. Finalization of the studies related to the questionnaire survey performed in Mexico, Brazil,
China, Russia, South Africa, and India. Such studies were presented at the seminar
"Geothermal energy and society: social acceptance and public engagement in geothermal
energy developments" (April 2018) and an updated version was presented at the project
meeting in Morelia (October 2018).
2. Thanks to the Mexican research team, fulfillment of all the field activities with local
communities in Mexico, gathering information regarding both social aspects and energy
uses.
3. The updated review of practices from the side of project developers and operators in order
to achieve social acceptance of geothermal power plant projects.
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4. Design and implementation of unstructured interviews with multinational companies in
Europe. Interviews are still ongoing.
5. Fulfillment of dissemination and communication activities, among which can be mentioned
the attending to the International Conference "Breaking the Rules! Energy Transitions as
Social Innovations", the publishing of the book “Geothermal Energy and Society” published
by Springer and edited by CNR (August 2018), and the writing of an abstract related to the
questionnaire survey carried out within BRICS countries (accepted to the European
Geothermal Workshop 2018 held in Strasburg on September 2018).

2.7.1 Task 7.1 Integrated reservoir model
TNO, GFZ: Location specific work in this task together with task 7.2 has just been started up with data
collection as planned.
RWTH: Dynamic reservoir simulation with the models developed in WP 6 are in progress. Since no
site-specific stimulation scenarios have been developed, sensitivity analysis on possible scenarios are
used.

2.7.2 Task 7.2 Stimulation Design
TNO, GFZ: Location specific work in this task together with task 7.1 has just been started up with data
collection as planned.
UFZ: analytical analysis of fracture propagation conditions has been conducted with preliminary
estimates of the in-situ conditions.

2.7.3 Task 7.3 Induced seismicity and environmental hazards
Activities ENEA:
During the reporting period two reports have been prepared:
1) Acoculco-Los Humeros Hazard associated to induced seismicity
presented during the WP 7.3 Gemex Project Meeting, Bari, March 12-13, 2018.
Seismic hazard enhancement is usually associated to amplification of the seismic motion by surface
soil layers having mechanical properties that differ from those of the underlying layers, so called
stratigraphic amplification. The role of seismic motion amplification played by lateral discontinuities,
faulting, was presented by comparing the case of San Giuliano di Puglia (IT), associated to natural
seismicity, to that of Basel induced earthquake of December 8th 2006.
2) Monitoring of Seismic Parameters & seismic risk mitigation measures
presented during the GEMex workshop on Task 8.4, “Thermal loop design and performance
monitoring”, Pikermi Attikis, Athens, February, 20, 2019.
The region of Acoculco seems to be influenced by low seismicity and it appears compulsory to install
a regional seismic network to be able to discriminate the existing natural seismicity, including seismic
sources, from the expected future induced seismicity.
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By considering the soil with slope less than 5% it is apparent that large portion of the area around
Acoculco, about 20 Km radius, can exhibit the presence of surface layers prone to produce
amplification of the seismic motion. Seismic motion amplification can also arise from the presence of
lateral discontinuities. In the considered areas are present several villages and at about 20 Km there
is the city of Tulacingo, built on holocenic silt sand and crossed by a fault, exposed to both the
possible seismic motion amplification.
Based on these observations, the proposed step to assess the seismic hazard in the Acoculco area
are:
1. Design install and manage a regional seismic network
2. Perform surface geology characterization of the inhabited areas and of the area where is
expected to install the facilities to exploit the geothermal resource.
3. Perform at HVSR measure in the areas; consider the possible influence of lateral
discontinuities, faults.
Other activities should be devoted to characterize seismic vulnerability of existing facilities, houses,
that, associated to seismic hazard, contribute to the seismic risk.

Activities OGS:
Work on a literature review paper on monitoring of EGS systems and recommendations for traffic
light systems (task 7.3.2) is in progress:
Guidarelli, M and E. Priolo. Seismic Monitoring of Enhanced Geothermal Systems (EGS): experience &
recommendations. Draft.

2.7.4 Task 7.4 Public engagement
Objectives:
The task aims at defining a conceptual and practical model for implementing public engagement
strategy to support and improve the local acceptance of the development of geothermal energy
activities (enhanced geothermal system (EGS) and super-hot resources (SHSG)).
The design of conceptual model requires the identification of suitable stakeholders that can assume
an active and passive role in the development of geothermal energy projects. Then, a qualiquantitative investigation is carried out on different stakeholders to discover their interpretations and
perspectives on geothermal energy development issues. Questionnaires and unstructured interviews
will be submitted to citizens, companies, public authorities and local communities both in Mexico,
Europe and other developing countries. Based on the results of these activities, a framework is going
to be built to integrate efforts in fostering sustainable energy transition by taking into account local
communities’ ordinary life and socio-economic needs and the perception of companies’ behaviours
(social responsibility) related to energy projects among the wider group of final energy consumer.
Activities:
(M19-M19) Task 7.4 field activities in Mexico (see the agenda of the field activities at
https://goo.gl/3FWiox and the minutes of field activities at https://goo.gl/sVfJBL):
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Attending to the seminar "Geothermal energy and society: social acceptance and public
engagement in geothermal energy developments" (the 16th of April 2018) in Mexico with CFE
and Mexican social-economic-environment research team (see the agenda at
https://goo.gl/pxcS2a).
Presentation of the results of the questionnaire survey performed in Mexico, Brazil, China, Russia,
South Africa, and India by collecting around 300 questionnaires for each country. The aim was to
investigate consumer’s loyalty toward energy utilities involved in the development of geothermal
energy projects and consumer evaluation of companies’ reputation according to the level of
electric service quality and social responsibility (see powerpoint presentation at
https://goo.gl/W3zwTU).
Presentation of the structure of the research we plan to conduct in the coming months:
unstructured interviews to be performed with multinational companies facing social acceptability
issues (see powerpoint presentation at https://goo.gl/UuXYib).
Performing of unstructured interviews with
o local communities of Jonuco Pedernales (i.e. Secretary of the Community, Vice Comisario),
Cruz Colorada (i.e. Juez de Paz (Justice of Peace), a nurse and a representative of the women’s
community, Former Comisaria) and Ocojala (i.e. Juez de Paz, Justice of Peace),
o the public authority of Chignauapan: Mayor, Secretary, Assessor to Environment & Public In.,
Assessor to Agriculture, Assessor to Urban Infrastructure (see the transcribed interviews at
https://goo.gl/qA8CqE);
o CFE representatives: i.e. General Director of Los Humeros Plant (now retired), Responsible
for Los Humeros environmental and social activities; Assistant at the department of
environmental damages prevention based in Morelia CFE’s Headquarters (see the
transcribed interviews at https://goo.gl/75f4x4).

(M24-M30) Cooperation with Dr. Luis Moreno (Universidad Autonoma de Baja California) for gathering
additional data regarding Mexican local communities.





Virtual meetings for sharing information about methods to be used, type of questions to be
considered, etc.
Literature review on the themes to be addressed by the questionnaire. The aim was identified as
the investigation of energy uses and energy-related knowledge within the Acoculco area.
Collection of information with field activities performed by Dr. Luis Moreno and his assistants;
Elaboration and analysis of the information gathered (see preliminary data analysis at
https://goo.gl/QzFCMz).

(M19-M30) Updated version of the literature review on public engagement for the development of
geothermal projects (see the updated chapter at https://goo.gl/fkhyMo)


Update of the review of practices from the side of project developers and operators in order to
achieve social acceptance of geothermal power plant projects.

(M25-M25) WP9 (Mexican research team) -7.4 task (European research team) meeting during the
Third General Assembly in Morelia (see the minutes of meeting at https://goo.gl/L3q86L):
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Discussion with Mexican partners about the planning of the activities of the coming months and
the possibility to arrange a dissemination meeting in the second part of the year 2019.
Discussion to improve cooperation and communication between Mexican partners and TNO
(Fernando Diaz) about the variables and data necessary for the final model on ex‐ante and ex‐
post sustainable development scenarios and public engagement conceptual model.
Agreement with Mexican partners that it will be verified if sustainable development scenarios
could be together with the public engagement scenarios, or if they are separated but related to
each other.

(M25-M30 ongoing) Performing of unstructured interviews and assessment of socio-economic impact
on local communities














Development of the protocol for unstructured interviews with multinational companies to be
performed in Europe.
Inspired by the experience and tradition of Social Impact Assessment (SIA), a methodological
framework has been developed including quantitative and qualitative insights deriving from the
following activities (ongoing):
dimensions for social impacts has been defined on the basis of a wide literature review on SIA
approach and applications
analysis of the interviews with representatives of Mexican local communities has been
developed through the means of conceptual grid consistent with the SIA approach. The grid is
aimed at systematize the main contents of the interviews in line with the accounting for socioeconomic impacts of geothermal energy development at the local community level
results from a SWOT participatory analysis performed in Mexico with local communities have
been processed to enrich the analysis of the social context and to support the definition of
possible strategies for public engagement
quantitative indicators have been defined on the joint consideration of availability of data
(provided by Mexican partners or available on INEGI website) and the social impacts dimensions
exploring the feasibility of integrating the SIA approach by transferring impact evaluation results
of similar projects on similar areas
Performing of the interviews with multinational companies involved in social acceptability
issues: the company identified in this case is Enel, and interviews are currently ongoing with
former and current Enel personnel.
Activities performed by TNO regarding the adaptation of the social dimension of the
sustainability scenarios, which are planned to be developed (by TNO) between June and October
2019.

(M19-M30) Internal communication activities



Teleconferences were held during the reporting period. Some were attended by only 7.4 task
partners, while others were attended by 7.4 task partners and Mexican colleagues.
22/05/2018. Participants CNR, UNITO, SSSA, CRES, TNO. The call aimed at coordinating
dissemination activities related to the Leibniz Conference held in Berlin on June 14th -15th.
Among the themes covered by the abstract and related presentation were a general description
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of GEMex and Task 7.4’s objectives, public engagement in geothermal energy, general overview
of a conceptual model for public engagement and related sustainability scenarios. Additional
bilateral calls were also carried out among the partners in the days after the 22nd, to arrange and
organise the preparation of the required materials for the Conference. In particular, all 7.4
partners attended another meeting on the 25th of May.
22/05/2018. Participants CNR, UNITO, SSSA, CRES and Mexican partners (CICESE and UABC). The
call aimed at exchanging plans and future objectives both from the European and Mexican side.
In particular, discussions were made about the data gathered from the interviews performed in
the previous month during the Task 7.4 partners’ field trip in Mexico.
11/07/2018. Partners CNR, UNITO, CRES, SSSA, TNO, and Mexican partners (CICESE and UABC).
The call aimed at ensuring the correct sharing of transcripts of the interviews carried out during
the field trip in Mexico in April 2018, discussing about arranging a workshop or a focus group
with CFE and other stakeholders to present the results of the analysis carried out with Mexicans’
local communities (possible dates to be identified in the days of the project meeting on October
2018), and discussing about the cooperation with Luis Moreno regarding field activities. In
particular, Luis stated his availability to spread the list of questions developed by task 7.4
research team during his fieldwork. However, he did not keep contact with task 7.4 research
team and no information about his field work was available at the time of the call. Zayre
Gonzalez offered to contact Luis and ask for information.
November/December 2018. Participants CNR, UNITO, CRES, SSSA, and TNO. Different virtual
meetings were held with each partner to better define and schedule the activities to be
performed in the year 2019.
January/February 2019. Participants UNITO, SSSA, and CRES. Different virtual meetings were
held in order to share updates regarding the planned activities of task 7.4 and to update UNITO
and CRES regarding the information gathered by Dr. Luis Moreno.
12/03/2019. Participants UNITO, SSSA, and CRES. The call aimed at sharing updates regarding
the planned activities of task 7.4.

(M26) Completion of Milestone 35 - Stakeholder interviews and public surveys completed (see the
Milestone 35 at https://goo.gl/XvLrsX)

2.7.5 Publications
Manzella, A., (author and Editor), Sciullo, A., Karytsas, S., Annunziata, E., Rizzi, F., Contini, M., Dumas,
P.,; Geothermal Energy and Society, Book in the series “Lectures Notes in Energy” (Vol. 67), Springer,
Aug 2017, ISSN2195-1284, ISBN 978-3-319-78285-0,
https://www.springer.com/gp/book/9783319782850
Guidarelli, M and E. Priolo. Seismic Monitoring of Enhanced Geothermal Systems (EGS): experience &
recommendations. Draft.

2.7.6 Dissemination and communication activities
Annunziata, E., Contini, M., Diaz, F., Karytsas, S., Manzella, A., Padovan, D., Sciullo, A., “Public
engagement strategy: a conceptual model for enhancing the development of geothermal energy”,
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Breaking the Rules! Energy Transitions as Social Innovations, International conference hosted by the
Leibniz Research Alliance on Energy Transitions, Berlin (Germany), June 14-15, 2018
M. Contini, E. Annunziata, F. Rizzi, M. Frey, “Consumer’s perception of company’s corporate social
responsibility in the context of a geothermal energy facility development”, European Geothermal
workshop, Strasbourg (France) 10-11 Oct 2018
Manzella, A., “Stakeholder and public engagement strategies” Presentation during the 2nd
stakeholder workshop, 10 January 2019, Brussels

Accepted Abstracts
Fokker, P., Singh, A., Candela, T.G.G., Wassing, B.: “A Semi-Analytic Transient Approach to Modelling
Plasticity and Stimulation of Geothermal Wells”, Abstract submitted to World Geothermal Congress,
2020
Hofmann, H., Blöcher, G., Peters, E.Hernández Ochoa, A.F.: “Hydraulic stimulation scenarios for a
potential Enhanced Geothermal System (EGS) in Acoculco, Mexico”. Abstract submitted to World
Geothermal Congress, 2020
Karytsas, S., Polyzou, O., Mendrinos, D., Karytsas, C., “Towards Social Acceptance of Geothermal
Energy Power Plants”, EGC 2019, De Haag, Netherlands, 11-14 June 2019
Karytsas, S., Mendrinos, D., Karytsas, C., “Methods for measuring social impacts of renewable energy
projects”, SBE19 Thessaloniki Conference - Sustainability in the built environment for climate change
mitigation, Thessaloniki (Greek), 22-25 October 2019
Sciullo, A.,“Measuring the social impact of renewables infrastructure: the potential of integrating
counterfactual approach and Social Impact Assessment methodology”, XIV European Sociological
Association Conference, Manchester (UK), 20-23 August 2019
Sciullo, A., “Evaluating the impact of energy renewable infrastructure on local communities: a case
study on geothermal energy in Mexico”, XL Aisre (Associazione Italiana di Scienze Regionali)
Conference, L’Aquila (Italy), 16-18 September 2019

2.7.7 Deviations from the Description of Action
No deviation in the reporting period.
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2.8 Work Package 8: Concepts for Superhot
Lead: GFZ
Partners: CRES, ENEA, GFZ, HBO, IFE, ISOR, OGS, RWTH, TNO, UFZ, UU
Duration: month 1-44
Status: started and ongoing
Objectives:
In WP8 we aim to develop and verify concepts and technologies to access and exploit super-hot
reservoirs (> 300°C, including conditions above the critical point of water in the reservoir) on the
basis of the work and data derived in SP1 and SP2 combined with additional information provided by
the operating site in Los Humeros. Main objectives are:






To integrate the results obtained from the technical work packages 3-6 and use them in
various model approachs in order to predict the reservoir properties
To prepare a list of material suitable for installation in super-hot conditions
To prepare a best-practice guide for drilling and completion in super-hot setting
To to give recommendations for a thermal loop design
To provide propose a montoring systems in order to avoid or mitigate potential threads for
the environment

Participant
number

1

2

3

5

6

10

11

12

15

19

23

Total

GFZ

ISOR

TNO

UU

RWTH

IFE

CRES

OGS

ENEA

HBO

UFZ

Short name

PM foreseen in 15
total GEMex

20

6

6

6

2

6

3

8

10

6

331.5

PM used

5.22

3.64

1.39

0

0.5

2.9

1.86

2.5

10

8

16.8

0

Table 11: Status quo of personal resources WP8

2.8.1 Task 8.1 Prediction of reservoir properties
Work package 8.1 addresses numerical modelling of superhot geothermal systems (SHGS). It targets
the deep subsurface below already existing wells of Los Humeros.
Based on the gridded model, dynamic simulations will be performed in different ways. We envisage




Brittle-ductile transition in superhot geothermal systems and modeling of continuum
damage and fracture propagation (UFZ). UFZ will set up a constitutive model for the brittleductile transition and use it as the base for fracture propagation analyses in high
temperature and pressure conditions.
Semi-analytical coupled modeling (TNO/UU). A first setup of a coupled thermo-poro-elastoplastic model has been formulated. The new element in this model is that it is a dynamic
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simulation, following the development of the stresses in the volume around a production or
injection well. This allows to simulate failure and stimulation in a fast manner.
 Synergy with WP5 and seismic modeling results of OGS, e.g., in conductive and convective
systems (see paper by Farina et al. 2019)
Main activities






The data provided by CFE consist of fluid composition from several sampling campaigns from
38 wells in the Los Humeros geothermal field. In 15 from the 38 wells separated gas was
measured. The distribution of chemical elements is shown in maps generated with ArcGis
using the graduated quantity method. The weighting depends on the concentration of the
respective element. Furthermore, the saturation index of minerals was calculated using the
geohydrochemical software Phreeqc for each well. It shows the possibility of mineral scaling
at different temperatures. Results show a magmatic source influencing the fluid composition.
Minerals precipitating are mainly Fe-rich minerals but also silica and carbonate minerals
Literature review of brittle-ductile transition in volcanic areas and systems. The result is used
for identification of seismogenic potential and is therefore crucial in risk assessment for deep
geothermal activities.
A poro-thermo-elasto-plastic model was formulated to enable fast simulations of hydraulic
and thermal stimulations with inelastic constitutive model.

Main results to be included in Deliverables D8.1 and D8.4





Development of a fast poro-thermo-elasto-plastic model. The fast model is ideally suited for
data assimilation and optimization and will be used for well planning;
Analyses of localization and failure in high temperature and high pressure conditions;
Correlation between seismicity and constitutive rock behavior in volcanic areas.
Assessment of brittle-ductile transition depth in basaltic and carbonatic volcanic.

2.8.2 Task 8.2 Materials for installation in super-hot systems
ISOR has prepared the downhole test of the material properties in Los Humeros. Jointly with the
Mexican partner Geominco and the site owner CFE, a protocol for the test has been established.
Materials to be tested have been identified, prepared and finally brought to Mexico. Under
instruction of ISOR, the Mexican partners have prepared the steel bar with the ceramics and the
metal pieces to be tested.
Together with CFE and Geominco, ISOR has identified the most appropriate well for the test as well
as the depth in which the steel bar was placed for the duration of the test.
The test was conducted for three weeks in late February/beginning of March. The steel bar with the
attached samples has been successfully recovered, the samples have been isolated and are now
ready for analysis to be conducted in the last reporting period.

2.8.3 Task 8.3 Drilling and completion
A workshop was organised on 20 June 2018 in order to access daily drilling reports, drilling and wireline data obtained from CFE for high-temperature wells within the Los Humeros geothermal field and
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the well EAC2 in Acoculco. Additionally, during the workshop ongoing work performed by partners
from WP8 was presented (HBO, GFZ, CRES, CNR, TUDA)
HBO:






Continuation of review of drilling and completion practises in super-hot geothermal systems
Forecast of pore and crustal stresses based on the acquired drilling and wire-logging data
from the Los Humeros geothermal field and establishing scientific basis for geomechanical
modelling jointly with partner CNR
Non-destructive primary cementing quality analysis, based on CBL and USIT wire-line logs,
with predictions of cement sheath stresses and its potential failure jointly with partner CNR
Laboratory study on non-Portland cement blends for extreme temperature conditions

CRES conducted interpretation of PT logs for Los Humeros and Acoculco wells.
CNR



Non-destructive primary cementing quality analysis, based on CBL and USIT wire-line logs,
with predictions of cement sheath stresses and its potential failure jointly with partner HBO
Forecast of pore and crustal stresses based on the acquired drilling and wire-logging data
from the Los Humeros geothermal field and establishing scientific basis for geomechanical
modelling jointly with partner HBO

2.8.4 Task 8.4 Thermal loop design and performance monitoring
CRES



Literature review (continued)
Organized a workshop on task 8.4 at CRES premises on 20 February 2019. Main topics
included: Thermal loop design in SHGS (CRES); State of the art monitoring methods for Los
Humeros (CRES); Potentially Harmful Elements (PHE) mobility assessment in geothermal soils
(ENEA); Monitoring of Seismic Parameters & seismic risk mitigation measures (ENEA);
Geomechanical modelling and cement design in SHGS (HBO); Seismic evaluation & Planning
SHGS monitoring for reservoir characterization (OGS); Tracer tests for monitoring SHGS (IFE);
Preparation of GEMex Deliverable 8.4 (all participants).

ENEA: Potentially Harmful Elements (PHE) mobility assessment in geothermal
soils
Experimental work to develop a simple and fast tool to assess trace elements mobility in geothermal
soils exposed to the thermal fluids action with the purpose to:




study the effect of geothermal fluids on trace elements concentration in soils;
study the influence of geothermal fluids on soil element mobility;
develop a simple and rapid field test to monitor trace elements in SHGS.

Soil samples were collected in Los Humeros caldera (Mexico) for metal mobility assessment and
results were compared with those from Flegrei Field (Italy).
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The experiments included:





soils sampling both in areas directly exposed to geothermal fluids and far from fluid
emissions;
Temperature, pH, granulometric and geochemical analysis of the total content of As, Cd, Cu,
Ni, V, Cr, Zn, Hg in geothermal soils from Los Humeros comparing results with those of
Flegrean Fields.
Review (Report) document concerning the mobility of some trace elements of particular
environmental interest for soils in geothermal areas. The aim is to provide a simple and
practical working tool for a quick understanding of some environmental aspects related to
the use of geothermal energy, also for the purpose of an overall cost reduction for the
environmental management.

During the reporting period a report titled: Potentially Harmful Elements (PHE) mobility assessment
in geothermal soils: application in Los Humeros, has been presented during the GEMex workshop on
Task 8.4, “Thermal loop design and performance monitoring” in Athens, February, 20, 2019

OGS
In concomitance wit WP8 CRES workshop in Athens, Extensive presentation and discussion of active
seismic data results of Los Humeros (Presentation of Poletto on 21st February) (see also D5.3 Jousset
et al. 2019 part on active seismic data), and discussion of next OGS-CRES collaboration by temperature
function at wells and velocity functions provided by OGS (related to WP5.4)

OGS reviewed Seismic While Drilling by drill-bit source (reverse VSP with large 2D and 3D surface
arrays) and DAS fiber optic distributed acoustic sensors in wells (dense in space, improved
wavefield separation, direct VSP with 2D and 3D sources at surface) as SHGS reservoir monitoring
methods. A future active seismic monitoring program should target the two reservoirs of Los
Humeros SHGS, while in parallel, it should aim at evaluating the influence of geothermal
mechanisms and temperature on seismic properties. For the deliverable D8.4 OGS is preparing a
contribution on the geophysical aspects: Recommendations on VSP, DAS monitoring, seismic while
drilling.

2.8.5 Publications
Kruszewski, M. and Wittig, V., “Review of failure modes in supercritical geothermal drilling projects”,
Geothermal Energy (2018) 6:28, DOI: 0.1186/s40517-018-0113-4
Kruszewski, M., Montegrossi, G., Ramírez Montes, M., Wittig, V., Gomez Garcia, A., Sánchez Luviano,
M., Bracke, R., “A wellbore cement sheath damage prediction model with the integration of acoustic
wellbore measurements”, Geothermics 80:195-207, 2019, DOI: 10.1016/j.geothermics.2019.03.007
Kruszewski M., Ramirez M., Wittig V., Sanchez M., Bracke R., "Drilling and Well Completion Challenges
in the Los Humeros Geothermal Field, Mexico", GRC Transactions, Vol. 42, 2018, Proceedings of a
meeting held 14 – 17 October 2018, Reno, Nevada, USA
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2.8.6 Dissemination activities (talks, posters, workshops)
Kruszewski M., "Cementing Challenges in High Temperature Geothermal Wells", 11. Sitzung DGMKArbeitskreis Bohrspülung, Bochum, September 2018 (Oral presentation)
Kruszewski, M., Ramírez, M.,Wittig, V., Sanchez, M., Bracke, R., “Drilling and well completion
challenges in the Los Humeros Geothermal Field, Mexico”., GRC Geothermal Resources Council
Annual Meeting, Reno, Nevada, USA 14 - 17 October 2018
Kruszewski, M., Ramírez, M.,Wittig, V., Sanchez, M., Bracke, R., “Drilling and well completion
challenges in the Los Humeros Geothermal Field, Mexico”, GRC Geothermal Resources Council
Annual Meeting, Reno, Nevada, USA 14 - 17 October 2018 (Oral presentation)
Kruszewski M., Wittig W., "The Influence of Mechanical Material Properties of Cement and Rock
Formations on Stresses in the Wellbore Cement Under Defined Reservoir Conditions of a Geothermal
Well", VI Polish Geothermal Congress, Zakopane, Poland, 23 – 25 October 2018 (Oral presentation)
Kruszewski, M., Wittig, V., “The influence of elastic properties of cement and rock formation on
cement sheat stresses in geothermal reservoirs”, Society of Petroleum Engineers - Student Technical
Conference (SPE STC), Freiberg, Germany, 8-9 November 2018
Kruszewski M., "An Influence of Mechanical Properties of Cement and Rock Formations on Wellbore
Cement Stresses in a Geothermal Well", German Geothermal Congress, 27 – 29 November 2018,
Essen, Germany (Poster presentation)
Glißner M., Lefebvre M., Hahn S., Kruszewski M., Wittig V., Bracke R., "Alternative Cement for Deep
High Temperature Wells based on Alkali-Activated Alumino-Silicates", German Geothermal Congress,
27 – 29 November 2018, Essen, Germany (Poster presentation)
Kruszewski, M., Montegrossi, G., Ramírez Montes, M., Wittig, V., Gomez Garcia, A., Sánchez Luviano,
M., Bracke, R “A Novel Approach on Crustal Stresses Prediction and Scientific - Basis for
Geomechanical Modeling on the Example of The Los Humeros Geothermal Field, Mexico”,
Minisymposium on Poroelasticity, Bochum, Germany, 19 February 2019
Kruszewski, M., Montegrossi, G., Ramírez Montes, M., Wittig, V., Gomez Garcia, A., Sánchez Luviano,
M., Bracke, "Wellbore Stability and Scientific Basis for Geomechanical Modeling on the Example of
the Los Humeros Geothermal Field, Mexico", Geophysical Research Abstracts Vol. 21, EGU2019PREVIEW, 2019, EGU General Assembly 2019, 7 – 12 April 2019 (Poster Presentation)
Kruszewski M., "Developments and Challenges of Deep (High-Temperature) Geothermal Drilling",
International Geothermal Association’s Board of Directors meeting, Budapest, Hungary, 12th of May
2019 (Oral Presentation)

Accepted Abstracts
Fokker, P., “A fast model for THM processes in geothermal applications”, EGC 2019, De Haag,
Netherlands, 11-14 June 2019
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Jolie, E., Liotta, D., Garduño-Monroy, V. H., Gutiérrez-Negrín, L. C., Arango Galván, C., Hersir, G. P.,
van Wees, J. D.,Aragón Aguilar, A., López Hernández, A., Bruhn, D., Kieling, K. and the GEMex team,
“The GEMex project: Developing Los Humeros (Mexico) as a superhot geothermal site”, WGC 2020,
Reykjavik (Iceland)
Kruszewski, M. “Crustal Stress determination and wellbore stability analysis: Los Humeros
geothermal field case study, EGC 2019, De Haag, Netherlands, 11-14 June 2019
Kruszewski, M., Montegrossi, G., Ramírez Montes, M., Wittig, V., Gomez Garcia, A., Sánchez Luviano,
M., Bracke, "Stress Field Evaluation with Application to Geomechanical Modeling of the Cement
Sheath Integrity: A Case Study of the Los Humeros Geothermal Field, Mexico", World Geothermal
Congress 27th April 2020 Iceland
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2.9 Work Package 9: Ethics
Lead: GFZ
Duration: month 1-44
Status: started and ongoing
Objectives:
This work package sets out the 'ethics requirements' that the project must comply with. There is only
one deliverable which must provide details on the material which will be imported to/exported from
EU and provide the adequate authorizations.
Status:
No person months are associated with this work package. The coordinator takes care of the
compliance with the ethic requirements.
Import and export to/from Mexico included mainly two things:




Equipment or scientific measurements: all equipment which is imported to Mexico and was /
will also be exported. Hence, the project partners acquired a permission for temporary
import of scientific equipment which was checked by the Mexican customs.
Export of samples of rocks, fluids and gas: all samples were of scientific value only and had
no significant content of fossils or minerals. Consequently they neither represent a
commercial value, nor are they of historical value to the Mexican people. Again, the export of
samples was always checked and authorized by the Mexican customs.

Deliverable 9.1 NEC - EPQ - Requirement No. 2 has been finalized. It summarises all equipment and
sample import and export from the EU to Mexico and vice versa.
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3

Impact

The Impact as detailed in section 2.1 of the DoA is still relevant. In addition to the DoA, we can report
the following impact of the project after the second reporting period subdivided into a “scientific”, and
“technological” impact:
Scientific








Peer reviewed publications: 14 published, 6 submitted/in press
Presentation on conferences: 58
Master thesis: 5
o Patricia Pinkowski (2019): Geohydrochemical processes characterization of the
superhot geothermal system Los Humeros, Mexico, GFZ / TU Berlin
o Bech, M. (2018): Petrophysical and hydraulical properties of andesitic geothermal
reservoir rocks of Acoculco and Los Humeros, Mexico, unpublished Master thesis, XII
and 73 p., 70 Fig., 38 Tab., 2 Attachments, 1 CD-Rom including further digital
Appendix, Institut für Angewandte Geowissenschaften, TU Darmstadt.
o Kramer, T. (2018): Petrophysical and Hydraulical Properties of Cretaceous and
Jurassic Limestones of the Acoculco and Los Humeros Geothermal Reservoirs,
Mexico, unpublished Master thesis, IX and 73 p., 50 Fig., 6 Tab., 1 Attachment, 1 CDRom including further digital Appendix, Institut für Angewandte Geowissenschaften,
TU Darmstadt.
o Perizonius, J. (2018): Petrophysical and hydraulical properties of volcanic reservoir
rocks of Acoculco and Los Humeros, Mexico, unpublished Master thesis, XIII and 75
p., 37 Fig., 27 Tab., 1 CD-Rom including further digital Appendix, Institut für
Angewandte Geowissenschaften, TU Darmstadt.
o Evanno, G., 2017. 3D preliminary geological modelling of the Los Humeros
geothermal area (Mexico). Master Thesis, ENAG/MFE-088-GB-2017, 123 pp.
Available on VRE: https://goo.gl/XYdBT1
Bachelor Thesis: 1
o Knauthe, R. (2019): Thermo-and petrophysical properties in relation to petrological
characteristics: an example of the Los Humeros geothermal field, Mexico, Bachelor
thesis in progress, Institut für Angewandte Geowissenschaften, TU Darmstadt.
Transfer of knowledge:
o Through collaboration within GEMex, we strengthen the transfer of knowledge
between the 31 involved Mexican and European partners
o with strong links to other H2020 projects (GeoWell, DESTRESS, SURE, DEEPEGS,
DESCRAMBLE and IMAGE) as well as recent the Mexican project CEMIE-Geo, we
additionally ensure a transfer of knowlegde gained in other H2020 projects to the
European and Mexican research community
 as an example, GFZ organised a joint booth for the deep geothermal H2020
projects during the GeoTHERM in Offenburg 2018 and is preparing another
at the EGC 2019 (The Hague)
 a joint workshop on “Risk assessment for geothermal projects” was prepared
and took place 28 May 2019 in Potsdam, Germany, with participation of
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various H2020 projects, public authorities, executive authorities and
geothermal operators
Technology


Patent on a tracer for superhot resources (WP4)
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4

Deviations from Annex 1 (if applicable)

4.1 Tasks
Partner BRGM shifted 0.76 person months from WP4 to WP1 for attending project meetings.
Partner EGEC shifted costs for 0.5 person months from other direct costs to WP1 for attending
project meetings.
UNIROMA has reported a lot of person month in WP4 and less in WP3. This results from the fact that
the two work packages are strongly interconnected. It was decided to report the person month of a
researcher which worked at the border of both WPs completely in WP4. Consequently, less person
months have been reported in WP3.
TUDA has reported more months than foreseen in WP6. This is resulting from the fact that TUDA
counts persons working on part-time positions with full person months. Since TUDA has also
employed several students with a very limited number of hours, and has counted their worked
months as full months, a high number of person months is resulting, while the costs are fully in line
with the foreseen budget.
Subtask 5.2.1 c) There is no activity planned so far concerning the DAS acquisition method. The
reason for this is that the DAS acquisition was foreseen for the site in Acoculco in the assumption
that a new well would be drilled. A DAS installation would only make sense if the cable would be
deployed before/during the casing of the borehole because the measurement requires a good
coupling of the cable to the drilled rock. This was not correctly communicated between the two
consortia and it came to our attention only after the signature of the GA, that there will be no new
drilling in Acoculco. Consequently, we do not see a possibility for DAS installation during the lifetime
of the project.

4.2 Use of resources
The expenditure of resources, person months and budget, is overall in line with the foreseen amounts
(see Figure 30). However, there have been some changes, which are explained in the table below.
More details can be found in the financial statements of each partner.
Partner

Not planned Explanations/ Change
resources

All partners

11,251.68 €

Additional costs for EMDESK license subscription for setting up
an internal communication reporting tool within, estimated to
11,251.68 € for the entire project duration. Each project
partner therefore has to pay additional 468.82 € for the license.
Before signing the contract for using EMDESK on GEMex, the
coordinator had contacted the project officer for approval of
these additional costs, which were approved upon.
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RWTH

3,534.30 €

University regulations require auditing after every
financial period. This was not included in the budget.

RWTH

4,223.67 €

Cutting and polishing of samples for hydraulic fracturing
experiment was initially not included in the Annex 1.
However, cutting and polishing of samples are necessary
standard steps required to perform hydraulic fracturing
experiments in the laboratory, as foreseen in task 6.3.
CIPR has almost used all of its budget during these first 30
months. This is explained with the high effort within WP4,
which is completed by now, so no more resources are required
for WP4. Also, the research program being of interest to CIPR,
the institute will supplement personnel costs within WP5.

CIPR

GFZ

5,326.40

Transport of seismometers from Mexico back to Germany. At
the time of the proposal we believed that the Mexican partner
would cover these costs. Instead the Mexican partner covered
most of the fieldwork in the seismic task, such that resources
which were foreseen for fieldwork in WP5 could be used for the
transport of the equipment.

CNR

CNR has already used a large part of their budget. This is due
to several reason: (1) A major part of the budget was
dedicated to WP4, which is finished now. The remaining costs
are mainly foreseen to cover the costs for the dissemination
manager Eugenio Trumpy. (2) Postdoc-cost were shifted from
“Subcontracting” to “personnel costs” during the amendment.
But this means that also indirect costs occur for the postdoc
costs, which were initially not foreseen.
However, CNR ensures that all tasks foreseen in the DoA can
be fulfilled with the remaining budget.

CNR
1117,77 €
adjustments to
the 1st reporting
period

Costs related to travel and accommodation expenses for
attendance of Dr.ssa Laurenzi at the 2nd General Assembly,
which was held in Akureyri (Iceland), from 2 to 3 October
2017. These costs were erroneously not reported in the first
Financial Report.
Costs related to accommodation expenses for attendance of
the Dr. Lelli at the 2nd General Assembly, which was held in
Akureyri (Iceland), from 2 to 3 October 2017. These costs were
erroneously not reported in the first Financial Report. In
particular, we have forgotten to charge the following costs: -

382,22 €
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191,96 €

TUDA

225.03 €, overnight stay for two nights (from 01/10 to 03/10)
at the Keahotels, in Reykjavik -157.20 €, overnight stay for one
night (03/10) at the Airport Hotel Aurora Star, in Keflavik.
Costs related to fuel expenses incurred by Dr. Norini for the
geological survey carried out in Los Humeros (Mexico), from
02 November to 01 December 2017. These costs were
erroneously not reported in the first Financial Report.
TUDA’s financial statements show a deviation in personal
costs per person months and a deviation in person months in
WP6.
The deviation in average personnel costs can be explained by
TUDA’s approach to report person months (PM) not as full
time equivalents (FTEs) but as part time equivalent according
to the contract of our project scientist who works at a 75%
position and according to the student assistants which helped
with the lab work.
Please find below a more detailed description of the
personnel costs separated for each person.
9 PM within WP6 represents the 12 months FTE of a
researcher position at TU Darmstadt, filled by our PHD
candidate Leandra Weydt, who has a 75% position at TU
Darmstadt. The average personnel costs for these 9 months
are 5432.73 €, which only represents a slight increase
compared to the last reporting period with 5216.18 € per PM.
This increase results from general wage increases within the
reporting period.
The other 9 PM stated for WP6 represent PMs are for the
student assistant Cord-Gerrit Peters, who helped with the lab
work for petrophysical and rock mechanical analysis and
sample preparation. A PM for a student assistant are 40
working hours a month and result in average personnel costs
of about 460 €/month.
Additionally, 6 PM stated for WP6 represent PMs are for the
student assistant Patrick Höfler, who also helped with the lab
work for petrophysical and rock mechanical analysis and
sample preparation. This student assistant has only a contract
for are 25 working hours a month, which results in average
personnel costs of about 290 €/month.

IFE

IFE’s financial statements show an underspending in
personnel and other direct costs.
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Deviation of personal costs: IFE had discussion last year with
IFEs Norwegian auditors and new personal costs were
determined which they were asked to use in running cost
statements. Those are different from the ones which they
were using at the time of the negotiation of the GA.
-Deviation of other direct costs: IFE shall have higher direct
costs expenses in the next reporting period where they plan
dissemination activities as they are achieving very good
scientific results. IFE is currently performing final experiments
which require some expenses related to the budget for
consumables.

CRES

Deviation
ODC

UNIROMA

Budget used

Deviation
average
personnel
costs

ENEA

345.49 €

in CRES financial statements show an overspending in Other
Direct costs. CRES has will cover the remaining Other Direct
Costs until the end of the project by allocating budget from
other budgetary categories.
Most of this budget will be allocated from CRES's personnel
costs to the Other Direct Costs since it is anticipated that CRES
will fulfil completely all tasks of the project by spending less
for personnel costs due to slightly lower man-month rates
than estimated at the time of negotiation of the Grant
Agreement.
UNIROMA has already used a large part of their budget,
because major parts of the budget have been allocated for
WP4, which is now concluded. UNIROMA is aware of being
close to the budget limit and they confirm that this will not
affect in any way the fulfilling of the tasks by their research unit.
in During the GA negotiation, staff costs have been
underestimated, moreover the staff involved have been slightly
changed during the implementation of the projects for
administrative issues. All this changes do not affect in any way
the fulfilling of the tasks by our research unit
ENEA purchased a digester MILESTONE ETHOS EASY (total value
€ 1974), for which depreciation costs are claimed. It refers to
the activity related to WP 8.4 "Potentially Harmful Elements
(PHE) mobility assessment in geothermal soils". The digester is
used for dissolving soil samples by the use of acid mixture to
obtain geochemical information concerning trace elements
concentration and mobility in geothermal soils. At the time of
the proposal, it was not clear that a new digester would be
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needed. However, the budget of ENEA is sufficient for the cost
of the digester since the foreseen seismograph was
not purchased (because, in agreement with the partners, it was
decided that seismic measures, necessary for the activities of
WP 7.3, would be acquired by other participants in the
project and, subsequently, shared with ENEA).
ENEA

Additional
As explained in the previous note, the foreseen seismograph
computer PC was not purchased. Subsequently, the need to elaborate more
data than previously foreseen, created the necessity to
desktop i5
increase the number of computers employed for the project.

Additional
monitor
UKRI

Monitor is part of the PC desktop i5. See justification for PC
desktop i5

deviation in UKRI had lower average personnel costs per month than
average
previously expected. The main factor here is of using lower
personnel
graded staff rather than the originally intended higher graded
costs
per staff (one had retired; another went on long-term sabbatical).
month
A lesser factor was the drop in value of the £ relative to the €.
Some of this apparent underspend will be used to integrate the
work performed in WP4 and WP6 to WP7 and WP8 and
contribute more in detail to the development of EGS and
superhot concepts.

HBO

During the project it turned out that there are more project
meetings necessary than originally planned. Moreover, it was
important to stimulate the scientific exchange on international
conferences with own contributions. Consequently, the direct
costs are significantly above the originally planned costs. On the
other hand, due to some delays in collecting field data in Los
Humeros, it was possible to save some money for personnel
costs in the beginning. HBO assigned during these phases some
persons to other projects. Therefore, the shift of personnel
costs to direct costs will be cost neutral in the end and all goals
of the project will be reached. The estimated and approved
overall project expenses of the Hochschule Bochum will allow
to finish all promised deliverables of the workgroup in the
GEMex project.
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UNITA

Deviation in During the first amendment, UNITO's costs for subcontracts
personnel
were shifted towards personnel costs because of a change of
costs
and regulations. However we forgot to adapt the number of person
average
months. The time from the subcontracts should have been
personnel
added to the the person months (additional 12 PM in each of
WP6 and WP7). This explains the deviation in person months
costs
in WP7 and partly in WP6. This also explains the deviation in
average personnel costs: the personnel costs were estimated
including the additional 12+12=24 months, so average
personnel costs are smaller than indicated in Annex 1.
Deviation in direct personnel costs also result from the fact that
the work in WP6 is finished and UNITO’s part in WP7 is also
almost finished. Consequently, only few person months will be
used in the last reporting period.
UNITO ensures that all the work can be finished with the
remaining budget.

UFZ

Deviation
ODC

in UFZ financial statements show a slight underspending in Other
direct costs which is related to travel costs which were planned
for our participation in meetings of the General Assembly.
Unfortunately, non of our team members was able to
participate in the GA meetings in Mexico and Island. UFZ results
were presented at these meetings by our collaborating GEMex
partners.

Table 12: Changes in the use of resources (compared to the Grant Agreement). Only costs above 3000 € are listed. More
details can be found in the financial statements of each partner.
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Figure 30: Percentage of budget used during the first and second period of GEMex by partner. The horizontal line shows
the expected costs if the budget use would be exactly proportional to the project runtime (30 months).

Due to administrative reasons, IGA has not submitted a financial statement for this reporting period.
However, they have internally reported their use of ressources, which is fully in line with the
foreseen budget.
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