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1. The Idea of The Project

Induced seismicity is the undesired dynamic response of rock mass to human
technological activity that disturbs the equilibrium of the medium. Increasing needs for
energy and minerals, and the growing complexity of technological processes, result in
the appearance of seismicity in previously aseismic areas. Induced seismic events
accompany underground and open-cast mining, exploitation of oil and gas, the filling of
water reservoirs, geothermal energy production, and underground storage of liquids
and gases. Strong seismic events caused by human activity are comparable to locally
moderate earthquakes and are dangerous for people, technical devices, and various

infrastructure objects.

The inspiration for this project comes
from the authors’ research experience
in the field of induced seismicity as
well as discussions conducted within
the framework of the Triggered and
Induced Seismicity Working Group
(TAIS WG) of IASPEI. TAIS WG was
founded during the XXIV General
Assembly of the International Union of
Geodesy and Geophysics (IUGG) in
July 2007 (http://tais.iaspei.net).

The initiative was supported by

researchers from Argentina, Australia,

Austria, Brazil, Canada, The Czech Republic, France, Germany, The Netherlands,
India, Poland, The Republic of South Africa and Russia. The goal of TAIS WG is to
summarize the present state of knowledge on induced and triggered seismic processes
and to discuss future trends in the field. Its purpose is also to provide an overview of the
capabilities and limitations of current monitoring techniques and interpretation methods

as applied to triggered earthquakes, in order to assess and mitigate the seismic hazard.



In spite of the efforts of worldwide research groups, the problems of estimation and
prediction of the hazards implied by induced seismicity have not found fully satisfactory
solutions. Likewise, the methods for hazard mitigation are still unsatisfactory. Among
the reasons for this are the great complexity of induced seismic processes and the
diversity and time-variability of the anthropogenic conditions responsible for generating
the seismic events. The induced seismicity problem is a combination of human
influence on rocks and the rocks’ response. The field is therefore intrinsically
interdisciplinary. Research also involves, therefore, studies of the particular

technological processes that lead to induced seismic activity.

The present unsatisfactory level of understanding of the hazards implied by induced
seismicity is in part a result of insufficient integration of research groups in the field.
Depending on the kind of technological activity under discussion, the history of
associated seismicity has different durations. The oldest such record goes back more
than 250 years, with the first chronicled case of rockburst in a mine being from the year
1738. At the other end, one can mention the induced seismicity involved with deep
water wells in the Bedeburo district of Brazil, where instrumental records extend back
only to 2004. The apparently uneven experience of the induced seismic process in
different areas of human activity results in different levels of knowledge held by
research groups in particular areas. This variation is deepened by inadequate
information exchange. Papers on induced seismicity are difficult to trace in journals that
are devoted to and dominated by works on natural seismicity. Special topical issues of

journals, devoted to human-induced seismicity,

are rare and irregular. Conferences dealing with
induced seismicity are usually focused on a
specific technological topic, which is not
appropriate for those interested in a consolidated
approach to induced seismology. Last, but not
least, the technological data is often classified or
disseminated conditionally, which causes
another obstacle to successful research in the
field.




Evidence for the increasing need for integration among scientists and engineers
interested in induced seismicity comes both from international interest in the creation of
the TAIS working group and the organization of separate sessions that are devoted to
induced seismicity, organized by TAIS during all the major seismological symposia, such
as the IASPEI General Assembly 2009, the Joint American Geophysical Union
Symposium, the “Meeting of the Americas” 2010, the European Seismological
Commission General Assembly 2010 and the International Union of Geophysics and

Geodesy General Assembly 2011.

These activities, although significant and valuable, are by no means sufficient. There is a
clear need for further structural action, aimed at improving international scientific
cooperation in the field of human induced seismicity and oriented on the common

features of all the different elements that influence seismic risk/hazard.

The Teamwork for Hazard Estimation for Triggered and Induced Seismicity (THE TAIS)
project, is responding to the above-mentioned needs. Its implementation will intensify
scientific international cooperation considerably, and promote the exchange of
knowledge on technological processes which contribute to seismicity and also on
estimation of the related hazards. Internationally coordinated actions undertaken within
the framework of THE TAIS project will simplify the conducting of experiments
concerning estimation of the induced seismic hazard under different tectonic as well as
technological conditions. The project will accelerate transfer of knowledge in the field of

induced seismicity and related hazards.

THE TAIS also meets global trends in science towards increasing the speed and
efficiency of interactions between research groups in different countries by using modern
information technologies. These trends are supported by the European Union as a way
to improve the competitiveness of European science. THE TAIS project will facilitate
scientific research that requires cooperation between large working groups of

researchers and involves substantial funding.



2. The Goals of The Project

|. Creation of a “THE TAIS” Virtual Research Centre Te  am to study the generation of
induced seismicity, develop methods of estimation of the seismic hazard due to triggered
and induced seismicity, conduct geophysical modelling, and test the efficiency of
estimation and prediction of seismic hazard methods, algorithms and procedures. A
Virtual Research Centre (VRC) is an autonomic unit consisting of scientists and industrial
representatives from various institutions and countries. “THE TAIS” VRC Team will
collectively plan research strategies, coordinate the research, ensure mutual integration

and exchange of data and partial and

final results of studies, attend to the
dissemination of results, and judge the
possibilities of their practical
application. Cooperation within the
whole THE TAIS Team, as well as
within individual VRCs, is supported
by modern IT. Such a solution makes

it possible to conduct real-time

meetings and discussions across
large cooperating groups, whose members are based in different parts of the world. Each
VRC has its own cyberspace in which the VRC members share all the resources of the
VRC.

A VRC verifies the up-to-date knowledge on a specific topic, develops new methods and
tests their efficiency. As part of its advisory activity, a VRC can recommend specific

software. Scientists grouped in a VRC undertake separate projects.



The preliminary list of examples of Virtual Research Centres is as follows:

@ Virtual Research Centre for Studying Seismic Source Properties, Source
Mechanisms and Source Localization

elaborating the most appropriate algorithms for source mechanism analysis
under particular conditions of human technological activity and adding source
mechanisms to the created seismic database;

developing modern methods of seismic event location;

estimation of seismic source parameters and their links to geomechanical,
tectonic and geological properties of rock mass;

studying the influence of focal parameters on seismic hazard,

studying the physical relations between technological processes that induce
seismic activity and parameters of triggered and induced seismic events;

studying rock mass fracturing processes.

@ Virtual Research Centre for Studying Interaction of Events in Triggered and
Induced Seismicity

statistical analysis of interaction between seismic events;

studying the physical basis of interactions between seismic events; stress transfer
analysis for human induced seismicity;

developing statistical tests for verification of interaction hypotheses.

@ Virtual Research Centre for Developing Probabilisti ¢ Descriptions of Seismic
Event Generation
tests of self-similarity hypotheses in the magnitude range from laboratory
experiments to real induced events;

further development of probabilistic descriptions of magnitude, location, origin time
and other parameters of seismic events;

modelling the seismic event parameter probability distributions that account for
interaction among events;

development and use of nonparametric estimators for constructing probability
distributions of seismic event parameters;

evaluation of estimation uncertainty.

@ Virtual Research Centre for Studying Source Rotatio  nal Effects and
Deformation Precursory Signals

adaptation of asymmetric continuum theory to induced seismicity;
monitoring of rotational effects by use of seismic mini-arrays and rotational
seismometers.



@ Virtual Research Centre for Developing Seismic Haza  rd Estimation and
Prediction Methods

formulating the specific aims of seismic hazard analysis in relation to a given
technological process;

comparative analysis of existing hazard estimation methods;

development of hazard estimation methods that account for hazard time
variations due to time changes in technological conditions;
creating and testing algorithms for seismic hazard prediction.

@ Virtual Research Centre for Monitoring of Induced S eismicity

exchange of experiences on monitoring under various conditions and different
technological processes that induce seismicity;

endorsing standards for data recording and storage of seismic data and
complementary information;

integration and dissemination of databases.

[l. Construction of infrastructure

for advanced analysis and
geophysical modelling of triggered
and induced seismicity. Creation of
an open active centre for
observational data, which

integrates  various  geophysical

monitoring networks, local

observatories, experimental laboratories and other geological, tectonic and satellite
measurements. This part of the project is planned to be developed in the closest

possible cooperation with the EPOS (European Plate Observing System) project.



3. The Effects of The Project

1. Integration of the research
community dealing with seismic
hazards caused by human
technological activity by organizing
international research groups.

2. Improving efficiency of research
by facilitating instantaneous access
to data, results, interpretations and
methodologies from elsewhere -
Rapid transfer of knowledge.
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3. Tightening links between science and industry

in the area of triggered and induced seismicity.




4. The Plan For The Project

@ First stage: Preparatory
preparing an information folder;

sending the folder to potential project partners, awaiting responses, forming an
informal consortium;

discussions among partners to finalize details on project topics and structure.

This stage should end up with a project card and an application to the European Union
Commission for covering the cost of the IT platform, as a necessary basis for realization
of the project.

@ Second stage: Development of infrastructure

Choosing a method for supplying/construction of the IT platform;
Studying the possibility of including partners from outside the European Union;

Application for projects in FP7, Programme Possibilities and Actions for
International Cooperation.

@ Third stage: Testing of IT platform

Providing tested and configured IT solutions to the members of the project.

@ Fourth stage: Development of VRCs and the “THE TAIS” VRC Team

Establishment of VRC and “THE TAIS” VRC Team management bodies;
Determination of rules of activity for VRCs and the “THE TAIS” VRC Team;
Determination of research schedules for VRCs;

Applications by VRCs to the European Union for funding of scientific projects
(FP7, The Cooperation Programme, themes: environment, security, and others);
Applications by VRCs and the “THE TAIS” VRC Team to European Cooperation
in Science and Technology (COST) to establish international meetings of
members of VRCs and international open conferences organized by VRCs and
the “THE TAIS” VRC Team.



5. Partnership

Until now we have received from the TP Group (www.tp-ir.pl/) a declaration of the
willingness to participate in THE TAIS project as a commercial partner.

Scope of participation:

Consulting in the fields of telecommunications and IT

Delivery of services: telecommunications, broadband and hosting
Design and implementation of software for VRCs

Activation, integration, maintenance and development of VRCs

Design of universal communication standards and API for diagnostic systems and
repositories of VRCs

Design of IT interfaces for the VRCs' resources

Proposal for THE TAIS products:

1. Processing and Storage Data Center

2. Internet Web Service

3. Hosting

4.  E-malil server

5. Data Repository

6. Collaborative Working System for THE TAIS documents
7. Business Intelligence support

8. Semantic Data processing

9. VolIP service

10. IVR - Interactive Voice Response

11. Infrastructure and Environment (terminals and software)
12. Videoconference service

13. Virtual Meetings platform

14. IT systems integration

15. Data Integration

16. API (Application Programming Interface) for data transfer
17. Access interfaces for commercial and public partners

18. Crisis Management System

19. Fail-safe system for external telecommunication and transition
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Fail-safe telecommunication network for THE TAIS members



