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2004 — 2007 University of Toronto, Canada, Chair, Department of Civil Engineering
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Applied Geology

Research Summary

Professor Y oung’ sresearch isfocused on three broad areas: sei smic source mechanics; seismicimaging and
rock physics; and utilizing data from nuclear waste management sites, mines, fluid injection and extraction
sites, and natural earthquakes. The objectives of thisapplied seismological research areto improvethe current
understanding of fracture nucleation, coalescence and propagation processes due to mechanical, thermal and
hydraulic loading, and to provide techniques to monitor the volumetric extent of damage and rock failure.
Rock fracture processes are operative at all scales in the Earth and are fundamental to natural tectonic
processes within the Earth, and are of prime significance to the strength and behavior of rock as an
engineering material. Current projectsinclude the study of rock fracture micromechanicsand seismicity using
a massively paralel supercomputer and new acoustic crack detection equipment designed by Professor
Y oung. This science will allow 3D micromechanical models of fracture processes to be validated.

Synergistic Activities

A. Professor Young has pioneered many of the techniques used today in the application of commercial
microsei smic processing in the petroleum, geothermal, mining and engineering industries, and continues
to devel op techniques that monitor the volumetric extent of damage and rock failure. Heisthe founder of
Applied Seismology ConsultantsLtd. (ASC), acompany specializing inthe application of seismology to
the engineered environment, providing commercia microsei smic servicesand technical development for
evaluating fracture networks in a range of industries. ASC merged with Itasca in 2009 and is how an
Itasca International Company, collaborating with other Itasca companies to provide validation of
numerical models using fracture information processed and interpreted from microseismic data, and
correlating this with equivalent information obtained from Itasca’ s models. This technology has been
applied most recently in an international project funded by leading mining companies (including Rio
Tinto, Newcrest Mining Limited, CODEL CO Chile, Sandvik Mining and Construction, LKAB (Sweden),
BHP Billiton Nickel West; BHP Billiton Diamonds Inc. and BHP Copper Inc., OricaAustraliaPty Ltd.,
Valelnco, Xstrata Queensland Ltd, Anglo American Chile Limitada, and De Beers), andit also hasbeen
applied in radioactive-waste feasibility studies (for AECL, SKB, ANDRA, IPSN, SCK:CEN) and rock
testing experiments.
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B. With ASC, Professor Young provides software and consulting services (data processing and
interpretation) on microsei smic monitoring projects for Enhanced Geothermal Systems. These include
the first commercia geothermal power plant in the European Union, as well as in one of the leading
geothermal production areasin the United States. Microsei smic monitoring inthelatter caseisappliedto
evaluation of the performance of engineered fracture systemsfor steam generation during hydrofracture
treatments and secure broadcasting of results on-line for engineers to evaluate in real-time.

C. ASC has provided consulting and software services to the petroleum industry for the past 11 years,
including sub-contractsto Shell, BP, ENI, EXXON, CSIRO, NGI and Schlumberger, among others. Over
the past four years Professor Young and his ASC team have developed and applied commercial
microseismic acquisition and processing technologies for Halliburton Energy Services (HES) and
Pinnacle Technologies, for hydrofracture treatments in petroleum reservoirs. These technologies have
included the entire data path from acquisition, through real-time processing and data networking, post-
processing and advanced interpretation techniques. Most recently, development of new commercial
technologies has focused on more effective and novel approaches to obtain greater information from
microseismic data sets on fracture positions, distributions and mechanics, and interpreting of these in
coordination with dynamic numerical models. Thework with HES and Pinnacle exposes ASCto leading
petroleum operatorsin the U.S. and around theworld, including Chevron, EOG, OXY , Williams, Devon,
Continental, Anadarko, Conoco, Chesapeake, Pioneer, and PRIMEXX among many others.

D. With scientific direction from Professor Y oung, ASC supplies the InSite Seismic Processor, aleading
commercial microseismic acquisition, processing, data-networking and visualization software system.
(Licenseesinclude leading petroleum, service, geothermal, and radioactive-waste companies, aswell as
leading universitiesfor usein fundamental research.) The InSite softwareisacommercial tool for passive
seismological studies, ranging in scalefrom acoustic emissionsin the laboratory, through microseismics
around underground excavations and petroleum and geothermal fields, and up to regional-scale
earthquakes. ASC aso specializes in high-frequency data-acquisition systems, including unique
continuous ultrasonic acquisition and surveying technol ogiesfor monitoring rock fracturing in laboratory
and underground experiments (INERIS France, ANDRA France, ENS France, NGI Norway, INGV Italy,
CSIRO Australia).
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