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What have we covered?
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The Future: Monitoring
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The Future: Large Contrasts
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Monitoring: Choosing the appropriate survey

Different EM surveys needed to answer different questions
SAGD (Injection and monitoring steam flooding)

Steam Injection Wellbore

Qil Producing Wellbore

« Stage 1: Airborne reconnaissance survey
« Stage 2: Surface and borehole for pre-injection

« Stage 3: Monitoring array
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Large scale reconnaissance (SAGD)
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Multi-stage EM for monitoring

Post-injection: surface sources, borehole receivers
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The Future: High Quality Data

* |mproved instrumentation

— Lower noise
— More power

— Better control on transmitters
and receivers

* Current waveform

Filtering parameters

Position and orientation

Higher sampling rates

« Data collection
— Drones
— AUVs
— ROVs

« Mathematical modelling requires
that we know all the details.




The Future: Lots of Data

Big data

— Multicomponent receivers
— Many transmitters, receivers

— High sampling rates
— Large areas

Multiple types of data
— geophysical surveys
— Physical properties
— Geochemistry

— Geology

Machine learning
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The Future: Marine
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The Future: Large Scale EM
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The Future: Water

* Finding and delineating water
e Aquifer monitoring and

management
e Salt water intrusions
 Pollutants
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The Future: Physical Properties

Dispersive Conductivity (IP)
* |ce / water, permafrost

« QOrganic materials

« Bioremediation

« Hydraulic permeability

« Characterizing materials based
on spectral IP response

Dispersive Magnetic Permeability Before | i
(Viscous Remanent Magnetization) \

« Soils
« Bioremediation (7)

After

Numerical Modelling



The Future: Data Integration & Multi-physics

Gravity Magnetics DIGHEM
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The Future: Modelling and Inversion

« HPC, Cloud computing
« Collaborative development
* Open source

44, simpeg

Simulation and Parameter Estimation in Geophysics
http://simpeg.xyz
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The Future: Modelling and Inversion

* Interactive computing

 Visualization
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The Future: Collaboration =

Sesceplibiity
19107 54)

7. Synthesis

- Integration of geophysics with all other
knowledge about the project.

- Do results correlate with prior and
alternative information?

- Is the outcome adequate for the project?

- Iteration back to previous steps is
expected before finalizing the work.

5. Pr i

magentic susceptibilty model
frominversion of magnetic data

00 150'Emm|

http://slack.geosci.xyz

Case Histories — Electromac X

C  ® em.geosci.xyz
#Aem

Contributors

provides the motivation for working with particular surveys and shows the effectiveness of
electromagnetics in answering the posed questions. For many people, a case history will be the entry
point to this site. To facilitate transfer of knowledge we h: d

Introduction

d acommon k
(Seven Step Process) in which each case history is presented. Links are provided so that a reader can
investigate fundamental aspects of EM, the survey, or interpretation. In some cases we are able to

provide data sets and analysis/inversion software to enhance the user experience and to address

LLEDE important issues regarding reproducability. Case histories for our initial launch of em.geosci are
ICTDER those that have been developed by past and present students at the Geophysical Inversion Facility.
Geophysical Surveys The titles, and EM systems used are provided below.
Inversion
© Case Histories Gauery
Mt.Isa Mt. Isa
Bookpurnong
Aspen « Mt.Isa =

— T 4

« Contributors
Lalor

o author: Dom Fournier
Elevenmile Canyon

Albany + Tags
West Plains o geophysical survey: DC, IP
Furggwanghorn o application: Mining

o location: Australia
Norsminde

Barents Sea

Kasted
The Balboa ZTEM Cu-Mo-Au Bookpurnong

porphyry discovery at Cobre
Panama

« Bookpurnong
« Contributors
o author: Dikun Yang

Gallery

* Tags

o geophysical survey: Airborne FDEM, Airborne
TDEM

o application: Groundwater

o_location: Australia
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Goals for the DISC O

Inspire
— See the variety of potential applications
— lllustrate effectiveness using case histories

Build a foundation

— Basic principles of EM

— Exploration and visualization with interactive apps
— Open source resource: http://em.geosci.xyz

Set realistic expectations

Promote development of an EM community
— Open source software
— Capturing case histories world-wide



Resources

o GeoSci.xyz

& C ® geosci.xyz

GeOSCi GeOSCi why who presentations contact
http://geosci.xyz

— Web-textbooks . ‘

— Software

¥

— Apps GPG EM SIMPEG
Geophysics for Practising Electromagnetic geophysics Simulation and Parameter Estimation in
Geoscientists Geophysics

Apps:
http://em.geosci.xyz/apps.html (\

DISC 2017 Case Histories TGE
Geophysical Electromagnetics: Applications of EM Geophysics Techniques of Geoscientific
Fundamentals & Applications Experimentation
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Join us tomorrow at DISC Lab

« Tell us what you are doing

 How EMis (or could!) play a role in the solution
« Continue the conversations

« (Connect with other geoscientists

« Contribute to the development of a community
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The Future: Monitoring

« Tailings Dam: How do we monitor?

/“:..;.":,‘.-4*,‘ Sy,
Simbannment -

From the GARD Guide
« Self-potential and DC for monitoring Dam integrity

Conductivity Streaming current
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The Future: Marine EM

Grounded source:
— E.g. Vulcan system (towed + ocean bottom receivers)

, Constable et al., 2016
Inductive source:

— E.g. Waseda Univ. (towed coincident loop; similar to AEM)
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