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Roadblocks

In general, geoscientists...
« Don't realize that EM can play a role in solving the problem
* Don’t understand the technique

— Confusing terminology

— Seems complicated and unintuitive

What is the connection between my problem and the physical properties?

So many types of surveys, how to choose?
« DG, frequency, time?

e Surveys in air on ground, downhole?

« What to expect for resolution?

Are there situations, similar to mine, in which EM has lbeen applied?



Many applications

Electromagnetics can be used for ...
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Apparent resistivity (ohm-m)

DC Resistivity
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DC Resistivity

Survey design and sensitivity Case History: DC with steel
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Harmonic response

EM Fundamentals

i
Basic experiment Coupling
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Depth (m)

Depth (m)

Dipole sources
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EM Fundamentals
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VMD over a layered earth
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Grounded Sources

Basic Experiment
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Seeing deeper
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Apparent resistivity (Qm)
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Inverse Theory

Linear problem
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Ground Penetrating Radar

Basic Experiment Waves and Rays

Receiver pn
t=136
T itte 30
() COMPONENTS OF = Vo A
RADAR SYSTEM | -
» ™ 3 R
EY 2
= 1
> 2
0 — N \A 4 h
Radar antenna . ¢ 3
-10
-20
(B) INTERPRETED
SECTION ==

Reflected V2

g Radargrams
Ry
s~ P )

1?1’ tli, i sijf{':"('fm;\;‘w' i
Electric dipole in a wholespace ,m,g;&t @ﬁ;&,gﬁ% *“éﬁ}éﬁ"'é*g

i

1‘4'\““'\,
105 Hz 1086 Hz 1 3.“":”1 I}S“ﬁ :*‘0
; L. el
i 3: e
X0 i
e
g v 3 i ‘ii} :
10 ’E ; ) ﬁi‘u Sl 3
E 0.0 4‘0 8-0 120 160 200 240 280 320 360 40.0
5 Survey location (m)
1054

Driverless Cars

Attenuatlon

OBmOGm 05m

10t

10°}

Skin Depth (m)

\

|

1

I

I

I

|

I

I

I

I

|

I

i

L . 1
10°  10° 107 10® 10° 10%°
Frequency (Hz)




Input current

Induced Polarization

Conceptual model

Electric field

—‘ applied

|IP data
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What does the future hold?



What does the future hold?
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What does the future hold?

Problems

@

High quality data

Inversion capabilities

N

v v

Web tools to
communicate

*
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The Future: Monitoring

Mt. Polly tailings dam collapse

Dam integrity

Slope stability
Aquifers

Coal seam gas
Enhanced oil recovery

South East
Mallee / native vegetati
nocnm:-aolco.tmwrm
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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

Oil Producing Wellbore

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

« Stage 3: Monitoring array

0 100 200 300 400 22
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Multi-stage EM for monitoring

Post-injection: surface sources, borehole receivers
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The Future: Large Contrasts

Conductivity contrasts
Permeability contrasts

eg. Steel Casing

— Mechanism for getting
current to depth

— Challenges:
« Scales

» Physical properties

eg. Sudbury basin

10cm
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2 50 — 20010
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The Future:

Improved 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 detalils.

igh Quality Data

. REA—T

GPSIR & 223
. HEEEMtLY—




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

QUEST Project

114

WATERSHEDS

< 5
ANIMAL
LOADING
AGRICULTURAL
POLLUTION
POTENTI.

“‘Geophys‘ical,i 1=
Tr1Survey” |

27



Real-time 3D inversions
Logging while drilling

Ultra-Deep Azimuthal Phase Geosignal
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The Future:; Marine EM

Gas hydrates Seafloor massive Tectonic studies,
sulfides natural hazards

Basics of a hydrothermal vent - a Black Smoker
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The Future: Large Scale EM
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The Future: Water

Finding and delineating water
Aquifer monitoring and

management
Salt water intrusions
Pollutants

\ﬂa‘{'i.‘\#‘"@‘a o

e” @

1
Resistivity log10(ohm-m)

South East
Mallee / native vegetation
Recharge of <0.1 mm/yr

North West

~6800m

Pidlisecky et al., 2016
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http://onlinelibrary.wiley.com.ezproxy.library.ubc.ca/doi/10.1111/gwat.12351/epdf

The Future: Physical Properties

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

« Organic materials

« Bioremediation

« Hydraulic permeability

« Characterizing materials based I
on spectral IP response - L

Dispersive Magnetic Permeability Before | s,
(Viscous Remanent Magnetization) "

¢ Soils
« Bioremediation (?)

After

Numerical Modelling



The Future: Data Integration & Multi-physics

Gravity Magnetics DIGHEM

+7.133e6
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800 557300 557 1800 557300 557¢ 800 557300 557¢

Easting (m)
Kimberlite Model Rock Model from Geophysics Rock Model from Drilling
Lake
Glacial till _K
PK M
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The Future: Modelling and Inversion

« HPC, Cloud computing
« Collaborative development
« QOpen source

44, simpeg

Simulation and Parameter Estimation in Geophysics
http://simpeg.xyz

HYGIML]

O @
\ \%!

Github Travis Cl

versioning, collaborating testing, deploy interactive computing

v

L ] Contributors to ubcgifjem
& C @ GitHub, Inc. [US] https://github.com/ubcgif/em/grapt ontribut
O Personal Opensource Business Explore Pricing Blog Support  This repository Sign in u
ubcgif /em @Watch 18 HStar 6  YFork 1
Code ssues 32 Pull requests 3 Projects 3 Wiki Pulse |y Graphs

Commits Code frequency Punch card Network Members Dependents

Sep 20, 2015 -Jan 19, 2017 Contributions: Commits +

Contributions to master, excluding merge commits

‘Iheagy # Eyangdlkun
520 commits 5,45 34,858 -- 233

commits 1,934 -

Ao AA A _ 4. A ad . a

Geophysical Inversion & Modelling Library

thast #3 fourndo
E 126 commits 23,500 -- ﬂ 125 commits 5,785 --
~—afba. A . ... A e 4. e A A A
- dccowan #5 ! lacmajedrez #6
124 commits 4,386 -- 45 commits 363 --
Creative Commons Python 34

licensing, reuse computation


http://simpeg.xyz/

Interactive computing
Visualization

Jb
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od

h=3j4+ —
V X ']_I_(?t

241, simpeg

HarmonicDipoleWidget_MD X

&= C @ localhost:8889/notebooks/notebooks/maxwell1_fundamentals/Ha... & v¢
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In [10]: dwidget = DipoleWidgetFD()
Q1 = dwidget.InteractiveDipoleBH(nRx=Q0.kwargs["nRx"], plane=Q0.kwargs["Pla
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http://em.geosci.xyz/apps.html

The Future: Collaboration

1. Setup

—

2. Propert
S

W10 s1)

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

magentic susceptibilty model
fram inversion of magnetic data

http://slack.geosci.xyz

Case Histories — Electromag X

® em.geosci.xyz,

#em

Contributors
ntroduction
Physical Pre es

Maxwell I: Fundamentals

B Case Histories

Mt.Isa
Bookpurnong
Aspen

Lalor
Elevenmile Canyon
Albany

West Plains
Furggwanghorn
Norsminde
Barents Sea
Kasted

The Balboa ZTEM Cu-Mo-Au
porphyry discovery at Cobre
Panama

Gallery

N

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 have developed a common framework
(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
important issues regarding reproducability. Case histories for our initial launch of em.geosci are
those that have been developed by past and present students at the Geophysical Inversion Facility.
The titles, and EM systems used are provided below.

Gallery

Mt. Isa

* Mt.lsa -
« Contributors
o author: Dom Fournier

B

+ Tags
o geophysical survey: DC, IP
o application: Mining
o location: Australia

Bookpurnong

+ Bookpurnong
« Contributors
o author: Dikun Yang

+ Tags

o geophysical survey: Airborne FDEM, Airborne
TDEM
o application: Groundwater
o_location: Australia
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http://slack.geosci.xyz/

Goals for the Course

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


http://em.geosci.xyz/

Resources

L GeoSci.xyz

& C @ geosci.xyz

GeoSci GeoSci why uho  presenatons  contact
http://geosci.xyz

— Web-textbooks .‘ Q‘Yﬁ

— 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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http://geosci.xyz/
http://em.geosci.xyz/apps.html

GeoSci Team

doug lindsey seogi

UBC GIF Team

A cR i

Thibaut  Patrick Rowan Devin Kris Sarah

Mike Mike Gudni Dikun
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Thank Youl!

http://geosci.xyz
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contaminants

e ~ T— b : -

gotechnical , slope stability hydrocarbons unexploded ordnance '
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