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Some Background

* Doug inspired by Bob Parker, Freeman Gilbert and George Backus:
The Geophysical Inverse Problem
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Result: Computing power + advances in inversion methodology
- we can now solve most EM geophysics problems



Instrumentation and Data

« The second major advance is in data acquisition
« Data with unprecedented data quality and quantity.

Large-scale ground water studies: California
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Web and Open Source Resources

Open source development:
Software and resources

— Collaborate

— Share

— Test changes

— Interactive computing

44, simpeg

Simulation and Parameter Estimation in Geophysics

http://simpeg.xyz
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Jupyter
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Github Travis ClI Jupyter

versioning, collaborating testing, deploy
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Many applications

Electromagnetics can be used for ...
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We have the basic ingredients

« Application problems

« High quality data

« Ability to invert EM data sets
* Web tools to communicate

What are the roadblocks?



Roadblocks

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

— 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”?
 DC, frequency, time?

« Surveys in air on ground, downhole?

« What to expect for resolution?

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



Goal of DISC: Remove Roadblocks

deneral, geoscientists...
 DoMN realize that EM can play a role in solving the problem
* Don’t undgrstand the technigue
— Confusingyeminology
— Seems complicaded and unintuitive

What is the connection betweenQy prglem and the physical properties?

So many types of surveys, hefv to choose’
« DG, frequency, times

« Surveys in air @ ground, downhole?

« What to_@£pect for resolution?

€ there situations, similar to mine, in which EM has been applied?



DISC can take advantage of a Perfect Storm

Problems Inversion capabilities
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DISC can take advantage of a Perfect Storm

Problems Inversion capabilities
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[ A good idea but missing an important ingredient ... 1
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Talented Young Geoscientists

Problems

0,

High quality data

Inversion capabllities
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Goals for the DISC

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: EM.geosc

INVESTIGATIONS IN GEOPHYSICS NO. 3

ELECTROMAGNETIC METHODS
IN APPLIED GEOPHYSICS

VOLUME 2, APPLICATION, PARTS A AND B

EDITED BY MISAC N. NABIGHIAN

ense or copyright; see Terms of Use at hup://library.seg.org/
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Case Histories — Electromag: %

® em.geosci.xyz;

#em Case Histories

Contributc

Case histories provide the context for our development of educational and research material
presented in em.geosci. Each case history focuses upon a particular problem to be solved and
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.

& Case Histories Gallery
Mk Mt.Isa
Bookpurnong

* Mt.lsa

Asj
pen = = r
« Contributors -
Lalor b |
o author: Dom Fournier —
==

Elevenmile Canyon

Albany « Tags
West Plains o geophysical survey: DC, IP
Frremie o application: Mining

o location: Australia
Norsminde
Barents Sea
Kasted
The Balboa ZTEM Cu-Mo-Au Bookpurnong
porphyry discovery at Cobre
Panama

s Bookpurnong
Gallery « Contributors
quation Bank o author: Dikun Yang

« Tags

o geophysical survey: Airborne FDEM, Airborne
TDEM

o application: Groundwater

o_location: Australia

http://em.geosci.xyz
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Resources: EM.geosc

Case Histories — Electroma

C  ® em.geosci.xyz,
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[ step framework
for Case Histories
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Resources: EM.geos

3. Surveys

7. Synthesis

- Integration of geophysics with all other

knowledge about the project.

- Do results correlate with prior and
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- Is the outcome adequate for the project?
- Iteration back to previous steps is
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http://em.geosci.xyz/apps.html

17



HarmonicDipoleWidget_MD X

& C @ localhost:888

9/notebooks/noteboo maxwell1_fundamenta

File Edit View Insert Cell Kernel Widgets Help

B+ x @ B 44 ¥ M B C | Code ¥ @& | Cellfoobar & O it O

: J u pyter HarmonicDipoleWidget_MD (unsaved changes) 2 ﬁ

| Python [default] ©

In [10]: dwidget = DipoleWidgetFD()
Q1 = dwidget.InteractiveDipoleBH(nRx=Q0.kwargs["nRx"], plane=Q0.kwargs["Pla

Field E‘H‘J

AmpDir = None = Amp | Direction

Comp. x y‘z‘

Complex | Re | Im = Amp Phase
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How do we achieve our goals

« (Connect to relevant applications

« Select a type of survey

« Use apps to explore and ask questions
« Show success in a case history



Agenda for today

bromly Ux (o) Arsal gw\WwX—>

DC Resistivity EM Inductive Grounded Natural Induced The
Fundamentals  Sources | Sources Sources Polarization Future

Lunch: Play with apps
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A touch of realism

Ambitious schedule

Wide variety of backgrounds but hope there is something for
everybody

Not really targeting the experts but even them...
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DISC is a 2-day event

SEG DISC Course (today)
— Sponsored by SEG

DISC Lab (tomorrow) (sponsored by GIF)
— Capture “local” applications
— Share on the web

The tour:
— 30 locations
— Capture geoscience problems around the world
— (Connect geoscientists worldwide, build a community
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— http://slack.geosci.xyz/

Connecting & Contributing
Today: Slack

GO

Join GeoSci on Slack.

3 users online now of 9 registered.

GET MY INVITE

Contributing:
— EM GeoSci

Case histories

Content

— SImMPEG

Software

Case Histories — Electroma

® em.geosci.xyz/c
#em

Contributors

Introduction

Physical Properties
Maxwell I: Fundamentals
Maxwell II: Static
Maxwell l1l: FDEM
Maxwell IV: TDEM
Geophysical Surveys

Inversion

© 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
Equation Bank

References

Case Histories

Case histories provide the context for our development of educational and research material
presented in em.geosci. Each case history focuses upon a particular problem to be solved and
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.lIsa
« Contributors
o author: Dom Fournier

« 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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Introduction to EM

DISC
2017
Electromagnetics

Fundamentals and Applications
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Three problems

— ey e a.

How do we locate and characterize ...
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Electrical Resistivity / Conductivity

0.01 0.1 1

massive sulfides
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1 000
l l |

igneous and
metamorphic rocks
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gravel and sand

tills

sandstone and conglomerate

dolomite, limestone

ermafrost

1

graphite
(igneous rocks: mafic 1
|
saprolite -[
(metamorphic rocks)
clays
shales
I | |
lignite, coal
salt water fresh water
seaice
100 000 10 000 1 000 100 10
Conductivity (mS/m)

0.1

0.01

10 000 100 000

shield
unweathered rocks

weathered layered

glacial sediments

sedimentary rocks

water, aquifers
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Dielectric constant

Material

Air

Fresh Water
Sea Water
Ice

Dry Sand
Saturated Sand
Limestone
Shales

Silts

Clays
Granite

Anhydrites

Relative Permittivity
1
80

80

5-15
5-30
5-40
4-6

3-4

Conductivity (mS/m)
0

0.5
3000
0.01
0.01
0.1-1
0.5-2
1-100
1-100
2-1000
0.01-1

0.01-1
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Magnetic Susceptibility

Approximate percent of magnetite by volume 0.1% 05% 1% 3% 10% 20%
: | | |
105 51 Units 404 10° 10?2 10 1
| | | | | ]
flagnetic minerals [ Hematite | [ Magnetite |
Igneousrocks ,
! Acid Volcanics f ’
........... I
L1 easats ]
| “S”type Granites T type |
|
] Gabbros o
v {  Andesites |
(etamorphic rocks Foess= ’
? ------------- Metasediments I: ----------- '
e e ee e = L O T N I C  N—— .. —
| Metamorphics |
Sedimentary rocks
| Sediments [_':_'_i'_'. ''''''''''''''''''''''''''
| | | | T 1
10 104 103 102 101 1
S.1. Units
Adapted from Clark and Emerson, Exploration Geophysics, 1991
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EM Survey & Physical Properties




Faraday’s
Law

Ampere’s
Law

No Magnetic
Monopoles

Constitutive
Relationships
(non-dispersive)

Basic Equations

Time % Frequency W

Vxe:—a—b VXE=—-1wB
ot
V><h:j+({;—(;l VxH=J+1wD
V-b=0 V-B=0
j=oe J=0cE
b = uh B =uH
d = ce D =cE

* Solve with sources and boundary conditions



« Type

Electromagnetic Survey: Sources

— Inductive
— Grounded

« \Waveform

Harmonic

(FDEM)

Transient

(TDEM)

/\mtme

time

« Location
— Airborne
— Ground
— Borehole

Physical
Properties o, K€
! U
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Electromagnetic Survey: Data

Which field?
W/ 3 5 Source :\/:Data/)
db
E,B e,b, & ., &
dt
. . Physical
Which frequencies? Properties T HsE

A e WY
times? | : ?

Components? . 1%
Location? p

— Airborne /]4);

— Ground X

— Borehole
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Three problems

ey e o am

Electrical conductivity is diagnostic for all three }

Physical
Properties
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End of Introduction

Next up
| o
Lromd o Ux U oS
DC Resistivity EM Inductive Grounded Natural
Fundamentals  Sources | Sources Sources

Lunch: Play with apps

v
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Induced The
Polarization Future
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