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FOREWORD

Electromagnetics

Advances in electromagnetic (EM) modelling software over the past 20 years have
enabled geophysicists to improve their intuitive understanding of electromagnetic
scattering in the earth. Despite the development of many techniques and their application
to a variety of models, these methods have been too slow, too difficult to use and too
simplistic to be important for solving most of the modelling problems encountered by the
practising geophysicist in his or her daily work.

The electromagnetic modelling software described in this manual represents a
fundamental advance in the field of electromagnetic ssimulation. EMIGMA should not be
considered a simulation program, but rather a simulation platform. It alows the
importing of a multiplicity of scattering simulation routines as separate objects that can
be energized with a large number of transmitter and receiver combinations. Combining
these scattering objects with an eclectic collection of source fields and receiver
geometries results in the capability to model virtually any geophysical system over a
wide range of geological conditions.

The present version of EMIGMA consists of 4 fundamentally different simulation
routines that in combination provide for a powerful capability for ssmulating geology and
the near-surface redistically. One scattering simulation routine is based upon the
Localized Non-Linear (LN) approximation (see Habashy, Groom and Spies, Journal of
Geophysical Research, February 1993). This algorithm was extended in 1997 to include
the effects of susceptibility variations as well as conductivity and permittivity variations
(see Murray et al, SEG Expanded Abstracts 1999). The second simulation routine is
based upon the VH formulation (see Walker and West, Geophysics, August 1991). The
LN formulation brings unprecedented speed to electromagnetic scattering solutions, and
so finally enables the geophysicist to simulate complex geological structure in time
frames required for data interpretation. The VH formulation is highly robust and can be
used reliably to simulate electromagnetic scattering phenomena over widely varying
conditions, including highly conducting massive ore bodies. The third algorithm is the
Inductive Localized Non-Linear (ILN) approximator (Murray, EAEG Conference
Proceedings, May 1997 and Murray et al, SEG Expanded Abstracts 1999).

Like all numerical solutions the authors have encountered, the solutions we employ have
particular strengths and weaknesses. Although we attempt to describe those to the user,
the user should bear in mind that no modelling software should be treated as a black box,
in which results are taken at face value. With continued development and testing, we
expect the range of solutions to be extended and better defined, and their accuracy and
speed improved.

The fourth agorithm is a sphere algorithm which is solved by a traditional separation of
variable capability but is highly accurate but limited to a spherical geometry. At present,
the solution can be made for either dipolar sources or plane wave sources but we are
extending this to Loop sources particularly for UXO applications. This should be ready in
the Summer 2002.
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Magnetics:

In recent years, PetRos EiKon has changed its research focus to some extent to
concentrate on magnetics problems. It has been an interesting period of time as our
entrance to this was precipitated by the use of the LN algorithm to model magnetics. This
was important as it allowed an accurate solution while limiting the magnetization to be
paralel to the Earth’s field. Over the last several years, we have experimented and
extended our capabilities to include de-magnetization effects, magnetic channelling,
magnetic interactions and then extended this to our inversion routines. Recently, we have
further extended this to include remanent effects and are now studying the problems of
near-surface modelling and detection of magnetic anomalies.

EMIGMA now includes several processing applications for magnetics and the
simulation of derivatives and we are extending our inversion algorithms to use the
measured derivatives.

Gravity:

Gravity in EMIGMA V7.8, has now been implemented. Although, primary Gravity
processing has yet been included what has been implemented are advanced user functions.
For example, EMIGMA now contains a range of FFT functions for both gravity and
magnetics, including wavelength filtering, upward/downward continuation, derivative
calculation and for magnetics — Reduction to the Pole.

In addition, EMIGMA V7.8 now contains some very good 3D modelling capabilities and
3D Euler deconvolutions with post-processing.
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CHANGESFROM PREVIOUSVERSIONS

EMIGMA V7.X is a complete redesign from earlier EMIGMA V6.X generations. However,
many conventions and principles are still maintained from the earlier versions and form
fundamental concepts for all EMIGMA versions. Thus, this manual is designed as a fundamental
reference book for the use of EMIGMA.

EMIGMA V7.8 can be run on either of the operating systems of Windows 95, Windows 98,
Windows ME, Windows NT or Windows 2000 or Windows XP (Home or Professional). The
program is entirely a Windows style program with integration between applications through a
database.

In 7.8, applications share memory and interact directly through memory.

EMIGMA V7 — Database Version - Release 6

Our Design Objectives

Reduce user’s time required for modelling and data analyses

Enhance data analyses capabilities

Improve ability to report your work and to recover interpretations at later times

Improve integration of tools

Include friendly data editing, compression and processing

Increase allowable size of datasets to accommodate airborne data analyses and large surface
magnetics data sets

Provide aframework for inversion tools and their integration with simulation tools

e Enhance and extend forward simulation capabilities
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New Features of V7- Release 6

Data Organization In previous versions, the data file format was limiting. The user could easily generate
many files in a modelling exercise which were difficult to organize and remember the details of the
models. Recovery of interpretation status at a later time was awkward unless the user developed
comprehensive file naming structures, or took copious notes on the model files. Additionally, integration
of several data sets in the interpretation process was extremely difficult when a single file was generated
for each model or inversion.

In V7, multiple datasets and models can be contained in a single database file. Multiple organizational
levels are provided allowing for a variety of organization criteria depending on the user ’s preference. As
examples, the user may organize by interpretation project, data type or simply organize all data and
projects in one database file. The user may organize in a single project (one organizational level in the
database file) several data sets for more ready analyses of the different data types and integration of
models between data types. This framework will soon lead to integration of data types when viewing data
within EMIGMA V7.8.

New data channels are now allowed such as: GPS (x,y,2) , Altimeter, and FID .
The design of V7, will allow us to add data channels such as borehole geological or geophysical logs.

Data Processing and Reduction Large data sets now allowed (V6.4 was limited to 2000 data points
per data set ). In V7, the user can easily compress data or create subsets of surveys.
This allows the user to import their entire data set and create subsets by compressing
and/or selecting or removing part of the data. This allows the user to more rapidly
work with an interesting part of the data without modifying the entire original data set.

Data Editing and Correction Correct the sign of entire components, fix individual values, remove bad
datapoints. Features include, among others:

» Linesorting =  Multiply or $hift data values
* Linedeletion * Insert new data values
= Data compression with statistics » Delete a subset of data
calculation = Coordinate editing including GPSZ
=  Sdect data through data display and FID

*  Remove a component

Tool Integration All simulation, data display, inversion, gridding tools, etc are fully integrated in V7.8
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b)
c)

€)
f)
Q)
h)

New Toolsin V7.8 — Release 6
— depth section determination and apparent resistivity tool for FEM and Resistivity

— generate incident/freespace field and view in 3D

— interpolate your data onto a regular grid
using the latest in inter polation technology from the field of satellite imagery

utilize multiple altitude level data if available, automatic
naming of inverse models including type, associated grid, etc

— included is a new Occam inverse with
automatic layer reduction and joint susceptibility/resistivity inversions. For TEM both Marquardt
and Occam and the same for Resistivity

— compare model responses or compare field data to
multiple models, view model changesin Visualizer as you step between models

— data compression with error
estimate calculation, edit system configuration, edit and correct data, extract data

a) Model suite generation — run a suite of layered earth or plate models ( prism suites in
devel opment)

b) Large data set simulation — new simulation engine allows user to model large data sets

¢) Extract previous mode responses from data : e.g. extract regional magnetic response prior to
inversion, remove overburden effects through modelling, build-up models for large data sets by
modelling target by target

d) improved frequency interpolation allowing more accurate time domain calculations with fewer
frequencies — up to 60% reductions in calculation time with improved accuracy , as much as
80% reductions with similar accuracy

€) Transforms of large airborne TEM profiles

f) Sgnificantly reduced memory allocations to allow for transform of large datasets

EiKplot, Visualizer, Contour, GridDisplay — plotting and display of the data from multiple models
against each other or field data in the same plot

Plot residual s between your model and field data or between models

Sepping between models in the contour and visualizer ( with model views)

Improved data display and new featuresin Visualizer

Enhanced contouring and gridding in em_contour and several new features

Display by FID (fiducial)

Display altitude, GPS Z, Apparent Resistivity, Estimated Error, etc

FFT processing
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Airborne Time Domain

Large data set FEM and Magnetics
IP/Resitivity — Geosoft , BRGM, Res2D
EM34/31/38

AMIRA TEM

EDI for Magnetotellurics. *.dat for MT
EM61-63, EM31-R,

Gradient Magnetics

EMIGMA V6.4 PetRos EiKon files (*.pev) can be directly
imported into the database and organized by dataset. Datasets can also be exported from the V7.8
database back to a .pev file for use in EMIGMA V6.4 (GeoTutor).

— the user may export an entire database or subsets of the
database to another database either across the net to another user’s database or zp the resulting
directory and e-mail the database and attached flat files to your colleagues. You can include your field
data, grids, models, inversions, plot settings, etc.

New ToolsinV7.8—
PEX Show — a new depth section viewing tool for 1D inversions

Pseudo-Show — a new pseudo-depth section tool for data with multiple separations, frequencies or
time windows

Minimum Curvature Interpolation — interpolate your data onto a regular grid (square or
rectangular grid cells)

= GridPresentation: A new tool for viewing and analyzing grids and compare profile data to grid data
e Gravity Tools: 3D Modelling, FFT Processing and 3D Euler and 3D Inversions

Enhanced FFT Tools: - Reduction to the Pole, Multiple Operations on Grids
Aeromagnetic Compensation

New Data Filters— Median,Mean,Polynomial (1D and 2D)
Base Station Magnetic Corrections

3D Euler Deconvolution with Visualizaton

MultiGrid

Gradient Magnetics Inversion

Permanent Magnetization M odelling

New 3D Resistivity Modelling Algorithm

New Magnetics modelling algorithm

3-component bor ehole magnetics modelling
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WHAT EMIGMA V7.8 Modelling I S?

EMIGMA models the scattered fields of a conductor or conductors (scatterers), or resistors
buried in a layered background medium. In Version 7.X, the scatterers may cross boundaries
between layers. Thus at the moment, it is possible to model single or multiple anomalies (could
be ore body, buried object, UXO, void, water ..... ) in a layer under overburden, variations in
overburden thickness, surficial conductors and topography.

The background can be a simple whole space, two half spaces, or two half-spaces separated by a
number of layers. Each half space and layer can be assigned its own conductivity, relative
permeability and permittivity, and each layer can have its own thickness. The layered earth part
of the solution is accurate in the quasi-static regime of electromagnetic scattering: that is, where
the magnetic field from displacement currents can be neglected in comparison with the magnetic
field due to conduction currents. An option is included to add Cole-Cole polarization parameters
to each layer for IP modelling.

The scatterers can be represented either by a series of rectangular prisms, each having its own
dimensions and conductivity, by plates or by a polyhedral primitives or a combination of these.
Prisms and plates are fully rotational having strike, dip and plunge angles. Interactions between
model primitives are defined via multiple interaction capabilities on the Prism/Plates/Polyhedra
Property Page. Interactions allowed include near-field, far-field and super-position.

EMIGMA can model awide range of surveys that employ electric or magnetic dipoles, grounded
bipole sources, or inductively coupled loops. Thus virtually any survey configuration can be
supported, with potential applications ranging from Max-Min to Geonics Protem surveys,
crosshole surveys and  configurations, and from  multi-component GEOTEM airborne
configurations to multi-component Crone borehole surveys.

Survey geometries can vary in size from a few metres such as is typical of environmental
resistivity surveys, to continental scales such as would be employed in magnetotellurics.
Borehole to borehole surveys can be sampled with arbitrarily oriented transmitter and receiver
dipoles.

EMIGMA can simulate fixed and moving source geometries and can employ any of the sources
described above either as a transmitter or as a receiver. In the current version, loops must be
horizontal, (an upcoming version will not have these restrictions) but bipoles and dipoles can be
oriented in a number of directions. Loop and bipole sources can be composed of arbitrarily
oriented polygonal sides so that redistic loop geometries can be used in the simulations. Loops
may have up to 99 corners.
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Model as many profiles as you like in a single run, and profile altitude variations can be
simulated by (1) importing altitude with your field data, (2) importing topography asan XY Z file
or (3) generating and importing synthetic topography with our polygenerator tool. Boreholes can
be smulated merely by extending profiles into the ground or by importing ASCII hole survey
information containing length, azimuth and dip of each borehole segment or by ssimple ASCII
XY Z import of RX measurement positions. Many different coordinate systems are also available,
so that sensor orientations can be linked to the absolute coordinate system, to the profile, or to
the borehole, if the profile is to represent a borehole. Thus, the fields generated are
automatically resolved into the coordinate system appropriate for the system being simulated.

The solution is calculated in the frequency domain, and one can define a list of frequenciesin a
single run. This allows the modeller to evaluate the frequency response of a target, or easily
produce enough frequency domain model computations that the time-domain response of the
target can be modelled. Although EMIGMA is restricted to frequency domain calculations, a
time domain transform FSEM Transform is available within EMIGMA. If the modeller is
modelling directly from a measured data survey or if the modeller begins with a smulated time
domain survey then the transform is automatic.

Unlike EMIGMA V6.4, EMIGMA V7.x stores data in a Microsoft Access database. However;
for users of our previous verion, EiKon GS format files built in V6.4 or earlier versions can be
imported into the database. Likewise, data, ssmulations and inversions can be exported from the
database to the EiKon GS format file. See Output file description for details. Exports are also
available to a Geosoft .grd file and to an XY Z file.
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ASSOCIATED TOOLS

3D VizRD:

Interactive, flexible, and fully 3D visualization tool

Completely mouse-driven

fully integrated with Windows 95/NT/98/2000

Visually construct, display and manipulate geological models in 3D with respect to measured,
simulated and inverted data, model structures (prisms, plates, layers, etc...) survey design
(transmitters and profiles), boreholes and borehole logs

Modify attributes of the prisms, plates, polyhedra, layers, topography and survey within the
visualization module

Import CAD geological specifications through a GEMCOM or Vulcan file importer and build and
manipulate 3D models from them

Reduces errorsin model set ups by visualizing the survey and model parameters

Intuitive interface and its ability to give immediate physical meaning to data can increase the
productivity of the geophysicist.

Residual Plotting
Plot Z data at one time
Plot data as vectors, lines, surfaces and contoured surfaces

EiKPlot: x-y plotting software designed just for geophysical data.

Integrated X-Y plotting for easy and quick viewing of your profile decay or spectral data.
Allows comparison of actual datawith ssimulated and inverted data

Select the field components you would like to plot.

Produces a professional graph to scale with labels and a comment box

View both profile and decay representations of time-domain data or profile/spectra displays of
frequency domain data

Toggle through time or frequency channels, profiles, transmitters and data stations
Display IP data as chargeability or as apparent resistivity

CSAMT/MT data as apparent resistivity, phase, Tippers or field units,

Residual Plotting

EM Contour: Introducing our new contour application

Quick and accurate contouring of EM, Magnetic, MT or |P data over your survey grid

Multiple frequencies or time windows can be stacked proportional to depth for investigating your
data 3-dimensionally

Pseudo-depth sections for FEM, TEM, IP, CSAMT & MT

Pseudo-section transformations for | P/Ressistivity
Bostick transforms for MT/CSAMT
Residual plotting

FIELD DATA IMPORTERS:
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Import field data directly into EMIGMA V7.5 for

EASE OF MODELLING:

Automatic selection of data locations, transmitters, receivers and data channels eliminates the
need for users to specify the system and survey configurations. The user is required only to define
the 3D geological and electrical model before the survey can be simulated.

Transforming imported simulated data to time domain is essentially automated as the base
frequency, waveform configuration, ramp times, data channel times and normalization are
automatically selected.

There isno need for you to know the system specification of your data, we have done the work for
youl!

DATA MATCHING:

Immediate viewing and investigation of field data. Once imported, you are ready to view and
analyse your field datain our 2D Plotter, our 3D Visualizer or our Contouring tool. All of these
are designed to help in the careful analyses of your data for insight into your geophysical
anomalies and your geological targets.

EMIGMA isthen relatively automatic for direct comparison of the model ed data to the measured data.

Based on a hypothesis of your geological environment, build alayered earth and add a target to your
imported survey. Simulate the response in Forward Simulations and directly compare to your measured

data

1D Inversion:

" 1D Inversion, Depth Section Display and Data Fit Displays
" FEM — ground and airborne
" MT/CSAMT Impedance Inversions

Resistivity Data Inversion
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3D Magnetics | nversion:

Generate 3D volume models of susceptibility from your
magnetic data with linear and non-linear inversion tools:

Full 3D gridded inversions
Magnetization Vector Inversions
Optimization & Direct Matrix Inversion
physical sensitivity functions

iterative non-linear solutions

iterative born approximations

suite of minimization techniques

removal of non-susceptible cells

EIKMap Tools
Apparent Resistivity Calculation for HEM Data: - Golden search plus Monte Carlo

Pseudo-Depth and Resistivity for HEM Data: - Combined Sengpiel and Fraser Pseudo-Depth

FFT Processing:

For Magnetics, Gravity and Gradient Data

Polygenerator Tool:

Generate synthetic topography and anomalies

Data Exports:

To XYZ, PetRosEiKon’s V6.X generation .pev format, to GeoSoft .grd files and export whole or partial
databases to a new database file.
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