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FOREWORD

EMIGMA is not designed primarily as a data analyses tool but rather as an interpretation
platform for a range of geophysical data. We have a wide range of 3D modelling algorithms
within EMIGMA, but we also provide associated tools by which to aid in the understanding and
interpretation of your data. For example, 3D visualization encompasses algorithms required for
visualization and manipulation of data and model structures. Several types of inversion are also
available as assistance to interpretation of your data.

While inversion is actively sought after in the geophysical community, EMIGMA provides tools
by which to utilize the inversion while enabling the user to provide an analytic criticism of the
inversion results. Comparison of model results or inversions to your data is, of course, critical
and EMIGMA is designed to comprehensively and quickly look down the model dimension.

Tools for Electromagnetics

Modelling
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 simulation. EMIGMA should not be considered a
simulation program, but rather a simulation platform. It allows 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 simulating geology and the near-surface
realistically. 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
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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 algorithm is a sphere algorithm (EMSPHERE) which is solved by a traditional
separation of variable capability and is highly accurate but limited to a spherical geometry. At
present, the solution can be obtained for either dipolar sources or plane wave sources but we are
extending this to Loop sources particularly for UXO applications.

Inversions:

EMIGMA provides point-by-point one-dimensional inversion for both frequency and time-
domain data. In each of these domains, inversion is available for airborne and ground data.

FEM data: Four (4) algorithms are provided plus a depth imaging technique based on the
Sengpiel section technique.

TEM data: Two (2) different inversion algorithms are available with each having two (2) forward
algorithms thus providing a total of 4 algorithms depending on your need.

Conductivity-Depth Imaging:

EMIGMA offers CDI's for both FEM (modified Sengpiel sections) and TEM (Eaton and
Hohmann).

Tools for Magnetics

3D Modelling
In recent years, PetRos EiKon has changed its research focus to some extent towards 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 parallel 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 included remanent effects and are now studying the problems of near-surface
modelling and detection of magnetic anomalies.

There are in total three (3) basic algorithms for 3D modelling of magnetics in EMIGMA but
these may be combined with different forms of magnetics interactions between multiple bodies.

Processing
EMIGMA contains a series of FFT tools for Magnetics that include derivative calculation,

upward/downward calculation, wavelength filtering and reduction-to-the pole. Our product
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allows one to export the derivatives or any of the processing back to EMIGMA as a survey so as
to work with the modelling or inversion. For example, one may upward continue and create a
model for the processed grid and then model the data as if at another elevation and similarly for
any other processing. It is very useful to generate the derivatives and then compare your
modelled derivatives to the processed derivatives. This process greatly speeds up the modelling
to data process.

Inversion

EMIGMA offers 3D susceptibility inversion but with some twists. We allow for both direct
matrix inversion and for smooth optimized inversion. We also allow you to use your magnetic
components as well as your magnetic derivatives and also to utilize data at multiple elevations.
For example, you may invert your ground data with your airborne data.

EMIGMA also offers new Extended 3D Euler depth estimations and will soon provide you with
an inversion for the magnetization source vectors.

Tools for IP/Resistivity

Modelling
EMIGMA offers two (2) algorithms for 3D resistivity modelling and the most extensive 3D

modelling for IP available in the world. We also provide MIP and MMR modelling.

Inversion
At the present time, we only offer 1D Resistivity inversion as well as a range of pseudo-section
tools for both IP and Resistivity.

Tools for Gravity

Gravity in EMIGMA V8.1 has now been implemented. Although primary Gravity processing is
yet to be included, advanced user functions are available. For example, EMIGMA contains a
range of FFT functions for both gravity and magnetics, such as wavelength filtering,
upward/downward continuation and derivative calculation. In addition, EMIGMA V8.1 offers
some very good 3D modelling capabilities and 3D Euler deconvolutions with post-processing.
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EMIGMA® /vs.1

3-D Electromagnetic, Magnetics, Gravity, IP, MT/CSAMT 2004
Comprehensive Geophysical Modelling and
Inversion

SECTION I - INTRODUCTION
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WHAT EMIGMA V8.1 OFFERS

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

Reduce errors in model setups 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 data with simulated 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/spectral
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

Convert EM data to Apparent Resistivity
Plot data and derivatives
Plot Pseudo-Depths and Resistivities

EMContour: a 3D contour application including interpolated inversion volumes

Accurate contouring of EM, Magnetic, Gravity MT or IP data over your survey grid

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
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. Residual plotting

. Contour decay rates

GridPresentation: an enhanced grid tool

e displays your interpolated grids

e fills grids in 3 ways

e Equal Area or Equal Weight displays
e contouring and filling

e profile data overlays

® raster map overlays

e convert data to apparent resistivity

ProfileModifier: datapoint editing and viewing

e view data point locations with editing
e data overlays ( stacked profiles )
® visual data subset selector

® analyse data over survey

ProfileCorrector: spreadsheet plus plotting for editing

Toolbox: filters, compression, processing

PseudoShow: generalized pseudo-section tool
e display pseudo-sections
® Dby separation, frequency or time
¢ gorid and contour

e step profiles or transects

PEXShow: displays inversion sections
e show 1D Inversions

e contour and grid

® resistivity/conductivity/permeability/log/linear/equal weight/equal range

FFT Processing: perform 2D FFT functions
¢ integrated 2D FFT tools
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¢ windowing, wavelength filtering,
e upward/down continuation
¢ reduction-to-the pole

® derivative generation

Field Data Importers: Import field data directly into EMIGMA V8.1 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 is no need for you to know the system specification of your data, we have done the
work for you!

Data matching:

. Immediate viewing and investigation of field data. Once imported, you are ready to view
and analyse your field data in 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 is then relatively automatic for direct comparison of the modeled data to the measured
data.

Based on a hypothesis of your geological environment, build a layered 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

. TEM - ground and airborne

3D Magnetics/Gravity Inversion:

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

. Full 3D gridded inversions

. Magnetization Vector Inversions
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. Optimization & Direct Matrix Inversion
. Physical sensitivity functions

. Iterative non-linear solutions

. Iterative born approximations

. Suite of minimization techniques

. Removal of non-susceptible cells

. 3D Extended Euler depth inversions
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

Polygenerator Tool:

Generate synthetic topography and anomalies

Data Exports:

To XYZ, PetRos EiKon’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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CHANGES FROM PREVIOUS VERSIONS

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 V8.1 can be run on either of the operating systems of Windows 95, Windows 98,
Windows ME, Windows NT, Windows 2000 or Windows XP(Home and Professional) and now
Windows Vista. It is entirely a Windows style program with integration between applications
through a database.

In 8.1, applications share memory and interact directly through memory.

Features of V8- Release 1

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 V8, 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 V8.1.

New data channels are provided such as GPS (x,y,z) , 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 are now allowed (V6 was limited to 2000 data points per data set). In V8, the
user can easily compress data or create subsets of surveys. You can import your entire data set
and create subsets by compressing and/or selecting or removing part of the data. This allows you
to more rapidly work with an interesting part of the data without modifying the entire original
data set.

= An array of FFT tools for both gravity and magnetic data

=  Two new reduction-to-the pole algorithms
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Wavelength filters plus upward/downward continuation.

FFT tools may be performed on both measured and simulated data for evaluation of
user processing

Digital and spatial data filtering techniques allowing user-selectable filter sizes for
both 1D and 2D filters

Data Editing and Correction

Correct the sign of entire components, fix individual values, remove bad data points. Features
include, among others:

Line sorting

Line deletion

Data compression with statistics calculation

Select data through data display

Remove a component Multiply or Shift data values
Insert new data values

Delete a subset of data

Coordinate editing including GPS Z and FID

Tool Integration

All simulation, data display, inversion, gridding tools, etc are fully integrated in V8.1

3D Modelling

Inversion

First 3D gravity modeling algorithms

Increased capabilities for magnetics modelling

A new more accurate and faster 3D resistivity modeling algorithm
Improvements to its electromagnetic modeling algorithms
Extended batch mode simulation

Greens’ functions interpolation for faster multiple models

Model suite generation and automatic “best model” analyzer

New 1D TDEM inversion and now both in-loop and out-of-loop configurations,
including airborne sytems

Improvements to 1D inversion capabilities for FDEM and Resistivity

Extended and improved 3D magnetics inversion capabilities

Gradient Magnetics Inversion

3D Euler Deconvolutions with Rodin Post-Processing

V8 Tools

= EM-Mapping — depth section determination and apparent resistivity tool for FEM and
Resistivity
= Excitation field calculation and viewing tool — generate incident/freespace field and view in

3D

* Natural Neighbour, Delauney Triangulation, Minimum Curvature, Thin-Plate-Splines
gridding and interpolation tool — interpolate your data onto a regular grid using the latest
interpolation technologies
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3D Magnetics inversion extensions - utilize multiple altitude level data if available,
automatic naming of inverse models including type, associated grid, etc
1D inverse extensions for FEM, MT, CSAMT, Resistivity — included is a new Occam
inverse with automatic layer reduction and joint susceptibility/resistivity inversions
Direct comparison of model responses — compare model responses or compare field data to
multiple models, view model changes in Visualizer as you step between models
Data and configuration editing, data compression, data reduction - data compression with
error estimate calculation, edit system configuration, edit and correct data, extract data
Advanced Modelling Tools
a) Model suite generation — run a suite of layered earth or plate models (prism suites in
development)
b) Large data set simulation — new simulation engine allows user to model large data sets
c) Extract previous model 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
Transform:
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
Significantly reduced memory allocations to allow for transform of large datasets
Data Analyses
a) EiKplot, Visualizer, Contour — plotting and display of the data from multiple models
against each other or field data in the same plot
b) Plot residuals between your model and field data or between models
c) Stepping between models in Contour and Visualizer (with model views)
d) Improved data display and new features in Visualizer
e) Many new mapping capabilities
f) New gridding algorithms and grid analyses tools
g) A wide selection of datums for UTM projections as well as projections for polar latitudes
h) Import and calibrate a raster map to UTM coordinates or latitude/longitude
i) Overlay raster maps with data grids
j) New graphical data editing tools
k) Display by FID (fiducial)
1) Display altitude, GPS Z, Apparent Resistivity, Estimated Error, etc
m) FFT processing
Visualization
a) A new tool for viewing data versus pseudo-depths
b) A new tool for analyzing 1D inversions as geoelectric sections
¢) New tools for building 3D models in conjunction with data
d) Improved image exports in both raster and vector formats
e) GridPresentation and a new MULITIGRID tool
New data imports
Airborne Time Domain
Large data set FEM and Magnetics
IP/Resistivity — Geosoft, BRGM, Res2D
EM34/31/38
AMIRA TEM EDI for Magnetotellurics
PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
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EM61-63, EM31-R,
Gradient Magnetics
= Compatibility with earlier versions 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 V8.1 database back to a .pev file for use in EMIGMA V6.4.
= Sharing Models and Interpretations — 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 zip 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.

As well as:

= 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

=  Aeromagnetic Compensation

* New Data Filters - Median, Mean, Polynomial (1D and 2D)

*  Base Station Magnetic Corrections
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PETROS EIKON DIRECTORY

EMIGMA?7.x expects to find a PREiKon directory on your disk, and will build one if one
is not found. It utilizes this directory as a working directory for a variety of purposes.

THE SOFTWARE DONGLE

If you are running EMIGMA in a WINDOWS-based systems, a software dongle will be
necessary. The software dongle contains different codes which control the availability of
various aspects of EMIGMA. The dongle is read on startup, and EMIGMA is configured
in accordance with the contents of the dongle. In this way, it is possible to customize
EMIGMA to particular individual requirements.

The software dongle should be plugged into the parallel port of your computer before
EMIGMA is started, and should remain in the port for the duration of the model run. The
executable may be placed on a number of computers, but the dongle must be on the
computer when executing.

Note: For new users using Windows NT, 2000 or XP a driver must be installed to see the

dongle.
The driver installation software is found inside /EMIGMAVS&.1/drivers.

Note: Parallel or USB dongles are available.

CONVENTIONS
The following conventions are used in EMIGMA:

Right handed coordinates: 7 up, optionally x east, y north, but the selection of x and y
depends on the model

Phase: Phase convention of exp(-iwt) unless otherwise specified. It can be switched
when displaying.

Strike: Strike angles are measured clockwise in degrees from y (North) to x (East).

Dip: Dip convention is measured based on the right hand rule. If your right hand thumb is
pointing in the direction of strike, your anomaly (your fingers) dip down to the right.

Declination: Declination angles are in degrees clockwise from y towards x.

Units: SI units. Distances are in meters, angles in degrees.
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EMIGMA

Premium and Professional editions

YuDEY
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EMIGMA Overview

EMIGMA — Database Version
Database Desion Objectives

Reduce user’s time required for modelling and data analyses

Enhance data analyses capabilities

Improve ahility to report on work and to recover interpretations at later
times

Integrate all tools into one platform

Include friendly data editing, compression, filtering and processing

Allow large datasets to accommodate airborne data analyses and large
surface data sets

Provide a framework for inversion tools and their integration with
simulation tools
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Data Organization

The user can easily generate many files in a modelling exercise, and the models are
organized in the database structure making recovery of interpretation status at a later
time easy.

The backend of EMIGMA is an object database. It allows you to organize data in three
levels: projects, surveys and data sets. You can have different projects based on a
variety of criteria, such as the type of your data or the interpretation method vou are
eoing to use. Or you may choose to create a single project for multiple datasets to
provide more ready analyses of different data types and integration of vour
interpretation across all data sets within a project.

New data channels are now allowed such as: GPS (x,v,z) , Altimeter, and FID .

NEW — You can import and image your Gravity data as non-configured geophysical
data. — V7 includes Gravity modelling
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Create Project — Create a HMew Project by selecting the Create Project button.
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Database | Data Prucass'nul Diata Correction | Data Reduction |

— Projects in Diatabaze ~ S urveyps in Project
Soguem MaMin___ Survey Name: {1424 MIN Change ’
Lane 12300
Gearacs Protem Lne 12300 Survey I0; I“3
Protesn
M agnetics KLE
East Kootenay il | . i
FamardDiCM ag
B Add Suvey | Delete Survey |
E‘?j:lﬁmd-"' —Diala Geks in SuUvey
gm;;;zﬁir:d Diata Set Meazured Data Set I0; 174
. 1dl {
DCMagD e ¥ 1d g;gf:qn Domain Type:  |Frequency Date Crealad 0440302 4:40:
1dl i
ProgjectiD: |12 ‘Idl::::ﬁ: Responses:
Date Crested: }Ewn‘amz Data Set [M1-150Meas ﬂl Total mirws free:
Progact Mame:
m— Model Mame: I Lhange I
B i [iata File Mame:
: [lestv7a13_174.da I Model | Delete DataSet |
Delete Project |
Creste Project | Configwation | [~ Has Relsted Gidi] | DataSetinfo |

SUTVGYS lIl PI'O_] eCt second lewel of Project WManagement.

Survey Name — renatne your surveys at any time by typing the new name and selecting Change

Swrvey Cominents — enter and store notes about your survey.

Add a Survey — generate a new synthetic survey

Backup - generate a duplicate of your survey including all Data Sets.

Delete Survey — delete a survey at any time by selecting the surey and cliclking the Delete Survey button
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Database | Data Processing | Data Comechion | Data Reduction |

—Projects in Diatabaze ~ Surveys in Froject
Soguem MaxMin___ Survey Name: [1425¢ N Change ’
Geanics Protemn Line 1200 Survey [0 I'43
Frotem
Magnehcs Sl KLIE
e oo | e |
FomardDCMag
R | Add Suvey | [edete Survey |
Case Study i :
Graviy Diata Sets in Survey
Eg}rﬂhégzmred Diata Set M eammed Data SetI0; 174
- Tdirverzian
DCMagDeny ¥ 1d Section Domain Type:  |Frequency Date Crealed 04,/0E5/02 4:40:
: 1dl i ;
ProgectID: |12 ‘Idl::::ﬁ: Fleuspnrt.ses.
Date Crested: immmz Drata Set EECTT M Total rrivwis free
Progact Mame:
m— Model Mame: I Lhange I
B i [Diata File Mame:
: [testv7a13_174 dat I Model | Delete DataSet |
Delete Project |
Creste Project | Configwation | [~ Has Related Gide] | DaaSetirfo |

Data SetS IIl SU.I'VGY Third level of Project Managernent.

Data Set — displays whether the data is Ieasured {or field) data or Sirmlated Diata

Domain Type — displays whether the data is Frequency domain, Spectral domair, Time dorain or Static doraain

Change Iame - the Diata Set name canbe changed at avsy time by typing ihoa new natre and selecting the Change Hame button.
Mode] Mame —a second identification string for wour data set allows wou to record additional details about wour Diata Set
Configuration — View and Iodify information abont o suresy

Model - View and modifyr inforrnation aboat your lasered earth and oy pristofplatefpolyhedrs hodies.

Has Related Gridis) — Grid management tool - containg all grids generated for this data set.
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Database Tools

+w* EMIGMA 8.1
Database View DataVisualization Processing Tools Help

Databas C tools to tmanage your database * mdb files. Allows youto create anew database

file, open an exsting database file, inport data into the database, export data from the databaze,
search for a data set, merge data sets and exit the EMIGLA program

VIGW tools to matage your view options in ENIGLA including toggle display of the toolbars,
status har, and database colour,

Data Vl Sllallz atIOIl allows you to view and display your data in warious ways
for analysis or reports

PI‘OGGSSIHg TOOIS an extensive collection of tools to process the data in your

EUVETE

Help displays online help topics, EMIGIA program version, and download the most current
ERIIGIA updates wia prozxy if necessary
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B8 Database
{18
Tools

1 ]

New Database | | Main Window || Refresh \ Import \

Open Database Find Data Set Expo'rt Merge Data Sets

NﬁW Databas o Open a new database Refre Sh updates screen display
file (* mdb) into the FMWIGIVA program.

O Dat b o Import su- of data imports to bring your data into
pen AlaADASE Open an existing EMIGIMA as an ASCII file or manufacturers file, Import

database file (* mdb) into the ERMIGIA program. GeoTutor files into EMIGHA database.

F ll’ld Data S et atooltolocatea EXQOI‘t Export your measured, simulated or inverted

patticular data set by date and EMIGRA data type data to an syz file, to another databasze orto QCTool,
GeoTutor and Geosoft applications.

Maln WlIldOW toggzle display of the
it Datahase window, MGI‘EG Data SetS a tool to merge two

data sets from the same project bt different surveys into one
data set.
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Data
Imports

W = L))
Raw [ ata Formals | Obheer Sources | W
—[ata Groups
= EM iy
" Potential Field ImpOI't Utlhtles A suite of imports
 |P/Fesistivity

Aubome TEM
EAETTY

CHOME
Dipole-Dipale FEM
EM3T -3 e
EMIT JEMIB

EMI4

FUGRO

GEOMICS B1

GEONICS g34 2

P

|

Cancel |  Hep |

are available which allowr wou to bring sour
measured data into the databaze in either the

mmanufacturers file format or a5 an ASCII colurmnar
data file.

Manufacturers Data

FOI'mElt Enahles you to tring measured data

into the database in the mamifacturess standard file
format. Includes CROMNE, GEOMICS TER, IP6,
and AIRBORMNE TEM (GEOTEM and
QUESTELT data.

AS C]:[ FOI'm Elt Enables you to bring measired data into the database in a ASCIT columnar data forrmat.

Colunn labels are required for the program to recognize the data channels. If you don’t have headers or want to modify the
headers to our labels which can beread automatically by EMIGIA, an header editing tool is awvailable in the import. Imports
are available for DC MAGHNETICS, GEONICS EM3VEMI4&/ENMES, DIGHEN, MAZ-MIN and IF/EESISTIVITY.

AMIRA Format enabies you to bring measured TEM data into the database in the AMIEA file forrat.

Inchides GEOMNICE, CEROME, SIFROTER and Z0OMNGE data,

PetROS EIKOH Enables you to import data (measured data with or without a sitnalation and pure sitnulated
data) from our GeoTutor application. These files have an * pev extension. You can bring in up to 10 files at a time.
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Data
Correction

Correct signs of entire
components, fix
individual values |
remove bad data points.

Some features:
Eemovwe a component

Llultiply or Shaft data

values
Inzert new data values

Coordinate editing
including GPS Z and FID

Dizplay statistics
information

Column View

defires the colurs that are displayred.

Select a channel:

Select the Data Type, Transmitter,
Recemer, Tine Channel or Freguenery,
Response and Phasor of the data to

correct

Project: Caber Mata Set

west_mdSkeas

Dalshisse | Dats Processing  Diska Conaction | Data Aeduction |

- Selecl a channel —

in Databage; C:WEmigma\Emigmay 7, 1 \tes

haze\ashe7dl 2 mdb 9 E3 |

— Comection:
Dataof [L4005 =l xH
Crata Type: Apply 1o !D.y;. -]
[oata =] | [IM]__2Das ET &Y 57 - .
R 1 [ A7I0es | 30000 14000 1.00 T Apol fox al Time Charnel
2 -1 D50000e+.. ] 140000 1.00 J
I'mﬂlﬁlﬂ-ﬂ- A7 'I T | T Aee. 20000 TADL00 .00 ™ dpoly for al locations
LE(F 1| 17000 L] TAN000 ]
i T T S, | 0000 A0 00 I Auply for 51 Profles
= T 000 ST 100 i
ﬂ| i -1 %IIL’I:*—. 0.00 140000 1.00 Fiewatze apn I
- 8 | 1 oGandde+ SO0 140000 1.00 T
Hjmi 9| 4 1Ga000e+, 100.00 140000 1.00
[Dipcle Hx F| [0 6555000 T50.00 140000 1.00 [Mukply Dt =]
a5 11| 1 362000y, 1750 120000 100 ; .
Titne Channels (Gec} | 12| 2 739000¢+ T 120000 ] Costaction Mulliplar
Bl o5 = || EEN EEETT: S0 120000 ] 1
{18 12| 4 BEa0i0er AL 120000 ] I
2l o 15| 10370000 W 140000 1.00 :
R 15| & &0 0 BEIT] |- (ipiey Apey |
[Tard = | 7 ST LI BT 100
TR T8 | 4459000, | 450.00 L] 1] Dabete Comparent |
pr L 19| 7 A5, EL0 03] M0 1.0 =
e p— e F R Coewdl Urts
& Resl Cokirit Selnct & ey s j
S e {Column 2 =] [Daia 7l  fant
Correction Apply to Operations Reverse Sign
You can chiose to applyto Select the Operation  Canbe applied at the touch of a button
sorne or From
-all time charmels Wlultiply Data Delete Component
-all locations -5hift Diata & coraporent canbe deleted at the touch
-all profiles -Hewr Value of abutton
-Delete Points
-Delete Exery

Once you are satisfied with vour corrections, select Save.
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Data
Processing

PI'Oﬁlﬁ SOTtiIl g by Line Label, X F llterS Lpply a Digital or Spatial filter to Data or

position or ¥ position. Profile loeations. Digital filters include Mediar, Gaussian,
Dlean and Savitzkey-Crolay (regular o Dregular). Spatial filters
includes Median, Gaussian, Ilear and Savitzky-Colay (spatial
radius).
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Accessing Data Display Tools
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Multi Grid

; + |1
¥ B3| v [
Survey Editor || 3D 1Iu’isu:-ztllzrezr Pseudo Show || Data Corrector
EiKPlot Grid Presentation || PEX Show | | EM Contour

Data Display Tools:

3D Visualizer State-of-the-art 3D Visualization and

model building tool for wiewing your data (measured,
modelled and inverted) in 3D space, as profiles, wectors,
true 30 surfaces or contowed surface with vour 30
structure representation. Allows detailed analyses of
anommaly position, shape and amplitude. View up to three
data chatmels. Plot data from tnultiple models against
gach other or against field data. Step between models.

Data Corrector Edit data both graphically and in a
spreadshest.

EiKPlot Comprehensive XY Plotter for plotting vour

data, decays, positions and fiducials. Avtornated plotting,
Flot to scale, roultiple plots per page and save plotting
defaults for rapid plotting of model suites.

EM Contour Gradient-enhanced gridding when

measured magnetic gradients are available. Derive
gradients from total magnetic field data. 30 volume
contours of your 1D and 3D inversions with slicing/dicing
tools,

Grid Presentation Display the data from grids
created with the gridding taol.

Mult1 Grid Display up to four grids at the same time.

Pseudo Show Display data sets created with CDI
processor

PEX Show Display data sets created with 1D Inversion
and CDT processor.

Survey Editor Graphically edit the locations in the
SUrvey.
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EiKPlot — Line Plotting
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EiKPlot

7 LQF v t o= -
= = | B | o
sSurvey Domain Scale Zoom Home
Profile | |Channels Z00m

Channel 8 EiKPlot will generally display your

SllI‘V@ 2 Allows wouto chose a survey to plot
when multiple surveys are available, e g. BT surveys:
surveys 1 and 2 = 1% and M polarizations consecutively,
survey 3 = impedances.

PfOﬁle Allowr wou to select a single profile to

plot when you have multiple profiles. The Profile
selection window will open automatically. Fither select a
profile to plat or select multiple profiles to look at all of
the profiles.

FikFlot remumbers your profiles before plotting, Use the
profile name or the Astis which determines the profile line
to see which profiles correspond with which numbers.
For a profile munning Morth South, the X ass will tell you
the start 2{ position of the profile, which is usually the line
name.

DOIIlalIl allows wou to switch between the

normal profile display and a decay or spectrum display.
Iulag data can only be displayed one way. Select O

data plot automatically, To modify the data channels
plotted, select the chatmels button, or simply double-click
on thewhite space inside the plot. Click on the first white
bozx under Plot # Click on the yellow gquestion marl
under Field. Select the flelds you would like to plot.
=elect measured or sitmulated data. Use fields available to
wieww data contained in the file, and select from the 20 Y,
& oor total fields, Select OK, OK..

S Gale Allows wou to adjust the masdmum and

mminitmun settings for the X andfor ¥ asis. You can also
adjust the units from fiszed to exponential and change the
s to log scale or descending. Select the Seale button, o
double-click on the axs youwould lilce to rescale,

ZOOIII To zootm in on your data, select the zoom

button and click and drag to select the area you would like
to zoom in on.

ZOOIII HOIIIG Auto scales the plot using
all posttions on the profile
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M|

EiKPlot

=|[E mil=(R/®

1 1

Color Print

Change Labels

Auto Preview

I

Save Settings

Get Settings

Print Information Box

Set Grid

Scaled Graphic Preview

Change Labels Title and axis lahels

can be adjusEd. Their font size can also be adjusted.

Set Gl‘ld Turns grid on or off The gid

spacing iz determinied by the increment of each asis.

CO]OI‘ Pl‘lﬂt When selected, the plot will be

printed in colour, otherwise, the plot will be printed in
black and white.

Print Information Box

Auto Preview

Scaled Graphic Preview

S ave S ettlﬂ ES Allows wou to save the
defaults of wour plot as a plt file

Get S Gttlﬂ ES You can then get the default

setting flles the nest tirne you open this file, or any other
model that has the same Tx-Fx configuration. This allows
for rapid plotting of a number of models. For exarmple,
vou could tuna suite of models in batch mode, adjusting
your layered earth, target positions, conductivity or size.
Then plot the first model and save the default settings,
Then open the nest file and simply get the plt files. The
graph will be plotted for you automatically,
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3D Visualization
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Print

Toggle Anomalies

Insert Prism

Toggle Layers

Toggle Data

Pl‘lﬂt Prints mage in 30 wisualizer using your

windows print driver. The baclkground will be printed

white.

TO 2216 LaVGI‘S Turns layer display on

whetl I:Ees-sed and offwhen released.

Tooole Anomalies Tums

anumal? d-isplajr on when pressed and off'when released.

TO 2216 Data Turns data display on when

pressedra:r;i offwhen releazed.

I

Impont model

41

3D
Visualizer

Insert PI‘iSIIl Wodel building tool to insert

an LM Prism, ILM Prism or WHPlate. Once a prism is
inserted, you can modify its size, position, orientation and
conductance with the Properties interface

IIIlDOI‘t IIlOdel Allowrs you to import

anomalies (pristns plates or polyhedra) from another
datazet in your databasze, or froma * pev file (GeoTutor

IMLERMIGNA Va4 format).
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alo] ] B)e | iD

\ \
Toggle Axis Reset Scaling \ Property Pages Visualizer

A
Chage Frequency Arrows

Contour Data

TO EEIG AXIS Turns on axis when pressed COII‘[OUI‘ Data When wour data is

(default-}. Toturn display of axis off, release button, displayed as a surface you can contour that surface by
selecting the Contour Data button. Contours can be

draped on the surface or flat.

Change Frequency

AI‘I‘ OWS Allows youto step forwards and Property Pages Interface to add and
hackwards through your frequencies or time channels. modify the properties of your anomalies and layers.

RG Sfi’:t SGallﬂg Auto scales your data to

fit the screen
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Pick

"‘ll . . ‘@' @

Visualizer

Home View All

View

Set Home | | Seek

Ple select Cursor, Use the arrow picking tool S et HOIIIE; Allowrs wou to 26t a new home

wheti selecting an object for tnodification in the TiEW,

Wisualizet.

VIGW Al]. Fescales your wiew so that the

M Manipulate Cursor. Use the hand wviewing whole model can he seen on the screen
tool when modifiring the wiew of your model in the

Visualizer, for exarnple, when you ate zooming or

rotating,

S Gek Allows wou to seelr, or select a position, and
then centres that position on the screen.

HOIIIE: Feturns wour view to the default home

VIEW,

Whenever you

Save to Database modify your model

you must Save to
Database to apply
the changes to your
datazet.
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Gridding
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i Gridding

Gl‘lddln 2 Before contouring your data you

nieed to grid your data first. Select your datazet and then
select the Gridding button.

— MethOd Select your

R R e R R e e e gridding algorithmm from the list:
Matural Meighbour or Delauney
Triangulation, Thin Plate Spline
and Mlinimum Curvature. Select
Grid Settitgs to define your grid.
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PI'Oﬁle Vlewer Displays your profiles and allows you to Gl‘lddln E
define the pararneters of your grid. -

You can control the 2 and Y orientation, whether the estreme points of your

profleee show Output Grid viewie

Fiou can set the output grid by defining
IIID 11t B OllIldS ¥ou can use the whole survey as the input the Uand ¥V Win and Maszimum (where

bounds or you can adjust the boundaries, either through the interface, or by U is the output X and V is the output ¥),
clicking and dragging the blue input box. Controls also provided to set the or by clicking and dragging the red

id If rnalc & the arid. output hox (may be superimposed with
grid angle. If you make an errcr, you can reset the g1 the hlue bog). To define the grid

resolution, set the width of the grid cells

in the X and ¥ directions by setting dU
| Cumbe: Paciile: Cunert Poshiorr 4 20270853, Y. 3045180 s [ =] o e | and DV or st the number of grid cells
\! : . : - = f_ ol | Dy defining nlland ni.
W - o . . .

P  Inguié Biounds . . To dizplay the grid, turn on Show Grid,
Lo KM [ M Ji 1 The grid will be auto scaled to fit the
HMae  [H THee 30 1 aoreen. To display the grid
dge [ seanck || proportionally, use the Show
_ Aestid || Proportionally.
fa 1 O i |
TPPORE WM [5 || You can also set the angle, centre X and
{ Ubae [ ¥ Mase 75 | centre Y. Ifyou make a mistake use the
; Wl AR | reset grid button
‘ ik s e [ { S
:; iw 4 5 [P AW a7 x J
i T~ Show Gid To Input Bounds || |
™ Show Proporticnaly i
{ = |
C EYEEEEEEEILEIANL e e
| e Conwt [5  secems ||
uluu= 1 ! 0 : an i ¥ Contm: |1 —-«-—-—-—-—Inm o :

Syerage ditiarce bataesn 2 fivmags dislancs baivesn ires |2
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Simulation and Inversion Tools
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‘ ;Ilﬂlﬂ IL....

1D Inversion / Forward Simulations \ Tomography

....... | oT|& =] =17

i

T

Resistivity Processing || 3D Inversion

Transform Source Distribution

Resistivity Processing

1D Irvrersions and Sengpiel sections of your mmulti-line
Fesistivity data.

Forward Simulations perform

simulations of a model.

S QuUICe Dlstrlbutlon Fenerate a vector

field describing the em field of the transmitter that can be
viewed in the wisualizer.

Tom Og;['aph}r' Cross-hole EW tomography
tool for licensed clients only,

3D ]—IIVGI.SIOH Full 3D inwersions of your
total magnetic and grawvity data with iterative non-linear
solutions and born approzitmations. Generate 3D volume
mmodels which can be wiewed, “sliced” and “diced™ in 3D
VizED, Euler zolutions can be wiewed in Grid
Presentation.

1D ]—_HVGI-SiOH 1D Inwrersions of your moulti-

line FER, WT and CRANT data. Generate 3D volume
rmodels which can be viewed, “sliced” and “diced” in
EM Contour.

TI’El]’leOI'm Time domain surveys are first

sitmilat ed in Frequency dotnain and then autornatically
transfortned to time dotnain in ERMIGNMWA. For matal
transformation users can generate the fequency domain
response and then run the Transform

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com

48



SECTION III - STEP-BY-STEP GUIDE
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This section of the manual deals with specific issues in regard to operating EMIGMA V8.x. For a
more complete discussion of how to use these inputs to represent a particular geophysical system
and geological structure, refer to Section III on Effective Modelling, Inversion and Data
Analyses

INSTALLING EMIGMA v8.x

Before you begin, ensure that your dongle key is attached to your usb or parallel port.

Upgrading from a Previous Version of EMIGMA

Note for previous users of EMIGMA - EMIGMA V8.x will not operate properly with multiple
versions installed on your computer so it is recommended that you uninstall any previous versions of
EMIGMA before proceeding.

Performing a new installation
¢ Insert the CD into your CDRom
If AutoRun is configured on your computer, the installation will begin automatically
If not, run CD_Drive:\ setup.exe
¢ Insert Client License Diskette as prompted

Installation Options
Special Instructions for Windows 2000 and Windows XP and Windows Vista Users

1) Setting License Variable
You may need to set an environmental variable through Control Panel / System
SET environmental variable TGS_LICENSE_FILE to InstallDirectory\emigmav8.x\bin\ password.dat

Note: If you have an environmental variable set for a previous version, you will want to delete this
earlier variable.

2) Setting your path
Ensure InstallDirectory \emigmav8.x\bin is on your path

Note: Ensure that password.dat and peuser.dll were copied successfully to the above installation
directory. If they were not, manually copy the files from your Client License Disk to your installation
directory.

3) Installing Sentinel Drivers
Sentinel Drivers must be installed on your hard drive in order to access the dongle. Drivers may
already exist on your computer from another program. If, after a successful installation of EMIGMA
you get the warning message error accessing key then you need to install the drivers.
InstallDirectory \emigmav8.x\drivers\Sentinel Protection Installer 7.4.0.exe:
Note that the Sentinel drivers can be lost by your system at a later date. If you get the error message
error accessing key at any point, re-install the Sentinel drivers.

4) Reboot
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For Windows2000 and XP and Vista you must re-boot to ensure the installation is completed.

Requesting a TGS password

In order to avoid the expense of licensing passwords, you will encounter an error message upon
starting EMIGMA V8 TGS License File Error . This is just a warning message. Please click OK to this
message and continue normal use. Passwords, licensed to a particular hard drive, are available upon
request at cost.

To request a TGS password

e At the command prompt, go to your boot drive and type dir p

¢ E-mail the 8 character hex serial volume id to support@petroseikon.com
A password.dat file will be e-mailed back to you. Copy this password.dat file into your
InstallDirectory\emigmav8.x\bin directory.

Note that you should you need to replace your hard drive or wish to install EMIGMA on another
machine, a separate password.dat file is required to avoid the warning messages. Passwords are not
necessary, but are available at cost.
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GETTING STARTED
Start -> Programs -> Emigma V8.1 -> Emigma V8.1

Troubleshooting: If you get a TGS License Check Warning - Product "Open Inventor" is not licensed
for this host - or - Product "GraphMaster" is not licensed for this host when you execute EMIGMA V3§
(and/or open a file into Viz) - Click OK. This is a warning only and you will be able to continue using
EMIGMA V8 with full functionality.

First Use

If you are using EMIGMA for the first time, the Start dialog will appear offering you four options —
Open an Example Database, Create your own Database, Convert your old database(s) and Open
an Existing Database.

To open an example database

e Select the Open an Example Database option. The Database dialog appears containing a
number of demo projects

To create a new database

* Select Create your own Database . The Save New Database dialog opens.
* Enter the new database name. It is a standard recommendation to create a new folder to store your file
in.
* Click Create . The blank Database dialog appears, bearing the name assigned by you.
Note. If you select an already existing database, it will be overwritten to produce a blank database

To convert old databases:

This option is designed for the cases when you use the latest EMIGMA 8.1 version to work with the
databases created in earlier versions.

* Select Convert your old databases . The Start Dialog appears, with your newly converted databases
displayed in the lower Open an Existing Database field.

Note . The conversion is carried out automatically provided the old databases are stored in the
computer you are using.

To open an existing database:

* Select Open an existing database. The Open Database File dialog appears
* Select desired database and click Open
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Subsequent Use

In subsequent times, EMIGMA will offer another Start dialog with the following options for you to
select:

Start Dialog 2] |

O  Create a New Database

(= & Open an Existing Database

baore Files...

\Ewample D atabazehE mamplel atabase. mdb

E:“\Emigma
E:A\Ermigmat/ 7. 3\FDEM_demo_databasze'FDEM_demo.mdb

"' " Check for updates [T Use Proxy

| k. I Cancel | Help

To open an existing database

Since you are a regular user of EMIGMA now, the Open an Existing Database option will be
selected by default. In the field below you will see the list of the databases you created in previous
times, with the one on top being highlighted. You can also add other existing databases to your list:

¢ Double-click the More Files item that precedes the list to display the Open Database File
dialog

e Select a required database and click Open

To create a new database

The Start Dialog allows you to create a new database in the same manner as when you started
EMIGMA for the first time.
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e Select the Copy Template Database option in the upper part of the Start dialog. The Save
New Database dialog appears

e (reate a new .mdb file and click Open. The blank Projects in Database dialog will appear,
bearing the name you assigned

Note. If you select an already existing .mdb file, it will be overwritten to produce a blank database

To download EMIGMA updates:

* Select Check for updates

* If you have any problems connecting to the update server, activate the Use Proxy checkbox.
Otherwise, leave it unchecked since it will noticeably increase the length of the download process.
* Click OK, EMIGMA will close and the Update window will be launched
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CREATING PROJECTS

EMIGMA suggests various ways of data organization depending on the user’s preference. The
backend of EMIGMA is an object database. It allows one to organize data into multiple levels based on
different criteria. For example, you may divide your database into projects proceeding from the type of
data or the simulation to be applied. You may also choose to create a single project for multiple
datasets to provide more ready analyses of different data types and integration of models across all data
types within a project. Use whichever way you think is best to meet your modeling purposes.

The Projects in Database dialog to appear on starting EMIGMA has three levels of data management.
The first is Project, which is divided into one or more Surveys, which, in their turn, may contain one
or more Data Sets. In one project, the surveys may represent different systems or data type, being
associated with each other only, for instance, by a territorial criterion; as for the data sets in each
survey, they may be numerous, measured or simulated, but must have the same strict structure defined
by the system geometry, number of locations, etc.

3* Project: EM31 Leachate Plume /Data Set: BER31_50ohm_t1Meas in Database: H:\Emigma\Emigmay'7. 7\D . M= E3

Database l Data Prucessing] Data Eonectiun] Data Heductiun]

— Projectz in Databaze — Surveys in Project
Geonics FEM Survey Name: [EM 31 Change ‘
A0 Acquifer Modeling
30 Resistivity Models Survey 10 18
Mear Surface - E38
Mear Surface - Concret g E i BacklIP
Mear Surface - Shell BE e ommer ‘ = ‘
MNear Surface - Clay e Add Survey ‘ Delete Survey |
Mear Surface -
Et31 Leachate Plume
HEM E:-_:amples _ —Data Setz in Survey
ez Sl fets 1 BER31 S0chm_t1Meas Data Set Measured Data Set ID: 2F
coetl Modeling BEA31_Blohm
EikMap helicopter FEM » | | | | BER Blhm_tiMess . DomainType: |Frequency  DateCreated:  [2/7/02 328:48

Project |D: 13 Responses:
Date Created: |2/7/02 32 Data Set BER31_&0ohm Change Tatal minus free:

Project Mame:
W31 Leachate Plurme Maodel Marne: Change

e e | Data File Name:
|V?e:-:|:u:urted_2?’.dat [ Model | Delete Data Set |
Delete Project |
Create Project | Configuration [ Has Related Grid(s) | Data Set Info |
Thiz lizenze maintenance expires June 07, 2004
Fig. 1
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Creating Projects From Imported Data
All import wizards in EMIGMA are customized, which means that each separate import procedure has
been created to meet the specific requirements of our customers.

You can bring your measured data into the database either in the manufacturer’s file format or as an
ASCII columnar file. The first, for example, includes Crone, Geonics TEM, IP6, Airborne TEM
(GEOTEM and QUESTEM) data, the second — DC Magnetics, Geonics EM31/EM34/EM38,
DIGHEM, Max-Min and IP/Resistivity data.

You can also import TEM data in the AMIRA format (Geonics, Crone, SIROTEM and ZONGE) as
well as the measured and simulated data in the PetRos EiKon format (from GeoTutor III). The PetRos
EiKon files have a *.pev extension and can be brought in up to 10 at a time.

1. Click the Import button ﬂ on the main toolbar. The message will appear asking whether you
want to create a new project

e Select Yes if you are starting a new database or new project within a database.
e Select No if you want to import a data file into a pre-existing project

e If you do want to create a new project, you can also click the Create Project button in
the bottom of the Projects in Database section.

e The Select dialog appears

& Import data from file
 Start a new modelling Survey

Cancel |

Select the Import data from file option in the Select dialog and click OK
The Name for New Project dialog appears:

Mame for New Project [ x|

Tywpe Name for Mew Froject
[
Cancel | ] 4 I

¢ [nsert a name to give to your project and click OK.

The Import file to database dialog appears:
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Note. Meanwhile, your new project will be added to the Projects in Database list and EMIGMA will
automatically assign its own internal number to the project (Project ID) and generate the date of its

creation

opg —

Fiaw Data Formats

I Other Sources

— Data Groups
i+ EM

" Potential Field
0 IP/Besistiviby

Ajrborne TEM
AMIRA

CROME
Dipale-Dipale FEM
EM3T -3

EM31 /EMIE
Em34

FUGRO
GEOMICS E1
GEOMICS q34

=

ok |

Cancel |

Help

Fig. 2

Example: Importing GEONICS TEM data
Select GEONICS TEM from the Import Utilities list of the Import File to Database dialog and click

Import File
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The GEONICS TEM Import Wizard, Step 1: Input File Specification dialog offers you to specify

your input file:

In this dialog:

GEDONICS TEM Import Wizard, Step 1: Input File Specificaki ll

Components——
W =
Wy

Sustem type Wz

’7(" Fixed systern € Moving system % Borehole system Detect |

V¥ Borehole data measured only along hole axis [Z component]

Input Filename:

IE Auzerghhatalia\additional TutorialsyG eonics EMEShimporttboreho Browse |

Input Filename of Original raw Data (Mot De-Fotated) iew |

I~ Multiple Surface Profiles

Filenames | Components I
< Back Mext > Cancel Help

e Select between the Fixed System and Moving System if you are importing surface TEM data
or click Borehole System if you are importing borehole TEM data

e [f the Fixed or Moving System options are selected:

>

Place you cursor in the Input Filename field and click Browse to bring up a standard
Windows-style dialog for searching and opening files. Find the required de-rotated.raw
file and click Open. The file name and path will appear in the Input Filename field

To import multiple surface profiles, check the respective box to activate the field
below. Click Browse to search for as many files as necessary and add them to the list
in this field. These files can be imported only if they have header lines. To delete a file
from this list, just select it and press the Delete key

¢ If the Borehole System option has been selected:

>

The Borehole data measured only along hole axis box will be checked by default. In
this case only the Input Filename field will be active. Browse for a processed de-
rotated .raw file. Its name and path will appear in the Input Filename field.

To import additional (unprocessed) information which otherwise may be missing, de-
select the Borehole data measured only along hole axis box. This will activate the
Input Filename of Original .raw Data (Not De-Rotated). Place your cursor in this
field and click Browse to search for a not de-rotated.raw file and click Open. The file
name and path will appear in the Input Filename of Original .raw Data (Not De-
Rotated) field
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To view the file to import, select it in the respective filename box and click View. The File
View dialog will appear containing the file in the text format

To view the components contained in the file to import, click Detect in the Components
section of the dialog

® C(Click Next.
If you are importing borehole data, the intermediate GEONICS TEM Import Wizard, Step 1la:
Borehole Geometry Specification dialog will appear:
x|

Impart borehole geometry file:
— Hole zegment information

' Input fram a file " User input [for a hole orly having ane segment]

Azimuth [degree, Dip [degree, from
Hale name clockwizse from narth] harizantal) Depth
Hale_1 90 45 500
File format: HLE# Depth  Realbzim  Griddzim  Dip
93-HLE-45 1] 320 360 -45
93-HLE-45 g 3206 J60.E -45.49

Browse | IE:\users'\natalia\AdditionaI\Tutorials'\GeonicsEMSB\import\borehole

File*iew  [See help for mare infarmation)

HLE#IDepthiFiealtzim  GridhzimiDip ﬂ
991100270127 0150

93-115612631263133.5

99-118312601260050

-
a0 4 4 WECIRC 00 _I

r— Callar Coordinates

Azimuth to be uzed
X I‘IBDD ’7 " Geological Azimuth % Grid Azimuth
Yoo |e00

Depth Unit
E I-U'1 ’7 * Metre "~ Fest ‘

< Back | Mext = | Cancel | Help |

Geonics borehole data files do not contain information on borehole geometry (i.e. dip and azimuth).
You can recover this information from an ASCII borehole geometry file or input it manually. In the
latter case, your entire hole will be considered as one segment.

® To load borehole geometry information from an existing ASCII file:

» Select the Input from a file button in the upper part of the Hole Segment Information

section. The Browse button will become active. Click this button to search for an
ASCII file:
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Bl borehole.dat - WordPad

File Edit Wiew Insert Format Help

D= SRl o[m=@]| &

HLE# Depth Reallizim Gridizim Dip
99-1 0 270 270 a0

99-1 56 263 263 §9.5

99-1 &3 2a0 2a0 a0

99-1 113 256 256 g9
99-1 143 246 248 89.5
99-1 173 241 241 88.
99-1  Z00 231 231 88.5
99-1 Z30 231 231 83

L]

The file name and path will appear in the box across the Browse button, whereas the
File View field will contain the loaded data in the text format

To manually input the borehole geometry:
» Select the User Input option. The four boxes below become enabled
» Input your own values of azimuth, dip and depth in the respective boxes

Specify the X and Y coordinates of the collar position, since neither Geonics borehole data files
nor ASCII borehole geometry files contain collar coordinates, except for Z, which is always -
0.1

Select between Geological Azimuth and Grid Azimuth in the Azimuth to be used section.
The second will be selected by default, since grid azimuths are commonly used for the local
coordinate system

Select between Meters and Feet in the Depth Unit section
Click Next to proceed to Step 2.

Note: In borehole systems, a message may appear urging you to specify the receiver coil area; this
is a warning that the current Geonics data file contains no coil area information and you will have
to input it manually in the dialog to follow

Step 2

The GEONICS TEM Import Wizard, Step 2: Corrections dialog offers you to check or specify
the settings related with the system geometry:
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=
Dataht % Fecejver " Trarsmitter € Center
r For Transmiter———————————  —For Receiver
Lemp ez Effective Cail Area (] 100 -
— Mean time of Channel 1 [ms)
# Offget (m) ID Agzumn for all data points,
- - ) :
' Difset (m] |D | 0.0002 I géz'ac:[iwézetﬁ:d data with
Loop Sizes:
 Length [m) 400 r~ Primary Channel——————————— ~Coard. System—
% Length (m] 500 Start [ms)  Abslute
I'B' 433 Includs " Horizortal
Attenuation Factor I1 End [ms) [~ primary  Puofi
Electric Cument chaninel 1oNs
Jas |-37433
[Arnp] : " & Uhole
Rarmp-Time [ms] |U. 4

— Settings related to profile
Prafile_hame

— B ase Frequency [Hz)

E4241 [derotateddata.raw i Apply
IBD. oooooa - l I [ ] J _l

& North American Lser Receiver Direction Aszzigh Coordinates

[eamespond to B0 Hz setting) R £ 5 IDefau“ -]
" Euwopean User | S
[carespond ta 50 Hz setting) sy e IDBFE'“It
If defined in the file,
2 L .
Output Locations in Decreasing r select ‘default
¥ Order. Otherwise, in |ncreasing
Order.
< Back | et = I Cancel | Help I

In the For Transmitters section:

>

>

If you have a borehole or fixed system, the Geonics data file assumes the loop center to
be 0, 0 unless specified otherwise. In the latter case, make sure the correct position is
inputted

If you have a moving system, the Loop Center settings are replaced by the ones for X
and Y coordinates of the Tx-Rx separation. The latter are either detected from the
Geonics data file or inputted manually

The loop dimensions are usually detected from the Geonics data file. If they are not,
input them manually

The attenuation factor, electric current and ramp time are detected from the Geonics
data. Check for errors

In the Base Frequency (Hz) section:

>

Select between the North American and European standard frequency settings to adjust
the base frequency. This will also change accordingly the start and end times in the
Primary Channel section of the dialog

In the Primary Channel section, check Include Primary Channel if you want to
import it as well. In the boxes on the left, you can see the start and the end times of the
on-time window detected from the Geonics data file

In the For Receiver section:

>

Specify the effective coil area if it is not detected from the Geonics data file. If it is,
check it for errors

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



Step 3

62

» The mean time of Channel # 1 is detected from the Geonics data file. Check it for
errors

» Leave the box to the right checked if you want to apply the mean time detected from
the Geonics data file to the entire Channel 1; de-select the box, if your objective is a
certain time gate with the mean value specified by you in the Mean Time for Channel
1 field

In the Coord.System section:

» Choose Absolute, Horizontal or Profile for surface systems and Uhole for borehole
systems. In the latter case, Uhole must be selected by default

In the Receiver Direction section:

» To change the direction of any of the receiver coils, check the respective box. This will
in effect change the sign of the response, which becomes necessary when profiles have
been surveyed in opposite directions, while the direction of the coil has not been
changed at the same time

» In the Assign Coordinates section, leave default in the X dropdown list if the
coordinates are set in the file to import as Column 1 for X and Column 2 for Y. The
import recognizes the directions associated with the coordinate. For example, if it sees
500S in the first column, it will set it as the Y coordinate

The Output Locations checkbox is set to the decreasing order. To organize your output
information in the increasing order, de-select this box

Click Apply in the Settings related to profile section to save all the changes before
proceeding to the next step

Click Next

The GEONICS TEM Import Wizard, Step 3: Transmitter Loop Specification dialog offers you to
check, edit or import the loop configuration.

Check the coordinates of the loop vertices in the spreadsheet-like table of the dialog. Their
order coincides with the current flow direction, with the last corner repeating the first one to
close the loop

To add a vertex, specify its number and X, Y and Z coordinates in the boxes of the Edit Loop
Vertices section and click Insert. You will see the vertex in the row you specified

To edit a vertex, select it in the table, change its X, Y and Z coordinates in the respective boxes
of the Edit Loop Vertices section and click Modify

Note. If after import and simulation the sign of your data is incorrect, re-import using the Reverse
Current Direction button in this dialog

To import a loop:
» Click Import from a loop file. The respective dialog will appear:
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Import from a loop file |

Loop File Farmat:

AfThiz iz at zample. [Comment lines start with £4 ]
AMo of wertes ® =2 [Comrment line]

1 50 100 01

A0 100 01

50 100 -01

50 100 01

2
3
4
5 50 100 01

Loop file: IE:\users\G eonics EMBENimportssurface Readme. tat

Yigw | Browsze |

|
B424BUP Raw 40360 3-26-33 11:45a -unrotated raw file
G4d24BLIPH Rahw' 41472 3-28-99 11:45a - rotated raw file ;I

Cancel |

The loop file to import is to have a format as shown in the sample

» Click Browse to bring up a standard Windows-style dialog and open the required file.
Its name and path will appear in the Loop file box and related comments will be
displayed in the field below

» Click View to check the format of the file

» Click OK to complete loop import and return to the GEONICS TEM Import
Wizard, Step 3: Transmitter Loop Specification dialog. The spreadsheet-like table
will contain the vertices of the imported loop

Click Next to proceed to the Step 4.

Step 4

The GEONICS TEM Import Wizard Step 4: Run and Qutput dialog is the concluding stage of the
GEONICS TEM data import. It runs your files, saves them to the database, allows you to add loops or
profiles to the already available data. In the upper part of the dialog, the Current Normalization box
checked by default means that your data are divided by the loop current so that they could be directly
compared to simulated data
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GEONICS TEM Import Wizard, Step 4: Run and Output. x|
¥ Current Maormalization [The data will be divided by the loop current)
— Statuz
Geometry...
Process... ‘i avefom. .
Prafile...
Add Loop | Data...

ficdd F'rofile...l Dt , 1t of Profile-Lines:
Pleaze run the current profile(z] before

adding more praofiles to the survey. ID
Restart |

Processed Lines:

5 DB Output file will be saved automatically
Szl | when you click <finishs.

s

< Back I Finizh I Cancel Help

Click Process to run the data file to import

If at any point more than one measurement has been detected, the Duplicate Data dialog will
warn you that the average of all measurements will be taken. This dialog may appear up to 3
times (for the X, Y and Z components). To ignore it, click OK. Otherwise, click Restart
Import. This will return you to Step 1 of the import procedure, while your previously selected
settings will be lost

Note. Before re-import, go to the original data file and delete the data stations you do not want

To add another loop, save your processed data by using the Save to DB button and click Add
Loop to go back to the Step 1 dialog. Follow steps 1, 2, and 3

To add another profile:
» Click the Add Profile button to bring up the Step 1 dialog

» Browse for another file to recover the necessary profile information from and click
Next

» Check the settings in the Step 2 dialog as described above and click Next. This will
bring you to the Step 4 dialog

» Click Process to read in the profile and see it appear in the Processed Lines field
All done, click Finish in the bottom of the dialog.

If you added a loop, the Profile Order dialog will appear asking you whether you want to keep
the resulting data in separate profiles or merge them into one profile. If you select the first
option, you will have 2 surveys and data sets in your newly created project, one containing the
one-loop geometry and the other — the two-loop geometry. If you select to merge the data, you
will have only one survey and data set with the two-loop geometry.
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If you added a profile, the Join Profile dialog will appear asking you whether you want to
merge the two (or more, dependently of the number of profiles you added) sets of data into 1
profile. Select the profiles you want to merge and click Join. To keep the data in separate
profiles, click Close.
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Creating Projects From Scratch

1. Click the Create Project button in the bottom left-hand section of the Projects in
Database dialog. In the Select dialog to appear, select the Start a New Modeling

Survey button:

= Import data from file

= Start a new modelling Survey:

Cancel | (0]:4 I

The Name for New Project dialog appears

Mame for New Project E3

Twpe Name for Mew Project

Cancel | kK, I

2. Type a name to give to your project and click OK.

The blank Tx-Rx tab of the Property Pages dialog opens offering you to specify the
system:
Property Pages

F'rofilesl wiaveform  TwRn |Dutput|

System Name I System Type IFiHEd T, Mawving R

Transmitter
Coord, Systerm: IAbsqute: Parallel to absolute system j Separation(s] [moving spstern] input -

1. Spstem Mode
|EMAP/Resistivity |
' Fixed " Moving

2. Transmitter Type
€ Coil ¢ Current Dipoh

 Loop © Pole

Tranzmitter Input -

— Tx/Fix Replacement Mode—

Receiver
Cadd O Febee | CogaSysten [Undeired <] Component [ Selectal | Create Comp |
3. Receiver Type
T R S
© Col  © Yolage Dipole 2 I 2 I = I
i Loop  Pole
Feceiver Input - |
\ Ip/Res System ‘Wizard |

QK. I Cancel | Apply | Help |

Fig. 3

Note. Meanwhile, your new project will be added to the Projects list of the Database page and
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EMIGMA will automatically assign its own internal number to the project (Project ID) and
generate the date of its creation
Specifying System Geometry
In the Tx-Rx tab, select the system mode from the respective dropdown list. You have four options:
Gravity, Magnetic, MT and EM/IP/Resistivity.

To specify a gravity system
e Select Gravity from the System Mode list (Fig. 3). The Gravity Field System dialog appears

Gravity Field Syztem

Dipole Code

s V' Gy IV Gz

Cancel |

e Specify the number and orientation of the dipoles and click OK. The rest of the Tx-Rx tab will
be filled out automatically

e To add a dipole, click the Receiver Input button to reopen the Gravity Field System dialog
and check dipoles as needed

To specify a magnetic system
e Select Magnetic from the System Mode list in the Tx-Rx tab, Fig. 3.

The Earth Field System dialog appears

Earth Field System

Inclingtion dowraward from honzontal (in degrees) |?5
Declination East of Marth (in degrees) |2U
Intenzity in wT] |525EID

ak. | Cancel |

e Specify the inclination, declination and intensity in the respective fields and click OK
OR
e Click the Calculate Values button to compute these parameters.
The Inclination/Declination/Intensity Setting dialog appears
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Inchination/D eclination/Intensity Setting

r Options

o (LVErEirE Toh dars e o

| atituded nnmihude e inout = User input for Inclination, Declination, [rkenzity

— Parameters [Awerage values from imput data file] r Date
IU Latitude [dzg) |2UD4 “ear
I . |4 Manth
a Longitude [deg)

ID Height above mean sea level [km) |2B D
r Coordinate Frame
Reset Parameters |

(¥ Geodetic " Geocentric
Walues
|?5 Inclination dowrward from haorizorkal
Feset Walues | Process I
IED Declination East of Narth
Cancel | SET | |52500 |tenzity

[T Set Intensity fom data

e Select the Determine from Data File or Latitude/Longitude User Input option to activate
the Parameters, Date and Coordinate Frame fields below

Note. If your data are imported, these fields will already be filled
e Replace with or type in new values and click Process
The Values section will be updated accordingly
® To reset your latitude, longitude and height, click the Reset Parameters button

e To return to the initial inclination, declination and intensity in the Values section, click Reset
Values

¢ To change the values manually, select the User Input for Inclination, Declination, Intensity
button and insert your values in the respective fields

Note. If your data are imported, check the Set Intensity from Data box to have the intensity value to
be taken from available data

¢ Click Set to return to the Earth Field System dialog

¢ C(Click OK in the Earth Field System dialog. You will proceed to another dialog with the same
name

¢ Set dipole codes and click OK to close the dialogs and view the system created

e To reopen the dialogs, use the Transmitter Input and Receiver Input buttons in the Tx-Rx
tab, Fig. 3.

To specify an MT system

e Select MT from the System Mode list of the Tx-Rx tab, Fig. 3.
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The Magnetotelluric System dialog appears

Declinations are measured from the Naorth
and are pozitive mowving from narth b east.

Declination of the E polarization (it degrees] ID
Declination of the H polanzation [in degrees) IE‘IJ
Declination of the Receiver ¥ axiz (in degrees) ISD

Length of the first E field dipales [in m) |1 0
Length of the second E field dipoles [in m) I'I ]

Cancel |

e Specify the declination of the E polarization in the respective field. This is the polarization of
the electric field in the source plane wave. The declination of the H polarization will change
accordingly by 90 degrees

e Set the values for the X-axis declination of the receiver. The measurement setup may be
oriented at any angle

e Set the lengths of the first and second E field dipoles
e C(lick OK

e To change your settings, click Transmitter Input or Receiver Input buttons, Fig. 3, to reopen
the Magnetotelluric System dialog and to insert new values.

To specify an EM/IP/Resistivity system
e Select EM/IP/Resistivity from the System Mode list of the Tx-Rx tab, Fig. 3

e Select between the Fixed and Moving systems

e Specify your transmitter type in the respective

Transmitter - Dipol
mmeee s = section and click Transmitter Input. The
- TxDipols Codes dialog to appear depends on the transmitter
1 M type you selected
L £ Hy Specifying Transmitter type
e L Coil Transmitter
~ Tx Drigin Coordinate —————— If you select Coil, the Transmitter — Dipole dialog
X T will appear:
¥ o ® Specify the Tx dipole codes
2 o Should you have an electric dipole, its z coordinate

will automatically set to its maximum, which is —0.1.
: Should you have a magnetic dipole, its z coordinate
QK I Retrigve | Cancel . . . .. . .
will automatically set to its minimum, which is 0.1.
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¢ For fixed systems, specify the origin coordinates in the respective section
¢ (lick OK to close the dialog and view your transmitter information on the Tx-Rx page

¢ To add a new transmitter, make sure that the Add option is on in the Tx/Rx Replacement
Mode section of the Tx-Rx page and click the Transmitter Input button to reopen the
Transmitter — Dipole dialog and specify the codes of a new dipole

e To replace a transmitter, switch to the Replace option in the Tx/Rx Replacement Mode
section and click the Transmitter Input button to bring up the Transmitter — Dipole dialog
and change your settings

Note. If at this stage you change your mind, click Retrieve to return to initial values (this button
works only in the Replace mode)

Current Dipole
If you select Current Dipole, the Transmitter Input button will bring up the Bipole Length dialog:
P
- Cancel |
Orientation [@ |
XCenbe [0 € Ty Leads F
v Centre 1100 % Frleads Tx
z .

Fig. 3a
e Specify the bipole length and select its orientation from the list.
The list contains 4 items: X, Y, Z following a blank item provided for those cases when bipole
orientation is to be specified each separate time

* In afixed system, specify the position of the bipole center in the respective fields
Should it be an X orientation, the X Center value will define the position of its center relative
to the X-axis. The z coordinate will be set automatically to —1

* In a moving system, specify the position of the transmitter and receiver relatively to each other
in the right-hand section of the dialog

¢ C(lick OK
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The Extended Source dialog appears containing the settings you defined in the Bipole Length
dialog:
Extended Source [ %]
Mumber of vertices |2
Height of Antenna |-1 Changs | T ¥ariable

r Coordinates of Vertices — N I w I v I = I
- 2 om0 o001 oo
x [

VA T
z [

Add ta the List - |

Mode ——— —ShiflEoordinate—m—
% Inset ¢ Replace \alue: 0 Apply |

Retrieve/Restone - I Replace Transmitter I
Ok, I Cancel | Reverse Currentl
Fig. 3b

To change the settings:
» Select the vertex row and type in new coordinates
» Switch to Replace in the Mode section and click Add to the List

Note. If you change your mind, click the Retrieve/Restore button to return to your previous
values

» If necessary, alter the value of the antenna height in the respective box and click Change
or, if it is to vary, check the Variable box

To replace the coordinate:

» Select it and turn the Replace button on in the Mode section of the dialog

» Change the coordinate as needed and click Add to the List

To change the coordinate for all vertices by the same value

» Select the axis from the Shift Coordinate list

» Type in the value you want to change the coordinate by in the Value box and click Apply.
To input a bipole from another survey within the same project

» Click Replace Transmitter to open the Browse For dialog

» Select the required survey and bipole in this dialog and click Replace

To change the current to reverse, click the respective button in the bottom right-hand corner of
the Extended Source dialog

Click OK to close the dialog and view your transmitter information on the Tx-Rx page
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To replace a bipole:

» Select the Replace option in the Tx/Rx Replacement Mode section of the Tx-Rx tab and
click Transmitter Input
This will bring up the Extended Source dialog (Fig. 3b)

» Make your changes in the dialog as described above, click Add to the List and OK

If you select Loop, the Transmitter Input button will bring up the Loop Dimensions dialog:

Loop Dimensions x|

# Lenath IEUU—
Y Lenagth IEDD Cancel |

= Centre " Trleads B

&
Y Centre * Fuleads Tw

—
—

Specify the length of the loop sides in the X Length and Y Length fields and the position of
the loop center relative to the X- or Y-axis

In a moving system, specify the position of the receiver and transmitter relative to each other

Click OK.

The Extended Source dialog appears (Fig. 3b):

To add more loop vertices, specify the X and Y coordinates in the respective section and click
Add to the List

To replace a loop with one from another survey within the same project
» Click Replace Transmitter to open the Browse For Tx Loop dialog
» Select the required survey and loop in this dialog
» Click Replace to return to the Extended Source dialog

For the rest of operations in the Extended Source dialog, follow the respective procedures in
the Current Dipole section and click OK to return to the Tx-Rx page, Fig. 3

To add a new loop, make sure that the Add option is on in the Tx/Rx Replacement Mode
section and click the Transmitter Input button to reopen the Loop Dimensions and then the
Extended Source dialog to specify the dimensions and vertices of the new loop

To replace a loop, select the Replace option in the Tx/Rx Replacement Mode section and
click Transmitter Input. This will bring up the Extended Source dialog right away. Make
your changes, click Add to the List and OK.
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Pole

If you select Pole, the Transmitter Input button will display the Pole Tx dialog:
e Specify the distance to the infinity pole and its coordinates

Pole Tx x|

Diztance to Infinity Pole Ok, |
|2E":":| Cancel |

Location of Pole

) T Leads Bx
W IEI

¥ T = FHuleads T«

¢ C(lick OK to proceed to the Extended Source dialog (Fig. 3b). Continue as described in the
Current Dipole section.

Specifying Receiver Type
Select the receiver type in the respective section of the Tx-Rx page, Fig. 3, and click Receiver Input.
As with transmitters, the dialog to appear depends on the receiver type you selected.

e If you select Coil, the Receiver — Dipole dialog will appear. Specify dipole codes in the
respective section. To change back to initial settings, click the Retrieve/Restore Data button

e [f you select Voltage Dipole, the Bipole Length dialog (Fig. 3a) will open to be followed by
the Extended Source dialog (Fig. 3b). Go through the steps described in the Current Dipole
section

e If you select Pole, the Rx Pole dialog will open to be followed by the Extended Source dialog
(Fig. 3b). Go through the steps described in the Pole section of Specifying Transmitter Type

In case your system is fixed, you will return to the Tx-Rx page right from above dialogs. If it is
moving, you will have to specify the separation parameter.
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Specifying Separation
In moving systems, after you have specified the receiver type as described above, the Separation
dialog will appear:

Separation

Index Am) A [m) A Flm)

" F

Mote: Ak, AN, AZ refer to relative separation bebween Tx and Rz
dx, dv', dZ refer to vector separation between Tx and Rx

i [ & I dr I & |

['ata Reference point at

= Transmitter Switch Function ™ TxLeads Bx

{* Center % Linear

" Receiver " High Order  FilLeads Tu
[ w | [

In this dialog, Index is the record number of separation and is 1 by default.

Specify the relative separation in the AX, AY and AZ boxes and click Add to List. Repeat as
many times as the number of separations you have

Select between the Transmitter, Center or Receiver options, which are conventions used as a
reference point

The center point convention means that the transmitter is located +1/2 the separation parameter
from the plot point. In the transmitter point convention, the transmitter and the plot point
occupy the same position, whereas in the receiver point convention, it is the receiver that
coincides with the plot point

To switch between the three options, select a required switch function in the respective section.
Linear is set by default

Select between the Tx leads Rx and Rx leads Tx options to define the sign (negative or
positive) of separation
To delete a separation, select it in the table and press the Delete key

Click OK to close the dialog and return to the Tx-Rx page, Fig. 3.

You can see the specified separation data in the upper right-hand field of the page. To change
these data, click the Separation(s) (Moving System) Input button above this field. This will
immediately display the Separation dialog.

Using IP/Res Wizard

You can also use the IP/Res Wizard to automatically add the geometry of your system. As of now,
only four standard configurations are available: Wenner, Schlumberger, Dipole-Dipole, Pole-Dipole:

Click the IP/Res Wizard button in the bottom left-hand corner of the Tx-Rx page, Fig. 3

The Select System dialog appears
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e Select one of the four options and click Next

» If you select Wenner, the Wenner Sounding System dialog will appear containing the
respective diagram. Change the suggested length of the transmitter dipole as needed; this
will automatically change the length of the receiver dipole. Specify the separation and click
Finish

» If you select Schlumberger, the Schlumberger Sounding System dialog will appear
containing the respective diagram. Change the suggested length of the transmitter dipole as
needed; this will automatically change the length of the receiver dipole. Specify the
separation and click Finish

» If you select Dipole-Dipole, the Dipole-Dipole System dialog will appear containing the
respective diagram. Change the suggested length of the transmitter/receiver dipole and
specify the number of receivers. Select which of the two — transmitter or receiver — is
leading and click Finish

» If you select Pole-Dipole, the Pole-Dipole System dialog will appear containing the
respective diagram. Change the suggested distance to the infinity pole, length of the
transmitter/receiver dipole and specify the number of receivers. Select which of the two —
transmitter or receiver — is leading and click Finish

To define system components to be used in modeling

If you have a number of transmitters, receivers or separations, you may choose to use either all of them
or only their concrete combinations in further modeling:

e C(lick the Select All button to add all transmitters, receivers and separations into the
Component table in the bottom right-hand corner of the Tx-Px page, Fig. 3. This will result in
all possible combinations

e Select a required transmitter, receiver or separation in the respective field and click the Create
Component button. This will add only those combinations that are based on your selections

Note. In the case of gravity, magnetic and magnetotelluric systems, the list of components will be
generated automatically.

To specify the coordinate system

In the Tx-Rx tab, Fig. 3, there are two dropdown lists: the Transmitter Coordinate System and the
Receiver Coordinate System. The first is not active, so to change it, you have to specify the
coordinate system in the second. However it is true only for moving transmitter geometries. In the case
of fixed geometries, the transmitter will always be located in the absolute coordinate system and the
option in the respective list will read Absolute: Parallel to Absolute system no matter which
coordinate system is chosen for the receiver.

In gravity and magnetic systems, the Transmitter and Receiver Coordinate System lists will both be
Absolute: Parallel to Absolute system, whereas in MT, the magnetotelluric option will be selected.

For more information on the coordinate systems in EMIGMA, go to the Specifying Output section of
the present manual.
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Specifying Profile Information
To specify profile information, go to the Profiles tab of the Property Pages dialog:

Property Pages x|

Profiles |Wavef0rm| Tr-Rx I Elutputl

s | M ame | Statiohz # | 5 # I_Ig— el uaifle
1 LINED 42 M >
(2 OMET | 37 | Tfo|tja| rf1.|umber |2— Delete Every I Apply | Impart Profile |
of Profiles
;g:;t?;:;ber I?g IShiftZ j ID Apply | Prafiles On Topography |
Add Single Station——
. |2— . I .
F'rnfflett = All Profiles Current Prafile  Replace & Insert
Prafile Marne ||_|NE‘| ID_ N IElEIEI—
[ Enable Prafile Feordering Sl IS? Join Profiles Apply |
ID ¥ |1DD
5| P | s | s | Z = Split Current Profile Aol | Z |2
R 500 100 2 after Selected station Y
2 2 -850 100 2 Add Loc I
3 2 -800 100 2 Changs
4 2 750 100 2 Nome |L”‘JE1 Apply | Deleteloc |
5 2 -Fo0 100 2
£ 2 -B50 100 2 — Generate Stations with Constant Step
7 2 600 100 2 - - -
g 5 0 100 5 Firzt Station Lazt Station
9 2 Rauln] 100 2 # 500 # 900 Mew Profile |
o2 -450 100 2
11 2 -4 100 2
N 100 Y100
12 2 35 100 2 Replace Profile |
132 =300 100 2
14 2 250 100 2 z [z z |2
'IEI 2 -200 100 2I _ILI
4 »
Station Increment |50 Mum. of Stations |3?
Fetreive D ata |
(1] 4 | Cancel | Apply Help
Fig. 4

To add a new profile

e In the Generate Stations with Constant Step section, specify the X, Y and Z coordinates of
the first station and click in the respective boxes for the last station to change its coordinates
accordingly

e Specify the step in the Station Increment box and click in the Num. of Stations box to change
the number of stations accordingly

® (Click New Profile.

The new profile will appear in the table in the top left-hand corner of the tab. By convention, this table
will be referred to as the List of Profiles. The spreadsheet-like table below will show all the stations
and their coordinates and will be referred to as the List of Stations.

Information on each profile can be viewed in the section to the right of the List of Profiles. Select a
required profile in the List of Profiles and this information will be displayed automatically.

To reorder profiles

e Check the Enable Profile Reordering box under the List of Profiles

¢ C(lick and drag profile to whichever position you need
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To rename a profile

The profile name and number will be generated automatically, with the very first profile to be named
Line 0
e Select the profile you want to change the name of in the List of Profiles (Fig. 4)

Its name will be displayed in the Change Name box of the Modify Profile section
e Replace the former name with a new one and click the Apply button to the right. The name of
the profile you selected will change respectively

To replace a profile
e Select the profile you want to replace in the List of Profiles (Fig. 4)

e Make your changes as required in the Generate Stations with Constant Step section and click
Replace

The profile you selected will be replaced with the one you specified. If necessary, change its
name as described above.

To import a profile
¢ (lick Import Profile in the top right-hand corner of the Profiles tab, Fig. 4

The Import Profile dialog will open offering you to select one of the four formats available for

import:

Import Profile E2

£ Import ASCIl Borehole file - 5
Cancel |
" Import PEV file
" Impart Columnar file
= Impart Utemd file
Fig. 4a
ASCII Borehole Format

To be efficiently imported, your file should be a text file of the following appearance:

File Edit “iew Insert Format Help

D= Slal s &= | =

HLE# Depth Reallizim Gridizim Dip

0C-01-102 O u} u} o0
0C-01-102 10 u} u} o0
0C-01-102 ZEZ0 u} u} o0

e Select Import ASCII Borehole File in the Import Profile dialog (Fig. 4a) and click OK
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The Import ASCII Borehole File dialog appears describing the format of the file to be
imported:

Import ASCIl Borehole File

Import an A5 C1 Borehole file of the following form:

Firgt Line Containg # ¥ Z location of Collar

Al fallowing lines Contain Length Azimuth and Dip

of Barehole Segments. Maximum 300 Segments are allowed
Azimuthz are measured Clockwize fram North in Dearees
Dipz are measured Down fram the Haorizontal in Degrees
Lengths and Collar Locations are in metres or feet

ASCH Borehole Filenamme

Browwzer |

()4 | Cancel ¢ Import Barehole Datal

e Click Browse to open the Borehole Data File dialog, a standard Windows-style dialog for
searching and opening files

e Select a required file and click Open. Your file path will appear in the ASCII Borehole
Filename field in the Import ASCII Borehole File dialog

¢ (Click Import Borehole Data

The Import Borehole Data from an Existing File dialog appears:

Import Borehole data from an existing file E
Special sprbol ather than space or tab used to separate I Load file |
Rowit | Column 1 | Column 2 | Colurmn 3 | Column 4 | Colu
1 HLE# Depth Realdzinm Gridazim Dip
2 0c-m-102 a ] a a0
3 0c-m-102 10 ] a a0
4 0c-m-102 220 ] a a0
4| | i
r Collar r Columns containing azimuth, dip and segment length data
[~ Included in file Callar i row: |1 Begin at row: |2
Collar positiors End at row: |4
% if calurmn; |1 b ID Azimuth [degree] data in colunin: |3
W ir column; |2 W ID Dip [deqree] data in calumn: |5
2in column: |3 & ID [ Segment length data in column ID
. ¥ Depth data in column I21
Unit: & peter
" Fest

Cahicel |

e If in the file you are importing, a symbol other than a space or tab is used to separate data,
specify this symbol in the upper box and click Load File. In the table below, you will see the
data you are about to import
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In the Collar section of the dialog:

e [f your data contain collar information, leave checked the Included in File box (it is checked
by default) and specify the row and columns containing this information

e [f your data do not contain collar information, de-select the Included in File box and specify
the collar position in the respective section

In the Columns containing azimuth, dip and segment length data section:
e Specify the columns containing azimuth and dip information
e Select between depth and segment - two ways of determining location coordinates in a borehole
e Specify the units (meters or feet) in the bottom left-hand corner of the dialog, and

¢ (lick OK. The Import ASCII Borehole File dialog reappears. Click OK in this dialog to
confirm import
This will bring up the Locations per Borehole Segment dialog:

Locations Per Borehole Segment B

Ma. af Stations > Apply to All Segments
Segment per Segment I -
Apply Mo. of Stations |

Station |5

7
A L | Increment

Apply to Current Segment |

Apply Increment I

Segment | Length [m] | A zimuth | Dip | # Locations |
Segment 1 10000000 0.000000 90.000000 2
Segment 2 210.000000 0.000000 90.000000 2

Fig. 4b
To change data of a segment:
e Select a segment in the table or from the Segment list using the scroll arrows

e Specify the number of stations per segment in the respective box and click Apply to Current
Segment. The segment data in the table will change accordingly as well as the step in the
Station Increment box

You can also choose to edit the station increment, which will lead to the respective change in
the number of stations per segment and the table data

To change data of all segments:

e Specify the number of stations per segment in the respective box and click Apply No. of
Stations in the Apply to All Segments section

OR
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e Specify the station increment in the respective box and click Apply Increment in the Apply to
All Segments section

As a result all segments will have the same number of locations and step, each changed
accordingly relative to the other

¢ C(lick OK to complete the import procedure and return to the Profiles tab of the Property
Pages dialog

Your ASCII profile will be added to the List of Profiles (Fig. 4). If necessary, change its name as
described above.

PEYV files
PEV is originally the PetRos EiKon format. PEV files can be imported, for example, from GeoTutor.
In WordPad, they have the following appearance:

a em_38.pey - WordPad

File Edit “iew Inzert Faormat Help

D|=|d| 23] ] &[ml@o] 2

/ Created on 08/05/01 by EMIGHMA V6.4 write at ZZ2:20:42
FAHCONITRUCTION 0
F+LATER 100000000, 000000 100000000.000000 1.000000 1.000000 &

NONE

/+LLYER 1.000000 10.000000 1.000000 1.000000 &
NONE

/+LLYER 100000000, 000000 Z00.000000 1.000000 1.000000 £
NONE

/+PRISN 1.760000 -1.150000 -3.270000  &5.000000 45.000000 0.000000 &
10.000000 5.000000 0.010000  200.000000 1.000000 1.000000 &
MNONE VHPLATE NZIAMP 441 Platel

/H#PRISH-INTERACTION SUPERPOSITICN

/

S HSTITEM-NAME EM34

/

/H#SYSTEM-TYPE MOVING-TE MOVING-RX

/H#TX-COORD-3YS HORIZCMTAL

/#RY-COORD-3YS HORIZCNTAL

/H#SE-COORD-3Y3 HORIZCMTAL

/#RI-DIPOLE 0HEZ

#RX-DIPOLE 1 HY

e Select Import PEYV file in the Import Profile dialog (Fig. 4a) and click OK

This will bring up the Import ASCII File with Profile Data dialog, a standard Windows-style
dialog for searching and opening files

e Select a required .pev file and click Open

The profile data from the file will be imported into your Profiles tab, Fig. 4, automatically.
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Columnar files
Columnar files have an xyz format and in WordPad they look as follows:

B 011716a.xyz - WordPad

File Edit View Inzert Farmat Help

D8] 2|z sl &|=alo] 5

A UTH X UTH_Y UTH_Z CPQ930051  CFISS00S1  CF
LINE O

319325.7208903 4062246, 029016 2220.037113 64.349998  -11.793000 6
319325.7197681 4062246.029203 2220.038422  64.500000  -11.798000 6
319325.718520 4062246.029413 2220.039894  64.599993  -11.790000 6
19 E ?17*ELQ 4N F a4F OF9FF4 0 Na4137390 A4 PREAN =11 7 infulnl I

¢ Select Import Columnar File in the Import Profile dialog (Fig. 4a) and click OK

This will display the Import columnar format file dialog:

Import columnar format file B

Filenarne IH AEmigmahE migmat'7. 7\E Rample D atabaze’ Browse |

Read
File: Content _l

LITH UTH 2 CPOS30051 CPISS0S

LINE O

31932572 406224600 222004 EB4.35
31932572 406224600 222004  EB4.50
31932572 406224600  2220.04  EB4.60

31932572 4062246.00 222004  B4.73
MOIFRTY  ANRFAMR NN PRMINA R4 AR _Iﬂ
L3

¥ Coordinate  |Header = Elevation I1

Y Coordinate  |Columnl 7 CaonstantZ [~

Z Coordinate | ColumnnZ =

ak. Cahicel |

® (lick Browse to search for a file to import. In a standard Windows-style dialog to open, select
a required file and click Open

WA

The selected filename will appear in the respective field of the Import columnar format file
dialog

¢ (lick Read to display the profile information in the File Content field

e Select the columns for X and Y coordinates from the respective dropdown lists; in the present
version, Header stands for the first column

e If you want the Z coordinate to be constant, leave the Constant Z box checked (it will be
checked by default). If you want it to be taken as is, de-select the Constant Z box and choose a
required column from the Z Coordinate dropdown list

¢ (lick OK to complete import and see the results on the Profiles tab.

UTEM4 format
UTEM4 files contain borehole data of the following format:
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Bl bhF-291 txt - Motepad _ O] x|
File Edit Seach Help

g 8282 -5708 0 368 68 2.8 1 1.81 -73.86 -10.0 57670.0 4.0 |
1 F-29M1 FOOTWALL {UTH 5158282 H 515788 E  31%el)

2 201 a 179.43 -69.58

2 201 15 188.37 -69.5

2 201 38 1808.84 -69.75

2 271 45 179.49 -78.17

2 271 6 178.46 -69.99

2 201 75 179 _A7 -60 R\

e Select Import UTEMA4 file in the Import Profile dialog (Fig. 4a) and click OK
This will bring up the Import UTEM4 Profile dialog:

Import Utem4 Profile

Cahcel
Filename

H:%ErmigrnatbhF-297 txt

Browse | Wisw

k]

Click Browse to display the UTEM Data File dialog, a standard Windows-style dialog for
searching and opening files. Select a required file and click Open

The selected filename will appear in the respective field of the Import UTEM4 Profile dialog

Click View to open the file in its original (text) format

Click OK to proceed to the Locations per Borehole Segment dialog, Fig. 4b. Continue as
described above (the ASCII Format section)

Click OK to complete import

The profile data from the file will be imported into your Profiles tab, Fig. 4. You can see them
displayed in the List of Profiles and List of Stations, with the coordinates of each location
recalculated using azimuth and dip.

To import topography

¢ C(lick the Profiles on Topography button in the upper right-hand corner of the Profiles tab,
Fig. 4
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The Profile on Topography dialog will open:
Profile on Topography

Generate a Topoaraphy Polvhedra File [%.pal] from Y2 data
By Preszing "lmport Topography"
Or: Browse for an Existing Topography Polyhedra File

Import Topography Browser

Polyhedra File

ID Fix Offzet from Topography Surface
Chooge 1.0 for magnetic Rx
Choose -1.0 for electric Rx

Ok | Cancel |

¢ (lick Browse to find an existing polyhedra file (.pol)
OR

¢ (lick Import Topography to create a polyhedra file from an available topography (.xyz) file

In the latter case, the Build Polyhedra from Topography Data dialog appears:

— Input Topography File

IH AEmigmatE samples\T opography Topog. syz

r— Filz Farmat——— =
o  DaT Browse Wiew
r Line Direction——— Units of Elevation
= Eastwes! € Marth-Sout ’75' metres feet

— Output Polyhedra File

IH SEmigmatE wamples\ T opography.T opog. pol

I B

10 Mumber of Eastery Divizions ﬂl

I'I Il Mumber of Mortherly

I'I B2 Firirum Murmber of Sample Advanced |
Build Topography | Cahcel |

¢ (lick Browse in the upper Input Topography File section to display the Topography Data
File dialog, a standard Windows-style dialog for searching and opening files. Select a required
xyz file and click Open

The filename will appear in the Input Topography File field. Simultaneously, a polyhedra file
(.pol) will be generated and saved in the same directory, as seen from the example. Its path will
be written in the Output Polyhedra File field of the dialog

¢ In the Input Topography File section:
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» To see the input topography file in the WordPad format, click View
» Select the line direction and units of elevation in the respective sections
In the Output Polyhedra File section:

» Specify the number of Easterly or Northerly divisions (conventional units into which a
polyhedron is divided for the simulation purposes) in the respective boxes. The minimum
number of samples below will change accordingly. To properly carry out simulation, this
number cannot exceed 250 (for ILN) and 1000 (for LN)

Click Build Topography

This will bring back the Profile on Topography dialog, with the newly created .pol file

displayed in the Polyhedra File field

Specify the receiver offset from the topography surface and click OK

Back in the Profiles tab (Fig. 4), see the changes in the Z column of the List of Stations.
To split a profile

Select a profile to split from the list of profiles in the upper left-hand corner of the Profiles tab
(Fig. 4) and click on the station you want to split at in the Table of Stations below

In the Modify Profile section, click Apply to the right of the Split Current Profile at Selected
Station command

In the List of Profiles, you now have two profiles instead of the former one

If necessary, rename these two profiles as described above

To merge profiles

In the Modify Profile section, type the number of the first profile you want to merge in the
upper and the number of the second profile in the lower box to the right of the Join Profiles
command

Click Apply
In the List of Profiles, you now have one profile instead of the former two

If necessary, rename this profile as described above

To reduce the number of stations

Select the profile from the List of Profiles in the upper left-hand corner of the Profiles tab (Fig.
4)

In the Modify Profile section, set the Delete Every box to 2 to delete every 2" 3 to delete
every 3" position and so on

Click Apply

In the List of Profiles, you now have one profile with reduced sampling

To shift a profile along the axes

Select the axis you want to shift a profile along from the Shift dropdown list in the Modify
Profile section of the Profiles tab (Fig. 4)
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Type the value you want to shift by in the box to the right

Choose the All Profiles option to shift data of all profiles and Current Profile to shift data
only of the profile selected

Click Apply

See the coordinates in the List of Stations change accordingly.

To add a single station

Select the station in the List of Stations before which you want to insert a new location
Leave the Insert option on in the Add Single Station section
Specify the X, Y and Z coordinates of the new location

Click Add Loc

To replace a single station

Select the station you want to replace in the List of Stations
Turn the Replace option on in the Add Single Station section
Specify the X, Y, and Z coordinates of the substitute

Click Add Loc

To delete a single station

Select the station you want to delete in the List of Stations

Click Delete Loc in the Add Single Station section.
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Specifying Waveform
To specify the waveform mode, go to the Waveform tab of the Property Pages dialog:

Property Pages *

Profiles ‘wfaveform ITx-Fhvc I Dutputl

rwiaveform Mode —————— Time Units —
# | Freq - =L 57
1 0.007000 £ Frequency € Static Frequency Total I € miec
2 0.01700 :  Sec
3 0.02700 ¥ Spectral " Time Waveform:
4 0.03700 Freviews Tranzfom | Pulze To Step |
] 0.04700 r Frequency Mode
g 0.05700 Made -
7 0.08700 ’7 £ aid € Bl r Logarithmic Step
] 0.07700 — Eplace "
Iitial F H 1
3 0. 0a700 nitial Frequency(Hz) I € Base?
10 0.03700 p— F # |5;f B of Decades in I
11 01070 feAEney ascending order 3 & Baz= 10
12 0117 Frequency valug[Hz] I'I a7 I
13 0457 # Freq/Decade 3
14 01370 ) |
15 01470 <= fdd to List <~ Add to the Frequency List I
16 01570
17 01670 r Spectral Mode
18 01770
19 01870 Iput Generated
20 0.07000
21 01700 Starting sequence index I Minimum fregquency IU.UU?
22 02700
a3 0.3700 End sequence index I'I M awirnurn frequencyl'l g7
24 0.4700 . .
H e - Mumber of harmonics to skip |4
11 | 4 I from Oto 15 Base Frequency [Hz) ISD
Retieive/Restore | < Generate ahd Add to the Frequency List | Base Period (2] |-|
0K I Cancel | Apply | Help
Fig. 5

In this tab, you can specify only the frequency-domain and spectral mode settings. If your data are
magnetic or gravity, you will automatically have the Static option selected for you, with all the rest
sections of the dialog being inaccessible. If you want to model a time-domain system, you first have to
specify the spectral mode, run the forward simulation and only then you can transform your simulated
spectral data to time-domain.

To specify the frequency-domain mode

This mode is useful for direct frequency-domain calculations as it allows a list of desired frequencies
to be inputted directly:
e Select Frequency in the Waveform Mode section. This will enable the Frequency Mode and
the Logarithmic Step sections

¢ In the Frequency Mode section:
» Leave the Add option on to create a new frequency in the list of frequencies to the left

If you are creating your first frequency, the Frequency # box will be set automatically
to 1

» Specify the value of your first frequency in the respective box below and click Add to
List.
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The consequent number and value of frequency will be added to the table, whereas the
Frequency # and Frequency Value boxes will switch to the next number and value.
Create as many frequencies as needed

» To replace a frequency, select the frequency to change in the list of frequencies, turn
the Replace option on, specify the value of the frequency in the respective box and
click Add to List

» To delete a frequency, select it in the list of frequencies and press the Delete key.
¢ In the Logarithmic Step section:
» Choose the initial frequency in the respective box

»  Specify the number of frequency decades in the ascending order in the respective box
and the number of steps within one decade in the #Freq/decade box.

» Click Add to the Frequency List. In the example below, the initial frequency is 10.00,
the number of frequency decades is 3 (10-100, 100-1000, 1000-10000) and the number
of steps is 3, as well:

=

Freq

10.000

21.5443

46.4153

100.000

215.4430

464.1530

1000.000

2164.4299

4641.5898

1] 10000000

=L D00 - O O e DO —

» To change the step, type in your new values in the above boxes and click Add to the
Frequency List. The message will warn you that the previous data will be lost. Click
OK to display a new list of frequencies.

To specify the spectral mode

The spectral mode was designed to provide faster time-domain simulations. Spectra are generated at a
fixed number of frequencies, which are sampled linearly in every decade. After having passed forward
simulation (see the Forward Simulation section), they are subject to the standalone fast frequency to
time domain transform (see Appendices: FSEMTRS).

e Select Spectral in the Waveform Mode section. The Generate Spectral Suite dialog opens
e Specify the base frequency in this dialog and click OK.

The frequencies will be added automatically to the list on the left. The Input section of the
Waveform tab (Fig. 5) will display the starting and ending spectral sequence indices
dependently of the base frequency you indicated. For example, if your base frequency is less
than 20, you will automatically have 1 and 3 set for the starting and ending sequences,
respectively; if the base frequency is over 20, these indices will be 2 and 4. The number of
harmonics will be set to 8 by default. It means that each sequence (decade) will contain 12
frequencies.

e If necessary, change the spectral settings and click Generate and Add to the Frequency List
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In the Generated section, you will see the minimum and maximum frequencies dependent on the
index of the first and last sequences as well as the base frequency and base period.

To transform spectral data to time-domain

Specity the spectral mode as described above

Click Apply in the Property Pages dialog to save the configuration and OK to close the
dialog

Note. At this point you may be asked to specify the output information, if you have not done it
earlier. Go to the Output tab and select required settings as described in the Specifying Output
section.

In the Project in Database dialog, Fig. 1, select the survey your new spectral data set belongs
to and the data set itself in the Surveys in Project and Data Sets in Survey lists, respectively,
and click the Forward Simulation button E& on the main toolbar to run simulation (for
details see the Forward Simulation section)

After the forward simulation has been completed, select the newly simulated data set in the
Data Sets in Survey list of the Projects in Database dialog, Fig. 1, and click the

Transformer ©** button on the main toolbar to convert your data to time-domain (for details,
see Appendices: FSEMTRS)

If you already have a time-domain model, but want to modify it, you will have to run a new forward
simulation and transform operation. However you do not need to run the standalone transform to
convert your spectral data into time-domain. It can be done automatically from the Forward
Simulation dialog:

Click the Forward Simulation button on the main toolbar to open the dialog
In the bottom part of the dialog, click the Simulation Settings button

In the Spectral Waveform Configuration dialog to appear, check the Transform Spectral
Domain Data to Time Domain Data box

The transform operation will be performed automatically without your having to run it
separately.

Your data having been converted to time-domain, select the newly created data set in the Data Sets in
Survey list of the Projects in Database dialog and click Configuration to open the Property Pages
dialog. On the Waveform tab, you can view your time-domain data. Select between the Sec and mSec
representation in the Time Units section of the tab, which is now active.
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Specifying Output

The parameters related with data representation, normalization and fields are set in the Output tab of
the Property Pages dialog:

Property Pages

F'rofilesl W’aveforml TuFx  Output |

—Data Representation——— — Marmalization — Field(z]
[~ Save Field Calculations Canvention Divizor i
- - " Absolute % tagnitude " Borehole [Z-dov I¥ Scattered
A$parent Fiesistivity = FEM  Irphase £ Uhole Z-up]
PPE v Host
I J " Percent " Quadrature & CSAMT ~
" Ratio " Complex " Profile F Total
" Harizantal
~Tupe
 MT Impedance Tensors W i Faint Coordinates ' Ahsolute [¥ Freespace
Requires 2 polarizations by ID
Declination of the E polanzation b 0 I™ Total - Freespace

for the first run:
ID

Declination of the E polarization
for the second un:

ISD— Response Freespace j

— Marmalization Component

Z 0

% Confinuous

" Same Receiver
" CSAMT Impedances

% Mo, component{dipole]
%' Mot processed Mx Tyl z

ak | Cancel | Apply | Help |

Fig. 6

If you have already specified system geometry, profile information and waveform mode, this tab will
be filled out automatically. However you will be able to edit settings, if necessary. In frequency-
domain systems, you can change all settings in all sections. In magnetic or gravity systems, where no
normalization is used, the Normalization section will not be accessible, but you will be able to specify
different fields. In the spectral mode, all the sections of the dialog will be disabled. In this case,
normalization is performed in FSEMTRS, and since the choice of the fields is very specific, it is done
for you and cannot be changed.

In the Data Representation section, Fig. 6, three options are accessible for the time being:

e If your data are MT or CSAMT, the MT Impedance Tensors or CSAMT Impedances
options will be selected for you
¢ In all other cases, the Not processed button will be turned on

In the Normalization section, Fig. 6:

e To apply no normalization, click Absolute in the Convention subsection. This will disable all
other buttons and boxes in the Normalization section

e To apply normalization:
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Select PPM, Percent or Ratio to specify the units of your normalized data
representation. All other subsections will become active

Select the component to normalize your data to in the Divisor subsection. You can
normalize to the complex field, its magnitude or in-phase and quadrature components
by selecting the respective option in this subsection

Note. When you normalize to the magnitude of the field, the sign may be lost and outputs may
be reversed from what is expected

Choose a required coordinate system in the Axis subsection

If you have done it in the Tx-Rx tab while specifying the system geometry, the axes will be
chosen for you automatically. Otherwise, there are four choices here: absolute, profile,
borehole and horizontal:

>

Select Absolute to have the orientation of your coordinate system parallel to absolute
model coordinates. This coordinate system is the simplest to visualize and is useful for
model studies. However it is not very practical for modeling actual field data

Select Profile to have the orientation of your coordinate system parallel to the direction
of the profile; at that, the y-axis will be horizontal and on the left-hand side when
viewing down the profile and the z-axis will be pointing up and perpendicular to the x-
and y-axes. This coordinate system is useful when the orientation of system
components is relative to the profile, even if the profile has a variable elevation

Select Uhole (Z-Up) to model a borehole system. You will have the same orientation
as in the profile system, but with the z-axis being in the line of the profile. The x-axis
will be horizontal, whereas the y-axis will be orthogonal to the two and its projection
on the horizontal will be the azimuth direction of the borehole

Select Horizontal to have a coordinate system in which the x-axis will be the
horizontal projection of the profile, the y-axis is also horizontal and on the left-hand
side when viewing down the profile and the z-axis is parallel to the absolute z-axis.
Thus, it is just a rotation of the absolute system about the absolute z-axis by an angle
equal to the strike angle of the profile. It is useful for modeling systems oriented along
the profile, but leveled with respect to true vertical and horizontal

In the Type subsection:

There are two types of normalization supported by EMIGMA

>

>

Select Point to perform the point normalization

This type of normalization is, as a rule, calculated using a free-space model with the
same transmitter-receiver geometry (moving transmitter-receiver modes) or the same
transmitter loop (fixed transmitter modes) as was used in the simulation. In the latter
case, specify the coordinates of a point from which to normalize the data

Select Continuous to perform the continuous normalization

This type of normalization is only meaningful in fixed transmitter modes. The
normalizing fields are recalculated for each orientation and position occupied by a
receiver. Thus the fields are normalized to the fields that would have been present if
there had been no anomalous structures. It is especially useful for amplifying
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anomalies that may be a significant fraction of the normalizing field, but have low
amplitude because of a very small host (incident) field.

In the Normalization Component subsection:

» Select Same Receiver if you want to normalize the field of a receiver to the equivalent
free-space field modeled for the same receiver

» Select Norm.Component (dipole) to specify one-, two- or three-component
normalization. In three-component normalization, the sum of the total free-space field
from all components is used as the normalizing field

Since you normalize fields to equivalent free-space fields, Freespace will be automatically
selected in the Response list of the Normalization section.

In the Field(s) section, Fig. 6, specify the field you want to model:

Scattered fields are generated from currents flowing inside prisms, plates or other anomalous
structures. In the absence of these structures, no scattered field will be present. Scattered fields
can be thought of as “anomalies” sought after in exploration geophysics

Host (incident) fields are reflected from the electrical property contrasts in the layered earth.

EMIGMA offers the choice of outputting the sum of scattered and host fields. It is especially
useful when you want to simulate the signal from surface or airborne prospecting systems that
remove the primary field.

Total fields include scattered and host fields plus the field transmitted directly from the
transmitter to the receiver through the layer interfaces (if the transmitter and the receiver are in
different layers) or the field that could be measured were the transmitter and the receiver in a
uniform whole space (if the transmitter and the receiver are in the same layer). In other words,
the total field represents the entire signal sensed by the receiver and is often useful for
simulating surface-to-borehole and cross-hole surveys.

Freespace fields are generated as the response of the system to an absolutely resistive
environment or vacuum. In EMIGMA, both half-spaces are given the same resistivity (1008
Ohm'm), so in effect the free-space field is the response to the system in a whole-space air
model.

Total — Freespace field is useful for simulating some borehole surveys

In surface and airborne surveys, one would expect that the total minus freespace output should
be equivalent to the sum of the scattered and host fields. In principle, it is true, but numerical
round off errors can make difference, and the calculation of the sum of the scattered and host
fields from the difference of the total and free-space fields can yield poor results.

After having specified your system geometry, profile information, waveform mode and output, click
Apply in the bottom of the Property Pages dialog to save your configuration. The Model
Configuration dialog will open offering you to build a model.
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Specifying the Number and Properties of Layers

In the Layers tab of the Model Configuration dialog, Fig. 7, you can define the settings of a layered-
earth model to simulate the general background conductivity structure of the ground. This model is
conceptually simple and accounts for such geological effects as weathering, lateralization, overburden
and conductive ground water.

To build this model, one has to specify the number of layers and assign certain physical properties
(conductivity, magnetic permeability and electrical permittivity) to each layer. There is an option to
include Cole-Cole polarization parameters in each layer, as well. The model consists of two half spaces
with a number of layers sandwiched in between.

In the Layers tab:

Model Configuration [ x|

Frizma/Plates/Polyhedra La_'HEfsl

r Configuration
Nl Permeability | Fiezishivity | Permittivity | Thickness | AT
1 1 1e+003 1 1e+008 Survey Name: IPE><_2?B_2??_31 2
2 1 1000 1 Te+008
£ Model Name: [Mogel 212
Total Humber of Laypers |2
r Depth
Top Depth ID
r Edit Mode r Layer Parameters Bottom Depth P
Inzert Layer Layer # |2
r Cole-Cale Polanzation Mode Parameters V—
Resistivity [0k, m) |1 o0a C [exponent] ID-5 EEE——
Replace Layer parameker
I parameter
Rielative Permeahbility I-I [chargeability] IU,2
Delete Layer dimensionless
1 T [time constant] pararmeter |3—
Fielative Pernittivity I zeconds
Undo Delete — — -
Thickness fm] I-I =008  Resistivity & Sseptl:nllty Gnd Data Files————
Wiexported 312 10 pex View |
Restore -
Suzceptibility r Extrapolate to
Bazement
<-- Import Layers Diensity (/o] ID Conwvert to GR5Z |

Ok I Cancel | Lpply | Help |

Fig. 7

The first item in the List of Layers, a table in the top left-hand corner of the tab, will represent the
upper half space (usually air) and the last - the lower half-space (ground). The index (N) of the upper
half-space will always be 1, whereas the index of the lower half-space will depend on the number of
layers requested in the model. Since the half-spaces are to be compulsorily included in the model, the
total number of layers in the table cannot be less than 2.

To insert a laver

On opening the Layers tab, you see the List of Layers containing the first half-space by default. To add
a layer:
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e Specify the index (N) and properties of the new layer in the Layer Parameters section and
click Insert Layer in the Edit Mode section

The new layer will appear in the row specified by the index

To replace a layer

e In the List of Layers, select the layer you want to replace and change the properties in the
Layers Parameters section

¢ In the Edit Mode section, click Replace Layer
The replaced layer will have the newly set properties.

To delete/restore a layer

e In the List of Layers, select the layer you want to delete and click Delete Layer in the Edit
Mode section

The layer will be removed from the List of Layers
e To restore the layer, click Undo Delete.
The layer will reappear in the List of Layers

To import a layer

¢ C(Click Import Layers in the Edit Mode section of the Layers tab, Fig. 7. The respective
dialog will appear:

Import Layers

Import Filenanme:

I Browse | Browse Databasel

# Riesistivity Suzceptibiliy Permittivity Drenzity Thickness Cole-Cole model [T, M, T)

0 1.000000e+002 1.000000e+000 1.000000=+000  1.00e+008 0.00+000 0.00=+000 0.00e+000
1 1.000000e+001 1.000000e+000 1.000000e+000  5.00e+001 0.00e+000 0.002+000 0.00e+000
2 5.000000e+002 1.000000=+000 1.000000e+000  1.00e+008 0.00e+000 0.002+000 0.00e+000

1 | )
ok | Cancel |

¢ In this dialog, click Browse to open the standard Windows-style Open dialog and select a
PetRos EiKon file (.pev, .dat, .spt) to import layers from. Click Open. This returns you to the
Import Layers dialog, in which the Import Filename box now contains the filename you
selected and the field below shows the layers to import

OR
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¢ C(Click Browse Database to bring up the Select Model dialog and search for the model within
the current database:

Select Model

— Select from:
Frojects in Databaze Surveys in Project Model in Data Set

TEM_Borehole -
td aw_kin with topod
Helicopter M avigatic
[Questem

MT Models

over mm 54 todel Mare | Dat
no name o
final model e

Geonics Protemn Sur,
Algorithrn Calibr atior
Fd ax_min Synthetic

Tirme Domain 1P
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TEM moving loor [ < | i

Cahicel | ] |

e Select the project, survey and model in the respective lists and click OK to return to the
Import Layers dialog

The list of layers will be displayed in the respective field of the dialog

¢ C(lick OK in the dialog to complete import and return to the Layers tab, Fig. 7. You now see
the List of Layers containing the imported layers and their properties

The Configuration section, Fig. 7, displays the name of your current survey and the Depth section -
information on the depth of your new layered-earth model.

To build the Cole-Cole model:

The Cole-Cole model is useful for representing the electrical conductivity or resistivity of a polarizable
material and, therefore, allows one to account for frequency dependent conductivity effects associated
with low frequency IP phenomena.

¢ Check the Cole-Cole Polarization Mode Parameters box to activate the respective section of
the Layers tab, Fig. 7

e Specify chargeability, m, a time constant, 7, and a frequency dependence, c¢, - the three
parameters that describe conductivity/resistivity, magnetic permeability and electric
permittivity in EMIGMA

Resistivity & Susceptibility Grid Data Files

In the Resistivity & Susceptibility Grid Data Files section, you can view .pex files created as a result
of the 1D inversion within EMIGMA. The names of such files, if available, will be displayed in the
field of the section

e C(Click View to look at the data in the text format. A text file contains resistivity data as well as
coordinate and depth information.

Note. To view these data in a grid form, close the Property Pages dialog, select the PEX file

from the Data Sets in Survey list, Fig. 1, and click the PEX file ﬂ button on the main toolbar
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¢ C(Click Convert to GPSZ to include topography in the resistivity pattern available. This
command will be active if your PEX file contains GPS data. When launched, it recalculates Z
coordinates by subtracting depth values from the GPS data

OR

e C(lick at first in the Extrapolate to Basement checkbox to prevent the resulting pattern from
being ragged and disrupted at the bottom. Then click Convert to GPSZ
A new GPSZ data set will be added to the Data Sets in Survey list of the Projects in

Database dialog, Fig. 1. Click the PEX file button ﬂ on the main toolbar to see the results of
the conversion.

Specifying the Number and Properties of Targets

EMIGMA allows simulation of different complex conductivity structures that can be represented
by right rectangular prisms (overburden thickness variations, fractures, lithology changes, etc.)
and plates (dipping tabular bodies). The prisms and plates can further be converted into
polyhedra in the Visualizer to build more complicated geometrical shapes. Polyhedra can also be
created from scratch.

In the Prisms/Plates/Polyhedra tab of the Model Configuration dialog:
x|

Prismsz/Flates/Polyhedra | Layers |
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Fig. 8
To insert a target

e Select between Prism, Plate and Poly in the Model section of the tab
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The Target Properties section will automatically display the number and name of the model.
Change the name, if necessary

e Specify the scattering algorithm to be used in the Scat. Algor. section. If your model is a
prism or polyhedron, two options are available, LN and ILN, whereas in the case of a
plate, the VH option is selected by default

Note. You can find more information on these algorithms in the manual “Forward 3-D
Electromagnetic and Magnetic Simulation Platform for Comprehensive Geophysical
Modeling”, Feb. 2000

e In the case of a plate, select between the Center and Top options in the respective
section. Both options represent the reference points of a plate in the absolute frame, the
first coinciding with its center and the second — with its top center

® In the case of a polyhedron, click the Import Polyhedra button in the bottom right-hand
corner of the tab. This will open the standard Windows-style Open dialog offering you
to select an existing polyhedra file (.pol). Select a required file and click Open. The
name and path of this file will appear in the Poly Filename box

Note. To create a polyhedra file, use the standalone polyhedra generator available in
EMIGMA (PolyGen.exe)

¢ In the Model Properties section:

» Specify the physical properties of the target (conductivity, magnetic permeability,
electrical permittivity)

» Set density in the Density box, which becomes active in gravity systems

» To account for remanent magnetization in magnetic systems, click the Remanent
button. In the Remanent Magnetization dialog to open, specify the inclination,
declination and relative magnetization parameters

e To account for frequency dependent conductivity effects which are often associated with
low frequency IP phenomena, check the Cole-Cole box to activate the respective section
and specify chargeability, m, a time constant, 7, and a frequency dependence, c, the three
parameters describing above effects:

Chargeability is the proportional drop in voltage immediately after the current is turned
off. 1 is a maximum, .6 is a large chargeability, .004 is common for many background
materials

Frequency dependence (exponent) generally ranges from 0.5 to 1.0, with 1 indicating
one IP decay for the anomaly

Time constant (decay in seconds for a scattering object) generally ranges from 0.5 to
3.0 seconds

¢ C(lick Insert Target in the Edit Mode section. Your target will be added to the List of
Targets, the table in the upper left-hand corner of the tab, Fig. 8.

To delete/restore a target

To delete a target:
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e Select it in the List of Targets and click Delete Target

To restore a target:

¢ C(lick Undo Delete, if you have deleted your target and now decide to bring it back
OR

¢ C(lick Restore, if you have deleted, replaced or changed your target and now want to
cancel all the changes made ever since and return to the initial version

To import a target

¢ (lick the Import Target button in the bottom of the Edit Mode section, Fig. 8. The
Import Model dialog appears

zl
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To import a model from an existing PEV file:

¢ (Click Browse in the Select from File section to open the standard Windows-style Open
dialog and select a PetRos EiKon file (.pev, .dat, .spt) containing a required model

¢ Click Open. This will return you to the Import Model dialog. The Import Filename
box will now contain the filename you selected, and you will see the name of the target
to import in the respective field on the right

¢ C(lick Insert Target to complete the import
To import a model from the current database:

e C(lick Select from Database and select the project, survey and model from the
respective lists

The name of the model will be displayed in the Target Name field on the right
¢ C(Click Insert Target to complete the import

As you return to the Prisms/Plates/Polyhedra tab, Fig. 8, you find the imported model
added to the List of Targets.
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To import topography

For more realistic representation of your model, you can synthesize topography and polyhedra

e Select Poly in the Model section and specify the physical parameters of your target in the
Target Properties section

¢ C(Click the Import Topography button in the Edit Mode section. The Build Polyhedra
from Topography Data dialog appears:

Build Polyhedra From Topography Data

r Input Topography File

IH AEmigmatE xamplesh T opography’ Topog. syz

r File Format

& oz C DAT Browze Wigw
r Line Direction———————— 1~ Units of Eleveation
¥ Eastwesl € Morth-Sout ’75' metres " fest

— Output Polyhedra File

IH AEmigmatE samples\T opography.Topog. pol

I B
10 Mumber of Easterly Divizions ﬂl

I'I 0 Mumber of Mortherly
|1 B2 Finirum Mumber of S ample Advanced |

Build Topography | Cancel |

¢ Click Browse in the upper Input Topography File section to display the Topography
Data File dialog, a standard Windows-style dialog for searching and opening files. Select
a required topography XYZ file and click Open

The filename will appear in the Input Topography File field. Simultaneously, a
polyhedra file (.pol) will be generated and saved in the same directory, as seen from the
example. Its filename will be written in the Qutput Polyhedra File field of the dialog

¢ In the Input Topography File section:

» To see the input topography file in the WordPad format, click View

»  Select the line direction and units of elevation in the respective sections
¢ In the Output Polyhedra File section:

» Specify the number of Easterly or Northerly divisions (conventional units into
which a polyhedron is divided for the simulation purposes) in the respective boxes.
The minimum number of samples below will change accordingly. To properly carry
out simulation, this number cannot exceed 250 (for ILN) and 1000 (for LN)

» Click Advanced to specify the boundaries of the topography you are about to import
in the Advanced Settings dialog to appear
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e Back in the Build Polyhedra from Topography Data, click Build Topography

This will return you to the Prisms/Plates/Polyhedra tab, Fig. 8. In the Poly Filename
field, you will see the newly created .pol file

e (lick Insert Target to add your polyhedron, topography inclusive, to the List of Targets

To specify the number of sampling points

If your model is a prism or polyhedron, the Internal Current Sampling section, Fig. 8, will be
enabled suggesting 100 points as a default value for LNPRISM. You can change it as needed,
with a maximum of 600, which is often more than enough. The Advanced button allows for a
more accurate setting:

¢ C(Click Advanced to open the Advanced Prism Sampling dialog

® Type your values in the X, Y and Z boxes. The multiplication product of these values can
be viewed in the Total Number field of the dialog

¢ Click OK to close the dialog and view the result in the Number box of the section

If your model is a plate, the Internal Current Sampling section will be disabled and the
respective number will be set to 441. This value represents a mesh of 21 by 21 used to calculate
the scattered current distribution in the VH scattering algorithm and cannot be changed.

In this section, you can also specify the type of interaction between various prisms or plates in
your model:
¢ (lick the Interaction button. This brings up the Prism Interactions dialog

e Select between the four options available in this dialog:
The Superposition option simply adds the target responses that do not interact

The Near-Field option accounts for the current flow between your targets and regional
conductors in contact with them

The Far-Field option includes the primary effects of multiple conductors not in contact
with your target

The Automatic Mode option sets interaction for you automatically
¢ (Click OK
To specify the model size and position

e In the Scale Factor (m) section, specify the geological dimensions of your target,
including its strike, dip and thickness

e In the Rotation (degree) section, specify the Euler and geological angles in the
respective fields to provide the required orientation of the model

To replace a target
e Select the target you want to replace in the List of Targets, Fig. 8
¢ Change settings in the rest of the sections as needed and click Replace Target
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Saving your model
¢ Click Apply in the bottom right-hand corner of the Prisms/Plates/Polyhedra tab

¢ C(lick OK to close the Model Configuration dialog and return to the initial Projects in
Database dialog, Fig. 1. The box on the Model button in the bottom of this dialog will be
ticked off to signal that your data set now contains a model

Note. To reopen the Model Configuration dialog, click the Model button
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DATABASE PAGE: ORGANIZING PROJECT INFORMATION

The Database dialog, Fig. 1, is divided into 3 levels of data management.

Projects

In the Projects in Database section of the dialog, you can create or delete projects and
change their names. To create a new project, see Creating Projects from Imported Data and
Creating Projects from Scratch.

To change the name of a project

e Select it in the Projects in Database list in the upper left-hand corner of the section and
type a new name in the Project Name box below

¢ (lick the Change Name button
To delete a project
e Select it in the Projects in Database list and click the Delete Project button.
The message will ask you to confirm deletion

¢ (lick OK

Surveys

In the Surveys in Project section, Fig. 1, you can see a list of surveys available in each
project. Here, you can add or delete surveys, provide them with comments, change their
names or create back up files. The Survey ID number is generated automatically.

To add a new survey

¢ C(Click Add Survey in the Surveys in Project section. The Property Pages dialog will
open suggesting you to specify your survey parameters

® Perform all the steps described in the Creating Projects from Imported Data and Creating
Projects from Scratch sections. Back in the Projects in Database dialog, you can see
your new survey added to the Surveys in Project list

To rename a survey

e Select it in the Surveys in Project list. Its name will appear in the Survey Name box to
the right

e Replace the old name with a new one and click Change
To provide a survey with comments
e Select the survey in the Surveys in Project list and click the Survey Comments button.

The respective dialog will open. For your convenience, you can pin it to prevent it from
closing during other operations, if any, in the Projects in Database dialog

e Write necessary comments in the empty field of this dialog, click Save and Exit
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To view or change comments

® Double-click the survey you want to display your comments for or select it in the list and
click the Survey Comments button

The Survey Comments dialog will open containing the earlier written comments
¢ Change them as needed, click Save and Exit

To create a backup survey

e Select the survey in the list and click the BackUP button. This will automatically create a
backup file and add it to the Surveys in Project list

To delete a survey

e Select the survey to delete and click the Delete Survey button.
The message will ask you to confirm deletion

¢ (lick OK. The survey will be removed from the Surveys in Project list

Data Sets

In the Data Sets in Survey section, Fig. 1, there is a list of data sets available in each survey.
They all are characterized by the same configuration (system geometry, waveform, profile
and output settings). Whenever you do any operations with your data set — subject it to
simulation, transform or inversion - the program will ask your permission to overwrite it;
otherwise it will create a new data set, with a name differing from the initial one by an
automatically generated number attached to its end.

The Data File Name box below the list contains the name, which EMIGMA assigns to each
data set to store it with in the respective database directory

The boxes to the right of the list display information on the type of data (measured or
simulated; frequency-domain, time-domain, spectral, static, gravity), data set ID (EMIGMA
internal number), the date of creation, and output fields.

To change the name of a data set in the list
e Select the required data set. Its name will be displayed in the Data Set box
¢ Type a new name in the box and click Change
To delete a data set
e Select it in the list and click the Delete Data Set button
A message will ask your confirmation. Click OK

To specify the name of a model

e Select the data set containing a model in the list. The model name will be displayed in the
Model Name box to the right

¢ Type a new name in the box and click Change
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This option may be very useful, since it allows you to provide additional details about
your data set.

To add. view or edit a model

e Select the data set in the list and click Model. The Model Configuration dialog will
open

e Edit or view our layered earth model on the Layers tab and your target on the
Prisms/Plates/Polyhedra tab

® To add a new model, follow the steps described in the Specifying the Number and
Properties of Layers and Specifying the Number and Properties of Targets sections

Note. Once you added a model to your data set, the box on the Model button in the Projects
in Database dialog will be checked.

To view or edit the survey configuration

e Select the survey or data set in the respective lists and click Configuration. This will
display the Property Pages dialog, Fig. 3-6, with the system geometry, profile,
waveform and output information

To view data set information

To check what kind of information a data set may contain, click the Data Set Info button in the
bottom of the Project in Database dialog, Fig. 1. The respective dialog will appear:

Pin it not to let it close if you want to search through a number of data sets

x ¢ The checked Learth box means that the data set contains a layered
2 X earth model.
™ Leatth e The checked Xborehole box means that the data set represents a
B e cross-hole survey.
arenole
[~ Has .mag File e The checked Has .mag File box means that the data set has an
™ Has .ord File attached MAG file resulting from 3D magnetic inversion within
' EMIGMA
[~ Has .pexFile
Has Belated e The checked Has .grd File box means that the data set has an
V¥ Impedance attached *.grd file resulting from inversion in EMIGMA
Tensors
e The checked Has .pex File box means that the data set has an

attached PEX file resulting from 1D inversion within EMIGMA

¢ The checked Has Related Impedance Tensors box means that the data set contains files
for different configurations of an MT/CSAMT survey.

To view grid information

If your data have earlier been subject to interpolation, the resulting grid is attached to the initial
data set. Whether or not a data set has a grid will be seen from the Has Related Grid(s) button
in the Project in Database dialog, Fig. 1. The box on the button will be checked to signal the
availability of a grid/grids. To view grid information, select the data set in the Data Sets in
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Project list, Fig. 1, and click the Has Related Grid(s) button. This will bring up the Grid
Information dialog:

G Infoimation
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Fig. 9
In this dialog, the Grid Data Set(s) list contains all the grids available with your data set
e To view information on a given grid, select it in the list. The rest of the fields and

sections of the dialog will display thorough information on this grid and the data set it
belongs to. This information cannot be edited

® To see more details, 1.e. the grid statistics per channel or configuration component
(transmitter, receiver, and separation) in a desired format (fixed or exponential), click the
Statistics button

The Grid Statistics dialog will open. Toggle through all the available channels and
configuration components to view respective grid parameters

e To change the name of the grid, type the new name in the Grid Data Set box in the left-
hand part of the Grid Information dialog and click Change Name

e To delete a grid, select it in the Grid Data Set(s) list and click the Delete Grid button
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To export a grid into the Profile Data Set

To export your grid into a separate survey/data set, click the Export to Profile Data Set button
in the bottom of the Grid Information dialog, Fig. 9. The Export to a New Survey as a Profile
Data Set dialog appears with the Orthogonal Local Dimensions field displaying the
coordinates of your grid

Export ko a New Survey as a Profile Data Set |

Orthogonal lozal dimensions:
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z |1

arientation of local " Local Grid Coordinate
U-axiz w.rt. to " Global Coordinate
alobal ¥-vector

Courterclockwise " Export Mods

(degree). Frafile Direction:
ID & U el

¥ Do nat expart pairts with MO DATA

Cancel | Expart I

e To export as a profile data set using the local grid coordinates:

» Select the Local Grid Coordinate button in the Export Mode section

» Select between the two options for profile direction in the respective section. If
you turn the U option on, the profile direction will coincide with the X-axis; with
the V option on, the profile direction will coincide with the Y-axis

In the example above, if you select the Local Grid Coordinate option, with the U
option turned on in the Profile Direction section, your profile in the resulting data
set will start at —1000 and end at 1000, with 41 stations spaced at 50 m.

e To export as a profile data set using the coordinates of the original data set:
» Select the Global Coordinate button
» Select between the two options for profile direction in the respective section.

In the example above: the profile in the original data set, as seen from the number
of stations (41), the step (50 m) and the X coordinate of the profile center (98300)
in the Centroid of Grid section, starts at 97300 and ends at 99300. The exported
profile will have the same coordinates and, since the U option in the Profile
Direction section is turned on, will coincide with the X-axis
e To prevent export of points containing no data, check the respective box in the bottom of
the dialog

¢ Click Export. The new survey appears in the Surveys in Project list, Fig. 1, containing a
new data set. Change the name of the survey and data set, if necessary
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To export a grid into the Geosoft format

To use your data in Geosoft’s Oasis Montaj, export them into the Geosoft format. Click the
Export to Geosoft (.grd) button in the bottom of the Grid Information dialog, Fig. 9. This will
bring up the Geosoft Export dialog:

il Geosoft Export

3

r Data Selection

Data IData

Profiles:

i

Components:

Fesponzes:

R=

Dipole Hz

Sep

Ty
| | LOaP

{* Real
 Imaginerny

[NI¥ITNINY
Geosoft I

Process: [

Phasor:

Export Il Cuit Il

e Select the data type you want to export from the Data dropdown list

All data obtained by means of import or simulation in EMIGMA, subjected to
normalization, etc., are considered as core data and referred to as Data; all the rest -
calculated through various algorithms - are considered as optional and referred to in
accordance with their type, e.g. Apparent Resistivity, Apparent Depth, IP, etc.

e Make necessary selections in the Profiles, Responses and Components boxes. The
Geosoft format can take only one component or channel at a time

¢ (lick the Output Geosoft (.grd) File button to bring up a standard Windows-style Open
dialog, browse for the directory and folder to save the output file into and click Open.
The output filename will appear in the respective box

¢ (lick Export to complete export to the Geosoft format

To export a grid into the XYZ format

¢ C(Click the Export to xyz-file button in the bottom of the Grid Information dialog, Fig. 9.
The XYZ Export dialog will open offering two different options of export: one transfers
data to the standard XYZ format and the other to the Geosoft’s Oasis Compatible XYZ
format:
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Export * syz Il

Export *.gbn"

Export * est Il

view || out ||

Select the profile and channel to export in the respective lists. You can choose to select
all available profiles and channels by checking the respective boxes below the lists

Click Browse to bring up a standard Windows-style Open dialog, specify the directory
and folder to save the output file into and click Open. The output filename will appear in
the Output File box

To view the output file in the text format, click View in the bottom of the dialog

Click Export *.xyz if you export your data into the standard XYZ format, Export *.gbn
if you export them into the Geosoft’s Oasis compatible XYZ format and Export *.eet
(.qct) if you export your data into the XYZ format to further subject them to quality
control in PetRos EiKon’s QCTool

To remove “no data’ points from vour grid

Click the Remove Extrapolated Points button in the bottom of the Grid Information
dialog, Fig. 9. This will bring up the Set Spatial Radius dialog:

Spatial B adiuz:

x|

T

Calculate default B adiuz

£ Slow

|

{* Fast

Cancel |

Set a required spatial radius to restrict the area of interpolation. You can also click the
Calculate Default Radius button to use the radius set by default

In the present example: a spatial radius of 50 means that if there are no data in the radius

of 50 m around a given point — a grid cell center, — this cell will be removed from
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interpolation

e Select between the slow and fast interpolation algorithms (slow is more accurate, but fast
is almost always sufficient) and click OK

Your new grid will appear in the Grid Data Set(s) list of the Grid Information dialog,
Fig. 9.

Note. To view your grid, select the data set and click the GridPresentation button B on the
main toolbar.

Calculate the Difference of Two Grids

To create a new data set which contains the difference of two grids, first select the grid data set
that you would like to subtract from, then click the Difference of grids button at the bottom of the
Grid Information dialog. The Difference of grids dialog appears:

Difference of grids |

Select Deducted Grid from List
Initial Grid
|MatNeighbour_351
Selected Grid to
|DerivlB256

Resulk Grid D ata Set Mame:
|Dif_?9EIJE!IZIEI-?EIEIa"E1 1]

[rata Sets in Current Survesy:
- 4 B Field_286_287_ 289 -
i LB DerivlBu25E

Phe B UpDown_ 162256
-4 B Field 286 287 289
LBl Matheighbour 375 =l

Subtract I Cancel |

In this dialog, the grid data set that you selected is displayed under Initial Grid. The name of a
default grid which is to be subtracted from the initial grid is displayed under Selected Grid To.
This grid can be changed by selecting a different one from the Data Sets in Current Survey list.
The data sets which are not selectable are displayed with a red diamond next to the name. The
selectable grids are listed under the data set name. The name of the resulting data set containing
the difference of data is displayed under Result Grid Data Set Name. This default name may
modified. Click Subtract to create the new grid data set.
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Data Processing

Click on the Data Processing tab on the Database dialog to reach this tool:

= Project Swedish hixed loop fData Sel: temb vhiMeas in Database: E-\E migma¥7_8\Fxample Database\Fxam... 9 [5] E2

NI N N N R N

Use this tool to make changes to the profiles in a survey.
* Click on the profile you would like to modify in the Profiles and Locations list.

To change names:
 Edit the name that appears beside the Profile label and click Change Name. Click Save
to keep your changes
* Click Delete to delete the profile. Click Save to keep your changes.

To sort profiles:
* Select the sorting index and click the Sort button.

To apply 1D Filters to the locations:

* Select either a digital or spatial filter type. Select the filter from the drop down list and
click Apply.
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DATA CORRECTION PAGE

The Data Correction Page allows you to edit the data values as well as the X, Y and Z values of
the data set.

i
Databaze I Data Processing  [Data Corection | D ata Fleduction
 Select a channel: — — Carrection:
Data of [LmETD | 4l
Drata Tupe: Apply to: IData vl
[Data -] | [l 2Data | | | 52|
Transmitters: 1 3476772er. 20000 75.00 1.00 = pply for sfl Eharels
2 3.4R9953e+. 175,00 75.00 1.00 .
J|B EjF‘TH =l |5 3usesager. 000 75.00 1.00 I Apply for ol locations
ol 4 | 3446908+ -125.00 75.00 1.00 .
. 5 3439419+ -100.00 7500 1.00 B gl (e <l Plsllae
| S| |8 -3428410e. 75.00 75.00 1.00 :
o 7 3392097+ 50,00 75.00 1.00 Reverse sign |
e 8 -3363750e+.. 25,00 75.00 1.00 e
BOEMEr: 9 -3.328775e+.. 0.00 75.00 1.00
|Dip0|e Bx 'I 10 -3.274833e+... 25.00 75.00 1.00 IMuItipI_l,J Data ﬂ
] 11 32156276+ B0.00 75.00 1.00 _ -
12 -3.26025%+.. 75.00 75.00 1.00 Correction Multiplies
= [ 12 36232906+ 100.00 75.00 1.00 E
14 3871324e+. 125,00 75.00 1.00
A 15 3910587e+.  150.00 7500 1.00 |
Resporsss: 16 -3.802307e-+. 175.00 75.00 1.00 Unds Apply_|
ITotaI <[ |17 271135k 200,00 75.00 1.00
: [e|ete Companent |
riits:
InTesIa
Phazar Calunin YWigwm Coord. Units
{* PReal Column Select & meters Save |
= Imaginary IEDIumn 2 j I j £ fest

Column View defines the columns that are displayed

Select a channel:
Select the Data Type, Transmitter, Receiver, Time Channel or Frequency, Response and Phasor
of the data to correct

Correction Apply to: You can chose to apply to some or
-all time channels

-all locations

-all profiles

Operations:

Select the operation from
-Multiply Data

-Shift Data

-New Value

-Set NODATA

Define the Correction Multiplier and click Apply
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Reverse Sign: Can be applied at the touch of a button
Delete Component: A component can be deleted at the touch of a button

Once you are satisfied with your corrections, select Save
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EMIGMA’S MAIN TOOLBAR

The database Design of EMIGMA V8 allows all tools to be fully integrated and to share/access
the data in the database. Thus there is no need to open and save flat .pev files. There is also no
need to save a Database .mdb file, once it has been created. EMIGMA continuously updates the
.mdb file as changes are made.

The main toolbar can be divided into three parts: the database toolbar, the basic tools toolbar and
the processing tools toolbar. Depending on your preference, you can move these toolbars to

different places of the screen; for example, you can leave the first on top and move the second to
the bottom, right or left, changing its position from horizontal to vertical and vice versa.

Database Toolbar
e ) e [ A e )

E - The New Database button allows you to save a new database

B3 _ Click the Open Database button to open another database. Emigma will display the Open
dialog box, in which you can locate and open the desired database

*™ _ The Tools button provides a number of operations with your files and data (file cutting,

column interpolation, Lat/Lon to UTM conversions, etc.)

08 _ The Main Window button is engaged when you open a database and the Database page of
the main dialog appears. You can switch this dialog off only by disengaging this button.
Otherwise it will always be either opened or minimized in the bottom left-hand corner of your
screen

Bl The Refresh button updates the tables of the database so the effects of deleting or adding
data sets will be seen in the database project page. Usually the database is automatically updated
after a change and this function is not needed

&8 - This button exports data sets to various formats, such as *.pev files for use with Emigma
v6.4, other databases as well as to *.xyz columnar files. You only need to select the data set to be
exported before this button is pressed in the case of the *.xyz and *.pev files

o The Import button opens the DBImport dialog with a list of available imports. You are
asked if you would like to create a new project. If you select no, a new data set will be added to
the currently selected project. Otherwise, a new project will be created. A default name will be
given to the project if one is not given

[] [l . . .
EI - The Merge Data Sets button combines data from two different data sets together into one
data set
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Basic Tools Toolbar

g | = 0~ 1 T N S =

F Visually edits the profiles of the selected survey

- Launches the plotter with the selected data set

Iz | - Launches the visualizer with the selected data set. You can see the data set’s data and add
a model using visual tools

- Provides presentation of your grids

5 2

- Pseudo-Section

F'ﬂ

EH
- PEXShow tool provides 2D representation of geoelectric sections

b

== - Data Corrector combines dynamic spreadsheets and line plotter for data cleaning, missing
data interpolation and simultaneous plotting of different data channels for fast cross-analyses

E: . .
==4 - Launches the contour application with the selected data set.

F= - MultiGrid tool allows viewing and comparing up to 4 grids at a time

Processing Tools Toolbar

B3| 2] eo|MEDIEA| ot|ws-[or =] B 4]

Generates an interpolation of the selected data set on a regular grid to facilitate the viewing
of the data in the contour application

¥ Data Decimation and Filtering

Z1| - Calculates derivatives along the three principal axes for the selected data set. Data set
must be gridded where the number of data points along an edge is a power of two.

Iﬂl - Calculates resistivity halfspace model for airborne data or calculate a sengpiel section
(EikMap)

El - Provides 1D inversion for EM, Resistivity, MT/CSAMT data

- Generates a 3d susceptibility model from dc mag data in the selected data set that can be
viewed in the visualizer and contour application

EI - Calculates the simulated data for the selected model

@1 _ Converts the frequency domain data in the selected data set to time domain data

- | - Model Optimization
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£ | _ Calculates a background field and shows the resulting vectors in the visualizer. Only
available for data sets with fixed transmitters

=] Calculates a tomogram of the selected data set. Available only for crosshole data sets

& - Calculates Magnetic Compensation Coefficient

Al

L= - Applies magnetic compensation

Please find below guides to some of the Interpretation tools. Those not covered by this
manual are underway; do not hesitate to call us and ask about the updates.

3D Visualizer ( "z))

You can build models in the Visualizer (3D VisRD) as in EMIGMA V6.4. Select the Data Set

and choose the "% | icon. Your model will appear in the 3D graphical viewer. Simultaneously the
VisRD toolbar appears under the main toolbar of EMIGMA:

O|=|d| 2| o|#|[r 8[%%|=2][- «[»[s]| mHs]

Lz WA R DY RN b e d Rl

You can access the Property Pages by clicking the | button on the Visualizer toolbar, or
select the prism, or layer, right click and bring up the properties window. You can import layers,
models, polyhedra and topography from datasets in your current database, or you can browse for
a .pev file.

You can also build or modify models through Configuration on the Database Page of the main
dialog. Configuration has the same functionality as the Properties Pages had in EMIGMA
V6.4 VisRD.

All properties of the Survey, including the profile, frequency/waveform, transmitter/receiver,
Prisms/Plates/Polyhedra, Layers and Output sections can be viewed and modified.

IMPORTANT - Once you have made your changes in Visualizer, be sure to Save to Database
to update the database before running a simulation. If you do not save to database, your changes
will not be updated.

We offer you a number of exercises below to get familiar with the ways of modifying,
editing and manipulating objects in EMIGMA'’s Visualizer.

Exercise 1: Editing Layers and Prisms/Plates
TEM_Borehole Project in ExampleDatabase
To view the model, rotate it 90 degrees by doing one of the following:

¢ Rotate the dial bars in the bottom left hand corner of the window

or
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Select the View Mode button @, click the model and, holding the button down, rotate
the field of view.

To edit the layers:

Click the Property Pages button on the top toolbar and go to the Layers page
Select the 2™ layer from the Layer List

In the Layer Parameters section, change the resistivity to 25 and thickness to 30
Move to the Mode section, click Insert Layer

The Layer List now displays 3 layers instead of the initial 2.

Select the 3" layer and in the Layer Parameters section, change the resistivity to 5000
Move to the Mode section and click Replace Layer

Click Apply, then OK in the lower right hand corner

On the top toolbar, click the Toggle Layers button B 6 turn the layers on and view the
model

Use the Pick button M to switch from the manipulator hand to the selection arrow

Click on a layer (the layer will be outlined in white), right-click and select
Model/Layer/Properties from the popup menu to display a small dialog with the layer
properties. Selecting other layers updates the properties in the dialog. You can change the
properties of the layers as needed

Use the Toggle Layers button B 6 turn the layers off

To edit the plate:

Click on the plate, right-click and select Properties from the popup menu to display the
Anomaly Properties dialog

In the Geological Angles section, change the dip to 45 degrees
In the Material Properties section, change the conductivity to 200

Click Apply, then Close.

Save as a new filename.

Viewing Data in VisRD (continuation of Exercise 1)

To plot the data:

Open the Data Selection dialog by selecting Show on the Data menu or clicking the
Toggle Data button ﬂ on the top toolbar

Select Plot Settings from the Data menu to open the Data Settings dialog. Change
Scaling to Constant and Appearance to display the amplitude in the Y direction, click
OK
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e Toggle through the time channels using the yellow arrow buttons < and & on the top
toolbar or scroll arrows under the Time Channel list in the Data Selection dialog

e As the data display scales to the first channel plotted, use the Scaling button il to
rescale when amplitudes are too small to display

With the Data Selection dialog displayed, you may need to shift the model into your field of
view:
¢ (lick the View Mode button @ on the top toolbar to switch to the hand manipulator

e Shift-click on the model and, holding the button down, move your model in a desired
direction

In order to see both the Data Selection dialog and the data display over the model, you
can choose to move the model to the left and the Data Selection dialog to the right side
of the window

Exercise 2: Splitting and Manipulating Prisms
In the last data set of the Italian_TEM Project in ExampleDatabase.

Change to the simple axis:

¢ (lick the Toggle Axis button |H on the top toolbar to turn the grid axis off
¢ On the Options menu, select Axis/Axis Simple/On
To split the prism:

¢ C(Click the Pick button M to switch back to the arrow manipulator

¢ Click on the prism, right-click and select Split Prism from the popup menu. The prism
will be cut equally in its local X_Y plane

e Select a split plane of X_Z and a split ratio of 1:1. The cutting tool position will change
respectively. Click Split.

¢ (lick on the northern prism, right-click, and select Split Prism from the popup menu
e Select a split plane of Y_Z and a split ratio of 1:1, then click OK.
You now have 3 prisms: northeastern, northwestern and southern.
To change the position of the prisms:
¢ (lick on the northeastern prism, right-click and select Properties from the popup menu.
The Anomaly Properties dialog appears
¢ In the Geological Angles section, change Strike to -20 degrees

¢ In the Center/Top section, turn the Center option on, change the East position to -101
and the North position to 80, click Apply

e (lick on the northwestern prism, right-click, select Properties from the popup menu to

display the Anomaly Properties dialog
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¢ In the Geological Angles section, change Strike to -10 degrees

¢ In the Center/Top section, with the Center button turned on, change the East position to
—112. Click Apply, then Close

Both the northeastern and northwestern prisms have changed their position.

e C(lick the Property Pages button on the top toolbar and go to the
Prisms/Plates/Polyhedra page

¢ (lick Interactions in the Internal Current Sampling section and select the Near Field
button in the dialog to appear. This will change the type of interaction between all of the
prisms to near field, i.e. electrical contact

e Select the first prism in the list of models, move to the Internal Current Sampling
section and click Advanced.

The Advanced Prism Sampling dialog appears
¢ In this dialog, change X, Y and Z to 2, 5 and 2, respectively, click Apply, then OK

Note: Only the number of points is saved in the file; special gridding, like the above one, is
applied only when simulation is run before saving

¢ (lick Apply, then OK on the main page

e Now you can start simulation by clicking the EI button on the top toolbar.
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Plotting (&)

To plot your data, click the EiKPlot button on the main toolbar. If your survey contains
several data sets, a message will appear asking you whether you want to compare the current
data set with the other data sets in the survey:

Emigma 7.0 il
@ Do you want to compare with other Data Sets?
Tes | Mo | Load Settingz | Cancel |

1. If you click Yes, the Survey Selection dialog will open offering you to choose data sets
to be compared with your current data set:

Project: IN LOOP_TEM Surface Surveyw IN Loop Model
Drata Sets in Survew |-| Selected Data Sets to plat: |-|
Mame | Model Marme | Type | Hame | Model Mame | Type |

LateTimelr LateTime_4 S TEM TEST CON... 5
Add ta the Selected |

Add All ta the Selected |
Remove from the Selected

I~ Show IMEEDAKTE Diata Sets in Suney
 Loading

| Load |
Loaded ID_ of I‘I— Cancel |

e Select the data set from the list on the left and click Add to the Selected. In case you
want all the available data sets to be used for comparison, click Add All to the Selected

e To remove a data set from the list on the right, select it and click Remove from the
Selected.

¢ C(lick Load
2. If you click No, the initially selected data set will be plotted automatically.

3. To load the settings of a previously created plot, click the Load Settings button to open
the respective dialog and load the settings (see below)

Static, Frequency- and Time-Domain Systems

In the case of static, frequency- or time-domain systems, the first available channel of your data
will be plotted automatically.
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To edit plot settings

-

e Click the 2 button on the EiKPlot toolbar or double-click anywhere in your plot. The
Channel Selection dialog will open:

hannel Selection

— Plat #——

— Indicate Channels

Frequency

5800 vl

e e e e e i

=10

Selections for Plot 1
Abscissa————————————————
O deanis 0% Yeawis C Z-awis

¢ Depth € Fos & O Distance

 Fiduciz [~ Keep Settings

Data Kind: I[)ata vI

B

EEEEEEEEEEEEEEK:

[ Ap Resistivity

FER Fezistivity
’7 = Feal ) Imaginary

[~ Ehargeahility
[ Derivative

Clear &l Selections |

General Information |

Reference Point &t
’7(‘ T @ Certer " Rx
Ok | Cancel |

e Select the channel you want to display from the Frequency (Time (msec) in the case of
time-domain data or Static in the case of DC Magnetic or Gravity) dropdown list and

click the Field button J to specify the fields and components

If you want several channels to be displayed on the same plot, select as many Plot #
boxes as you need. For example, if two channels are to be plotted at a time, check the
second Plot # box and select the second channel from the respective dropdown list.

In the case of static or frequency-

domain

systems,

the

Fields and

Component dialog to appear will be

as follows:

Avallable Data Sets in Surve

=

v -
Mame | Modsl Name I Data Tooe — Riesidual
Meas Freqg [} 1. IMeas Freqg v
Sirnul 5
2. [simul -
g v |~ Residual Type:
! B
& Measured " Simulated " Processed L2 Absolute
r Indicate Field: Selocted Info
— Total ~ Background Frequency Mumber: 1
™| Feal I~ Feal Walue: 9800 Hz
I7 Imaginery ™| Imaginary . )
I Ampitude (] s Profile(s) Avallable: |1 LINE7OD =
I™ | Phase I Fhase Field(z] Auwailable:
™| p Fesistivity ™| Ap Fesistivity IMeaSured Z Total-FreeSpace Imagin j
— Secondary - Tatal - Freespace Choose Component
™ Fieal I | Fieal % C vy = Z ot
I” | Imaginany. ¥ Imaginary [Gradient
I | Empitude [T Ampitude C% Oy ©z
I~ Fhase I | Phase
I™ A Fesistivity I~ | & Fresistivit I j
— Freespace —Phase
I Fieal =
I~ Imaginany © Degrees I J
I~ | &mpitude:
I Fhase € nfad [Sep 11386 0 0] =]
I™ A Fesistivity 0k | Fo— |
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Fields and Comp x|

If your data is time-domain, the Fields st Data e i1 and
. . . . Wvallable L'ata aels in aurvey R
Components dialog will differ only in Hame [ Modeltame | Data _1'_| B N the
. . . EM37 [ A
Indicate Fields section: S
‘| | ﬂ —F(!_gsidual Tupe:
L1
" Measured {* Simulated " Processe L2 O el

Position Mumber: 2

[ Total Field Walle: 25 etres

rIndicate Figlds ————— "Selected Infa

Profile(z) Available: |1 CLUSTERO 'I

=3 dary Field
[~ Secondary Fiel Field(s] Available:

[simulated Z Total Time |
[ Fieespace Field Chooge Component
’7 X © 7 2 £ Tatal
[~ Backaiound Field I j
|

[~ TotalFreespace Field Select Separation

[ep 1 [200.000000 0000000 0.000000] |

[~ Charnel 1 Feduced
Ok |

Cancel |

In both dialogs, the Available Data Sets in Survey section shows the name of the data sets
and models you have loaded and the type of data (Measured, Simulated, Processed) in these
data sets. You can see the number of channels you selected and their value in the Selected
Info section.

e Select the data set(s) to plot if you have loaded several data sets

e Check the fields and phases (for frequency-domain and static) to plot in the Indicate
Fields section

e Select the X, Y, Z or Total component in the Choose Component section if your
receivers are dipoles

e Select the bipole from the respective dropdown list to appear in the bottom right-hand
corner of the dialog if your receivers are bipoles. In this case, the Choose Component
section will be disabled

You can also select the field and component from the Fields Available dropdown list on the
right. This automatically checks the required field and selects the respective
component/bipole

Note. Checking more than one field will display the respective number of responses on the
same plot

e Select a transmitter from the Select Transmitter dropdown list, which becomes active
when multiple transmitters are used

e Select a separation to be used by the plotter from the Select Separation dropdown list,
which becomes active in the case of a moving transmitter survey
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¢ Provided you have both measured and simulated data, check the Residual box in the
respective section in the upper right-hand corner of the dialog. The two dropdown lists
below will be enabled. Select the data sets from these lists. In the Residual Type
section, select the algorithm to be used for your data recalculation

® In case total derivatives have been measured or modeled (in magnetics and gravity
surveys), select Total to enable the Gradient X, Y and Z buttons. Choose the gradient
you want to plot

¢ C(Click OK to return to the Channel Selection dialog
In the Channel Selection dialog, you can specify to plot the Apparent Resistivity response:

e Check the Ap Resistivity box. This will activate the FEM/TEM Resistivity section.
Select between Real and Imaginary for FEM and Late-T and All-Time for TEM

e Check the Derivative box to plot the derivative of the data selected. The derivative is
calculated by a simple inline finite difference

¢ (Click OK in the Channel Selection dialog to view the plot.

Note. The warning “Curves containing non-data only are not plotted” means that your
selection cannot be plotted, since it requests data that are not available.

To switch between the profile and spectrum/decay displa

¢ Select Configure/Domain or click the Domain button @ on the EiKPlot toolbar.

The Domain and Data Type Selection dialog opens:
x

— Damain —Data Type
Frequency Domain —Freguency and Time
’7 € Profile £ Spectim Electric Field
" Dipole € Bipgle
Time Domain
. Magnetic Field
’7 " Prcfile " Decap & Dol € Loop

£ Static (D] "Magnetotelluric

! Impedance Tensors:

— General Info ) Tipper Yechons
Survey Mumber: 1 € CEAMT Tensors
Profile Mumber: 1 €1 Besistivity

r Static [DC]
Ma. of Channels: 20 () G, (€ [
Mir: 0.087 mSecs
M aw: 7.03 mEecs

oK | Cancel |

¢ In the Domain section of the dialog, select the Spectrum button if your data are
frequency-domain or the Decay button if they are time-domain

¢ C(Click OK. The Channel Selection dialog appears, with the first profile position selected
by default

¢ C(Click the Field button J to the right of the selected position to display the Fields and
Component dialog
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e Check or edit the previously selected settings and click OK to return to the Channel
Selection dialog

¢ C(Click OK to close the dialog and view the Spectrum/Decay response

Note. Use the Next and Previous Channel or Position buttons (E and ﬂ) on the EiKPlot
toolbar to toggle forward and back through the available profile locations

Use the Next and Previous Profile buttons (BI and ﬂ) to toggle forward and back through
the available profiles

e To switch back to the profile display, click the Domain button @ on the EiKPlot
toolbar again, select the Profile button in the Domain section of the Domain and Data
Type Selection dialog and repeat all the further steps as described in this section.

MT and CSAMT Systems

If your MT or CSAMT data contain impedance information, the plot will be generated
automatically. However you can always view your initial data:

¢ C(Click the Survey button Bl on the EiKPlot toolbar. The Survey Selection (see above)
dialog will appear

e De-select the Show IMPEDANCE Data Sets in Survey box below the list of data sets
on the left. All initial EM data sets will appear in the list of data sets

e Select a data set (or both data sets) to plot and click Add to the Selected. The Domain
and Data Type Selection dialog will appear offering you to select between the electric
and magnetic fields:

x
— Domain —Data Type
— Frequency Damain — Frequency and Time
& Profle T Spectium Elexctric Field
" Dipole © Bipole
 Time Damain————————
¥ I agnetic Fizld
O Profile. €01 Decay ® e (O Lo
£ Static [DE] b agretatelluric
" [mpedance Tensors
— General Info € Tipper Yectors
Survey Number: 1 " CEAMT Tiensors
Prafile Mumber: 1 | Besistivity
i — Static [DC]
Mo, of Frequencies: 14 () Gzl 3 il
Iir: 4 Hz
Max: 2e+004 Hz
1] | Cancel |

If your data set contains no impedance information, the Domain and Data Type Selection
dialog will open prior to plot generation.
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To edit plot settings

-

Click the ‘€ button on the EiKPlot toolbar or double-click anywhere in your plot. The
Channel Selection dialog will appear. Select the channel you want to plot from the

Frequency dropdown list and click the Field button J
This will bring up the MT/CSAMT Tensor Selection dialog:
x

—Awvailable Data Sets in Survey

Mame | Model Mame I C ™ Measurer
czamt_ex_E3 Imped

& Simulated
1| | _,I ™ Processed

r Select Phasor r Select Element

Impedance Tensor Tipper
[~ Red I~z W Zuw [~ T
[ Imaginary WV 2w [T 2w | Ty

V' Apparent Resistivi IlJ Z Rotation [in dearees)

I” Phase [ [) 2 Profilefs) &vailable: |1 v|

 Select Response r Decomposition Features
V Tatal L)
[ etails
Flp ok |
™ Incident
[~ Eigervect
oK | Cancel |

In this dialog, the Available Data Sets in Survey section shows the name of the data sets
and models you are currently in and the type of data in these data sets. You can see the
number of channels you selected and their value in the Selected Info section.

Select a required phasor in the respective section. Checking the Real and Imaginary
phasors will display them both on the same plot. Selecting Apparent Resistivity or
Phase will cancel all other selections

Check the (-) Zyx box to de-select the respective element in the Impedance Tensor
section

Check a required response(s) in the Select Response section

Select either one or more elements in the Impedance Tensor section, which is active by
default

Specify the rotation angle in the Z Rotation (in degrees) field. This option is active
when all the Impedance Tensor elements are available

Click in the 2D box in the Decomposition Features section to bring up the respective
dialog:
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Decompozition Features x|

™ Rotational &ngle [ Skew Angle ok, |
Principal Impedances
Cancel |

[ Zay [~ Zyx

™| Enmar

= Tiwist ™ Shear ™| Anizotrapy
™ Eigerwvectar

e Select to calculate and plot Rotational Angle and Skew Angle or the principal
impedances

Note. The Decomposition Features section is yet underway. As of now, only a standard
Swift 2D decomposition is provided.

e In MT, to switch from Impedance Tensor to Tipper elements:

o Click OK in both the MT/CSAMT Tensor Selection and Channel
Selection dialogs to close them

o Select Configure/Domain or click the Domain button @ on the EiKPlot
toolbar

The Domain and Data Type Selection dialog opens:

x
— Damain —Data Type
Frequency D'omain — Frequency and Time
’V = Profle  © Spectum Electric: Field
) ipole. € Bipole
Tirne D amain
¥ I agnetic: Field
’7 ) Frafile. € Decay ) ipole. € Loop
| Static (DL Magnetotellunc
" Impedance Tensors
— General Infa ' Tipper WYectors
Survey Number: 1 € BEART Tensors
Profile Humber: 1 £ Besistivity
i — Static (DC)
Mo. of Frequencies: 25 ) Gravi, € [Magnetic:
Kir: 0.001 Hz
Maw: Je+003 Hz
ok | Cancel |

o In the Magnetotelluric section of the dialog, select the Tipper Vectors
button and click OK. The Channel Selection dialog reappears

o Click the Field button J to the right of the selected channel to reopen the
MT/CSAMT Tensor Selection dialog

You now have the Tipper section activated, whereas the Impedance
Tensor boxes are disabled. The Z Rotation box will be disabled as well,
however it may contain an angle setting if one was specified earlier

o Select the Tipper vector you want to plot
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¢ C(lick OK to return to the Channel Selection dialog
¢ C(Click OK in the Channel Selection dialog to view the plot.
Loading Additional Data Set(s)

If you have more than one data set in your survey, but you did not load them (e.g., for
comparison purposes) at the very beginning, you can always do it from your plot display:

e Select Configure/Survey or click the Survey button B on the EiKPlot toolbar. The
Survey Selection dialog appears:

Survey Selection
Froject: Caze Study Tem Survey: Exploration + Models
D ata Sets in Surves: |1 4 Selected D ata Sets to plot: |1
MHame I Model M ame I Type & MHame I Model M ame I Type I
Large Peridat...

todel 166 Model Lay...

S Meazured ]
5 Add to the Selectad |

Model 166 Model Lay... S

todel 166 Model Lay... S

Model 166 Model Lay. & Ml
5
S
5

todel 166 Model Lay...
Remorve from the 5 elecleﬂ

Model 166 Model Lay...
todel 166 Model Lay...

Model 166 Model Lay... S T
< | v

I~ Show IMPEDANEE Diata Sets in Survey
— Loading

| Load |
Loaded ID_ of I‘I_ Cancel |

e Select the data set(s) from the list on the left and click Add to the Selected. The data
sets selected will move to the list on the right

¢ C(lick Load. The Channel Selection dialog appears
e Select the channel(s) and click Field (J)

¢ In the Fields and Component dialog to appear, select the data set from the respective
list (now containing the data set(s) you added) in the upper left-hand corner of the dialog
and specify fields and components as described above

¢ C(Click OK in both Fields and Components and Channel Selection dialogs to view the
plot

Note. To plot several data sets at a time, check as many Plot # boxes in the Channel Selection
dialog as the number of data sets you want to display. Select the channels from the activated
Frequency/Time/Static dropdown lists. Click Field across each activated list and specify in
each case the data set, field and components in the Fields and Components dialog to appear.

Viewing Plots

Your data having been plotted, you get an easy access to different view options, such as
switching between profiles, channels, separations transmitters and receivers, customizing plot
appearance, viewing model properties. All this is available from the EiKPlot menu and its
toolbar offering a wide range of buttons. Or, you can also use the hot keys popping up when you
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hold your mouse cursor over the toolbar buttons.
To view the coordinates of a plot point, click it and hold the button down. You will see the X-
and Y-axis values displayed over the cursor.

To switch between profiles and display multiple profiles

If you have more than one profile, you may need to switch from one profile to another or view
multiple profiles at a time. Your first plotted profile is 1 by default.
To switch to another profile:

Select Configure/Profile or click the Profile button I_I on the EiKPlot toolbar. The
Profile Selection dialog opens:

Profile Selection E
Survey Selected: 1
Mumhber of Profiles Availakle: 21
Frofile Mumber: Characteristic

|1 j |Prnﬂ|e Mame j

I Wultiple Profiles LIMEST300

Cancel |

Select another profile from the Profile Number dropdown list. In the Characteristic
dropdown list on the right, you can select the profile name or the profile (starting) X, Y
and Z coordinates to view the respective information in the frame below

Note. You can also switch to another profile right from the EiKPlot toolbar. Click the

Next Profile BI and Previous Profile ﬂ buttons to toggle forward and back through
all available profiles.

To view multiple profiles on the same plot:

Select Configure/Profile or click the Profile button I_I on the EiKPlot toolbar. The
Profile Selection dialog opens (see above)

Select the Multiple Profiles box and click OK to close the dialog

Double-click anywhere in the plot or click the Channels button |@ on the EiKPlot
toolbar to open the Channel Selection dialog

In this dialog, check the next Plot # box to activate the Frequency/Time/Static
dropdown list and select the channel

Click the Field button J to display the Fields and Components or MT/CSAMT
Tensor Selection dialog. You now see the Profile(s) Available dropdown list enabled

Select the number of the profile you want to add to your plot from this list

Click OK to return to the Channel Selection dialog
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¢ C(Click OK to close the dialog and view the plots.

Repeat all the steps above but the first two to display as many profiles as needed on the same
plot.

Note. To switch to another set of channels or profiles, use respectively the Previous and
Next Channel or Position buttons (ﬂ and E) or the Previous and Next Profile buttons
(ﬂ and BI) on the EiKPlot toolbar.

To switch between channels. separations and transmitters

e To switch between available channels, click the Previous Channel or Position ﬂ or
Next Channel or Position 2¥ buttons on the EiKPlot toolbar.

¢ To switch between separations use the Next and Previous Separation buttons (M and
¢_I) on the EiKPlot toolbar.

e To switch between transmitters, use the Next and Previous Transmitter buttons (:'_K’
and ﬂ) on the EiKPlot toolbar.

To view multiple plots at a time

You may need to view multiple plots at a time. It is especially convenient when you deal with
responses that cannot be displayed on the same plot.

e Select Settings/Custom/Number of Plots from the menu
The Multiple Plots dialog appears:

Multiple Flots B3

Mumber of Plots o]’ |
|1
Cancel |

e Type the number of plots you want to display and click OK

The window will be divided into the respective number of plots. The first plot will be the
one you are currently in.

e [f you want to check or edit the settings of your current plot, double-click anywhere in it
to display the Channel Selection dialog. Make necessary changes as described in

e Repeat this operation for all the other plots

To switch back to the single-plot display:
e Select Settings/Custom/Number of Plots from the menu to bring up the Multiple Plots
dialog

¢ (Change the number of plots to 1 and click OK
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This will switch you back to the full-screen single-plot view again.

To view model properties

To view model properties without leaving the plotter, click the Model button m on the EiKPlot
toolbar. In the Model Description dialog to appear, you will find:

e Location details

If you have a number of bodies, select the one of interest from the Anomalies to see its
parameters

¢ Information on the conductivity, susceptibility, Euler angles, scale sizes, sample points
and interactions of your model

® Resistivity and thickness of available layers.

To view the properties of a layer, select it from the Layers list.

If you have loaded several data sets, you can switch between your models using the Previous «
and Next ® Model buttons on the EiKPlot toolbar.

To adjust the scale

EiKPlot allows you to customize your plot scale and to zoom in on a specific fragment of your
plot.

To adjust the scale settings:

e Select Settings/Scaling or click the Scaling button E on the EiKPlot toolbar
The Scale Settings dialog appears:

Scale settin x

Scaling For Plat 1

rabl S -85
[ata Min s 500 [iata MinY: 642,306
Databaz 500 Databdax  -641.986
Mim -500 Min ™ |'542-35
M an 500 Man I-B41.95
bz oAz I
Increment: 100 Increment: 0.05
M of SubTicks |1 M of SubTicks |1
[~ Auta Scaling [~ Auta Scaling

™ Log(10] Sealing
[~ Descending [ 1/

Fomat———

Decimal ID
Digits
[After Decimal Point)

' Fized (" Exponentia

[~ Lagl10) Sedling
[~ Descending
Fomat———

Decimal |3—

Diigits
[After Decimal Point)

¢ Fived ¢ Ewxponertial

Font

—

Font

—

oK |

Cancel |

The minimum and maximum X- and Y-axis settings and the X- and Y-axis increments
are generated automatically from your input data
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¢ To change these settings, type your values in the respective fields

To return to initial scaling, select the Auto Scaling checkbox. You can also do it later,
right from the EiKPlot menu or toolbar. Select Settings/To Initial Scale or simply click

the Rescale button ﬂ

Change to the descending scale by selecting the respective checkbox. De-select to change

back

e To customize the appearance of the axis labels, change the number of digits to be
displayed after the decimal point, adjust units (fixed or exponential) and set a required

font size in the respective fields

e To change to the logarithm scale, select the Log(10) Scaling checkbox.

Note. If your data contain negative or zero values, you will see a warning message

indicating negatives plotted as positives and zeroes not plotted. Click OK

¢ C(Click OK in the Scale Setting dialog to close the dialog and return to your plot.

To zoom in on a fragment of your plot:

e Select Settings/Zoom or click the Zoom button g on the EiKPlot toolbar

¢ C(lick in the area of your plot where you want the fragment to start and, without releasing
the button, drag right/left and up/down until the required fragment is selected (outlined

in green). Release the button

e To zoom in further on, repeat the operation.

The two buttons on the EiKPlot toolbar, Zoom Back ® and Zoom Forth & become

active

e Use these buttons to toggle through all the fragments you have zoomed in

-
e (lick the Rescale button ﬂ to zoom out and return to the
initial scaling.

To switch grid on and off

To toggle the grid on and off, select or de-select
Settings/Custom/Grid or click the Set Grid button L] on the EiKPlot
toolbar.

To cancel the grid, you can also use the Default command from the
Settings menu.

To customize plot appearance

EiKPlot offers you a whole set of tools for customizing your plot
appearance. You can change the color, style and label of the curve,
adjust the appearance of the symbols, edit and move the axis labels,
mask any of the plots.

To change the color and style of the curve:

x
Curve Mumber: I vl [~ Mask
r Colour

— Line

Style Salid Line hd

[available only with the minimum

— Symbol

Type IFiIIed Circle VI

Curve Label:

(i) Cancel

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



e Select Settings/Colour and Style
OR
e Double-click the curve label (top left corner). The Colour and Style dialog appears
In the Colour section:

¢ C(Click the Palette button to open the standard palette of basic and custom colors. Change
or add new colors and hues

In the Line section:
¢ Define the width of the line using the slider

This option is applicable only to the Solid Line style. Other styles do not show on the
plot unless the minimum line width has been selected

e Select the style of your curve from the respective dropdown list

In the Symbol section:

e Use the slider to increase or decrease the size of used symbols

e Select the shape you want to apply from the Type dropdown list.
Note. To reset all your color and style changes, select Settings/Default.

To change the curve label:
¢ Double-click on the curve label to change

The Curve Label field of the Color and Style dialog to open will contain this label
¢ Change it as desired and click OK

e To change back to the former label, open the Color and Style dialog again and delete
the new curve label from the respective field. Click OK. The former label will reappear

To mask a curve:
¢ Double-click on the label of the curve to mask
¢ Check the Mask box in the Color and Style dialog to open and click OK
The curve and its label will become gray
e To bring the masked curve back, de-select the Mask box

To adjust the axis labels and their font size:

e Double-click on the axis label to change (or select Settings/Labels or click the S
button on the EiKPlot toolbar)
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The Label Settings dialog appears:

Label Settings X
Lahel Size
Title: |Eh.|1 Response |25
Heanis: IHIZIlE Depth (m) |21
Yoanis | Response (nTeslasec) I 21

0]78 | Cancel |

e Make your adjustments and click OK to close the window and view the changes.
Note. To change the position of an axis label on the plot, simply click and drag the label
wherever you want.

Converting to Various Displays

EiKPlot allows you to convert plots to various displays:

o Select Settings/Custom/Flip Sim Data to multiply all simulated data by —1 and thus to
flip your plot. De-select this command to switch it back to the initial view

e Select Settings/Custom/Sim Quad Conv to flip the simulated quadrature data only

e Select Settings/Custom/Crone (X,Y)&PetRos EiKon (-Y,X), if you are the user of
Crone systems and need to convert coordinates between Crone and PetRos EiKon
formats

o Select Settings/Custom/Smooth Meas Data to process your measured data and make
the plot less jagged

e Select Settings/Custom/App Conductivity to switch between the apparent resistivity
and apparent conductivity displays.

Saving Plot Settings

This option allows for the rapid plotting of a number of models. For example, you could run a
suite of models in batch mode, adjusting your layered earth, target positions, conductivity or size.
Plot the first model and save the default settings as a .plt file. Then proceed to the next model
and simply open the .plt file. The graph will be plotted for you automatically.

To save the settings of your current plot(s) as default:

e Select Default/Save As or click the Save Settings button = on the EiKPlot toolbar.
The Save Settings dialog appears
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Select an item from a list or type a new one

Surveys in Current Project:  Settings Mame:

Geonics B1
Geonics 61 25epar 140.5
Geonicz 61 25epar 120.5

Save |
Catcel |

e Select the survey you want to save the settings file in

¢ In the field below the Settings Name box, type the name of your new .plt filename and
click Save.

To open a default setting file:

e Select Defaults/Get or click the Get Settings button E_"“| on the EiKPlot toolbar. The
Get Settings dialog appears

¢ In the Surveys in Current Project list, choose the survey your settings file is in
e Select the Settings Name and click Load.

To save changes to an existing setting file
o Select Defaults/Save or click the Save Settings button 8 on the EikPlot toolbar

¢ In the Save Settings dialog, click Save, if you want to save the file under the same
name, or type a new name if you want to save it as a separate file.

Printing Plots

EiKPlot offers two output modes: Auto (Full-Screen) and Scaled Graphic. The former
automatically makes your printed plot look as you see it on the screen. The latter enables you to
change the scale of the plot to be printed and to add an information box.

Note. To print your plot in color, select File/With Colour or turn the Colour Print button
on before setting print properties.

Auto (Full-Screen) Mode

To print the plot as you see it on the screen:
e Select File/Print to display the Print dialog

e In this dialog, specify the printer, the print range and the number of copies in the
respective fields

¢ C(Click Properties to specify the document properties in the dialog to appear and click
OK

¢ C(lick OK in the Print dialog to start printing
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To preview your plot in the Auto (Full-Screen) mode:

e Select File/Print Preview (or File/Output Settings and Preview/Auto) or click the
Auto Preview button ﬂ on the EiKPlot toolbar

e Use the Next Page and Previous Page buttons on the Print Preview toolbar to toggle
through available pages

e C(lick the Two Pages button to preview two pages at a time, click it again to switch back
to the One Page mode

¢ (lick the Zoom In button to take a closer look at your plot and the Zoom Out button to
move it away

e To close the Preview mode, click Close

e To print the plot, click Print. In the Print dialog to open, specify print properties and
click OK.

Scaled Graphic Mode
To print your plot in the Scaled Graphic mode:

e Select File/Output Settings and Preview/Scaled Graphic or click the Scaled Graphic
button B on the EikPlot toolbar. The Printed Information dialog appears:

Printed Information %]
Print Scale oK |
1: 10000

j Cancel |

e Select the print scale from the respective list and click OK. This will display the Print
Preview mode, with your plot changed to the scale you selected

Note. The Print Preview toolbar in the Scaled Graphic mode offers the same options as
in the Auto (Full-Screen) mode.

The Scaled Graphic mode also allows you to add an information box to your plot:

¢ C(lick the Print Information Box button on the EiKPlot toolbar. The respective
dialog appears:
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Information Box

(Project Kame)
|Eika012-EIH_Cr0ne March 24, 2004
(File Mame) (Lser (Date)
(Motes)
QK | Cancel |

Fill in the project name and user in the respective fields. The filename and the date are
generated automatically

Write your comments in the Notes field

Click OK. The information box will be printed in the upper right-hand corner of the
page.
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Contouring (E3)

Click the EM Contour button

dialog will open:

£5 on the main toolbar of EMIGMA. The Survey Selection

If your survey contains only one data

set, the latter will be loaded
Project: mergedd_data Survey Final automatically; if it has two or more data
Data Sets in Survey: |1_ Selected Data Sets to plot |1_ sets:
W amne | ModelMame | Tupe [ W arne: | ModelName | Tupe [ X
Tdirwersion final model 5 ek to the Selacted | Meas Freq 4... [ ) TO view Only the current data
set, click Load
Add All ta the Selected |
Remave frm the Selecte] e To compare your current data
set with some other data set in

I Show IMPEDANCE Data Sets i Survey

r— Loading

|
Loaded ID— of |1_

Load |
Cancel |

the same survey, select this
other data set in the left table,
click Add to the Selected and
Load

e To compare your current data set with all the data sets available in your survey, click
Add All to the Selected and Load

Your data needs to be already interpolated, the Choose Grid dialog will open offering you to
select the grid to display:

]

Choose Grid
’ Dizplay Previouzly
Math eighbour_d44 Interpolated Data
Do Mew
Interpolation
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Working with Contour Display

Your contour displayed, the EM Contour toolbar will appear below the main EMIGMA toolbar:
ola _I =] R = e el o e e O T T A TN S =]

=101 %]
Data Type:
|Da1a :_I
Transmitters Separafions
[ =] [+ w000 1690 0%]
R Typa Ry Digoke Crientation

R Bipoles f Loop

FEn R
& Gradient
Pl By F

l
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|1 3005000000 =l JJ _d
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|'_-:|1.3-FrslaI :J
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i Rotation I ]
" Phase _
i,

¢ Apparent Rho :
 Apparent Sigra A
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To the right of your contour display, you will see the Data
Selection dialog that opens automatically at the same time
with contour generation.

Note. To close the Data Selection dialog, disengage the
Select Data @ button on the EM Contour toolbar.

In the Data Selection dialog:

Active fields will show default selections. E.g., if there is a
choice of channels, the channel selected by default will be
the first one

Adjust the selections as needed, viewing simultaneously
the changes in your contour display:

e To switch to a different transmitter, separation,
receiver or response, select it from the respective
dropdown list

e To switch to a different channel (frequency, time),
select it from the respective dropdown list or use
the scroll buttons below

Note. You can also toggle through available channels right
from the EM Contour toolbar by using the Change

Channel Forward and Back buttons 2 and @

e Dependently of your system, make required
selections in the Dipole Orientation, Gradient,

Phasor or MT Settings sections

e Select Apparent Rho, Apparent Sigma or Chargeability to flip to respective response

e The Static (DC) section will be active if your data are Resistivity, Magnetic or Gravity
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¢ C(lick the Decay Rate button to display a contour of decay rates (for time-domain
systems only). In the dialog to open:

Decay Rate ]
= A t—P Time Windows
#| Mid -
c A =
gt 1 0,058000
2 0,107000
. 5 0,131000
Display 4 0.162000
5 0,202000
|V'F p L A & 0251000 —
7 0,315000
& 0,396000
g 0,500000
Select Al | 10 0.632000
11 0.601000 &
T S | 4] : “"’TML'_I

{* mSec " Sec

K | Cancel |

o Select between the two algorithms and display options on the left

o Select the range of decay windows on the right to be used in the decay rate
calculation. To select all windows, click the Select All button. To cancel selections,
click Select None

Note. Only multiple selections are applicable.

o Click OK to close the dialog and view the Decay Rate contour display.

By default, EM Contour generates a plane (2D) display of your first channel or separation. Other
grids that you have loaded are available by maximizing the Plot Type dialog (in the bottom left-
hand corner of the screen):
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Il Plot Type

—Measured

Selecta Grid

| dumnntgrd_mzhﬂj

=10 x|

—Simulated

—[Data Type

* Measured

) Sita|Eted

& Besidual

—Residual Type

£ Bhenlute
e e

| el

In this dialog:

1. In case there are a number of grids in the same data set, choose the one you want from the
appropriate drop down box or click Select a Grid and the Choose Grid dialog will appear
(see above) offering you to select a required grid

2. In the Data Type section, you can view the type of loaded data sets:

o If there is either measured or simulated data, then respectively the Measured or
Simulated button will be turned on, whereas all the rest options will be disabled

o If there is both measured and simulated data, you will have the third option -
Residual — enabled. In this case, the Residual Type section becomes accessible.
Select the algorithm to be used for your data recalculation

2D and 3D display

There are two modes of contour display: Plane (2D) and Examiner (3D). To switch to one or
the other, select View/Plane or View/Examiner.
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Displaying Contour Lines and Intervals

To display contour lines, click the Toggle Contour Lines button &4 on the EM Contour toolbar.
The contour lines will be generated automatically.

= =10/ i | o
You can edit their appearance in the Set Contour Lines dialog to
Font Size |'3'-'3”3'5 open simultaneously in the bottom left corner of the window:
Line Thickness I'I
et I3 e Type an integer interval between the lines and an integer
Value Interval  |0.0008897 value of their thickness in the respective fields
Farmat e Select between the integer and float formats of contour
’}' Integer & Float values in the Format section and indicate their font size in
the Font Size box
Caolor Type )
™ BLw e Select between the black-and-white and color
" Color representation of contour lines in the Color Type section
Apply | Close e C(lick Apply to view the changes and Close to close the
dialog.

To toggle between the black-and-white and color display of your contour lines, use the
Grayed/Color View button ﬂ
Moving Your Plot. Zooming In and Out
To move you plot in the Plane view:
e Switch to the hand manipulator

e Citrl- or Shift-click the contour display and, without releasing the button, drag it right/left
and up/down.

To zoom in or out on your plot:
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¢ C(Click anywhere in your contour display and, without releasing the button, move your
mouse down to zoom in and up to zoom out

Note. You can also use the Zoom dial bar in the bottom right-hand corner of the window
To move your plot in the Examiner view:

e Switch to the hand manipulator. This will allow you to examine your contour display
from various sides.

e C(Click the Set Home button ﬁﬂ on the EM Contour toolbar to define the “home” position
of your display, which is the position you can always switch back to from any other
positions

¢ C(lick on the plot and, without releasing the button, rotate it in any direction. You can
also rotate it relative to the X- or Y-axis by using the dial bars in the bottom left-hand
corner of the window

e Press the Shift or Ctrl keys to move the plot up/down and right/left
To make the plot rotate by itself:

e C(lick on the plot and, holding the button down, move your mouse in the desired
direction of rotation

® Release the button while moving the mouse. The plot will continue rotating
e To stop it, click anywhere in the screen.

To zoom in on your plot, use the Zoom dial bar.

To zoom in on a certain area of your contour display:

® C(Click the Seek button on the EM Contour toolbar. The message will prompt you to press
‘s’ on the keyboard to seek

® C(Click OK and press ‘s’ on the keyboard. The hand will change into the crosshairs cursor
¢ C(Click the crosshairs cursor over the area you want to examine more closely

The display will move nearer, with the area you clicked shifted to the center of your
view.

Notes. To return your display to the home position, click the Home button & on the EM
Contour toolbar. To bring everything into your field of view, click the View All button .
Color and Black-and-White Representation

To switch between the color and black-and-white contour display, click the Grayed/Color View
e
button *4| on the EM Contour toolbar.

To change the color of the background, select View/Edit Background Color. This will bring up
the standard color palette.

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



Viewing Profiles and Transmitters

Use the Toggle Profile button U on the EM Contour toolbar to switch the profile display on

and off.
Use the Toggle Transmitter button to switch the transmitter display on

Adjusting the Range of Data

and off.

lolx

To adjust the range of data to be displayed: —"

e Fin
¢ C(lick the Adjust Legend button &= on the EM Contour
toolbar. o

The Set Legend dialog appears. In the Isovalues section of this

[0 n0s54 | IIIIIIIIIII
|-n.nn?951| _j
IW| ’7 ...........

dialog, you can see the maximum and minimum values of your data | -«
to be used as cutoffs. By default, this range covers 97.5% of data in

e If required, change the maximum and minimum isovalues. ||,
You can do it by typing your values in the active Min and

iz
[E07338 NERRREERRE
[E07338 e

|G ‘ ...........

|BDBDBD

Max boxes or by using the slider on the right. The disabled | —
boxes below show respectively absolute minima and || M

maxima of your data
[LE

e Click Apply. The plot will change accordingly

is
[4.05802= ‘ ...........

[4.05a02e |

e | |

e To change back to initial settings, click the Reset Scaling

Apply | Cloze |

button ' = on the EM Contour toolbar.

Legend

e (lick the Toggle Legend button

on the EM Contour toolbar to display the legend in

the frame on the left of your plot. The range of contour values and colors is generated

automatically.

If you have made changes in the Isovalues section, this will show in your legend

e To move the legend to a different place on the screen, click and drag it with your hand

manipulator

e To switch the legend off, click the Toggle Legend button again

Axes

The axes are on by default. To turn them off, click the Toggle Axis button £ on the EM

Contour toolbar. Click it again to bring the axes back.

To change the length of your axes: m =10l %]
e Maximize the Axis Scaling dialog that appears in | ¥tox |71 P RS
the bottom left-hand corner of the screen |3t -
simultaneously with contour generation Z o Joooogooac :
Y g R atic I-I g j
Fezet | Apply | Cloze
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e Type in the required values of Y to X and Z to X ratios (or use the slider to the right)
and click Apply

e To change back to the initial value, click Reset

Note. The Z-Scaling button 12 on the EM Contour toolbar switches the Axis Scaling
(minimized) dialog on and off
et ax =1olx|

O [ O L

To change the axis labels:
e Select Plot/Plot Settings/Axes to bring up the Set Axes

dialog Label IEast
Font Size ID'DB

e Type new labels for your plot and edit their font size,
determine the step between major ticks and the size of | TiekLabelSie |0.03
their labels, and specify the number of subticks in the | numberofSub Ticks [1

respectlve bOXCS Step Between Major Ticks |2DD
e C(Click Apply to view the changes Matatian
’7 ™ Exponential " Fixed

¢ C(lick Close to close the dialog.

¥ Show upper axes W Show z axis
To change your coordinate settings: I Show lower axes
Apply | Cloze |

e C(Click the Adjust Legend button & on the EM Contour
toolbar.

The respective dialog appears (see Adjusting the Range of Data)

e Edit your settings in the X-axis, Y-axis and Z-axis sections of the dialog
e (Click Apply to check your changes without closing the dialog

¢ (lick Close to close the dialog when finished

Note. To view the coordinates of any point of your contour display, hold your arrow manipulator
over this point. Read the coordinates in the bottom left corner of the window right under the dial
bars.

Title and Captions -0l x]

To add a title to your contour plot:
e Select Plot/Plot Settings/Title
The Set Title dialog appears Font Size

¢ Type your title in the Label field and specify the | Calar Select Cofar |
font size in the box below

Label IHesistivit_l,l

0z

e Click Apply to view the result Apply | Elesz

¢ Click Close to close the dialog.

Print and Preview

There are two ways of printing your plot: as it is and with an information box added. In the latter
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case, click the Plot Surround button @ on the EM Contour toolbar before setting printing
parameters. The information box to appear in the bottom right-hand corner of the page will
contain information on your data type, receiver, transmitter, separation and channel.
To preview your plot:

e Select File/Print Preview to switch to the preview mode

e Use the Next Page and Previous Page buttons on the Print Preview toolbar to toggle
through available pages

e C(lick the Two Pages button to preview two pages at a time, click it again to switch back
to the One Page mode

¢ (lick the Zoom In button to take a closer look at your plot and the Zoom Out button to
move it away

e To close the Preview mode, click Close

e To print the plot right from the preview mode, click Print. In the Print dialog to open,
specify the printer and required printing settings. To do this, you can also use the Print
Setup item on the File menu

To print the plot without preview:

e Select File/Print or click the Print button on the EM Contour toolbar to display the
standard Print dialog

¢ (lick OK in this dialog to start printing.
Viewing Inversion Results
On loading a data set with inversion results, it will be possible to choose from displaying the data

as Resistivity, Conductivity or Susceptibility(Density for gravity data). Also, the legend can be
toggled between a log and linear scale:

Il Data Selection [ _ O] l

= Besistivity
&+ Log
" Conductivity

 Linear
¥ Syuzceptibility

e The display can be further analyzed using the Section Cutting tool available by selecting
Tools/Section Cutting from the menu.

Switch to gridded data by deselecting the El button on the toolbar.
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Using the Section Cutting Tool

The Section Cutting tool is available by selecting Tools/Section Cutting from the menu:

Section Cutting |

—Parallel Flane

y | a

s

Z Location IEI v b0y

Change Cutting
Diirectian [ Half Transparent

1 Inzern Plane

Apply | Cloze

To view only a section of the inversion result:

* Select the axis that the desired cutting plane is parallel to in the  Parallel Plane section.
* In the Location box, enter the location where you want your inversion cut.

* Click Apply and the inversion volume beyond the cutting plane you have chosen will
disappear.

To dynamically change the location of the cutting plane:
* Move the slider located at the top of the dialog box and the size of the volume will change as
you move the slider.

To view the section on the other side of the cutting plane:
* Click Change Cutting Direction and then either click Apply or move the cutting slider at
the top of the dialog.

To make the inversion partially transparent:
* Click the Half Transparent checkbox
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Forward Simulation (Ed)

Select the data set to subject to simulation in the Projects in Database dialog and click the

Forward Simulation button & on the main toolbar of EMIGMA 8.1. A message will ask you
whether you want to overwrite the selected data set. Click Yes to overwrite it and No to create a

new data set.

The Forward Simulation dialog will appear containing your database in the respective field:

¥i Forward Simulation I i B3 !

D atabaze iE:"-.E riigraat’ 7. B5E wample D atabazetExampleD atabaze mdb

Close: fonaard window when C | |
o zimulation completes ™ Rur bateh simulation [ Advanced Settings Sl

B atetiEmntlstiat Sdiarced

Set Hange for Models |

Dataset I_I:I- af i_ﬂ-

I m Run Sirmulation

Survey I_':'- of [H. Frogress |

blids IT - IT Eztimated Time Remaining For Current Survew: |

— Current Bur |nformation

Locations i the current praofile |EI af IEI

Prafile i 1] of | O

Componert i 0D g | 0O Achivity I

Plate i O of | O Statusz |
1]

Frequency I 2 of Eztimated Time RBemaining Faor Current Bun |

Output Log

Click Run Simulation to perform the forward simulation as is. With FEM data, simulation will
start right away. In the case of magnetic, gravity or resistivity system, the Use New Forward...
dialog (its name to depend on the data type) will open offering you to select the scattering

algorithm and the type of interaction to be used in simulation:
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Use new forward DC Mag x|

¥ Usge new simulation method

¥ Stare calculated derivatives

Algorithm and Interaction

Barn [Analgtic method)]

Borm (Mumerical method)

Far figld under BORM scattering
Super position under LN scattering

Far field under LM scattering
Mear field under LM zcattering

¢ Check the Use new simulation method box in the upper part of the dialog to enable the
list of methods below and select a method to apply. This option is available only for
magnetic or resistivity data

e Check Store calculated derivatives to save the derivatives in the same data set. This
option becomes active in case you are using a new simulation method

e (Click OK to start simulation.

In the case of TEM, the Run Simulation button will bring up the Spectral Waveform
configuration dialog:

Spectral Waveform configuration
Start Sequence Index [from -1 ta ¥) |2
End Sequence Index [from -1 ta 7) |4

Mumber of Harmanics to zkip (fram O ta IB

Mumber of Frequencies per Decade IS

Finimum Frequency [Hz] I'I 7
b aimurn Frequency [Hz] I'I?'SDD

Transfarm spectral domain data to time domain
M data

QK. | Cancel |

» Check or change, if necessary, the starting and ending frequency sequence indices
and the number of harmonics to skip in the respective boxes. The values in the
Number of Frequencies per Decade, Minimum Frequency and Maximum
Frequency boxes will change accordingly

» Check the Transform Spectral Domain Data to Time Domain Data box to run the
respective operation automatically

This option is useful when you have modified an already available time-domain
model and want to subject it to another forward simulation. In this case, you will not
need to run the standalone transform to convert your spectral data into time-domain;
this option will provide this operation automatically
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» Click OK to apply changes and close the Spectral Waveform Configuration
dialog. Click Cancel to cancel the changes, if you have made any, and close the
dialog.

During simulation, which may take a long time, the Forward Simulation dialog will keep you
updated on the progress, providing information on the status and estimated simulation time of a
current survey on the whole and each current run in particular.

Note. You can minimize the Forward Simulation dialog to do some other things maximizing it
from time to time to check on the progress. The Cancel button closes the Forward Simulation
dialog upon completion of a current run.

Model Suite Generation

Click Set Range for Models if you want to subdivide your model into parts differing from each
other in a certain property, such as thickness, resistivity or susceptibility. The objective of this
operation is to create a number of “models” to compare your measured data sets with and to
select the one that complies best with your survey results

The Model Type Selection dialog appears offering you to select between Plate, Prism and
Layer. As of now, only the Plate and Layer options are accessible, with the Layer option
selected by default:

Model type zelection x|
1 Friem Ok, |

' Plate

" Layer Cancel

To specify ranges of a layer-earth model:

e Leave the Layer option on and click OK. The respective dialog will open:
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Layer - earth model
Layer model name prefi: IIF' Each layer model's name will be IP_Laper such as IP_Layer].

V¥ Use logto calculate resisitivity increment when [max resistivityZmin resistiviey] >=10 and max resistivity >100

vV Layer1 vV Laper 2 = Laper 2 = Layer 4 I Layers

Resizitivity Fram |SDD |2DD ID ID IU
To {1000 |00 Jo Jo Jo
Nurcber |3 |2 |1 Jh |i
Fielative From 1 1 o d o
Perrnitivity To 1 1 i 0 0
Mumber I'I I‘I I1 I‘I I1
Suzceptibility Fraom ID ID IU IU ID
LT o o e I
Nurber |1 I [ I I
Thickness Fram 1e+008 1e+008 i 0 0
To 1.2e+005 Te+008 i] ] ]
Murber |2 1 1 1 1

Total number of layer-earth models: |1 2
Cancel | Fun

In the Layer Model Name Prefix field, type in the name of your model so that the
resulting data sets (“models”) could have the same name prefix followed by the
underscore and a subsequent number (e.g. IP_Layerl, IP_Layer2 and so on)

If max/min resistivity is equal to or more than 10 and maximum resistivity is more than
100, leave the box below the model name prefix checked to use logarithmic function and
calculate resistivity increment

Select the box across the layer you want to subdivide into “models”. The column below
will become active

Change any property range in the From and To boxes across Resistivity, Susceptibility,
Relative Permittivity and Thickness and specify the number of “models” you want to
simulate in the respective boxes

You can select several properties or several layers at a time. In this case, the number of
models to be simulated will be a multiplication product of all Numbers. For example, if,
in the Layer 1 column, you have 3 in the Number field across one property and 2 —
across another, the total number of the Layer 1 models will constitute 6. If you add 2 in
the Number field across any property in the Layer 2 column, the number of models to be
simulated will total 12. You can view the total number of layer-earth models in the
respective box in the bottom part of the dialog

All parameters specified, click Run to start simulation

To specify ranges of a plate model

Select the Plate option in the Model Type Selection dialog and click OK
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The Model Settings dialog will open:

Model Sethings
~Model———— Prisms Available: Model Mame Prefis: IHeef
£ Prism E ach model's name will be Feef_plateM such az
% Plate Reef_platel
— Model range
Current Model location defined by: @ ZTop ¢ ZCenter Z tap [m]: |5—
Currant Yalue FROM: T0: HUMBER:
I¥ Length (m] B {500 [0 E]
I¥ ‘width (m] f1000 f1000 f1200 ]
™ Stike [degies) [0 jo El] E
" Dip idegree] Jan Jo EN |3
I Plungs [degree] [0 [ Jan B
[™ Conductance |EI_5 |1 I‘IDEI |3
Total humber of models: IS—

Cancel | Run

e Select the model you want to specify the parameters of in the Prisms Available field

e Type in the model name prefix in the respective box on the right. The resulting data sets
(“models”) will have the same name followed by the underscore and a subsequent
number as shown in the example (Reef_platel)

¢ In the Model Range section, select between the center point and top center modes of the
plate position in space

e Check the property you want to specify the ranges for. The From, To and Number
fields will become active

e Specify the ranges and the number of models and click Run

Location Load Mode

Click the Advanced checkbox then the Location Load Mode button to specify the order for the
algorithm to pick up locations during simulation. This option is not needed if you are applying a
new simulation method to your magnetic or resistivity data as well as in the case of gravity
systems.
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The Location Load Mode dialog opens:

In the right-hand section, you can see the general information on your data set, the list of profiles

Location Load Mode

r Location Load Mode

& Load entire Data Set

= Load by |41 locations:

% Each Profile Separately

= Sequentially Through Prafile:

rData Set Information

Mumber of |3
Murnber of Frequencies: |35
Mumber of Responzes: |3
Number of Profiles: |2
Mumber of Locations: I—
g2
Prafile #Loc
LIMED 4
LIME1 4
< |

and the number of locations per profile.

In the left-hand section:

Click SET to save your settings and return to the Forward Simulation dialog.

SET

Click Run Simulation to launch forward simulation.

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com

Select Load Entire Data Set if your data set contains not too many locations and you
want to subject them to simulation all at once

Select the Load by option if your data set is too big. If it contains more than 4000
locations, this option will be selected for you automatically. Specify the number of
locations to be loaded at a time and select between the two ways for the algorithm to go
through these locations. If, for example, the number you specified is 20 and your profile
contains 41 locations, the Each Profile Separately mode will pick up the first 20, then
second 20 and then the last 1 location, whereas the Sequentially Through Profiles
mode will process sets of exactly 20 locations no matter which profile they belong to.




Batch Simulation
Check the Run Batch Simulation box to open the Select Data Set for Batch Mode Simulation
dialog:

Select datasets for batch mode zimulation

Froject name Survey name

TEM Borehale ™ [~ Overwrite the selected dataset(s)
[CERE O lele [ ET 1| | topog_model Proc

Helicopter Mavigation 1 line

Questem LI topog_model

AT A=l

Datazet name [Double click a dataset or gelect a dataget then click “Add to the selected list" button.]

# I [ atazet Mame | ['omain | Mo. of Location
1 Topog with T arget Frequency 903
2 Tdlnversion Frequency 903 Add to the selected list |
1| I i
Mote: Measured datazet and simulated dataset that izn't licenzed or doesn't contain any model are not in
the: list.

r Selected dataset

# | Project Mame | Survey Name | Datazet Hame
1 Questem questemmaodel questernmodel
dl | i

Simulation settings | Remove | Femove All |
oK | Cancel |

In the Project Name and Survey Name lists, you will see the current project and survey
selected.

¢ In the Dataset Name table below, select the data set you want to subject to simulation
and click Add to the Selected List button or just double-click on it

The data set will appear in the Selected Dataset table

e To remove a data set from this table, select it and click Remove; to remove all data sets
from this table, click Remove All

e To overwrite the selected data set by the one obtained through forward simulation, check
the respective button in the top right-hand corner of the dialog

e If your data are time domain, gravity, magnetic or resistivity, the Simulation Settings
button becomes active. Click it to open the Spectral Waveform Configuration dialog
(in the case of TEM) and the Use New Forward... dialog (in the case of gravity,
magnetics, resistivity). For details, see the beginning of the Forward Simulation section

¢ C(Click OK in the Select Data Set for Batch Mode Simulation dialog to return to the
Forward Simulation dialog and start simulation.

Green’s function

Green’s function is an integral part of the forward simulation process. The respective calculation
is run automatically as a routine program based on certain default settings. However, in some
cases, it may be useful to view the result of this calculation, especially if your models represent
“slight” variations of each other differing, for example, in the dip of structures or their electrical
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properties. The Set for Green’s Function option will be accessible only if your model is 3D; in
layered earth models, i.e. in the absence of scatterers, it will be inapplicable.
e Select the Advanced checkbox and select the Set for Green’s Function box. This will
bring up the Green’s Function dialog:

Green's Function E

— Dump Green's Function for Interpolatioré

Grid Sampling
600

Grid ¥ olurne
150

Total Mumber of Sample Pointz

Percentage of Maodel Bounding Baox

[ Interpolate Green's Function
Cors |

e Check the Interpolate Green’s Function box and click OK to launch simulation using
the settings offered by default and displayed in the Dump Green’s Function for

Interpolation section

Or, you can replace the default settings with your own:

e Check the Dump Green’s Function for Interpolation box. The respective section will

become active

e Specify the values in the Grid Sampling and Grid Volume fields

Grid Sampling allows up to 1000 points within the Grid Volume, a model region,
which may be any multiple of the bounding box around the model, e.g. 150%. The larger
the model region, the more points will be required to maintain a fixed accuracy and the
more complex (and time-consuming) the resulting interpolation will be

e Check the Interpolate Green’s Function box and OK to start simulation using the

settings you specified.
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Gridding (E)

Select the data set to interpolate in the Projects in Database dialog and click the Gridding
button on the main toolbar of EMIGMA 8.1. The 3D Interpolation dialog will open:

& 3D interpolation 21X

Data

Survey Bounds

Data 134 Min [97300 Min  [35050 Hin C—
[1

Prafile [1 Max  [33500 Max'r |36950 b

|nterpolatian

Select Data for Select Components for W Al Component

1. T#[LOOP] R«Dipale Hx)

2 T4[LOOF] BxlDipole Hz]

|

Method:
INaturaI Meighbour j

I & [teration; I‘I E31

Channel Interpolation [

Fesolution
factor; I'I ooa Progress:

Status: [
Derivative [nformation Grid v Fiemove Extrapolated Paints
% Settg zero : : Spatial B adius: |5|J
C Estimats Gnid Setting | Z - level;  Slow & Fast
" Use Input Load Grid | [1
F el o @ Cancel | INTERPOLATE |

In the Data section of the dialog, you will see the profile and coordinate information of your data
set

To specify interpolation terms:

e Select the type of data to interpolate in the Select Data field of the Interpolation section

All data obtained by means of import or simulation in EMIGMA, subjected to
normalization, etc., are considered as core data and are referred to as Data; all the rest
calculated through various algorithms are considered as optional and referred to in
accordance with their type, e.g. Apparent Resistivity, Apparent Depth, Voltage, etc.

e Click on a component in the Select Components field to involve it into interpolation or
check the All Components box to have all components participate in the interpolation
process

e Select the method of interpolation in the respective dropdown list.

There are four choices: Natural Neighbour, Delauney Triangulation, Thin Plate
Spline and Minimum Curvature, with the first being the most frequently used. If you
select Minimum Curvature, type the maximum number of iterations to be performed
and specify the resolution factor in the respective fields below, which in this case will
become activated

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



If your data contain derivative information, you can choose to carry out interpolation
based on all the three derivatives at a time. In this case, the result will be more accurate in
comparison with what is obtained when you use data as is. Turn the Use Input button on
in the Derivative Information section and select the derivatives to participate in
interpolation

Check the Remove Extrapolated Points box to activate the respective section and forbid
extrapolation into the “no data” locations:

» Set arequired spatial radius to restrict the area of interpolation.

In the present example: a spatial radius of 50 means that if there are no data in the
radius of 50 m around a given point — a grid cell center, — this cell will be removed
from interpolation

» Select between the slow and fast interpolation algorithms (slow is more accurate, but
fast is almost always sufficient) and click OK

To specify grid parameters:

Click the Grid Setting button in the Grid section of the 3D Interpolation dialog

The Profile Viewer dialog will open:

rofile Yiewer e

Shaw Prafile

Current Prafile; Curent Positior: % 98537, 945313, Y: 35997.257813 5 awis m [ %= 7 E weme Pomis
[~ Show Labels

i | %=
Y W s m r [ Show Locations
r Input Bounds
36994 —  Mir: |sauuu " in: |35m 02

H Maw ISSDUU ' Maw: IBF’UDEI.?
Angle: ID Set Angle

Reset Grid
36666 ———  Dutput Grid Information
UM |-297.117 W Min: [-495.207
Ubaw 702883 Y Mae 495 203
du: [15873 @ [157208
nll: |54 i |54
36338

[~ FarFFT To Input Boundsl

¢ ShowGrid = Show Propartionally

[ Angle: ID Set Angle I
w010 Center *: |9829?.1 Set Center I

! ! ! ! .
t t t t Center " ISBEDE.E Feset Grid
97265 97949 98633 99317 =r _ResetGid_|
Average distance betweean IB.DS‘I 73 Awerage distance bebween lines: |31 9482 oK |

Customize the coordinate system by selecting required settings in the upper right-hand
corner of the dialog

Select between the Show Profile Extreme Points and Show Locations options and
check the Show Labels box to display the profile numbers (names)
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Specify the input bounds, a blue line enclosing the data to be involved in interpolation,
in the X and Y Min and Max boxes of the respective section. Or, you can simply click
and drag the input bounds (blue) right in the grid view field of the dialog. Set the rotation
angle of the grid about its local center and click the To Input Bounds button

This will automatically change the U and V coordinates of the grid in the Output Grid
Information section, and the input bounds (blue) and output grid bounds (red) will
coincide

If you want the output bounds to cover a different area compared to the input grid, edit
the U and V values and the angle of grid rotation in the OQutput Grid Information
section. The output grid (red) will be changed, while the input bounds (blue) will stay the
same

To adjust the grid density, increase or decrease dU and dV (number of points) or nU and
nV (length of a grid cell side) in the Output Grid Information section

Check the For FFT box, if you want to subject your data to FFT. This will automatically
change the nU and nV values to the n power of 2

To display the grid, check the Show Grid box; to provide its proportional view, check
the Show Proportionally box to the right

To edit the local center of the grid (U vs V), type your values in the Center X and
Center Y boxes in the bottom of the Output Grid Information section and click Set
Center

To reset the boundaries of your grid to the ones determined by the initial Input Bounds
coordinates, click Reset Grid in the Input Bounds section if you changed the
coordinates here or Reset Grid in the Output Grid Information section if you changed
the values there

Click OK to return to the 3D Interpolation dialog

To load an existing grid:

Click the Load Grid button in the Grid section of the 3D Interpolation dialog. The
Grids in Survey dialog will open:
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e Select the data set containing the grid you want to load from the Data Sets in Current
Survey list and the grid itself from the Related Grids list

The settings of the grid to be loaded will be displayed in the Grid Info section on the
right
® C(Click Load to load the grid
Back in the 3D Interpolation dialog, click INTERPOLATE.

Notes. To view the interpolation results, click the GridPresentation button B9 on the main
toolbar of EMIGMA

To view grid information, click the Has Related Grid button on the Database tab of the main
dialog.
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Grid Presentation (%)

If your data set contains a grid, you can view it with the GridPresentation tool. Click the P!
button on the main toolbar to open this application:
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If there are more than one grid, the grid to open will be the most recent one:

e To switch to another grid, select it from the dropdown list across the name of your data
set on the Info bar (under the Data bar)

On the Data bar (under the GridPresentation toolbar):

e If you data set contains different data types (data as is, recalculated data such as voltage,
apparent resistivity, etc.), the Data Type dropdown list will contain the respective
number of options, with Data selected by default. To switch to another option, select it
from the list

e If there are several transmitters, receivers, separations or channels, select the required
item from the respective dropdown list or use the arrow buttons above to switch between
the items

e If both real and imaginary responses are available, turn one or the other button on to
switch between the responses

e Check the App Res box to calculate apparent resistivity from data on the fly. Check App
Sigma to switch to the respective grid
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Adjusting Grid Display

The left-hand panel of the GridPresentation dialog offers a number of tools to adjust your grid

display.

To change the draw mode of your grid

Click the Draw Grid Symbols button [Il in the Draw Mode section to display each
grid cell as a set of four data (vertices) and to assign a certain color to each data
dependently of its value

Click the Draw Grid Cells button Hj to calculate the average of the data located in the
vertices of a grid cell. The cell will be filled with a certain color assigned to the average
value

Click the Draw Cells around Grid Vertices button E to display your grid as a set of
cells drawn around each grid vertex and filled with a certain color assigned to the data
value in the vertex

To toggle your grid on and off, use the Hide Grid Mesh button * *.

Select Equal Range to assign different colors to equal ranges independently of the
number of points in each range or Equal Weight to assign different colors to different
ranges covering, however, the same number of points

To adjust the range of data to be displaved

Insert the minimum and maximum values manually in the active Min and Max boxes or
use the respective sliders on the left. The absolute minimum and maximum values are
displayed in the disabled boxes on the right

Click on the arrow button of the color palette to bring up the palette and change colors to
be assigned to your data

To view the changes, click the Refresh button in the bottom of the GridPresentation
dialog

To switch to the full data range view, click the S button on the GridPresentation
toolbar

To adjust the contour lines

Click the Show/Hide Contour Lines button "? to toggle the contours on and off (you
can also do it from the GridPresentation toolbar). When engaged, the button enables
the respective section of the dialog

In this section:
Select between the Black and Color options to have your contours black or colored

Select the contour density from the Number of Contour Lines dropdown list
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e C(lick the Advanced button to customize the appearance of your contours. In the
Contour Attributes dialog to open:
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Select the thickness of lines to be drawn from the respective dropdown list

Type in contour levels as desired

Check the Labels box to specify the format of the contour labels and their
density

Click OK

e Check the Fill box to fill your contours with color.

To view vour profiles

¢ C(Click the Show or Hide Profiles button = to toggle profiles on and off. You can also
do it from the GridPresentation toolbar. When engaged, this button enables the
respective section of the dialog

In this section:

e Select between the Grid Data and Profile Data options.

If you leave the Grid Data button on and click on a certain point of a profile, the x and y
coordinates to appear will refer to the grid cell. With the Profile Data button on, the x
and y coordinates will refer to the profile location

e Specify the style of your profiles to be drawn. Click the Advanced button and select the
line thickness and color
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e Check the Profile Data Symbols box to display “stacked” profiles, with a certain color
being assigned to each location dependently of the data value in it, and select the size of
symbols in the dropdown list to the right. To better view the profiles and data

distribution, click the Hide Grid Mesh button “+ in the Draw Mode section to switch
your grid off and leave only profiles on the screen

e Check the Labels box to display the profile labels. Click the Advanced button to specify
their format, density and location in the Profile Attributes dialog to open:
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The All option will show all labels; the Skip option will show each second label. With
the Start or the End option on, the profile labels will appear respectively at the end or at

the beginning of the profiles.
To view grid lines

¢ C(Click the Show or Hide the Grid button % to toggle the grid lines on and off. You can
also do it from the GridPresentation toolbar. The grid may be very dense; in this case,
specify the number of grid lines to be skipped in the X and Y boxes to the right

To adjust axes

¢ Double-click in the region of the X or Y axis. The respective dialog will open:

=]

X-hxis

Step
between

500

I Show Major Ticks Line

— iz Limits

Mumber of
b ajor Ticks

’20—
|4—

[ Show Minar Ticks Lines

Murnber of
Mimor Ticks

Auiz bin S0e000
— Tick Labels
Format : ©* Fisec

" Exponential

Decimal 0

digitz

bz Max (217500
— Title ———

-

=

Tick label size
-10

Apply

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



e Edit the step between major ticks in the respective box. The number of major ticks will
change accordingly

¢ Check the Show Major Tick Lines box and the Show Minor Tick Lines box to display
the coordinate grid

e Edit the Axis Min and Axis Max values as desired in the Axis Limits section
e Specify the format and color of the tick labels in the respective section

e Type in the title of your X or Y axis in the respective field; use the Font button to
specify the format of the title

e C(Click Apply
Note. To provide the proportional scaling of the axes, use the Show Proportionally button
4
To toggle the coordinate grid on and off
e Use the Show Coordinate Grid button B on the toolbar.

To display and customize the legend

e To display the legend in a separate window, use the Show Legend button 2= on the
GridPresentation toolbar. This option is also available from the Data menu

e To display the legend alongside the grid representation, select Data/Show Legend in the
View. In this case, the legend can be moved to a desired location with the hand

manipulator 0
In the latter case you can customize your legend

e Double-click anywhere in your legend to bring up the Legend =
Data dialog =

' Finec

e Specify the number of decimal digits Fomat: Eoonontl

¢ Check the Weight box to display the number of data covered by Decimaldigts: 2
each color range

Weigh! r
¢ C(lick the Font button to change the font, size and style of the i |
legend labels
aK | Cancel |
¢ C(Click OK

To provide the full-screen view of your grid

e Use the Full Screen View button #%* on the toolbar. You can also do it from the View
menu

To toggle off any of the bars and panels

e Select the respective item (Info, Data, Toolbar, Left Pane) from the View menu. The
tick across it will disappear. To bring it back, select this item again
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To zoom in on a grid fragment
® Engage the Zoom In button &

e C(lick in the grid and without releasing the mouse select the required fragment
e To return to the initial view, use the Home button T on the toolbar.

Generating a map

To generate a map to be laid under your grid, click the Generate button to bring up the
Calibrate Map dialog. In this dialog:

e C(lick Load. A Windows-style dialog will appear offering you to select and load a raster
format file (bmp, jpg, etc.)

e The map loaded, specify at least three points to calibrate it to
¢ Double-click on the first point in the map

The following (smaller) dialog appears:
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In this (smaller) dialog:
e Check the Polar box if your map comes from a polar region
e Select the required ellipsoid datum from the respective dropdown list

e Specify the central meridian and zone in the respective boxes
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Select between UTM and Lon/Lat (as a rule, QCTool recognizes this information)
The respective boxes below will become active

e Type in the coordinates of the point to add and click Add Point. Repeat this operation
for the rest points

e To convert your UTM into Lat/Lon or vice versa, click Calculate

Lat/Lon are to be recalculated to UTM since raster transformation is based on UTM
coordinates

Back in the Calibrate Map dialog:

e To check and, if necessary, change your points, click the Edit Points button. The Edit
Entered Points dialog will open. Select the cell you want to edit and type in a new value

¢ Click the Clear Points button to remove all points
e Use the Shift Coordinates button to switch over to the local coordinate system

¢ C(Click Transform to start raster transformation. Do not forget to save the transformed
image (Save Raster As). To keep the previous image as well, save it with a new name

You can customize the appearance of the map:
e To change its color to gray, click the Gray Scale button
e To resample, change its width and height in pixels in the respective boxes

e To add a line or any symbol to your map, use the buttons ™ and X If necessary, you
can change their style. Click the Draw Options button. Specify the line color, style and
width as well as the color, shape and size of the symbols using respective sliders and
dropdown lists in the Change Style dialog to open

e To add an annotation to your map, click the A button. In the Annotations dialog to
open, write your text. Use the Font button to change the appearance of the text

e The Undo button =2 cancels any previous operation.

e To zoom in on your map, click the standard Zoom In '@L| button. To zoom out, click the
Zoom Out ‘X button.

Having finished your work, save the transformed image (Save Raster As) as well as a *.map
file (Save Map) to keep externals, originals and the name of the image. This *.map file will
then be available to other applications which can use the created raster image as an underlay.

To load an earlier calibrated map

e C(lick the Load button in the Map section of the GridPresentation dialog. Browse for
the required map in the Windows-style Open dialog to appear.

To toggle the map underlay on and off, use the Show and Hide buttons in the Map section
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Saving and Printing
To save your grid settings
¢ C(Click Save in the Settings section of the GridPresentation dialog

¢ In the Save Settings dialog to appear, type in the name for your grid to be saved with or
select the existing file from the Settings Name list and click Save. In the latter case, the
existing grid will be overwritten with a new one

To save your grid in a different format
You can save your grid as a*.bmp, *.jpg, *.wmf, *.emf, etc.
e (Click anywhere in the grid area to activate the view window

e Select File/Save As and choose the desired format from the Save as Type dropdown list
in the standard Save As dialog to appear

To load previously saved grid settings
¢ C(Click the Load button in the Settings section of the GridPresentation dialog

¢ In the Load Settings dialog to appear, select the file to open from the Settings Name list
and click Load

To print your grid as is

e Select File/Print or click the Print button on the GridPresentation toolbar to bring up
the standard Print dialog and specify print setup

To specify the surroundings of your grid

e C(lick the Print Settings button & on the GridPresentation toolbar. The Preview
dialog will open:
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To print a grid without any surrounding:
¢ Leave the Automatic option checked (it will contain a flag by default)

e Check Use full paper size for your grid to occupy the whole printing area of the page
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To print the legend list, scale bar, information box and logo alongside your grid:
e De-select the Automatic box

® Check the Border box to draw a border around your grid

e Check the Legend List to have the legend printed to the right of the grid. Double-click
on the Legend List component to bring up and check the legend before printing

¢ Check the Scale box and select a required scale from the dropdown list below. If there is
no scale you need, type it in manually

¢ Check Information Box to have it added to your printed grid

Use the standard Page Setup button to specify page layout and printer settings. Click OK to
close the dialog and select File/Print Preview.

Analytic Signal (AS) and Horizontal AS

Provided the derivatives have been calculated in your magnetic or gravity survey, you can
display the results of processing by the Analytic Signal and Horizontal Analytic Signal
techniques

e Select Processing/Analytic Signal (AS) or Horizontal AS to launch the respective
processing and view its results

Decay Rate
For time-domain systems, the decay rate calculation is provided

e Select Processing/Decay Rate. The following dialog will open:
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Select the range of decay windows in the respective list on the right to be used in the
decay rate calculation

Note. Only multiple selections are applicable

To select all windows, click the Select All button

e To cancel selections and return to initial data, click Select None

Select between the two algorithms on the left
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¢ Click OK to close the dialog and view the results.
Euler Overlays
Provided your data set contains Euler solutions:
e Select Processing/3D Euler. The Euler solutions will appear over your grid
In the 3D Euler dialog to open:
e Leave the Show box checked (if you de-select it, the Euler overlay will be switched off)

¢ Check the Show Solution Coordinates box and click on a certain solution in the grid.
The x and y coordinates to appear will refer to the solution and its depth. This box left
unchecked, the x and y values to appear will be the coordinates of a grid cell
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¢ In case you data set contains more than one Euler overlay, select the one to view from
the dropdown list in the upper part of the dialog. The box below displays information on
the total number of solutions and the layer with the maximum number of solutions

e Select between the three kinds of Euler overlays dependently of the post-processing
applied in the upper left-hand corner of the dialog

The 3D Euler option means that the Euler solutions have not passed post-processing. The
Final Solutions and Rodin Solutions options display the results after Final or Rodin
post-processing

In the bottom left-hand section of the dialog of the 3D Euler dialog
e Check (or edit) the number of available depths
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e Select a particular depth to see Euler solutions for or all depths to display all Euler

solutions

The Number of Solutions for Selected Depth will change accordingly with your choice

of depths

e Select between the Deviation and Structural Index options in the Display Type section
and click the Set Display Range button to specify the range of deviation or the range of
structural indices to be taken into account:
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The gray fields to the left will show you the initial deviation and structural index
minimums and maximums. Adjust the minima and maxima in the active boxes as needed
and click OK to close the dialog

In the bottom right-hand corner of the 3D Euler dialog, customize the appearance of your Euler

overlay

e Select the symbol color, shape and size

e Check the Same Size box to assign a common size to all symbols

e Check the Same Color box to assign a common color to all symbols.
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MultiGrid (=)

The MultiGrid tool is designed for comparison between various grids or different components of
the same grid. It allows viewing of up to 4 grids at a time and is provided with easy-to-use
interface.

Click on the MultiGrid button B of EMIGMA’s main toolbar. The Survey Selection dialog
will appear:

Project; Slinggram with topograph Survey: topog_model

Data Sets in Survew |2 Selected Data Sets ta plot: |1
I arne | tdodel Mame | Type | M arne | tdodel Mame | Type |
Topogwith T... Topog_mo... S Meazured D A
1dlrversion fitnal miodel 5 Add to the Selected |

Add Al to the Selected |

Remowe from the Selecleu:l

I~ ShowlMEEDANCE [ata Sets in Survey
r Loading

| Load |
Loaded ID of |1 Cancel |

If your survey contains only one data set, the latter will be loaded automatically; if it has two or
more data sets:

e To view only the current data set, click Load

e To compare your current data set with some other data set in the same survey, select this
other data set in the left table, click Add to the Selected and Load

e To compare your current data set with all the data sets available in your survey, click
Add All to the Selected and Load

e To remove a data set from the Selected Data Sets to plot list, select it from the list and
click the Remove from the Selected button

If your data set contains more than one grid, the most recent one will open. Click on any point of
your grid to view the grid data.

To switch to another grid

e Click the Tools button %' on the MultiGrid toolbar to appear under EMIGMA’s main
toolbar or double-click anywhere in your grid. The Tools dialog will open. Click on the
pin in the left corner of its header to pin the dialog
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e Select a required grid from the Grid list on the Dataset tab and click Apply
To display multiple (up to 4) grids at a time

¢ Open the Tools dialog (%) as described above =0
e On the Dataset tab, de-select the One View box Bl Dataset | 33 Profes | &= Dataselectit [ 2] -
in the View section. This will automatically
. . Appl
activate and check the Add View box
e Choose between Horizontal and Vertical in the Dk
now active Align section to have your grids MR
arranged horizontally or vertically (to switch Gid
from one option to the other in the process of ;
your work, right-click anywhere in your grid and NaNehbou—225

Deriv] 28x64

select the required option from the popup menu

i Align
to appear vien
PP ) I Addiew & Harizontal
To view grids from the same data set: ™ One View £ Vettcal

e Select the grid you want to view in addition to the
one displayed and click Apply

e Repeat this procedure, if necessary, to add a third y
and a forth grid '

To view grids from different data sets:
e Select a required data set from the respective list on the Dataset tab
e Select the grid you want to compare to the one displayed and click Apply
e Repeat this procedure, if necessary, to add a third and a forth grid
To compare various components of the same grid
¢ Open the Tools dialog (%) as described above

e On the Dataset tab, de-select the One View box in the View section. This will
automatically activate and check the Add View box

, JSL=IF
e Choose between Horizontal and Vertical in the now I
active Align section to have your grids arranged %5 Puofies 3+ DataSelection | 7 Data ¢ | »] -
i i Loaded Grids
horizontally or vertically Pravmers] A
e Select the same grid to have its duplicate displayed Betie
IData VI I vl
e If necessary, repeat this procedure two times more. T Res
You will have four similar grids displayed at a time [BEARTH 'l [Tata |
. . H + Real
¢ Go to the Data Selection tab of the Tools dialog and - £ Inaginets
select the first grid from the Loaded Grids Fix < 2’
. . . . . BToatal/d= -
dropdown list. You can also select it by clicking in
the view
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e Select a required component you want to display from the dropdown lists below and
click Apply

e Repeat the same procedure for three other grids

Note. To switch back to the single-grid presentation, go to the Dataset tab of the Tools dialog
and select the One View box; this will bring up the grid that was loaded by default (i.e. the most
recent) at the very beginning.

To display and customize profiles
® C(Click on the grid display you want to add profiles to

e Click on the Show Profiles button % on the MultiGrid toolbar
OR

e Right-click anywhere in your grid and choose Show Profiles from the popup menu to
appear. The profiles will show over the selected grid

e Open the Tools dialog as described above and go to the Profiles tab to customize the
appearance of the profiles

o In the Profile Lines section, click the color _
square to specify the color of the profiles o
using the standard color palette or check the ] Dataset 35 Frofies | 3 Dataselecti 4|+ I
Different Colors box to have all the profiles
colored differently. Select the thickness of the
profiles from the respective dropdown list

r Profiles Line:
o Check the Data Symbols box to display the ' Different Colors .
profiles as a set of locations (symbols), each Trickness  [3 <]
having its own color. Select the shape and size 7 Data Symbols
of the symbols to be used from the respective N e I |

dropdown lists

¥ Profiles Labels

Al i Stark
 Skip ¢ End

o Check the Profile Labels box to display the
labels. Select one of the four options below:
All will display labels for all profiles, Skip —
for each second profile, Start — only at the
beginning of the profile and End — at its end

B

To switch between the Profile Data and Grid Data modes

When you click on a given point in your grid, you will see the x and y coordinates and data value
of this point. When profiles are toggled off, this information will automatically be linked to a

grid cell (respectively, the Point on Grid Data button & of the MultiGrid toolbar is engaged).

When profiled are toggled on, the Point on Profile Data button % will become active and can
be engaged to display profile-related data
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To specify the draw mode

¢ Open the Tools dialog as described above and go to the Data Control tab

e Select the grid display you want to specify a draw mode for from the Loaded Grids
dropdown list or just click on the display of this grid

e Select Equal Range to assign different colors to equal ranges independently of the
number of points in each range. Select Equal Weight to assign different colors to
different ranges covering, however, the same number of points

e Select the way for the color to fill the cells (Draw Symbol, Draw Cells, Draw Cell

Around Vertex)

* Toals

$+ DataSelecton 5 DataCantol |Z§ e | 4

Loaded Grids
|2:N atMeighbou I

— Draw Mode

~ijgj; Draw Symbol displays each grid cell as a set of four

Apply

" Equal Fange

% Equal ‘Weight

Diraw o Draw
Symbol Cell

Diraw cell
around vertex

— Symbol

Shape [Filed Cicle »|  Size[2 =]

54251.2656

Iax data

Iin data
|5?804.4‘I 21875 .

ErR T |50023 555507812 .

= data (vertices) and assigns a certain color to each data

"~ dependently of its value. Draw Cell calculates the
average of the data located in the vertices of a grid cell.
The cell will be filled with a certain color assigned to the
average value. Draw Cell around Vertex displays your
grid as a set of cells drawn around each grid vertex and
filled with a certain color assigned to the data value in
the vertex

e If you select Draw Symbol, specify the shape
and size of the symbols to be used in the
Symbol section

e Specify the range of data to be displayed (75%
of data are displayed by default) using the
sliders to the right of the Min Data and Max

Data fields that show the absolute minima and maxima of your data. Or, type in these
values manually. Click Apply

e C(Click on the colored squares to the right to open the standard Windows-style palette and
to specify colors for the start and end of the data range

To display and customize contours

1=If

e (Click the Show Contour Lines button # on i

the MultiGrid toolbar to toggle the contours

" Calour
on and off Bk
OR
. . . . Humber of - Lines
¢ Right-click anywhere in your grid and choose Certour [152]  Tickeess [2 =1
Show Contour from the popup menu to
appear ¥ Label:
{* Fixec  Eup. D.e!:imal |2—
¢ Open the Tools dialog as described above and s
Density
go to the Contour tab %

e Select between the Black and Color options

== DataContral 28 Contour I 32 Legenct I H -
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To display and customize the legend

to have your contours black or colored

Select the number of contour levels from the respective dropdown list and the thickness
of contour lines to be drawn from the respective list to the right

Check the Labels box to specify the format of the contour labels and their density in the

respective section

¢ Click the Show Legend button 2= on the MultiGrid toolbar
OR

35S Legend i Axi8|§8 Gridlm Map‘l'l "

Right-click anywhere in your grid and choose Show Legend from the popup menu to
appear. You will see the legend in the left part of your grid

Move the legend in a desired direction with your pointer cursor

Open the Tools dialog as described above and go to the Legend tab

Select the Draw Weight box to display the ;'E'-
pumber of points corresponding to each color 8= Legend | iy vs| 22 G| 78 Mert L] -
in the legend
Specifty the format (fixed or exponential), the e
number of decimal digits and font (%) for W Draw “weight %
the values in the legend Units  [nTesla

* Fizer %P, Decimal
Check the Scale box to authorize scale FFeec TR g™ 1
changes and bring up the scale rule T Scale
Choose a required scale from the respective i o 5 %
dropdown list and click Apply in the upper I Teut
right-hand corner of the dialog (or click Measured Static =] %
anywhere in your plot) to view the result. The =
scale rule will change accordingly

— H-direction

¥ Major Lines  Min 37300.39062
v Minor Lines  Max 9932296093

Step between |5|ju
. % major Ticks
—r-direction

[ Major Lines Min |35932.BD158
V' Minor Lines  Max |35958.59921

Step between I
. % major Ticks 200

_|ol>

o Check the Text box to add a title or comments to
your display

Type in the field below, press Ctrl+Enter to insert a

carriage return, click the AR button to adjust the font and
style of your labels and texts in the standard Windows-style
Font dialog to appear

To display and customize the coordinate grid

e Open the Tools dialog as described above and go to
the Axis tab

e Check the Major Lines and Minor Lines boxes in
the X-direction and Y-direction sections to show
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the coordinate grid

Adjust the minimum and maximum coordinates in the respective boxes to display the
portion of your grid you are primarily interested in

Change the step between major ticks in the respective boxes to increase or decrease the
density of your coordinate grid

Click the color square in the bottom left-hand corner of the sections to edit the color
using the standard Windows-style palette to appear

To display and customize grid locations

Click the Show Grid Locations button %% on the MultiGrid toolbar to toggle grid
locations on and off

OR

Right-click anywhere in your grid and choose Show Grid Locations from the popup
menu to appear

Open the Tools dialog as described above and go to the Grid tab
=102

£y buis 5% Giid | 8 Map| 1 Ties| <[] -

Apply

Lines
Thickness I 1 jv .

Skip lines H-direction I1
“-direction |1

Select the grid line thickness from the respective dropdown list and click on the colored
square on the right to open the standard color palette and to specify the color

Change the density of your grid as needed both in the X-direction and Y-direction
boxes in the Skip Lines section

To load a map underlay

Open the Tools dialog as described above and "EI-)‘

go to the Map tab £ fsis | 22 Grid P Map | 1 Tives | 00| -

Click the Open button to open the Select a
Pl

.map File dialog, a standard Windows-style

Open dialog. Select and load a required map Map

This map is to be calibrated and saved as a Jotiestor\Krgitiena || Dpen | text
*map file containing information on s

externals, internals, etc., and a bitmap (raster) file.

To toggle the map underlay on and off, use
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the Show map button & on the MultiGrid toolbar

To add and customize titles

e Right-click anywhere in your grid and choose Show Titles from the popup menu to

appear
¢ Open the Tools dialog as described above and =0l
go to the Titles tab o fois| 82 G| 5 Mep 2 Ttes | 4[|
e Select the grid you want to add a title to from Loaded Grids
the Loaded Grid dropdown list or just click [1aieighbou =]

on the grid display to select it

Titles

_|_|
o
=

* Type in your title in the Left, Right, Top or Lot ﬂ
Bottom fields wherever you want it to appear _ S

(or create several titles) il =

e Bl

e Click on the Font button ﬂ to the right of ree =
each field to specify the format of your title BTt ﬂ E

If your title is too big to fit in your display,
diminish the grid area using the Zoom Out button

R on the MultiGrid toolbar
e C(Click Apply
To switch to proportional axes

¢ Engage the Show Proportionally button " on the MultiGrid toolbar. Your grid axes
will become of the same scale

¢ Disengage this button to return to the initial view
Note. If you have multiple grids displayed, all of them will be changed respectively

To zoom in and out

e To zoom in on the whole grid, click the Zoom In button & on the MultiGrid toolbar.
Repeat it as many times as you need

¢ To zoom out, click on the Zoom Out button R as many times as needed

e To zoom in on a grid fragment, engage the Zoom Selected button Q. Click and drag to
select a grid fragment to be magnified

e To return to the initial scale, click the Home View button &

Note. If you have multiple grids displayed, all of them will be zoomed in or out respectively,
even if you apply this operation only to one of them

To move a grid
¢ (lick the Moving button €% on the MultiGrid toolbar
e C(lick and drag your grid in a desired direction
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e To return your grid to its initial position, click the Home View button &

To hide a grid

e To toggle your grid display off (if you have multiple grids, you have to select the grid to
hide at first), click the Show Grid Data button B9 on the MultiGrid toolbar

OR
¢ Click anywhere in your grid and de-select Show Grid Data in the popup menu to appear

e To toggle the grid on again, use the same button on the toolbar or the same command
from the popup menu

To remove one of the multiple grids displayed:

e Select a required grid

¢ Right-click anywhere in the grid and select Hide Grid in the popup menu to appear

e To return the grid, see the procedure in the To display multiple grids at a time section

To print/print preview a grid

e Select Print/File Print and specify printing settings in the standard Windows-style
dialog to appear

OR

e Select Print/Print Preview. Check the appearance of your grid/grids in the print
preview window to open and click the Print button. Specify printing settings in the
standard Windows-style dialog to appear
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PEX Show (i)

The PEX Show tool displays your inverted EM, Resistivity, MT and CSAMT data two-
dimensionally. If you have carried out 1D inversion within EMIGMA, the Data Sets in Survey
list on the Database page of the main dialog will contain a *.pex file. Select it and click the now

active PEX Show button &1 on EMIGMA’s main toolbar to open the respective application.

Fommpbeliatabee 165 4 o - s Synihets - oy me vl - lllvewrsen 100
® Bpstty  C Urear C BqodRenge Mbsms L [T0T r-ﬂ_“.’."'..;._?_._f
ﬁ_ﬂ ,_‘H"‘-.ﬁm _r*cmwr'm FMH‘F_—IH., 1 (I e Eoport b I
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200}
220
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By default, the CDI (Conductivity Data Imaging) to appear will be the resistivity pattern for your
first line. The separate Data dialog to simultaneously open on the right will contain the
resistivity versus depth response for the first location of this line.

To go through all locations of a line

Use the Previous and Next buttons in the bottom of the Data dialog.

The plot in the dialog will switch to the previous or next location, respectively. The
vertical red bar will simultaneously move across the CDI (in the main PEX Show dialog)
indicating the exact location of the plotted data

To view cell information

Click and hold in a required cell of the CDI.

The location, depth and data will be displayed, while the Data dialog will automatically
switch to the response obtained in the corresponding location.

Note. If the Data dialog closes (and it does if you make any changes to your grid
display), double-click anywhere in the grid to bring it back. The response it will show on
reopening will match your current location.
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To better view the CDI pattern:

e C(lick the H button on the PEX Show toolbar. Your grid will be divided into equal cells,
each containing one depth data

To switch to another line

e Select it from the dropdown list on the PEX Show toolbar or toggle through all the lines
using the scroll buttons above.

To switch between resistivity. conductivity and susceptibility

e Select the required option on the PEX Show toolbar
To switch between the linear and logarithmic scales

e Select between Linear and Log on the PEX Show toolbar
To specify the draw mode

e Select Equal Range to assign different colors to different but equal ranges no matter how
many data fall within these ranges

e Select Equal Weight will assign colors to different ranges which are unequal but
covering the same number of data

To switch between the X and Y axes

e Select between the X and Y buttons on the PEX Show toolbar. They both will be active
unless the direction of survey lines can be identified unambiguously.

To customize the range of data to be displayed

¢ Type in new minimum and maximum data in the respective boxes and click on the color
squares to the right to bring up the standard color palette and specify the color of the
respective data

To carry out interpolation
¢ (lick on the Interpolate button isli on the PEX Show toolbar
OR

e Use the Single Row Interpolation (Depths) ¥s and Single Column Interpolation
(Locations) &F buttons to specify the kind of linear interpolation. The first interpolates
between different depths at the same location, the second — between different locations at
the same depth

e To cancel interpolation results and return to the initial view, click the Reset button * on
the PEX Show toolbar

To display and customize the legend

e Click on the Show Legend button 3= on the PEX Show toolbar or select Data/Show
Legend Window. The legend will open in a separate window
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e To display the legend in the same window with the CDI, select Data/Show Legend in
View

In the latter case, you can customize the legend:

¢ Double-click anywhere in the legend area to bring up
the Legend Data dialog =

e Specify the number of decimal digits & Firec

Format: Exponertial

Decimal digits: |2

Ww'eighl r

¢ Check the Weight box to display the number of data
covered by each color range

e C(lick the Font button to change the font, size and
style of the legend labels in the standard Font dialog

to Open ak | Cancel |
¢ C(Click OK

To customize the axes

Fart |

e Double-click in the region of the axis you want to adjust. The respective dialog will

open:
¢ Edit the step between major ticks in the IS =
respective box. The numbe.r of major e by
ticks to be displayed will change Maior Ticks
: St Murnber of
accordlngly be?&le_en_ 0 M?nn;r?l'rigks ¢
° CheCk the ShOW Major TiCk Lines bOX rAS.hE.w .Maior Ticks Line I Show Minor Ticks Lines
. . . — 13
and the Show Minor Tick Lines box to oo
. . . Axiz Min 513130 Az May 513580
display the coordinate grid , .
= Tick Labels—— — Title ———e
* Edit the Axis Min and Axis Max values fom © A Line 104 E
as desired in the Axis Limits section Decimal [0
o
e Specify the format (fixed or

exponential, number of decimal digitS), = Tixibe e
font, size and color of the tick labels in 12
the respective boxes

e Type in the title of your X or Y axis in the Title field; use the Font button to specify the
format of the title

e C(Click Apply

Note. To provide the proportional scaling of the axes, use the Proportional View button ¥
on the PEX Show toolbar

To draw and customize contours

o Check the Contour box and click the Show Contour button EE. The Contour
Attributes dialog will open:
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e De-select the Draw Mesh box checked by default to hide your grid and to leave only

contours
e Select the Draw Labels box to add the contour labels

e Select between the black and color options to have your
contours in black or different colors

e Choose the contour line thickness from the respective
dropdown list

e Specify the label format (fixed or exponential, the
number of decimal digits, the density of labels and their
font)

¢ (lick OK to close the dialog and view the results

To save your grid settings
e (lick the Save button on the PEX Show toolbar

5
Dravi Mesh Iv " Calour Contaur
Draw Labels | % Black Contour
Murnber of I 10 - l

Contour Levels

Lines Thickness : |2 j LabelsFon
* F
Labels Format : iz

" Exponential

Decimal digits : 2

Labels: dengity :

I
E

¢ In the Save Settings dialog to appear, type in the name for your grid to be saved with or
select the existing file from the Settings Name list and click Save. In the latter case, the

existing grid will be overwritten with a new one.

To load previously saved grid settings
e (Click the Load button on the PEX Show toolbar

¢ In the Load Settings dialog to appear, select the file to open from the Settings Name list

and click Load
To print your grid

The File menu offers the standard Print, Print Preview and Print Setup functionalities.
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SECTION IV - BEHIND THE USER’S INTERFACE

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



CHAPTER I - INSIDE THE SCATTERING ALGORITHMS

Numerical simulation code is just that: physical phenomena are simulated by a series of
numerical approximations. The accuracy of the simulation, and indeed the applicability of the
simulation can change significantly from one scenario to the next. Using simulation code
effectively is benefited by some knowledge on the part of the user as to how it actually works.

HOW THE LN SCATTERING ALGORITHM WORKS

The LN approximation used in EMIGMA is an integral equation solution, so has elements in
common with other integral equation solutions such as those developed at the University of Utah
(Hohmann, 1975). In all such solutions, the integral equation represents the volume of ground
with anomalous conductivity, that is, having a conductivity separate from the background
conductivity structure. The background conductivity structure is chosen to be simple enough that
incident fields inside it can be calculated either analytically or quasi-analytically. In practise, this
has limited the background to either a whole space, two half-spaces (e.g., air and ground), or two
half-spaces with layers.

The integral equation specifies how the anomalous conductivity alters the current flow in the
ground from the current distribution that would have flowed naturally in the background
medium. To do this, the electric field at select points inside the anomalous conductivity is
calculated and fed into the integral equation solution. The output of the integral equation
solution is the current pattern associated with the presence of the anomalous conductivity. By
integrating over that current pattern, the scattered fields (magnetic and electric) associated with
the presence of the anomalous conductivity can be calculated.

Like all integral equations known to the authors, the scattered fields from the LN scattering
algorithm are calculated by first assigning points in each prism (representing the anomalous
conductivity) where the scattered currents are to be found. This approach has the disadvantage
that the modeller is often unsure where these points should be selected and how densely
distributed the points should be. If one is interested in generating accurate numerical results, the
usual procedure is to run the model several times, each with progressively denser sampling. The
solutions so obtained may then be assured to be accurate if the results are constant with increases
in sampling. A stable value appears not to be changing significantly as the anomalous body is
sampled with a greater and greater density of points. Note how we say stable value rather than
correct. Correct sampling of the conductor is only one of many requirements for a correct
solution.

The theoretical breakthrough embodied in the LN scattering algorithm is quite significant
because it embodies a radical departure about how the integral equation is solved, and therefore
the scattered current distribution is found. In conventional approaches, the unknown scattering
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current density is represented by a set of basis functions, each interacting with the other, and
each representing a current distribution with a known shape and an unknown amplitude.

In the conventional approach then, solving for this representation of the scattering currents with
the integral equation yields a set of amplitudes for the current distribution, and the solution is
inherently limited by that choice. The LN scattering algorithm uses no explicit basis to represent
the scattering current density. The current density can be calculated at any point inside the prism
using a semi-analytic transform which maps the incident field onto the scattered current density.
In this regard the solution is not dissimilar to the propagation matrix method for computing the
electric field inside a layered structure.

The transform is defined semi-analytically and thus is represented by a 3 by 3 matrix, the
solution is extremely rapid compared with conventional techniques, particularly when more than
50 points are used to represent the current inside the scatterer. The time savings delivered by LN
scattering algorithm increases dramatically as the number of points increases. Although
accuracy of the LN approximation is limited to current channelling responses, the theory has
been extended to inductive modes via the ILN scattering algorithm.

Scattering capabilities include single or multiple prisms combined with single or multiple
polyhedra. Prisms are fully rotational with arbitrary aspect ratios. These algorithms allow one to
model a host of different physical effects including contrasts in conductivity, electrical
permittivity and magnetic susceptibility. We recommend this algorithm for DC Magnetics,
IP/Resistivity including EM effects, CSAMT and MT surveys.

Note: The LN algorithm utilizes a complex conductivity formed from the conductivity, electrical
permittivity and the Cole-Cole parameters. The LN algorithms also allows for variation in the
magnetic susceptibility calculating a resulting magnetic current flow analogous to galvanic
current flow to add the effects of the susceptibility variations to the resulting scattered field.

HOW THE ILN SCATTERING ALGORITHM WORKS

The ILN approximation used in EMIGMA is an integral equation solution, so has elements in
common with other integral equation solutions such as those developed at the University of Utah
(Hohmann, 1975). In all such solutions, the integral equation represents the volume of ground
with anomalous conductivity, that is, having a conductivity separate from the background
conductivity structure. The background conductivity structure is chosen to be simple enough that
incident fields inside it can be calculated either analytically or quasi-analytically. In practise, this
has limited the background to either a whole space, two half-spaces (e.g., air and ground), or two
half-spaces with layers.

The integral equation specifies how the anomalous conductivity alters the current flow in the
ground from the current distribution that would have flowed naturally in the background
medium. To do this, the electric field at select points inside the anomalous conductivity is
calculated and fed into the integral equation solution. The output of the integral equation
solution is the current pattern associated with the presence of the anomalous conductivity. By
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integrating over that current pattern, the scattered fields (magnetic and electric) associated with
the presence of the anomalous conductivity can be calculated.

Like all integral equations known to the authors, the scattered fields from the ILN scattering
algorithm are calculated by first assigning points in each prism (representing the anomalous
conductivity) where the scattered currents are to be found. The ILN technique then utilizes point
clusters about the target points inside the scatterer. As with the LN technique, this approach has
the disadvantage that the modeller is often unsure where these points should be selected and how
densely distributed the points should be. If one is interested in generating accurate numerical
results, the usual procedure is to run the model several times, each with progressively denser
sampling. The solutions so obtained may then be assured to be accurate if the results are
constant with increases in sampling. A stable value appears not to be changing significantly as
the anomalous body is sampled with a greater and greater density of points. Note how we say
stable value rather than correct. Correct sampling of the conductor is only one of many
requirements for a correct solution.

The ILN scattering algorithm is quite significant because it again embodies a radical departure
about how the integral equation is solved, and therefore the scattered current distribution is
found. In conventional approaches, the unknown scattering current density is represented by a
set of basis functions, each interacting with the other, and each representing a current distribution
with a known shape and an unknown amplitude. In the conventional approach then, solving for
this representation of the scattering currents with the integral equation yields a set of amplitudes
for the current distribution, and the solution is inherently limited by that choice. The ILN
scattering algorithm (like its predecessor, the LN technique) uses no explicit basis to represent
the scattering current density. The current density can be calculated at any point inside the prism
using a semi-analytic transform which maps the incident field onto the scattered current density.
In this regard the solution is not dissimilar to the propagation matrix method for computing the
electric field inside a layered structure.

The transform is defined semi-analytically and thus is represented by a 12 by 12 matrix, the
solution is extremely rapid compared with conventional techniques, particularly when more than
50 points are used to represent the current inside the scatterer. The time savings delivered by ILN
scattering algorithm increases dramatically as the number of points increases. The LN
approximation has been demonstrated to be effective for modelling both current channelling and
highly inductive responses.

This algorithm is also available for single or multiple prisms combined with single or multiple
polyhedra but we recommend it for systems which have inductive type sources such magnetic
dipoles or loops and magnetic receivers which are measuring dB/dt.

HOW THE VH SCATTERING ALGORITHM WORKS

The VHPLATE, like the LN scattering algorithm is an integral equation solution, and so has
elements in common with other integral equation solutions such as those developed at the
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University of Utah (Hohmann, 1975). In all such solutions, the integral equation represents the
volume of ground with anomalous conductivity, that is, having a conductivity separate from the
background conductivity structure. The background conductivity structure is chosen to be simple
enough that incident fields inside it can be calculated either analytically or quasi-analytically. In
practise, this has limited the background to a whole space, two half spaces, or two half-spaces
with layers.

The integral equation specifies how the anomalous conductivity alters the current flow in the
ground from the current distribution that would have flowed naturally in the background
medium. To do this, the electric field, at select points inside the anomalous conductivity, is
calculated and fed into the integral equation solution. The output of the integral equation
solution is the current pattern associated with the presence of the anomalous conductivity. By
integrating over that current pattern, the scattered fields associated with the presence of the
anomalous conductivity can be calculated.

Like all integral equations known to the authors, the scattered fields in the VHPLATE scattering
algorithm are calculated by first assigning points in the plate where the incident electric field to
be found. In the current version, the incident electric field is found at 441 points (a mesh of 21
by 21 points) equally distributed in each of the two larger dimensions of the plate. These input
electric fields are then used to compute the scalar potential, magnetic field and then the scattering
current distribution on the plate using a basis of polynomials ranging continuously from order 0
through 5 inclusively.
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CHAPTER II - MODEL SPECIFICATION AND PROGRAM
CONTROL

This chapter deals with specific issues in regard to operating EMIGMA-Forward V7.x. For a
more complete discussion of how to use these inputs to represent a particular geophysical system
and geological structure, refer to Chapter III on Effective Modelling, Inversion and Data
Analyses
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PRISM INPUTS

To simulate the complex conductivity structure of the ground, a series of right rectangular
prisms, each with its own set of physical properties, can be used. The prisms may be combined to
build up irregular conductivity structures which may represent overburden thickness variations,
fractures, lithology changes and a host of other geological structures. These would have
conductivity, permittivity and permeability contrasts in relation to the background layer
conductivity.

Scattering calculations are based on the Localized Non-Linear approximation (Habashy, Groom
and Spies). This method is extremely rapid and is of particular significance for calculating
scattering from complicated geometrical shapes. For such shapes, execution times 1000 fold less
than alternate solution methods can be achieved. In this version, a new algorithm called the
Inductive Localized Non-Linear (ILN) Approximation (Murray) is also available.

THEORETICAL LIMITATIONS: The Localized Non-Linear approximation, as is currently
implemented, performs best when the scatterers are energized in a current channelling mode or
when energization is weakly inductive. When the energization is strongly inductive, the
response tends to be underestimated and the ILN or VH technique should be used. As a rule of
thumb, the method tends to work the best when the scatterers are located in a conductive
background layer. For magnetic (loop) transmitters, best results are obtained when loops are are
off to the side of the conductor. For grounded electrical transmitters and receivers, and for
natural source fields, the location of the prism relative to the receiver is not as important.

BUILDING THE MODEL: The prism model is built by specifying the number of prisms desired,
and then by assigning geometric (locations of the faces of the prisms) and physical (conductivity,
magnetic permeability, electrical permittivity) properties. Also, 3 rotation angles (essentially
strike, dip and plunge) may be assigned plus the algorithm to be used should be indicated. At the
user’s option, the prisms can be assigned Cole-Cole polarization parameters. Each prism is
assigned its particular characteristics in accordance with a unique index. The prism is located as
to its top point or center point in the absolute frame. The user should view the prism location in
the Visualizer prior to modelling. This can be done by saving the file after the user is satisfied
with the model (it is not necessary to execute the model) and then opening the file into the
Visualizer. The model can then be modified or run directly from the Visualizer.

CONVERTING TO POLYHEDRA: Prisms and plates can be selected and converted to polyhedra
in the Visualizer. They can then be modified into more complex shapes by selecting and either
pulling a corner, or by specifying the XYZ location of the corner through an interface).
Tetrahedran primitives, of a specified height, can also be added onto a face of the body.
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PLATE INPUTS

The plate model is a simple model used to simulate the effect of dipping tabular structures.
Such structures can be as varied as massive sulphide ore lenses, graphitic sheets, alteration zones
associated with a contact, shear zones or even lenses of ground water. In the model used here,
the plate must be more conductive than the ground surrounding it. Resistive plates which would
impede the flow of current are not supported. Also, current flow (TM mode) across the face of
the plate has no response.

Scattering calculations are based on the VH algorithm (Walker and West). The method is
extremely effective for modelling electromagnetic scattering from thin bodies having both
current channelling and inductive responses, and so provides a robust solution when the nature of
the scattered response is not known.

THEORETICAL LIMITATIONS: In the current implementation of the VH solution, the source
fields and the scattering currents are expressed with polynomials ranging in order from O through
to 5 inclusively. Thus if the energizing fields over the scattering currents on the plate require
higher orders of polynomials to be represented effectively, the solution will be inaccurate. Such
situations can occur for example when the plate is energized by a dipole, and the dipole is
located less than ¥2 of a plate dimension from the plate. The range of the polynomials used in the
solution also effectively limits the induction number of plates that can be accurately simulated to
approximately 10,000.

The plate is assumed to be infinitely thin. The thin edges of the plate therefore present an infinite
impedance to currents, and all currents must therefore exit or enter the plate along its broad
faces. This assumption can cause subtle differences when results are compared with algorithms
where the conductor is assumed to have finite thickness, and where current can both enter and
leave through the edges. Note that because the plate is thin, and no current can enter or leave
through the edges, so the side of the plate cannot be in contact with a layer of different
conductivity. Additionally, the theoretical formulation restricts the plate to lie within a single
layer.

Although the plate is infinitely thin, it does have a finite conductance or conductivity-thickness
product. Conductivity thickness refers to the relative conductivity between the plate and the
background conductive layer, and must be positive. Assumptions made when deriving the
theory limit the upper bound of the relative conductivity of the plate. The limit is a value such
that the skin depth of the fields within the plate must be much greater than the thickness of the
plate.

BUILDING THE MODEL: The electrical parameters defining the plate are its conductance and
Cole-Cole parameters. Two different modes can be used to locate the plate within space: a
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Center Point mode and Top Point mode. Three angles of rotation are allowed (strike, dip and
plunge) and multiple plates may be utilized.

RESTRICTIONS:

The plate must lie totally within a single layer and should have an induction number less than
10,000 and a channelling number less than 1,000,000. It may not intersect any other anomalous
structure, such as a prism. The ratio of the long dimension of the plate to the short dimension
should not exceed 9:1. Plates are available only to users who have acquired plate licenses.

AUXILLIARY FILES: In order to compute the response efficiently, files are built and maintained
in the \PREIKON directory. These files are not essential to the calculation, and if deleted will be
automatically rebuilt. Files have three classes NRSS*, XRSS* and YRSS*. The * takes on a
value diagnostic of particular ratios of strike extent to dip extent.

GEOMETRIC MODES

In the following discussion, the primed variables denote the axis system on the plate and the
unprimed coordinates the absolute system. The plate axis system is oriented such that the x” axis
points towards the strike of the plate and the y’ axis is parallel to its dip extent. For a plate with
0 strike and dip, the unprimed axis system is parallel to the primed axis system.

In (C)enter Point mode, the plate is located in space by defining the location of its center point
in the absolute frame. This mode is most useful for modelling plates which are horizontal or sub-
horizontal. If the plate has neither strike nor dip, then its x’ and y’ axis are parallel to the
absolute x and y axes respectively. The dimension parallel to the x” axis corrseponds to the strike
extent and that parallel to the y’ axis the dip extent. A positive strike angle rotates the plates x’
towards the absolute y axis, so that with a 90 degree strike for example, the x” axis of the plate
will rotate around absolute z axis and will be aligned with the absolute y axis. A positive dip
angle pushes the plates y’ axis downwards rotating around the x’ axis, so that a plate with a 90
degree dip will have is y’ axis parallel to the negative z axis in the absolute system. Note that this
dip angle convention is opposite to the top point dip angle convention.

In (T)op Point mode, the plate is located in space by defining the location of its top centre point
in the absolute frame. If the plate has no strike or dip, then the x’ and y’ axes of the plate lie
parallel to the x and y axes of the absolute frame, and the plate extends equally in either x
direction from the x-y origin and has its full dip extent along the negative y axis. A positive
strike angle will move the x’ axis of the plate towards the absolute y axis. A positive dip angle
will cause the bottom of the plate to drop: that is, when viewing towards the direction of the
positive x’ axis of the plate, the plate will dip to the right by the specified amount. Note that this
dip angle convention is opposite to the center point dip angle convention. A 90° dip aligns the
plate’s y’ axis with the absolute -z axis.
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PLATE EXAMPLES
In the example shown, center point input was selected, and the three step-by-step examples

following will illustrate center point inputs of increasing complexity.

N EAST EXTENT 100

. Horth EXTEHT 100
: <¥X> Center Location o
?_':]I'I"I <¥> Center Location 0
’ <Z> Center Location 70
STRIEKE AHGLE =l

| DIP AHGLE -20
IR b (ER R RN RN PLUHGE AHGLE 0

In the afore mentioned example, the plate has dimensions of 100 meters, and its top is buried at a
depth of 20 meters. The plate is oriented vertically and with the axis normal to it. Note that the x'
and y' axes lie in the plane of the plate, and represent the original position of the plate. Before the
strike and dip rotation of the plate, the x' and y' axes were coincident with the x and y axes. The
following 2 examples show more complex geometries and the inputs necessary to produce them.

Fl
o
STRIKE (Ea=t) EXTENT 140
Y— DIP {Horth) EXTENT 100
o <X> Center Location B
A { @ <¥> Center Location 0
S __.-'f o / <Z> Center Location -70
i i STRIKE ANGLE 20
AR DIP ANGLE 55
/ ;,,f’ f / Plunge AHGLE 0
AT

This second example is identical to the first except for the dip angle. This has been entered as
+55 and thus the y' plate axis was dropped into the ground and rotated 55 degrees away from the

z absolute axis.
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In this third and final example, the strike angle is negative since the x' plate axis is rotated 40
degrees towards the negative y absolute axis. Alternatively, we could have entered 140 degrees.
The dip angle is -80 degrees since the y' plate axis is rotated towards the +z absolute axis.

STRIKE (Ea=t) EXTENT S0

¥ DIP (north) EXTEHT a0
<¥X> Center Location 35
<¥> Center Location -30
<Z> Center Location -T0
STRIKE AHGLE —d40
DIP AHGLE -80
Plunge AHGLE 1]
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COLE-COLE INPUTS

The Cole-Cole model can be used in conjunction with the layered earth model, and with either
plate, prism or polyhedra scatterers. It allows the modeller to account for frequency dependent
conductivity effects which are often associated with low frequency induced polarization
phenomena. It should be also noted that at higher frequencies, electric permittivity is also
responsible for frequency dependent phenomena. In the Cole-Cole model, the conductivity is
complex, so currents are shifted in phase from the electric fields that produce them. The Cole-
Cole model is discussed in further detail in Section III under the heading “Choosing Physical
Parameters”. An internal report is also available on IP effects which the user may find helpful.

The Cole-Cole model requires three inputs, a chargeability m, a time constant ¢ and a frequency
dependance c. These parameters augment the conductivity/resistivity, magnetic permeability and
electric permittivity parameters which are used to characterize the properties of an electrical
structure within EMIGMA.
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MT STATION INPUTS

For an MT station, between four and six receivers are simulated. Three of the receivers measure
the magnetic field intensity (rather than its derivative) with respect to the MT survey coordinate
system; another one measures the vertical electric field; and two measure the potential that would
be measured in a pair of orthogonal cables laid out in the MT coordinate system x and y
directions. Using finite length E field receivers allows the effects of local structure on an MT
measurement to be modelled.

The sensors are oriented in the MT survey measurement coordinate system. The z axis of this
coordinate system is up, and the x axis of the coordinate system is specified as a declination
counterclockwise from the absolute y axis. (If y corresponds to north, declination is measured
east of north.) North is also assumed to be the y direction in the absolute coordinate system of the
model. It is suggested that for EMIGMA, that the user utilize the strike direction of the
conductivity structure as the absolute y direction. In EMIGMA Version 3, the prisms must be
aligned so that the absolute coordinate axes are normal to the faces (i.e.: no strike rotation, dip,
etc. of the prisms is allowed). However, if you are utilizing Version 6 and above, you are
allowed a strike rotation, dip and a plunge angle.

To simulate a MT measurement, 3 inputs are required: The declination angle of the electric field
polarization, the strike angle of the local MT coordinate system x axis, and the length of the
electric field receiver cables. The declination angle is a relative angle with respect to the
absolute y axis. Usually, the y axis will be coincident with the strike axis of your conductivity
structure. The polarization angle and the strike of the local MT x axis are entered in degrees east
of the absolute y axis, so in the case where the absolute y axis points northwards, northeast would
have a strike of +45 degrees while east would be represented by 90 degrees. The MT y axis
direction in these examples is north 45 degrees west and due north, while z is assumed to point
away from the ground.

The magnetic field sensor, the vertical electric field sensor, and the center points of the
horizontal electric field sensors are assumed to be at the local station origin. The absolute
position of the local station origin is located at a point determined by the station location on the
selected profile, as determined in the profile input section.

The survey site parameters are given with respect to the absolute coordinate system. In this
manner, the strike of the structure, the orientation of the MT survey system and the profile can
all be independent. This is appropriate if the site definition and the survey profile are not
perpendicular to the strike direction of the structure.
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Impedance Tensors:

To create impedance tensors, the user must compute the model twice for 2 orthogonal
polarizations.
Note:

In V6.0 and above, both polarizations can be computed automatically by utilizing the OUTPUT
page and the impedance tensors are created to the output gsflds.dat file. This file may then be
read into EIKPLOT for viewing either the fields or the impedance tensors as apparent resistivity
and phase. All elements of the tensor may be viewed either in the measurement orientation or in
any rotated position. If the user wishes to export the gsflds.dat file to .EDI or .G format then they
may pass the file through Gbformat_win.exe. Tipper vectors are also computed in this process.

RESTRICTIONS: MT inputs are available only to users who have acquired MT licenses.
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CONTROLLED SOURCE INPUTS

In the controlled source input section of EMIGMA, there is facility to enter loops, bipoles and
dipoles as either transmitters or receivers. Two modes of a survey are supported, either fixed or
moving source surveys, and a great deal of flexibility is provided to allow transmitters and
receiver to be oriented in a number of possible coordinate systems. This flexibility means that
virtually any commercially available electromagnetic system can be simulated with EMIGMA.
To the geophysicist, this means that the same software can be used to simulate the results of an
airborne survey, through the ground follow-up phase and into detailed borehole interpretation.

RESTRICTIONS: Controlled sources are available to licensed users only. In the current release,
loops must lie in a single plane.

ANTENNAE :

LOOP : A loop is an antenna that is inductively coupled to the earth. There is no direct electrical
contact with the ground, either along the antenna or at its ends if the loop is open. All coupling
with the ground is radiative. Loops could be specified as transmitting antennae for systems such
as UTEM, EM37, Crone PEM, Sirotem and Zonge systems, and as receiving antennae for dual-
loop or Slingram type Sirotem or Zonge surveys. Simulated output from a loop receiver is a
voltage.

Loops are input by defining a list of vertices, between which straight segments of wire are
assumed to run. The sense of current flow in a loop is positive when proceeding through the list
of vertices. Note, that to simulate a closed loop, the last vertex must have the same location as
the first vertex. The elevation of a loop should not coincide with an interface in the layered earth
model, since the ability of a wire to radiate depends on the physical properties of the medium in
which it is located. If the antenna is located on an interface, the physical properties of the
medium are not unique.

BIPOLE : A bipole is an antenna that is both inductively and galvanically coupled to the earth. In
this sense, the fundamental difference between a loop and a bipole is the electrical contact made
by the bipole at its ends with the ground. Bipoles would be used as transmitting antennae for IP-
resistivity, LOTEM and CSAMT surveys. It should be noted that the bipole must be in electrical
contact with the ground, so it should not be placed in the air layer. Simulated output from a
bipole receiver is a voltage.
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Bipoles are input by defining a list of vertices, between which straight segments of wire are
assumed to run. The sense of current flow is positive when proceeding through the list of
vertices. Note, that a closed bipole should be the same as a closed loop. Physically it is, but there
are numerical problems associated with cancelling the galvanic terms properly for a closed
bipole, so bipoles should not be used to simulate inductively coupled closed loops. The
elevation of a bipole should not coincide with an interface in the layered earth model.

== NOTE: The offset of the antenna from an interface should be at least 0.1 m. Bipoles should be
placed below the air level.

DIPOLES : A dipole is a useful representation for sources that are small enough to be treated as
points. A useful rule of thumb for deciding whether or not to represent an antenna with a dipole
is that the dimensions of the source should be no more than 1/10th of the other dimensions in the
survey. The elevation of a dipole should not coincide with an interface in the layered earth
model.

There are two types of dipoles available in EMIGMA. An electric dipole represents a short wire
which is grounded to the earth at each ends. In this respect, the electric dipole is similar to a
bipole. However, simulated output from an electric dipole is an electric field in volts/meter. The
electric dipole is calibrated to a 1m bipole in the far-field locations.

The second type of dipole available in EMIGMA is a magnetic dipole. A magnetic dipole
simulates a single turn loop of wire with 1 ampere of current through it, and is similar to a loop
source. The orientation of the dipole is however, orthogonal to the plane of the loop of wire it
represents, with the sense of the orientation defined by the right-hand rule. Realizing that the
magnetic dipole represents a circular loop of wire is important. Subtle differences will be noted
if the radiation pattern of a magnetic dipole is compared with the radiation pattern of a square
loop with unit area. (It is for this reason that fields from loops in EMIGMA are not computed
using the equivalent moment of a magnetic dipole.) Simulated output from a magnetic dipole
receiver is different from a loop in that units returned are Amperes/meter, that is, magnetic field
intensity.

x, y and z directions are relative to the germane coordinate system (see coordinate systems
below).
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Survey Options:

Two options are available for modelling a controlled source survey: the fixed transmitter and the
moving transmitter modes. The fixed transmitter mode is useful for simulating CSAMT,
LOTEM and large loop - moving receiver surveys such as those commonly used in MELIS,
UTEM and EM-37 surveys. The moving transmitter mode is useful for simulating Max-Min,
EM34, dipole-dipole resistivity, Sirotem Slingram and inloop geometries, HLEM and SAMPO,
and airborne surveys such as HEM and GEOTEM. Also included is the facility to compute more
than one component of the field at any point if dipole receivers are selected. This for example, is
useful for simulating three component borehole surveys. One could also use the moving
transmitter mode to simulate the response of an in-hole logging tool.

FIXED TRANSMITTER : In a fixed transmitter survey, the transmitting antenna is specified in
absolute coordinates, and is assumed to be fixed in one location. When receivers are defined,
their antennae are defined in coordinates relative to the point on the profile where a measurement
is being taken, and not necessarily in absolute coordinates. EMIGMA will compute the absolute
location of the receiver required to simulate the response at a point on the profile from

a) the definition of the profile,

b) the selected relative coordinate system (absolute, profile, borehole or horizontal; see

the following section) which has been selected for specifying the orientation of the

receiver and

c) the coordinates of the receiver relative to the point on the profile.

MOVING TRANSMITTER : In a moving transmitter survey, both the transmitter and the receiver
are specified in relative coordinates with respect to a point on a profile. In this respect,
transmitting and receiving antennae are treated in exactly the same fashion as receivers are in
fixed transmitter surveys.

There is one additional parameter to take note of in moving transmitter surveys, however, and
that is the transmitter-receiver separation. The presence of this parameter is a fundamental
difference between the fixed transmitter and the moving transmitter modes. Like the transmitter
and receiver geometries, the separation is defined in terms of the current relative coordinate
system. The transmitter will have its reference point displaced from the reference point of the
receiver by the separation. When EMIGMA locates the transmitters and the receivers to carry
out the field calculations, they will be displaced from one another by the separation. Multiple
separations are supported in EMIGMA VS.

= NOTE: The separation is specified with respect to the same germane coordinate system used
to specify the orientation and coordinates of the antennae (see coordinate systems below).

The location of the transmitter and the receiver are fixed relative to each other by the separation,
but they must also be fixed to the currently active profile position (plot point). To do this, there
is a moving system reference point parameter. Selecting a centered reference point will fix the
midpoint of the separation at the plot point; the reference point for the transmitter will then be
displaced +V2 the separation from the currently active profile position and the receiver reference
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point will be displaced -%2 the separation from the profile position. (This is useful for simulating
HEM and HLEM surveys.) However, selecting the transmitter as the reference point will locate
the transmitter reference point at the currently active profile position. (This is useful for
simulating GEOTEM surveys).

Take for example, a Wenner resistivity survey which would naturally be modelled with a
centered reference point. This survey can be defined either with O separation, or with a
separation of na. The following table tells the story of how the bipoles can be located at identical
positions with two different separation parameters.

Using the separation parameter: An example using a Wenner resistivity survey

Separation Tx electrode 1 Tx electrode 2 Rx electrode 1 Rx electrode 2
0 (n-1)a/2 (n+1)a/2 -(n+1)a/2 -(n-1)a/2
na -a/2 a2 -a/2 a2

MULTIPLE COMPONENT : Several systems on the market have the facility to measure more
than one orientation of the field at every point on the profile. The modeller can specify the
number of field components needed, rather than having to rerun EMIGMA for every field
component, and then specify the orientation codes for each component to be calculated.

COORDINATE SYSTEMS:

If a fixed transmitter geometry is being used, the transmitter is always located in the absolute
coordinate system. The coordinate system which is germane to the receiver in a fixed transmitter
geometry, and to the transmitter, receiver and separation in moving transmitter geometries can be
specified by the modeller. In the current version of EMIGMA, four choices of coordinate system
are available for specification by the modeller: absolute, borehole, profile and horizontal. The
orientation of these coordinate systems is constant for all points along a profile.

In the absolute system, orientation is parallel to absolute model coordinates. This is the simplest
coordinate system to visualize and is useful for model studies, but is not very practical for
modelling actual field data.
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In the profile coordinate system, the x-axis is located parallel to the direction of the profile, the
y-axis is horizontal, and on the left-hand side when viewing down the profile and the z-axis is
perpendicular to the x- and y-axes and is pointing up. Profile coordinates are useful when the
orientation of system components is relative to the profile, even when the profile has an elevation
change associated with it. For example, the profile coordinate system would be useful for
simulating the response of an HLEM/MaxMin survey when the profile is not at a constant
elevation (so as to have the transmitting and receiving loops occupy the same plane).

The borehole coordinate system is similar to the profile coordinate system. In the borehole
system however, the z-axis always point upwards in the line of the profile, the x-axis is
horizontal, and the y-axis is orthogonal to the two in a right-handed system. In this sense, the
projection of the y-axis on the horizontal is the azimuthal direction of the borehole. The borehole
system is useful for modelling, what else but borehole surveys!

In the horizontal coordinate system, the x-axis is the horizontal projection of the profile, the y-
axis is also horizontal and on the left-hand side when viewing down the horizontal x-axis and the
z-axis is parallel to the absolute z-axis. Thus, the horizontal system is just a rotation of the
absolute system about the absolute z-axis by an angle equal to the strike angle of the profile. The
horizontal system is useful for modelling systems which are oriented along a profile, but are
levelled with respect to true vertical and horizontal, such as is done either with level bubbles or
when the sensor is assumed to be horizontal (such as in a HEM survey), or in large loop surface
surveys.

CONTROLLED SOURCE EXAMPLES
TRANSMITTER/RECEIVER SECTION

The transmitter/receiver input section is headed with a banner, following which, input is required
to define the transmitter as fixed or moving, to define the type of antenna to use for the
transmitter and receiver, and the coordinate system to use for orienting the receiver.

Following this set of preliminary inputs, control will branch to various routines depending on the
type of antenna specified. Examples dealing with how to respond to those inputs are considered
in separate sections. The two examples to follow illustrate how to model (F)ixed and(M)oving
transmitter surveys. The example specifying the fixed transmitter is illustrative of a borehole
survey with a loop source while the example with the moving transmitter is illustrative of a
resistivity survey.

= NOTE: Inputs may vary depending on the nature of the license. License holders who, for
example, have only purchased dipole licenses will be prompted only for the transmitter and
receiver dipole types.
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LOOP ANTENNA

Fixed loops are input in absolute coordinates, moving loops are input in relative using the
coordinate system specified by the user. The required inputs are the number of points in the
loop, its fixed elevation, and the x and y coordinates of all the vertices. Note that to close the
loop, one more point than the number of sides in the loop is required. Also, the loop should be
placed in the air layer if it is used to simulate a loop which has been laid out on the ground.

The fundamental difference between a fixed loop and a moving loop is that the elevation of a
moving loop is defined by the elevation of the current point on the profile and the z separation
between the transmitter and the receiver. The elevation of a fixed loop is defined by an input
parameter.

Note: For a Moving system, loop corners are relative to the measuring point and separation
distance.

BIPOLE ANTENNA

Fixed bipoles are input in absolute coordinates; moving bipoles are input in relative coordinates.
The required inputs are the number of points in the bipole, its elevation if a fixed transmitter, and
then the x and y coordinates of all the vertices. Bipole inputs are essentially the same as loop
inputs.

The fundamental difference between a fixed bipole and a moving bipole is that the elevation of a
moving bipole is defined by the elevation of the current point on the profile and the z separation.
In the example below, the fixed bipole is typical of a cable laid out along a road, while the
moving bipole is typical of a 50-meter cable centered at the receiver reference point (or of a
similar moving source transmitter). Note: For grounded bipoles, ensure that the Z co-ordinates of
the bipole are in the ground.

Note: In V6.3 bipole antennae are not restricted to a fixed elevation.

DIPOLE ANTENNA

Dipole orientations and types are specified through their codes (Mj or Jj for the Tx, Hj or Ej for
the Rx), and are oriented according to the germane coordinate system, as with loop and bipole
transmitters and receivers.
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PROFILE INPUTS

Profiles are used to define the location of a measurement in space. They are defined by a series
of line segments, each having a start point, an end point and a number of sample positions. A
profile which, for example, starts just below the surface of the earth and extends downwards can
be used to simulate a borehole. Conversely, profiles that start just above the surface of the earth
and rise to a different altitude can be used to provide a first order estimate of the effects of
topography (ignoring the electrical effect of the ground above z=0). Specific profile or borehole
trajectories can be specified by importing an ASCII file such as a borehole log file.

NORMALIZATION INPUTS

The normalization inputs control which fields are outputted by EMIGMA and how they are
normalized. In some systems, such as Sirotem or in DC resistivity, no normalization is used, and
outputs are typically in voltages. In other systems, such as HEM, HLEM, GEOTEM and UTEM,
the fields are normalized to equivalent fields in free space. Finally, in a third class of systems
such as MELIS, signals are measured with respect to a fixed reference coil. In such cases
normalization should be done with respect to the layered earth model used in the field
calculations.

NOTE: For time domain systems, normalization is performed in FSEMTRS.

If one does not want to apply any normalization, absolute fields should be specified. If
normalization is desired, a selection of multiplicative factors are available for the normalized
output. There is also an option to normalize to the complex field, its magnitude or either its in-
phase or quadrature components. One should be aware that when normalizing to the magnitude
of the field, the sign is lost, and outputs may be reversed from what was expected. Normalized
HEM data, for example, are often presented in parts per million (PPM) where as HLEM data are
usually normalized as percent.

It is often useful to normalize to a different spatial field component than the component of the
field measured in the survey. This is particularly true for “null coupled” transmitter and receiver
configurations such as the Dighem “whaletail” system. However, it is also useful for borehole
surveys, where the receiver may be null coupled or poorly coupled with the primary field over a
part of the hole. In such cases, three-component normalization is often useful. In three-
component normalization the magnitude of the total field is used as the normalizing field.
EMIGMA offers the full range of one, two or three component normalization.
PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6

Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



OUTPUT FIELDS:

Scattered fields (secondary fields) are generated from currents flowing inside prisms, plates or
other anomalous structures which would not have been present had those structures been absent.
Scattered fields can be thought of as the “anomalies” which are sought after in exploration
geophysics.

Host/Incident fields are reflected from the electrical property contrasts in the layered earth
model. To simulate the signal from surface or airborne prospecting systems which back out the
primary field for example, computing the sum of the scattered and host fields is often useful.
EMIGMA offers the choice of outputting the sum of the scattered and the host field.

When the transmitter and receiver are in different layers, i.e. in surface-to-borehole surveys, the
total fields include the scattered and host fields, but also the field transmitted directly from the
transmitter to the receiver through the layer interfaces. (The total field represents the entire
signal sensed by the receiver.) When the transmitter and the receiver are in the same layer, the
total field again includes the scattered and reflected fields, but also the fields that would be
measured if the transmitter and receiver were in a uniform whole space. Total fields are often
useful for simulating crosshole and surface-to-borehole surveys.

Freespace fields are generated as the response of the system to an absolutely resistive
environment or vacuum. In EMIGMA this is approximated as 10e8 Ohm-m. Air is also given
this resistivity so in effect, the freespace field is the response to the system in a whole-space air
model.

A final choice for field output is the fotal field minus the free space field. This output is useful
for simulating some borehole surveys. For surface and airborne surveys, one would expect that
the total field minus the free space field should be equivalent to the sum of the reflected field and
the scattered field. In principle this is so, but numerical round off errors can make a difference,
and calculation of the sum of the scattered and reflected fields from the difference of the total
and the free space field can yield poor results.
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Figure 2-1 Earth Coordinate System
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Figure 2-2 Prism Coordinate System
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SPECIFYING PLATE GEOMETRY IN GEOLOGICAL MODE
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PLATE REFERENCE POINTS |
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Figure 2-6 Moving System Plot Points
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Figure 2-7 Loops, Bipoles and Dipoles
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Figure 2-8 Fixed Loops and Extended Bipoles
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COORDIMATE SYSTERS
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CHAPTER III - USERS GUIDE TO EFFECTIVE MODELLING

In this chapter, we explain how to use EMIGMA to model some practical situations. Some
background knowledge of the software is assumed.

This chapter discusses which physical parameter values should be used to build a representative
geological model; how to model the response of different systems; how to set up coordinate
systems and how to sample the prism model effectively under the LN approximation and ILN
approximations.
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CHOOSING PHYSICAL PARAMETERS

EMIGMA is an electromagnetic simulation platform designed to simulate the response of a
variety of geophysical systems to geological structure. However, EMIGMA [k input is in terms
of physical parameter values, and not in terms of geologic lithologies or structure. This section
is intended to help bridge the gap, so that reasonable physical parameter values can be assigned
to represent the geology being modelled.

HETEROGENEITY

When using EMIGMA, remember that geological bodies are intrinsically heterogeneous, but the
physical parameters assigned to the body in EMIGMA assume homogeneity. The assumption of
homogeneity in the presence of heterogeneity can be the source of complications, some of which
are discussed here.

One complication introduced as a result of heterogeneity is that the appropriate homogenous
physical parameter which best represents a body may be a function of scale size. That is, a body
may have bulk parameter values that represent it when energized with large-scale systems but
may change when energized with small-scale systems. Heterogeneities which effectively blend
together to produce an effective bulk property parameter value at large scales may appear as
distinct anomalies at smaller scale. The modeller must be willing to accept that the parameter
values which best represent a geological body may not be independent of the system used to
measure it. However, the nature of this variation with scale size may be important, and should
not be viewed as an annoyance.

A second complication which results from heterogeneity is that the physical parameter value
used to model a given structure of lithology in one area may be completely different in another
area. The reason for this is that geological classification is not typically based on physical
parameters that characterize a body. Thus in the following sections where individual parameters
are discussed and typical values and ranges are listed, remember that these values serve only as a
guide, and should not be assumed to be rigorous limits.
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RELATIVE MAGNETIC PERMEABILITY

When a material is placed in a magnetic field, it may acquire a magnetization in the same
direction as the field. This induced magnetization, or magnetic polarization, results from the
alignment of the ions or molecules with the magnetic field. The intensity of the induced
magnetization, I, is related to the magnetizing force, H, of the field as

I=kH,
where £ is the magnetic susceptibility of the magnetic material.
In a vacuum, the relationship between the magnetic field B, and the magnetizing force H, is
B=1H,

where L, is the magnetic permeability of free space. Since air and water have magnetic
permeabilities close to L, the above equation represents the magnetic field of the earth in the
absence of magnetic materials. When a magnetic material is introduced, the induced
magnetization of the magnetic object adds to the field of the earth and the total field becomes

B=p H + poI = po(H+kH) = po(1+)H = p, prH.

ur is the dimensionless relative magnetic permeability which corrects for the additional magnetic
field of the region due to the magnetic material. In general, B=pH, where p=p, pg. Table 1 lists
magnetic permeabilities of some common materials.

Diamagnetic and paramagnetic materials have weak magnetic susceptibility, so their relative
permeability is approximately that of a vacuum. Ferromagnetic materials exhibit strong
spontaneous magnetization which may exist in the absence of a magnetic field.
Antiferromagnetic materials have no external magnetic field, and parasitic antiferromagnetism
creates a negligible field. Ferrimagnetic materials have strong spontaneous magnetization and a
high susceptibility.
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RELATIVE ELECTRIC PERMITTIVITY

Poor conductors and insulators conduct current by dielectric conductivity. Dielectric conduction
occurs when atomic electrons are slightly displaced from their nuclei in the presence of a varying
electric field. This polarization may occur with ions or molecules, and is the means for dielectric
conduction. The parameter of interest in dielectric conduction is the dielectric constant, k.

Like magnetic fields and magnetic polarization, electric fields can induce electric polarization in
materials. The intensity of the electrical polarization, P, is related to the electric field, E, by

P=nE,
where 1 is the electric susceptibility of the material.

In a vacuum, D is related to the electric field by

D=¢ E,
where ¢, is the electric permittivity of free space. When a dielectric material is present, the
electric displacement is altered due to the electric polarization of the material introduced. The
overall electric displacement becomes

D=¢,E+P = ¢ ,E+nE = E(g,4+1) = €,kE = €E,
where the dielectric constant is defined as
k=14+n/e,,

and the relative electric permittivity is defined as

e=¢g.k.

Table 1 lists some examples of relative electric permittivity.
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ELECTRICAL CONDUCTIVITY

Electrical conductivity is defined as the inverse of resistivity. It describes a material’s ability to
transmit conduction current. There are three ways that electric current can propagate through
rocks and minerals; dielectric (discussed above), electronic, and electrolytic. The conductivities
of common materials may be calculated from the resistivities in Table 1.

ELECTRONIC CONDUCTIVITY:

In metals, electrons are the charge carriers, so the conductivity is said to be electronic. The
electrons in a metal are not tightly bound to their atoms, so the conductivity of metals is high.
For a metal rod of cross-sectional area A, length L and resistance R, the resistivity p, is given by

p= RA,
L
where the resistance is the ratio of the electrical potential across the rod to the current through
the rod. The conductivity of the rod, o, is simply
o=1/p.
Electronic conductivity is a relatively rare phenomenon in the earth, and its occurrence is usually
confined to metals and certain massive sulphide ores.

ELECTROLYTIC CONDUCTIVITY:

Electrolytic conductivity is common in the ground in comparison to electronic conductivity, and
is associated with the presence of water where ions are the charge carriers. Much of the
conductivity encountered in geophysics is electrolytic and because of this, is difficult to
characterize conductivities which are associated with particular lithologies since water content is
such a dominating factor when determining conductivity. Electrical resistivity can thus be quite
variable depending on mobility, concentration, and the degree of dissociation of the ions.
Electrolytic conduction is a slow process because the movement is actually a transfer of material
and perhaps even a chemical change, and so polarization phenomena often occur at low
frequencies.

The effective resistivity of a porous rock, p,, was determined empirically by Archie (1942) to
be

p.=ap™s" p,, where ¢ is the porosity, s is the fraction of the pores containing water, p, is the
resistivity of the water, n=2, and a and m are constants (0.5 < a < 2.5, 1.3 < m < 2.5).
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ANISOTROPY OF RESISTANCE

The earth is neither uniform nor homogenous. Furthermore, it is not anisotropic. Small fractures
associated with strain, bedding planes and preferential crystalline alignments due to schistosity
and gneissosity all contribute to presenting paths of conduction which are preferential to current
flow in one direction over another.

To understand anisotropy, consider a layered material where the layers are stacked vertically. If
a current is passed through the stack from top to bottom, the system becomes a circuit of resistors
in series. The equivalent resistance of such a circuit is equal to the sum of the individual
resistances. To summarize,

Rseries = Rlayerl + RlayerZ +...

Now consider the same stack of layers, but with current being passed through all the layers from
side to side. The circuit that would represent this situation is one with the resistors in parallel.

i=LI+L2+...

R, Rlayer Rlayer

The equivalent resistance for this circuit is

Since the equivalent series resistance is not equal to the equivalent parallel resistance, seeing
why the resistance in a layered material is anisotropic is easy. The anisotropy coefficient is the
ratio of the maximum resistivity to the minimum resistivity. For graphitic slate, this coefficient
may be as high as 2, but is in the range of 1 to 1.2 for limestone, shale and rhyolite. Anisotropy
can be caused by many effects: preferential crystal orientation such as happens with olivine in
the mantle, banding of minerals, preferential orientation of water-filled fissures and fractures,
and micro-layering of sediments.

In general the anisotropy is best described by a tensor, since the coefficient of anisotropy can
vary in three directions. The effect of this is that current is not necessarily parallel to the electric
field as the scalar Ohmlls Law would suggest.
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THE COLE-COLE RELAXATION MODEL:

It is first important to understand that normal field procedures for specifying IP responses in
msec or degrees are not related to the actual material characteristics but are in fact related to the
observed responses. In a time domain case, if a geophysicist comments on an IP response as
20msec, he refers to the integrated V/V_0 response through some intermediate window normally
the Newmont window. If the geophysicist comments on a 50mradian response, then she means
that a 50mradian variation in the phase response was observed between 2 measured frequencies.
On the other hand, the Cole-Cole parameters attempt to explain the target or hosts entire

response at an arbitrary frequency or time.

The Cole-Cole relaxation model is useful for representing the electrical conductivity or
resistivity of a polarizable material. This model simulates the resistivity of a material in
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the ground with the electrical circuit
shown in the figure below. Resistor
R represents the resistance of an
unblocked electrolyte filled passage
in a porous rock. Resistor r
represents the resistance of a blocked
electrolyte filled passage. The
complex impedance (ioX)*
represents the ionic-metallic interface
of an embedded metal object (it
should be noted that this is an
empirically deduced impedance). The
total impedance of this circuit is
given by

where m=(1+r/R)'1 18 the
chargeability as defined by Seigel

(1+(iwr )”))]’

(1959), =X (R/m)* is the time constant, and o is the angular frequency of the ac current.
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Materials analysed using the Cole-Cole model are described by 4 parameters; R, the dc
resistivity, m, the chargeability, 1, the time constant, and c, the frequency dependence. R is
related to the resistivity measured by conventional static (dc) resistivity techniques. The figure
below is a frequency domain plot of the phase ¢, and amplitude |ZI of the total impedance.
Changing R changes the vertical position of the amplitude, but does not affect the phase angle.
The chargeability (defined by Seigel (1959)) is the ratio of the potential immediately after, to the
potential immediately before an infinitely long charging current ceases to flow. Increasing the
chargeability increases the polarizability or phase angle. The time constant is a measure of the
time it takes for the signal to decay. If the time constant is increased, the phase and amplitude
plot will be shifted to the left. Increasing the frequency dependence, results in higher slopes on
the amplitude curves, and clearer peaks on the phase angle curves. For data analysis, the Cole-
Cole parameters are manipulated to fit the measured curves.

A Typical Cole-Cole Model Phase and Amplitude Plot
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OTHER IP MODELLING METHODS:

The Cole Cole model is merely one of a number of models which can be used to represent IP
phenomena. Resistor and capacitor circuits are also used to represent IP phenomena and the
figure following represents the same situation as the Cole-Cole model above. In this circuit R;,
and R;,, are similar in function to R and r in the Cole-Cole model, but the complex impedance
due to the metallic object is represented by R, R , C 1, and R,,. As with the Cole-Cole model,
time and frequency domain responses can be studied, however, the disadvantage is that each
domain has its own set of parameters.

AAVAY

Rip

Ri R Rw Rm

cr | |

Electric Circuit to
Simulate the IP Effect
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The Time Domain

In time domain studies, current is pulsed through the rock long enough to reach the equilibrium
voltage V.. When the current ceases to flow, the voltage decays with time (see below) in a
manner that varies with rock properties. The time varying decay voltage V(t) may be measured
at intervals and the ratio of V(t)/V. gives the shape of the decay curve. If V(t) and V. are
measured in millivolts, then 100 V(t)/V. is called the IP percent. An extension of instantaneous
V(t) measurements is measurement of the decay time integral from tl to t2. Some workers

define chargeability as

I
M =— 1] 2V(1)dt,

ct

-~

Time Domain IP Effect |

where the unit is milliseconds, and t1 and t2 are the gate times over which the measurement was
taken. This definition should be distinguished from the definition of chargeability proposed by
Seigel which is m=V,/V. (see the diagram above).
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The Frequency Domain

In the frequency domain, the apparent resistivity is measured at different frequencies. The
frequency effect fe is a measure of the percentage change in field with change in operating
frequency. It is defined as

fe=(PuPu) P

The percent frequency effect is
PFE=100 fe.

In order to account for variable IP effects due to the resistivity of the host rock, a metal factor
MF was introduced by Marshall and Madden (1959). The Marshall and Madden metal factor has
the form

MF=2nx10fe/pe.

The metal factor ranges from 0O to 2x10* mhos/m for surface materials, and O to 1x10* mhos/m
for competent rocks. For massive sulfides, the metal factor is 1x10° mhos/m, for fracture filling
sulfides the range is 1x10° to 1x10° mhos/m. Shale, sandstone, and finely disseminated sulfides
have metal factors in the range from 1x10° to 3x10* mhos/m.
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Table 1: Typical Values of Electrical and Magnetic Constants of Rocks and Minerals

Resistivity(Ohm.Meter)

Relative Electric Relative Magnetic

Permittivity Permeability
Range Average
Minerals
Graphite 0 - 10 1000 - -
Chalcopyrite 0.00001 - 0.3 0.004 - -
Bornite 0.00003 - 0.5 0.003 - -
Pyrite 0.00003 - 1.5 0.3 - 1.0015
Pyrrhotite 0 - 0.05 0.0001 - 2.55
Galena 0.00003 - 300 0.002 18 -
Sphalerite 1.5 - 10000000 100 - -
Bauxite 200 - 6000 - - -
Hematite 0.0035 - 10000000 - 25 1.05
Limonite 1000 - 10000000 - - -
Magnetite 0.00005 - 5700 - - 5
Quartz 40000000000 - 2.000e+1 - 4.2-5 -
4
Hornblende 200 - 1000000 - - -
Bitumen 0.6 - 100000 - - -
Coals (various) 10 - 1.000e+1 - - -
1

Anthracite 0.001 - 200000 - 5.6-6.3 -
Lignite 9 - 200 - - -
Meteoric Waters 30 - 1000 - 80 1
Surface waters: -

(ign. rocks) 0.1 - 3000 80 1

(sediments) 10 - 100 - 80 1
Soil waters - - 100 - -
Sea water - - 0.2 - -
Saline water, 3% - - 0.15 - -
Igneous and Metamorphic Rocks
Granite 300 - 1000000 - 4.8-18.9 -
Diorite 10000 - 100000 - 6 -
Dacite - 6.8-8.2 -

2.0E+04

Andesite 45000 - 170 - - -
Diabase porphyry 1000 - 170000 - - -
Gabbro 1000 - 1000000 - 8.5-40 -
Basalt 10 - 13000000 - 12 -
Olivine norite 1000 - 60000 - - -
Gneiss (various) 68000 - 3000000 - 8.5 -

Quartzites (various)

10 - 20000000

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com




From Telford et al.'s Applied Geophysics pp. 451-457

SETTING UP COORDINATE SYSTEMS

EMIGMA has a number of coordinate systems available to the modeller. The coordinate
systems are standard mathematical coordinate systems with an x, y and z axis. Thus the
coordinate system is somewhat different from systems used in geological representation, where
plan and section views are often preferred.

The fundamental coordinate system used in EMIGMA is the absolute coordinate system. In this
system, the x and y axes are horizontal and the z axis pointing vertically upwards. When viewed
from above, the y axis lies counterclockwise at a 90-degree angle from the x axis. The z origin of
the coordinate system is fixed at the lower interface of the upper half-space in the layered earth
model. The x and y origin of the absolute coordinate may be anywhere.

We recommend that the absolute coordinate system be used to represent the geographic
coordinate system in which your survey data has been collected. This for example, could be
UTM Northing and Easting, where the absolute x and y axes would correspond to the easting
and northing respectively. Alternately, the absolute axes could correspond to a locally cut,
picketed and chained grid, again where grid east and north would correspond to the absolute x
and y coordinates in EMIGMA.

If the user is using Version 6+ of EMIGMA, the user places the prism in the absolute system but
is then allowed 3 rotation angles.

@« WARNING: In the current version, prisms must be defined in the absolute coordinate system, although
this restriction will be removed in later versions. This restriction may influence selection of the
geographic coordinate system that the absolute coordinate system represents.

All profile and conductivity structure coordinate inputs in EMIGMA are with respect to the
absolute coordinate system, as are the coordinates used to establish the location of a fixed loop.
In this way, as conductivity models are built up to represent a project area, all can be referred to
in the same coordinate system. Coordinates used to locate a profile can then be the actual survey
coordinates of that profile, and not the coordinates with respect to some imaginary and
unrepresentative system.

In many cases, profiles and boreholes will not be aligned parallel to the absolute coordinate
system, and moving sensors will be aligned parallel to the profiles or borehole. To allow for this,
a number of relative coordinate systems have been introduced so that sensors can be aligned
parallel to the profile or borehole, rather than being restricted to the absolute system. More
information on this aspect of modelling is given in Chapter II, under Controlled Source Inputs.
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SAMPLING FIELDS IN PRISMS

In the LN and ILN scattering algorithm in EMIGMA, as with any numerical modelling program,
to successfully compute a realistic model response, sampling must be considered. In the current
version, sampling must be specified manually. Automated sampling algorithms require a
sophisticated knowledge of electromagnetic scattering and we know of no algorithms that use
such a technique. For the immediate future then, manual sampling must be used.

Sampling for the LN Techniques (LN &ILN) are not part of the 3D Solutions for internal fields
but simply a means for integrating over the anomalies to obtain the scattered (secondary) fields.

The VH algorithm uses a fixed number of points to represent the incident fields on the conductor
(a 21 by 21 point grid), and so is not subject to the discussion here, although similar
considerations do apply to that algorithm as well.

THEORETICAL CONSIDERATIONS:

When we consider the LN approximation, the spatial variation of the total internal electric fields
in any prism must be considered. Internal electric field sampling requires the modeller to
consider such effects as skin depth and the proximity of the conductor to the source and to the
receiver. When the skin depth of the layer in which a prism sits is small compared with a
dimension of the prism, the field will be strongly attenuated inside the conductor. The electric
field should thus be sampled densely enough near the edges of the prism to reflect this variation.
Similarly, when the prism is located close to either a transmitter or a receiver, sampling of the
fields near those points becomes critical if the scattered fields are to be properly calculated.

The second issue to be considered is the sampling of the internal transfer functions, namely, how
the incident primary field from the transmitter determines the scattering currents inside the
conductor. These transfer functions can be broken into two parts: a part due to charges on the
surface of the prism and a part due to currents flowing inside it (induction). In as far as charge
effects are concerned, the LN algorithms compensate well for them. However, the LN only
partially compensates for the inductive component of the transfer function. The use of the ILN
algorithm would be recommended in this case.

PRACTICAL CONSIDERATIONS:

When deciding if sampling is adequate, the best course of action is to test convergence.
Convergence testing is typically done by recursively running the model and recording the change
in the model response with the number of sample points. A correctly sampled modellls response
will show no change with the number of sample points. Unfortunately, this can only be detected
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by running models that in retrospect have had too many sample points included in it. But
sampling density criteria is quickly learned when using EMIGMA.

The LN algorithms’ capability to accommodate many points, yet still execute rapidly, allows
convergence to be easily checked. This is a feature of numerical modelling that has often been
overlooked until now, simply because computing proper convergence checks was virtually
impossible.

INTERNAL ELECTRIC FIELD SAMPLING:

Once the model parameters have been inputted, EMIGMA tests them and if they are found
satisfactory, examines the internal sampling points in each prism. Sampling points are located on
a regular rectangular grid inside each prism, so specifying the location of each point individually
is not necessary. EMIGMA is default for a fixed number of points per body. VHPLATE defaults
the number of sampling points to 441. LNPRISM defaults the number of sampling points to 100,
but up to 600 may be used per prism. LNFDPrism calculates 7 positions in a cluster around each
sampling position. The default is set to 40 sampling points, but allows up to 85 per ILN Prism.

In V6.3 the user can control the sampling rate and distribution. The number of points used
affects the total program memory requirements, and the suggested sampling in the X, y and z
directions. This suggested sampling is based on an algorithm which makes the distances
between the sample points in the x, y and z directions approximately equi-dimensional subject to
the condition that the total number of points is approximately the pre-set limit. In V6.3, the user
can chose to accept the suggested sampling, or modify it interactively.

@& NOTE: EMIGMA allows a maximum number of points per prism. The total allowed points for the entire model
are the number of prisms used times the number of points per prism.

EMIGMA (differs from conventional electric field integral equation solutions because the
computation of the electric fields inside the prisms is so rapid. In many practical problems then,
this part of the calculation is insignificant compared with the actual computation of the incident
fields. Thus, the part of the computation that was relatively fast in other solutions, the incident
field calculation is now relatively slow. For optimal performance with EMIGMA, it is wise to
reduce the number of points used to sample the scattered fields.

As stated previously, the scattered field must be sampled densely where it exhibits rapid
variation, such as near the edges of the conductor if the skin depth inside the conductor is large,
or near transmitter and receiver dipoles. In such cases, it is often useful to compose a single
prism out of two or more prisms, so that prisms where the field varies rapidly can be less densely
sampled.
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MODELLING TIME DOMAIN SYSTEMS

To model a time domain response, EMIGMA must be used together with the time series
transformation software, FSEMTRS. The two routines communicate with one another either
directly through memory or through PetRos EiKon’s *.pev or .mdb formatted data files which
are generated by EMIGMA and then imported into FSEMTRS where the transform is computed.
The operation of FSEMTRS is dealt with in a separate manual.

EMIGMA simulates the electromagnetic response of the earth in the frequency domain. To
simulate a time domain response, the frequency domain response must be computed over a broad
band which includes frequencies which are low enough to include the base frequency of the time
domain system. A discussion of how to select the upper frequency limit that should be computed
is covered in the FSEMTRS manual, but for many commercially available time domain EM
systems, 100 Khz is often sufficient.
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CHAPTER III-A - EXTENDED TRANSMITTER SYSTEMS
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DIPOLE-DIPOLE IP/RESISTIVITY

Dipole-dipole IP surveys can be modelled using the moving transmitter or separations option.
For modelling surveys in line along a flat profile, use horizontal coordinates and use a
separation in the X direction only with a centred reference point (as opposed to the reference
point at the transmitter). Both the transmitter and the receiver should be specified as bipoles.

If a Wenner array is being modelled with a bipole length of “L”, then when specifying the
bipoles, both the transmitter and the receiver should have a start and end point relative to their
local origins at (-L,0,0) and (0,0,0) or (0,0,0) and (-L,0,0). The separation parameter specifies the
separation of the local bipole origins and therefore the “n” factor, so choose a separation of ‘nL’
in the ‘X’ direction. The reference point should be ‘C’ to calculate the data at the mid point of
the array.

The z coordinate for the start and end coordinates of the profiles is recommended to be less than
zero (say -0.1) so the bipoles are electrically grounded.

For frequency domain calculations, choose the frequency domain mode. To compute the time
domain response, use the spectral mode. The base frequency should be contained within the
lower frequency list, so for a 5-second cycle time, choose a 0.17 Hz starting frequency. The
upper frequency used should be sufficient to represent the earliest and latest sample time
accurately. For more information on this aspect of modelling, see the FSEMTRS manual.
Resistivity surveys can be simulated with frequency domain mode by using a low frequency (say
0.1 Hz) and taking the in-phase component of the output only.

For best results, particularly in soundings, keep the transmitter and receiver wire segments a
distance of more than two meters from each other. The reason for this is that the numerical
techniques used for integrating along the path of the wires are more accurate when separation is
at least 2 meters. At low frequencies, this path of the wires will not be important since the
electric field is governed by its scalar potential, and results of the integration is therefore path
independent. At high frequencies, the transmitter and receiver cables would interact, and this
coupling would lead to spurious signals and is poor survey design.
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DIPOLE-DIPCLE IP CONFIGURAITION
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LOOQOP - BOREHOLE SYSTEMS

Borehole surveys can be modelled using the fixed transmitter option. For modelling surveys
down a borehole, use borehole coordinates to resolve the fields such that the ‘Z’ component
points up the borehole. The transmitter antenna should be represented by a loop and the receiver
should be specified as a dipole. For a single component axial system, choose Hx as the receiver.
For a three component magnetic measurement, chose Hx, Hy and Hz.

The loop is fixed, so it is specified in absolute coordinates. Enter the loop coordinates in the
sense that the direction of positive current to be flowing was considered. The number of nodes
used to specify the loop should be 1 greater than the number of wire segments used to represent
the loop, since to close the loop, the last node must be the same as the first node.

To compute the time domain response, use the spectral mode. The base frequency should be
contained within the lower frequency list. The upper frequency used should be sufficient to
represent the earliest and latest sample time accurately. For more information on this aspect of
modelling, see the FSEMTRS manual.

CENTRAL LOOP SOUNDING

Central loop sounding surveys can be modelled using the moving transmitter option. For
modelling surveys in a line along a profile, where the loop is laid out relative to the profile, use
horizontal coordinates. (Absolute coordinates could be used if the loop is laid out in the absolute
system such as would occur if GPS or a compass were used to set the wires due north-south.)
Since the receiver is a dipole and the transmitter is a loop, employ a loop transmitter and a dipole
receiver.

If the receiver is in the centre of the loop, set the separation between the transmitter and the
receiver to (0,0,0) in the x, y, and z directions. The loop coordinates entered should be a distance
relative to the point on the profile where the measurement is to be simulated. The profiles should
be in the air since both the transmitter and the receiver are above the ground.

To compute the time domain response, use the spectral mode. The base frequency should be
contained within the lower frequency list. The upper frequency used should be sufficient to
represent the earliest and latest sample time accurately. For more information on this aspect of
modelling, see the FSEMTRS manual.
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FIXED LOOP - MOVING DIPOLE RECEIVER

Large loop transmitter - moving receiver surveys can be modelled using the fixed transmitter
option. For modelling surveys where the receiver is oriented in the direction of the profile, but
horizontally, use horizontal coordinates. (Where the receiver is oriented parallel to absolute
north/south, use absolute coordinates). The transmitter antenna should be represented by a loop
and the receiver should be specified as dipoles.

The loop is fixed, so it is specified in absolute coordinates. Enter the loop coordinates in the
sense that the direction of positive current is considered to be flowing. The number of nodes
used to specify the loop should be 1 greater than the number of wire segments used to represent
the loop, since to close the loop, the last node must be the same as the first node.

To compute the time domain response, use the spectral mode. The base frequency should be
contained within the lower frequency list. The upper frequency used should be sufficient to
represent the earliest and latest sample time accurately. For more information on this aspect of
modelling, see the FSEMTRS manual.

SIROTEM DUAL LOOP CONFIGURATION

Dual loop surveys can be modelled using the moving transmitter option. For modelling surveys
in line along a profile, where the loops are laid out relative to the profile, use horizontal
coordinates. (Absolute coordinates could be used if the loop is laid out in the absolute system
such as would occur if GPS or a compass were used to set the wires due north-south.) In this
case, both the transmitter and receiver antennae are loops.

The separation of the transmitter and the receiver should be 0 in the z direction. If the receiver is
coincident with the centre of the loop, set the separation between the transmitter and the receiver
to (0,0) in the x and y directions. For Slingram configurations, where the transmitter and receiver
loops are the same dimension and the loops share a common side, choose the separation in the x
direction to be equal to the loop dimension. For dual loop configurations, where the transmitter
and the receiver are slightly offset from each other, apply small values to the x and y separation
parameters to achieve the required offsets.

The loop coordinates entered should be relative to the local origin of the loop. For a square loop,
the coordinates specifying the loop nodes should be +/- "2 of a loop dimension. If reference
point is the transmitter (“T’), then the transmitter reference point will be coincident with the
profile position, whereas if a centred reference point is used, the transmitter local origin will be
located 2 a separation ahead of the profile point and the receiver local origin will be located 2
a separation behind the profile point. The profiles should be in the air since both the transmitter
and the receiver are above the ground.

To compute the time domain response, use the spectral mode. The base frequency should be
contained within the lower frequency list. The upper frequency used should be sufficient to
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represent the earliest and latest sample time accurately. For more information on this aspect of
modelling, see the FSEMTRS manual.

SIROCTEM SLINGRAM CONFIGURATION
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CSAMT, or Controlled Source Audio Magnetotellurics uses a long bipole to energize the earth.
Measurements are of the horizontal electric field parallel to the transmitter and horizontal
magnetic field perpendicular to the transmitter. Measurements have traditionally been made in
the far field regime where the incident field can be treated as a plane wave. EMIGMA makes no
far-field assumption but rather models a 3D source. Tensor CSAMT surveys measure both
horizontal components of E and H.
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CSAMT is a frequency domain system, and the response can be modelled for a number of
frequencies in one run simply by specifying the required frequency list using frequency domain
(F) mode. The usual frequencies of operation range from a range of 1-10,000 Hz.

For H polarization measurements, the transmitting bipole laid out perpendicular to the geological
strike, whereas for E polarization measurements, the transmitting bipole is parallel to strike. To
model a CSAMT survey, select a bipole transmitter. The receivers should be aligned, parallel to
or perpendicular to, the transmitter bipole. ¥The bipole should be specified as, being either
parallel to or perpendicular to, the absolute coordinate axes, and choose horizontal coordinate
system for the receiver orientations. Assuming the transmitter bipole is parallel to the absolute x
axis, a CSAMT survey can be modelled with two receiver dipoles per transmitter.

MELIS

In the MELIS system, a large loop is laid out on the ground and magnetic field measurements are
taken relative to a reference coil. In this sense, the system is similar to the original TURAM
systems.

The MELIS system can measure 3 magnetic field components in a borehole. Since data are
output in absolute coordinates, the absolute system should be used for the receiver. To model a
MELLIS system, use a fixed loop transmitter, and receiver dipoles Hx, Hy and Hz in the absolute
system. However, many data processing characteristics of MELIS systems assume point dipole
sources.

Normalize the output, again using the transmitter loop as the normalizing source and the
reference coil as the normalizing receiver. If the reference coil is not close to any significant
anomalous structures, such a normalizing model should be sufficiently accurate.
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MMR

Magnetometric resistivity surveys are typically carried out at low frequencies with a grounded
source. The intention of the method is to measure magnetic field distortions which result from
the current channelling in the ground. In this sense, it is similar to the DC resistivity method.
The method has an advantage over conventional resistivity techniques because it avoids
problems due to small inhomogeneities with cause local distortions of the electric field. From a
practical point of view, the method also has an advantage over conventional techniques when
electrode contact is either difficult or impossible.

MMR is a frequency domain technique, and the response can be modelled for many frequencies
in one run simply by specifying the required frequency list using frequency domain mode. The
usual frequencies of operation range from 1 - 10 Hz.

The transmitting antenna should be represented by a bipole, with the receiver being a magnetic
field dipole. As MMR represents a technique rather than a specific commercial system, any
number of survey configurations are possible with it. However, in MMR surveys the source is
generally fixed rather than moving.
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CHAPTER III-B - DIPOLE TRANSMITTER SYSTEMS

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



HLEM (MAXMIN/SLINGRAM)

Horizontal loop EM surveys (i.e.: Max-Min or Slingram) are moving loop - moving receiver
frequency domain systems. Frequencies typically range from approximately 100 Hz to
approximately 15 KHz. A number of different loop separations and transmitter-receiver
orientation configurations are possible. The method is a frequency domain technique, and the
response can be modelled for a number of frequencies in one run by specifying the required
frequency list using frequency domain mode.

Both the transmitter and the receiver should be specified as dipoles, and horizontal coordinates
should be used if the coils are level at each station. If an inclined profile is being modelled, and
no in-phase coupling between the coils is desired, select profile coordinates and a z separation
parameter of 0. In the horizontal loop mode of operation, dipole codes of z should be used for the
transmitter and receiver, although other configurations are possible with MaxMin and Slingram
systems.

Data should be plotted using the centre point convention. In this convention, the loops are offset
from the centre point by '2 the separation parameter (the transmitter is located +'2 the
separation parameter from the plot point). To ensure the coils lie on the profile the separation
should in the x direction only, the y and z separation parameters should be zero. Profiles should
be approximately 1 meter above the ground.

The output should be normalized in percent using a free-space model. Normalization geometry
is usually the same as for the geometries used in the model.

GEOTEM: Note a detailed tutorial is provided.

GEOTEM is a time domain airborne system in which a horizontal coil mounted around an
aircraft is used to transmit a signal which is measured in a coil mounted in a towed bird which
trails the aircraft. GEOTEM is a descendant of the INPUT system. Thus, GEOTEM is modelled
as a moving source system.

To compute the time domain response, use the spectral mode. The GEOTEM base frequency
ranges from 25 to 150 Hz, and should be contained within the lower frequency list. The upper
frequency used should be sufficient to represent the earliest and latest sample time accurately.
For more information on this aspect of modelling, see the FSEMTRS manual.
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To model GEOTEM responses, select either profile or horizontal coordinates. Profile
coordinates would be more applicable when trying to simulate the effect of change in aircraft
altitude due to changes in profile altitude. Data often is plotted using the transmitter point
convention. By using the transmitter point convention, the plot point and the transmitter occupy
the same position, while
the receiver is displaced from the transmitter by the negative separation in the selected
coordinate system. Typical separation parameters are 135 meters in the x (profile/horizontal)
direction and -45 meters in the z direction. Profiles should be at aircraft altitudes, which is
typical 120 meters. Note that profiles should run in the direction of flight.

The transmitter can adequately be represented by a dipole with code Mz, while for standard
GEOTEM surveys, the receiver should be modelled by a horizontal dipole (Hx and Hz). Newer
multi-component systems can be modelled by assigning more than one receiver to each
transmitter.

The output should be normalized in PPM using a free-space model. Normalization geometry is
usually the same as for the geometries used in the model. Note this normalization is done within
the transform software.
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GEOTEM INPUTS

SECTION VIEW
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HEM

Helicopter electromagnetic systems are fixed geometry, moving source frequency domain
systems. Operation is typically in the frequency range between 500 and 60,000 Hz, although
specialized systems have been built which operated at frequencies as low as 40 Hz and as high as
several hundred kilohertz.

A number of different loop separations and transmitter-receiver configurations are possible with
the system. The method is a frequency domain technique, and the response can be modelled for
many frequencies in one run by specifying the required frequency list using frequency domain
mode.

Both the transmitter and the receiver should be specified as dipoles, and either horizontal or
profile coordinates should be used. In the horizontal coplanar configuration, dipole codes of Z
should be used for the transmitter and receiver, while the vertical coplanar mode should be
modelled with dipoles codes of Y. The vertical coaxial configuration should be modelled with
codes of X.

Data should be plotted using the centre point convention. In this convention, the loops are offset
from the centre point by '2 the separation parameter (the transmitter is located +'2 the
separation parameter from the plot point). To ensure the coils lie on the profile the separation
should in the x direction only, so the y and z separation parameters should be zero. Profiles
should be approximately 30 to 40 meters above the ground, but can be significantly higher in
tropical areas.

The output should be normalized in PPM using a free-space model. Normalization geometry is
usually the same for the geometrics used in the model.
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SAMPO

Sampo is a Finnish electromagnetic system which consists of a transmitter loop roughly 5 - 50
metres across and a three component magnetic receiver and an optional electric field ( y directed)
receiver.

The method is a frequency domain technique, and the response can be modelled for many
frequencies in one run simply by specifying the required frequency list using frequency domain
(F) mode. SAMPO operates at 81 frequencies in the range of 2 - 20,000 Hz.

Since the separation between the transmitter and receiver is usually large, (50-1500 m) with
respect to the size of the transmitter loop, both the transmitter and the receiver should be
specified as dipoles, and either horizontal or profile coordinates should be used. If the
dimensions of the transmitter are small relative to the distance to the receiver, a dipole code of Z
should be used for the transmitter and codes X, Y and Z should be used for the three magnetic
receiver components. A dipole code Y should be used for the electric field receiver.

Data should be plotted using the centre point convention. In this convention, the loops are offset
from the centre point by 2 the Separation parameter (the transmitter is located +1/2 the
separation parameter from the plot point). To ensure the coils lie on the profile the separation
should be in the x direction only, so that the y and z separation parameters should be zero.
Profiles should be approximately 0.1 metres above the ground except if z field is used.
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CROSSHOLE SURVEYS

Although no specific provision is made in the main interface EMIGMA to model crosshole
surveys, they can nevertheless be effectively simulated. Note: EiKon Technologies does provide
a specific tool for modelling crosshole surveys. In this tool, full crosshole panels can easily be
simulated with a variety of different antennae. From this tool, one can access all of the
simulation algorithms including EMSPHERE.

To do so, we recommend using only two halfspaces (layers) in the layered earth component of
the input. The layers should each have the same electrical parameters, and the sources and
receivers should both be located in the lower layer only. In this way, the numerical components
of the layered earth simulation code will not come into play, and the simulation code will be
accurate for much higher frequencies than had the layered earth component of the code been
used. In this mode of operation, field calculations are based on analytical solutions for a whole
space and should be accurate to very high frequencies (GigaHertz).

Crosshole surveys are often operated in a mode where the transmitter is held stationary while the
receiver is moved through its own borehole. Once a receiver borehole is completely read for one
transmitter position, the transmitter is moved and the process is duplicated again. Such surveys
can be simulated in EMIGMA using the fixed transmitter option, and running a new model for
each transmitter to modify the location of the fixed transmitter.

As the transmitter is fixed, it will be specified in terms of the absolute system. Electric sources
can be modelled with code Ex and magnetic sources with code Hz but extended electric sources
can be used. Note that code Ez assumes the electric source is grounded to the background
medium while in the crosshole tool non-grounded radiating transmitters can be utilized.
Absolute, profile or borehole coordinates can be used to specify the orientation of the receiver.
The borehole, in which the receiver is positioned, can be modelled as a profile.

NOTE: In Version 6, the movement of the transmitter down a transmitting borehole will be
automated for users who are so licensed.

Note: Crosshole imports, simulation, ray path representation, contouring and tomograph
production has been developed by PetRos EiKon and are available as an add-on to EMIGMA.
Please contact PetRos EiKon for more information.
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CHAPTER III-C - NATURAL FIELD AND PLANE WAVE
SYSTEMS

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com
Web site: www.petroseikon.com



MAGNETOTELLURICS

Please refer to the MT Tutorial

Magnetotelluric survey models can be modelled provided the dongle is licensed for MT. To
simulate a magnetotelluric measurement, the frequency domain mode of operation should be
used. Generation of impedances and tippers is done through a post-simulation processing which
is normally automated.

Each magnetotelluric station usually consists of 5 receivers, clustered at a common point on a
profile. The horizontal electric field receivers are simulated by extended grounded sources
which return voltages rather than electric field values. The reason for using the extended
receivers instead of simple point dipoles is so the effect of variations in local conductivity on
extended electric sensors could be included in the simulation, if these effects are not considered
important, merely select dipole lengths of 1 to generate outputs in electric field units. The
shorter the dipole length, the faster the run time is.

There are two directions to be established before a magnetotelluric model can be run. The first is
the polarization direction of the incident electric field: EMIGMA is three-dimensional
simulation software and the response will vary with a polarization angle. The second is the
direction of the x-axis of the receivers. Both these directions are input as angles in degrees east
of the absolute y axis. We suggest for the ease of building a model, that the absolute y axis be
assigned to northwards and the absolute x axis to eastwards.

The normal setup automatically causes the model to be run twice with two right angles source
polarizations to determine impedances.

s=NOTE: This option is available to Magnetotelluric system licence holders only.

Refer to section MT Station Inputs.
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SECTION V - EXAMPLE CALCULATIONS

The User will find on their installation CD example databases which contain
example projects for many systems and applications. You may install the example
databases or copy then to your hard drive or refer to the CD whenever you need.
You can open both database files (*.mdb) into EMIGMA V7 to view the models and
simulated data. Remember you will need to change the attributes from “Read Only”
to “Archive” if you wish to modify these example databases.
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INTRODUCTION

EXAMPLE 1: Max Min - Multiple PLATES

For this example, in the model, there are 2 plates and 3 layers (air, overburden, basement)

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



EXAMPLE 2: Induced Polarization - IP/Resistivity

Some simple examples of a 3D IP/Resistivity modelling project. Here spectral frequency
responses are used allowing transformation to time domain if required. The bipole
(extended dipoles) are
50m long in this
example for both TX
and RX and 6
separations are used -
50m to 300m.

The model consists of
a single dipping
prisms and 3 layers.

X-East (m)
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EXAMPLE 3: Thin-Sheet Models - HLEMSsystem

This is a simple comparison between the use of the LN and the VH algorithms to model a
thin lens anomaly. The VH algorithm explicitly uses what is termed, in EM, a thin-sheet
which has no thickness but a conductivity thickness. To model this type of anomaly, LN
utilizes a very thin prism. In this example, we have used a model in which the thin aspect
ratio is only 1m. LN is very stable with aspect ratio and one could actually reduce this
thickness much further if so desired.

The system simulated is a standard HLEM type system with a 100m dipole separation
and a frequency of excitation of 1777Hz. The plate is square (150m) and is buried with a
depth to top of 10m in a 500 Ohm-m halfspace. The structure is vertical and strikes
perpendicular to the survey direction. The integrated conductivity of the target in the thin
direction is 1.4 S. The model is illustrated above. (Figure 5-1)

HLEM THIN-PLATE MODEL

I separation: 100m
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Figure 5-2 shows 4
responses, 2 In-Phase and 2
Quadrature. EMIGMA is
used in both cases, once
using the LN scattering
model and once using the
VH scattering model.

This example is used for
several reasons, the most
obvious being to show the
user how to set up a model.
The second purpose is to
illustrate that there are
several algorithms within
EMIGMA. The user has
the choice as to which
algorithm to use (when so

From a physical perspective, however, this example is used to illustrate a limitation of the
LN. If the user notes the response on the flanks of the survey line, it will be noticed that
the two algorithms compare extremely well. However, over the top of the plate there is a
significant difference between the LN and the VH responses both in the IN-Phase and the
Quadrature. This is due to the limited ability of the LN algorithm to reproduce induction
effects in the anomaly. In Version 5, a new algorithm termed the ILN algorithm
(Induction LN) was introduced, which produces induction effects much better.

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



EXAMPLE 4: Comparison with a 3-D Code - Coplanar Helicopter

System

Next we turn to a full three-dimensional model with some more realistic physical
characteristics. In this case, it is a hydrographic model of a shoal of width 32 m with the

conductivity of the basement (10 Ohm-metres)
rising into seawater 16 metres. The shoal is
essentially  two-dimensional  because the
coplanar airborne system flies at 20 metres
above the seawater across its centre. This
example illustrates that the LN approximator
generates solutions of comparable accuracy to
traditional IE techniques with much greater
computational speeds. In addition, the
approximator allows much greater flexibility in
sampling the scattering currents to produce even
greater increases in computation speed. The
model is given in Figure 5-3.

Figure 5-3

LN SAMPLING

INTEGRAL
EQUATION
SAMPLING
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SHOAL MODEL
with Varying Numbers of Prisms and Sample Points

In the Figure 5-4, we
compare a 280,480

A
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Utah code was about
1.1 hours on a 85 MHz SPARC 5 for 11 stations using the fortuitous symmetry in the
model to reduce the computation time by a factor of 64. The calculation time for the LN
solution using 1196 sample points was about 10 minutes on a PENTIUM 90 for 21
stations though no use was made of symmetry in the LN approximator case. More
importantly, if the desired structure were not symmetric then 480 cells would be required
for the University of Utah Code resulting in an increase in computation time to more than
128 hours for 21 stations assuming the machine had sufficient memory not to require
swapping.

This is a fairer comparison to the LN computation time since no use was made of
symmetry and it is rare in realistic complex geological solutions for such twofold
symmetry to so conveniently exist.

Dramatic as these improvements in computation time are, they still do not adequately
express the true computational efficiency of the LN approximator. To realize this, one
must consider the problem of the convergence as a function of the internal scattering
current sampling. Analyses of the University of Utah solution as a function of cell size
indicated that one could not be sure of an accurate answer (within 5%) with a 4-metre
sampling. However, to reduce the sampling one needs to reduce the cells to 2 metres thus
increasing the number of cells to 960 using the twofold symmetry. This would increase
the computation time from about 6 minutes of CPU per station to about 50 hours/station
or 1000 hours for the 21 stations. Clearly, such solutions are not the means of putting
rapid EM modelling on the desktop of the practising geophysicist.
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EXAMPLE 5: Natural Field Modelling - Magnetotellurics System

Rummaet

EMIGMA can

also simulate
natural field
models and
generate, for
example, MT

impedance
simulations. A

complex example
is given here of
an overthrust
bounding gravels.
The user will note
that the only
differences in

generating
simulations  are
with regard to the
MT settings.
These settings
require  defining
the polarization
angle of the E-
field of  the

source, the orientations of the survey site coordinates with respect to the absolute
coordinate system and the lengths of the e-bipole receivers. Refer to the MT section in

this manual for more details.

In EMIGMA, the user can create impedances and tippers from both

of the orthogonal

source polarizations in one model. 1D inverses are available in the 1D tool. Simulation

can be provided directly from field data.
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SECTION VI - TROUBLE SHOOTING

If you get a TGS License Check Warning - Product "Open Inventor" is not licensed for
this host - or - Product "GraphMaster" is not licensed for this host when you execute
EMIGMA V8 (and/or open a file into Viz and/or Contour) - Click OK. This is a warning
only and you will be able to continue using EMIGMA with full functionality.
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SECTION VII - TUTORIALS

The User will find in their installed directory of EMIGMA a
subdirectory Examples which contains in subdirectories
example files for many systems and applications.

Detailed Tutorials for a variety of purposes are provided within the Tutorials sub-
directory.
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SECTION VI: GENERIC LICENSE

This generic license is included as an example only. Consult your particular licence for
special details which may pertain to you.
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THIS SOFTWARE LICENSE AGREEMENT made as of the XXX day of XXX,
19XX.
BETWEEN:

PETROS EIKON INCORPORATED, a corporation incorporated under the laws
of Canada

(hereinafter the "Licensor")
-and -

XXXXXXX , a corporation incorporated pursuant to the laws of
XXXXXXX

(hereinafter the "User")

WHEREAS the Licensor has agreed to grant to the User a license to use certain
computer software.

NOW THEREFORE WITNESSETH that in consideration of the terms of this
Agreement and other good and valuable consideration, the parties agree as follows:

1. Definitions

1(1) ""Affiliate" as used in this Agreement shall mean a company which
directly or indirectly controls, or is controlled by or is under common control with a party
to this Agreement. The term "control" as used herein means the rights to the exercise,
directly or indirectly, of more than 50% of the voting rights attributable to the shares of
the controlled company.

1(2) ""Agreement'' shall mean this License Agreement and all schedules
hereto;
1(3) "Licensed Materials'" shall mean user manuals and such other

documentation as may be provided by the Licensor to the User for use with the Licensed
Program and shall include the Product Definition;

1(4) "Licensed Program' shall mean the computer program in a machine
readable version of all executable deliverables, excluding the source code, which
computer program is owned by the Licensor and also includes any updates, modifications
and enhancements thereto provided by the Licensor, unless otherwise agreed by the
parties;

1(5) "Licensed Program and Materials'' shall mean the Licensed Program
and Licensed Materials as defined above;
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1(6) "Product Definition' shall mean a written description of the functions of
the Licensed Program, which description is contained in Schedule 1(5).

2. Grant of a License

2(1) Subject to the terms and conditions of this Agreement, the Licensor hereby
grants to the User a non-exclusive, non-transferable perpetual license to use the Licensed
Program and Materials in machine readable form on one (1) computer at each of the sites
specified in Schedule 2(1) for the conduct of the business of the User, other than the
purposes specified in Schedule 2(1). The Licensed Program and Materials shall not be
kept at any sites other than those specified in Schedule 2(1) with the exception of laptop
or other field portable computers owned and operated by the User. This licence is valid
for the period and subject to the conditions described in Schedule 2(1).

2(2) The Licensed Program and Materials granted herein are restricted to use
by the User solely for its own internal operation to process its own data, and not for
processing the data of others for hire. The User shall also have the right to use the
Licensed Materials to instruct its staff in the operation of the Licensed Program. The User
shall have the right to make archival copies of the Licensed Program for the purpose of
retrieval in the event of hardware failure or inadvertent destruction of the Licensed
Program.

2(3) The User shall have no right to sub-license the use of the Licensed
Program and the User shall not assign its license to use the Licensed Program and
Materials hereunder, whether voluntarily or by the operation of the law or otherwise,
without the prior written approval of the Licensor, which approval may be unreasonably
or arbitrarily withheld. Without limiting the generality of the foregoing the User shall not
enter any arrangement with any person, firm or corporation whereby use of the Licensed
Program and Materials is shared by the User with said person, firm or corporation, with
the exception of an employee of a company involved in joint venture operations with a
licensed User, or an employee of a contracting company hired by a licensed User to
collect and interpret data for the licensed User, in which case

1) Said employee may use licensed software only under the supervision of an
employee of the User, who shall ensure the licensed software is used in the
case of joint ventures exclusively for the purposes of the joint venture

activity or in the case of an employed contracting company, for interpretation of the

data sets collected by the contractor for the User.

ii) Should any individual who is not an employee of the User who is involved
in the joint venture or who is an employee of a contracting company be

granted access to the software under this exception, the User undertakes to

make said individual aware of the license restrictions.
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i) The licensed software may only be installed and operated at a normal

place of business of the User in the case where the Licensed software is to be
operated under these joint vemture or contracting company provisions.

1v) The User agrees to accept responsibility for any misuse of the Licensed
Program and Materials by third parties, their employees and agents, using
such Licensed Program and Materials pursuant to a contract with the User and to
indemnify the Licensor for any damages arising as a result of such misuse
which a court of competent jurisdiction has ordered should be paid to the
Licensor.

2(4) All results generated by the User, wholly or partially, by means of the use

of the Licensed Program and Materials shall contain the appropriate acknowledgement of
the use of the Licensed Program and Materials by the User whenever said results are
published or could be made available to any person or group except the Licensed User.

3. Copies of Licensed Materials

3(1) The Licensor shall provide the User with the number of copies specified in
Schedule 6(1) of the Licensed Materials. Any additional copies of the Licensed Materials
as are reasonably necessary for the use of the Licensed Program by the User shall be
provided promptly by the Licensor to the User following a request from the User for
these to be provided at the then current charges therefore.

4. Data Conversion and Operation

4(1) The Licensor shall provide the User with specifications for data formats
for use with the Licensed Program. The User is responsible for conversion of its current
data to the data format required for use with the Licensed Program.

4(2) The Licensed Program is designed to operate on the operating system
with compatible hardware as specified in Schedule 4(2). If the User requests
modifications of the Licensed Program to meet particular requirements, the Licensor may
at its discretion modify the Licensed Program to operate under such conditions subject to
applicable service charges to be negotiated prior to the start of the work. This Agreement
shall apply to all such modifications to the Licensed Program.

5. Services

5(1) In accordance with the conditions specified in Schedule 5(1), the User
may purchase from the Licensor, support and corrections and improvements to the
Licensed Program.
5(2) Upon expiration of any support period specified in Schedule 5(1) the User
may purchase from the Licensor, support and corrections and improvements to the
Licensed Program.
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5(3) The User acknowledges that the Licensor, upon expiration of any support
period, may elect not to offer continued support for the Licensed Program if the Licensed
Program has been withdrawn from the market.

6. License Fee

6(1) In consideration of the grant of the Licensed Program and Materials by the
Licensor to the User hereunder, the User has agreed to pay the amount specified in
schedule 6(1), and in so doing has acquired an option to acquire additional licenses in
accordance with the provisions of Schedule 6(1).

6(2) The license fee does not include any provincial sales taxes, or any other
taxes or duties whether presently in force or imposed in the future, and any such taxes or
duties shall be assumed and paid by the User. In the event that further taxes are
determined to be payable, the User shall promptly pay them upon demand by the
Licensor.

6(3) If the User fails or neglects to make any payment for the Licensed
Program when due, the Licensor may at its own option, subject to the terms of Clause
10(2) and in addition to any other right which it has under this Agreement or at law:

(1) enter upon the User's premises and take possession of the Licensed
Program and Materials during normal business hours;

(i1) delay delivery of any computer equipment or other materials, or the
performance of any services under this or any other agreement with the

User until such payment is made; and/or

(iii))  delay delivery of any part of the Licensed Program and Materials until
such payment is made.

7. Delivery

7(1) The Licensed Program and Materials will be delivered to the User on the
date agreed to by the parties and specified in Schedule 7(1) hereto. The Licensor shall
use all reasonable efforts to meet such delivery dates but does not represent or warrant
that such delivery dates will be met.

7(2) If the Licensed Program or Licensed Materials are lost or damaged during
shipment from Licensor to User, the Licensor shall replace same at no additional cost to
the User.

8. Warranty

8(1) The Licensor does not warrant that: (1) the functions contained in the
Licensed Program will meet the requirements of the User; (2) the Licensed Program will
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operate in the combinations which may be selected by the User; (3) that the operation of
the Licensed Program will be uninterrupted or error free; or (4) that all defects in the
Licensed Program will be corrected.

8(2) No warranties, either express or implied, are made to the User by the
Licensor regarding the Licensed Program and Materials.

8(3) In the event of breach of this Agreement by the Licensor its sole
obligation to the User shall be to replace the Licensed Program and Materials free of
charge to the User. Without limiting the generality of the foregoing, the Licensor shall
not be liable to the User for any loss, cost, damages, claims, actions, suits suffered by
the User resulting consequent upon a breach by the Licensor of any of its obligations
herein.

9. Ownership of Licensed Program and Confidentiality

9(1) The User acknowledges that the Licensed Program and Materials are the
property of the Licensor and that the only right that the User obtains to the Licensed
Program and Materials is the right of use in accordance with the terms of this Agreement.
The parties acknowledge that any machine readable software products created by the
User but embedding the Licensed Program shall be the property of the Licensor.

9(2) The User will ensure that all copyright, proprietary and trade secret notices
of the Licensor will remain on the Licensed Program in any form, and on all Licensed
Materials. The use of a copyright notice on the Licensed Program and Materials shall not
be taken to indicate that they have been published.

9(3) The User acknowledges that the Licensed Program and Materials and any
archival copies of the Licensed Program contain proprietary and confidential information
of the Licensor. The User will take the same care to safeguard the Licensed Program and
Materials as it takes to safeguard its own confidential information and such care shall not
be any less than would be taken by a reasonable company to safeguard its information,
but so that the User shall be free to disclose information to an Affiliate provided that the
Affiliate agrees to keep such information confidential and not to disclose it to any third

party.

Without limiting the generality of the foregoing, the Licensed Program shall be
accessible only to those employees of the User and employees of Affiliate companies of
the User who, in User's sole opinion, have a need for such access to perform their duties,
and Licensed Materials other than operator's manuals shall be stored in a secure place and
shall be accessible only to those employees of the User with a need for such access in
order to perform their duties. Employees of the User or of Affiliate companies of the
User, having such access shall be specifically advised of the confidentiality of Licensed
Program and Materials. Operator's manuals shall prominently bear a legend stating that
they are the property of the Licensor and they contain confidential information, and
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operators shall not be permitted to take them from their workplace. In the event the
Licensed Program and Materials have been stolen, the User shall not be held liable for
injury caused by such theft to the Licensor provided

1) The User notifies the Licensor of the theft upon its discovery

ii) The User has acted reasonably in safeguarding the Licensed Program and

Materials and has provided the Licensed Program and Materials with the same
level of security as is provided to its own business assets.

9(4) No copies of any portions of the Licensed Program or Licensed Materials
shall be made by the User or the User's employees save that the User may make copies of
the Licensed Program and updates or enhancements (if any) provided by the Licensor for
archival and backup purposes. Said copy shall be and shall remain the property of the
Licensor.

9(5) In order to assist the Licensor in the protection of its proprietary rights
with respect to the Licensed Program and Materials, the User shall permit the Licensor to
inspect, during the normal business hours, the facility at which the Licensed Program is
used and any facility at which the Licensed Program or Licensed Materials are stored at a
mutually agreed time provided the Licensor has reasonable cause to believe that a breach
of the licensing provisions by the User has occurred.

9(6) The Licensor shall not disclose to any third parties, other than the
employees of the Licensor, any business or financial information of the User provided to
the Licensor in confidence, except to the extent such disclosure is required by the
Licensor to enforce its rights under this Agreement.

10. Default

10(1) Failure of the Licensor or the User to comply with any term or condition
of this

Agreement shall entitle the other party to give the party in default written notice requiring
it to make good such default.

10(2) If the default complained of has not been cured within thirty (30) days
following receipt of such notice, the notifying party shall be entitled, in addition to any
other rights it may have under this Agreement or otherwise at law, to terminate this
Agreement by giving notice to the other to take effect immediately.

10(3) It is recognized by the parties that the confidentiality of the Licensed
Program and Materials is of great and central importance to the business of the Licensor.
The parties therefore agree, that if the User shall breach any term of Article 9 of this
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Agreement entitled "Ownership of Licensed Program and Confidentiality," then the
Licensor shall have the right to terminate provided that (i) the User provides the Licensor
with written notice of the material breach, which notice shall specify the nature of such
breach and for thirty (30) days to correct such alleged breach and that notice has expired
and the failure has not been corrected.

10(4) This Agreement shall terminate immediately and automatically if the User
enters or is placed into receivership or if the User is petitioned into bankruptcy or makes
a proposal under the Bankruptcy and Insolvency Act for the benefit of its creditors, or
ceases to carry on business or is wound up.

10(5) The User may terminate this Agreement by thirty (30) days notice in

writing to the Licensor to do so, whereupon the User shall have no further obligations to
the Licensor other than those referred to in Article 11.

11. Procedure on Termination

11(1) Upon any termination of this Agreement, the User shall return the
Licensed Program and Materials and any full or partial copies thereof to the Licensor and
shall certify, under the hand of a duly authorized officer of the User, that the original and
all copies of the Licensed Program and Materials have been given up to the Licensor, all
records or copies of the Licensed Program or Materials on all media have been
destroyed, and that no copies of any part of the Licensed Program and Materials, in any
form, remain in the possession or control of the User.

11(2) Termination of this Agreement shall not affect any right of action of either
party arising from anything which was done or not done, as the case may be, prior to such

termination taking effect.

12. General

12(1) Neither party shall be liable for delay or failure in performance resulting
from acts beyond the control of such party, including, but not limited to Acts of God, acts
of war, riot, fire, flood, or other disaster, acts of government, strike, lockout,
communication line or power failures, or failure or inoperability of any software other
than the Licensed Program. Provided that no party shall be excused from the obligation to
pay any amount due pursuant to this Agreement due to any of the above causes.

12(2) This Agreement shall be governed by and construed in accordance with
the laws of the Province of Ontario, Canada.

12(3) The User shall have no right to assign this Agreement without the express
written consent of the Licensor, which consent may be unreasonably or arbitrarily
withheld. If the User merges with another entity or sells or assigns its entire business to
another entity, the Licensor will not withhold its permission to assign this Agreement to
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such other entity, provided that the Licensor is reasonably satisfied that the
confidentiality of the Licensed Program and Materials will be maintained.

12(4) Any notice, demand or request that any party shall give to the other shall
be in writing and shall be deemed to have been validly given if delivered at or mailed by
registered mail or sent by telecopier to the parties at the addresses specified below or to
such other address as such party shall have given written notice. Any notice, demand or
request shall be deemed to have been received at the time it was delivered; or in the case
of those given by registered mail on the third business day following the date of mailing.
Any notice, demand or request given by telecopier shall be deemed to have been received
on the date the transmission is received, provided if the date of receipt of the transmission
is not a business day, notice shall be deemed to have been received on the first business
day following the date of receipt of the transmission. In the event of threatened or actual
postal disruption due to strike, lockout or labour dispute, any notice, demand or request
shall be delivered personally or sent by telecopier to the addressee.

Licensor: PetRos EiKon Incorporated.
917 Nipissing Road
Milton, Ontario
LI9T SE3

User: XXXXXXX
XXXXXXX
XXXXXXX
XXXXXXX

12(5) This Agreement and any schedule attached hereto and initialled or signed
by both parties contains the complete and exclusive statement of the Agreement between
the parties with respect to the subject matter hereof and supersedes all prior and
contemporaneous agreements, understandings, proposals, negotiations, representations or
warranties of any kind, whether oral or written. No oral or written representation that is
not expressly contained in this Agreement is binding on the Licensor.

12(6) If any provision of this Agreement is declared by a Court of competent
jurisdiction to be invalid, illegal or unenforceable, such provision shall be severed from
the Agreement and the other provisions shall remain in full force and effect.

12(7) A term or condition of this Agreement can be waived or modified only by
written consent of both parties. Forbearance or indulgence by either party in any regard
shall not constitute a waiver of the term or condition to be performed, and either party
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may invoke any remedy available under the Agreement or by law despite such
forbearance or indulgence.

12(8) In the event of the termination of this Agreement, the provisions of section
8(3) and Articles 9, 10, 11 and 12 hereof shall remain in full force and effect, until such
time as the parties mutually agree to the release of the terms thereof.

12(9) This Agreement may be executed by the parties in counterparts, all of
which, when taken together shall constitute a fully executed version of this Agreement.
A copy of this Agreement executed by a party and sent by telecopier to the other party (or
to that Other party’s respective solicitors) shall constitute delivery of an executed
counterpart of this Agreement.
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IN WITNESS WHEREQOF the parties have executed this Agreement as
XXXXXXXXXX
PETROS EIKON INCORPORATED

Per:
A.S.O.
Date
XXXXXXXXXX
Per:
A.S.O.
Date

SCHEDULE 1(5)

Product Definition
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The Licensed Programme, EMIGMA models electromagnetic scattering from a scatterer
or scatterers in a horizontally stratified ground.

The Licensed Programme consists of a number of licensable components each of which
can be licensed either separately or together

1. A license to execute machine readable code on an XXXXX computer located at
the licensed sites of

XXXXXXXXX
XXXXXXXXX

2. One copy of an operating manual in English for modelling programs described in
section (1) of this Schedule.

3. One software key device.

4. The User has the option to purchase additional licenses until XXXXXXX for
XXXXXXX
per license in XXXXXXX funds.

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



SCHEDULE 2(1)

Number of Computers, Sites and Use of Licensed Program and Materials

1. The Licensed Programs and Materials may be used on la XXXXXX computer
owned or leased by the User which is used for the purposes of conducting his regular
business at each of the sites referred to in this Schedule 2(1).

2. The Licensed Program and Materials may be used at any location in the world for
the normal business of the User. The Licensed Program and Materials may be
transported from site to site, and may be installed upon a laptop or other field portable
computer owned or leased by the User for the purposes of his business, provided such use
and installation is in conformity with the provisions of the License. The User agrees not
to run the same copy of the Licensed Program on more than one computer at the same
time.

3. The parties acknowledge that the business of the User is mineral exploration and
related data processing and research services. The User shall not use the Licensed
Program and Materials for any of the following purposes:

(a) commercial consulting;

(b) preparation of nomograms, typed curves and/or tables for use by
interpretation software distributed to third parties;

(©) interpretation of data sets on a commercial consulting basis or for
inclusion, as a minor component, in the report of work carried out on a
commercial consulting basis.

For greater certainty, the following use of the Licensed Program and Materials shall not
be considered to be a commercial consulting use:

(a) demonstrations to third parties for promotion of the services and products
provided by the User in the ordinary course of business;

(b) preparation of typed curves, nomograms and/or tables not otherwise
restricted by this Agreement;
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(©) basic geophysical research;
(d) equipment or survey design;

(e) use of the software by a partner engaged in a joint venture, or by a
commercial contractor who has acquired data and shall be interpreting that data for the
User, as specified in section 2(3) , provided that in the case where the Licensed Software
is used in work performed for/with joint venture partners, the partners are not charged for
the use of the Licensed Software, and the use of the Licensed Software forms a small
component of the total contribution of the User
toward the joint venture activity.

PRIMARY SITE

CONTACT:

ADDITIONAL SUPPORTED SITE LICENSES

CONTACT:
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SCHEDULE 4(2)

Operation

The Licensed Software shall execute on an Intel based computer under one of the DOS,
WINDOWS', 0S/2 or UNIX operating systems, with the selection of operating system to
be WINDOWS unless otherwise specified by the User.

OPERATING SYSTEM:

"The precise choice of WINDOWS system is still as yet undefined, but the Licensor will
endeavour to provide support for those WINDOWS operating systems for which stable
compilers become available.
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SCHEDULE 5(1)

Support

1. The Licensor shall provide the following support to the User for the period of the
first year of the licence at no cost to the User, through an individual specified by the User
to the Licensor:

(a) 12 telephone service calls per year as required by the User.

(b) modifications and upgrades to the Licensed Programs and Materials as
they are released by the Licensor;

provided the cost of all long distance telephone charges incurred by the Licensor in
providing support to the User shall be paid by the User.

2. The User may elect to purchase extended support of the Licensed Program and
Materials granted under this license at the then currently applicable rates (usually 15% of
the purchase price). This will entitle the user to

(a) 12 telephone service calls per year as required by the user ;

(b) modifications and upgrades to the Licensed Programs and Materials as
they are released by the Licensor ;

provided the cost of all long distance telephone service charges incurred by the Licensor
shall be paid by the User. Telephone calls in excess of the supported amount will be
billed at $50.00 per call.
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SCHEDULE 6(1)

License Fee and Operation

1. License Fees are payable in Canadian funds as follows

a) XXXXXXX in XXXXX funds for a single perpetual XXXXXX based
computer license.

b) XXXXXXX in XXXXX funds per additional unsupported "perpetual

user" upto
XXXXX licenses

C) XXXXXXX in XXXXX funds per additional supported "perpetual user"

upto
XXXXX licenses, where support conditions are specified in Schedule 5(1)

PetRos EiKon 10A Bram Court, Unit 10, Brampton, Ontario Canada L6W 3R6
Tel: 905-796-0324 Fax: 905-796-5214 E-Mail: support@petroseikon.com

Web site: www.petroseikon.com



SCHEDULE 7(1)

Delivery

1. The Licensed Program and Materials, upgrades and additional licensed copies of
the software shall be shipped by mail to the User at the address specified below.
Requested installations shall be billable to the User at a consulting rate of XXXXXX per

day in XXXX funds, plus travel expenses.

USER:

Attn:

Address:
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On your CD: 1996_Cerattepe.pdf

10. Parker, D.H, Boivin, M., Murray, 1. R and Groom, R.W. (1997).
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A case study on the application of the EMIGMA modelling package to Crone data over the
SOQUEM Lac Volant Region, Sept—iles, Quebec, Extended Abstracts, 67" SEG Conference,
Dallas, Texas.

On your CD: 1997_CaseStudyCrone.pdf

11. Murray, L.R. (1997)

On Extending the Localized Non-Linear Approximation to Inductive Modes Extended
Abstracts, F004, 59th EAGE Conference, Geneva, Switzerland.

On your CD: 1997_ExtLocLN_EAGE.pdf

12. Murray, I. R., Alvarez, C. and Groom, R.W. (1999).

Modelling of complex electromagnetic targets using advanced non-linear approximator
techniques, Extended Abstracts, 69" SEG Conference, Houston, Texas.

On your CD: 1999_ModelComplEMTarg.pdf

13. Groom, R.W., Murray, Alvarez, C., North, J. (1999).

An Interpretation Study of Pulse EM Reconnaissance Data from the Raglan Belt of Northern
Canada, Extended Abstracts, 3D Symposium, Utah, Colorado.

On your CD: 1999_IntStudyPulseEMRaglan.pdf

14. R.-W. Groom, C. Candy (2001)

Development in a normal mode helical electrical antennae crosshole instrumentation and
integrated interpretation system

On your CD: 2001_DevelopHelicalElAnt.pdf

15. R. Groom, C. Alvarez (SAGEEP 2002).
3D EM Modelling — Application of the Localized Non-Linear Approximator to Near Surface

Applications
On your CD: 2002_3DEMModelling.pdf

16. Ruizhong Jia (2002)
An Inverse Magnetic Problem
On your CD: 2002_InverseMag.pdf

17. R.W. Groom, Ruizhong Jia, C. Alvrez (2003)

Investigations into Inversion of Magnetic and Gradient Magnetic Data for Detection and
Discrimination of Metallic Objects

On your CD: 2003_InvMagGradSAGEEP.pdf

18. Ruizhong Jia, R.W. Groom (SAGEEP 2004)
On Inversion of Gradient Magnetic Data for Detection of Multiple Buried Metallic Objects
On your CD: 2004_EulerVectorInvUXO.pdf
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19. R.W. Groom, Ruizhong Jia, Bob Lo (2004)

Magnetic Compensation of magnetic noise related to aircraft’s maneuvers in airborne survey.
Extended Abstract SAGEEP 2004

On your CD: 2004_MagCompSAGEEP.pdf

20. Ruizhong Jia, R.W. Groom, Bob Lo (2004)
The Use of GPS Sensors and Numerical Improvements in Aeromagnetic Compensation
On your CD: 2004_MagCompwGPS.pdf

21. FSEMTRS (2004). Frequency To Time Transform (Internal paper)
On your CD: 2004_FSEMTRS.pdf

Technical Talks In PowerPoint format

1. R.W. Groom, Bob Lo (2002)
Some Pitfalls in Gradient Magnetic Processing or Why Rotate Gradients
On your CD: 2002_PitfallsGradMagProcess.pdf

2. Bob Lo, R.W. Groom

Improved Depth Distributions by Inversion of Magnetic Surveys Collected at Different Survey
Heights

On your CD: ImprDepthDistrInvMag.pdf

3. Exploring for Groundwater with EM Methods. R. Groom
On your CD: ExplGroundwaterEM.pdf

4. Magnetic 3D Inversion
On your CD: Mag3DInv.pdf

5. 3D Modelling of Near Surface Problems
On your CD: 3DModelNearSurfProblems.pdf

6. UXO Applications for Geophysics: TEM Modelling for UXO’s using EMSphere (2002)
On your CD: UXOApplGeoph.pdf

7. X-hole Tomography. A New Frontier in Equipment and Software
On your CD: XholeTomogr.pdf

8. Developments in a Normal Model Helical Electrical Antennae Crosshole Instrumentation and
Integrated Interpretation System
On your CD: 2001_HelicaAntXhole.pdf
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9. Inversion of Gradient Magnetic Data for Detection and Discrimination of Metallic Objects
On your CD: 2003_InvGradMagData.pdf
2004_InvGradMagUXO.pdf

10. R.W. Groom, Ruizhong Jia, Bob Lo

Magnetic Compensation of magnetic noise related to aircraft’s maneuvers in airborne survey.
PowerPoint Presentation at SAGEEP 2004

On your CD: 2004_MagCompSAGEEP.pdf

11. 3D Modelling — Application of the Localized Non-Linear Approximator to Near Surface

Applications. R. Groom, C. Alvarez
On your CD: 2002_LocLLNApproxNearSurf.pdf
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