EMIGMA V10.x

EMIGMA V10.x —#(# Tutorial
EMIGMA HFH)IEEEE Forward Modelling in EMIGMA
Al] Getting Started

Start -> Programs -> EMIGMA 10 -> EMIGMA 10

AIES IR - SR elE iR E
To Create a New Database - Select Create a New Database,

D PR TR SRR I A o £

Browse for the path to save your new database file and give it a name.

Start Dialog K E3 |

O  Create a Mew Database

]

(&5  Open an Existing Database

are Files...

EAEMIGHMANDemo D atabazes \Example D atabase\E wampleD atabaze. mdb
EAEMIGMANDemo Databazes'Mag_databazehEMIGMA _demoZ mdb
EAEMIGMANDemo Databazes \TOEM_databaze\TDEM_databaze. mdb
EAEMIGHMANDemo D atabazes MiningD atabasehmining_training. mdb
EAEMIGMANDemo Databazes"\FDEM_demo_databaze'FDEM_demo.mdb

1] | H
"' " Check for updates [ Use Proxy server to get updates
| k. I Cancel | Help |
BT FRNEEIEE -

BT EARIERE - 285 MBI T BB (A £ e B i e 5 2 S0 S S BdE e S A
To Open an Existing Database - Select Open an Existing Database and either choose your database
from the list or browse for your database file by selecting More Files...
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RIS REE Creating or Accessing a Survey

BINITEES GO IHEEIRE TR E o QIEEEER > EMIGMA BB BRHSBEEEEIEE D -
Rk, —BalE - AP AEHREEESE R A ARE - o, RI\EFEESL - EMIGMA
FEEE AWM EE,

To perform modeling, you must have a survey constructed in your database. When creating a survey, EMIGMA stores all of
the required parameters inside the database. Thus, once created, the user no longer needs to specify the data system or the
survey configuration. Additionally, depending on the survey parameters, EMIGMA knows which algorithms to use.

fERI Ll i A el -

MBEITF—DHIERE - W2 AR CEFATZ T HNIEE » I B e LERE RSB e -
RO — D 2RI - SE AT LS ARdRH B S A2 2 SO S H I R E ISR E T -
You may create a survey in a number of ways. If you open a database, then you may have numerous surveys already

available and they can be used directly or modified. You may create an entirely new hypothetical survey or you may import
data and through the import process, the survey is defined and saved to the database.

AIE—NESEE - Create A New Synthetic Survey.

HIAWHE T - EERINEE » AEEELRFAER
In an existing project, select Add Survey, then select the System Mode

EM/IP/Resistivity CSAMT (with 3D source)
Gravity Land CSEM

Magnetics ZTEM

MT VLF or VLF-R

MMR

RTERGEA > VLA S B RIRAILES - H HARE 25052 — RIVFEE RS2 8% ) Tx-Rx
Depending upon the System Mode, certain types of transmitter and receivers are allowed and depending upon the System
Mode — Fixed Transmitter or a Moving Tx-Rx is allowed

Py i Transmitter Types
Coil —{s F FREHERY A5

a point source is used which is either electric or magnetic
Loop —[#13f closed loop
Current Dipole —#t &+ N1 LT IR Y £ H AU

wire current source of selected length and geometry
T Pole — for IP or Resistivity —

— 25 R o B EUAT IR BT 1

point source with a return pole at a selected distance and location

N Ip/Res System Wizard

B FFL  Receiver Types

Coil —{FEFEHE 5370888 a point receiver is used which is either electric or magnetic
Voltage Dipole —8NRESEARIR, T BRI IR 25

a current wire with grounded ends if in conductive material

Pole — for IP or Resistivity —¥£ b & HYFE AL E A AT SRR

a point receiver with a pole at a selected distance and location

PoEE Tx. Rx MEING (WSE X THNERLG - WTHENE - HIFFrA LS E AT RIS
Matching Tx’s, Rx’s and separations (if a moving system are then defined. For some surveys not all transmitters have all
receivers.

Click Next>
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N Fieg -
1 1.000

H 17.000

3 35.000

4 53,000

5 71.000

6 83,000

7 107.000

g 125.000

k] 143.000

10 161.000

1 173.000

12 197.000

13 10,000

14 170,000

15 350,000

16 530.000 T
17 710.000

18 590,000

13 1070000

20 1250.000

21 1430.000

2 1610000

2 1730000

24 1970000 -
4 »

Wavefor

m Selection

End sequence index

Number of harmonics ta skip
aver [from 0to 15)

Stertng sequence index fiom 1 [T
to 7] 2
1
2

- Domain Time 1 rte—
 Frequency O Static Frequency Totsl £ s
1 5ec
& Spectsl O Time Waveform: L
ey et Settins | Eilse Mo Sten |
r Frequency Mod;
[Mm:l Logaiitic Step
(o g
Ad) 9 Haplees Iniial FrequencyiHe] [T
. £ Base
Frequency # 37 # of Decades in 3
ascending order & Ebse il
Frequency valugHz) 159700 # Freq/Decade l3—
o=l o st =l Frequeney sy
- Spectral Mod;
Irpu Generated

Minimum frequency

Marnum frequency

1
19700

Bage Frequency Hz)

1e+020

Base Period (5] 1e+030
T — | <-- Generate and Add to the Frequency List |
<Back | MNew:> | Concel | Help

TR AR BT B © 54785 (DC) BRI A -
Here you will select whether you wish to calculate a Frequency Domain model, a static (DC) model or a Time Domain survey.

R EARIIE, - TS SedE E — MG - X RE R R SRR BRI - X TR fE 8y B o
o (BIEHTM)

If selecting Time Domain you must first specify a spectral survey which will compute the necessary frequencies to compute
your time domain model which depends upon base frequency and the desired upper bandwidth. (see Transform manual)

Click Next>

B EX AL

Profiles Selection

PUAE SR B oK QI 4H A R Be B S R -

TR G ABCE SR F 2 BB S SR AR B R A& RIS < Now you will be requested to create your
data stations organized into Profiles. You may create individual profiles or utilize the Multiple Profile interface to
select an entire survey grid.

Profiles

1]

Modiy Selected Prafil
#]_Hone [Swiont] [, W [ | mpert Profie
1 LNED 4 [z = o
Total rumber of ! Aprly
Profiles il Import Borehole
Change
Total number of LINED Apoly
0
stations ame Profies On Tapogiaphy |
Profils 1
Profie Name  [OINED resED
Statiori a3  Insett £ Replace
N % [ ¥ I = ] | % [z000m v [om z [lw
T 200000 [ T.00
R 1300.00 0w 1.0 AddLocalin | Dekete Localion |
3 180000 00 1.0
[N 170000 00 100
5 1 160000 000 1o
B 1 500,00 000 1.00 Generate Stations with Congtant Step————————————————————————
71 40000 00 1.00
8 1 430000 00 100 st Lt e
g 1 120000 0.0 100 ECTam oo
01 110000 00 1.0 B |l & |
no 100000 00 100 e
1201 00 00 000 1.00 v jom vy [ M
131 800,00 000 100 o o
141 a0m 0 o ol 2R z o Mulil Frfis |
4 an n =y _},J
Station Increment 100 Num of Stations~ [41
Retieive Data

<Back | Mew> | Cancel | hep |

AL EA LS AFHERE ST -
Click Next>

There are specialized tools for importing profiles or boreholes.
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B EE Output Selection

AR R I e B AT R T o 2 2
Now you will be requested to select the type of output that you require.

ostpt x
- Data Representation - Normalizalio
s)

) Asarent BesiEiity - Conwention Divisar i

e =  absate € Magnitude ! Borehole (Zedayr) I Scatiersd
 PPM ' Inphase 1 Thofe (Z20p]
M Ipedznce Tereors and I Host
Tinpers % Percent € Quadratue = CoBT
Fiequires 2 palarzations © Ralio ¢ Complex of el ™ Totdl
Decination o Ihe E polarization :
un ~Type—————————————————— | & Horizontal

for the first n I~ Freespace

¢ = [ Foint Coodinates— £ sbslie
P 8 ¥ Total - Freespace
A (1]
Declination of the E polaization
tor the secand run: z o
= Continuous

£l

Z‘
5
o

CIZTEM Tippers

£ IR

£ AT petances

@ Net processed

cBack | Frsh | cacel | Heb |

Bt AR -BRIESIRETRYER o X BAVEURR T EHIEAEH DOE S AT - Ei T ELE Total-
Freespace, rfE{b@ELEny (EEMUES) - B —CEISEYEERETVA A8 BhZEH -

In the example above is the selections for a standard dipole-dipole moving array. Here the data is to be normalized to the
Inphase of the primary field and computed in units of Percent. The output fields are Total-Freespace and the normalization is
Continuous (at each data point) and to the freespace of the same component as the data.

BEZe N T DA BT FER AV AR EE 2 -
This selection is important for modeling where all of the Field(s) can be computed.

FHRBRERTHRITE A R

Special Data Representation are provided by computation automatically

Magnetotelluric Impedances and Tippers
ZTEM Tippers

CSAMT impedances

VLF ratios

£ Spectral Surveys BIFFRIER T, FRFLESE o LSBT ETZEAY) TEM

i (TieEWEdE A2 mEdE) AR ZEAFTA IR -

In the special case of Spectral Surveys, no selection is allowed. The software automatically computes all
response that may be required for any type of TEM data whether magnetic or electric.

Click Finish >

BUE » BORRE AR -

This now takes you to the model selection.

See ModelGui
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AP S Working with Field Data

SAKHE Importing Data
*Erf\%ﬂg Import Data

Database View DataVisualization Procsss

oD@ || o[58

TR ERES A A — S E
You may wish to create a new project before importing.
x|

Type NMame for MNew Project
|EM31-3

k. | Cancel |

Click OK

MR e 3 45 5171 oh S A2

Select from the Data Groups the type of data you want to import from the resulting list.
TEXH > HA TR L EM31-3 BUR M B

Here, we will utilize EM31-3 data as an example.

5 " EMIGMA Import Formats x|
Raw Data Formats | Other Sources |
rData Group
& EM € CHAMT/CSEM
"~ Potential Field " Magnetotelluric
© IP/Resistiviy
[Aitborme

TEM (.90t or AGCIN Fomat] =
HEM - FEM Helicopter (.qet or ASCH formal]
GTK Fied Wing FEM [.act ar ASCIl format]

[(AMIRA TEM

EEEEEE
Gieonics 61
Phaeri TEM [usf fomat]
SIROTEM-3

) |5MaRTem
= |TEMFAST (tem fomat)
terraTEM [.usf format)
UTEM3 and UTEM4
Zonge GDP_32 TEM [.avg format]
Zonge TEM {ust format]

Geophex GEM-2 [act or ASC format)
MasMin [ aet o1 ASCI format)
[LF [.get fomat] =l

oK Cancel | Hep |

Click OK

BB T Y0 T -

15 AR BN R AR S -

Follow the steps on the pages that appear.
Use the HELP button to guide you.
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BEEEH R Database Organization

éﬁéﬂ Organization

ZAEHEEE - AL SO, IR ER DLE S E— R S

Rt T B HL RS - SRVFRIE AR 8 S P SR

pign, AR OB AR ~ BUESRESRA Y - S R SR TR SRR I B A — RS

M DA (CEdEE Sy —NMAR R PHR S MRS - DEEE SR E R EdE 220
B R [RIHVIE A EERY, -

Multiple datasets, models, inversions, grids, etc. 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.

BARETH =1ERAHEL]  There are three levels of organization in the Database:

1) H¥EERAyIE Projects in Database
2) UiHFE®E Surveys in Project

3) HEHAEIRE - WE - ERIASOEEIREA T/ - Data Sets in Surveys - measured, simulated and
inversion data sets sit here.

ERTE SR H - HESEHEEAPE - el IR EEIE - HEEEdEE -
You can change the name of any Project, Survey or Data Set and you can also delete any Project, Survey or
Data Set.

BE Configuration

Al BERERBCE S ~ HUEROEIE . 5t s A s A0 F 51 7 Hr B A 0 & 8 1 -

Most properties of the Survey that are in the profile, frequency/waveform, transmitter/receiver and Output
sections can be viewed and modified.

¢ Eid Model
MR /IR 2 AR Z 80 73 /T MR X BB YT RIFIE LR -
The Prisms/Plates/Polyhedra and Layers sections can be accessed here and modified.

& Grids

EENINEEIEEIE - FRES I REIHER o o] DAERE BT R AR -

View the grids that are attached to data sets. Export the grids to different formats. It also possible to perform
some types of processing on grids.

N -
TEEEENE Survey Review Page
+ D atabase: E-\EMIGMAME zampleD atabase\E zampleDatabase. mdb M=l B3
}i%ﬁaﬁj{q—t Database  Survey Review I Data Eorlectiun' Data Heduclian'
Y /4 == N\ AN
EFH)IEM&% I EZ% | Ea%j{ﬁ: ° If you change any profiles a new Data Set will be created
¥E(E shift ﬁﬂﬂ%%ﬁ@ﬂﬁiﬁ: ° IPeltes i Lesctiens Moy Profile: Set the commands and click on button "Save'"
A Prafile # Locations Changed
ﬁ@%ﬁl‘]/l\kﬁﬂ 100E_1 21 Profile: [100E_1
150E_1 il
;F\—YF::HB}!E “{%E&EEEI{Q:" *E I:F‘ o gggéj‘ ;‘ Change Mame Dielete
300E_1 2 1D Filters for Profile Locations: ——————————————
350E 1 21 Filter Typs
400E_1 21
450 1 El { ' Digital " Spatial
550E_1 21
700E_1 il
o Selecting profiles Seectfier Meden ] enly
Use your cursor to select a profile or multiple
profiles. Hold down the shift key to select 4] [ 5] | ~Profies Soring
multiple profiles. Selected profile(s) will & Line Label
p . p . . p ( ) Total Mumber of Profiles: |1U ~ e
appear in the Modify Profile box. % Sart
Total Mumber of Locations: 210 L
Heset/fesine | i
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Profile Sorting:
TR DA TR

CX B Y T ENECE SR TR -

If your profiles are imported in a non-sequential order, you may Sort the profiles by Line label, X or Y position.

CLICK SORT.

EMkE :

Reset/Restore:

ﬁﬂ%u BT T ERUAR RS WA PAKE FAEECE S

If you make a change that you want to undo, you can restore your original profiles.

ERECE A

EUREREXHAT

Deleting a Profile:

RN EE ML E SR I B R
Select one or more profiles and select the Delete button

Changing a Profile Name:

RGNS SECE SRR E AR

IEMIIRFRFE - E AR S AR

If you are not happy with the label associated with a profile, select it from the list, enter a new name and click

Change Name

EXHGIER 1D ke ¢

1D Filters for Profile Locations:

@EEE{#E’]&%TML e A IHERAIE - AW ERErT ANz [FE s AT A

XICHIEH TR E

The locations of a profile can be sent through a filter to adjust the location positions. A number of different digital
and spatial filters are available. This is particularly for towed surveys.

IR IE T

Data Correction Page

BHRARIE 01 I AR E LU X Y, Z, GPSZ #1FID fH -
The Data Correction Page allows you to edit the data values as well as the X, Y, Z, GPSZ and FID values.

H¥E  Column View
E NSRRI Z AR RS -

defines the columns that are displayed

in this view.

PREIERE -
To select a data channel:

PR TR IERTEEIAY -

RTES ~ PRSI B
M N AT &

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

BIE : BR—51

Correction: Select which column
ERT Apply t0'

TR LU BT el

I R R B -A)\“ﬁ*ﬂr

You can choose to apply to some or all

-time channels/frequencies, locations,-profiles

Data Column Selection

Database | Suivey Feview Data Correction | Data Reduction |

* Database: E:A\EMIGMAAE xampleD atabase\ExampleDatabase mdb

o] |

When “Multiple Selections” is chosen, the changes will apply to only the specified channels

E-mail: support@petroseikon.com Web Site: www.petroseikon.com

r Select a channel: r— Conection, ———————
[rata of - ol |2
[ La73008 [=| [ N
Daallne: tN[  2Daa [ 3x [ 4w [ sz | T &pply far &l Time Channel
[Data : = [ 124, 75000 47300.00 36150.00 1.00 [ Il2nnlsterall lasations
Transmitters: 2 71.312500 47300.00 36200.00 1.00 ;
[loopisazon0, 3es 7] | |3 30187500 57300.00 36250.00 1.00 I= el for ol it
rr 4 33525002 97300.00 36300.00 1.00 - Data Calumn Selection
: 5 43174393 97300.00 36350.00 1.00 & Sinele Salact
Separatiors: 3 39,000000 47300.00 36375.00 1.00 e s
¥ 7 39275002 97200.00 3540000 1.00 " Muliple Selections
=T a 52 BE7E00 97300.00 36425.00 1.00 S el
HJE%VE,S. 3 49575001 57300.00 35450.00 1.00 =
10 | 52E50002 97300.00 36500.00 1.00 Operations
11 36625001 47300.00 36550.00 1.00 DD
4 12 | 54500000 47300.00 JEG00.00 1.00 Divide Data by
Time Channels [mes] | |13 | G4.812500 47300.00 3BR50.00 1.00 Shit Data
0143000 = | |14 | a07e74ss 97300.00 36700.00 1.00 New Walue
) Torar | |15 6434999 97300.00 36750.00 1.00 Sel NODATA
= .t 16 | 87987503 97300.00 36800.00 1.00 Feverse Sign
SSEOTEES: 17 | 104199397 37300.00 35550.00 1.00 Delete Paintfs)
Tatal | |18 | 1o5o124s7 47300.00 36300.00 1.00 DeleteEvery
Units: 14 1750000 97300.00 35550.00 1.00 Reverse Profile Direction
InTesIa per secand Correction Multiplier
Phasaor Calumn Vie Coord. Units I"I
& Real Calurnn Gelect & meters Wrda | Apply |
£ [maiien |Column 2 =l | =l e foat — |
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B1E Operations:
iR =S

-SRLASE MR

RIS EdE MR RelEs

-HER GO 24 25

HiHE -k 535

- ENODATA iR (i

-REFFS BRI A

MR A R

- R HIE T 1A

Select From

-Multiply Data -Delete Frequency
-Divide Data -Delete Receiver
-Shift Data -Delete Transmitter
-New Value -Delete Separation
-Set NODATA -Delete Time Channel
-Reverse Sign -Delete Error Channels
-Delete Points -Delete Every

- Reverse profile direction

WAELE, EERTEENE -
BN, FHIFREMEETRH.

Specify the value used for the operation, if necessary.
E.g. Correction Multiplier for the Multiply Data operation.

Click Apply

SERE, R
Once complete, select Save

EiKon Technologies Tel: 1-(519)-787-0177
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EMIGMA BI8 R 2% 1t o vr A TR S8 2RO =] MIEHEE s - Bk, TFRATFNREFE X
—B Al TEIEE mdb X, WEFRFE. EMIGMA ZHEEFRAFETER .mdb X,

The database design of EMIGMA 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 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.

BHEE Model Building

EMIGMA i JL-PRTA IR O ERIEIIEAE R ) ERERT T 7582 (IE) £k -

TE NHEVESE S > MR S EAR RN EE,

Almost all forward modeling (simulated response to a model) in EMIGMA is based upon an Integral Equation (IE) technique. In the
paragraphs below most of the various algorithms will be described.

£ EMIGMA A S iR 750k S B 7742 it Modelguio

There are several ways to build models in EMIGMA. The most direct method is through the Modelgui.

v rodel

i FEEE T EAVEAIZ G R REIORE o ViRNZ e o 2 TP ED - pERREFRE TS IWATE
EM R R PR B R EH - B R T HEMERIE T

This capability is accessed through the Model button on the main database page. When this function is accessed, two interfaces are
provided. The first in the layered background interface critical to all EM applications but can be used for both magnetics and gravity.

= Layers

Total Number of Layers

rDepth————————————————————
TopDepth | —
saetiol | santors | T R [ —
L
InsetLager Lapert o
i
Replace Layer
i
i
Undo Delete:
‘Susceptibility g [~ Resistivity & Susceptibility Grid Data Files-
- Deiyery [
WiewiE
Thickness (m) 2
<- Import Layers [SorivEr tiolFez: DEEtE e Layes)|

0K Cancel || Al Help

E I LLUE SO AR ~ B ~ /R - BHREE o b - s DUET IR EIE M T ATH EM Ef5#Y Cole-Cole Sl I RAL -
EOABNT » MEEZESZE - B Uy TS AN FEE &S24 - Bla, WTEREE - aJLURTIE R E KRS -
Layers can be defined for the resistivity, thickness, electrical permittivity, magnetic susceptibility and density. Also, the layers can be made
polarizable through setting Cole-Cole parameters which is applicable for all EM modeling. The top layer is an air layer by default but can be
set with suitable parameters for other applications such as marine or underground. For example, for surveys on the seabed one might set the
top layer to be the conductivity of sea water.

FEALZ © Insert Layer: W& HEENTESIRAZET - #5= Insert Layer

Set the required layer number and its parameters and then Insert Layer into the stack.

E#t/5/= - Replace Layer: ZAZAr# AR - XN HAS4, - #)= Replace Layer

Select the required layer, change its parameters and then Replace Layer into the stack.

MRS - Delete Layer: : ZAZEFZHIFE » 2EEE

Select the required layer, and then Delete Layer to remove from the stack.

ERAILMBSRE TS —MEESARRE - SARE

You can Import Layers from another survey in the database. Import Layers

EiKon Technologies Tel: 1-(519)-787-0177 9
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B ER 2 iR /ERAA Prisms/Plates/Polyhedras/Spheres

= |
Prisms/Plates/Pohedta | Lapers |

N..| Conductisty | Susoepibily | Pemitiviy | T Anomaly Hame | FolyFie Name I
350 0000000 1 FSPlale  Anomab5ad

1500 0000000 1 FSPlate ov

510 0000000 1 FSPlate model2D

= = Number of Models [3
— Evport Vi
arge!

Urda Dl

Insert T arget
Seat Alger. — - Internal Cument =l - Rotation
Replace Target £ Pism 21 ok | d
& EikPlate L) st 110.321
Import Target
—I C Py o EEEIEES g [108365
Import €5 “Fs i s [9sz
Topography
e - CentereTop L [~ Seale Factor ()
i eizl2]
% [i6sB034ezis ShikeLength 700
Strike -20.9214
Shift Target ¥ [r433822.21403)
—I DipExtent  [300.001 o [
z 19835604519z
Bt Plunge  [15.2672
Thickr 0.01 108
Cllemer  ©Top | |
estore

Poly Filename Iimport Polfiedte ‘

ok | g | b | W |

Modelgui #8955 — 850 F T4 A4 /HER 3D R&.

The other tab in Modelgui is for the insertion/editing/deletion of 3D anomalies.

¥HF (#R) :  Thin-Sheets (plate):
TRt TFREE, FS (HHZER]) f VH,
PP EDEAR o EE A T ERKERME TR AN RS (KEFRETEED) FENBES (HEE X
[EE) AY5EE - FILMERZME 0 {2 FS FI VH REFE—MERIHURE S -

PR AL B BT e O E Mo WERARAY— A S K (2=0), TITHHED SR TR A 40T 0 ©
WIERARAYR P T T > WO SRR R AR L o X O TR S B WHY

MRt (BiErE) ByJ7 e 3 A (W) X
RNTFEEEN - XA AR5 B R E R ~ BEMUIAR - BT EREEEIE - m2s% =g -

FS (EHZER) B% © X (UBCE gAY EE « ZEERTDALAM RO -

— AR E RS - (RSP EA TR - S5—MOiat (BUA) BARSHTE ) -

PR AR AR R ST ERVIEN - BT REE SR Z R IER « AT Aman BVEFLRE - BHESIHL
UofT BVEESR - BUAMEHNT 1 () M1 11 ZRINAGERE CAIERR) 19EE (MED 155E -
ERTLAE S SR AL RS - HEMEESE 11 Y ETERTRE -

VHER | XE T WalkerBig K RIVEDS « ZEUATT RS 1E 1 BN FR A9 Z1F F DUR BURIE R ©
YRR TSR Sth o MR ERERE o R EFRIRAVRAEIREIE 441 0 o SARAVIELE (LIW)
TEht » FESEFZEENERE -

There are two algorithms provided. FS (freespace) and VH. Both algorithms allow two spatial parameters (length and depth extent)
normally used for strike length and dip extent and a strength as conductance ( conductivity x thickness). Multiple plates can be used
but FS and VH cannot be mixed in one model.

The location of the plate is defined through either its Top or Centre. If one edge of the plate is level to the ground surface (z=0) then
the Top point is the center of the top edge. If the surface of the plate is parallel to the ground surface then the Center point is the
center of this surface. These definitions are common for plates and prisms.

The orientation of the plate (or prisms) is defined via 3 angles (Euler angles) and for convenience these are interpreted geologically
as Strike, Dip and Plunge angles. The plunge angle is not a true geological plunge but is rather the third Euler angle.

FS (freespace) algorithm: This is an algorithm which assumes an inductive response only. The algorithm can be used in two
manners. One manner is the direct modeling in time domain which assume a theoretical waveform with infinite bandwidth and the
other (default) with a defined bandwidth of the system. Both methods include the response of the background layered but no
interaction between the background and the plate is computed. This algorithm is based on the mathematical development of Annan
but the computation bears no relation to the old UofT algorithm. The algorithms accuracy is specified by the number (order) of
eigenfunctions (eigencurrents) between 1 (dipolar) and 11. You can use higher eigenfunctions but they do tend to become unstable
above 11.

VH algorithm: This is an algorithm is based upon the theoretical developments of Walker. The algorithm computes the interaction of
the plate with the induced currents in the host as well as the inductive response. This algorithm should be used if the plate is in a
conductive background. The sampling of the currents on the plate are restricted to 441 points. The limitation of this algorithm is
primarily seen when the aspect ratio of the plate (L/W) becomes high.
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#f% . Prisms:
BEDERVHER— NS B - BRI BN RSR—REE S HER T RERMEEN  EENTEE -
RGBT AL T 2 FhEDE, LN (F#FEEM) FIILN (BN LN)
PEHEITER Y FER (0880 MHRERAR - LN FRTRFSERE 20 EM
R > B AT iR A S G MR T B A R T il E - W
EM, SEEMIL > BELUESHNEEEIEMER - EAREIN T EEE - B EEFIR(ERN (Cole-Cole),
WRAE T EHEMENT » MBI N BLE B s N, o HOEAs s o Rk, B AE AT HEZERA 1P
ME ~ KEECKIEE R NS (B CSAMT, CSEM) . MMR., MIP #0115 TEM R - YT
TEM, TEATHIESEN - F8E - RSN SBEEF RPN o ILN 72 LN BT — i iR R RN R -

This algorithm allows the use of one or multiple rectilinear prisms. The prism locations and orientations are defined as with the
plates but in addition to depth and width, a thickness is defined. There are 2 algorithms provided with prism primitives, LN
(Localized NonLinear) and ILN (inductive LN). Both are rapid techniques for computing the integral equation solution (secondary
fields). The LN technique can be used for a wide range of EM techniques but also for magnetic surveys where it computes the full
solution and not the traditional weak solution as with other codes. For EM, the prisms can be conductive or resistive compared to
the background, have an anomalous electrical permittivity, magnetic susceptibility and polarization effects (Cole-Cole). The
response computed is both the current channelling response as well as the magneto-static effect if the prism is magnetic. Thus, this
algorithm is appropriate for resistivity and IP surveys, most long ground current source surveys (i.e. CSAMT, CSEM), MMR, MIP
and for many TEM applications. For TEM, it is suitable for resistive structures, weak conductors, polarizable effects and structures in
conductive backgrounds. The ILN provide some enhanced inductive responses over the LN.

Hzj: Interactions:
BINEETTEUE EM
R Bk SRR G B E R i (e A — A E R B ARG R - BERfr EECR &k 4 - Ry E MR B fHEE R
ETIHEREE . SR IN SRR Z LR - KA EERES T D aiE N LR e -
Bk M EERES b - —BeRil > RANZFERE > SRS 2 MrENEERASMHEEER - X2 IN
FRI—Arh » RN EREY BRE > H AR T A SMEEAER AR EAE ThL -

While, generally in numerical EM techniques, it is assumed that the interaction between bodies and cells is assumed to take place
naturally by the use of a general numerical technique, in practice this does not occur as the self interaction of each cells dominates
the computation accuracy. The LN technique for a single body is not affected by this issue as the operator analytically includes
current interactions within a body. Interactions between bodies is another matter. Generally speaking in many if not all codes, 2
separated bodies will not interact. This is one benefit of the LN technique in that it allows extensions for interaction and the
effectiveness of these interactions has been tested to a great extent.

LR IR T PAIEERE - 78 DC AT - AJ L H i ERERATIN, - X EMIGIA FECALEHATTE o W T B
2 FIEPTHE » —FEEECANIGIHT » TG B AEZLH + S5 FlEZ G A TR e BAE -

Note: Prisms in magnetic and gravity surveys: In DC surveys, the response of a prism can be calculated analytically which is the manner
provided by default in EMIGMA. For magnetics, there are 2 analytic solutions, one being the more traditional weak scattering which
does not consider B to have zero divergence and the other the full solution considering all the governing equations.

N : 1 Galvanic and Inductive Scattering: (a brief introduction

ATk - AE EM JCE N HYSEHY a] DR LR [FIRVYERBLSE T H0sk LB / R RI AR /P A =0 - B % > R3] 25
FFRAR T RE LS RNSER SN =R S S EAEEER -

X PR > I FRIEER BB - A EHAI LR LR -

FERS I 3 5 PR I i I A 25 R IS e RN 5 S AR ZLE RIS RERIRINL - R A S RANSIERIIT (LS [REAY -
FH— ML EPRIRATE R YRR ERARST HIRE B8N -« XZEITERAVER o It - XRAAEEM FEM
EARAIEAER] TEM EARA9FFSaTRIEE - LN BUAFTDUABIXEEI e » BRIERIAIRTE - 1IN

FEATHAYRZIRE IR AR o 280 > EH N ESWE IR SRAYEINL » 1 R AR -

In simple terms, a structure under an EM excitation can be excited to re-scatter/backscatter/produce a secondary field under several
different physical phenomena. First, and the most common in our 25 years of interpretation experience, is when the currents which
are induced in the background materials by the transmitter interact with the anomaly. This is described by charges and is governed
by variations in resistivity, permeability, permittivity and polarization characteristics. The second phenomena which is most prevalent
in detecting strong conductors is induction caused by the magnetic fields from the source interacting with the surfaces of the
conductor. This is caused by conductivity and variations in permeability. Another effect often ignored is when the source field is
essentially static and the target is permeable. This is simply the result of Gauss’ law. Thus, this happens in the inphase of low
frequency FEM data and during the on-time in TEM data. The LN algorithm can handle of these phenomena except when induction
is strong. The purpose of the ILN algorithm was to attempt to increase the range of inductive responses. However, it is not meant for
very strong induction but merely moderate induction.
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Polyhedras:

iz

a)

b)

c)

T LN Rl ILN BUEDUR A IR R E0E - AT DUHE B ERAZAR -
BEEIPAR AT LUEE B R FERG - Pl PRHESE2EF A -

For the LN and ILN algorithms as well as the algorithms for magnetic and gravity models, the prisms can be generalized to more
arbitrary shapes. These shapes can be obtained in a variety of manners and we will give some illustrations here.

THERTEON Z R AL T LS P T aRER - BRI T AP N LA -
FEHE—REIUT > RO A > Bk Z i - SR TAUERIARE - DIFRR S H AT I T -
HR o s Z i - 2aE A T LR P HY S I gaiE TR BB s LI & FRrRAiZ R -

Converting a prism to a polyhedra and editing in the Visualizer: There are two common procedures in this case. In the first, case,
the prism is dipped, converted to a polyhedra and then has the top sliced off a prescribed depth to represent a common geological
modification of an anomalous structure. Second, the prism is converted to a polyhedra and then the poly editing tools are utilized in
the visualizer to modify the prism to conform to the shape required.

SALEGE  FEXMER TE A RVEE - ZEE-MELT, aREEKEEM EMIGMA

FIER LN HIAR T B - | % | FEOAREE T T ZHIDhRE - HEHE TR FIREE THE) - B MITERS A CAD S0 -
Poly Generate T E it TXEINEE - E=MERSAMPE > BF PolyGenerate HH[F - (HL A DIEFHE
Prisms/Plates/Polyhedra f#H

Importing a polyhedra: There a three procedures which are common in this case. In the first case, a synthetic polyhedra is built

using the Poly Generate tool on the main EMIGMA toolbar. I Q I There is a wide range of capabilities available here and help is
provided within this tool. The second method is to import a CAD file. These capabilities are also provide in the Poly Generate tool.
The third method is to import topography which is available in PolyGenerate but also directly on the Prisms/Plates/Polyhedra

FEA A - IRMSREURE AR R - H8 B CRIRUNSKEE 2 R XM S A i & -
Sample points: The software takes the number of sample and has its own rules as where to distribute these sample points within
the polyhedra.

Spheres:

ZRE R MEFFER I T e BA R TTRAY » B FFA B IR T E St ER Y BRSPS LT -
XoE—MEEE A EENEDE AR TEREHIL - ARETREEHLRE  ER RIS E S -
ZRIERNIZARB SR » AHEIREITER 2 200 KIEH

This algorithm is developed from Debye’s expansion theorem for a sphere but is not limited to only a few terms as in conventional
geophysical literature. It is a very general, accurate algorithm but is limited to dipole transmitters. Please contact us for more
assistance if you require to use this algorithm. The algorithm should converge readily with the code restricted to a maximum of 200
harmonics.

TR ZNE S AR« FL R S BRI TR EE A & - VH IR A LRI A & - FS

PO HEIIETT » (0 A LU BB P T B B2 I E B A B2 o

Mixing Targets with Different Algorithms: Any combination of prisms and polyhedra can be mixed in a model. VH plates can also to added to

these combination. FS plates have to be run separately but can be added to other models with other algorithms in post processing.

BRI I (R SR - Internal Sampling for Prisms and Polyhedra:

G TEMEESER—FF - BEERFIISERIE © YT

[E (G TFE) #LK » AEFEBFELZRNE IR » ARSI TR (PIRSE) - Tr25aaaT [E

TR B GHEE - /75 (FHAERE ) REELUTE R o X LN f1 ILN » EZZ#%0F T—FRR (Habashy
ZA ~ Groom Fl Walker ~ Alvarez Fil Groom ) FE T E KX 7ZHIFRIEFRE

G IS AR 8 R 5 E S X L e i B A AT B -

AIEBRIETD T 2 FE (B 22 DI IR+ MITTE R T5E A A T RIS

As in any other numerical technique some sort of grid sampling is required. For IE (integral equation) techniques only the internal
secondary sources need be considered and thus only the inside of the object is digitized (gridded). In normal |IE techniques, an
interaction matrix is computed and then this matrix (scattering matrix) is inverted to computed the secondary sources. For the LN
and ILN, a technique has been devised ( Habashy et al, Groom and Walker, Alvarez and Groom, etc) to compute the secondary
currents and magnetic polarization vectors directly. These secondary sources are then utilize simply and directly through the greens
functions to calculate the secondary measurements at the receivers. The internal sampling allows the user to select how many
internal sources are utilized and thus enable them to study the convergence of the solution.

LNFITLNGE— MR ITIEROR »  BXEERORT Rl R A RE B 5 [REAY R N B F AR -

WA TER U S IR RRYRIEEE AKX S - B - AT DU TS BOHiRIa TS R -

B RIUTFER SR SIS > (AR SRSE L R MR RE SR

XGRS EFOUEY - ERATASAEXEHE AR - 3T 1IN J0% - FAJT T3 AR B A A RE -
(ERZ AR A F A AR T IR SRR S B VAR -
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LN and ILN are a integral equation techniques. Such techniques calculate the secondary internal current and magnetic sources
caused by the prisms in the model. If a number of sample points is prescribed without details then the points are distributed
according to the aspect ratios. Otherwise, the user may prescribe the sampling as desired through the Advanced button. Generally,
the solution will converge with sample points but may diverge if a sample point becomes too close to one of the corners. This result
is predicted by theory but we will not enter this subject here. For the ILN algorithm, the solution is not stable for strong induction nor
for large number of sample points. Use of the algorithm must be done with care checking for the stability of the solution with the
number of sample points.

HBENZEANEEER : Interactions for Prisms and Polyhedra:
BT R ELEHE H b Z I E/ - (A7 EE B RIZETRFEAE T 3 P2t Z (FH -
/L FHBRITHE LT BRI A (ETHE T B G £ G0 - HH HERZ I Z T FIT X -
K T IR ZEATEE T BT Bl TR TR LFE AR H b2 IR IE R -
No interaction between targets is provided for the plate algorithms but there are 3 types of interaction provided for prisms and
polyhedra. In almost all simulation algorithms, the self interaction terms of each target are dominant in the calculations and the
interactions between targets is lost. To overcome this typical numerical computation issue, we have developed interaction
capabilities that ensure proper interaction between targets.

Superposition: A 1FE ZEH - SAgREEETE IR

no interactions calculated and the total response is the sum of the individual targets
Far Field: HEHATL - (HEN T FHIG M E BT LRI -

the targets are not close but their scattered fields produce an additional reaction from each target.
Near Field:  G#7RIT » — X EGHIR LT H 5.2 6L

the targets are close and secondary currents or magnetic polarizations flow between targets.

CE VISUALIZATION

iz | ERRALTE (3D VisRD) HgidfigmiBisisy o el Ge et Viz BIAT -
TR] Ae 26 RS DU A R A LS A S RRVEHE - Bl TR EETATHY EMIGMA 523401 -
Build and edit models in the Visualizer (3D VisRD). Select the Data Set and choose the Viz icon. You may select multiple data sets in order
to examine variations in different models or to enable model building versus your data. We would suggest viewing our EMIGMA introduction

video.
XEAEFSLEAEM: - There are a number of basic controls here.

| 2| 8| s|m|«]F @ 8% (=] [= «[»]s]

LY el

MEE I 6 TR Starting from 6" from the far left,

" TONETHE Show Data”, ” EIAEHTE 14 Toggle Profiles”, ” 1% 4158 Toggle Transmitter(s)”,

" NER S Create New Anomaly”, ” #1715 Import Anomaly”, ” £ ##E#% (55 ) Copy Prism (poly) ”,

7 2E= Split Layer”, ” tTHi#) Toggle Axes”, ” El T-— T~/ Z7[ 1247 To next time window or frequency”,

7 G B ELHZE Back window or frequency”, ” #FEEi#E Scale data”, 7 o1 5775 Show Source Field Distribution”,

" FEER (FEER— TNV G2 2EL5 HH R N BT AL B Pick (pick an object and gives coordinates of a location in the view)”,
7 FIEER (JEEE ~ 455¢)  Hand controls (rotation, zooming) ”, 7 [EIZ&  To Home”, ” 14 7E il Set Home”,

7 EFEZ Full Scale”, ” "k Zoom”

ARER LA - VIR HIG - REE - Hgd
You can then select the prism, plate or polyhedra, or layers, right click
Mews PrizmiPlate
Delete Prism Ctrl+Dr
Split Prism
Copy Prizm

Convert Prism To Paly
v Properties

Mani i’
Oa:lps 4 , Scale (Handle Box)
ptiohs Translate {TabBox)

Froperty Sheet | Rotate{CenterBally
Urdie Cast Salit ¥ Mone

o Export Anomaly Manip Dislog (additional tools)
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FER B LT RERTEEO

and select Properties to bring up the Anomaly Properties window.

[Anomaly Properties _ (o]
|- Dimensions {m
' Set anomaly Positions Strike Length £50
 shift Anomaly
Dip Extent 599,999
Center/Tap Position (m)
0.01
I | o oy RGeS
Horth [ 7494138.22
| Gealogical Angles (Degres) |
up -160.012
Strike 1.764
East 16922961
Dip 26.829
 Center & Top
Plunge 26.798
MaterialPropertiss | oyder
|—4
Conductance (s) S
susceptibility (k) 0 nnnma‘v modeiz0
jame
Permittivicy 1 el
adel
Reesistivity (ohm-m) 0.002 Hame 3targets direc
~ 0
Density (gfem™3) Allparameters are in ST

[V Canstant Color

cpaty | rds | Close
Calar

TRt B O ] PHESCREAMLE ~ JTMEN: - RN HETE 3D ATIE O hEEL
From this window, you can modify location, orientation, and attributes of the anomaly and upon Apply see the result in the 3D visual window.

1] LM S BT e h VAR th S AR ~ SRR -
You can import models, polyhedras, topography from datasets in your current database.

bbsy, R DUSE A BN A SREECHA RS - BINER] - 550 - ek - R ER o

R ] D SE I A AT e A B S L Y

Additionally on the right mouse or other capabilities such as copying, splitting, rotating, extending targets.
You can also build or modify models through the Model button on the Database Page.

EEM IMPORTANT -7 Vizrd RBHTHEINS @ 1B IREIETTEILZ BT CR 7 EIAR I DU T AR E -

MEEFREFINRIELE  EOFSCRF RS -

Once you have made your changes in Vizrd, 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.

Bl Simulation
El B TR EbR (LEEERD) IR TERE -
T DL e 78 5 e B I AEEE S A AR LR - B Rl O

Select the Run simulations icon (red checkmark) and follow the directions. You can choose to overwrite the selected Data Set or create a
new Data Set. The Simulation Mode window will be displayed.

B CIREYS SR R - B 2S BRSBTS -
EAEPRIER S AR ER Y S AR R bt iR s - X EfE B TR A GRA -
=8 This interface provides controls to the super-engine which controls the modules which
e o actually compute the synthetic responses. It provides progress reports in the middle section
T @ ess= | and in the white box to the bottom, information useful to our developers.

SetRonge forModels | iz il |

IPALKABYip_LKAB_db\Ylp_LKAB o

SR S B E VSR TS - BOLRERIUAT R -
e o] ot —— (U FEAELR R VR LEE
E e | ERHEEMTET PRI R DRI
- ,': B e NHT RS IEB LG E AU » RIIRFE H R FS BUE ERIA R -
Plte I
Feaeny [0 o [0 Evinatd Tin RemaiingForCarenFun |

Cancel Help
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The Advanced Settings allows you to make adjustments to the default simulation. These enhancements depend on the algorithm. But, the
main issues are to allow the controls for the transform to view, control the humber of stations simulated in any sub-run to control memory, set
a grid of greens functions for downhole transmitters, add noise and finally to control the FS algorithm as mentioned above.

€ Sinuate i tne domain diectl

@ Sinuatein frequency domain,then transfom to time domain

e e | Ve e

I~ AddNaise HEf52

Run Batch Simulation : fTH—PEL » RFEEAZEGEEBITHIZ MR - [EALTHEVIEER - &0 DIE ModelGui ¢ Visualizer
O/ GRS MR FREX SR R R SR BT - S HAEERNE G e N BT X S

HRER R RIS E T UG E -

Run Batch Simulation: opens up a window which allows you to input multiple models to be run in the background. The idea with this tool is
that you can create/edit multiple models either in ModelGui or in the Visualizer and save these models to individual datasets. Batch mode will
then run all of these models in the background for you and save the results to the database for later examination.

After the Survey is loaded and any advanced settings made, select the Run Simulation button within the Forward Simulation window.
Note that you can cancel a simulation in the middle of a calculation should this be required.

0%k Survey H T & &I ESS > 1T Forward Simulation & 0 #17E#% Run Simulation #2451 -

AR ARRE - O DR P EUSB o

BREALE R ERMGEEE) Model Suite Generation (Set Range for Models)
PR EE RIS - G REE R
Select a dataset, click the Simulation Check and then select Set Range of Models

BH2MikfE > LayersHIPlates,

AT PAE AR R E BRI T -

FRERINIR BT - RREET - RESIBMBEEFLR

There are 2 choices, Layers and Plates,

You can define a suite of models to build and run automatically.

Choose Set Range for Models - Select Layers or Plate. Prism suite generation will be added in the future.

S EHIRERE — Layered Earth Models —

BE W 5 ASECEHE - EENIESIEREEIEE -

TR BT —EAEER - B EE - EENEE (EEEERE N ERELIEAARE) - Up to 5 parameter ranges are allowed,
and the number of layers to modify is taken from the starting Data Set. You can set the Resistivity, Relative Permittivity, Susceptibility and
Thickness of each layer (thickness of bottom layer is set to be infinitely thick to approximate the basement).

Layer - earth madel
F Layer1 Folilayer2 [T Layend 7 Layend = e
Resisitivity From 3000 10000
To 3000 [10000

1

Mumber

Relative From
Permitivity

To

Number

=e] ===

To

1
i
[
1
Susceptbiity  From 0
0
i

Number 1

Thickness From 20 1003
To 20 1e+003

ol EEEEEE

0 0
0 0
1 1
0 0
0 0
1 1
0 0
0 0
1 1
0 0
0 0
1 1

Number |1 1
Total number of layer-zarth models: 1
Cancel Run
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WhERE Plate Suites —

TN ELENIRVEHEET G - A RIS - BaAT - BREEEENEA P A — T -

WIEREFESETH LMY - Mk — MG - AR DICR R ~ 56 - 2B - i - BAaiES - 2BUEALE Z sk 2 i -

TR AR BT Bt BRI 02 -

You must start with a Data Set that contains a Plate in order to build suite of plate models. Currently you are allowed only one plate in the
model suites. If there are multiple plates in the data set, then select one plate to begin. You can vary the length, width, strike, dip, plunge and
conductance. The reference position can be either Z Top point or Z Centre point. The algorithm utilized for simulation will depend upon the
algorithm set for the plate elected.

Model Settings B3|
Hoce Prisms Avaiable: Model Name: ~[Model
PLATET
@ Plate
Model range:
Curtent Model location defined by: G ZTop C ZCenter  Ztopm} [799%5
Current Value FROM: T0: NUMBER:
7 Length (m) [7 [500 Je0o I3
™ Width (m) [s00 [100 [ |
I Stike (degree) [0 [ [0 |
I™ Dpideges)] [0 [ [ |
I Plunge (degiee) [0 | I |
" Conductance  [45 [ [ |
Total number of models: |3

G | [Am ]

BRGEATSERR, A — R - nT UG I M B — R B B X S
Upon completion of the model runs, there will be a set of new datasets and these can be viewed or analyzed as with
any other model simulation.

iR &R Data Representation
w;' 3DA[F{L 3D Visualization m‘ A& E R Grid Presentation

IR inA - S
XY#2: & XY Plotting 55 i= Pseudo Show
|M 3D#¢EE 3D Contouring PEXE &1 PEX Show
ﬁil &g Survey Editor 2 EWHE Fes Multi Grid
| ML F#E(E Gridding and Interpolation | R L T=% Data Spreadsheet
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Other tools accessible in EMIGMA for those who are licensed
HSZEERE  Conductivity Depth Imaging
Rk Source Distribution

XFLEM K  XHole Tomography

3D #F. ESH. HIH® - CSEM. CSAMT, MT K&
3D Magnetics, Gravity, Resistivity, CSEM, CSAMT, MT Inversion

m| 1D FEM, TEM, HifH3% - CSEM, CSAMT 1 MT R;ELE
1D FEM, TEM, Resistivity, CSEM, CSAMT and MT Inversion Tools

SHEE Exporting Data
@ﬂﬁ% Export Data

Database View DataVisualization Processi
el I L ea

21x

& .QCT -QCTool

' MDB EMIGMA database
 Compressed EMIGMA DB
€ Xvz-AsCll

C GBN - GEOSOFT

€ USF-ASCIl
© Survey lines to KML - GoogleE arth

€ Survey lines to DXF - AutoCAD

C PEV - GeoTutor
Export Cancel

FHIELE ST E] Export adatasettoa

e QCTool X

o EMIGMA #iEF database

o o [E4EEI#EEE  Compressed database
e ASCIl Xt

e USF ASCII

e GEOSOFT X

o JlIEXZE GoogleEarth KML file

e < JI[EZZ%E AutoCAD DXF file

e GeoTutor 344
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R Rk A H (Fa) B HidEE] ) Frequency to Time Domain Transform (manual transformation controls)
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