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1. WELCOME

We, all of us at Advanced Geosciences Inc. (AGI), thank you for purchasing our Earthimager 3D
software. After successful release of EarthImager 2D in 2002, we are proud to add this new 3D
resistivity data interpretation program to our software product line. Resistivity data inversion
with EarthImager is easier, more fun and productive than ever. We look forward to hearing your
success stories through the use of our products.

1.1 Earthlmager 3D at a Glance

AGI EarthImager 3D is a Windows 32-bit platform based computer program that interprets
three-dimensional (3D) electrical resistivity data, and produces 2D (sections) and 3D (volumes)
inverted resistivity images that reveal the sought-after targets and subsurface geology.
EarthImager turns the complicated resistivity data inversion into a simple two-step process and it
takes only a few clicks to get inversion results, i.e., reading a data file and starting the inversion.
EarthImager also presents a long list of options for advanced users to play with.

There are shocking similarities between EarthImager 2D and EarthImager 3D in GUI design and
functionality. This ensures a smooth transition and an easy learning curve for EarthImager 2D
users to migrate to EarthImager 3D. EarthImager, hereinafter, in this manual indicates
EarthImager 3D unless specified otherwise. This is a partial list of the existing features of AGI
EarthImager 3D software.

Fast hardware-accelerated 3D graphics powered by OpenGL.
3D volumetric rendering with transparency control.

Inversion of 3D surface resistivity data.

Inversion of 3D borehole resistivity data.

Finite difference forward modeling.

Finite element forward modeling.

3D Topographic correction with finite element method.

3D Survey Planner.

4D Time Lapse inversion.

Options of boundary condition for forward modeling.

Smooth model inversion.

User friendly Windows GUI.

Noisy data suppression.

No software limit on number of data points or number of electrodes.
No limit on array type or electrode location.

Seamless operation with AGI resistivity instruments.
Windows true 24-bit color.

Trackable and retrievable user settings.

Tool buttons for easy access to frequently used menu items.
Inversion progress bar to show the inversion status.

Well organized and hassle-free processing directory structure.
Saving images in bitmap, JPEG, PostScript, PNG, and TIFF file formats.
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e Saving the inverted model in XYZ format so it can be loaded into any off-shelf graphics
software.

3D volume image of inverted resistivity.

3D static slice image in either X or Y or Z direction.

3D dynamic slice image with full user interaction and pinpoint of anomaly location.
Data misfit cross-plot.

Convergence curve.

Data misfit histogram for removal of poorly-fit data.

User-specified minimum and maximum variable values of the image.
User-specified colors and contour levels.

Support of both AGI’s STG data files and AGI Universal Resistivity Files (URF).
3D command creator.

Read inversion output (*.out files) back to EarthImager.

3D contour plot and iso-surface plot.

Several utilities for transformation of electrode coordinates.

1.2 Where to Get Help

This instruction manual is the ultimate resource for everything about EarthImager 3D. This
manual may be found in the installation directory and program folder of EarthImager3D as an
Adobe Acrobat PDF file. Earthimager User Group on the AGI’s website will have the latest
updates about EarthImager 3D and free downloads with improvements and bug fixes. You are
encouraged to go through the suggested readings at the end of this manual for in-depth
understanding of resistivity and IP data inversion.

Your satisfaction is our top priority. If you find that any feature is missing in our EarthImager,
please let us know. We will add it to EarthImager as soon as possible if we think that your
proposed feature would benefit other EarthImager users. This version of EarthImager will read
AGTI’s STG data files and AGI Universal Resistivity (data) Files (URF). If you have any other
popular resistivity and/or IP data files, please send us a sample data file. We will let EarthImager
support your data format.

EarthImager clients will have access to EarthImager User Group online. We frequently post new
updates of EarthImager with bug-fixes, improvements and new features for free download.
Download links to the latest version of EarthImager and document are available in the
EarthImager User Group. To enter the User Group, go the AGI website at
http://www.agiusa.com/ and choose EarthImager User Group under the File Areas, or go to the
page http://www.agiusa.com/files/eicust/earthimageruser.shtml directly. You will be asked to
type in your user name and password that are given to you at the time you purchased
EarthImager. If you do not have them, please contact us. From EarthImager, you may choose the
menu item Help | EarthImager User Group to enter the User Group. Your user name and
password should be shown as follows. If your EarthImager is over 6 months old, this is an
indication that you have missed many new features.
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Farean tunnel suneey AGI Earthimager User Group gl
Products
SuperSting RE/F A Advcniced
—‘3—9—23 ::g::: Eﬂfr'iie ¥ | Geosciences, Inc.
MiniSting
Sunitt
Eathlmager 20
Eanhlmager 3k User Mame; Mot Available.
File areas
FublicAfiles
Software demos
StingfSwitt User Group
SuperSting User Group
User Group registration
Earthlmager User Group

Information request
Send us mail

£

Earthimager User Account

Pazzword: Mot Available,

our Earthimager 20 iz 0 daps old
Mew features and improvenents are posted weekly for free download.

Earthimager I ser Group Wweb Link:
httpaitwewai agiusa. comfiles/eicust/earthimageriser. shirml

For further questions, you may contact our tech support team by phone or email listed below.

Tech Support

Email: softwaresupport@agiusa.com
Phone: +1 512 335-3338 ext. 111
AGI directory is listed here http://www.agiusa.com/directory.shtml.

Advanced Geosciences, Inc.
12700 Volente Road, Bldg A
Austin, Texas 78726

U. S. A.

Website: http://www.agiusa.com/
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2. INSTALLATION
2.1 System Requirements

EarthImager will run on IBM, PC, and compatible models on any 32-bit Windows operating
system that include Windows NT/ME/2000/XP. The performance of EarthImager on the
Windows 98 platform is not stable due to its poor OpenGL support. As for the computer physical
memory (RAM) requirement, one must distinguish between total physical memory and available
physical memory. A computer running Windows XP with only 128 MB RAM can barely run any
application program because the XP operating system uses up almost all 128 MB RAM. A 3D
data set with 500 data points and 45 electrodes may take about 25 MB memory space. The more
available RAM a computer has, the more measurements and electrodes it can deal with. Here are
our recommended minimum system requirements.

e  Windows 2000/XP or up.

e Intel Pentinum II or up. Pentinum IV with 3GHz or higher clock speed is strong
recommended.

e 100 MB or more disk space available on the hard drive.

e 256 MB RAM or up. 1GB RAM is preferred.

e An available parallel (printer) port or USB port for the dongle connection. USB-port
dongles are more reliable.

e Graphics cards that support OpenGL-powered hardware acceleration. Graphics cards by
these manufacturers are recommended: 3Dfx, 3DLabs, ATI, Intel, Matrox, nVidia,
PowerVR, Rendition or S3. Check http://www.glsetup.com/ for graphics card types with
OpenGL support.

2.2 Installation
2.2.1 Installation of Earthlmager 3D

We created a Windows standard setup program for ease of installation. Insert CD with
EarthImager setup program into the CD ROM drive and the installation wizard should popup
automatically. One may also start the installation by double-clicking the AGIEarthImager3D-
x.x.x.xxx.exe on the CD ROM (x indicates a variable version number). Before the installation of
EarthImager, make sure that the dongle is unplugged and NOT connected to your computer.
Follow the onscreen instructions until the installation finishes successfully. Read the
EarthImager license agreement carefully during the installation. It is suggested that you install all
AGI computer programs under C:\Program Files\AGI\.

If the installation starts with errors and is unable to finish successfully, you may need to install
the “dongle driver” before your installation of EarthImager. The dongle driver may be
downloaded from the EarthImager User Group on the AGI website at
http://www.agiusa.com/files/eicust/earthimageruser.shtml
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2.2.2 Graphics card and driver

We noted problems of partially black screen or corrupted images due to an out-of-date graphics
card driver or unsupported graphics cards or inappropriate settings. If you find any problem with
graphics, you may 1) reduce the level of hardware acceleration, 2) update your graphics card
driver, 3) reduce the color quality or number of colors, 4) replace your graphics card, and/or 5)
buy a new computer.

To reduce the level of hardware acceleration, follow these steps.

1) Right-click the desktop and choose Properties, or go to Control Panel and click Display. Then
click Settings tab. The screen shots below are obtained from Windows XP.

Display Properties (]3| I (Multiple Monitors) and ATI MOBILITY RADEON 9000/9100 IGP Pro... [2)[X)

| Themes | Desktop | Screen Saver | Appearance |m | & Coor | GpenGL | Drect3D | Options | Ovefay |
General | Adapter || Monitor ” Troubleshoot || Color Management || Displays |

Drag the monitor icons to match the physical amangement of your monitors. Display

If your screen resolution makes screen items too small to view
comfortably, you can increase the DP|to compensate. To change
fort sizes only, click Cancel and go to the Appearance tab.

DP| setting:
MNomal size (36 DPI) ~

Normal size (36 dpi)

Compatibility

Some programs might not operate propery unless you restart the
Display: computer after changing display settings.

1. (Muttiple Monitors) on ATI MOBILITY RADEON 50005100 IGP hd | After | change display settings:

() Restart the computer befors applying the new display settings
= M () Apply the new display settings without restarting
= J e | Highest (32 bit) 4 | () Ask me before applying the new display settings

1280 by 1024 pilxels I I - I - I - Some games and other programs must be run in 256-color mode

Screen resolution Colar quality

Leam more about unning programs in 256-color mode

[ Identify ” Troubleshoot ... ] [ Advanced

[ ok J[ cancel || 2oph R o

2) Click the Advanced button.

3) Click the Troubleshooting tab. Reduce the Hardware Acceleration one level at a time. If the
graphics problem still exists while the hardware acceleration is set to None (all the way to the
left), you have to update your graphics cards.

To find out what type of graphics card your computer has, click the Adapter tab. Then you may
go to manufacturer’s website and download the matching graphics card driver. You may, of
course, search for the latest driver for your graphics card based on the Adapter Type using search
engines such as google.com or yahoo.com.
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{Multiple Monitors) and ATI MOBILITY RADEON 9000/9100 IGP Pro... ][]

(Multiple Monitors) and ATI MOBILITY RADEON 9000/9100 IGP Pro... [2[X]

| F0 Color ” &0 OpenGL || Direct 30 ” &0 Options || D Overday |

| =D Color P20 OpenGL | Diect3D | PR Options | PR Overay |

| General || Adapter ” Monitor ‘ Troubleshoot | Color Management ” Displays |

| General | Adapter | Manitor H Troubleshoat H Color Management H Displays |

Adapter Type
@ ATI MOBILITY RADECN S000/3100 IGP

. Are you having problems with your graphics hardware? These
settings can help you troubleshoot display-related problems

— 'Empert{éé' —

Hardware acceleration

Manually control the level of acceleration and performance supplied by

Ad Informati
your graphics hardware. Use the Display Troubleshooter to assist you in ERlA riem i

making the change. Chip Type MOBILITY RADEON 9100 IGP AGP ((5335)
DAC Type: Intemal DAC(400MHz)
Hardware accesleration Mong : Memory Size 128 MB
Adapter Sting: ~ ATI MOBILITY RADEQN 3000/9100 IGP

Disable all but basic accelerations. Use this setting to comect more

Bios Information:  BK-ATI VERDOS.012.017.016
severe problems

Enable write combining

List All Modes....

[ QK ][ Cancel ][ Apply ] Help [ oK ][ Cancel ][ Apply ] Help

GLSetup at http://www.glsetup.com/ is a shareware program that helps install a matching
graphics card driver on your computer. You should make sure that your graphics card and
operating system are on its support list. We have not tested GLSetup, so use it at your own risk.

We noted that reducing the color quality or number of colors, for example, from 32 bit colors to

16 bits colors, may fix the problem of image corruption. One may also try to reduce the screen
resolution if there is any problem.

Display Properties

| Themes || Desktop || Screen Saver || Appearance | Settings

Drag the monitor icons to match the physical amangement of your monitars.

Display:
| 1. (Muttiple Monitors) on ATI MOBILITY RADECN 3000./5100 IGP “ |

Screen resolution Color quality

Medium (16 bit) “
1/ [ |

1024 by 768 pixels

[ ldeniy

” Troubleshoot .. ] [ Advanced ]

[ ok J[ Cancel |[ ppy |

If turning off the hardware acceleration, updating the graphics card driver, reducing number of
colors, and screen resolution can not solve your graphics problem; it is unfortunate that you need
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to replace your graphics card. Find a right graphics card that supports OpenGL graphics from the
website http://www.glsetup.com/.

2.2.3 Dongle driver installation

The dongle driver, i.e., Sentinel System Driver, is automatically installed onto your computer
while installing EarthImager. Before the installation of EarthImager, make sure that the dongle is
unplugged and not connected to your computer. After installation of EarthImager, connect the
dongle to your computer. If you observe any of the following error messages when you launch
(start) EarthImager, this indicates that the dongle driver is NOT installed correctly. To fix the
dongle driver problem, follow these steps:

AGI Earthimager 3D AGI Earthimager 3D X
Dongle Failed to initialize! Dongle Failed to initialize!
Error text: 12 - Swskem Driver Mot Installed Error text: 3 - Dongle Mot Found

1) Unplug the dongle from your computer.

2) Uninstall EarthImager and Sentinel System Driver by going to Control Panel | Add or
Remove Programs.

3) Reinstall the EarthImager. If you observe the following warning message, it should be
safe to click “Continue Anyway” because the dongle driver is directly from the dongle
manufacturer, i.e., SafeNet Inc (formerly Rainbow Technologies).

Hardware Installation

] E The zoftware you are installing for this hardware:
et

Universal Serial Bus contrallars

has not paszed Windows Logo testing to werify its compatibility

with ‘windows %P, [Tell me why this testing is important. )

Continuing your installation of thiz software may impair
or destabilize the comect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop thiz installation now and
contact the hard vendor for soft that has
paszed Windows Logo testing.

[ Continue Anyweay ] | STOP Installation |

If reinstallation does not solve the problem, you may want to get the latest version of dongle
driver from SafeNet Inc website. Here is the link.
http://www.safenet-inc.com/support/tech/sentinel.asp.

2.3 Software Protection
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We use Sentinel hardware keys, i.e., dongles, to protect Earthlmager. Dongles are available for
parallel printer port and USB port. Please specify the port type when ordering.

Warning: To connect both the hardware key (dongle) and the printer to the same parallel port,
you must first turn off both the computer and the printer. Then connect the dongle and the printer
to the parallel port. Make sure both dongle and printer are firmly connected. Finally, you may
turn on the computer and the printer. Here is what the dongle looks like.

2.4 Earthlmager Upgrade

We have different definitions for EarthImager update and upgrade. An update means changes
from an older EarthImager version to a newer EarthImager version. AGI gives away free updates
of EarthImager year-round. Please go to AGI EarthImager User Group
http://www.agiusa.com/files/eicust/earthimageruser.shtml to download the latest version.

An EarthImager upgrade means to add one or more special-purpose software modules to
EarthImager. At present, EarthImager 3D has only one Time Lapse Inversion module. This
software module is already built into the EarthImager 3D but may be disabled by the dongle. So
EarthImager upgrade is accomplished by enabling the dongle with an upgrade license code.

In addition, one may purchase EarthImager 2D and its modules and add the EarthImager 2D
license to existing EarthImager 3D dongle. The software download is free from EarthImager
User Group. After purchase of EarthImager 2D, we will email you an upgrade code to activate
your dongle for both EarthImager 2D and 3D.

AGI charge an upgrade fee for adding a new module. It is easy and convenient to upgrade your
EarthImager. You do not need to send the dongle (hardware key) back to AGI. Instead, AGI will
send you a dongle upgrade code upon the receipt of your payment. To activate the new option(s)
you purchased, please follow these steps

1) Connect the dongle to your computer

2) Start EarthImager 3D

3) Go to the menu item Help | Upgrade

4) Copy and paste (or type) the update code to the license code field.
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AGl License Registration

Enter licenze code

|9850992'| C22200881032709600

QK | Cahicel |

5) Click the OK button to complete the dongle upgrade. One of the message boxes below will
pop up to show the success or failure of the upgrade.

Infarmation

i Upgrade successfull _ _ Upgrade Failed!
\..2 Please restart program to activate new opations. Please contact AGI to get a valid license code,

2.5 Interaction with Mouse Buttons

By default, holding and moving the left mouse button would rotate an image, and the right
mouse button would zoom in or out. The middle mouse button or wheel, if any, would translate
an image. The Shift key + Left Mouse would also translate the image if the mouse wheel does
not exist. On the Interactive slice image, the key “I” would turn on the Interactive slice. On the
apparent resistivity data scatter plot, the key “P” would enable a point Picking action.
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3. GETTING STARTED WITH Earthlmager 3D
3.1 First Look at EarthImager 3D

This is the Main Window of EarthImager 3D. EarthImager is based on Windows 32-bit
platforms. Its user-friendly graphical user interface (GUI) consists of seven main menus, two
image viewers (left viewer and right viewer), and two tool bars under the main menu. The top
inversion tool bar consists of buttons for file handling and inversion setting, and the bottom
image property tool bar consists of buttons for image properties. More tool buttons are coming.
Most of the graphics are displayed in the blank area of the main window.

ﬂ C:\Propgram Files\MGI\Earthimager3Didemo\Borehole5.stg - AGI Earthimager 3D

File Edit Settings Inversion Wew Tools Help

3O

Trial

zle BRE
EEN A el

Electrode Geometry Apparent Resistivity Scatterplot

s I * =
5 :‘ I
- in'r'

L4
e -1z Lo T .I T T 1
T

Meazured Apparnt Resiztivity (ghm-m)
10 4.0 15.1 57.6 219.6

Murnber of Data: 439 Murnber of Electrodes: 45

Here are the tool buttons on the Inversion Tool Bar.

=
I~ Read a raw data file. The AGI’s STG file is a default.

' Bring up the Inversion Settings Window.
Start inversion.
Stop inversion.
= Print out active on-screen image.
H Save active on-screen image as a bitmap, JPEG, TIFF, PNG, or PostScript file.

¥l Refresh current images.
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=) Copy the active image to the clipboard.
Trial

3 Open the current trial directory in the Windows Explorer.

Here are the tool buttons on the Image Property Tool Bar.

I

Choose the iteration number for inverted resistivity image. This is the first control on the
image property tool bar.

= . .
# Taunch the Color and Contour Properties Window.

M
Launch the Volume Rendering Method window to choose a volume mapper.

o=

This tool button looks the same as the first one (iteration number) but it helps change
electrode symbol size.

Launch the Image Title window to change the image title of both image windows.

59 Reset the image when the window is blank. This may not bring up the image to a preferred
size and orientation.
[E Save the size and orientation of the current image(s) to a view file (*.vew).

Tinc: 1 Offer three font options for labels and image titles: Arial, Courier and Times.

The data file name and path are shown at the top of the window. The order of main menus is
basically that of inversion steps. That is, the inversion with EarthImager, in general, consists of
these six steps:

1) Read a data file (required),

2) Remove noisy data by changing the Initial Settings or editing the electrodes (optional),
3) Change inversion settings or read a settings file (optional),

4) Run inversion (required),

5) Stop inversion (optional).

5) View inversion results (optional), and

6) Save and print the inversion results (optional).

However, you do not have to go through all these steps. You can get some quick inversion
results in only two required steps. First, read a data file by clicking the first tool button’ ™. Try
Borehole5.stg in C:\Program Files\AGI\EarthImager3D\demo\ directory (your directory structure
may be different if you did not use the default installation settings or you are not in the United
States). Second, click the second green tool button @ to start inversion with default settings. You
should see the inverted images like this.
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= | C:WProgram Files\AGI\Earthimager3Didemo\Borehole5.stg - AGI Earthimager 3D

File Edi Settngs Inversion Wew Iools Help

2O 9|2k BID
N AN

Apparent Resistivity Crossplot

Trial

[}

Inverted Resistivity Image

Cale 11

o4

—

1
Logl0(AppRes Meaz)

Iteration No.5. RMS = 12.8%. L2 =61

Inverted. Resistivity (chm-m)
7.1 10

10 2.7

Mumber of Data: 333 Mumber of Electrodes: 45 Elapsed Time: 0:4:42,151

3.2 Initial Settings

Click Settings | Initial Settings, then Initial Settings Window pops up. These initial settings
specify what data to reject at the initial data loading, what inversion algorithm to use, the
orientation of the vertical axis, electrode alignment thresholds, and whether to save the
processing results automatically or not, etc. Most of these settings should be set before reading
the data file for them to take effect.

Settings Window El

Initial Settings IFolward Mode\mg} Heslstlvllylnvers\om] IF‘Inverslon]

Criteria for D ata Removal
tin Yaltage in ml/
0.2 -
Min abs[%/1] - Ohm
(0.0003 -

Max Repeat Erar (%)

Irversion Method
" Faorward Modeling Only

f+ Smooth Model [nversion

Shap Electrodes to Node

Z Az Orientation

+ Positive Upward

" Positive Dowrwward

Surface Elevation [m]
]

2 -

Max Shift in = (m]
Min App Res [Ohm-m) ’m
1 -

Maz Shift in'r* [m]
tax App Res [Ohm-m] ,_‘
1000 =

Ma Shift in Z ]
Max Reciprocal Emar (%] 0.002 A
5 -

Remaove Megative

] e ¥ Save Processing Results

[~ Keepal Data

Default |User Settings LINI] - ak. | Cancel | Apply ‘

There are two major STG file types. The new 3D STG file format uses three coordinates (X, y, z)
to describe an electrode location. A mandatory flag “Type: 3D” is added to the end of the first
header line of an STG file. The old AGI STG file uses two coordinates to identify the electrode
locations. The first coordinate (X) is the horizontal distance along the profile, and the second one
(Y) must be the horizontal line offset for multiple-line pseudo-3D surface survey. If Y
coordinates are used to describe electrode depth, the behaviors of EarthImager is unpredictable.
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EarthImager 3D is not ready for reading a 2D data file collected along a single transect on
the surface or in the boreholes.

There are seven criteria for removal of noisy data on the Initial Settings window. Any data
beyond these thresholds will be flagged as noisy data. These flagged noisy data are not removed
before starting the inversion.

When the user clicks the Start Inversion button, a clean data set is saved in the current trial
directory, and is reloaded back for inversion. You may notice some changes in the data scatter
plot after choosing the Start Inversion menu item or the Start Inversion tool-button.

Inversion with the EarthImager produces many new files. It is important to keep track of
inversion results in an organized way. EarthImager creates processing and trial directories, and
saves inversion outputs automatically. We found that this automatic file-saving feature may fill
up your hard drive quickly if you keep running the inversion for days or weeks. If you do not
want to save anything, you should uncheck the box “Save Processing Results”.

In our numerical modeling algorithm, an electrode must be on a node in the mesh. “Snap
Electrode to Node” sets some thresholds to associate an electrode to its nearest node. Conversion
of distance units such as meters and feet introduces rounding errors that cause misalignment of
electrodes. Setting these thresholds to a few millimeters or centimeters will help avoid these
problems.

3.3 Read a Data File

There are two ways to load a data file. You may either choose the Read Data menu item from the

File menu or click the first tool button ‘E}. Tool buttons are used for quick and easy access to
some frequently-used menu items. You will be prompted to choose a data file to process.

H C:\Program Files\AGIA\Earthimager3Didemo\Borehole5.stg - AGI Earthimager, 3D E@E|
File Edit Settings Inversion Yiew Tools Help
bl =a )] S| JEI B S
ENAFIRE
Electrode Geometry Apparent Resistivity Scatterplot

¥
]
K
- h —
" [ g
» z o Plt-.-'
9

Number of Data: 439 Number of Electrodes: 45
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EarthImager 3D reads STG files in both 2D (x, y) and 3D (x, y, z) formats. In the 2D (x, y)
format, electrode locations are described by two coordinates (x, y). So 2D (x, y) format may be
used to represent a data set collected from a 3D survey with surface electrodes only. The 3D (x,
y, z) format is more flexible for both 3D surface and borehole data sets.

.

by M ehwiork File harne:
Flaces

Files of ype: | Universal Resistivity File [* urf] - Cancel |

We also defined a Universal Resistivity (data) File (*.URF) format for you to assemble a 3D
data file manually. To read a URF file, select Universal Resistivity File from the Files of Type
box on the File Open Dialog. Listed below is a sample URF data file to demonstrate the URF file
format. Any line starting with a semicolon (;) is a comment line. A line starting with a colon (:)
defines a section header. A section header is required and must be spelled correctly. A blank line
will be ignored. Data entries are comma-separated. Z = 0 on the surface and negative
downwards.

This is a 3D sample Universal Resistivity Data File for testing purpose only.
Top two lines are comments and the third line defines the length unit.
Unit: meters

:Geometry

;ID, X, Y, Z

1, 0.00, 0.00, 0.00
2, 0.00, 1.00, 0.00
3, 0.00, 2.00, 0.00
4, 0.00, 3.00, 0.00
5, 0.00, 4.00, 0.00
6, 0.00, 5.00, 0.00
7, 1.00, 5.00, 0.00
8, 1.00, 4.00, 0.00
9, 1.00, 3.00, 0.00
10, 1.00, 2.00, 0.00
11, 1.00, 1.00, 0.00
12, 1.00, 0.00, 0.00

:Measurements

;A, B, M, N, V/I(ohm), [(mA), Error(%), Chargeability(mV/V)
,3,4,-1.0e-01
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1,2,9,10, 6.0e-02

1,2,11, 12, -4.0e-02
3,4,5,6,-7.5¢-02

3,4,6,7,-9.0e-02
3,4,7
3,4,9
3,4,1

b b

5 5

, 8, 8.0e-02
, 10, -6.0e-02
1,12, 4.0e-02

b b

5 5

b b

To read the DAT resistivity data files, choose “Data Files (*.dat) in the Files of Type field.

In addition to AGI Sting and SuperSting data files (*.stg), URF files, and DAT resistivity data
files, EarthImager 3D may be customized to read other popular resistivity data file formats per
user’s request. If you are interested in our program to process your non-STG data, please send us
a sample data file. To find out if EarthImager supports your data format, select Read Data, and
check the Files of Type box at the bottom of Open File dialog. After reading data successfully,
EarthImager will display two images in the main window. The left image shows electrode
locations in a 3D view, and the right image shows the apparent resistivity scatter plot.

To create a data scatter plot, all transmitting electrode pairs are sorted and numbered in an
ascending order. For example, an electrode pair (1, 2) may have electrode ID = 1, and an
electrode pair (2, 3) will have electrode ID = 2. The same sorting and numbering is done on the
receiving electrode pairs. All measurements on a horizontal line should have the identical
transmitter. All measurements on a vertical line should have the same receiver.

To find out the electrodes used to collect a specific data point, move the mouse pointer over the
data point and press the “p” key to pick the data point. Transmitting electrodes would be shown
in red, and receiving electrodes are in blue.

If your computer does not have enough memory to process the data set just loaded, a warning
message would pop up.

3.4 Directory Structure and File Extension

A resistivity survey project has a project name such as Cave Detection. The project name may be
used as the top-level directory name for data processing. All data files for this project should be
stored in this project directory. Each 3D data set would be collected over several profiles and/or
several boreholes. Under the project directory, a subdirectory will be created for each data set
automatically when you open a data file. This subdirectory will be named after the data file name
without extension. StingCavel, for example, will be the subdirectory name for data file
StingCavel.stg. For every inversion trial, a trial subdirectory is created automatically under the
profile directory with a directory name of “trial” plus a trial sequential number. The directory
hierarchy will look like the figure below.
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T C\MyProjects\Cave Detection IiEarthImagerzDhdemolcaveitriald w E’ G0
£ Mame £ Marne Size
. - Ci | [Hrcave_triald.ini LEKE
=l |[Z) MyProjects A | | [Z)5tingCavel L .
= I Cave Detection [ 3tingCaveZ U cave_trial4.out 210 KE
= | StingCavel @ SkingCavel . stg ? u cave_triald.skg 25 KE
£y trialt | 2] stingcavez stq |®] cave_trial+_InvRes#.dat 16 KB
= trialz u cave_trial4_InvResd.dat 16 KE
=) brial3 : - [*) InvertedRes4.bmp 1,102 KB
= |} stingCavez 3 < 5
[ Lriall
) trialz ] 1.33 ME # My Computer

In a trial directory, these files are saved with the default names. The INI file is the inversion
settings file and may be read back into the EarthImager for inversion of other data sets. The OUT
file is an inversion log file containing inversion settings, raw data, mesh definition, and inverted
results of all iterations. The STG file contains the actual data used in the inversion after removal
of noisy data. The DAT file consists of inverted resistivity section in an (X, Y, Z, Resistivity)
format. InvRes4 indicates the inverted resistivity section at the fourth iteration. The BMP file is
the bitmap image file.

3.5 Edit Data

There are two ways to identify and remove noisy data. The first approach is based on the initial
data trimming threshold on the Initial Settings window. The noisy data will be automatically
removed based on the thresholds. In the second approach, some possibly bad electrodes would be
singled out for removal.

3.5.1 Electrode editor

This electrode editor helps identify and remove bad electrodes. All data associated with the bad
electrode will be removed. Each electrode is assigned a vote calculated from user-specified
criteria on the Initial Settings window. The higher vote an electrode has, the noisier the electrode
is. An electrode with a vote larger than half of the number of electrodes is a suspected bad
electrode. A horizontal or vertical linear feature on the scatter plot is usually a sign of bad
electrode. Here are the steps to identify possibly bad electrodes in the electrode editor.

1) Click the second column header Number of Noisy Data to sort this column at a
descending order so that the “noisiest” electrodes are emerged at the top of the list.

2) Check the box in front of the electrode to be removed. Uncheck the box if you change
your mind before clicking the Remove button. Note that the electrode removal is final
and can not be undone. If a good electrode is removed, you may reload the data file and
start from the beginning.

3) Click the Remove button to remove the selected electrodes.

4) If you change any “voting” criterion, you should click the Refresh button to update the
“votes”.

5) Click the Close button to close the Electrode Editor.
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E Electrode Editor
Electiode ID | Mumber of Naisy Data - Criteria
12 22 MinVoltage in mY  Min AppRes [ohme-m]
- o
O $1 1; Min abs{/1) M AppRes [ohriem)
E - &= [50e04  ~| 1000 =]
[ ] 16 9
Oz 1E b ax Repeat Error [%]
Oz 15 2 d
4o 15
O 14
O= 13
O+ 12
=0 12
E 123 ::10 Refrash Remove ‘ Cloze |
-

3.5.2 Data editing statistics

Selecting this menu item under the Edit menu brings up a message box showing number of data
points flagged for removal based on the data removal threshold defined on the Initial Settings
Window.

Settings Window E|
nGI E thl 3'] 1 \ml\alSellmgs] Fomward Modeling f\‘ﬁ‘é‘s‘\‘s“ti‘@i‘fﬁ Triv Onl IP \nversmn]
drinimager § |
Stop Criteria Stabilizing Factor Starting Model [ohm-m)
Murmber of data over Max AppRes =0 Mumber ofleations i = e -
q M3 :
Mumber of data below Min AppRes =0 Damping Faclor Min Resistivty [ahmm)
Murnber of data below Min Yolkage = 52 it S A ) 1o 5 [ =l
R M3 -
NUlTIl:lEr DF data bElDW M”-I II'II'fI = I:I Amount of Moise (%] Il ax Resistivity [ohm-
Enmor Rreduction [3] = il )
Mumber of data over Max Repeat Errar = 69 ! E = [ =
Mumber of data over Max Recip, Errar =0
Number DF SLIFFEII:E data bElDW M"-I lﬁippRES = D [ L2Mom [~ Suppress Moisy Data F;azsuluhnnFaclm
NUlTIl:IEr DF nEgathE AppRES data =0 Nurber of CG Iterations Parameter Dimension
5 = . m HorizontalAertical
hd Roughness Ratia
= 1 -
Mumber of data flagged For removal = 100 v [ :
(22.8% of 439 data points ko be removed) o
Default |User Settings LINI - oK Cancel Apply

3.5.3 Scale and shift electrodes
This utility helps fix the problems of wrong electrode coordinates in the command file or due to
mishandling of roll-along surveys. Scaling or shifting may be carried individually or together. To

do both scaling and shift together, the order of transform matters. Here are steps to follow:

1) Read the resistivity raw data file by clicking the Browse button. An output file name after
transform is suggested in the box below.
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2) Choose the type of operation: scaling or shifting or both.

3) For both operations at the same time, choose the order of transform.

4) For shifting operation, choose the shifting distance in X, Y, and Z directions.

5) For scaling operation, first decide uniform (same) or different scaling along three axes
and then input appropriate scaling factors.

6) Click the Start button to begin the transform. A transformed data file is saved in the
specified directory.

3

Scale and Shift Electrodes

Input D ata File Mame

|E: \EngineeringiProjectstpchE arthimager 3D demo*Boreholeb. stg

Transformed Data File Mame

|E: \EngineeringiProjectsipchE arthimager 3D hdemo'Borehole5_Mew.stg

Length Lnit
=

Type of Transform

v Scale o

Order of Transform

g I~ Shiit o

Shift Distance Scale Factor

* o %o s Start
v Same

e |D e |
™ Different

Z |D Z | Cloze

3.6 Inversion Settings

When you launch EarthImager 3D, the settings you used in the last inversion will be loaded
automatically. There are several ways to set desired settings. First, you may read a settings file
(*.in1) either through the menu File | Read User Settings. Second, you may change individual
setting on the Settings Window. Third, you choose hard-coded settings from the Default combo-
box at the bottom of the Settings Window.

There are four pages of settings for advanced users. The first page is Initial Settings that
determines what inversion method to use and thresholds for noisy data removal. The second page
contains all settings to condition Forward Modeling. The third page is Resistivity Inversion
settings. The last page is IP Inversion settings. IP inversion will be added soon. The in-depth
explanation of these settings is given in Section 4.

3.7 Run Inversion

One may start inversion by either clicking the green tool button @ or choosing the menu
Inversion | Start Inversion. At the bottom of the window, there are text messages and one
progress bar showing the progress of the inversion. The progress bar shows the inversion
progress within one iteration (inner loop).

There are two images on the main window during the inversion process. The left image shows

the data misfit in a cross-plot. If all points fall on the 45° line, a perfect data fit with zero RMS
error is achieved, though this is impossible.
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The right image is a 3D volumetric image of inverted resistivity. You do have options for
manipulation of data range, color table, and color transparency. We use meters as the distance
unit and ohm-m as the resistivity unit.

Three files will be created, and saved automatically in the current trial directory. The INI file
contains the settings for current inversion. An STG file contains “clean” raw data used in the
inversion. OUT files are inversion log files with inversion settings and results for all iterations.
The inversion result is saved iteration by iteration. If an inversion is terminated prematurely, the
partial results are saved. An inversion output file may be inputted into EarthImager as a starting
model.
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3.8 View Images
During the inversion, the images showing data misfit and inverted resistivity will be updated
from iteration to iteration. At the end of inversion, you may browse inversion results from

iteration to iteration by choosing the iteration number in a combo-box o3l on the toolbar.
Volume rendering is a slow process, so be patient for the image to refresh while scrolling from
one iteration to another. From the View menu, you can switch from one image to another easily.
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3.8.1 Color and contour properties

Color and contour properties can be accessed through the Color and Contour Properties menu

item under the View menu or the corresponding tool button r" There are several windows that
help customize minimum and maximum data range, choose a predefined color table or build
your own color table from scratches, and specify color transparency. Section 5.1 has more
detailed explanations about how to set these parameters.

B color and Contour Properties EHE”’S__Q

Na. | Lewvel Line ‘ Calar Table | Opacity
1 1.452 [ ] 1.00

R Epies — Ton
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10 29492 [ 1.00
" 41211 C— 1 1m Delete
12 57586 1 1.00
13 00468 [ 1.00
14 112443 O 1w e
15 157123 [ 1.00
16 219,556 [ 1.00 Cave

Ok | Cancel | Apply |

Volume Rendering Method

Yolume M apper
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{* Raycasting Mapper - Composite

" Raycasting Mapper - lzozurface

lsnSurface Color

.

[soSurface resistivity = 18,80 ohm-m

E3
ak.
Cancel
'l

3.8.2 Volume rendering method

VM
You may choose a volume rendering method by clicking the tool button or choosing the
menu item View | Image Properties | Volume Rendering Method. See the interface above. Two
volume mapping methods are supported. 2D texture mapper is a hardware accelerated fast
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volume rendering method so the hardware acceleration should be set to the FULL level to take
advantage of its high speed. The raycasting mapper has two variants: one renders a solid volume
with opacity control and another renders an isosurface with a user-specified isosurface value.

Raycasting Mapper - Isosurface Raycasting Mapper - Composite

3.8.3 Image title

Choose the menu item View | Image Properties | Image Title or the tool button . It helps input
the image title for a single or both images on the main window. Note that the font size will
depend on the number of characters in the title. There are three font options on the tool bar.

Image Title [‘5_<|

Left Image Title

|Electr|:u:|e [Geometmy

Right Image Title

|.-’-\.pparent Reziztivity Scatterplot

ak. i LCancel

3.8.4 Measured apparent resistivity

This will show measured the apparent resistivity scatter plot. There are no well-accepted ways to
plot 3D resistivity measurements. We have found that the scatter plot is a satisfactory approach
to present raw resistivity data. For more information, refer to the Section 3.3.

3.8.5 Crossplot and inverted resistivity volume

This will show a data misfit crossplot (left) and inverted resistivity volume image (right) at a
user-specified iteration. To customize the color scale and transparency, refer to the Section 5.1.
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The crossplot is color-coded because the logarithm of a negative apparent resistivity is not valid.
When both calculated and measured apparent resistivities are greater than 0, a black dot is
shown. This is also the most common case and black dots should dominate the crossplot. When
both calculated and measured apparent resistivities are less than 0, a green dot is shown. Green
dots are acceptable if on the 45 degree line and they are often seen in the borehole data set but
are rare in any surface data set. When calculated and measured apparent resistivities have a sign
flip, it is an indication of noisy data. A blue dot indicates a negative measured apparent
resistivity but a positive calculated one. A red dot indicates a positive measured apparent
resistivity but a negative calculated one. The following figure summarizes the color scheme of

the crossplot.

3.8.6 Static slices

Calculated
A
Blue Black
» Measured
0
Green Red

Choose View | Static Slices to show static slices normal to either X, or Y or Z axis, or a diagonal
slice. A small window will pop up for the user to choose the number of slices and the normal
direction of slices. The non-diagonal static slices are evenly spaced for cases with two or more
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slices. The number of slices is limited to 1 to 20. If you notice any missing slice in the rendered

image, simply click the Refresh button @ on the tool bar.

A single slice may be rendered in a 2D map view (see a single Z slice below in banded color
contours) or in a rotatable 3D view. It is also required to specify the location of a single slice.
Settings inside the Single Slice box are disabled when two or more slices are selected. There is a
known bug in the 2D single slice image in which the slice location (3.0 in the X slice image
below) is sometimes inappropriately labeled. The “view” of a 2D single slice image can not be
saved to avoid any conflict with 3D slice images.
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Z Slices of Inverted Resistivity

6.0
Static Slices [‘5—(|
- . . 4.0
Slice Normal Single Slice
% S a3 Slice Location [m]) i
v e 1.0 20l
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20 t« 3D
09,
Mumber Shicez |3 * '
[v Banded Color Contours oK. Earee] " mlgl'tnt-imr:olz-.w t--hm;:;l; o
-l
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s £ =9 = y
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There are three options for diagonal slices which are all vertical. A Y ~ X slice starts at (x-min, y-
min) and ends at (x-max, y-max). A Y ~ -X slice starts at (x-min, y-max) and ends at (x-max, y-
min). The last diagonal slice image Y ~ |X| combines both Y ~ X slice and Y ~ -X slice. Both
inverted resistivity data and time lapse data can be viewed with diagonal slices.
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3.8.7 Dynamic slices

Choose View | Dynamic Slices to show up to three interactive slices in X, Y, and/or Z directions.
Press the key “x” to turn on/off the X slice, and the key “y” to turn on/off the Y slice and the key
“z” to turn on/off the Z slice. Here are more definitions of mouse button interaction.

1) Left-clicking on a slice shows the block (x, y, z) coordinate and corresponding resistivity
in ohm-m at the lower left corner of the window. A crosshair on the slice marks the
location of mouse clicking. Holding down and moving the left button outside the image
would rotate the whole image.

2) Holding down and moving the middle mouse button or wheel would translate the selected
slice along the axis. Holding down and moving the mid mouse button outside the image
would translate (move) the whole image.

3) Holding down and moving the right mouse button on a slice has the same effect as the
middle mouse button. But holding down and moving the right button outside the slice
image zooms in/out the whole image.

B ¢:\Program Files\GI\Earthimager3D\demo\Borehole5\trial5\Borehole5_trial5.out - AGl Earthimager... [ )[B)]
Fle Edt Settings Inversion Yiew Iools Help
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Number of Data: 337 Number of Electrodes: 45 Number of Nodes: 22475
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3.8.8 Convergence curve

This shows an XY chart of root mean squared (RMS) error in percentage versus the iteration
number.

Convergence Curve EI

Convergence Curve
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Copy To Clipboard Save Bl Close |

3.8.9 Resistivity misfit histogram

At the end of inversion, the resistivity misfit histogram can be used for removal of poorly-fit
data. Use arrow keys to move the blue line for selection of a data error threshold. Click the
Remove button to remove the poorly-fit data with a large relative data misfit.

Data Misfit Histogram - Earthimager 3D &

Data Misfit Histogram for Removal of Poorly-Fit Data

70 -

56 o

43 4

Mumber of Data

28 4

o | N I I
0 3 16 ki 32 40 43 56 4 72 30
Relative Data Misfit (%)

Kumber of Data Removed = 25 ( 7.5% ). Total Mumber of Daka = 333 Iteration Mo. 6

3.8.10 Inverted resistivity volume
Instead of showing both the crossplot and inverted resistivity volume images on main window,

this menu item shows the 3D inverted resistivity volume image only. So the user gets a larger
view of the inversion results.
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3.8.11 3D contours of inverted resistivity

Choose the menu item View | 3D Contours of Inverted Resistivity to bring up 3D contours
(isosurfaces) according to user specified number of contours and corresponding contour values.
Unlike the isosurface by raycasting volume rendering, the 3D contours can have any number of
isosurfaces up to the number of colors. Resolution of the image depends on the mesh size of the
inversion. It is recommended that the user change the Color and Contour Properties first and then
render 3D contours.

3D Contour - Earthimager ﬁl EC:\Prngram Files\MGI\Earthimager3DAdemo\Bore hole5htrial3\Borehole5_trial3.... g@JEl
Elle Edit Settings Inwersion Yiew Tools Help
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28 — L =] |
O ¢ ] RN ~E13E
O 41 I
a0 ——— 3D Resistivity Contour Plot
O 73 [
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O 1os [
[ [
160 I .
O 184 1
[ et /|
287 [
O 348 [
O 43 I
514 [
merval[5 2] sony | [[EK] Reset
Mumber of Data: 333 Number of Electrodes: 45

By default, one of every three (3) contour levels is selected. To select different contour values, a
user may (1) change the “Interval” and then “Apply” the interval change; or (2) “Reset” the
selections and then pick the desired “Contour Values” manually. When done, click the OK
button to close the window and the 3D contour plot will be shown in the main window.

3.8.12 Read view file

A view file (*.vew) consists of information of the main window size, and the size and orientation
of images. “Read View File” copies a view file to the current trial folder and applies the settings
to the images. To read a view file, go to the menu item View | Read View File. When
EarthImager 3D finds a view file in the current trial folder, it applies view settings to
corresponding images automatically. Reading a view file explicitly is not needed. Here are view
parameters for a dynamic slice:

[DynamicSlice]
FormHeight=1032
FormWidth=1288
FocalX=3.686714828817
FocalY=3.71756107909465
Focalz=-7.0395075213278
P0osX=30.7577549333034
PosY=18.3008212336384
P0sZ=6.48258068688506
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ViewUpX=-0.360236261690418
ViewUpY=-0.180012874717668
ViewUpZ=0.915327919763837

3.8.13 Save view file

This feature saves the information of the main window size, and the size and orientation of the
current image(s) to a view file (*.vew) to the current trial folder. If the current image view is
already in the view file, clicking “Save View File” will overwrite previous parameters. There is
only one view file for each data set. One view file consists of image view data for many images.

To save a view file, manipulate the image to the desired size and orientation and resize the main
window to the preferred size. Then choose the menu item View | Save View File or click the tool
button . A view file will be saved or updated in the current trial folder. The default view file
name would have the same file prefix as the inversion output file (*.out) but with a VEW
extension. The image view is NOT saved automatically. To restore a preferred view settings
later, one must save the preferred view settings to the view file explicitly.

3.8.14 Time lapse images
There are six images to help visualize the time lapse inversion results. These images are

Volume image showing percent change of resistivity

Volume image showing percent change of conductivity

Dynamic slices showing percent change of resistivity

Dynamic slices showing percent change of conductivity

Static slices in either X, Y or Z orientation showing percent change of resistivity
static slices in either X, Y or Z orientation showing percent change of conductivity

3.9 Copy Image to Clipboard

You may copy any on-screen image to the Windows clipboard by ghoosing Copy Image to

Clipboard menu item from the Edit menu or from the tool button "], Then the image on the
clipboard may be pasted to any Windows program such as MS Word, Powerpoint, Paint, and
Photo Editor.

Keep in mind that there are always two images on the main window. To copy, save or print an
image, you have to choose the image first by clicking the desired pane.

3.10 Save Image

First of all, you must choose the image to save by clicking the desired pane. The onscreen image
may be saved as a bitmap, JPEG, TIFF, PNG or PostScript file. To save an onscreen image, you

may either click Save Image tool button - or choose Save Image menu item from File menu. In
the “Save as type” box at the bottom, choose your desired image file type. The saved graphics
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will preserve the aspect ratio of the onscreen image. So resize the window to the desired shape
before you save the graphics.

-‘-.!)-\.H'
ky Computer
e Bitrnaps [*.brmp]
- ‘] PNG File [* prg)
"'r_., TIFF File [*.bf, * tiff]
My Metwark  File name: PostScript File [ ps) o E
Flaces - Al " jpg.” jpea;” brop.” prg;” bE" 7. ps) _
Save as bupe: |JF'EG Image File [*jpg. ".jpeg) - Cancel |

3.11 Save Model in XYZ Format

You can save inverted resistivity data in a four-column (X, Y, Z, Resistivity) format. Pick an
iteration using the mouse wheel, then go to Save Model in XYZ Format under the File menu.
The DAT file extension is mandatory. The current trial directory is recommended. The
recommended file name will look like this: cave trial3 InvRes5.dat. Cave is the prefix of the
STG file name (cave.stg). The current trial is trial 3. You are saving the inverted resistivity data
at the fifth iteration.

3.12 Print Image

To print an onscreen image, you may either click Print Image tool button "% or choose Print
Image menu item from File menu. For custom printing, choose Page Setup from File menu. You
are given options for page orientation and margins. The printed image will be stretched to fit the
settings in Page Setup, but the orientation, aspect ratio, and size may differ from the onscreen
image.

5 | Page Setup

Orientation
+ Paortrait

i Landzcape i Millimeters

Centering
Output B esolution

Jv Horizontal ’—_|

v Vertical
Marging
Left |g_5 Right |
Top |g_5 Battam |
] | Cancel |

3.13 Read inversion output file

From the menu item File | Read Inversion Output File, the user can read the inversion results
back into EarthImager 3D. This feature is extremely useful in EarthImager 3D because 3D
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inversion usually takes hours to complete. By reading the inversion output file (*.out) back into
EarthImager 3D, EarthImager is positioned at the end of inversion and ready for further image
manipulation. To restore the “end of inversion” status, EarthImager would require a trial
directory with three files: an OUT file, an STG file and an INI file, which are saved during the
inversion.

If there is any level file (*.1vl) and/or view file (*.vew) in the current trial directory, the image
will be rendered to the last saved colors and contour levels, and/or the size and orientation.

3.14 Read model file

This feature is part of an optional Line Source module. It is designed for (1) Read a model file as
an a-priori model after reading a raw data file (*.stg), and (2) Read a model file as a synthetic
model after reading a command file for survey planning. Here is a sample model file:

; Resistivity model file exported from AGI Earthimager 3D
; Resistivity unit is ohm-m.

unit=meters

;:Background resistivity should be left blank if unknown
Background Resistivity = 100.00

; Z = 0 at the surface and negative downward

; The model blocks are listed block by block as follows:

; Block Resistivity

; The smallest X-Y coordinates and the largest Z of the block
; The block dimension in X, Y, Z directions

10.00
3.0000, 12.5000, -2.0835
2.0000, 1.0000, 1.4942

1000.00
3.0000, 4.0000, -1.2900
2.0000, 2.0000, 1.7060

1000.00
3.7500, 9.2500, -1.2900
0.5000, 0.5000, 0.7935

All model blocks are rectangular blocks. Each block is defined by a corner coordinate and its
length (x), width (y) and height (z). There is no limit on the number of model blocks. A
semicolon (;) starts a comment line. Blank lines are ignored. The valid data fields are comma
separated.
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For survey planning, you read a command file first, and then read a predefined model as a
synthetic model. The synthetic model may be modified for simulation and saved for later use.
However, an a-priori model is not supposed to be altered in EarthImager.

3.15 Input Start Model
Go to the menu File | Input Start Model to read an inversion output file from a previous inversion

trial as the starting model. Be sure to read the raw data file first, and then input the start model.
EarthImager 3D checks the mesh agreement and looks for an iteration with the best data fit.
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4. INVERSION SETTINGS EXPLAINED

All inversion control parameters are arranged on Settings Window. There are four pages of
inversion settings: Initial Settings, Forward Model, Resistivity Inversion, and IP Inversion. You
may go to desired settings page directly from Settings menu to bring up Settings Window. The
Default combo-box at the bottom of Settings Window will reset all settings to hard-coded default
settings for several typical scenarios such as Surface or Borehole resistivity imaging. The User
Settings option in the Default combo-box corresponds to the settings of the last inversion loading
from the INI file. Other three buttons at the bottom follow the Windows convention.

4.1 Initial Settings

After reading the data file, noisy data is flagged on the basis of the Criteria for Data Removal on
the Initial Settings Window. The manually deleted noisy data in the Electrode Editor by the user
will also be flagged for removal. Note that these flagged noisy data are not actually removed.
After you click the Start Inversion button, all flagged noisy data will be removed and a clean data
set is saved in the current trial directory. You may notice some changes in the data scatter plot
after clicking the Start Inversion.

Settings Window - AGI Earthlmager 3D EJ

{ ] Farvward Modeling] Fiesistivity Inversionl IP Inversion]

Criteria for Data Removal Inversion Method £ dis Orientation
Min Voltage in m " Forward Modeling Orly ¢ Positive Upward
e :" + Smooth Model Inversion " Postive Downward
ikt " Robust Inversion .
0.0002 - Surface Elevation [m)
0
tax Repeat Emor [7) Snap Electrodes to Node
3 - .
i Shift ir >
@ Shiftin 4 m] [v Save Proceszing Resultz
Min App Res [Dhmm] 0.005 2
i = Max Shift inY [m)
Max &pp Fes [Ohm-m) 0.005 :I'
oo = Ma Shift in2Z ()

ax Reciprocal Emror (%) 0.005 h

5 =z

Remove Negative o —
r Apparent Resistivity SipleE | :|'

[~ Keep&ll Data

Diefault |User Settings [INI) j Ok | Cancel | Apply

4.1.1 Minimum voltage in mV.
The measured voltage shows the actual signal strength. The minimum voltage should be set close

to the hardware resolution or the environmental noise level. Any signal less than 1 mV is usually
too small to measure accurately. In the case of borehole data, measured voltages less than 1 mV
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are common. In particular, boreholes filled with conductive materials produce weak signals. 1
mV threshold may lead to removal of more than 50% of the data.

4.1.2 Minimum abs(V/1)

V/I is the voltage measurement normalized by the injected current, and has a unit of ohm. Any
V/I measurement with an absolute value smaller than this parameter will be removed at the data
input. 1.0x10™* ohm is a safe setting, but a value between 2x10™ ~ 5x10™* ohm is recommended.
Never set this parameter greater than 1x107.

4.1.3 Maximum repeat error (%)

For AGI Sting/SuperSting resistivity systems, the error in the repeat measurements is usually
smaller than 1%. Set this parameter to a value between 3% ~ 5%.

If two data sets collected at the same location and with the same command file are combined into
a single data file, the duplicate errors are estimated and consolidated with the instrument repeat
errors. The larger one of two errors is assigned to the corresponding data point.

4.1.4 Min apparent resistivity.

This is the smallest apparent resistivity value in ohm-m allowed in the inversion. For surface
resistivity surveys, all negative apparent resistivity values will be removed at the same time. For
electrical resistivity tomography (ERT) data with electrodes in boreholes, negative apparent
resistivity values are common. This setting will then remove any apparent resistivity value when
its absolute value is smaller than this setting. To remove all negative apparent resistivity values
in ERT data, use another setting in this group. 0.1 ohm-m is a safe setting, but a value between
0.1 ~ 1.0 ohm-m is recommended.

4.1.5 Max apparent resistivity.

This is the largest absolute apparent resistivity value in ohm-m allowed in the inversion. Any
measurement with its absolute value of apparent resistivity larger than this setting will be
removed. 1.0x10° ohm-m is a safe setting, but a value between 1x10* ~ 1x10° ohm-m is
recommended.

4.1.6 Max reciprocal error.

This setting is effective only when reciprocal measurements exist. A reciprocal measurement is
obtained by switching transmitting electrodes and receiving electrodes of the original
measurement. That is, if the original measurement uses A, B, M, N four electrodes, the
reciprocal measurement will have A, = M, B, = N, M; = A, and N; = B. Theoretically, the
original and reciprocal measurements should have identical V/I. The reciprocal error is usually
greater than the error of repeat measurements because of electrode polarization, cultural noise,
natural potential, and telluric currents.
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4.1.7 Remove all negative apparent resistivities in ERT data.

This setting works only with ERT data. Negative apparent resistivity values are very common in
ERT data and may be good measurements. Negative apparent resistivity values are automatically
removed in the surface resistivity data.

4.1.8 Keep all data

Check this box and set the criteria for data removal to the extreme values. It is hoped that all data
in the (STG) data file will be kept for inversion under these extreme thresholds.

4.1.9 Inversion method

You decide what inversion method to use from the initial settings page. If you choose forward
modeling only, it will produce forward solution (calculated apparent resistivity) of starting
resistivity model. Smooth model inversion is stable and robust. We strongly recommend it for all
types of data. It is hoped that the robust inversion is less susceptible to data noise and produces a
blocky resistivity model.

4.1.10 Snap electrode to node

In our numerical modeling algorithm, an electrode must be on a node in the mesh. “Snap
Electrode to Node” helps reduce unique number of X, y, and z coordinates by forcing a single
coordinate to several closely spaced coordinates in either X, y, or z direction, so a smaller mesh
size may be expected. Some electrodes may be shifted based on the maximum shift prescribed
here.

4.1.11 Save processing output

Inversion with the EarthImager 3D produces many new files. It is important to keep track of
inversion results in an organized way. EarthImager creates processing and trial directories and
saves inversion outputs automatically. We found that this automatic file-saving feature may fill
up your hard drive quickly if you keep running the inversion for days or weeks. If you do not
want to save anything, you should uncheck “Save Processing Output”.

4.1.12 Z axis orientation

The vertical Z axis is positive upwards by default. This is also the convention inside the
EarthImager 3D program. If the vertical Z axis is oriented positive downwards, you must declare
it here before loading a data file.

4.1.13 Surface elevation

This parameter would be used to show elevation along the vertical axis instead of the depth. It is
not used by EarthImager 3D in this release.

Page 38 of 85



Instruction Manual of AGI EarthImager 3D, 12/15/2006

4.1.14 Skip data

This is a data decimation feature. While reading the data, EarthImager skips the specified
number of data points in the raw data file and then reset this number to 0. For example, if this
parameter is set to 1, EarthImager will skip “1” data point and extract every other data point in
the data file for the inversion. Half of the measurements will be removed (skipped). If you want
to extract every fifth data point of the raw data file for inversion, set this number to 4 to skip 4
data points. This parameter is set to 0 by default to read all data without skipping any, and resets
to 0 after every data decimation operation to avoid losing data.

4.2 Forward Modeling Settings
There are 10 parameters on the Forward Modeling settings page. This page gives you options to

choose a forward modeling method, forward matrix equation solver, type of boundary condition,
mesh discretization, and so on.

Settings Window - AGI Earthimager 3D 3]
Initial Settings | Fo I Resistivity [nversion ] IP Irvwersion ]
Forward Modeling Method Mesh Divisions Matrix Equation Solver
Finite Difference - = Conjugate Gradient
¥ |2 £
Type of Boundary Condition <
Mived - T2 = Conjugate Gradient
z |2 = Max Murm of lterations
Bounding Box [m] ’h
“ Surface Survey Mesh ilopliiesio)
L ! I
Thicknesz
I Incremental Factor
o — (RC—
Z | Depth Factor
i A
Diefault | User Settings [INI] - aK Cancel Apply

4.2.1 Forward model method

The finite difference method is the only option at this time. Other methods are coming soon.
4.2.2 Boundary condition

Neumann boundary conditions (BC) are always imposed at the ground surface. Other five
boundary planes have options of Dirichlet BC or mixed BC. Mixed BC is supposed to produce

more accurate forward solution with a limited extension of boundary mesh. Mixed BC is
recommended for any data set with one or more remote electrodes.
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Type of Boundary Condition For resistivity surveys in a confined space, choose the Sand Box
|3and Box [ boundary condition and input the boundary coordinates. It is also
required to check the box in front of a boundary coordinate to
enable a boundary coordinate. The (x, y, z) coordinates here must

Bounding Bax [m)

~ e foos be defined in the same coordinate system as the one for

#v joszs electrodes. This utility handles rectangular domains only and does
W [008 not work with spherical or cylindrical boundary surfaces. It does
oz not work with any metal container either. This feature is a

Z V|08 supplementary module.

4.2.3 Forward equation solver
The conjugate gradient solver is the only option at this time. We will add more solvers soon.
4.2.4 Maximum number of CG iterations

This setting is enabled only when the conjugate gradient (CG) method is chosen as the forward
solver. The CG method is an iterative matrix equation solver. Sometimes the CG solver may
diverge and the CG iteration becomes an infinite loop. The maximum number of iterations will
prevent this. This setting should be greater than 100 but smaller than 1000. More iterations will
generally lead to a more accurate forward solution, but will require a longer runtime of forward
modeling.

4.2.5 CG stop residual

The conjugate gradient (CG) method is an iterative solver that requires a stop criterion. If the CG
residual is smaller than the stop residual, the CG iteration exits. 1.0x10° or 1.0x107 is a
recommended setting.

4.2.6 Mesh divisions

This sets the number of cells (blocks) between two electrodes in X, y, and z directions. For cross-
borehole electrical resistivity tomography (ERT) without surface electrodes, the number of
blocks between two boreholes depends on the vertical spacing of electrodes. A finer mesh results
in higher accuracy of forward modeling with a smaller numerical error, but longer CPU run-time.
Two (2) divisions is the default setting. The number of divisions should be set between 2 and 8.

We found that 3 divisions between two electrodes produce a more accurate forward solution than
2 divisions. The number of divisions in Z has no effect on the surface data.

4.2.7 Thickness incremental factor
This setting applies mainly to surface resistivity surveys where model resolution degrades with

depth. It is preferred that layer thickness increases with the depth. Thickness incremental factor
is defined as the ratio of the thickness of the lower layer to the thickness of the layer immediately
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above it. For example, if the upper layer is 1 meter thick, the lower layer will have a thickness of
1.1 meters if the thickness incremental factor is 1.10. It is not realistic to set this factor smaller
than 1.0. This factor also plays a role in determining the layer thickness below the borehole’s
bottom electrode for a survey combining surface and borehole electrodes.

Because the layer gets thicker and thicker, it is preferable to set this factor in the range of 1.0 to
2.0. With a large factor, you lose resolution at the depth. A large thickness incremental factor
will, to some extent, reduce the runtime of inversion.

4.2.8 Depth factor

This setting applies mainly to the surface resistivity survey. The depth of the inverted section is
determined by the maximum median depth times the depth factor. Median depth is a function of
electrode spacing and array type. In a survey with combined surface and borehole electrodes, this
depth factor also plays a role in setting the depth of inverted section. The depth factor should be
set between 1.0 and 1.5. For a pole-pole array dataset, set the depth factor to 1.0 or smaller.

4.3 Resistivity Inversion Settings

4.3.1 Stop Criteria

Resistivity data inversion is a nonlinear iterative process. This group of parameters sets the rules
that stop the iteration. Four factors within this group have a logical OR relation, that is, if any of

the criteria is met, the inversion will stop. To activate or enable a rule, check the box in front of
parameter.

Settings Window - AGI Earthimager 3D X
l IP Inversiun]

Stop Criteria Stabilizing F actor Slariing el
Mumber of [terations 10 hd * Homogeneous
v | = " Lavered

D amping Factor
Max RS Error (%) 10 - Riesistivity [ohm-m)
v |5 - [ |976.8 -
iz [
Emor Reduction [%] el s (]
W[5 - 5 :I' Min Resistivity [ohm-m)
1 -

[~ L2 Mom [~ Suppress Moisy Data
b ax Resistivity [ohm-m)

Nurnber of C Iterations 10000 -

Parameter Dimenszion
-
5 ~ Resolution Factor

L e 0z S
vt j' Harizantalertical
Roughness Ratio
e
z |1 El| 05 =

Diefault |User Settings [INI j 0K | Cancel | Apply |
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4.3.2 Number of iterations

This sets a maximum number of iterations for an iterative nonlinear inversion stop. If the
inversion diverges, it will stop after the prescribed maximum number of iterations. Thus infinite
loops can be avoided. For surface resistivity surveys, inversion usually converges in 5~6
iterations. Set this number to 6 ~ 10 in this case. For ERT data, it often takes more than 10
iterations to converge. Set this number to 10 ~ 15 for ERT data.

4.3.3 Maximum RMS error

The primary objective of inversion is to reduce data misfit between field measurements and
calculated data of a reconstructed model. Measurement errors usually range from 1% to 5%. But
do not forget about numerical errors and rounding errors. This number should be equal to or
larger than percentage of noise estimate. 3% is a default setting.

One of the objectives of the resistivity inversion is to find a resistivity model whose response
(predicted data) best fits the measured data. The goodness of the fit may be characterized by the
root mean squared (RMS) error in percent (%) defined below.

N (di}’red _dg\/leas 2

Z diMeas

i=1

RMS = ] x100 %,

where N is the total number of measurements, d"™ is the predicted data, and d™** is the
measured data. It is clear that the RMS error depends on the number of bad data points, and how
bad each bad data point is.

Note that the RMS error is an average data misfit over all data points. A single erroneous data
point could lead to a large RMS error. For example, we have a data set of 100 measurements
(N=100). As an extreme case, the measured voltage is 1mV but the predicted voltage is 1 V. If we
have a perfect fit (no errors) to all other 99 data points, the RMS error would be 9990% due to
this single erroneous data point. Therefore, the RMS error does NOT indicate the percentage of
bad data points.

In the case above, there is no way to reduce the RMS to below 10% even if one gets perfect data
fits to the remaining 99% data. The only way to reduce the RMS error in this case is to remove
the bad data point. In the following section, we will show that removal of some bad or good data
points would not reduce the resolving power of the original data set significantly.

To compare the RMS errors resulted from different inversion programs, one must compare the
definition of the RMS error first because the RMS error may be defined differently.

A large RMS error is the result of (1) Data noise, (2) Numerical modeling error, (3) Inability to
model 3D objects with a 2D modeling program, and (4) Poor inversion settings.
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4.3.4 Error reduction

It is generally expected that data misfit, e.g. RMS error, be reduced from iteration to iteration.
The first several iterations have a larger RMS error reduction than later iterations. When RMS
error reduction is very small or RMS error increases, the inversion should be terminated. This
parameter sets a threshold for this purpose. It is recommended that the inversion stop when error
reduction is smaller than 5%. Sometimes it is normal that the convergence of inversion is not
monotonic. This error reduction factor may cause termination of the inversion prematurely. This
is why the box in front of this setting is unchecked by default.

4.3.5L2 norm

L2-norm is another measure of data misfit. It is defined as the sum of the squared weighted data
errors. N is the number of measurements. W; is the data weight; d°® is the calculated data, and
d™* is the measured data. The L2-norm depends on the estimate of data weights (errors). Set the
percentage of data errors (noises) to 3% if you have no knowledge of data noises. Any inversion
in a least squares sense, such as damped least squares and smooth model inversion in
EarthImager, should stop when the L2-norm is smaller than the number of measurements.

N calc meas 2
L2 — Norm = Z(%J

i=1 i

The number of measurements (data points) varies from data set to data set. To avoid confusion,
we define a normalized L2-Norm measure as

Normalized L2-Norm = L2-Norm / (Number of Data).

When the normalized L2-norm reduces to the unity (1.0) or smaller, the inversion is converged.
Check L2-Norm box to set this measure in effect.

4.3.6 Number of CG iterations

This number should be set between 5 and 10. There are two loops in an iterative nonlinear
inversion. First, a nonlinear inverse problem is linearized and solved iteratively. This is the outer
loop of the nonlinear inversion. The number of steps here is the number of iterations people are
generally referred to. Second, to solve the linearized system at each step, an iterative conjugate
gradient (CGQ) solver is used. This is the inner loop. This parameter sets the number of iterations
for this inner loop.

4.3.7 Stabilizing factor
This is a Lagrange multiplier whose effect is to balance data misfit and model constraints. Our
suggested setting is 10 for surface data, and 100 for ERT data. If you have noisy data, a

relatively large stabilizing factor is preferred. The stabilizing factor will be reduced from
iteration to iteration. A small stabilizing factor will produce a relatively rough model with a
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small RMS error, and a large stabilizing factor will produce a relative smooth model with a large
RMS error.

4.3.8 Damping factor

We suggest you set this parameter to the same value as the above stabilizing factor. This factor
suppresses the effect of small eigenvalues of the Hessian matrix at earlier iterations and speeds
up the convergence at the early stage of inversion.

4.3.9 Amount of noise

Without prior knowledge of the standard deviation of the data such as reciprocal error, you may
assume a certain percentage of error in data. This number usually ranges from 1% to 5% with a
default of 3%. With the L2-norm stop criterion enabled, a too large noisy estimate produces a too
smooth model. A too small noisy estimate forces the inversion to fit data noise and produce
artifacts.

4.3.10 Suppress noisy data

If you have noisy data or a slow convergence, you should check this box. This scheme gives less
weight to noisy and hard-to-fit data. This will not improve RMS convergence because RMS is
not a weighted quantity. Instead, the L2-norm convergence should improve dramatically. By
checking this box, L2-norm stop criterion will be also enabled automatically.

4.3.11 Model parameter width

These settings tell Earthimager 3D how to combine model blocks in x, y, and z directions.
Combining model blocks horizontally helps suppress the lateral variation in the inverted
resistivity model for cases of strongly layered earth or surveys on the water.

Settings Window - AGI Earthimager 3D X

Iniitial S ettings ] Forward Modeling l IP Inversion ]

iteri Starting Model
Stap Criteria Stabilizing Factor aring Mode!

10 -

Mumber of lterations {+ Homogeneous

HE :|: . " Layered
[ amping Factor
Max RMS Errar (%) m " Custam
=1 :lv Resistivity [ohrn-m)
ise (%
Errar Reduction (%] (et sl ) 10.24 -
BICEC : [

4.3.12 Starting model

This setting is designed for advanced users to test the effect of different starting models. You
should not touch this setting if you have no knowledge of average resistivity of your survey area.
Inversion of borehole data will always start from homogeneous half space, but inversion of
surface data may start from either homogenous half space or a layered earth (see screen shot
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above). By default, any inversion will start from a homogeneous half space with a resistivity
value equal to the average apparent resistivity values calculated in the logarithmic domain.

To have a homogenous starting model with a resistivity value other than the average apparent
resistivity, choose the Custom setting and input a resistivity.

You may input a start model from an inversion output file (*out) from a previous trial. After
reading the raw data file, you go to the menu File | Input Start Model to read an inversion output
file. EarthImager checks the mesh agreement between the start model and current inversion trial.

4.3.13 Min resistivity

Any resistivity value smaller than this minimum resistivity will be trimmed off during the
inversion process. The default value is 1 ohm-m. If you do marine resistivity imaging, you
should set it to 0.1 (or smaller) because sea water resistivity can be as low as 0.1 ohm-m.

4.3.14 Max resistivity

Resistivity of soils and rocks is rarely over 10,000 ohm-m, a default setting. Moreover, inversion
may not be able to resolve a very large resistivity contrast. Modify this parameter if you work in
a very resistive area.

4.3.15 Resolution factor

The model blocks closer to electrodes usually have a larger sensitivity. The bottom layers in
surface resistivity imaging and the central area between two ERT boreholes usually have a very
small sensitivity that results in poor resolution. This resolution factor will, to some extent,
enhance model resolution in areas with a small sensitivity. Setting this factor to 0 will disable
this factor. Typical values of this factor range from 0 to 0.3. 0.20 is a preferred default. Note that
a large resolution factor will also enhance inversion artifacts.

4.3.16 Horizontal/vertical roughness ratio

Set this parameter larger than 1 for an area with a strong lateral resistivity variation (vertical
features), but smaller than 1 for a layered earth. By default, the roughness ratio is set to 0.5 for a
surface data set and set to 0.5 for a borehole data set.

4.4 1P Inversion Settings

Coming soon.
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5. BEYOND THE BASICS

5.1 Color and Contour Properties

This section shows how to customize the color, contour level, and color transparency of the
graphics.

5.1.1 Color and contour properties window

There are two ways to launch the Color and Contour Properties Window: 1) from the menu,
View | Color and Contour Properties; and 2) by clicking the tool-button 7. When the tool button

= . .
@ is disabled, the custom color and contour are not supported for the current view. All graphics
start with 16 pseudo-inverted-rainbow colors from blue to red.

H Color and Contour Properties - AGI Earthimager 3D

Mo. | Lewvel Line | Color Table | Opacity

_________ I ERE 1.00
2 1.880 — 1.00
3 2877 — e 1.00
4 3534 — D 1.00
5 4.845 — [ 1.00
6 £.642 — [ 1.00
7 9107 — [ 1.00
3 12 486 — [ 1.00
g 17.119 — [ 1.00
10 23470 — ] 1.00
11 32179 — [ ] 1.00
12 44119 — ] 1.00
13 £0.489 — [ 1.00
14 2333 — [ 1o Lze)
15 112706 ——— [ 1.00
16 15583 ——— [ 1.00 Sama

Ok | Cancel | Apply |

There are five columns in the Color and Contour Properties Window. The first column is simply
the row number and row count. No user interaction is supported for the first column. The second
column shows the contour levels of the current image. These numbers are the actual contour
level values no matter what scale of contour levels (linear or LOG10) are used. To set contour
levels with a constant contour interval, click the header “Level” of the second column. The detail
on how to set contour levels is discussed in the section of Contour Level Window.

The third column shows the contour line color and thickness (width). All contour lines will have
the same color and width. The user can not specify the color and width of an individual contour
line. To change the contour line color and width, click the header “Line” of the third column.
The detail on how to set contour line color and width is discussed in the section of Contour Line
Window.

Page 46 of 85



Instruction Manual of AGI EarthImager 3D, 12/15/2006

The fourth column shows the fill colors of each contour level. To customize fill colors, click the
header “Fill” of the fourth column. To change the specific fill colors, double-click the
corresponding cell. The detail on how to set fill colors is discussed in the section of Contour Fill
Window.

The last column shows the opacity of each color. Note that Opacity + Transparency = 1.0. When
the opacity equals 1.0, a solid color would show up. While the opacity equals 0, the
corresponding would be completely transparent and invisible.

The user may save current color and contour properties as a level file (*.1vl). This level file is an
extended Surfer (a graphics package by Golden Software) level file with the last column being
the color opacity. You may also load any level file into EarthImager. The level file is variable-
dependent; that is, a resistivity level file may not apply to the data misfit image because the
actual contour values are stored in the level files.

When the OK button or Apply button is clicked, a level file (*.lvl) is saved in the current
processing trial directory. This saved level file will be automatically loaded back when the user
comes back a previously viewed image. That is, Earthimager will memorize custom color and
contour properties for all different images.

5.1.2. Contour level window

To launch the Contour Level Window, click the header “Level” of the second column in the
Color and Contour Properties Window. This helps set uniform contour levels in either a linear or
logarithmic scale.

ECuntnur Levels g@@

Data ranges from 1.039 to 219.556

Contour Lewvels
Scale

™ Linear
Max Data [2195685 {* Laogarithmiz
Lewels or
Colors 18 = Interval [ 145
Default ‘ Ok ‘ Cancel |

The actual data range is shown at the top of the window. These two numbers are actual data
minimum and maximum values without taking logarithm if applicable.

The definition of contour levels in EarthImager 3D may be different from commercial graphics
package. To plot the data between 0 and 100 at an interval of 20, one should set the number of
Levels (or Colors) to 5. The Min Data should be set to 0, the the minimum contour level would
be 20. A linear color scale will be shown like this.

Page 47 of 85



Instruction Manual of AGI EarthImager 3D, 12/15/2006

_ ——
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According to this color scale, any value below 20 will be shown in blue and any value above 80
will be shown in red, if a linear scale is used. For a logarithmic scale, the labels of color scale
will vary. The Interval property in the window is a read-only setting and can not be changed.

Note that logarithm of 0 or negative values is undefined. So be careful when switching from the
linear to logarithmic scale. Negative values in data misfit and IP data are very common, so the
logarithmic scale is disabled when viewing these images.

5.1.3. Contour line window

Coming soon.

5.1.4. Color table window

To choose a predefined color spectrum as the contour fill colors, click the header “Color Table”

of the fourth column in the Color and Contour Properties Window. This brings up the Color
Table Window.

E Color, Tahle
Colar Table Calor Table
" Blue - Green - Read [Default]) (" Blue - Green - Read [Default]
" Red- Green - Blue " Red- Green - Blus
" Gray Scale [white - Black] (" Gray Scale [white - Black)
" Gray Scale (Black - wWhite] " Gray Seale [Black - *white]

" Rainbow (Red - Purple) 0K " Rainbaw [Red - Purple] oK.
" Inverted R ainblow [Purpls - Red) " Inverted Rainblow [Purple - Red)

5

Ol i Coneel ™ Cunent Settings Conel
ancel N ancel
" Custom Color Table Gl ] Q

Load Color Table | Save Color Table | Load Color T able | Save Color Table | Feset |

- . . .

EarthImager 3D has six predefined color spectra. The Current Settings is the color scale of the
current image and the colors in the Color and Contour Properties Window before the Color Table
Window is launched. Current colors settings may not be any of these predefined color spectra.

i

EarthImager uses Blue-Green-Red color spectrum as the default if no custom color scale is
specified. The number of colors is specified in the Contour Level Window.

To create your own custom color, select “Custom Color Table” option. The sample color scale at

the bottom of the window would be divided into small blocks with the number of blocks equal to
the number of colors. All blocks are filled with white color initially. You may click any block to
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bring up a color dialog box from which you pick a color for the selected block. EarthImager
would blend the new color with predefined colors with an anchor point.

5.1.5. Color opacity window

To see things inside a volume image, one has to make part of image semi-transparent or
completely transparent. Opacity is also called alpha value or alpha channel in the field of
computer graphics. By defining opacity of each color, you can render part of volume invisible
and single out the object you look for. Note that Opacity + Transparency = 1.0. When the opacity
equals 1.0, a solid color would show up. While the opacity equals 0, the corresponding would be
completely transparent and invisible. To define the opacity curve, use the left mouse button to
click or drag inside the grid. The figure below shows that the green color is removed from the
volume.

The total volume, opaque volume and clear (transparent) volume of the image are shown on the
status bar at the bottom of the main window. If part of the image is semi-transparent, the clear
volume and opaque volume may not add up to the total volume.

H Color Opacity E@E|
x | !
s \ [
oz \ i
iy \ I

o \ f
\ i
0.1 \ l

Cancel

Mumber of colors: 16

5.2 Inversion with Terrains
5.2.1 Electrode layout

Resistivity inversion with 3D topography requires that both electrode geometry and terrain
survey data are defined by the projected horizontal distances. Tape measures or slope distances
are not acceptable. In addition, electrodes must be laid out in a rectangular or ideally square grid
for surface surveys in horizontal distances. Maintain a constant line spacing between any two
lines and align corresponding electrodes across all lines. Electrodes at different boreholes should
be aligned at the same depth levels regardless of its surface elevation.
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Adequate topographic elevation measurements are required to reconstruct the geometry of
ground surface. Number of elevation measurement points will depend on the terrain complexity.
Note that elevation measurement points do not have to coincide with electrode locations. It is
vital to survey the site in advance for electrode locations and elevations. Here are some basic
steps to follow:

e Design your line spacing and electrode separation based on the dimension of the objects
you are looking for and the electrode separation on your cable. With a cable of 5-feet
electrode separation you should not design a grid over 4 ft horizontal distance.

e Layout a rectangular grid in horizontal distances. Survey the elevation of the site. A non-
rectangular grid would not fail EarthImager, but it would produce a much larger
modeling mesh, greatly slow down the inversion and affect the resolution. This step must
be completed before the resistivity survey.

e Create a geometry file for the command creator. The (X, Y) coordinates in a geometry

file are the horizontal distances. The Z coordinate does not carry the elevation

information and it is defined in a way as if there is no topography. That is, the surface Z

coordinate is 0. A downhole electrode would have a negative Z coordinate whose value is

the depth from the surface. The electrode geometry in the command file will be
transferred to the STG data file without changes. An erroneous geometry file would mess
up the resistivity data file.

Build a terrain file in a format described below.

Conduct the resistivity survey.

Download the data from the resistivity meter to a PC.

Invert the STG data file together with the terrain file.

5.2.2 Terrain file format

A terrain file defines the surface topography of the survey site. It is a comma separated ASCII
text file and may be created in any text editor such as Microsoft NotePad or our built-in text
editor under the Edit menu in EarthImager. If you edit your terrain file in Microsoft Word or
WordPad, be sure to save the file as a plain text file. It is NOT required to take terrain elevation
measurements at electrode locations or in any form of a regular grid. However, the (X, Y)
coordinates in a terrain file must be horizontal distances.

; TRN File // Semicolon “;” starts a comment line
unit=meters // Distance (length) unit

; X, Y, Elevation Z

-1,-1,102.2 // Horizontal distance X, Y and elevation Z
0.5,4.5,103.5

-0.2,10,97.7

0, 15.8,99.4

7,13,101.1

5.5, 6,100

12,-1.5,102.4

15,4, 101
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14, 11.7, 98.6
13,16.2,99.8

5.2.3 Run inversion with terrain

There are two terrain files in the Earthimager3D\demo directory: Borehole5.trn and Hill3d.trn.
Hill3d is a surface data set collected on a hill. Borehole5 is a borehole data set collected from
five boreholes without topography at all. So Borehole5.trn is a fictitious terrain file that was
created for testing and demonstration purpose. Follow these steps to invert a data set with
topography.

1) Start EarthImager 3D and choose your preferred settings such default ERT settings.

2) Click the Read Data button or the menu item File | Read Data, e.g., Borehole5.stg.

3) Choose the menu item File | Read Terrain File and select the file BoreholeS5.trn.

4) Click the green Start Inversion button. The image showing electrode geometry is updated
with topographic fluctuation.

5) Images available in the terrain mode include 3D opaque surface image, 3D volume
raycasting image, 3D contours, static slices, convergence curve and histogram.

Inversion of resistivity data with topography uses the finite element modeling method that is
handled automatically. When a valid terrain file is detected, EarthImager 3D sets the forward
modeling method to the finite element method. Note that the finite element method is much
slower that the finite difference method.

The 3D volume image shows inverted resistivity with topography. The dynamic slice image and
3D isosurface image are not available at this time. The 3D raycasting volume image with opacity

control is very slow. The 3D opaque surface image is a quick way to browse the volume surface.
Static slices and 3D contour plot give more perspective about your data.

Inverted Resistivity with Topography 3D Resistivity Image with Terrain Correction

1035t s tad i

0-5_6_0
X

Inverted Resistivity (ohm-m) Inverted Resistivity (ohm-m)
1.0 3.9 153 59.7 233.2 10.0 316 100.0 316.2 1000.0
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5.3 4D Time Lapse Inversion

The optional 4D Time Lapse Inversion module is used for in-situ monitoring applications. It
could, for example, be used to detect leakage at a landfill site, a dam, or underground storage
tank. In such a case, electrodes are installed at fixed locations during the period of monitoring to
facilitate image comparison and high sensitivity of small changes in the ground. First, a base (or
baseline, background) resistivity data set is collected, so a base resistivity model of the site can
be established as a reference model. Then, the monitor survey is repeated during the period of
monitoring with the same command file as the one used in the base survey. Our Time Lapse
Inversion algorithm takes advantage of the base survey data and base resistivity model. Instead
of inverting the monitor data set alone, our algorithm inverts the difference between the monitor
and base data sets. Moreover, the base resistivity model is used as the a-priori model in the time
lapse inversion. Therefore, our time lapse inversion converges faster than standard inversion and
is more sensitive to small subsurface changes. The coherent inversion artifacts may be canceled
in the difference images.

A time lapse monitoring application may have one base dataset and one or more monitor
datasets. The time lapse inversion produces difference images between any monitor dataset and
the base data set.

The result of time lapse inversion is presented as the difference between the two sections. The
time lapse method may be used for monitoring of any subsurface processes. Some common
situations include potential leakage from landfills, dams and underground storage tanks. Other
monitoring situations include fracture tracing by injection of a conductive solution such as a salt
solution, saltwater intrusion in coastal areas, environmental remediation progress, groundwater
recharge, infiltration studies, and so on.

The time lapse inversion may be carried out in two different ways depending on the type of
input. Difference inversion accepts two raw data files (STG) as inputs. This is a comparison of
before and after images. Time lapse inversion requires the output of base data inversion and
inverts a list of monitor data sets in a batch mode.

5.3.1 Difference inversion

Difference inversion combines the inversion of the base dataset and time lapse inversion of a
single monitor dataset in one step. It is applicable to the cases with one base dataset and a single
monitor dataset. Here are the steps to follow for a difference inversion.

1) Start EarthImager 3D. A dongle option code for time lapse inversion must be activated in
order to proceed with the difference inversion.

2) Choose the menu Inversion | Time Lapse Inversion and then the “Difference Inversion”
tab.

3) Input the base data file by clicking the corresponding Browse button.

4) Input the monitor data file by clicking the corresponding Browse button.
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5)

Choose “Same Command File” or “Different Command Files”. It is strongly

recommended that you use the same command file for the base data and monitor data

collections.
6)
7)

Change the inversion settings by clicking the “Change Settings” button.
Start Difference Inversion. EarthImager will invert the base dataset first and then do a

difference inversion of the monitor dataset. The inverted results at the optimal iteration
based on the RMS error and/or L2-norm will be saved in the output (OUT) file together
with 3D resistivity volume image (JPG file) and inverted resistivity data (DAT file) in the
XYZ format. The output (OUT) file may be loaded back into EarthImager 3D for custom

settings and visualization.
8)

At the end of difference inversion, percent difference of resistivity image is shown. It is

preferred to set the absolute value of minimum and maximum plot bounds to be equal, so
zero (no change) will be in the center of the color scale and in a green color by default.

9)

Percent difference of conductivity image below shows the wetting fronts in a water

infiltration experiment. The wetted zone has a higher electrical conductivity and showed

a conductivity increase.

10) In addition to all images for standard data inversion, we provided six more images for
time lapse inversion: percent change of resistivity, percent change of conductivity, and
dynamic slices of resistivity changes, dynamic slices of conductivity changes, static slices
of resistivity changes, and static slices of conductivity changes under the menu item View
| Time Lapse Images (see a screen shot in the next section 5.3.2) .

Ed 4D Time Lapse Inversion - AGI Earthlmager 3D E@EJ
Difference Inversian | Time Lapse Inversian | Fiead Time Lapse Dutpul Fies |
Bage Data File
|C.\ngram Files\AGINE arthl mager2Dhdemo\Base1 3990216 stg Browse

Monitar Diata File:
|E:\Program Files\4(GI\E arthl mager3D'demoManitor] 393031 2 stg

Command Files Used

Change Seftings
Start Difference Invarsion

% Same Command File

" Different Command Files

Checking the file: Monitor 19330312.stg

5.3.2 Time lapse inversion
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The difference inversion scheme in the last section requires inversion of the base dataset for
every monitor dataset. This turns out to be unrealistic for a long term monitoring application that
usually has many monitor datasets. So we developed a time lapse inversion scheme that can
handle a large number of monitor datasets in a batch mode.

In our time lapse inversion scheme, the base dataset must be inverted first like a standard 3D data
inversion. We suggest that the user runs the inversion of base dataset two or more times to clean
up the base dataset with the histogram. However, excessive data removal is discouraged because
any data point removed from the base dataset will also be removed from all monitor datasets.
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The inversion output file of the base dataset is served as the input of the time lapse inversion. All
monitor datasets are inverted with the base inversion results as the a-priori information.
To start the time lapse inversion, follow these steps.

1) Choose the Time Lapse Inversion menu item from the Inversion menu and select the
Time Lapse Inversion page.

Ed 4D Time Lapse Inversion - AGI Earthlmager 3D g@@

Diftererce Inversion  Tme Lapse Inversian | Read Time Lapse Dutput Fles |

Base Inversion Dutput [*.out) File
|C:\E anthimager3Di demotwesiTexas\ial2\WestT exas_tialZ out =

Optimal Iteration Number of Base Model [7 =

List of Manitor Data Files

1 C:AProgram Files\AGIAE arthlmager3D s demotMonitor1 3350312 stg
2 LC:AProgram Files\AGRINE arthlmager3D s demotMonitor1 3350313 stg
3 C:5Program Files\AGINE arthlmager3DdemotMonitor1 3350316 stg
4 C:\Program Files \AGINE arthlmager3D dema\Monitor] 9930323 stg
5 C:\Program Files\AGINE arthimager 3D dema\Manitor! 3330408, stg

leshAGIAE arthlmager anitor] 9390501 stg

View Fil| 2
Min Change (%) [60 v|  MaxChange ) [A0 ~ Parameter [Conductiviy Changes .

Load BachFie | SaveBachFie | AddMontorDataFies | 4 |

Number of monitor files: &

2) Input the Base Inversion Output (*.out) File by clicking the Browse button. This file
consists of previously inverted results of the base dataset. The base inversion output is
served as the a-priori information of the time lapse inversion. While adding the OUT file
to the input box, EarthImager checks the availability of the inversion settings file in the
same directory of the OUT file. The settings file will be used for the time lapse inversion.
It is preferred that the same settings are used for both base data inversion and monitor
data inversion.

3) EarthImager 3D searches for an optimal iteration number from the inversion output file
based on the RMS error and/or L2 norm automatically. The optimal iteration number will
be shown after opening the base inversion output file. However, a user may change the
recommended iteration number and choose his/her preferred iteration number.

4) Add monitor data files to the list. There are two ways to add monitor data file names.
First, the user may click the “Add Monitor Data Files” button and select multiple data
files from the Windows File Open Dialog. Second, an ASCII batch file with a list of
(STG) data file names and, if any, the base output file name may be loaded into
EarthImager 3D. A batch file is a simple list of file names with a complete file path. If an
OUT file is found in the batch file, it will overwrite the OUT file already in the input box.
But the monitor data files will be simply appended to the current monitor file list without
any check on duplicates. Here is a sample batch file (timelapse.bch) in the demo
directory:

:\Program Files\AGI\EarthImager3D\demo\Basel19990216\trial2\Basel19990216_ trial2.out
:\Program Files\AGI\EarthImager3D\demo\Monitor19990312.stg
:\Program Files\AGI\EarthIlmager3D\demo\Monitor19990313.stg
:\Program Files\AGI\Earthlmager3D\demo\Monitor19990316.stg
:\Program Files\AGI\EarthImager3D\demo\Monitorl19990323.stg
:\Program Files\AGI\EarthImager3D\demo\Monitor19990408.stg
:\Program Files\AGI\EarthIlmager3D\demo\Monitorl19990501.stg

OO0OO0O0O0O0O0
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5) To delete a monitor file from the file list, select the file and then press the Delete key. To
change the order of a monitor file, use the Up and Down arrow to move it up or down.
All monitor files must be listed in a sequential order based on the data collection time
because an AVI movie will be created at the end of inversion to show time lapse changes.

6) Choose a view file to customize the image size and orientation.

7) Save the batch file for future use.

8) The user may change the inversion settings by going to the Main Window and choosing
any settings page, but this is strongly discouraged.

9) An AVI movie file may be produced with the difference images from all monitor datasets
when three or more monitor datasets are listed. To create an AVI file, all difference
images must be presented with the same color scale and data range (Min and Max). As a
convention, we use cool colors such as blue and cyan to represent increasing conductivity
(water infiltration or saltwater intrusion), and warm colors such as red and orange to
represent increasing resistivity (air-sparging or leaking gas tank). So the green color is
neutral and indicates no-change zones.

10) Set Min Change and Max Change based on the above discussion and convention. It is
going to be difficult to set these two numbers without any prior knowledge. We
recommend that you set Min_Change = -1 * Max_Change. This will help suppress some
artifacts and make the green color no-change zones.

11) The selection of the plotting Parameter will depend on the application type. For a case
with increasing conductivity, it is almost mandatory to choose “Conductivity Change” as
the parameter to plot. For a case with increasing resistivity, select “Resistivity Change”
as the plotting parameter. Choice of Min Change, Max Change and Parameter is not fatal
but an inappropriate selection will fail the attempt of AVI movie creation. The time lapse
inversion results can be read back into EarthImager for visualization and data analysis.

12) Click the Start button to start the time lapse inversion in a batch mode. The monitor data
files are inverted one by one.

13) At the end of inversion of each monitor data set, the inverted resistivity data is saved as
an image in the JPG format and ASCII XYZ format. Moreover, both resistivity difference
and conductivity difference between the monitor model and base model are saved in the
bitmap format and ASCII XYZ format. Here are some typical output files from a time
lapse inversion of one monitor dataset. Bitmap files are used to create an AVI movie to
demonstrate the time lapse change of the subsurface. Go the AVI Maker under the Tools
menu for detail.

8% C:\Program Files\AGI\Earthimager3D\demo\Monitor19990323\trial1 =13
File Edit View Favorites Tools Help l':'
Q Back - () T S search |2 Folders || | X B E-

Address |53 C:\Program Files|AGI Earthimager 30\demo Monitor 18930323 trial 1 ~| B

Folders x Name Size  Type Date Modified

= I Program Files A || [®]Monitor 19990323 _trial Lini 2KB Configuration Settings  4/26/2005 12:53 AM
® [3) ACD Systems %] Monitor 19990323 _trial 1.out 2,190KB  OUT File 4{26/2005 1:00 AM
& () Adobe @Mnmmneaqn}zi trial 1.stg 355KB STGFie 4{26/2005 12:53 AM
= 2 AG @MUH\I‘DT 19990323 _trial1_CondDiff3.bmp 1,496KB Bitmap Image 4{26/2005 1:00 AM
= ) EarthImager2D @ Monitor 19990323_trial1_CondDiff3.dat 299KB DAT File 4{26/2005 1:00 AM
B ) demo EF]Monitor19990323_trial 1_CrossPlot3.jog 31KB IPEG Image 4{26/2005 1:00 AM
# ) EarthImager 2DDemo %] Monitor 19990323_trial1_InvRes3.dat 307KB DAT File 4/26/2005 1:00 AM
= ) Earthimager3n [} Monitor19990323_trial1_InvRes303.jpg 41KB IPEG Image 4/26/2005 1:00 AM
= ) demo [ElMonitor19390323_trial1_ResDiff3.bmp 1,496 KE  Bitmap Image 4/26/2005 1:00 AM
® [3) Base19990216 @ Monitor19990323_trial1_ResDiff3.dat 299KB DAT File 4/26/2005 1:00 AM
= [ Monitor 13990323
2 riall
® () ssAdmin v
10 objects {Disk free space: 30.5 GB) 6.35MB 4 My Computer
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14) It is critical to keep the EarthImager 3D main window on top of all other windows and
not to minimize the EarthImager main window because all images saved are the screen
captures. If the Earthlmager 3D main window is minimized, a blank image is saved. If
the main window is partially or completely blocked, the image saved would also be
partially or completely blocked. In addition, the size of a saved image would have the
same size of the image rendering window on the main window.

15) There are six resistivity/conductivity difference images from time lapse inversion for
users to visualize.

B AGI Earthimager 3D E@@

Fle Edit Settings Inversion [0 Tools Llanguage Help

= 3 | Refresh
| S
Image Properties v
3 = ﬁz‘ 3
" Measured Apparent Resistivity

: Crossplot and Inverted Resistivity Volume :iVity Ch an geS

Inverted Resistivity Volume
X
Static Slices 4.0 6.0
0.0 200 e
Dynamic Slices of Resistyity 00 gl

3D Contours of Inverted Resistivity

Resistivity Misfit Histogram

Convergence Curve 4.3y
Percent Change of Conductivity
Dynamic Slices of Resistivity Changes

Dynamic Slices of Conductivity Changes

Static Slices of Resistivity Changes

Static Slices of Conductivity Changes

Inverted Resictivity (chm-m)
-40.0 -20.0 0.0 200

Mumber of Data: 1694 Number of Electrodes: 72

16) The user may browse all images generated from the time lapse inversion. The six time
lapse images with increasing conductivity on the last page from the Socorro Infiltration
Experiment show downward movement of wetting fronts. These six datasets were
collected 1 day, 2 days, 5 days, 12 days, 28 days and 51 days after the infiltration began
on March 12, 1999. The date in the image title was extracted from the STG data file. So it
1s important to maintain a correct date in the date stamp column of STG data files.

17) A time lapse inversion output file may be read back into EarthImager one at a time for
visualization and further data analysis. This will be discussed in the next section.

18) At the end of inversion, an AVI movie file is created and displayed automatically.

5.3.3 Read time lapse output file

To load the time-lapse inversion results back into EarthImager 3D, go to the menu item File |
Read Time Lapse Output File or the menu Inversion | Time Lapse Inversion and then choose the
page “Read Time Lapse Output File”.

Trial directories for both base data inversion and monitor data inversion are required to produce

the percent difference images. The user is simply prompted to choose or enter these two
directories. Note that the inversion settings (INI) files in these two directories must be intact for
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successful display of difference images. If a user-specified iteration number is chosen during the
time lapse inversion, it is required to set the same iteration number here when viewing the time
lapse inversion results and check the box after the Iteration Number setting.

Ed 4D Time Lapse Inversion - AGI Earthimager 3D

Difference Inversion ] Time Lapse Inversion  Read Time Lapse Output Files

Basze Inversion Output Folder
|E:\Program Filez"AGIAE arthimager3D \demo

= =l
= TN
= Program Files

(= AGI
== Earthimager3D

(£ BoreholeS
(3 SurfaceSEdp

Optimal lteration of Baze Model |0 =

Monitor Inversion Dutput Folder

|E:\Program Filez"AGIAE arthimager3D \demo

= =l
= TN
= Program Files

(= AGI
== Earthimager3D

(£ BoreholeS
(3 SurfaceSEdp

Wiew Time Lapze Inversion Images
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We demonstrated our time lapse inversion module with seven time lapse datasets from the
Socorro Infiltration Experiment that was performed at then SteamTech Environmental Services,
Sandia National Laboratories, and New Mexico Tech with funding provided by the U.S.
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these seven datasets with different inversion algorithms may be found in a dissertation by Yang
(1999).
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6. TOOLS

6.1 Extract 2D Plane

This utility extracts one or more 2D data sets from a 3D data set for 2D inversion with
EarthImager 2D. 3D inversion often takes hours even days. For a quick look of the results, one
may want to extract a small set of data from a large 3D data set for 2D inversion.

To launch “Extract 2D Plane” window, choose the “Extract 2D Plane” menu item from the Tool
menu. You will be prompted to give a 3D data file name. After reading the data file successfully,
a 3D electrode scatter plot would show up to the left. (X, Y) coordinates of boreholes and surface
electrodes would be displayed to the right. The fourth column of this table shows the number
electrodes in the “borehole” which can be a single surface electrode.

Extract 20 Planes from a 30 Data Set - AGI Earthimager 30 El Extract 20 Planes from a 30 Data Set - AGI Earthimager 30
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EarthImager 3D does not check if the selected boreholes or electrodes are on a 2D profile or
survey line. In the figure above, boreholes #1, #3, and #5 are selected though they are not on a
straight line. EarthImager 3D ensures the distance between boreholes 1 and 3 are correct, and the
distance between boreholes 3 and 5 are correct. However, the distance between boreholes 1 and

5 will not be right if boreholes 1, 3, and 5 are not on a straight line. Here are the steps to extract a
2D data set from a 3D data set.

1) Choose Tools | Extract 2D Plane menu item, and read a 3D data set.

2) Select boreholes or electrodes to form a 2D data set by checking the box in front of the
borehole/electrode ID No. in the first column of the upper right table. You may choose
multiple boreholes as far as they are on a straight line.

3) For a surface data collected on multiple parallel lines, it is convenient to choose a line at a
time by setting either a constant X or constant Y.

4) To clear your selections, click the “Clear Selection” button.

5) Click “Extract One Plane” to extract the selected 2D data set and save it.
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6.2 Check Memory

This tool checks total and available memory sizes and estimates the maximum number of
electrodes and data allowed in the inversion. The estimates are a rough guideline. If the actual
number of electrodes is smaller than the estimated number of electrodes, your computer may be
able to accommodate more data than the estimated number of data.

Memory Status @

Resource |Amount [KE] |
Wernon in use 169%

Total physical mermory 510.92 B

Available [free] physical memony 18670 B

Total wirtual memory 2,047,823 MEB

Available virtwal memory 1,992.83 MEB

E stimated max number of electrodes 380

E stimated max number of data 48133

Reguired available memaon 14558 MB

Syztem Information

Login Uszer: E arthlmager

Computer Mame:  SuperSting

Operating Spstern: Microsoft Windows XP, 5.1.2600, Service Pack 1
CPU Type: Intel Pentium 3. 1 processors.

Screen Size: 1024 » 768 pinels

To check the memory status, choose the menu item Tools | Check Memory. You may observe
that the available physical memory is always smaller than the total memory (RAM). The
Windows XP operating system alone may take about 120MB. If your computer has only 128MB
RAM and runs the Windows XP operating system, you can hardly run any application. We
suggest that you run “Check Memory” immediately after the installation of EarthImager, so you
will have a rough idea how many electrodes and data points your computer can handle.

Note that the estimated numbers may vary depending on how many application programs are
running while you Check Memory.

After loading a data set, “Check Memory” reports the amount of memory needed for processing
of the loaded data set. After loading a data set, EarthImager 3D also compares the memory
needed for inversion with free memory space and gives a warning message if your computer
does not have enough memory to process the loaded data set.

6.3 Command Creator

Command creation is a critical step leading to a successful 3D survey. A good command file
would help ensure a quality data set with a high signal-to-noise ratio and a good data coverage
that produces a good model resolution. An effective way to enhance the signal-to-noise ratio is to
increase the signal strength, that is, not to collect the data with low signal strength. The data
coverage depends on how to collect the data and how much useful data to collect. In our 3D
Command Creator, the user is given options to set signal thresholds which are based on the type
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of earth materials, and a list of six different electrode configurations (arrays) to choose from. The
EarthImager 3D Command Creator was developed to maximize the signal-to-noisy ratio and data
coverage so that you will get a high-resolution resistivity image.

There are five tabbed pages on the Command Creator window. The first tab Geometry show the
electrode coordinates. The second tab Surface displays settings to generate electrode geometry
for a surface electrode layout. The String Pairs tab is on only if the bipole-bipole array is chosen
and it is used to select borehole pairs for cross borehole measurements. The Settings tab helps
select an instrument type, an array type and other constraints. The last tab Simulation is to
demonstrate how measurements proceed. All settings on this page will NOT be saved in a
command file.

Hold and move the left mouse button to rotate the graphics, the right mouse button to zoom in
and out, and the mouse wheel to translate the image. The Shift key + Left Mouse would also

translate the image if the mouse wheel does not exist.

E AGI 3D Command Creator - Advanced Geosciences Inc.
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6.3.1 Electrode geometry

The electrode geometry is required to visualize the electrode configuration, to show the
simulation of commands, and to estimate the signal strength for an effective command file. A
geometry file consists of several comment lines at the beginning of the file, a line showing the
length unit, and electrode coordinates. Here are first few lines of a sample geometry file.

;Electrode geometry for combined borehole and surface resistivity survey
;This is a demo geometry file

unit=meters

;Electrode address, X, Y, Z, StringID

253, -500,0, O, O

254, 500,0, 0, 0
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1, 0 0 -3, 1
2, 0, 0, -6,1
3, 0, 0,-9 1
4, 0, 0,-12, 1
5, 0, 0,-15, 1
6, 0, 0,-18, 1
7, 0, 0,-21, 1
8, 18, 0, -3, 2
9, 18, 0, -6, 2

[T L)

Note that any line starting with a semicolon “;” is a comment line. A comment line may be
placed anywhere in the file. A line starting with “unit="" gives the length unit, which is assumed
to be meters if this line is missing or given inappropriately. A geometry file may be created in
any ASCII text editor such as NotePad or any spreadsheet program.

The electrode geometry consists of five columns that are comma-separated. The first column is
the electrode address that must start from 1 and end with the number of electrodes. The address
“253” on the first geometry line is reserved for the remote B (current) electrode of the Sting
instrument. The address “254” following “253” line or on the first geometry line is reserved for
the remote N (potential) electrode of the Sting instrument. The addresses “253” and “254” on
any other lines have no such effects and they are not required in any SuperSting geometry file.
The remote electrode coordinates for the SuperSting instruments are not defined in the geometry
file. If your instrument has a different set of electrode addresses, you should modify the electrode
mapping table on the instrument. The columns 2, 3, and 4 show the (X, Y, Z) coordinates of the
electrodes. Note that the Z coordinate is zero (0) on the ground surface and negative downward.

The last column of a geometry file is the electrode String ID. An electrode string is defined as a
line of electrodes with consecutive addresses. It does not have to be on a straight line. For a
borehole resistivity survey, a string is a borehole. For several survey lines on the surface,
electrodes on a survey line can be grouped together as one string. For electrodes laid out in an
irregular shape such as some surface electrodes in a borehole resistivity imaging project,
combine all surface electrodes into one string. It is preferred that each string has at least five or
more electrodes.

The String ID column is not required and it is used only for the bipole-bipole array for cross
borehole resistivity tomography.

There are two ways to input electrode geometry to this command creator. First, one may create a
geometry file in a text editor such as Microsoft NotePad and load the geometry file directly into
the command creator. Second, a quick and easy way is implemented for a 3D surface survey with
electrodes laid out in a rectangular grid. Simply go to the “Surface” page of the command
creator, define an electrode grid and spacing, and then click the button “Set Electrode
Geometry”. The command creator would generate electrode geometry based on your assumption.
A cable may be oriented either in X or in Y direction. This geometry input method does not work
with irregular (non-rectangular) electrode grid.
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The spreadsheet on the Geometry page is not designed to input electrode geometry manually. So
it is strongly recommended to create an electrode geometry file in a text editor such as NotePad
or a spreadsheet program. Minor editing in the Geometry spreadsheet is allowed. Make sure to
save your input as a geometry file before closing the command creator after making any
modifications. You may also print out a graphical electrode layout as your record.

B4 AGI 3D Command Creator - Advanced Geosciences Inc. Q@@l
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6.3.2 String pairs

The commands using electrodes on the same string would be usually created. These are called
the same string measurements. The String ID is used to identify which pair of strings should be
used for cross-string, i.e., cross-borehole or cross-line, measurements.

AGI 3D Command Creator - Advanced Geosciences Inc. Q@El

Gioomelry | Suface  Sting Pairs | Settings | Simulaton |

Pait ID Fiist Sting | Second Sting
H1 1
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En
[12
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5
[

Y

M3
14
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[ R R R NN Y]
mmmm ;s ®

e | | S e PnntLayout‘ Create |

Number of electrodes: 56 Number of strings: 6 Number of planes: 15

To image a volume, one should collect both same-string measurements and cross-string
measurements. The same string measurements are collected with both transmitting and receiving
electrodes on the same string, but the cross string data are taken with transmitting electrodes on
one string and receiving electrodes on another string. For efficient field surveys and data
processing, some pairs of strings may not be used to collect data. After loading electrode
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geometry into the command creator, all possible combinations of string pairs are listed and
selected in a spreadsheet on the “String Pairs™ page. It is your responsibility to deselect some of
unnecessary pairs of strings by un-checking the box at the beginning of each string pair. The
command creator, of course, offers visual help in your decision process. The selected first string
would be highlighted in red and the second one in green.

“String Pairs” will affect bipole-bipole array only. This page will be invisible or be disabled if
any of other arrays is selected.

6.3.3 Array type

Some known electrode configurations such as Wenner and Schlumberger arrays are not
applicable to 3D cross string measurements. Some of our array definitions are adapted from
Zhou and Greenhalph (2000, Geophysical Prospecting, pp. 887-912). A and B are used to denote
current electrodes, and M and N are potential electrodes. We implemented six array
configurations.

1)

2)

3)

4)

5)

Pole-pole array (A — M). This array is the same as the conventional pole-pole array. The
bipole length has no effect on the A — M array because there is no bipole length involved
in this array. The pole-pole array produces strong signals but a low model resolution. The
maximum number of measurements equals N * (N-1) / 2 where N is the number of
electrodes.

Pole-dipole array (A — MN). This array is a compromise between the pole-pole array
and dipole-dipole array, so it has good signal strength of the pole-pole array and a high
model resolution of the dipole-dipole array. The number of measurements depends on the
signal strength, i.e., average resistivity value of imaging volume. We implemented a
radial pole-dipole array adapted from Nyquist, J. and Roth, M., 2005, Improved 3D pole-
dipole resistivity surveys using radial measurement pairs, Geophysical Research Letters,
Vol 32, L21416.

Dipole-dipole array (AB — MN). This array has a high model resolution but low signal
strength when the n-spacing is large. The 3D data set collected with the dipole-dipole
array often produces a large RMS error during the inversion. One can not collect
adequate data with this array in a conductive environment, so the data coverage suffers.
To increase the number of measurements, one may either collect data at multiple Dipole-
Lengths or lower the acceptable signal strength, i.e., increase the resistivity value.
Bipole-bipole array (AM — BN). This array produces very strong signals due to a large
AB separation, large MN separation, and small transmitter-receiver spacing. The bipole-
bipole array is ideal for cross borehole tomography. Separated transmitting electrodes in
two different boreholes would force the electric currents to penetrating the formation and
reduce the current channeling effect. This array should not be used for surface data
collection.

Gradient array. This is a nonstandard gradient array, that is, the potential electrodes
may be between two current electrodes AB or outside AB. This array generates great
number of measurements. Our gradient array has a roaming “A” electrode and a fixed
“B” electrode at two ends of a diagonal line of the rectangular electrode grid. This array
is not appropriate for cross borehole measurements.
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6) Radial dipole-dipole array (AB — MN). This is a special case of the dipole-dipole array
with all four A, B, M and N electrodes on a straight line in a 3D rectangular electrode
grid, either on the same line or across four lines. This array is not appropriate for cross
borehole data acquisition. It is hoped that this array would have fewer measurements but
stronger signal and higher model resolution compared with the standard dipole-dipole
array.

Note electrical noises such as telluric currents and cultural noises around the remote electrode
often contaminate the data and results in noisy data. The remote electrodes are often not placed
far enough to honor the “infinite” distance, which makes the contribution of the remote electrode
not negligible.

Checking the Reciprocal box would produce the reciprocal commands only. No forward
commands are created. To create a command file with both forward and reciprocal commands,
one must create two separate command files first and then copy-paste them together.

H AGI 3D Command Creator - Advanced Geosciences Inc. Q@@
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w—E—E-E~E—-E~E~E~L~E~E—~L—C—1
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Load Geomety Save Geometry Print Layaut | Create |

Mumber of electrodes: 56 Mumber of strings: 4 Number of planes: 6

6.3.4 Signal strength and numerical check

Data with low signal strength is relatively noisier due to its low signal-to-noisy ratio and is
usually difficult to fit in the inversion process. Therefore it is better not to collect data with small
signal strength. In 3D command creator, we estimate the signal strength for each measurement
command based on your estimate of background resistivity value on the Settings tab (see above).
A minimum voltage threshold is hard-coded internally in the command creator. Any command
that produces a signal lower than the threshold would be rejected and not included in the
command file.

By checking a checkbox “Numerical Check” on the Settings page, the forward modeling will be
invoked at the end of command creation and numerical errors are assessed. This may take
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minutes or even hours if the mesh is too large or there are too many electrodes. Excessive
commands with largest numerical errors will be removed.

6.3.5 Create commands
Follow these steps to create commands.

1) Load a geometry file. Click the Load Geometry button and choose a geometry file. A
sample geometry file (ERT56.geo) is included for demonstration purpose. To browse
electrodes in the geometry spreadsheet, click any line in the Geometry spreadsheet. You
may also use arrow keys to scroll through the electrodes. The selected electrode would be
shown in red. To change the electrode symbol size, go to the Settings page. Electrode
geometry may be inputted manually into the spreadsheet or generated automatically
based on the assumptions on the Surface page (refer to the Section 6.3.1 for detail).

2) Save electrode geometry as a geometry file for later user if the geometry is entered
manually.

3) Choose an array type.

4) Choose an instrument type.

5) Select pairs of strings if the bipole-bipole is chosen. Go the String Pairs page by clicking
the String Pairs tab at the top. All possible pairs are listed and selected by default. To
deselect a pair, un-check the box at the beginning of each pair list. The electrodes of the
selected pair would show up in different colors. The first string is in red and the second
string in green. To avoid over sampling, it is suggested that you deselect some pairs.

6) Choose Bipole Spacing which corresponds to the a-spacing in the dipole-dipole array.
One may choose multiple a-spacing’s to get better data coverage at depth. This setting
applied to the dipole-dipole array only and it is disabled for any other array.

7) Set the background resistivity value which is used to estimate the signal strength. A small
resistivity value will result in poor data coverage, i.e., too few measurements.

8) Check the checkbox “Numerical Check” if you want to reduce the number of
measurements based on numerical errors. This modeling process may take hours for a
large electrode grid with hundreds of electrodes.

9) Set the Max Number of Measurements and check the checkbox in front of it if you do not
want over-sampling.

10) Set the Max Acquisition Time and check the checkbox in front of it if you do not want
over-sampling. You may set both Max Number of Measurements and Max Acquisition
Time. The command creator will meet both conditions.

11) Click the Create button to create the commands. Note that no new commands would be
created without clicking this button. Changing a setting would not update the commands
automatically. Click the Stop button to terminate command creation.

12) Go to the Simulation page to check how much time needed to collect a data set with this
command. The estimated depth of investigation shows at the bottom of the page.

13) Start Simulation. You may change the simulation speed by altering the Simulation Time
Interval. The progress of simulation can be monitored with the status bar at the bottom.
To stop simulation, click the Stop Simulation button.

14) Click the Step button for step by step command simulation. You may step forward or
backward in the command file or start stepping from any command line.
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15) Save the command file by clicking the Save button. Give a command file name when
prompted.

E AGI 3D Command Creator - Advanced Geosciences Inc. g@@

Geometry | Surface | Sting Pairs | Settings  Simulation I
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=
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Load Geometry Save Geometry Print Layout Ereate ‘ Save Command | Start Simulation |

Number of data: 1736 Mumber of command lines: 415

16) To view the simulation of a previously-created command file, click the Load Command
button to load the command file and then Start Simulation.

6.4 Change Y Coordinate

This utility changes the Y coordinates of a 2D data set that is collected along a survey line. The
Y coordinates of a 2D data set are usually set to 0. To combine several 2D data sets collected
over parallel lines into a single 3D data set for 3D inversion, a correct line offset or Y coordinate
must be defined to describe the geometry of electrodes. In Earthimager 3D, Z is defined as the
elevation with Z = 0 at the ground surface. Before we move further, let’s define a few terms.

A 2D Data Set is collected along a survey line on the ground surface or between several
boreholes on a straight line. That is, all electrodes must reside in a 2D vertical plane.

In a 3D Data Set, the electrodes are NOT limited in a 2D vertical plane. They are usually
arranged in a rectangular grid on the surface or in several boreholes that are not on a straight line.

In a 2D Data Format, the electrode geometry is defined by two coordinates (X, Y). For a
surface data set, the coordinate Y is used to define the line offset. But in a borehole data set, the
coordinate Y is used to describe the depth of the electrodes. The 2D data format was developed
for AGI Sting resistivity meter and may be used for all 2D data sets and 3D surface data sets.
The 2D data format supports several modes based on the electrode configuration used. But this
utility supports the USER mode only.

The 3D Data Format was developed for 3D data sets and 3D surveys. In a 3D data format, the
electrode geometry is defined by three coordinates (X, Y, Z). Therefore, the 3D data format may
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be used to define any kind of electrode geometry and can be used for all types of 2D and 3D data

sets.
Change Y Coordinate - AGI Earthimager 3D @

Input data file name of a 20 line

Output data file name

Mew v Coordinate [Line Offzet] Length Linit af %
|D |Meters j
Change v Coordinate |

Input data file name: The data file must be a 2D data set either in 2D or 3D STG data format.
For an STG data file in the 2D data format, this utility supports the USER mode only. It may also
read some 2D data sets in 3D DAT format and 3D URF format. However, this utility can not be
used to change Y coordinates of a 2D borehole data set in the 2D data format because the Y
coordinate is used to define the electrode depth and it is not constant.

A recommended Output Data File Name is automatically generated. The converted output data
file with a new Y coordinate will be saved in the 3D STG data format. So several 2D data sets
along parallel survey lines may be combined into a single 3D data set by copy and paste.

Here are the steps to Change Y Coordinate:
1) Start EarthImager 3D, and choose the menu item Tools | Change Y Coordinate.
2) Find the input data file by clicking the small button to the right of the text field.
3) A recommended output file name is generated and may be altered.
4) Choose the new Y coordinate and the distance (length) unit.
5) Click the “Change Y Coordinate” button to save the converted file in the 3D STG data
format.

6.5 Modify Electrode Coordinates

Electrode coordinates must be defined during the design phase of resistivity surveys and they are
required by the command creator. The actual electrode layout in the field may differ from the
electrode geometry in the command file. This results in an invalid STG data file. Editing the
STG data file manually is extremely tedious and error-prone. This “Modify Electrode
Coordinates™ utility is intended to free the user from such worrisome situation.

With this tool a user can reassign new coordinates to all electrodes. To use this feature, follow
these steps:

1) Start EarthImager 3D.
2) Choose the menu item Tools | Modify Electrode Coordinates.
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Click the button “Read Data” to input the STG data file with incorrect electrode
geometry.

Input new and correct electrode geometry by either reading a geometry file or inputting
the coordinates manually into the spreadsheet below. A geometry file is a comma-
separated four-column file. A leading semicolon signals a comment line. The length unit
is meters by default. A geometry file may look like this.

; Electrode Geometry File
;Electrode address, X, Y, Z
1,0,4,0

2,0,8,0

3,0,12,0

After inputting new geometry, one may save a new STG data file with new electrode
geometry. The new geometry may be saved in a different geometry file.

B Modify Electrode Coordinates - AGI Earthimager 3D (=153

Mo [X-od Y- old [Z-old [%-new  [vrew  [Zrew &
1 239 e

2 694.2 238 2

3 6342 239 -19

4 694.2 238 a7

5 6342 239 15
5
7
5

E34.2 233 13
6342 239 -1
E34.2 233 20
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10 E34.2 233 k]
11 6342 239 A
12 E34.2 233 ]
13 6342 239 -7
14 E34.2 233 2
15 6342 239 18
16 E34.2 233 16
17 6342 239 12
18 E34.2 233 A0
13 6342 239 22
20 E34.2 233 6
21 6342 239 -4
22 E34.2 233 3
23 7095 253 22
24 703.5 253 23
25 7095 253 21
26 703.5 253 20
27 7095 253 -19
28 7035 253 18 ~

{"HeadData ) Read Geometry Save Data Close:

6.6 Coordinate System Transform

This tool helps improve the performance of inversion. The figure below illustrates a possible
field scenario. Four boreholes A, B, C and D are arranged in a diamond shape. EarthImager 3D
defines the surface imaging boundary based on the minimum X and Y coordinates, and
maximum X and Y coordinates. This would set the rectangle EFGH as the imaging boundary.
However, the intended imaging boundary is the rectangle ABCD. This discrepancy causes a
larger modeling mesh and poor model resolution within the four corner triangles. The problem is
originated from an inappropriate orientation of the coordinate system, that is, the positive X
points to the HG direction and positive Y points to HE direction. To obtain the intended imaging
boundary, the coordinate system must be rotated so that one of the axes (X or Y) would parallel
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to one side of the boundary outlines and the area of imaging boundary arrives at the minimum or
close to the minimum. In this case, the X axis may rotate -45° so it parallels to the line AD.

B

E F

A C

H G
D

Translation is another type of coordinate system transform and it shifts the origin around.
Translation may be used to reduce number of digits of electrode coordinates. For example, your
electrode coordinates are defined with the 7-digit UTM coordinates, but your imaging dimension
may be within 10 meters. So all you need is 2 to 3 digits. Translation of the origin would be ideal
for this purpose.

Coordinate System Transform: Translation and Rotation - AGI Earthlmager 3D ] _. mager 3D Q@El

Geomety |5enings} Geometry  Seffings }

239 Origin Rotation &ngle
253 Origin Option Option
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- 7253 2378 34471 B31.01 e~ Ey s & Byhngls
Location 1D of Origin The X-axis paints from
= the origin to the point
. determined by the
location D below,
Eoordinate ] Localion 1D on %:axis
* fis \ 3
T oo
Angle in Degrees
N

Fiead Data | Save Data ‘ Close Fiead Data Save Data Close

Follow these steps to transform coordinate system.

1) Start EarthImager 3D.

2) Choose the menu item Tools | Coordinate System Transform.

3) Read the STG data file to be transformed by clicking the button “Read Data”. The data
and electrode geometry would be displayed in the main window. This transform utility
will find unique (X, Y) pairs from electrode coordinates and list the unique pairs on the
Geometry page to the right and show the image to the left. In addition, a search for the
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minimum surface imaging area is carried out by rotating the coordinate system from -45°
to 45° at a 1° interval. The optimal orientation of the coordinate system found would be
shown in a red rectangle. The original imaging boundary is shown in a black rectangle.
The original coordinates from the data file are listed under X-old and Y-old, and the
rotated coordinates are under X-new and Y-new.

4) To customize the origin and X-axis orientation of new coordinate system, manipulate the
settings on the Setting page (window). Both the origin and a point on the X-axis can be
defined by two different methods.

5) To set the new origin, one may give a new pair of (X, y) coordinate or choose a location
ID from a list of unique (x, y) pairs. Note that the chosen point is shown in the left image
in red.

6) To set the x-axis orientation, one must define the origin first because we need either two
points or one point plus an angle to define the x-axis. To set a point from the unique pair
list onto the positive x-axis, choose defining the rotation angle “By Location ID”. A
rotation angle is then calculated with the origin and the chosen point on the positive axis.
Keep an eye on the image to the left to monitor the effect of your choice.

6.7 Create AVI Movie

This utility creates an AVI movie file with sound from multiple time lapse bitmap images and a
WAV sound file. A simple AVI player is also provided.

B AVI Movie Maker B9[(=0E3

Create AV Movie l Play &1 Movie]

Wwitshd Sound File Frame Interval [mg]
|EI “Program FileshAGINE arthimager3Ddemo’iw aterFlov. way Browse 800 -

Image Bitmap Files of All Frames

1 C:\Program Files'AG15E arthimager3Ddemat onitor1 339031 2_triall_CondDiff1. brp
2 C:\Program FileshAG15E arthimager3Ddemaott onitor! 339031 3_triall_CondDiff2. brp
3 C:\Program Files'AG15E arthimager3Ddemaot onitor! 399031 6_triall_CondDiff2. brp
4 C:\Program Files'AG15E arthimager3Ddemaott onitor1 3990323 _triall_CondDiff3.brp
5 C:\Program Files'AG15E arthimager3Ddemaot onitor! 3990408 _triall_CondDiff3. brp
C:%Pragram Filesh4G15E arthlmager3Ddemoitanitar] 9990501 _trial_CondDiff4 brp

LoadBatch Fie | SaveBatchFie |  AddBimspFies | 4 |

Create &Y

Mumber of bitmap files: 6

To create an AVI movie file, please follow these steps.
1) Add multiple bitmaps files. One or two frames would not produce any decent animation.

Three or more frames are required. There are two approaches to add bitmap files to the
list. First, one may load a batch file with a list of bitmap file names and file path. Second,
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click the button “Add Bitmap Files” to choose multiple bitmap files from Windows File
Open Dialog. Note that image files other than bitmap files are not a valid input.

2) Arrange the bitmap files in a temporal sequential order by using the up and/or the down
arrow button. To delete any bitmap file, press the Delete key on the keyboard.

3) Add a WAV sound file if any. It would be difficult to synchronize the length of a sound
file to the duration of bitmap sequence.

4) Set the time interval between two neighboring frames.

5) Click the Create AVI button to create an AVI animation file. If successful, the new AVI
movie would be played in the built-in AVI player.

6) Save the bitmap file list and the WAV sound file to a batch file in the ASCII text format.
This batch file may be loaded back into the AVI movie maker.

To play an AVI movie, simply open an AVI file and then click the green universal play button.
During the time lapse inversion, a bitmap file showing resistivity or conductivity changes for
each monitor data file is created and added to the bitmap file list. At the end of time lapse
inversion, an AVI file is created and played automatically in the media player below.

B3 AVI Movie Maker EEX

Creste &V Movie  Play A4 Movie |

Percent Difference of Conductivity (03-23-1999)

X

po 20 %0 00

[ i ie. | |fs||\‘\_1>|‘|1|lb|1||

6.8 Survey Planner

6.8.1 Survey planning process

Our survey planner is a two-step process. First, a synthetic dataset is created based on your
assumption of subsurface resistivity distribution and electrode configuration, i.e., a command
file. This step is a virtual survey and also called forward simulation.

Second, the synthetic data is inverted to reconstruct the subsurface resistivity distribution. Your

assumption of resistivity distribution and the inverted resistivity section will be displayed on the
screen side by side for comparison. The second step is called inverse simulation or inverse
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modeling. You may find out if resistivity imaging is feasible or appropriate to attack your
problem.

Any failure to reconstruct the assumed resistivity distribution may be caused by 1) a poor
command file, 2) incorrect forward modeling settings, 3) incorrect inversion settings, and/or 4)
inability of resistivity imaging to solve your problem such as too small resistivity contrast, too
small target, and/or too large depth of the target. It is suggested that you try different command
files, different forward modeling settings, and different inversion settings. You may also vary the
properties of your target.

The goals of our survey planner are to help you:
1) find the optimal data collection strategy, i.e., the command file,
2) find the optimal forward modeling settings,
3) find the optimal inversion settings, and
4) find the limitation of resistivity imaging, that is, what resistivity contrast, what target
size, what target depth and/or what kind of subsurface geology the resistivity imaging can
resolve.

Our survey planner helps you achieve these goals without costly trial-and-error tests in the field.
Therefore you will make the right decision from the beginning.

6.8.2 Forward Simulation

Forward simulation is the first step of survey planning. It runs a virtual survey and creates a
synthetic data set. It is strongly recommended to select appropriate settings before loading a
command file. To run forward simulation, follow these steps:

1) Choose Read Command File from the File menu. This will load an AGI command
file (*.cmd) and create a mesh based on the settings after successful loading of the
command file. The synthetic model settings panel will appear to the right of the main
window and it can be turned off by choosing the menu item Settings | Synthetic
Model Settings.

2) Choose Forward Modeling Settings from the Settings menu and change the settings
as you desire. By doing so, your model may be scaled or shifted or truncated or
removed. However, you may modify your model with the Modify button on the
Synthetic Model Settings panel.

3) Set the background resistivity value. The default is 100 ohm-m.

4) Add all possible resistivity values that will appear in the model to the resistivity
value list. Type the value in the text box first, then click the Add Resistivity button.

5) To delete a value from the resistivity list, select the item to be deleted and then press
the Delete key.

6) Add resistivity model blocks to the mesh. There are some trials and errors involved
here. You may add only one rectangular block at a time. The location and
dimension of a rectangular block are defined in a mesh cell coordinate system by the
cell ID and number of cells, not by the distance or length.
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The location of a rectangular block is defined by the Corner Cell ID of the block
with the lowest X and Y coordinates and the highest Z coordinate. The cell is
numbered from smaller coordinate to the larger coordinate for both X and Y axes.
But for the Z axis, the cell is numbered from the larger coordinate (top) to the
smaller coordinate (bottom). To show the discretization, check the “Show Mesh”
box. After reading a command file, the Corner Cell ID is set close to the mesh center
by default.

The dimension of the model block is defined by the number of cells in X, Y and Z
directions. After reading a command file, the block dimension is initialized to 2 cells
in all directions by default.

Select a resistivity value from the resistivity list as the resistivity of the current
model block.

10) Add a new model block by clicking the Add button.
11) The model block location can be changed by clicking three settings for Corner Cell

ID, and the model block size can be changed by clicking three settings for Block
Dim.

12) You may modify the block resistivity by first selecting the model block from the

Block List, then selecting a resistivity value from Resistivity value list, and finally
clicking the Modify button. The selected model block is shown brighter in the mesh.

13) To delete a model block, select the block in the Block List and press the Delete key.

E a1 Earthimager 3D - C:\Engineering\Projects\pc\Earthimager 3D\demo\Surface56DP.cmd
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14) To add random noises to the synthetic data, set Gaussian Noise to a non-zero

positive value. Note that the measurement noises and numerical errors are usually
below 3%.

15) Choose the menu item Forward Simulation from the Tools menu. This will start the

forward simulation. The forward modeling solution is computed electrode by
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electrode. At the end, you will see an apparent resistivity scatter plot to the right and
the synthetic model to the left of the main window.
16) To format the graphics, choose tool buttons on the top toolbar under the main menu.
17) To browse different images, choose a desired menu item under the View menu.
18) You may save or print your on-screen image through the File menu or tool buttons.
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At the end of forward simulation, you will find four files saved in the current trial directory
automatically. The INI file is a formatted inversion settings file and may be loaded into
EarthImager later. The OUT file contains some descriptive information but it is not very useful
here. The STG file contains synthetic data and may be read into EarthImager for inversion. The
MOD file is a model file that contains information about the model you built. The MOD file is
not usable by EarthImager at this time.

6.8.3 Survey planner

To run Survey Planner, follow steps (1) through (12) of forward simulation. In addition, you
should

1) Choose an inversion method from the Initial Settings page of the Settings Window,

2) Set your desired inversion settings from the Resistivity Inversion settings page of the
Settings Window. This should be done before loading the command file.

3) Instead of Forward Simulation, choose Survey Planner from the Tools menu.
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The Survey Planner will generate the synthetic data first, and then invert the synthetic
data. So the Synthetic Data Image is displayed first and then the iterative inversion
images with the cross plot and inverted resistivity volume plot.

At the end of inversion, you may view all kinds of images from the View menu. The

most useful image would be the Survey Planner Images with the synthetic model and

inverted model shown side by side for comparison of the model resolution.

At the end of inversion, you will find seven files saved in the current trial directory

automatically. Here are descriptions of these seven files:

e INI file is a formatted inversion settings file and may be loaded into EarthImager
later.

e OUT file contains some descriptive information about inversion settings, mesh and
statistics, and predicated data and inverted model from iteration to iteration. The OUT
file can be read back in EarthImager for data analysis and visualization.

e STG file contains synthetic data and may be read into EarthImager for inversion.

e MOD file is a model file that contains information about the model you built. The
MOD file is not usable by EarthImager at this time.

e JPG files (2) are the cross plot and inverted 3D volume image at the optimal iteration
with either lowest RMS error or lowest L2 norm.

e DAT file contains the inverted resistivity model in an ASCII XYZ format.

(+ 18] Earthlmager 30 - CAEngineeringWrojects\pc\barthimager 30demo\Surf sce 5600 cmd
Fle Edt Serngs fversen Vew ool e

B0 =k BDE

(IEE -1 e )
Background [ohmml
100
Synthetic Resistivity Model Inverted Resistivity Model s
| 1000 [ ]
Add Resitivty |
Mol Block List
;-
G (0
Add Htu.

Doussian Noie [%)
0o -

™ Show Meth

0olpol ¥

Resistivity (ohm-m)
50.0 65.5 A6.6 114.0 150.0

Fumber of Data: 1500 Mumber of Decyrodes: S Irrvinson Run Time 0:0:22. 767 Total vohume = J15.5(n "), Ces = 0.0, Ooscue = 30,3

6.9 Electric Field Modeling

This tool models electric field distribution of a pair of current electrodes. Electric potential and
electric current density fields are modeled and displayed. Follow these steps to run this modeling

tool.
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1) Read a command file which contains information about the number of electrodes and
electrode coordinates. A pair of electrodes A(+) and B(-) will be chosen from this
electrode list as current electrodes.

2) Build a synthetic resistivity model in the same way as in the survey planner, for example,
a conductive thin layer in a homogeneous half space (see below).

3) Choose to the menu Tools | Electric Field Modeling to launch an interface to choose a
pair of current electrodes, for example, electrodes #3 and #22.

Synthetic Resistivity Model

Choose A Pair of Current Electrodes E|

.
— -
=g =

e T = . o Current Electrode A+ Current Electode B[-)

h o RE v o |22 v

SESS
I
., [0.000 ., [0.000
. |0.000 ., [13.600
> [-4.000 > [14.000

| MR EiRetia i |

4) Click the button Model Electric Field to start numerical modeling. At the end of
modeling, a volume image showing electric current density distribution will be shown as
below. To view more images, go to the menu View | Electric Field Images.

Electric Current Density Image Electric Current Density Isosurfaces
>

0036

Current Density (mA/m*m) Current Density (mA/m*m)
0.7 2.7 9.5 34.1 g 0.7 27 9.5 34.1

[ D ] |
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Electric Potential Image Electric Equipotential Surfaces

ool g %y
Voltage (mV)
-2682. -1124. 433.

Voltage (mV)
-1124. 433,

3548.

1991. 3548.

Page 78 of 85



Instruction Manual of AGI EarthImager 3D, 12/15/2006

7. THEORY OF INVERSION
7.1 What Is Inversion?

Resistivity surveys measure injected current (I) through transmitting electrodes and potential
difference (voltage V) between two receiving electrodes. Measured current and voltage together
with electrode geometry (K) may be converted into apparent resistivity (p,). Normalized voltage
by current (V/I) and apparent resistivity p, are data in the inversion. V/I and p, data are
equivalent quantities that can be converted back and forth with the help of a geometric factor K.

The goal of resistivity survey is to image a subsurface resistivity distribution which is closely
correlated with subsurface geology. The subsurface resistivity distribution (or its reciprocal
electrical conductivity) is the model parameter in the inversion.

The model is the partial differential equation that governs the relationship between data and
model parameters.

Forward modeling is defined as the process of predicting the data on the basis of the known
distribution of model parameter, electrode configuration, and model. It is a mapping from the
model space to the data space. Forward modeling creates synthetic data sets. It is also known as
forward simulation, forward problem, and forward solution.

Inversion is defined as the process of determining the estimates of the model parameter on the
basis of the data and the model. Inversion is a mapping from data space to model space, and it
reconstructs the subsurface resistivity distribution from measured voltage and current data.
Inversion is also known as inverse modeling, inverse simulation, and inverse problem.

The resistivity data inversion proceeds as follows.

1) A starting resistivity model is constructed based on either the average apparent resistivity,
apparent resistivity distribution, user assumption, or a-priori knowledge of subsurface
resistivity distribution.

2) A virtual survey (forward modeling) is carried out for a predicted data set over the
starting model. The initial root mean squared (RMS) error at the 0™ iteration may be
calculated at this step.

3) Solve a linearized inverse problem based on the current model and data misfit for a
model update (Am).

4) Update the resistivity model using a formula like this: m;;; = m; + Am. The model
parameter M consists of electrical conductivity of all model blocks in the finite difference
or finite element mesh. The symbol i is the iteration number.

5) Run a forward modeling (virtual survey) based on the updated model for an updated
predicted data set.

6) Calculate a new RMS error between the predicted data and the measured data.

7) If any of inversion stop criteria is satisfied, stop the inversion. Otherwise, repeat the Steps

(3) to (7).
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For a thorough understanding of inversion theory, the user is encouraged to go through the
suggested readings at the end of this manual.

7.2 Forward Modeling

We are dealing with a 3D problem here, that is, a 3D earth model with a 3D arbitrary resistivity
distribution and 3D electrical field due to a point source. It has become a standard practice to
solve 3D resistivity forward modeling problem using numerical methods by discretization of the
domain of investigation.

The forward solution can be obtained by solving the partial differential equation:

a( av} a( avj a( av)
Zlot |+ —| o= |+—| o= |=1(x,y,2),
ox\ 0x) oy\ oy) o0z\ oz

where V is the scalar electrical potential, and I(x,y,z) is the electric current source term. The
finite difference method with an elemental volume (Dey and Morrison, 1979) was used to
discretize the partial differential equation above. Dirichlet and mixed boundary conditions (Dey
and Morrison, 1979) were implemented. The matrix system was iteratively solved by a conjugate
gradient (CG) method.

7.3 Smooth Model Inversion

The underdetermined and ill-posed nature of 3D resistivity inverse problems makes the inverse
solution inherently non-unique. Additional constraints, or regularization, must be imposed on the
model to single out one optimal solution. The smooth model inversion, also known as Occam’s
inversion, finds the smoothest possible model whose response fits the data to a-priori Chi-
squared statistic. The true model must be at least as, but never less complex than, the smooth
model obtained through smooth model inversion. Smooth model inversion is based on the
assumption of Gaussian distribution of data errors. The objective function of smooth model
inversion is given by

S(m) = (dobs - g(m))T Wd (dobs - g(m)) ta- mT Rm
a is a Lagrange multiplier and a stabilizing factor. It determines the amount of model roughness
imposed on the model during the inversion. R is a roughness operator. The smooth model

inversion algorithm was originally described in Constable et al. (1987) and DeGroot-Hedlin and
Constable (1990).
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8. HELP

8.1 Instruction Manual in PDF
This menu item brings up a PDF help file in Acrobat Reader.
8.2 AGI Home Page

This will lead to the website of Advanced Geosciences, Inc. at http://www.agiusa.cony/.

8.3 Earthlmager User Group

This is an AGI EarthImager support page with software updates for users to download. The
website address is http://www.agiusa.com/files/eicust/earthimageruser.shtml. Refer to the
Section 1.2 for more detail.

8.4 Upgrade

The menu item Help | Upgrade brings up a dialog box for user to enter an upgrade license code.
An EarthImager upgrade means to add one or more special-purpose software modules to
EarthImager and AGI charges an upgrade fee to add a new module. Refer to the Section 2.4 for
more detail. The license code below is invalid and it is for illustration only.

About Farthimager 3D El

/(| Advanced
Y4 L' _J L Geosciences, Inc.

AGI License Registration §|
— AGI Earthimager 3D
Enter icense code Version: 1.0.4 (Build 87)
|985|:|9921 C22200221 082709600 Copynight 2003 Advanced Geosciences, Inc.

Allrights reserved

Ky serial number [2198 Option cade 1 Infa cods [16

0k, | Cancel

8.5 About Earthlmager 3D

This will display a message box showing program name and copyright information. The AGI
logo is also a link to the AGI website.
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9. MULTILINGUAL SUPPORT
9.1 Introduction

We added multilingual support to our data processing software such as AGI SuperSting
Administrator, Earthlmager 2D and EarthImager 3D. Now you can translate EarthImager GUI
into your own language by yourself. To add support for a new language, all you need to do is to
translate the language file.

Ed AcI Earthimager 3D

File Edit Settings Inversion View Tools BE[IELEE Help
T ‘{}| E_,‘ ‘“ ‘ ‘ ‘ 3 Chinese 12
e -J_J . N
@% C:\Program Files\AGI\Earthimager3D\lang |'._||'E|E|
File Edit View Favorites Tools Help ,’
- i 7) =3 5 - =
@ Back > lﬁ - search ‘H_ Folders | |&§ | ¥ x n
Address |Iﬁ C:\Program Files\AGI\EarthImager 3DYang "| L
Folders £ Mame Size  Type Date Modified
= [a Program Files s M CHIMESE.LNG 19KE LNG File 9/3/2005 1:25 PM
@ ACD Systems M EMGLISH,LNG 21KB LNG File 9/3/2005 1:21PM
I Adobe
= D AGI
[C3) Earthimager2D
[C3) EarthImager2DDema W
= [C3) EarthImager3D
) demo
2 lang
[C3) EarthImager3DDema
[ s5Admin v
< | >
2 objects (Disk free space: 31.7 GB) 33.7KB :J My Computer

A “Language” menu was added on the main menu of EarthImager. Supported languages are
listed under the language menu. In the figure above, both English and Chinese are supported.
More languages will be added soon. The language files are installed, by default, in the folder:
C:\Program Files\AGI\EarthImager3D\lang. All supported languages would have a language file
listed in this folder.

To display EarthImager user interface in a different language, one needs either a local-language
version of Windows or appropriate setups for the local language. These settings are located in
Control Panels | Regional and Language Options. The two screen shots below show the English-
version Windows setups for display of the EarthImager user interface in Chinese.
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Regional and Language Options

Regional and Language Options

Regional Options Advanced Regional Options | Languages
[edestnessls guages Language for non-Unicode programs
To view or change the languages and methods you can use to enter ) ) ) )
text, click Details. This system setting enables non-Unicode programs to display menus
and dialogs in their native language. It does not affect Unicode
programs, but it does apply to all users of this computer.

Select a language to match the language version of the non-Unicode
Supplemental language support programs you wart to use:

Most languages are installed by default. To install additional languages. Chinese (FRC) £
select the appropriate check box below.

%ghstall}ll filas for complex script and righttodeft languages {including Code page conversion tables
ai
~
10001 {MAC - Japanese)

10002 (MAC - Traditional Chinese Bigh)

10003 {MALC - Korean)

10004 {MAC - Arabic)

10005 {MAL - Hebrew) v

Default user account settings

] Apply &l settings to the cument user account and to the default
user profile

OK ] [ Cancel ] [ Aophy ] (o] ] [ Cancel ] [ Apphy

9.2 Add Your Language to Earthlmager

To turn EarthImager GUI in your language, simply make a copy of ENGLISH.LNG as
MYLANGUAGE.LNG, for example, FRENCH.LNG, and translate the key words in the new
language file into your language. Please do not delete or modify the English language file
ENGLISH.LNG. Here are first few lines of ENGLISH.LNG:

1 [Info]

2 Language=English

3 [Font]

4 Name=MS Sans Serif

5 Charset=1

6 [TfrmMain]

7 Caption="AGI Earthlmager 3D"

8 ToolBarl.Hint="Tool Bar"

9 tbSettings.Caption="Inversion Settings Window"

10 tbSettings.Hint="Inversion Settings Window"

11 ToolButton9.Caption="ToolButton9"

12 tbClipboard.Caption="tbClipboard"

13 tbClipboard.Hint="Copy image to clipboard"

14 tbCurrentTrialDir.Caption="Current trial directory"
15 tbCurrentTrialDir.Hint="Current trial directory"

The line numbers from 1 to 15 are not part of the language file and they are added for illustration

purpose only. On the second line Language=English, change the word “English” into your
language name. This name will be the menu item name under the Language menu. On Line 4,
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choose a font name of your native language. Finally, translate all quoted text on the right hand
side of “=" sign from Line 7. That is, you should translate "AGI Earthimager 3D", "Inversion
Settings Window", etc. into your own language. The double quotation signs should be kept and
your translation should be kept inside the double quotation. Here is a sample translated Chinese
language file (CHINESE.LNG):

[Info]

Language=Chinese

[Font]

Name=MS SONG

Charset=1

[TfrmMain]

Caption="AGI =4l Ji sl 1% 8 1E"
ToolBarl.Hint="Tool Bar"
tbSettings.Caption="Jx i £ ¥} i 11"
thSettings. Hint="/x i 2 ¥ & 1"
ToolButton9.Caption="ToolButton9"
tbClipboard.Caption="tbClipboard"
tbClipboard. Hint=""53 il Il {4 25 A
tbCurrentTrialDir.Caption="24 1/ i Hi i 4£"
tbCurrentTrialDir. Hint="4 §{ % H! B 45"

Once you complete the translation of English language file into your language, please email us a
copy of your new language file (yang@agiusa.com). If you find any inappropriate translation in
any language file, please inform us or email us the corrected language file.
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