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TerrameterVES & VES MAX

The ABEM Terrameter VES and VES MAX deliver high voltages and
currents. Always consider all cables and electrodes to carry current,
whether connected directly or indirectly to the Terrameter.

Stay away from cables and electrodes while the system is operating. Wear
electrically insulating boots and gloves during fieldwork. Disconnect
cables from Terrameter / Electrode Selector before connecting and
disconnecting electrodes to or from the cables.

To avoid accidents, the operator must always keep all parts of the
equipment including instrument, electrode selector, electrode cables,
electrodes etc. under close supervision and be aware of unauthorized
persons and stray animals approaching while the system is operating.
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GUIDELINEGEO

ABEM

THANK YOU FOR CHOOSING ABEM TERRAMETER VES / VES MAX

The ABEM Terrameteange areinnovative data acquisition systenfor selfpotential (SP), resistivity

andtimeR2 Yl Ay AYyRdzOSR LRfIFINATFGA2Y 6Lt 0T AYyO2NLIZ2NI GAyYy3
of a 100% duty cycle mode for IP measurement*. The instrument has been carefully checked at all

stages of productiommnd is thoroughly tested before leaving the factory. It will provide many years of

satisfactory service if handled and maintained according to the instructions given in this manual.

Guideline Geo will be pleased to receive occasional reports from you concerning the use and experience
of the equipment. We also welcome your comments on the contents and usefulness of this manual. In
all communication with ABEM be sure to include the instrument types and serial numbers. Contact
details:

Address: Guideline Geo AB, Hemvéarnsgatan 9,13E54 Solna, Stockholm, Sweden.
Website: www.guidelinegeo.com

Phone number: +46 8 557 613 00

E-mail: sales@guidelinegeo.com

support@guidelinegeo.com

Note! It is important that the person/organisation responsible for the instrument, notify
Guideline Geo of their name and address. This allows us to provide updates with
important information, upgrades of the builh software and documentation|
Please send yourame and address directly to Guideline Geo, utilise the Warranty
Registration Card delivered along with the instrument.

Under the copyright laws, this manual may not be copied, in whole or in part, without the written
consent of Guideline Geo.

The product described in this document is subject to continuous developments and improvements. All
particulars of the product and its use contained in this document are given by Guideline Geo in good
faith. However, all warranties implied or expressed)uding but not limited to implied warranties or
merchantability, or fithess for purpose, are excluded. This document is intended only to assist the
reader in the use of the product and every effort has been made to ensure that the information in this
manud is accurate. Guideline Geo shall not be liable for any loss or damage arising from the use of any
information in this document, or any error or omission in such information, or any incorrect use of the
product.

Guideline Geandthe ABEM logo, are trademarks of Guideline Geo, registered in Sweden and other
countries. Other company and product nhames mentioned herein are trademarks of their respective
companies. Mention of thirgharty products is for informational purposes only aswhstitutes neither

an endorsement nor a recommendation. Guideline Geo assumes no responsibility with regards to the
performance or use of these thixgarty products.

F hyte | SESMAKo YSRSY a
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mailto:sales@guidelinegeo.com
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ABOUT THIS MANUAL

This manual is written for the end user of the product and explains how to set up and configure
the product, as well as providing detailed instruction on its. ke conventions and formats
of this manual are described in the following paragraphs:

1 Typographical conventions used in this manual:

Italic Names of objects.g.screen/ menu featuresfigure
cgptionsetc.

Bold In-line minor headers, emphasic.

Orangeltalic URL links

1 Formatsused in this manual for highlighting special messages:

" Use of the internal keyboard is given in this format

" A sequence of steps will have two or more of these parts

Further information aboug particularoperationis given like this

Note! This format is used to highlight information of importance|or
special interest

Warning!

Ignoring these types of notes might lead to loss of data or a
malfunction

These notes warn of things that can lead to people
or animals getting hurt or to equipment getting
damaged



ABEM TerrameterVES & VES MAX

1 GET READY - UNPACKING YOUR NEW INSTRUMENT

1.1 Introduction

The ABEM TerrametefESis an innovative data acquisition system for gmdfential (SP),

resistivity (RES) and tirle2 Yl Ay Ay RdzOSR LRt NAT FGA2Y oLt OZ A
commercial implementation of a 100% duty cycle mode for IP measurement*. The instrument

is delivered with everything that imeeded for4-electrodegeoelectricakoundingalong with

your choice of imaging cables and electrodes.

The TerrameteNVES & VES Maxe fully compatible with existing ABEMcessories such as
the borehole resistivity logger (Terrameter Log 380Y electrode selectors (ES&AC) for
imaging The builtin GPS automatically logs the instrument position during data acquisition,
and ABEM Active Guidance provides assistance on every aspect of instrument opanatio
survey

Figurel showsthe main components of ¥*ESysten) comprising the instrument, cable reels
andelectrodes.

* Available oldVES MAX Y2 RSt
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1.2 The Delivered Instrument

Use great care when unpacking the instrument. Check the contents of the box or crate against
the packing listFigure2 shows the parts that are shipped with a Terrame#S VESVIAX
Since March 2026wo Liion battery packs are also included in the box.

Transport Crate

Terrameter VES MA& §

Documentation kit
and Software on
USB Memory Stick

Office Power Supply
and charger
100-230 V
JR—

USB Cable for
Transmitter Update
DC Cable
(external battery)

LAN Cable RJ45 5m

Figure2 Top:Terramete’VES MAMKistrument packagéVES unit does himclude office
power supply or plastic shipping cadgggttom: Terrameter VES wooden transport case
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1.3 Inspection

Inspect the instrument and accessories for loose connections and inspect the instrument case
for any damage that may have occurred due to rough handling during shipment.

TheTerrameter VES MAKX delivered in a rugged plastic flight case. The box is designed to
offer a convenient and safe transport optiothe VES model comes in a wooden shipping
crate.Any pmacking materials should be carefully preserved for futurshigpment, should this
become necessary. Always use the transport box provided, or an alternative of at least
equivalent mechanical protection and shock absorption whenever the instrument iseshipp

1.4 Shipping Damage Claims

File any claim for shipping damage with the carrier immediately after discovery of the damage
and before the equipment is put into use. Forward a full report to ABEM, making certain to
include the ABEM delivery number, instrument type(s) and serial nusiber(

1.5 Shipping/Repacking Instructions

The ABEM packing kit is specially designed for the Terrameter. The packing kit should be used
whenever shipping is necessary. If original packing materials are unavailable, pack the
instrument in a wooden or shattguroof plastic box that is large enoughallow some 80 mm

of shock absorbing material to be placed all around the instrument. This includes top, bottom
and all sides. Never use shredded fibres, paper or wood wool, as these materials tend to pack
down and permit the instrument to move inside packing boxTo return instruments to

ABEM, please find our shipping instructions on our websikar further assistance please
contact ABEM or its authorised distributor. Contact information can be found in the beginning
of this document

1.6 Registration

When you have checked the packing list, the next important thing to do is to register your
Terrameter VES / VES MAXo register send an email with your contact information to
support@guidelinegeo.con®nce registered, you will able to receive notifications of software
updates and product informatian

1.7 Compliance

The Terrameter and the accessories are in conformity with the essential requirements in the
Low Voltage Directive 73/23/EEG, 93/68/EEG and the Electromagnetic Compatibility Directive
89/336/EEG with amendments 92/31/EEG and 93/68/EEG of the EC
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2 OVERVIEW OF THE INSTRUMENT

2.1 The Connector Panel

All connectors except external power are situated on the rigjtie panel of the Terrameter
VES / VES MAKigure3).

e \¥
AP ==

%
Ethernet

Connector

7 . 2
7 1
« @ @
HIGH . e

VOLTAGE ! US e
VOLTAGE !

C1 C2

D ©

Figure3 The connector pangbf the TerrameteWVES (left) and VES MAX

LABEL FUNCTION

Ethernet Connection for RJ45 Ethernet cable for network communication

USB Connection for USB memory sticks, keyboard, mouse etc.

SD Connection for microSD memory card

C1,C2 Banana plug connection for current electrodes (for VES, conneci
of remote electrodesor tests)

P1, P2 Banana plug connection for channel 1 potential electrodes (for V
connection of remote electrodesr tests)

AUX Connection of external devices, such as the Terrameter SAS LO
or ES1&64C

Ground For earthing the unit to a ground spike / spare electrode

Connector 1 VES MAX onlg2-pole connector for electrode cal{®
Interconnect VES MAX onlgurrently only used for ERFolePole Plug
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2.2 The Power Panel

The power panel of th&errameterVES / VES MAXshownin Figure4.

Serial number
and type plate

Safety Switch
Button

New Li-ion battery compartment
Transmitter (older instruments have a single compartment)

cooling area

Internal Battery
Compartment

External Power
Supply connector

Figure4 The power panel aif TerrametelVES / VES MAX

The Safety Switch Button has two possible positions. The inner position corresponds to the
safety switch condition while the outer position corresponds to the operating condition.

Current can only be transmitted if the Safety Switch Button is in the outer position. If the
Safety Switch Button is pressed during measurement current transmission will stop
immediately without closing down the measurement session. The measurement can be
resumed again as soon as the button is released. The Safety Switch Button is released to the
outer position by twisting it clockwise.

Before releasing the Safety Switch Button, the operator must
have full control of the instrument and the entire electrode
cable layout, so that people and animals do not get close to the
electrodes and electrode take-outs connected to the
measurement cables!

Note! The power panel can get hot when operating, especially when
transmitting with high power. Be careful when handlagerrameter in
order to avoid burning anything. See afShapter2.5The Power Supply
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2.3 The Built-in GNSS Receiver

The TerrameteWES instrumentisave a builtin GPS and GLONASS receiver that automatically

saves positioning data along with all measurements. To function well, theitvaitttenna (in

the handle of the instrumentsee Figure 5, belgwmust be able to receive signals from a

sufficient number of satellites. This will not normally be possible indoors and severely limited

in outdoor areas with a limited view of the sky, for example in a forest. Lying the instrument
onitsbackduringdat®2 f t SOG A2y | f a2 € A YA Arkextelinkl SNIS¢anSy y I Q&
be used to provide positioning via the USB port on the-padel of the instrument (see

Chapter4.3 GNSS(Global NavigationSatellite System)Receivey

Figure5 The GNSS (GPS) antenna is integrated in the left side of the handle

2.4 The User Interface Panel

All interaction with the TerrameteVYES / VES MAXdone through the user interface panel
(Figure 6) This comprises the buiih keyboard, full colour display, and LED window

VES
: <> vd L
ok ,,,1;,, E @ ,,,1;,, A @ VES Schlumberger_1

Pseudo focus depth[m]

100 178
App. p [Om]

| ) | | ) |® 14:06

Figure6 The user interface panel

¢CKSNBE INB (62 [ 9GEEWIMdN2 6y (GKNRIzZAK GKS
- The green LED is a heartbeat indicator meaning that the software is alive
- The red LED indicates read/write activity
- The orange LED is related to various power states during normal operation.
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2.5 The Power Supply

During staneby, the Terrameter draws very little current; however, depending on the
circumstances, it can draw large currents during transmission, sometimes up to 30A. The
external battery and its cable must be designed accordingly. For fieldwork, useda g
adequate capacity, recentigharged battery and the supplied cable set, if possible.

The internal battery batteries (if present)are primarily designed as a backup power source
F2NJ 2LISNY GAYy3 GKS AyadNUzySyd RdzNAy3I aSidmndzl
may also be used for limitetbw-power surveys, for example VES measurements on reduced
power. The internapack(s)(included with Terrameter VES MAX, optional with Terrameter
VESgare charged by connectintpe Office Power Suppl§ncluded with Terrameter VES MAX,
optional with Terrameter VESd the External Power Supply connectdihe charger will
automatically stop charging when the battepack(s)are full. It is possible to remove the
internal battery/ batteries, andthiscan sometimes be required for transportation by airplane.

If the protective liner that keeps the cells togeth@revious NiMHbattery) or the casing
(current Liion batteries)is foundto be damageduring inspection please contact ABEM
support for further information.

Note! All batteries seHllischarge over time. If discharged too much it will decrease| the
battery capacity. It is recommended to charge the internal and external batteries
immediately after survey and at least once every three months, if not in use

Once the instrument has been turned on, if the external battery is disconnected for any
reason, it will automatically switch to the internal battgogck(s) This function even works
during the initial stardup process. This useful feature makes it possible to disconnect the
external battery temporarily without shutting the instrument off when moving, for instance,
from one measurement station to another.

The batteryswitching device will, in any situation, give priority to the external battery if it is
connected and the voltage is more than 9 V. More information about the internal and external
voltage levels can be found €hapter4.8 PowerSource

The table overleaf provides a guide to the battery indicator. The values are not exact but give
an indication of voltage levels from the battery sources at that moment. The battery indicators
are the leftmost of theNotification Icon®n the Status Ba(Figure7).

The ABEM Office Power SuppB1-83310032 is not suitable for measurements, it is
designed purely for workg on the instrument whilst indoors. It is neither weatherproof nor
power-rated for survey conditions. The ABEM Power Adapi€00602]) is an optional
accessory that allows the Terrameter to be run from a small mobile generator. This rugged
ACDC converter is able to cope with fagtanging and, often, higburrent demands of the
Terrameter during measuremenwhilst still providing a stable 12V supply.

The Office Power Supply should never be used for undertaking
field measurements. Use a suitably-rated 12V battery or the ABEM
Power Adapter, specifically designed for the demands of survey.

Y 2
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External battery Approximate battery Internal battery Approx percentage of

indication voltageor status indication full charge or status
Over 12.2 V 81-100 %
11.6¢12.2V 61-80 %
11.4¢11.6 V 41-60 %
10.9¢11.4 V 21-40 %

Under 10.9 Under 20 %
= o " D o™
=Z] |oree ™™ D |deee "

The current dual Libn internal battery solutiorallows for hotswapping. Tis means that
provided one of the batteries is fully inserted into its slot, the Terrameter will remain
poweredon whilst the second battery is removed / replaced.

If an external power source is not detected, The Terrameter switches to the internal battery
pack(s) However, the following stamip scenario should be looked out for as an indication
that all available power sources are depleted:

=

If the external battery has a voltage thafist2 S NJ 6§ KS WhYQ f AYAd
proceed to the stage where the more poweraining display lights up.

The voltage on the already weak battery will now drop below an acceptable level.
The instrument then goes into a resting (standby) state.

The external battery will now recover to a higher voltage level.

The instrument records sufficient voltage to reattempt the stapt sequence.

The display lights ypvith a following drop in voltageand a forced resting state.

oA wWN

This sequence can continue repeatedly for a long time. In casédpjgens the immediate
action is to disconnect the battery and have it replaced or charged. Always use a good quality,
newly charged, battery for your survey.
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After a measurement is started, the power supply voltage is allowed to temporarily drop to
9V when the transmitter is active. Therefore, the instrument reyiporarilyindicate a low
battery voltage while transmitting high current into the ground.

2.6 Operating in High Temperature Situations

Every individual Terramet&ES VES MAJX§ operated for at least one hour in a heat chamber
during the delivery test. During normal operating condition a thermal fuse will turn off the
instrument if overheating occurs. This is to prevent damage and it will of course halt the
measuring process.

Some precautions to avoid overheating:
- Protect the instrument from direct sunlight. Keep it in the shade, consider use of a
parasol or similar if needed.
- Do not operate the instrument ismall, closegpaces, for example within transport
boxes, where air cannot circulate freely. The power panel (left side of instrument)
must have good ventilation around it.

2.7 Operating in a Thunderstorm

If a thunderstorm should come up while out in the field with thetrument,then remember

to first stop any ongoing measurement process and then disconnect the cables from the
terminals without touching any bare conductors. Never leave the cables connected to the

Terrameter VES / VES MAXernight unless they are equipped with adequate lightning
protection since a thunderstorm may occur.

Never take
measurements during
a thunderstorm!
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3 THE USER INTERFACE

The user interacts with the instrument through the User Interface PanelCHaipterexplains
the basics of this interaction.

3.1 The Display

All information shown on the display is referred to as 8@eenFigure7 shows the layout of
the Screen

N Tabs Active Project and Task
Navigation

Menu ltem || I _l I
B Projectl

il Gradient XL 2

ABEM Terrameter for resistivity, IP and SP

Serial Number: 219120557 Transmitter: 3.7.2
Software: 2.7.1-13-ga3e69dce38 eth0: 192.168.1.201
Available Channels: 12 tuno: 10.17.23.178

Recent Activities
Page < Gradient XL 2 >

< Show List of Projects >

Active Guidance
Press the "Guide" button for assistance on any
tab, menu itemn, or command

Terrameter Resources
Scan to access resources for thiS instrurment

Status Bar— | ) | ) | ) | D - | 11:24

Notification Icons

Figure7 The screen layougnote that older instruments using a single NiMH battery only
show one internal battery ican the Notification area

TheScreerayoutcomponens:

- Navigation Menu Itenand Tabsare described irChapter3.4 Page, Tab and Menu
Navigation

- Pageshows different information depending on where the user has navigated.

- Active Project and Taskows the currently openeBrojectand Task

- Status Bashows interactive messages in the left part and notifications in the right
part (see below).
Notificationlconsshow Battery status, GPS status and time of day.

3.2 The Keyboard

Commands from the user are entered through a keyboard. There is drblkéyboardon the
front-panelbut an external keyboard can also be usealthe USB port on the erghnel.

10
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3.2.1 The Built-in Keyboard

The table lists the names of the buttons as referenced in this document.

<ABEMActive Guidance>

% <Menu> E <Left>
D_[I[I <Play/Pause> E <Right>
6 <Power> % <Down>
@ <Browse> E <Shift>
g <Up> o | <Options>
? <Clear> E <OK>

The corresponding function of tHauttons are summarized below:

<ABEMActive
Guidance>

<Menu>
<Play/Pause>
<Power>
<Browse>
<Up>
<Clear>
<Left>
<Down>
<Right>
<Shift>
<Options>

<OK>

Detects the currently active command, screen, or menu item
provides relevant guidance on it.

Show the Navigation menu

Jumptothed a S| & dzNB kPadeP SakBripause measuring
Turn instrument on or off

Jump between th&absof a navigatiorMenu Item
Move Cursor / Highlight up

Close dialog

Move Cursor / Highlight left

Move Cursor / Highlight down

Move Cursor / Highlight right

Change function of othdsuttons

Show the option menu for the highlighted object

Select / Show the keyboard emulator

11
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3.2.2 The External Keyhoard

A standard USB computer keyboard can be connected to the TerraME®r VES MAaxd
used instead of the buiiin keyboard. The mapping between the btiiltbuttons and the
computer keyboard is listed in this table:

<F9> E <Arrow Left>
<Alt> B <Arrow Down>
m <F10> (> | <Arrow Right>
@ <F12> E <Shift>

G| [<Tab> (eor| |<F11>

Z <Arrow Up> E <Enter>

? <Esc>

3.3 VNC Control

A standard VNC servesrinstalledon the TerrameteNVES / VES MAhichmeans that screen
mirroring and remote control of the instrument is very simple. Devices on any platform (PC,
Apple, iOS, Android, Linux etc. as VNC protocols are universal) can be signed into the
instrument allowing screen mirroring and remote control.widdely used, crosplatform
software is VNC Viewer which, at the time of writing, can be downloaded from the RealVNC
website (ttps://www.realvnc.com/en/connect/download/viewyr Userspbseners can be

local to the Terrameter or fully remote and still watch or operate the system.

3.3.1 Viewing / controlling the Terrameter VES / VES MAX via VNC

Install a VNC viewer on the chosen viewing / control device and connect the device to the LS
directly via WAFi or Ethernet cable (for accessing a remote instrument via the internet, please
contact support@guidelinegeo.cgmn Start the chosen VNC software, there will be some
option for creating a new connection; enter the IP address shown on the Terrameter
"Welcome" or "Network" tab (depending upon the software used, it may be necessary to
append the value "::5900" directbfter the IP address).

The VNC server on the instrument is password protedsater "Guideline" (case sensitive)
when prompted it may be useful to save the password, if that option is given. The software
is likely to give a warning message due to the connection being unencrypted, accept this and
the Terrameterdesktop should appear on your deviddse the external keyboard controls
shown in the previous section of this manual to control the instrument.

12
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3.4 Page, Tab and Menu Navigation

The active view on the instrument (calledPage seeChapter 3.1 The Displaywill be one of
a number of pages, grouped together by function, showmTalssat the top of theScreen
These pages are arranged in a iggel menu tregFigure 8)accessed via the <Menu> button
(seeChapter 3.2 The Keyboand The top level has fouvlenu Items each with severabub
items

2 KSYy NBFSNNAyYy3A i M
dnstrument/Network G2 RS & ONA

Navigation Menu b dProject14
| Q . TaskName_1
¥ BB Projects

Welcome # Welcome
Serial NumH i i

bl Lol E Project List

Available CH E Task List

é—" Task Template List

LI b o & Settings
< TaskNan

< Show Lig

£

enl ierdIubitentd LAIAT $ T 06K JIZABSRNIFIZ (NI
0S UGKPageySGUg2N] AYyT2NXIGAZY

> »® Measure

» [E Instrument

Figure8 ¢ KS Dbl @A 3L A2y aSydz 2@0SNJ GKS a4t NE2SO

The details of thé&lavigation Menuare highlightedin Figure9.

¥ [ Projects

E Task List

é‘* Task Templates

Menu

Items b 4 settings

> [F Instrument

Figure9 Navigation menudWelcomé Subitem selectedrom the dProjectg Menu ltem

13
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The fourMenu ltemsare:

Projects 3.7Data Management Conventions
Settings 5.2.2DataAcquisitionSettings
Measure 6 VESMeasurement Procedure
Instrument 4 The Instrument

EachSubitem corresponds to a specifitabon the Screen(again, Gapter 3.1 The Display
explains these concepts). Eathbrepresents a specififageof information. It is a ondo-
one match between the three concepts

- Subltem: part ofthe Navigation Menumatches a specifi€ab/ Pageon the Screen
- Tah part of the Screerayout, acts asa havigation aid for the user
- Page part of theScreenayout, showingthe requested information

There are three different ways to change the currBage
1 Steppingrom onePageto anotheron the Screen

" Press Browse> to stepforward (i.e. move oné€labto the right)

" Press <Shift> + <Browse> to step backward (i.e. mové& aln® the left)

 WdzY LJ RA NBNedduré/ProgiessPaeS d

" Press<Play/Pause>

i Using theNavigation Menu

" Press <Menu> tbringup the Navigation Menu

" Press <Up> and/or <Down> to step up and down inNtheigation Menu

" Press <Right> to open a clodddnu Iltemand show itsSubitems

" Press <OK> to show tiRageassociated with the currently selected
Subitem

If aMenu Iteminstead of a&Subitem is highlighted when <OK> is pressed
then the latest usedPageof that Menu Itemwill be opened

Note! The only way to change the availaBlagesrom oneMenu Itemto any of
the otherMenu Itemss via theNavigation Menu

3.4.1 The Welcome Page

When starting the TerrameteVES / VES MAKe d t N2 2 S O (i dPadge@igu@ 20yl
appear. Here the serial number of the instrument, the application software version, the
number of measurement channels, the transmitter firmware version, the network IP address
and the VPN tunnel address (if applicable) are displayed. Furtherni@r@ame of the most

14
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recent measurement activity is displayed in the top right of 8oeeerand a QR code linking
directly to resources associated with the Terrameter is shown.

B Project6

i VES Schlumberger_1

ABEM Terrameter for resistivity, IP and SP

Serial Number: 219120557 Transmitter: 3.7.2
Software: 2.9.0 ethO0: 192.168.1.201
Available Channels: 1 tuno: 10.17.23.110

Recent Activities
< VES Schlumberger 1 >

< Show List of Projects >

Active Guidance
Press the "Guide" button for assistance on any
tab, menu item, or command

Terrameter Resources
Scan to access resources for this instrument

| ()| () | ) | Y . [® 19:23

Figurel0 The Welcome Page

In the middle of the page there are two rows with shortcuts to otRages

1 Using the shortcuts

" Press <Up> or <Down> to highlight one of the two rows

" Press <OK> to change to tRage

For the first of these rows there are two possible situations:

- If the activeProjectdoes not have anyask
¢KS GSEG af ¢F&1 A& YAaaray3ado ttSFasS ONBLGS
Pressing <OK> in this case will chaRggeto the at NB 2 S O (i Ragdfoiithe [ A a G ¢
currently activeProject ThisPageis explained ifChapter3.7.2Task

- Otherwise, if the activ®rojectdoes have dask
The name of the activ&askwill be shown. Se&igurel0 for an example. Pressing
<OK> willin this casechange to thex a S | & dzNB k t Nd& tHidBsk BhisPagel 3 S
is explained irfChapter6.5.2Initiatinga VES Measurement

Pressing <OK> on the second row, will have the same result as a single press on the <Browse>

button; the Pagewill change to that t N2 2 S O k t NPCApEOE 7. 1Prbjécthds art 1 3 S
explanation of this?age

15
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3.5 The Option Menus

Figurellshows an example of &ption Menu, these can be foundn sixPages

- OProject¢Project List

- OProject¢Task List

- OProjecté¢Task Templates

- OMeasuréProgress

- OMeasuréElectrodes

- OMeasuréElectrodePositions

=< Open Project Proj--227 >

= Delete Project >

= Export Project >

=< Rename >

=< Create New Project >

Figurell Option menu example

1 Opening and using a@ption Menu

Pressing <Options> will generally show app®ption Menu
" Press <Up> or <Down> to highligimte of themenu itens

Note that some menu items might be disabled and cannot be highligh

" Press <OK> to perform the action highlighted on@mion Menu

The content of theOption Menuwill differ depending on what is highlighted when the
<Options> button is pressed. It functions in a similar way to the-glytk context menu on a
desktop PC.

3.6 Changing Texts and Values

There are three main ways to change values:

- Choose from a fixed set of values (8c@.1FixedSet of Values

- Edit text (for instance names) using a keyboard emulator &6e2 The Keyboard
Emulator$

- Edit numerical values using a keypad emulator G2 The Keyboar&mulator$

3.6.1 Fixed Set of Values

A left and right pointed arrowhead will surround the value when there is a fixed set of values
to choose from Eigurel?2).

16
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Spread: 4 a1 [ 3

Protocol: Gradient

Minimum Electrode Spacing X [m]: | 5

Minimum Electrode Spacing ¥ [m]: | 1

Minimum Electrode Spacing Z [m]: | 1
< OK =

< Cancel >

Figurel2 Example of a fixed choice value

1 Changing a fixed choice value

" Press <Left> and/or <Right>

3.6.2 The Keyboard Emulators

Two different keyboard emulators are available when using the-bbukeyboard to enter text
and data values. One emulator is alphanuméfigure 13)and the other is numeri¢Figure
14). Alternatively, an external USB keyboard can be used.

[Pri-2D9

w| X | ¥ | Z - : l

Done!
space

Figurel3 Alphanumerical keyboard emulator

Edit
Text 0.01
7 8 2 C
4 5 6 +/-
Input
Keys
1 2 3
oK
0 c

Figurel4 Numerical keypad emulator with component parts labelled

17
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The editable text will be highlighted when a keyboard emulator is opened.

1 Opening a keyboard emulator

" Make sure the text to be edited is highlighted or has the blinking curs
inside
" Press <OK>

If the editable text is numerj@numerical keypad emulatoF{gureld) is
shown otherwisean alphanumeric keyboard emulatappearsFigurel3)

Navigating the emulators

" Press the arrow buttons (<Left> <Right> <Up> <Down>) to either mo
the cursor within the editable text or to select an input key

Deleting from the editable text in the alphanumerical keyboard emulator

" Press <Left> or <Right> to move the cursor to the right of text to be
deleted

" Press <Down> to move the cursor from the editable text to the input |

"t NBaa f wA 3Kd HA \dnadrh £ | Siids St key @ori& G
as a backspace button on a traditional PC keyboard

" Press <OK> once for every character to be deleted

wSaSiiAay3a GKS SRAG GSEG G2 anée Ay

" Press <Down> to move the cursor from the edit text to the input keys
"t NBada fwAIKOGH dzyGAf GKS a/ a Ayl
"t NB&da fhYH FYR (UKS ydzyoSNJ Aad NX

Changing the editable text

" Press <Left> and/or <Right> to move the cursor to the correct place
within the editable text

" Press <Down> to move the cursor from the editable text to the input |
" Navigate to the wanted input key

" Press <OK>

Substituting the editable text when that text is highlighted

" Press <Down> to move the cursor from the editable text to the input |
" Navigate to the wanted input key

" Press <OK> and the number or character will replace the highlighted

Saving the text
b @AILGS G2 GKS AyLdzi (Se Fa daf

" Press <OK>

18
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1 Cancelling without saving

Note! This is only possible when the keyboard emulator has been opened
from a dialog where there is @ancebutton. An example of this is
the Project Namalialog Figurel9)

bl @AILGS G2 GKS AyLidzi 1Se Fd i
" Press <OK>
| A3Kt AIKG GKS &/ FyOSte¢ odzidzy |

3.7 Data Management Conventions

It is helpful to define a set of conventions which can be used to classify, store and manage
measurement data in a comprehensible way. The Terram¥tes / VES MAXses the
following categories in the user softwarroject, Tasknd Template ThisChaptemwill explain

these naming conventions as well as explain how to use them on the actual instrument.

3.7.1 Project
A Projectis a container for measuremeifiasks A set ofTaskdn a singleProjectcould group
measurements from the same site, or the same day, or the same contract.

Projectsare managed inthé t NP 2 SOl a k t NBEgar816 (Project 14sti Bagetidred S
Projectscan be created, deleted, renamed or exported.

@ Projects

il Gradient_1

Project List

Project Name . Last Updated

i< Create New Project >

(J IMAGING 10/08/16
[ Project3 10/14/16
[ Project4 10/06/16
@ Project5 Friday

(J VES 10/05/16

== |'® - |® 10:03

Figurel5 Project List Page
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1 Create a newroject
' Move the highlighttothetopy 2 a4 NB g 6 daf / NBI GS
" Press <OK>

Alternatively,0 KS af / NBIF S bSé RrdjERt@to0 ingné cadlieSY 2F
used to create a newroject see below

1 Opening theProjectoption menu

" Move the highlight to the require@roject

" Press <Options> and the option merkigurel6) will be shown

= Open Project Proj--22T7 >

=< Delete Project =

=< Export Project >

= Rename >

= Create New Project =

Figurel6 Project Option menu with Opétem highlighted

TheMenu Itemsof the Projectoption menu comprise

Open TheProjectis made active and thé t NB 2 S O (i fokthe Prajdct
is shown; same as pressing <OK> on a highligPrtejgct

Delete A confirmation dialog is showrFigure17) and theProjectwill be
deleted if the user confirms the deletion

Export SeeChapter 10.2.5Export a Project

Rename See below

Create New Project Creates a newroject

Do you really want to delete the Proj--227 project?

e
]

-//.l"\\. W
I\
\.\\/o

= Yes >

=< No >

Figurel7 Confirm Project Delete dialog

20
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1 Renaming &roject
By default, newProjectds NE 't f yIFYSR at N22SOG¢ oAGK aSld

" Open theProjectoption menu
" Move the highlight to <Renamepkigurel8)
" Press <OK> and the Rename form will be shdugufel9)

< Open Project Prj-2D0 >

< Delete Project >

< Export Project >

< Rename >

< Create New Project >

Figurel8 Project option menu with the Rename item highlighted

Name: I Prj-2D0
< 0K >

< Cancel >

Figurel9 Rename dialog

3.7.2 Task

A Taskis a dataset collected by running a measurement protodalskscan be a SP
measurement, a 1D/ESsounding,a 2D/3D imaging layout (including rallong steps), a
borehole measurement, or laboratory measurement$asks are managed in the
dt NP 2SO0 &k ¢(Figule20[ RaskilList PagmvHee they can be created, deleted,
renamed, exported and more.

— —= @ Project5
ﬁ E @ ~ il Gradient_1

& Task List

Task Name . Created

< Create New Task >

Gradient_1 10/14/16 40.0m / 666 Measures

||| @ - [® 10:03

Figure20 Task List Page
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T Create a newask

When creating a newaskthe type of electrode spread must be defined. The spread
describes to the instrument the relative layout of electrodes, for instance a 2D layout
with 4x21 cables or a 2D layout with 2x24 cables. Furthermore, a protocol file is

selected which defines alé electrode combinations required to complete the task.
Finally, the electrode takeut spacings need to be entered.

' Move the highlighttothetopr 2 84 NB 6 o6 daf / NBI G S
" Press <OK> and the Create NEaskdialog will be shownRigure21)

" Press <Left> and/or <Right> to pick the electrode spread

" Press <Down> to highlight Protocol

" Press <Left> and/or <Right> to pick the protocol file

If the default values of electrode spacing need to be changed then:

" Press <OK> and the numerical keyboard emulator will be shown

" Enter the required electrode spacing and return, Shapter3.6.2The

" Press <Down> to highlight the OK button

<ABEM Active Guidance> provides details about the most common spr

<ABEM Active Guidance> provides pros/cons for common protocols

Press <Down> to highligilectrode Spacingaftd/orY; only spacing
directions used in the selected spread are active. VES spreads do not 1
a spacing value; they have absolute electrode positions embedded witt
them.

KeyboarcEmulators

Alternatively,i KS & f / NBI G4S b S FaskoptidnimbBri cak eSised ta dreatéd & S

" Press <OK>
Spread: VES C1C2P1P2
Protocol: d{ VES Schlumberger )

< 0K >

< Cancel >

Figure21 Create new task dialog

new Task see below.

Note!

After creating a newrlaskit is often necessary to check, and possi
modify, the data acquisition settings before startitg collect any
measurements. For this reason, the screen will automatically switch t
G { Si Ay 3 RageioBdnBWly@rBatkT ask seeChapter5.2.2Data
AcquisitionSettings

bly

D the
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1 Opening theTaskoption menu

" Move the highlight to the desiretlask

" Press <Options> and the option menuregure22 will be shown

< Open Borehole logging_ 4 >

< Rename >

< Save As Template >

< Delete Task >

< Export task as DAT >

< Export task as TXT >

< Export task as USF >

< Export task as LAS >

< New from Borehole logging 4 >

< Create New Task >

Figure22 Task option menu with the Create New Task

item highlighted

TheMenu Itemsof the Taskoption menu

Open

TheTaskis made active andthé { S (i (i A y 3 PageisSidSi

Rename

See below

Save As Template

SeeChapter3.7.3Template

Delete Taskwill be deleted if confirrad by userin pop-up (Figure23)
Export SeeChapter 10.2Export Measurement Data
New from A newTaskwill be created with the highlighted@laskas a template

This works the same as opening from an ordineeynplatebut does
so directly from the selected task, s€hapter3.7.3Template

Create New Task

Creates a newask

Do you really want to delete the PolePole_1 task?

= Yes >

= No =

Figure23 Confirm Task Delete dialog
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1 Renaming &ask.
By default, a newlaskwill automatically be named after the chosen protocol; for
AyadlryoOoSs dzaAy3a | DNIRASY(d LINRG202t oAff
automatically incremented number. This name can be edited.

" Open theTaskoption menu
" Move the highlight to <RenameFiure24)

" Press <OK> and the Rename form will be shown. This is similar to tt
rename form of theProject(Figurel9); keep the cursor in the name bo»
and press <OK> to bring up the keyboard emuldathapter3.6.2The
KeyboarcEmulator$

< Open Gradient_1 >

< Rename >

=< Save As Template >

=< Delete Task >

= Export task as DAT >

=< Export task as TXT >

< Export task as USF >

< New from Gradient_1 >

< Create New Task >

Figure24 Task Option menu with the
Rename item highlighted

3.7.3 Template

A complete measuring setup used for a particllaskcan be saved asTl@mplate This makes

it easy to create a neWwaskwith the samedata acquisition settings as used previously. This
helps to avoid overlooking the change of any setting away from the default, or last used, to a
value suited to the intended measurement.

‘ Note! There is no acquisition data stored iif eamplate just Tasksettings. ‘

ATemplatecan only be created fromthiet NB 2 S Ol & k wding theTdskbpiianéenu | 3 S
(Figure25).

1 Create alemplate i.e. save the settings fromTaskas aTemplate

" hLISY UKSk &lt NPRISO e

" Move the highlight to the wanted@ask

" Press <Options> and tfi@skoption menu will be shown
" Move the highlight the <Save as template> itdfig(ire25)

" Press <OK>

24
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< Open Gradient_1 >

< Rename >

< Save As Template >

< Delete Task =

< Export task as DAT >

< Export task as TXT >

< Export task as USF >

< New from Gradient_1 >

=< Create New Task >

Figure25 Task Option menu with the Save As Template
item highlighted

Templatesare managedinthé t N2 2S Ol & k ¢ I & {Figued6y; adtl havesmoption | I S
menu associated with them for administratioRigure27).

ro— . I\ @@ Projects

& Task Template List

k Tem List .

‘& Gradient_1

| = | ) | Y - |® 10:04

Figure26 Task Templates Page

1 Opening theTemplateoption menu

" Move the highlight to the wanted Template

" Press <Options> and the option menurijure27 will be shown

25
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= New from CalCZZ 2 >

=< Rename >

= Delete template >

Figure27 Template Option menu with the
dNew frong item highlighted

TheMenu Itemsof the Templateoption menu:

New from Creates a new askfrom this Template seeChapter3.7.2
Taskfor more information about the procedure for creatit
Tasks

Rename See below

Delete A confirmation dialog is showifrigure28) and theTemplate

will be deleted if the user confirms the action

A Do you really want do delete the CalCZZ_17 template?
-

< Yes >

< No >

Figure28 Confirm Template Delete dialog

1 Renaming &emplate
A newTemplatewill automatically be named after thEaskit was created from. This
name can be edited.

" Open the Template option menu
" Move the highlight to <Rename>

" Press <OK> and the Rename form will be shown; this is similar to thi
rename form of the ProjecHigurel9)

" Keep the cursor in the name box and press <OK> to bring up the
keyboard emulatorChapter3.6.2The Keyboar&mulator3
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4 THE INSTRUMENT

Settings and information specific to the instrument are handled inltis&rumentMenu Item
of the Navigation MenuFigure29). Eactubitem is explained below.

Navigation Menu x

| » mm Projects
» /£ Settings

S G)(Z:" Measure

’< Language

»- License

<3+ Calibration

EE Electrode Switch

o, Power Source

Figure29 Navigation menu: Instrument Menu Item: Storage -8atm marked

4.1 Data Storage

Thelnstrument/Storagd?age(Figure30) shows information about the data storage.

+ 1 3 - @ Projects
: il Gradient_1

Storage

Internal Data Storage Free: 14.9 GB Total: 15.1 GB
Internal System Storage 167.3 MB/ 221.6 MB
Protocols directory: /home/root/protocols

| =) | (=) | Y - |® 10:05

Figure30 Information Page for data storage

27



ABEM TerrameterVES & VES MAX

4.2 Network Connections

The TerrameteWES / VES MA¥s three network modes;

- LAN Client
- LAN Server
- Wi-Fi Access Point

From thelnstrument/Network PagéFigure31) it is possible to change between the network
modes and get network information. ThHéetwork Pagewill also show information about
connected external electrode selectors (ESAT).

The Network Pagedisplays the instrumei® 3° address f | 0 S f tBiRusel Sai K n €
communicate with the instrument via VNC software (§d®pter3.3 VNCContro) or when

using Terrameter Toolbox (ségpendixC TerrameterToolboxoverview) for downloading

data, managing protocols and spreads, and/or instrument maintenance. If the instrument is
Ay a['!'b [ fASYy(dé YidRtSchetl ty Ras arkifterndt Sovie&idl, thel
Terrameter will try conneatg to the ABEM technical support server \d@a/irtual Private
Network VPN,seeChapte 11.3Remote Diagnosti¢sif successfulthe VPN tunnel address

will be listed, and labelledsd { dzy' n ¢ ®

e a e fm Projectl6
\{/ "‘“» il Gradient 2

Network

Network mode 4 LAN Client 2

Ethernet:
(MAC 02:00:00:3f:19:33)
ethO: 10.238.15.62
tun0: 10.17.23.138
ES10-64:
/dev/ttyS2 0 unit(s), O addresses.

== =@ - |® 15:37

Figure31 Network Page

Note! The information text on the Network Page will update automatically|for
LAN Client mode, but it will not update automatically when switching
between network modesTo get updatechetwork information it will be
necessary to go to anothdPagetemporarily. An easy way is to press
<Browse> to go to th&PS Pagevait for a few seconds, and then press
<Shift> + <Browse> to go back to thetwork Page
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4.2.1 LAN Client

In LAN Client mode, the network the Terrameter is attached to should supply connected
clients with an IP address. Such devices are typically routers or servers, which act as DHCP
servers, and this type of network is very common for office and home networks

4.2.2 LAN Server

It might often be useful to connect a computer directly to the instrument. For this to work the
DHCP server in the Terramete?ES / VES MAXnust be activated from the

G Ly aid NHzy S yPage Bhe segueniid|iréthe following procedure is critical to avoid failed
connections:

=

Make sure that no network cable is connected

Ly UgKSGHNYzYSYl(ikBSESDHDNY [t 1bIF SNIISNE
Go to theGPS Pagey pressing <Browse>

Wait for a few seconds

Go back tdNetwork Pagéy pressing <Shift> + <Browse>

Check that the ethO address is 192.168.23.1

Connect thePCandthe LSwith an Ethernet networlcable

Wait until the PChas received an IP address

. Performall required activities using Terrameter Toolbox, VNC software etc.
10. Disconnect théethernet cable

11. On the LS set DHCP server to Off

12. Turnoff LS

©CoNOORWDN

Warning! Before connecting to an office network, be certain that the Network mode on
the Terrameter VES / VES MAX is NOT set to LAN Server. If an instrument
with the LAN server mode activated is connected to a network with another
DHCP server in operation it can create severe network clashes seriously
affecting other network users.

4.2.3 Wi-Fi Access Point

In this network mode the instrument will act as a wireless access point. This makes it possible

to connect a computer or mobile device directly to the instrument without using any cables,

a feature that can be very convenient to download or backup datadriield or VNC viewing

and control (se€hapter3.3VNCContro). The instrument will create a wireless network with

GKS alFryYS yIFYS da GKS AyaidNdzySyid aSNRARFf ydzyoSNE
Wi-CA YSGig2N] A& G¢SNNIYSGSN] {HéEOD

Note! When starting the WFi Access Point network mode it may take 2
minutes before the wireless access point is started.

Note! The SSID of the wireless network will be the same as the instrument serial
Yy dzYo SNE S &3 o. Tihe[pésswerd forytieoviredess network |is
G¢ SNNI YSGSN]I { Hé
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4.3 GNSS (Global Navigation Satellite System) Receiver

The GPSage(Figure32) showsa live status for the GlSSreceiverand the present position

of the instrument provideda sufficientsatellite signal is receivedrhe default mode for the
Terrameter is to use the Internal GNSS antenna mounted in the handle of the instrument.
However,an option to receive GNSS positioning from an extedeaice isavailable External
positioningsystemscan provide betterstation records duringstatic measurements or help
facilitate mobilemeasurements.

To use an external positioning device, set it up to output positional information as an NMEA
string in GGA format via a USB cable. Plug the USB cable into the USB port on the end panel
of the TerrameteNVES / VES MAXnd use the left or right arrow to seleEkternal GP.S

@ Projectl
il Gradient XL 2

<) >

GPS d Internal GPS 3
GPS pos= Lat: 59.363410 Lon: 17.962318
GPS fix=3 sig=1 8/11

UTC time= 2016-11-03 15:46:11

PRNO9: * Elevation=74 Azimuth=223 Sig=17 dB
PRN23:* Elevation=64 Azimuth= 92 Si1g=37 dB
PRNO6: * Elevation=47 Azimuth=252 Sig=17 dB
PRNO2:* Elevation=35 Azimuth=301 Sig=23 dB
PRNO3:* Elevation=24 Azimuth=128 Si1g=30 dB
PRNO7:* Elevation=23 Azimuth=184 Sig=16 dB
PRN26:* Elevation=22 Azimuth= 59 Sig=14 dB
PRN16:* Elevation=17 Azimuth= 88 Sig= 0 dB
PRN29:* Elevation= 9 Azimuth= 0 Sig=18 dB
PRN22:* Elevation= 7 Azimuth=127 Sig=22 dB
PRN31: Elevation= 3 Azimuth= 33 Sig= 0 dB

|® 22:41

Figure32 Status Page for GPS receiver

There is no need to use a specific external GNSS device, the only requirement is that the GNSS
device is able to output a GGA formatted NMEA string via USB at a rate of 1Hz ©h@Hz.
Terrameter will automatically apply the correct serial communciation settings but, if positional
information fails to appear, start by ensuring that the external device is transmitting and then
check its communication settings:

Baud rate: any value from®600to 115200
Data bits: 8

Stop bits: 1

Parity: None

Flow control:  None

30



ABEM TerrameterVES & VES MAX

4.4 Language

It is possible to change the language used for the main instrument menus, dialogues and data
displays from the_.anguage Pag@-igure33).

@ Projectl0
Dq "} il Dipole-Dipole_1

Language
< English >
< Francais >
< Espanol >

\ < Svenska >

=== |'@® - |® oo:03

Figure33 Language Page

The conversion from one language to another is not instantaneous and requires a reboot of
the instrument (Figure 34p take effect

M Project10

e ——— .
— I\ M Projectlo
@ E E é* #l Dipole-Dipole_1

# Dipole-Dipole_1

Language
Bienvenue dans ABEM Terrameter
< English >
e Numéro de série: 219120557 Transmetteur: 3.7.2
Logiciel: 2.9.0 eth0: 192.168.1.201
< Francals > Voies disponibles: 12 tun0: 10.17.23.110
Terrameter Reboot x

Language change will take effect after a reboot of the system. Would
0 you like to reboot now?

Activités récentes
< Dipole-Dipole_1 >

< Yes > "
< Voir liste projets >

Active Guidance
Y[ —

E, Ressources Terrameter

< No >

3  Scan pour accéder au ressources de cet
P instrument

==

Figure34 Confirming a reboot of the Terrameter to change display language

Note! At present, all Active Guidance screens are only available in English
regardless of language choice
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4.5 License

TheLicensd?age(Figure35) shows the current state of the license and all activated features.

LG Aa

It az

LaaroftsS G2 dzZLRI GS

GKS AyadNUzySyiaQ:

purchased and made available. These license updates can be installed over the internet if the
instrument is connected to the ABEM technical support site &2d&etwork Connections
Alternatively, if connecting the instrument to the support site proves problematic, licenses
can be updated from a USB memory stick. In such a case contact the Guideline Geo support
team to receive the license file.

’...-oio—}

B Projectl4
# Gradient_1

License
< Update from Server >
< Update from USB >

Licenses:

Device registered

50 3200 12: 12 = Number of channels

50 3201 04: 81 = Number of electrodes

S0 3202 25: 250W = Max output power

50 3203 60: 600V = Max output voltage

S0 3204 25: 2500mA = Max output current

50 3205 10: 2,5V = Input voltage range ON

50 3205 30: 15V = Input voltage range ON

S50 3205 S0: 600V = Input voltage range ON

50 3209 10: Full waveform recording option

50 3209 11: IP100% option

/home/root/1s219120557.lic

| ) | ]| Y

'® 20:04

Figure35 License statupage

After selecting the appropriate update option, the License update di#diogi(e36) will show.

After the update is finished the license update dialog will disappear and the licenses on the
License status Page will update. In some instances, it may be necessary to restart the
instrument for the changes to register.

Update form server x

Connecting...

Figure36 License update dialog

Note!

Note!

Updating the license may take up te32minutes. During this period th
screen will not change.

VES to VES MA)gradesand VES / VES MAX to Lifpgrades require
physical work to be undertaken at a Guideline Geo service centre.

42
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4.6 Calibration

Calibration of the instrument idone at the factory before delivery. Usdrave no need to
access this page. An unlock key must be typed in to access the coRigate@7), and a
complete calibrationrequires special equipment. If you suspect your Terram@tes / VES
MAXrequires recalibration (it is unlikely to be necessary during normal operation), contact
support@guidelinegeo.com

Tt } @ Project5
+HF il Gradient_1

Calibration

Unlock calibration function |

< Start >

== |'@® - |® 10:52

Figure37 Calibration Page

4.7 The Relay Switch

In a full imaging system, theelay switch consists of four relay cards that can handle 16
electrodes each. The VERXversion of the instrument hgone relay caréndcan switch up

to 16 electrodesviai KS Y dzZf GA LAY &/ 2yy SOtiedadh be aisefdl jor (1 K S
laboratory measurements, custom survey-sgis and also collecting multipRel-P2 spacings

for each current injection during a Schlumberger measurement. This latter approach allows
for the optimum potential pair to be selected for each currgair atthe inversion stge.

The present status of the relay switch can be viewed in a table oEkldgwrode Switch Page
(Figure38).

For more information on thékelaySwitch matrix and mukglectrode survey consult the

Terrameter LS 2 User Manud&his not only expands upon this section but provides insight
into cable spreads, protocols and thessociatedile formats andstructure.
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g Project5
il Gradient_1

Electrode Switch

[+

Relayboardl Set matrix
1 - OO0O.0000.0O00.0O000. 00
- 0000.0000.0000.0000.00
- 0000.0000.0000.0000.00
- 0O00.0O000.0O000.0000.00
- 0000.0000.0000.0000.00
0000.0000.0000.0O00. O
- 0000.0000.0000.0000.0
- 0000.0000.0000.0000.0
- 0O000.0000.0000.0000.0
10 - O00O.00O0.0000.0000.0

Relayboard2 Set matrix
1 - OO0O.000O.0OO0.0OO00. OO
- 0000.0000.0000.0000. 00
- 000O0.0O000.0000.OOO. 00
- 000O0.00RO.0OOO.OOO. 00
- 00O0O.0O0OO.OOOO.OOO. 00
0000.0000. OOOO. OOEO. O
- D0O0O.0OOOO.OOOO.OOO. O
- 0000.0000.0000.0000.0
0]
0]

COoONOOUBdWN

OCoOoNOOUBWN

- 0D0O.0000.0000.0000.
10 - 0O000.0000.0000.0000.
Relayboard3 Set matrix

1 - 0000.0000.0000.0000.00

o [alalalaBilalalalaBialalalaBilalalala Bilals

== =) | Y - |® 10:53

Figure38 Relay switch status Padi@m a Terrameter LS 2

4.7.1 The External Relay Switch(es)

If it is necessary to do full imaging with a Terrameter VES or VESONE®r more) external
relay switching units (electrode selectors) of type E6G40 can be connectgéigure39). In
cases where more than one external unit is required, they must be of type@®%l(orange
colour), the older ES164 (grey colour) cannot link to other units.

Figure39 Schematic of @ES1864C connected to a TerrameMES / VES MAX. Connection
would beviaan ABEM Multifunction Cable, ES89C Communication Adapter and interlink
cables, ointerlink Converter Set and interlink cahldspending on survegquirements
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There are several connection options for the E64Q depending upon the required layout
and distances involved.

If the distance between the Terrameter and the (first) E64Q is less than 1.5m, it

should be connected to the AUX connector via a multifunction cable (ABEM part no
36-33002011). The ESBAC will take power direct from the Terrameter. Additional

ESlcn/ dzyAla osAftf O2yySor/ Ay GSNRASYAEZ /drackiySé
them, and each will require external 12V power. The last B3@0in the chain cannot

be morethan 500m from the Terrameter.

Ifthe firstES1@ n/ YSSR& (2 0S Y2NB GKIYy wM4apY FTNRY

| 2YYdzy A OF G A 2360 0 /RAHAIYSWE 1Scdzda Ly OGS myil /[ Fof
required. As above, the last (or only) E®YT in use cannot be more than 500m from

the Terrameter. All ESIAC units will require an externd2V power source

connected by YES#64C ExterndPower Cablet (36-33002206)

LF f1FNBHSNI RAalGlIyOSa | NS NBERONBRanbDKS aLyd S
used.Only one ES1864C camow be used, but the maximum distance betwetne

Terrameter and ESI84C is 2000 meters. The ESRUL requires an externdl2V

power source.

Note! Depending upon conditions, some older ESAC units can experience staup

issues, consuning more power (12V DC) than expected. This can be solved by
using external power, or by doing a minor hardware modification of the B8C)
controller board. Please contact ABEM in case you experience this problem.

For more information orexternal relay switchesand multielectrode survey, consult the
Terrameter LS 2 User Manual. This not only expands upon this section but provides insight
into cable spreads, protocols atiteir associated file formats and structure

4.8 Power Source

The Power Sourcé’age (Figure40) shows the status for the power supply and internal
temperature of the instrument. The actual values are shown and they are complemented with
minimum and maximum values (since stap) within square brackets.

- Projectl4

‘ Selftest_9

Power Source

[Battery 1 Voltage T 12.5V [ 0.0V - 32.7V]
Battery 2 Voltage 1 12,5V [ 0.0V - 16.2V]
External Power voltage 1 16.2V [ 0.1V - 16.2V]
Temperature : 35.0C [29.7C - 35.0C]

[Battery 1 status
Voltage 12.5 V
Current 0 mA
Charge 89%

Battery 2 status
Voltage 12.5 V
Current 0 mA
[Charge 99%

| )| =) | )| Y - | o910

Figure40 Status Page for power supply and temperature

35



ABEM TerrameterVES & VES MAX

The screenshot shows the current design with tmn batteries forming the internal power

solution. For older instruments with a single NiMH battery, there is a singled: G G SN® & G I (i dza
read-out and only one internal battery icon in the notification area at the bottom of the

screen.

The ABEM Power Adaptéi0-006021) is a useful way to ensure a good power sugptyour
TerrameterVES / VES MAHis optional accessory allows the Terrameter to be run from a
small mobile generatott is arugged AEDC convertewhichis able to cope with fasthanging
and, often, highcurrent demands of the Terrameter during measurement, whilst still
providing a stable 12V supply.
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5 MEASUREMENT PREPARATION

5.1 Save Field Time With Good Preparation

Successful surveys start in the office; look through archive material for the area (topographical
and geological maps, aerial photographs, reports etc.) and consider whether resistivity
surveying is a suitable method for the current problem. If so, sgbestible profile line
locations that are likely to be most diagnostic / provide the greatest chance of success.

Once on site, walk around the area to be surveyed with maps and/or aerial photographs at
hand to select the optimal profile lines; current conditions, or features only obvious when on
site, may change your original plan. Walk the entire length of any pthoable runsefore
putting out any equipment, to ensure that the selectedentation ispractical.

Note! Poor electrode contact is the most common reason for Bath

Bring suitable hammers for installing the electrodes in the field, for instance polyurethane
(PUR) covered hammers that give good force without damaging the electrodes. It is often
necessary to water the ground around electrodes, sometimes with additicsalbfand/or

some additive to make the water stay in place during measurements (for instance drilling
polymer or bentonite). In cases with paved surfaces it may be necessary to drill holes for
inserting the electrodes do use plate electrodes.

Electrical installations and grounded metal objects may disturb the measurements and create
noise, be observant and take notes of possible sources of disturbance.

5.2 Preparing for Data Acquisition

5.2.1 Create Projects and Tasks

In order to prepare for data acquisition, at least dmjectwith one or moreTaskgnust exist.
Chapters3.7.1Projectand 3.7.2Taskexplain how to creat®rojectsand Tasks
Alternatively, measurements can be added to exisingjectsand Tasks

All data from aProjectis saved in a single database file. It is recommended not to make the
Projecttoo large as it may become cumbersome and slow to haritat said, typical VES
measurements contain relatively small data volumes compared tadalle imaging

Also seeChapter6.7 Full Waveform Datéor more information about recording and handling
larger volumes of data.

5.2.2 Data Acquisition Settings

Data acquisition settings are defined within the{ S (i (Mena Beingunder which there are

five Page¥ d[ 2+ Rk { | @8BS QSNASNITANG FiaAYATiaisb NI { SAYRY AL E X
{(SOGaYAAENBK2f S (FguBe4)SaaGAy Jaé
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> BE Projects
K Settings

J_Transmitter Settings

7e; IP Window Settings
Borehole Log Settings
P #° Measure

P [H Instrument

Figure4l Navigation menu, Settings Menu Item: Load/Save Settingst&uatmarked

5.2.2.1 Load/Save Settings
Bm Projects

@l Gradient_1

Load/Save Settings

< Load Settings... >
< Save Settings... >

< Delete Settings... >

== == @ - |® 13:06

Figure42 Load/Save Settings Page

The Terrameter instruments come with a set of fwaded suggested settings for different
modes of survey. These settings should be suitable for starting the majority of surveys and are
available via thé.oad/Save Settings Paffeigure4?2).
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The available options on tHenad/Save Settings Page

Load Settings Load predefined settings
Save Settings Save the current settings to a file
Delete Settings Delete settings files

Settings files can be loaded to the instrument using Terrameter Toolbox, or saved directly on
the instrument based on the current settings. If the poaded settings files are lost or
accidentally deleted, a new set can be downloaded from the Guidelioen@bsite.

Select file x

50Hz_Res-IP100_1Sec -

50Hz_Res-IP100_1Sec[Train]
50Hz_Res-IP100_2Sec
50Hz_Res-IP100 2Sec[Train]
50Hz_Res-IP100_4Sec
50Hz_Res-IP100_4Sec[Train]
50Hz_Res-IP50_1Sec
50Hz_Res-IP50_1Sec[Train]

EN= NacdNEN DS9C A~ _ﬂ
Delay Time:0.7

Acq. Time:0.3

IP Minimum Off Time:1

IP:0.01 0.02 0.06 0.12 0.24 0.549

Measure Mode:6

Maximum Current:1

Max Power:200

Figure43 Load Settings dialog

ThelLoad Settingdialog Figure43) is divided into two parts. The upper part lists the installed
settings files. The lower part shows what settings will be changed compared to the current
settings.

Note! Only the settings that will be changed compared to the existing setup are
shown in thelL.oad Settingsdialog

The naming of the settings files supplied by ABEM starts with the regional electricity
transmission frequency, followed by the measurement mode and then information about the
settings. For example:

50Hz_Re$P50 1Sec | Ol A @I U S Kleasure M&Igusihgyp®R% duty cycle), with 1

o) |
a802yR W2y (G(AYSQI YR Lt ¢6AYyR2g6a 2LIWAYAT SR F¥2N
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¢50Hz_Re4P100_4Sec[Trai] | OG A @ (i SMeaslire Moddusing YOR % tuty cycle),

gAGK n &aS02yR W2y (GAYSQX Lt é6AYyR26a 2LIAYAT SR
noise from train networks operating on 16.67 Hz (found in since northern European
countries). Note that the 60Hz version of this scfilpers train networks operating on 25 Hz

(found on some AmTrak lines in the northeast of the USA).

¢60Hz_Res_0.3+0.5%ec | OG A @I Me&stre ModewBh{0.3 second delay time, 0.5
second acquisition time, and optimized for 50 Hz power line frequency.

5.2.2.2 ReceivelSettings
o P Y fm Projectl4d

i Gradient_1

Receiver Settings

Measure Mode 4 RES, IP ’
Minimum # of Stacks 1

Maximum # of Stacks 4

Error Limit 1.0 %
Delay Time 0.4s
Acq. Time 0.6 s

Number of IP Windows 8
Record Full Waveform Yes
Sample Rate 1000/1200Hz

Powerline Frequency 50Hz

== | D 21:43

Figure44 Receiver Settings Page
The available settings on tliteceiver Settings Pagf@igure44):

Measure mode Options include Self Potential (SP), Resistivity (RES), oedr
Resistivity and Induced Polarization (RES, IP) trsidigional 50 %
duty cyclecurrent pattern, and a novel combineesistivity anc
Induced PolarizationRES]P100%)mode using 100 % duty cyc
(onlyavaibble on LS Advancedand VES MAX models)

Minimum # of Stacks ! OU A @S F2NJ awSaz Ltbh FYyR af{t
depend on site conditions, electrode spread size and the typ

Maximum # of Stack: electrode array used. It is recommended to start out a task
multiple stacks and, if the standard deviation is verytaable, the
maximum number of stacks setting may be reduced even as Ic
one to speed up measurements. The total number of stacks use
RSLISYR dzlRRY 6KSGKSNI G4KS SNNE
Limit", below) or the maximum number of stacksstiseen achievec
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# of Current Pulses

' OGAGS F2NJ awSas Ltwmnx:é Y2R:
be used per measurement, this number is not constrained by
j dzt £ A& 0 conwaNElable prALY 2 Adyanced / VES
models.

Error Limit

The error limit is equivalent to the standard deviation betwe
repeated measurements (stackings) divided by the mean value
data point, also known as variation coefficient. Measuring wil
repeated until the minimum number of stacks has been actie
Measurement for that data point will then stop if the variation fe
within the specified limit. If not, it will continue until either tf
variation drops below the limit or the maximum number of sta
has been reached.

Delay Time

The delay time settindefines the interval from switching on curre
transmission until signal integration for the resistivity measuren
starts. ldeally the delay time should be long enough for the grc
to become fully charged. If set too short, changeeffects within the
ground may decrease data quality.

Acg. Time

The acquisition time defines for how long signal integration last:
each part of the measuring cycle (séppendix AMeasurement
Modeg. Generally the principle is that the longer the acquisit
time, the better the data qualitylt should be noted, that in som
countries the railway system uses a frequency of/s6Hz, which
means that multiples of 60 ms are required (note that such noise
be observed many kilometres or even tens of kilometres away °
railway lines).

Number of IP
Windows

The number of IP windowanly applies to measurements in one
the IP modes, and the timings are defined in thea S| & d
2 AYyR2064a { S{igwedaddlaé¢ t I 3S

Record Full
Waveform

In addition to the single averaged data values measured for eac
electrode combination, this option records how the output voltac
and current, plus the input voltages, change throughout the
measurement cycle S 2Advanced VES MAXnodels only)This
option does not increase measuremdithe, but it does create
bigger project files, especially at highample Ratesettings. See
Chapter6.7 Full Waveform Dat#or more information on this issue

Sample Rate

Secifies frequency at which full waveformmeasurements art
sampled. A higher sample rate means that more samples will be
for data calculations, and can be especially useful for IP data

Powerline Frequency The power line frequency should be set to 50 Hz or 60 Hz depe

on the system used in the areaiof/estigation ands used to adjus
measurement parameters for filtering of power line noise.
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5.2.2.3 Transmitter Settings

fm Projectl4

il Gradient_1

Transmitter Settings

Minimum Current 4 01mA )
Maximum Current 200 mA
Maximum Power 150W

Maximum Output Voltage 600V

Electrode Test Yes

Bad Electrode 1KOhm
Fail Electrode 300KOhm
Electrode Test Current 20 mA
Load Variation Margin 10%

|| ) | Y - D 21:48

Figure45 Transmitter Settings Page

The available settings on tAeansmitter Settings PadEigure45):

Minimum
Current

This setting does not force the instrument to transmit, at least,
selected current (the actual value is a result of ground conditions
the maximum current/voltage/power settings); instead, this defil
GKSY | af2gg OdNNByle o NyAy3a ¢

Maximum
Current

Sets the maximum current that can be used for measurements. It st
be selected according to site conditions (electrode grounding condit
noise levels etc.), electrode spread size and type of electrode arr:
achieve good signdab-noise ratio and productivity. Setting the
maximum current to a lower than maximum value can be used for st
battery power

Maximum Power

Maximum output power can be limited, for example to save bati
power

Maximum
Output Voltage

Maximum output voltage from the transmitter can be limited, if -
example the electrode cables used are not designed for the maxi
voltage

Electrode Test

9t SOGUNBRS (GSad Aa OF NNASR 2dz
resistance of each electrode is measured against all the other elect
combined; this option determines whether the test will be dol
Switching it off is not recommended for noridata acquisition as it me
lead to the acquisition of bad data from electrodes with inadeqt
ground contact.
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Bad Electrode  Thresholds for categorizing acceptable electrode contact resist:
Needs to be set according to site conditions, as ground resistanc
Fail Electrode  vary a lot from site to site.

Electrode Test The maximum current used for the electrode test. 20mA is norma
Current good value to use.

Load Variation  This defines how much the output voltageallowed to changa order

Margin to maintain constant currentif the load variesjluringmeasurement If
the change is bigger than the set value, the measurement will stop
'y SNNRBN) YSaal3aS akKz2gy o6dGe&LRAO!l
10 %. Increasing this value can improve measurements in dif
conditions but will also limit the maxium power output as the
AYyailiNdzySyid Ydzad YIFAYyGFEAy €I
measurement (to be able to maintain constant current flow in the ¢
that load resistance increases during the current injection).

5.2.2.4 1PWindow Settings

fm Projectlq
i Gradient_1

IP Window Settings

IP Minimum Off Time d10s P
IP Delay Time [s]: 0.01

Integration Time for IP Window 1 [s]: 0.02

Integration Time for IP Window 2 [s]: 0.04

Integration Time for IP Window 3 [s]: 0.04 e
Integration Time for IP Window 4 [s]: 0.06

Integration Time for IP Window 5 [s]: [T
Integration Time for IP Window 6 [s]: 0.16

Integration Time for IP Window 7 [s]: 0.22

Integration Time for IP Window 8 [s]: 0.34

== |'® - |® 22:30

Figure46 IP Window settings Page

The timing setup for measuring chargeability inMasure Modeds defined in the"IP

Window Settings" Pagé¢Figure 46). Integration times for the (up to) 20 measurement
GAYR264 | NB SYdSNBR Ay FFKS (6A2Y081 202 Vit A8a (NG f CSKEE YUiO
p /&’ Rdzi B Measd Mbdp is @quivalent to "IP Minimum Off Time" unless the total

sum of IP delay time and integration times are larger. IP integration windows should be

multiples of the local powerline frequency period (for instance multiples ah&Gor 50Hz
frequency and 16.66va F2NJ cnl T oo aLt RStlFe GAYSE ff2sa
current is switched off (or switched polarity) to pass before integration begins; it should only

be 0.01s¢ 0.02s.
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5.2.2.5 BoreholeLog Settings

Borehole Log Settings

@ Projectlq
i Gradient_1

Temperature 4 Down 3
Self Potential Down

Short Normal Up

Long Normal Up

Long Lateral Up

Fluid Resistivity Up

Step Down: Interval Multiplier 2

Step Up: Interval Multiplier 1

== | @ - |® os:39

Figure47 Borehole Log Settings Page

The available options on tH&orehole Log Settings Paffégure47) are as follows:

Temperature

This, and the next five menu items, represent the different parame
that can be recorded in borehole logging. These settings define if
when, each of them will be recorded.

¢tKSe OFly 06S aSa G2 abz2ésx a! Lk

Self Potential

Normally recorded on the down phase, before any current flows.

Short Normal

A resistivity/IP measurement of the surrounding geology.

Long Normal

A resistivity/IP measurement of the surrounding geology.

Long Lateral

A resistivity/IP measurement of the surrounding geology.

Fluid Resistivity

A resistivity measurement of the fluid within the borehole.

Step Down:
Interval Multiplier

Step Up:
Interval Multiplier

¢tKS RSTlLdzZA G YSFad2NBYSyd AyaSl
creating aTask seeChapter3.7.2Task can be given a multiplicatic
FILOG2NI F2NJ a{GSLI 526yé YR 6Gf

This allows different measurement intervals on the downward
dzLJ6  NR 22 dz2NySeé 2F GKS f233Ay3
9f SOUNRRS { LI OAY3 % O0YOE¢ 61 &
is set to 2, the borehole data will be recorded ev@nneters on the
downward journey but every metre on the return, upward, phase.
multiplication result is called th&tep Distance

The multiplier can be set to 1, 2 or 4; default value is 1.
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6 VES MEASUREMENT PROCEDURE

6.1 General

For general information and theory regarding geoelectrisatveying,please consult a
modern geophysical textbook or tutorial. This section focuses on the practicalities of using the
TerrameterVES / VES MAXSsistivity meter and accessories rather than the in depth theory
of resistivity and IP measurements.

Note! Moisture and/or dirt in the connectors will compromise data quality and
may even cause permanent damage to the connectors or instrument
Always keepconnectors andany protective caps clean, dry and in plage
whenever possibleWhere appropriate, mterconnectprotective caps to
protect each other when cables are connecteigure48).

Figure48 An example of onnecting dust caps

Dangerous voltages and currents are transmitted by the
Terrameter via electrode cables connected to it or an external
Electrode Selector! During the entire duration of an electrode
contact test or measurement session it is always the
responsibility of the operator to have full control of the entire
electrode cable layout, so that people and animals do not get
close to the electrodes and electrode take-outs connected to
the measurement cables!

6.2 Essential Equipment

The following equipment should be considered mandatory for data acquisition using the
ABEM TerrameteVES / VES MAxstem:

- To ensure proper function during geoelectrical imaging with medium to high power
the Terrameter should be powered from an external battery, for instance a gelled
lead-acid battery or a car battery#Q ¢ 70 Ah depending on intended workload

- Cable reels for the four electrodes (C1, C2, P1 &aRd)a suitable quantity of
crocodile/alligator clips andable jumpers.

- Suitable quantity of electrodes.

Double check that the internal and external batteries for the Terrameter are charged before
going to the field!
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6.3

Recommended Additional Equipment

Often additional equipment is required for efficient acquisition of good quality data. The
following list is an attempt to summarize frequently needed additional equipment.

6.4

Battery charger and spare external battery

A set of walkigalkies, or mobile phones

Polyurethane hammers (two or more) for hammering in electrodes.

Plastic bottles for water, potentially with added salt, to improve electrode contact in
dry ground. A drill mud polymer added to the water can increase the viscosity to
prevent draining away during measurement in permeable soils. Mix salt and polymer
with water to suitable viscosity, it may be wise to do this in buckets before pouring the
mixture into plastic bottles of a convenient size.

Additional electrodes and jumpers when operating in areas with dry ground giving
contact difficulties, to allow use of multiple electrodes at a sihgbation

Pegsand/or spraypaint to mark outcable runs and electrode positions

NonYSiGl ffAQO asdiNihSaduizeNdst@nceiflortsiftinding centreout to
individual electrode locations

Levelling equipment and / or good quality GPS receiver if topography needs to be
recorded (depends on type of terrain).

A basic kit for keeping connectors clean and dry, for example toothpicks, toothbrush,
lint-free cloth, and residuéree contact cleaner.

Pocket multimeter with continuity check function fdault detection.

Setting up the Hardware

Measure out initial electrode locations, amdll out the electrode cablesconnectng the

electrodes to the electrode cahland the electrode cabketo C!, C2, P1 and P2 on the end

panel ofthe Terrameter VES/VES M{&igure49 Two options for laying out VES calfliggire
49). Ensure adequate electrode contact is provided, dhdt all jumpersand connectors for
joining instrument,cables ancelectrodes are in good condition and propeditached It is
recommended to twist or slide therocodile/alligator connectorsup and down while
connecting, to remove dirt or oxide on the contact surfaces.

Connect external power supply needed the built-in battery packs)may only be sufficient
for small low power surveys. Switch on the instrument by pressing the power button

In this layout, connection cables are
(" ' » Tape measures 12V gigd between the reels and the electrodes .f)

battery ‘=
%

(=4

Upto 750m
T Upto 750m

Clelectrode [A] m Upto 250m Up to 250m H/q‘ C2 electrode [B]

P1 electrode [M] P2 electrode [N]

Connection
_j‘ cables .f)

=~ It
Up'to 750m [ *‘ Upto 750m

C1electrode [A] Flﬂmm\//t *;\_,lﬂ‘% C2 electrode [B]

Plelectrode [M] P2 electrode [N]

0‘ Tape measures 12V gl
¥

Figure49 Two options for laying out VES cables
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6.5 Vertical Electrical Sounding on the Instrument

By now, he instrumentshouldhavebeen set up such that thactive Taskis a VESask that
is theTaskwas created with a VEpread androtocol (seeChapter3.7.2Task.

In VES mode there will be primaribur Pagesnvolved:

- Thed a S| & dzNB k t NERigue3R)avill lBe used taAsGart and stop measurements
as usual. Choosing which of the predefined electrode positions to measure from can
also be set from thiPage

- ThedMeasur& 9 f SOGNB RS (FRuiebdj displaysi & list bflalBti® possible
electrode positions that are predefined in the activask The electrode positions can
be set manually (and a new temporary electrode position created) fronPdgg

- The dMeasurx + 9 { / dzNJFi§ure 67 Hispl&ys a sounding curve of the
measurements made so far the active task

- The 6MeasuréVESTablé t l(Fiy&e 68) displays areviewable tableof the
measurements made so far the active task.

As aVertical Electrical Soundingnly utiliseghe C1, C2, P1 and P2 connectors orMBES/VES
MAXend-panel. Thed a S & dzNB k 9 f Sfa & MESRskailE look dinfl to the one
shown inFigure50.

s e Project6
«T % P
,/,1;;: (0) } il Schlumberger_1

LS Panel

Cl 2;0;0 (0) (AB:1)
c2 -2;0;0 (0) (AB:1)
P1 0.1;0;0 (0) (MN:1)
P2 -0.1;0;0 (0) (MN:1)

== | D - [® 13:13

Figure50 The Electrodes Page in VES mode

The electrode positionased at any timere predefined inthe VESneasurement protocol

and thus the electrode coordinates will automatically be saved together with the measured
data. The measurement protocols must be written in a special formatAppendixB. Spread
andMeasuring Sequence Filds3.3Protocol Files in XMbrmat for VEp
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6.5.1 Managing Electrode Positions

Electrode positions for a VH&skare handleddifferently depending on the array type. Most

common is the Schlumberger array and, for this electrode arrangement, positions are given

asd a bkandd . k H ¢ R(Figuiel51)whéré MN is the distance between P1 and P2,

and AB is the distance between C1 and. JRese are entered into a VES protocol file as

absolute distances and no multiplier is required, which is why all three coordinates (X, Y and
Z)aregreye@ dzii Ay GKS &/ NBFGS bSg ¢l alée RAFE23 F2NJ -

Connection
'~

J cables .()
. &

K (D ¥
Up to 750m %~ * Up to 750m
Clelectrode [A] Upto 250m f Up to 250m, C2electrode [B]
~ ~

P1electrode [M] P2 electrode [N]

¢ AB/2 * MN/2

Figure51 Schematic of a VES (Schlumberger) layout

o ' » Tape measures

*

In VES modewith a Schlumberger protocol selectéd, £t Ay S gAGK  dabku | yR !
position will be shown on th€rogress Pag@-igure52). This is the active electrode position,

and it can be changed using the left and right arrows. It is thus possible to step through all

available electrode positions that are pdefined in the protocol file; measurements do not

necessarily need to be urdaken at every interval.

Fa— @ Projecté
M@ gmg Z @ } il Schlumberger_1
Progress

Station at: 0;0;0 (Meters: 0;0;0 Spread extent: -2;0;0 to 2;0;0)
Cables in use: LS Panel

SNNNNNNY

< Start Measuring >
MN/2=0.1 AB/2=2.0

® 13:14

Figure52 The Progress Page in VES mode
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1 Changing the active electrode position from tRegress Page

| AGKf A3KG GKS dabkul E !.kHI Ec¢

Press <Left> and/or <Right>

LG Aa LRRaaAroftsS G2 ONBIUS ySo3s DUABRAENBRS f tSEMNER:
Page(see below) which then become part of theedefined list. They can then be selected as

the active electrode position in the same way as the predefined electrode positions, by using

the left and right arrow keys.

7 3, BB Project2
% E "0) g;';ﬂ ’ il VES Schlumberger_1

Electrode Positions

OPT: save or clear this list of electrode positions
C: delete an entry from the list

[+]

MName

< Create 'Electrode Position' >

MN/2= 0.2 AB/2= 1.4
MN/2= 0.2 AB/2= 1.9
MN/2= 0.2 ABf2= 2.7
MMN/2= 0.2 AB/2= 3.7
MN/2= 0.2 ABf2= 5.2
MN/f2= 0.2 ABf2= 7.2
MN/2= 1 AB/2= 5.2
MNMN/2= 1 ABf2= 7.2
MMN/2= 1 AB/2= 10
MM/2= 1 AB/2= 14
MN/2= 1 AB/2= 19
MN/2= 1 AB/2= 27 Ll

==|=|® - |® 13:30

Figure53 Electrode Positions Page in VES mblighlight bar (blue) andctive electrode
position marker (yellow) both on the second row

TheElectrode Positions Paffeigure53) lists all the electrode positions from the protocol file.
The yellow arrow is placed on the line that corresponds to the active electrode position. This
electrode position is the one that is shown on the second row ofRiegress Pagé-igure

52). TheElectrode Positions Pagall be empty when the instrument is not in VES mode.

1 Changing the active electrode position from tBkectrode Positions Page

Highlight the required electrode position in the list

Press <OK>

A new custom electrode position can be created for use during the measurement session.

Note! Customelectrode positionsre not savedto the list by defauliand will be lost
at poweroff or if the activeProjector Taskis changedTo retain them use the
save option ocreate a custom VES protocol fite upload to the instrument
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1 Creating a new electrode position

Navigatetothax a S| & dzNB k 9 f SO G NIFiBuES53) 2 a A
| ASKE ATIKG GKS FANBG NBg 7/ NBF G
Press <OK>, the Create Electrode Position dialog will be siagurds4)

Enter the positions for the current electrodes (A and B) and potential
electrodes (M and N). The electrode positions are given as the distar
from the midpoint of the electrode spread.

"/ K22aS GKS O2NNBOGO asSi
(used for polepole and poledipole surveys).

[atN

Ay3da o, ¢

5

If 88 Remoté or N Remote is set todYes then any numbers specified f
oB[mE or &N[mIE will be ignored

Press <Down> to highlight the ®@mmand and pss <OK>

The new electrode position will be showsfirst in the éElectrode Positiols
list and will be made the active position automaticaljg(re55).

Create 'Electrode Position' x
A=Cl M=P1
B=C2 N=P2

A [m]: | 9.5
B Remote No
B [m: [ =5
M [m]: 0.75
N Remote No
N [m]: -0.75
< 0K =

< Cancel >

Figure54 Create Electrode Position dialog

Bl S

Electrode Positions

: }. Project2

,;';ﬂ # VES Schlumberger_1

%

OPT: save or clear this list of electrode positions
C: delete an entry from the list

Name

-:Create'EIectrndePns|t|on':=-
[> A: 9.50 B: -9.50 M: 0.75 N: -0.75
MN/2= 0.2 ABf2= 1
MN/2= 0.2 AB/2= 1.4
MN/2= 0.2 AB/2= 1.9
MN/2= 0.2 AB/2= 2.7 I
MN/2= 0.2 AB/2= 3.7
MN/2= 0.2 AB/2= 5.2
MN/2= 0.2 AB/2= 7.2
MMN/2= 1 AB/2= 5.2
MN/2= 1 AB/2= 7.2
MN/2= 1 AB/2= 10
MN/2= 1 AB/2= 14
MN/2= 1 AB/2= 19

|| | D - |® 12:38

Figure55 Result of using Create Electrode Position dialog
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1 Deleting an entry from th&lectrode Positiorisst

" Highlight the required electrode position in the list

" Press € and confirm

9 Deleting all entries or saving tliglectrode Positiorsst as a new protocol

" Press <OPT> to bring up t8avedialog(Figure56)
Either

" Select < Clear list > and press <OK>

Or

" Edit protocol name, as required

' Selecik Save> and press <OK>

Save Electrode Positions »

Name: VES Schlumberger_1
< Save =
< Clear list >

< Cancel >

Figure56 VES Electrode Positions save dialog

6.5.2 Initiating a VES Measurement
Collection of data in a VES survey is relatively straightforward.

9 Starting a VES measurement

' Chooseanelectrode positiorusing one of the methoddescribed above

" Ensurethat the electrodes have been moved to therrectphysical
position and checkhat field crew and other peoplare clear of the
electrodes and cables

If selecting the active electrode position was done from Ehectrode
PositionsPage navigatebackto the Progress Pagéhe quickest way to
do this is to press <Play/Pause>

" Highlight the <Start Measuring- commandat the top of the progress list

" Press <OK>

If the measurement setup involves transmitting current, that is if the measurement mode
includes resistivity or IP, a warning message is isstigdre57 Electric shock warning dialpg

Warning!  Read the warning text (Figure 57 Electric shock warning dialog) carefully before
accepting to start the measuring process, and carry out the data acquisition
accordingly!

Do not press <OK> until it is verified that no person or animal is touching any
part of the electrode cables, connectors or electrodes
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Always consider all cables and electrodes connected directly or indirectly to the
instrument to carry current.

Stay away from cables and electrodes while the system is operating. Wear
electrically insulating boots and gloves during field work. Disconnect cables from
ABEM Terrameter LS 2 / Electrode Selector before connecting / disconnecting
electrodes to / from cables.

To avoid accidents, You must always keep all parts of the equipment including
ABEM Terrameter LS 2, electrode selector, electrode cables, electrodes etc. under
control for unauthorized persons and stray animals while the system is operating!

I have understood this message and | accept full responsibility.

Warning!

The ABEM Terrameter LS 2 delivers high voltages and currents.

< OK >

< Cancel >

Figure57 Electric shock warning dialog

6.5.3 Electrode Tests in a VES Measurement

The instrument wilhow do an electrode contact tegprior to takingthe measurementif this
option was enabled in the Transmitter Settihgehere are two scenarios that follow

Ekctrode Test Pass If both current electrodes pass, the instrument will begin t

measurement cycle automatically

Electrode Tet Falil

If the electrode test fails, the instrument will wait for further us
instruction. TheProgresPageg A f t RAALIX & | Y
C!LJ 6hyy -.3% . FRY --3% CIAf"
were good, bad, or failed based on the threshold settiffggures8).

Goto the Electrode®age(Figure 59py pressing<Shift> + <Browse
to navigateone tab left This tab provides a table detailing t
O2yySOGA2YyY LRAY(G F2NJ SIFOK S
t20GA2ya 6at2aé¢0 FyR GKS N
GAhKYeéO0O®d ¢KS a{dFddzae O2f dzvy
will be used as a cumg injector (AB) or potential pair (MN) durir
the next round of measurements; as this is a VES survey, the
only used once during the active measurement

Take note of the C1/C2 contact resistance and decide whett
requires improvement or whether the values are acceptable
continue. If improvement is requiregush the red stop button priot
to handling cables/electrodesFirstlycheck jumper wires are firml|
connectedand that the crocodile/alligator clip is firnNext, ensure
that electrodes are well grounded (hammer deeper, reposi
slightly, add water, doublep electrodes etc.).

Release the red stop button and restart measurement (either f
the Progress tab or by pressing tkBlay/Pause button). This will
dzi2YlF GAOFEte NBGSal GUKS a.
After a retest, the instrument will either begin survey or prodi
another fail message, when further improvements can be made

52



ABEM TerrameterVES & VES MAX

—T'f' A A e Wl VES

(+) %
1o) { o lel@ } # VES Schlumberger_3

Progress

Station at: 0;0;0 (Meters: 0;0;0 Spread extent: -1.9;0;0 to 1.9;0;0)
ables in use: LS Panel

L < Start Measuring >

4 MN/2= 0.2 AB/2= 1.9

® 08:01 Electrode test FAIL (OK:0 Bad:2 Fail:0 Forced Use:0) <«

® 08:01 Measuring Started. (1 data points requested.) ‘

@ 08:01 Measuring done Failed Electrode Test

® 08:00 Electrode test OK (OK:2 Bad:0 Fail:0 Forced Use:0)
@ 08:00 Measuring Started. (1 data points requested.)
® 07:59 Measuring done
@® 07:59 Electrode test OK (OK:2 Bad:0 Fail:0 Forced Use:0)
@® 07:59 Measuring Started. (1 data points requested.)
Passed Electrode Test

If - Electrode Testing

Test electrode 2/2
Figure58 Electrode test results shown on the Progress Page

2% AR G D s

Electrodes

S Takeout Pos Ohm Status

LS Panel

C1l 1.9;0;0 3.14kQ Bad (AB:1)
c2 -1.9;0;0 3.15kQ Bad (AB:1)
Pl 0.2;0;0 (0) (MN:1)
P2 -0.2;0;0 (0) (MN:1)

A

Electrode contact resistance
above threshold selected in
Transmitter Settings

Only C1 and C2 connections
can be tested

Test electrode 2/2 === |'® - |® os:06

Figure59 Electrode test results delectrode$age

Ly &a2yYS OFrasSaz AdG YrFre& 06S FLILINPLNRIFGS G2 A3y2NB
be done from the popup menu (accessed by pressing the OPT key) oBldwtrodes Pagdy
aStSOGAYy3a a!'aSéd 1ye St SOGNRRSAE 6KAOK | NB F2ND
gAff KIFE@S | a!é¢ HB¥ER dpeé (@BtydzXy G(KS ST
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Note! TheTerrametercan only testhe C1 and C2lectrodeswhen using the end
panel However, @suring low contact resistance on potential electrodes is|not
as critical as on current electrodd®wer P1/P2 contact resistanceresult in
more accurate measuremesitbut the high impedance of the input channels
providesgood accuracy eveat higher contact resistances. FGA/C2 as the
contact resistance increases, the current flow decreasesl thus the
measurable signal and charging capability (when doing IP) also decreasegs. If it
is still deemed necessary to test the contact resistance on all four electrodes,
the following procedure should be followed.

9 Performing an kctrodecontactteston allfour electrodes

" Connect the central potential electrodes to C1 & C2

' Start a measurement and the electrode test will begin. If it fails, imprc
the electrode contact and start the measurement again. When the tes
passes, press the red Stop button on the grathel of the instrument
before it completes the measurement cycle
hy GKS 9f SOGUNRPRS&a GlFoX LINBaa ht
results and then put all four electrodes back to their correct positions
the endpanel

Release the Stop button and start the measurement again, the outer
electrodes (which should now be plugged into C1 and C2) will be tes
and the measurement completed if the electrode test is successful

Testing the potential electrodes is only required when a new P1/P2 spacing is used, so using
0KS { OKf dzYo SNHSNJ I NN} y3ISYSyid fAYAla GKS ydzyo SN

6.5.4 Data Collection in a VES Measurement

Figure60 shows theProgress Pagduring a VES measurement. The measurement can be
paused, stopped and resumed fadlows.

1 Pausing or stopping the measurement

Move the highlight to the <Stop Measuring> ravigure 60
Press <OK>

Or
Press<Play/Pause>

The pause function waits for the active measurement cycle to complete before activating. As
such, it might take a few seconds before the measuring pause dialog is sh@gune@l).
From this dialog it is possible to resume or stop the data acquisition process.

Move the highlight to the appropriate row

Press <OK>
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- @ Projectlo
,/,,/, } il Schlumberger_1

[ ¥ Y

Station at: 0;0;0 (Meters: 0;0;0 Spread extent: -2;0;0 to 2;0;0)
Cables in use: LS Panel

< Stop Measuring >

® 10:23 Measuring Started. (1 data points requested.)

Measuring: 0/1 | =) | (- |(\‘3\ |€® 10:23

Figure60 Progress Page in VES mode during@ng measuring

< Resume Measuring >

< Stop Measuring >

Figure61 Measuring pause dialog

The Stop button on the Terramet&ES / VES MAed-panel will provide a faster stop of
activity. No dialog is shown when stopping in this way. To resume, release the Stop button
and press<Play/Pause>2 NJ Y2 @S Me&surelPiogess ®Page and select <Start
Measuring>.

Note! If any person or animal approaches the electrode layaliring
measurement it is advisable to staqurrent transmissionmmediately
with the red Stop button on the end panel of the instrument

When the measurementf each VES positiogsicompletethe StatusBag A £ t & K2 g &aa S| & dzN.
R2YSHE | yRSIIKBNIAYER LNR 6 6Aff 068 NBLXFOSR sAGK
statement Eigure62).

No datapoints to measure

MN/2= 0.2 AB/2= 1
® 15:27 Measuring done

Figure62 Part of the Progress Page in VES mode after measuring a data point
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1 Measuring the next data point

"al 1S &4d2NB GKS dabkérl E ! . kél E¢
Press <Rightte select a new set of electrode positions

Pres<Play/Pausepr select <Start Measuring>

If a problem with data acquisition is detected, the measurement process can be stopped and
data deleted back to a uselefined point, allowing data points to be-reeasured.

9 Deleting data

Stop an ongoing measuremersege above

Highlight the row in the progress list corresponding to the point from
which data should be reneasured

Press <Options>

| AAKE AIAKG afr5S8tSGS YSIFadaNBYSyliaz
represents a measurement IDBigure63)

Press <OK>

< Delete measurements after M2071 >

Figure63 Delete data pointsption menu
CKAA | OUAzYy oAt t RS SuS RI uI _L1ZA yia FyR ONSBLI
WaSl 8d2NBYSyYy (i aEEHLXMMAEEEKSTIEBEREGE: 6aSOGA2y &K2
measurement IDs thavereRSt SGSR FyR (KS ayé¢ @FfdzS Aa (KS y
(remember that a single measurement ID can have up to 12 data points associated with it).

RN X R

Progress
Station at: 0;0;0 (Meters: 0;0;0 Spread extent: 0;0;0 to 31.5;0;0)
Cables in use: 12
< Start Measuring >

553 < Create New Station (Roll Along) >

® 12:06 Deleted 'Measurement M63,..., M218 n=1092'

® 12:03 Measuring done

® 11:56 Electrode test OK (OK:64 Bad:0 Fail:0)

@® 11:56 Measuring Started. (1092 data points requested.)

@® 11:55 Measuring Stopped (1092 data points remaining).

® 11:55 Emergency stop.

® 11:53 Electrode test OK (OK:64 Bad:0 Fail:0)

® 11:53 Measuring Started. (1260 data points requested.)

® 11:44 Measuring Stopped (1260 data points remaining).

® 11:449 Emergency stop. Fi
® 11:42 Electrode test OK (OK:64 Bad:0 Fail:0)

- .- M o g . _— =]
4 Ll

& cAS 0

Figure64 Example of deleted data points
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1 Undeleting data

Stop an ongoing measuremetidrror! Reference source not found.
REF _Refl75916883 \* MERGEFORMAFror! Reference source not
found..

| AGKE AIKG GKS 5SSt SGSR WaSt adzNg
represents the point from which data should be undeleted

Press <Options>

| A3KE AIKG af! yRSESGS WwWaSl| adz2NB Y
represents a measuremetD) (Figure65)

Press <OK>

< Undelete 'Measurement M2072,... M2225 n=616"' >

=< Delete 'Measurement M2072,... M2225 n=616"' >

Figure65 Undelete/Delete data points Option menu

NoW W

¢tKS O2YYIFIYyR gAff Ifaz2 ONBL
aEEEZSXZaEEE VYTIEEEQ¢X 6A0GK

S I ySg SyiNrRzI (K
KS Hgu¥és). ydzyoSNAE |

g Project6

il Gradient_1

Progress

Station at: 0;0;0 (Meters: 0;0;0 Spread extent: 0;0;0 to 31.5;0;0)
Cables in use:

No datapoints to measure
< Create New Station (Roll Along) >

® 12:07 Undeleted 'Measurement M63,...,M218 n=1092'

® 12:06 Deleted 'Measurement M63,...,M218 n=1092'

® 12:03 Measuring done

® 11:56 Electrode test OK (OK:64 Bad:0 Fail:0)

® 11:56 Measuring Started. (1092 data points requested.)

@® 11:55 Measuring Stopped (1092 data points remaining).

® 11:55 Emergency stop.

® 11:53 Electrode test OK (OK:64 Bad:0 Fail:0)

® 11:53 Measuring Started. (1260 data points requested.) =

® 11:44 Measuring Stopped (1260 data points remaining).

® 11:44 Emergency stop.

e =l

7 0|
&£ ge D8

Figure66 Example of undeleted data points
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t

LF RFEGF LR2AYyGA | NB
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6.5.5 VES Sounding Curve

Thesounding curvas a double logarithmic diagram on théES Curve Pageigure67). The
vertical axis isdcus depth (median depth penetration) aride horizontal axis igpparent
resistivity. The marker for individual datapoingdternatesshapeasP1-P2spacing change.
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5 d
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‘8 “
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100 178 316 562 1000
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€ o0s:19

| )| )

Figure67 VES Curve Page example

6.5.6 VES Table

The VES Tab{Eigure 68l)ists all datgpoints collected in the activEask with the most recent
measurement first. Uag the <Up>/ <Dowre arrow keyswill scroll through the results; the

(NeBsuré/Rrogrésks S
I adz2NB£€0vs YSI

screen will automatically refresh with the next set of data values when you scroll past the

bottom of the initial list.
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TNy )M ves

,,,.,’,/ A\ # VES Schlumberger_1

& VES Table

ID I A I B I M I N I u I SDev | App p l Chargeabilityl
41 149.0 -149.0 5.2 5.2 3.77mV 2.7% 122.41Qm 0.3%
40 140.0 -140.0 5.2 5.2 4.0ImV 3.9% 117.390m 0.8%

37 100.0 -100.0 5.2 5.2 8.11mV 2.4% 124.72Q0m 0.9%

36 72.0 -72.0 5.2 5.2 16.1mV 3%e 130.490m 0.7%

33 52.0 -52.0 5.2 5.2 59.9mV 2% 134.790m 1.1%

32 37.0 -37.0 5.2 5.2 125mV  0.8%0 141.090m 1.3%

29 27.0 -27.0 5.2 5.2 169mV 1% 149.350m 1.6%

28 37.0 -37.0 1.0 -1.0 14.1mV 0.6%0 126.220m 1.9%

25 27.0 -27.0 1.0 -1.0 27.9mV 2% 133.200m 1.5%

249 19.0 -19.0 1.0 -1.0 60.6mV 1% 143.110m 1.0%

21 14.0 -14.0 1.0 -1.0 117mV  1%e 149.790m 1.5%

20 10.0 -10.0 1.0 -1.0 259mV  2%e 168.050m 1.7%

17 7.2 7.2 1.0 -1.0 575mV  2%e 191.550m 1.3%

16 5.2 -5.2 1.0 -1.0 1.07v 2% 182.700m 1.6%

13 7.2 7.2 0.2 -0.2 120mV  2%e 203.070m 1.0%

| ()| D' D o09:16
Figure68 VES Table Page example

6.6 Measurement Errors

A number of different errors or warnings can occur while measuring Chapterexplains the
general handling of these errors and warnings as well as additional information about some
specific examples.

A Measuring Errodialog will be shown when a problem occurs during a measurement cycle.
Figure69 shows an example

Measuring Error x

INEGATIVE RESISTIVITY
A ITx :1-1 C2 Current 42.1mA

Rx07:P2 Potential 3-11 dv=-4.146mV ( 1.907mV
7.792mV -1.387mV 6.413mV)

< Stop measuring >

< Try again >

< Accept this and continue >

< Accept this and all similar and continue >

< Recurring error? Select to contact Support >

Figure69 A Measuring Error dialog example

The layout of the dialog is always the same. The box in the top half of the window contains
general event information, with a series of details about the measurement on which the error
occurred and sometimes, when appropriate, probleolving suggestionsFor the
measurement details, four valuesan begiven:

- Tx lists the electrodes involved in current transmitting
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- Estimated load the load as measured by the current transmitter between Tx pair
- Current the transmitted current as measured by the current transmitter
- Status codethe status code number as well as one or more describing texts

In the lower portion of the dialog there are five commands listed. These commands are as
follows:

- Stop measuring The measurement stops. Works just like the stop command on the
Progress Page.

- Try again The measurement is restarted from the failed data point. The error dialog
will be shown again if the error persists.

- Accept this and continueThe data point is marked as failed and the measurement is
resumed with the next data point. The error dialog will be shown again for the same
type of error occurring later.

- Accept this and all similar and continud’he data point is marked as failed and the
measurement is resumed with the next data point. The error dialogwilbe shown
again for the same type of error occurring later in this measurement.

- Recurring error? Click here to contact suppottiis opens a window with a QR code
which will automatically generate a proforma email to support.

Figure70 (overleaf)has furtherexamples of informationrbm different measurement errors

[No contact. Can not transmitt current.

Tx :1-20 2-20

Estimated load: 1.5039k0)

Current:235mA

Status code:

TX status 0x3000040Too high power loss, Working
point valid, Tx in progress

Transmitter stopped due to unexpected high
power loss. Probable causes: A sudden drop in
resistance or a highly inductive load. Try to reduce
the maximum current.

Tx :2-11 2-21

Estimated load: 1.5040k0}

Current:234mA

Status code:

TX status 0x0040Too high power loss

Figure70 Examples of measurement error messages

A selectionof possible messagese asfollows:

Emergency stop The safety stop switch on the eqminel has been pressed

Power source low Check thenealth of theinternal and/or external batteryNote that

voltage a 12V leaencid battery, with no load on it, showing 12.0V ol
regular test meter is at around 25% charge. A healthy,-@ligrged
lead-acid battery should show 12.6)/13.2V

Load resistance too Contact between LS and electrode(s) might be bad. Chec
high or No contact? connections and cables

Or

Contact between electrode(s) and ground might be hidsk one of
the common methods of improving contact resistance, i.e. wate
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electrodes (with salt water if necessary), hammering electrc
deeper, using multiple electrodes, using a conductive medium
clay or an electrolyte gel, adding plate electrodes etc.

Negative resistivity

Attempting to repeat the measurement will often clear t
problem. However, there are several reasons why persis
negative resistivity values get recorded. These include: |
electrode contact, a depleted battery, bad instrument settin
buried debrisand/or utilities, environmental factors, or damag:
cables/connectors/relays. You can find out more in this article:

https://www.guidelinegeo.com/helrticles/negativeresistivity
why-am-i-getting-negativeresistivityvalues/

Transmitter stopped
due to unexpected
high power loss.
Probable causes: A
sudden drop in

Measurement ®pped to prevent the transmitter from bein
damagedand/or avoid poor data quality due to rapid variation
output current/voltage.This can happen in areas where there |
lot of metallic debris or utilities beneath, or very close to,
electrode spreadTry the proposed actio® NJ Ay ONB | ¢

resistance ora highly + I NA I G A 2 y  arhnsidtlerySéttingsyPagé K S

inductive load. Try to
reduce the maximum
current

Transmitter inhibited
by hardware safety

signal from main CPL

board

Possible problem with generating the necessary current out
Retry measurements and contact support if problem persists.

Transmitter high
temperature
(overheat)

Try shading the instrument withnaumbrellaparasol to keep the
instrument out of direct sunlightThe ribbed plate on the lefthan
end-panel of the instrument is the colling plate, try to get air mov
across it or event apply a damp cloth to it.

Transmitter stopped
due to unexpected
error

Retry the measurement initially; if the problem persists cont
support.

Transmitter setup fall

Possible problem with initialising the transmitter for curre
injection. Retry measurement and contact support if probl
persists.

Relay expected
onis off

There are very many mechanical relays in the switch matrix
sometimes one can either stick or end up in an incorrect sl
wSo622GAy 3 GKS AyadNHzySyd oAt
the problem. If the warning repeats regularly, contact suppo

A/D data read error

Digitizer on one of the measurement channels has malfunctio
Try measuring again, if problem persists contact support.

ES1664 not ready

Normally a temporary break in communication between
Terrameter and the ESI84C. The instrument normally retries tl
connection automatically and continues. If not, manually re
measurement and if problem persists contact support.

61


https://www.guidelinegeo.com/help-articles/negative-resistivity-why-am-i-getting-negative-resistivity-values/
https://www.guidelinegeo.com/help-articles/negative-resistivity-why-am-i-getting-negative-resistivity-values/

ABEM TerrameterVES & VES MAX

Software Exception Normally an error with the firmware or user software. Atternr
measurement again and/or a reboot. Contact support if is

repeats.
6.7 Full Waveform Data

LYGSNylLrfte GKS AyaidNHzySyi
a S a4 Ay drais data is fMtéred and averaged in order to provide the measured current,
voltages, resistance, and chargeability that are displayed and saved. The full waveform data
does nothaveto be saved for the majority of projects but the option to do so is available to
allow detailed analysis, or very advanced processing, of the received signals afterwards.

Full waveform datalots (Figure71) makeit possible to identify and understand, for example,

the presence of excessive power line network noise, telluric noise, signal disturbances caused
by cable coupling and such like. This may then be useful as input for how to optimise the data
acquisitionprocess, especially for IP measurements which are more sensitive to noise than
resistivity measurements.

Chapter5.2.2 Data AcquisitionSettingsdescribes how this feature is turned on or off. Be
aware that turning the feature on means saving large amounts of data, formed from a very
large number of individual files, that can fill the disk and will take significant time to transfer
from the instrument to a PC. It is not recommended to attempt to copyrajectcontaining

full waveform data to a USB disk, as it will take a very long time.

Average 0 S

crpr e A

Reset Mot

¥ 13 vetect Sath ot /e i order 10 ot Al mavetorm deta

Figure71 Full waveform dataiewed in Terrameter Toolbox

6.8 100% Duty Cycle IP Mode

The ABEM Terrameter instruments, as with most field resistivity/IP systems, use the time
domain method to collect IP data. This method has traditionally used what is called a 50 %
duty cycle- this means that measurement periods are divided into two e@aals. During the

first part, the ON time, current is transmitted into the ground to charge it. During the second
part, the OFF time, no current transmission is made, instead the instrument measures how
the voltage decays as the ground dischar(fegure 2, left). During the ON time resistivity
data are measured and during the OFF time IP data are measured.
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With the Terrameterinstrumentsit is possible to measure IP using 100% duty cycle. This
removes theOFF time, and that current is always transmitted into the gro(ffidure 72,

right). Instead of measuring IP when the ground is discharging, IP will now be measured during
the early part of the ON time as the ground is being charged. With this new measure mode

both resistivitydata and IP data will be measured during the ON time, and the OFF time is not
needed.

5 50% duty cycle waveform 15 100% duty cycle waveform
—— T— 1 1 ———r —— — ——— =F
_ == NEEEEEE
| : I I — — = Current | : : 1 | | 1 1
4 10} — - L —
10.5
5
= z z =
.g E = 0 = Potential| ] E
g E 5 — — = Current g
5 3 5 a
o © o
-5
4085
-0 F — g— f— —
1 : \ I ! ! I
| 1
1 | | | |
R ——a | — | L—— .9
15 b i i i H H \
0 2 4 ] 8 10 12 14 16
Time [s]

Figure72 Traditional 50% duty cycle IP measurements (left) versus 100% duty ¢
measurements over the same time period

The main advantages of utilising the 100% duty cycle mode are:
- Using a 100 % duty cycle, IP data can be collected twice as fast as when using the

WadtkyRFENRQ pn 22 Rdzié 0Oe&Of So
- As the signal to noise ratio is twice as high using the new method, IP data quality will
be improved.

- Exponential SP trend removal (introduced with the 100% duty cycle mode) makes the
IP calculations more accurate.

These are important factors which camit the need for external higipower transmitters in
some environments.

For more information on the 100% duty cycle IP measurement mod€lsapterl2.4Induced
t2fF NRaAFGA2Y OLtOY aw9{X Ltmnné¢ aSladiNBSYSyl
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7 BOREHOLE LOGGING WITH THE TERRAMETER LOG 300

The LOG 300 is a ptagd-play logging system for the whole Terrameter family of products.
The Terrameteragis intended for logging to a depth of 300 meters.

This simple logging accessory makes it possible to delineate formation boundériels can

help inform upon differencesn infiltration, porosity and permeability by means of self
potential and resistivity measurements. Under favourable circumstances, water flow
boundaries can be detected by measuring temperature changes. Moreover, the resistivity of
the water can be measureid situ so that an estimate of total dissolved solids (TDS) can be
made. Zones of high salinity may be localized and sealed ofhdsns of casing and
cementing.

7.1 The Hardware

The Terrameterag 300 Figure73) consists of a 300 m long downhole cable with a logging
probe (Figure74) and a backpacking frame. Mounted on the frame is an electronic unit as well
as connectors for th@otential ReferenceCurrent Returand a connector for coupling to the
Terrameter. The connectors are on the reverse of the backpacking fiaigne€75).

Connector for [~
LS control, 77
cable |

Electronic

Logging
cable

\ " ABEM
! . SASLOG3W .

Figure73 Terrameter bg 300 with backpacking frame
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Multi function cable

Backpacking
frame

<—— Logging cable

>50m | 1T I >50m i
Referential Return
potential = current
electrode | | electrode
| |
| (' | 5.6 m—
| |
—
17T |
| |
l O | 1.2 m —] Takeouts
| |
| |
| |
| |
()  o4m_

| |

Probe | I

shoulder Om
electrode |

Probe

Ring and chamber

electrode —l— | -0.4m

Figure74 Overview of cabling and layout of the electrodes

POTENTIAL
REFERENCE

CURRENT
RETURN

Figure75 Connectors on the reverse of the backpacking frame
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The stainless steel upper end (shoulder) of the logging petdtrode Figure76) serves as a

0 m. The lower inside end of the prob¢he chamber- has one ring electrode (th€.4 m
electrode) and one electrode in the centre (the chamber electrode). The centre electrode also
contains the temperature transducer. The end of the charmibeget at an angle to improve
fluid circulation in the chamber as the probe moves. Three holes in the chamber wall permit
air to escape, thus ensuring good electrode contact with the fluid.

A multifunction cable (33 0020 11) connects the Terrametey 3200 to the AUX port on the
Terrameterinstruments The Terrameterdg 300 is fully governed from the Terrameter.

Probe bottom

Takeout: 04 m close -up
Ring
electrode
Probe
shoulder Om
electrode
Probe Chamber
electrode
with
temperature
. transducer
Ring and
chamber -04m
electrodes

Figure76 Logging probe with closep of probe bottom

The Return Currentonnector should be attached to a return current electrode (i.e. ABEM
stainless steel electrode) placed no less than 50 m from the well to be surveyed.

The Potential Referenceonnector should be connected to a reference potential electrode
(i.e. ABEM stainless steel electrode) not less than 50 m from the well and in the opposite
direction to the return current electrode.

Note! Even though there is a test function for testing the ground connection of
these remote electrodes, great care should be exercised when installing
them to ensure reliable electrical connection with the ground.

Directly after power on, the LOG will perform a sgieck, which takes a few seconds. During
the selfcheck a few clicks will be heard from the electronic unit in the backpacking frame.

Note! During logging operation there should be no connections t€2hnd P1
P2 terminals on Terramet&ES / VES MAX
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7.2 Borehole Logging

Below is a typical workflow fom normal borehole logging sessjomith references to the
relevantChaptes.

Set up the hardware (segl)

Do an electrode test (sek2.3.2

Do a water level check (s@e2.3.9

Run a depolarization routine (s&€e2.3.3

Setup temperature and SP to be measured on the ddegyging phase (se&2.2
Setup resistivity and IP to be measured on thelagging phase (se&2.2
Undertake down logging (temperature and SP recorded) 7s28.5

Undertake up logging (resistivity and IP recorded) &2e3.9

Save the recorded data as LAS and perform-pastessing routines (seg3)

©CoNOO~WLDE

7.2.1 Borehole Logging Measurement Modes

The Terramete’VES / VES MAX&ses the concept ofmeasurement modesto facilitate
different operations during a borehole logging session. Three types of operation are covered:

- Preparation (electrode test, depolarize, level check)

- Downandup logging (down, up)

- Single value measurement, one for each measurement type (temperature, SP voltage,
short normal, long normal, long lateral, fluid resistivity).

An overview of the measurement modes:

Down Downward logging where values of up to six different measurer
types are recorded for each step

Up Upward logging where values of up to six different measuren
types are recorded for each step

Electrode Test Test of the remote C and P logging electrodes

Depolarize Equalizes buHtip transmitter potentials prior to SP measuremel
Level Check Find the water level

Temperature Only temperature is measured for the current probe level
SP Voltage Only SP voltage is measured for the current probe level
Short Normal Only short normal is measured for the current probe level
(Res & IP)

Long Normal Only long normal is measured for the current probe level
(Res & IP)

Long Lateral Only long lateral is measured for the current probe level
(Res & IP)

Fluid Resistivity Only fluid resistivity is measured for the current probe level

67



ABEM TerrameterVES & VES MAX

7.2.2 Borehole Logging Measurement Types

7.2.2.1 Temperatureand SP Voltage

Normally, temperature and SP are logged on the first run down into the well, in the unstirred
water and with no polarization effects residing from resistivity measurements.

When assuming high precision for temperature gradient studies, ample time must be allowed
to permit the probe to reach thermal equilibrium with the surrounding fluid. Move the probe
slightly up and down a few times while waiting for equilibrium to be dihbd. Temperature
logging should be the first log at each station, since undisturbed water is required.

To reduce electrode polarization, attributable to previous resistivity measurements or
prolonged storage in air, the electrodes should be depolarized before SP logging starts.

Note! Resistivity or IP should not be measured during a SP logging run.

7.2.2.2 Short Normal

Current is injected via the shoulder electrode (0 m). The corresponding response voltage is
measured between the ground potential reference and the ring electrode at the bottom of
the probe. The Terrameter will display the resistivity of the surroundindinme.

7.2.2.3 Long Normal

Current is injected via the 1.2 m takeout while the potential is measured at the ring electrode
at the bottom of the probe. The Terrameter will then display the resistivity of the surrounding
medium.

7.2.2.4 Long Lateral

Current is injected via the 5.6 m takeout while the potential is measured between the ring
electrode at the bottom of the probe and the 0.4 m takeout.

The Terrameter will automatically perform the necessary conversions, and display the
NBaArAalAogAaie 2F (GKS Ad2NNRPdzyRAYy 3 YSRAdzYs YSI adzNB

7.2.2.5 Fluid Resistivity

The current is injected via the ring electrode, while the potential is measured between the
shoulder electrode (0 m) and the chamber electrode. The fluid resistivity is calculated,
presented on the display, and saved in the Terramat&S / VES MAX case of small
diameter wells a correction is needed. The table below lists the correction factors to be used.
The calculation is done manually in pgsbcessing.

Well diameter in mm. | Correction factor
50-60 1.08
60-70 1.06
80-90 1.03
90-100 1.01
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7.2.2.6 Fluid resistivity and estimation of TDS

As the Terrametetog 30Ccan be used to measure the resistivity of a fluid, this allows for an
estimation of the Total Dissolved Solids (TDS) in the fluid. This is often used as a means of
estimating water quality.

Resistivity is a function of water temperature, and a standard temperature (usualB) Bfust

be specified for reporting resistivity or conductivity. For resistivity, the approximate conver

sion formulas to obtain the resistivity at common standard temperatures are as follows:
rig=r7(0.62 +0.021 T)

r20=r7(0.58 + 0.021 T)
r25=r7(0.48 + 0.021 T)

where T is the measured temperature of the fluid i@ (in the range 5 50 C for the
conversion to be valid) andris the measured fluid resistivity at that temperature.

The concentration of ions commonly found in groundwater are often reported by weight in
parts per million (ppm). Ongopme defines one part, by weight, of the ion to a million parts,

by weight, of water; it is numerically equivalent to milligrams per litre. TDS is also reported as
ppm.The TDS for an average of natural groundwater samples is estimated as:

TDSwm= 6400f 25  wherer sis inWm at a standard temperature (25°C here)

Conductance is sometimes preferred for the estimation of TDS (rather than resistance, its
reciprocal) since it increases with salt content. Conductance is measured in Sieméf,(i.e.
represented by S and sometimes referred to as mho) but for comparative purposes results are
usually reported as electrical conductivity (EC), which is measured in S/m. Since most ground
waters have conductivities of much less than 1 S/m (and since #iisath is often used to
determine the TDS of ground water), it is oftenm@onvenient to use mS/m.

Assuming basic familiarity with the TerrametéES / VES MAXee Chapter3 The User
Interface, these would be the steps to set up for a borehole logging session:

1. Create a newrroject
2. Create a newask
a. Select theSASLOGpread. Protocol will be set Borehole Logging
b. Set the Electrode Spacing Z to the desired minimum distance between each
measurement to be done in the borehole
3. Setup the desired parameters for your borehole logging in the diffedettingsPages
(seeChapters.2.2Data AcquisitionSettingg. For example, if both resistivity and IP is
desired, chooseither the RES, Ilheasurement mod®r the RES, IP10Mode Use
thea{ SGGAYTak. 2 NBK 2 ftodefihe2wichinéasuierheyitypes tot | 3 S
record during the down and up parts of a borehole logging session.
4. For normal borehole logging (s€thapter7.2 Borehole Loggingit is recommended
that each session be started with these functions, if applicable, and in this order:
a. Electrode Test
b. Level Check
c. Depolarize

Theda S| Adz2NBYSy k. 2RBukez? iSwhere rAdst ofttHe Bs8r interaction is
done for borehole logging sessions.

69






























































































































