Terrameter VES & VES MAX

ELECTRICAL RESISTIVITY & IP

Based on Ul version 2.9.0

ABE

GUIDELINE

Your guide to the subsurface

Quick guide for 4-electrode vertical electrical soundings (VES)

For more detailed and in-depth instructions regarding proper usage of the instrument, please consult the ABEM Terrameter VES User Manual
Note that instrument menus can be changed to alternative languages using the Language tab on the /nstrument page of the Terrameter Main Menu
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The current and voltage transmitted can be life threatening. The red stop button must be
engaged while working with connected cables and electrodes. Before starting ANY
measurements, ensure survey cables and electrodes are not being handled or touched.

Keep connectors dry and clean. Poor connector handling and maintenance are the main
causes of cable failure. If using cables with dust caps, always interconnect / cover them
to keep them clean and dry during measurements (right).

LAYOUT PROCEDURE

A. Setting-up for survey

- Bring all equipment to the sounding location and lay out
tape measures in two directions (GNSS, measuring
wheel, etc. are more convenient for larger distances).

- Hammer the four electrodes in at the correct positions for
the first measurement.

- Electrodes should be hammered vertically into the ground
to a depth of no more than 1/10% of the minimum
electrode spacing.

- The longer reels (750m) are for C1 and C2, the shorter

reels (250m) are for P1 and P2.

There are two methods to lay out the reels and the choice

is persanal preference but, before connecting everything,

ensure that the red stop button is pressed in, this should be
the case whenever handling cables or electrodes.

Method 1 (below, top): leave the four cable reels by the

instrument and pull the free ends of the wire out to the

correct electrode. Attach a crocodile clip to the electrode
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B. Powering the system

Upto 250m
-

and push the banana plug on the free end of the wire through
the hole in the crocodile clip handle. Now use the short
connection cables to go between the centre of the cable reels
and the C1/C2/P1/P2 ports on the instrument end-panel.
Method 2 (below, hottom): Plug the free end of the cable reels
into C1/C2/P1/P2 on the instrument and carry the reels to the
correct electrode. Attach a crocodile clip to the electrode and
use the short connection cables to link between the crocodile
clip and the centre of the cable reels. It is a good idea to form
some kind of strain relief at the instrument end, so the cables
do not pull out of C1/C2/P1/P2 or put unnecessary stress on
the connectors whilst moving to new electrodes; for example,
place external battery or the instrument onto the 4 wires just
next to the instrument.

Note: If using “Method 17, remember to disconnect the
connection cables before extending the long wires from the
reel to the next electrode position.
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Emergency

- Using the external power cable, connect the instrument to an
12V battery. An internal battery (if present) should be sufficient
for several VES soundings in normal conditions but we always
recommend using an external battery and keeping the internal
as a back-up power source.

- Press the Power button on the instrument to start. On a
Terrameter VES MAX, clicking noises during start-up are from
the instrument ‘exercising’ the onboard relay matrix.
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USER INTERFACE AND KEYBOARD FUNCTIONS

A. Welcome page & screen features

Navigation Menu

When Menu Key is pressed, it
displays four different menu
1 options (Projects, Settings,
Measure, Instrument) and
their corresponding

Navigation Menu ABEM Terrameter for resistivit

¥ mm Projects

=fc =& ="

v, IP and SP

M VES

# VES Schlumberger_1

subitems/tabs, when Serial Number: 219120557 Transmitter: 3.7.2
fi Welcome expanded. Software: 2.7.1-13-ga3e69dce38 eth0: 192.168.1.201
E Project List 4 Available Channels: 12 tun0: 10.17.23.178
Task List
& Task Li Tabs 5

é* Task Template List
» X Settings

The tabs are the subitems

of aselected menu. Tab
icons also match their icons
‘within the navigation

menu. 2

Recent Activities
< VES Schlumberger_1 >

> 5° Measure

» I Instrument

< Show List of Projects >

View

Displays the requested
information in the screen
layout. Change views by
selecting a different tab or
menu item. This is the
“Welcome View" which
displays recent activities and

Active Guidance

tab, menu item, or command

Qoo

Status Bar
Shows measurement progress messages

Press the *Guide" butten for assistance on any

Terrameter Resources
Scan to access resources for this instrument

(when applicable) on the left and status instrument information. 4

icons on the right. During data collection,
the left side will show how many data
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Active Project/Task
Displays the projectand
task that is currently open. 3

Instrument Information

Showsinstrument serial
number, the application
software version, the
number of measuring
channels, and the
transmitter firmware
version. When applicable,
the network IP address (for
connecting locally) and the
VPN tunnel address (for
remote connection) are
displayed.

Guidance and resources

ABEM Active Guidance gives
specific help on the current
screen, menu item or
command. The QR code
links to resources on the
Guideline Geo website. 6

points have been written to the database Status lcons
versus the total number being collected
in the current round of measurement,

plus a summary of instrument activity. 7

Notification icons show power / battery status, GNSS status and time of day. The left battery icon displays external power connection / battery status, and the right battery icon
is the internal battery status. The GPS status is green when the instrument is connected to satellites and is red when there is no connection. The time-of-day icon may/may not
reflect the correct region time (this can be reset using Toolbox). To learn more about the notification icons, please consult the ABEM Terrameter VES & VES MAX User Manual. 8

B. Keypad functions

- An external keyboard can be attached to
the USB port on the end panel of the
Terrameter, however full operation can
be achieved very easily using just the
front panel keypad.

- VNC control is another option and will
be covered in a separate Quick Guide.

- When using an external keyboard, the
following relationship between external
keys and keypad functions can be used:
F9 ABEM Active Guidance

ABEM Active Guidance:
Detects the currently active
command, screen, or menu
item and provides relevant
guidance on it.

Menu: Displays navigation
menu —> Projects, Settings,
Measure, Instrument.

Browse: Moves between
views within a menu.

F10 = Play/Pause Arrow Keys: Moves cursor,

F11 = OPT scrolls through options,
highlight fields.

F12 = Power button i

ALT = Menu Shift: Alters function of other

TAB = Browse keys. Shift + Browse allows for

ESC = Clear backward movement of tabs.

ENT = OK

PROJECT AND SETTINGS
A. Creating projects & tasks

- From the Welcome tab, use the Browse key to navigate to the

Project List

Play/Pause: Startsand stops
measurements, and can also
be used as a shortcut to jump
to the ‘Progress’ view (data
collection menus).

Power: Turns instrument on
or off. Short press will bring
up a confirmation dialogue.

Clear: Closes dialog, clears
highlighted numerical fields.

OPT: Displays a context
menu for various fields
within the menus.

OK: Enter, selects options,
closes virtual keyboard.

M Projectl

Project List tab (one tab to the right).

- Select < Create New Project >. The Task List tab automatically
displays.

- Select < Create New Task >. A pop-out window will prompt
selections for task settings.

- Use the Up/Down arrow keys to navigate to each option within
the screen and Left/Right arrow keys to select the spread and
protocol.

- Spread: Select VES C1C2P1P2.

- Protocol: Choose the required electrode array.

- The X, Yand Z boxes are greyed-out as VES protocols are
written in absolute distances, and without a regular interval, so
there is no need to define the electrode spacing.

- Select < OK > to exit pop-out window and automatically move to
the settings tabs.

Project Name .

@ Projectl

@ Task List

Last Updated

Today at 13:38

M VES
#l VES Schlumberger_1

Task Name .

€] Si create New Task
€] vi

E vi
A vi
€] vi
E vi
€] vi
] vi

Spread:

Protocol:

Created

VES C1C2P1P2
o VES Schlumberger »

< 0K >

< Cancel >

Size




B. Receiver & transmitter settings
- Settings are most often dictated by geological / field conditions, instrument capabilities, and personal preference.
- To use pre-loaded instrument settings, navigate one tab to the left (Load/Save Settings tab). This tab will allow you to load
and view recommended ‘starting’ settings for various types of surveys.

Receiver Settings

o Measure Mode: Select desired measurement mode: = % _ st
= “Res” = resistivity measurements Recelver Settings =
= “Res, IP” = resistivity and 50% duty cycle IP measurements T DT >
= “Res, IP 100%" = resistivity and novel 100% duty cycle IP Minimimaof Stk 1
measurements. [VES MAX / Advanced models only] Maximum # of Stacks 3
o # of Stacks & Error Limit: Active for “Res” or “Res, IP” mode, this is
number of repetitions to improve data quality; maximum will be EWLT'": o
either the chosen value or when the resistivity error drops below the N i
percentage limit. Number of IP Windows 8
o # of Current Pulses: Active for “Res, IP100%" mode, defines how Record Full Waveform  Yes
many current pulses will be used per measurement, this number is SamblsRate HoogroNE
not constrained by data quality. [VES MAX / Advanced models only] rem— R
o Delay & Acq. Time: defines total ‘current on’ time, a longer delay will © 09:57

avoid IP effects, longer acquisition times average out noise better.

o Number of IP Windows: Defines how the IP effect will be measured. Use the pre-loaded settings for IP parameters.

o Full Waveform: In addition to the single averaged data values measured at each location, choose this option to map the full
output and input current and voltage patterns during the measurement cycle. Does not increase measurement time but
creates bigger project files. [VES MAX / Advanced models only]

o Sample Rate: Define how often the output current/voltage and input voltages are recorded for creating the full wave form.

o Powerline Frequency: Select the power line frequency, based on region/location of survey (either 50Hz or 60Hz).

Transmitter Settings ~ o M Project1
o Minimum & Maximum settings: Maximum values limit the instrument "
output; minimum value does not force that much current to be
used (actual value is ground conditions vs. voltage vs power), MR S et Ayma »
instead it shows a warning if current falls below this threshold. R 200 mA
o Electrode Test: Choose “On" to test the contact resistance and
connection of C1 and C2 electrodes.

@ TaskName_1

Transmitter Settings

Maximum Power 150w

Maximum Output Voltage 600 V

Electrode Test Yes
o Bad & Fail Electrode: Select threshold for classifying the electrode Bad Electrode 1K0hm
test result. Values below “bad” threshold count as a pass. Fail Electrode 300K0hm
o Electrode Test Current: Do not change. EiSqoge TRt CITeNT 2008
Load Variation Margin 10%

o Load Variation Margin: Defines how much the output voltage can
vary during measurement to maintain constant current; set to 10%.

MEASUREMENTS

A. Measurement selection & start ok V=Tl g (o —
- Navigate to the ‘Progress’ page; the Play/Pause key will shortcut to ESESSEES—————
there. < SAFETY SWITCH STOP > indicates that the red stop button  [cables inuse: Ls panel
is in use. =) < SAFETY SWITCH STOP >

- The Left/Right arrow keys will select a set of electrode positions from M et el
the protocol that was chosen during the Task creation.

- To view or edit the full protocol list, go to the Electrode Positions
tab. You can select any of the listed positions, choose to create a
new position, delete a position (C button) or save the new list (OPT
button) for future use. Play/Pause returns you to the Progress tab.

- Caution: before beginning measurements, check the survey line and
ensure the area is clear.

- Turn the red stop button until it pops out. Then either press the
Play/Pause key or select < Start Measuring > and press OK to begin.

- Awarning message will appear when you begin, select <OK> to
accept and start the measurements. T &

| == | @ - |® o9:54
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Electrode Positions

< Create ‘Electrode Position' >
' MN/2= 0.2 AB2= 1

Wa rnlng! MN/2= 0.2 AB/2= 1.4
MN/2= 0.2 AB2= 1.9

MN/2= 0.2 ABJ2= 2.7

Electrical Shock Warning x

The ABEM Terrameter delivers high voltages and currents,

Always consider all cables and electrodes connected directly or indirectly to the MN/2= 0.2 AB/2= 3.7
instrument to carry current. MN/2= 0.2 AB/2= 5.2

ay om cables and electrodes while the system is operating. Wear
electrically insulating boots and gloves during field work. Disconnect cables - i =
rom ABEM Terrameter / Electrode Selector before connecting / disconnecting MN2= 0.2 AB2= 7.2
electrodes to / from cables. MN/2= 1 AB/2= 5.2
To avoid accidents, You must always keep all parts of the equipment including MN/2= 1 AB2= 7.2
ABEM Terrameter, electrode selector, electrode cables, electrodes etc. under
control for unauthorized persons and stray animals while the system is » MN/2= 1 AB/2= 10

ting!

operating MN/2= 1 AB/2= 14
| have understood this message and 1 accept full responsibility. MN2= 1 AB/2= 19

MN/2= 1 AB/2= 27

= 0K > MN/2= 1 AB/2= 37
MN/2= 52 ARD= 27 M|

< Cancel > \;’ \l- ‘ g’ ‘9 10:47




B. Electrode contact test

The instrument will do an electrode contact test prior to taking a

oUTTT Conaligsalr M VES
measurement (if the option was enabled in the Transmitter Settings) ogm Bl & O I8 ) a e soumerses
but, in VES mode, it can only test electrodes connected to C1 and station at: 0,0;0 (Meters: 0;0;0 Spread extent; -1.9;0;0 to 1.9,0;0)
C2 on the end-panel. However, ensuring low contact resistance on
potential electrodes is not as critical as on current electrodes; the i
lower the P1/P2 contact resistance, the more accurate the s :."..‘f.,':,‘,:'.:,‘::f,.i?it,‘:1“:..”,f.".i‘;:.I;‘i'i.::.“.':,ii',,‘,““"" ‘
measurement becomes but the high impedance of the input ®08:01  Measuring done Failed Electrode Test
channels allows for good accuracy even with higher contact seseleinslalia e il it
resistances. For current injection, as the contact resistance s :ZZ’Z‘:::'.::"Z;K(w e o Fored e
increases, the current flow decreases and thus the measurable ©07:50  Measuring Started. (1 data points requested.)
signal and charging capability (when doing IP) also decreases. If it is £assed Hlectioce Test
still deemed necessary to test the contact resistance on all four l Electrode Testing

electrodes, instructions are provided at the end of this section.
Electrode Test Pass: if both electrodes pass, the instrument will begin

the measurement cycle automatically. O, B T T Ly s schumberger.s
Electrode Test Fail: If the electrode test fails, the instrument will wait

Test electrode 2/2

for further user instruction. The Progress tab will display a message,

“Electrode test FAIL (OK: XX, Bad: XX, Fail: XX)", indicating how

many electrodes were good, bad, or failed based on the threshold - s i

seftings. : — -

Navigate to the Electrodes tab (one tab left, press Shift+Browse). )
This tab provides a table detailing the connection point for each G o i
electrode (“Takeout™), the electrode locations (“Pos”) and the results Transmitter Settings

of the electrode contact test (“Ohm™). The “Status” column Only C1 and C2 connections
describes how often each electrode will be used as a current injector can be tested

(AB) or potential pair (MN) during the next round of measurements;

as this is a VES survey, they are only used once during the active Test electrode 2/2 | =)= | @ - |® os:06
measurement.

Take note of the C1/C2 contact resistance and decide whether it requires improvement or whether the values are
acceptable to continue. If improvement is required, push the red stop button prior to handling cables/electrodes. Firstly
check jumper wires are firmly connected and that the crocodile/alligator clip is firm. Next ensure that electrodes are well
grounded (hammer deeper, reposition slightly, add water, double-up electrades etc.).
Release the red stop button and restart measurement (either from the Progress tab or by pressing the Play/Pause button).
This will automatically retest the “Bad”, “Fail”, or “No Contact” electrodes. After a retest, the instrument will either begin
survey or produce another fail message, when further improvements can be made.
Note: In some cases, it may be appropriate to ignore the result and ‘force use’ an electrode. This can be done from the
pop-up menu (accessed by pressing the OPT key) by selecting “Use”. Any electrodes which are forced to be used, despite
failing the electrode test, will have a “U” next to them in the left-hand “S” column.
Follow this procedure if it is necessary to test all four electrodes:
o  Connect the central potential electrodes to C1 & C2
o Start a measurement and the electrode test will begin. If it fails, improve the electrode contact and start the
measurement again. When the test passes, press the red Stop button on the end-panel of the instrument before it
completes the measurement cycle.
o Onthe Electrodes tab, press OPT and select “Clear all" to reset the test results and then put all four electrodes
back to their correct positions on the end-panel.
o Release the Stop button and start the measurement again, the outer two electrodes (which should now be
plugged into C1 and C2) will be tested 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 the Schlumberger
arrangement limits the number of ‘double tests’ required.

Measurement progress

To view results as they are collected, navigate to the Resistivity Results tab (one tab right of the Progress tab).
Theltalble displgys measulred voltage, normalizledlsltandardldeviation 59 ‘Wﬁ -~ Wﬂ.vﬁs D
(variation coefficient), resistance, apparent resistivity and, if RedERty Mestoe

applicable, chargeability from the first-time window (the one at risk D I B O D I e
of spiking noise from the current switch-off if the “IP Delay Time” is

too short). The bottom row reports the final transmitter output
current and voltage.

Watch for high standard deviations, excessive negative IP values
and/or error messages that may appear during survey.

If error messages appear, avoid using the “Accept this and all similar | s s1 p2 s75mv 2%en=1 24050 101550m 13%
and continue” option as you will no longer be notified if that error
occurs again. Always “Try again” first, if this is unsuccessful, then
investigate the electrodes, check the battery health and the
instrument settings. If problems persist at multiple electrode
positions, contact support.

A

Tx c1 c2 239mA  (0.0%s) n=1 214V (0.0%o) n=1

Measuring done!
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When measuring is complete, a “Measuring Done” message will appear on both the status bar and the Progress tab.
To review all measurements made so far in the current task navigate to the VES Curve or VES Table tab.

The VES Curve alternates between a cross and a triangle icon for data points every time the P1/P2 spacing changes.
The VES Table lists all data with the most recent measurement first. Use the Up/Down arrow keys to scroll through the
results; the 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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40
37
36
33
32
29
28
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24
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17
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-149.0 5.2
-140.0 5.2
-100.0 5.2
-72.0 5.2
52.0 5.2
-37.0 5.2
27.0 52
-37.0 10
-27.0 1.0
-19.0 1.0
-14.0 Lo
-10.0 1.0
7.2
5.2
7.2

[ chargeability
0.3%
0.8%
0.9%
0.7%
1.1%
1.3%
1.6%
1.9%
15%
1.0%
L5%
1.7%
1.3%
1.6%
1.0%

[spev[app p

2.7% 122.410m
3.4% 117.390m
2.4% 124.720m
3%  130.490m
2% 134.790m
0.8%. 141.09Qm
1%s  149.350m
0.6%. 126.220m
2% 133.200m
1% 143.110m
1%  149.790m
2% 168.050m
191.550m
182.700m
203.070m

0.14

Pseudo focus depth[m]

27.9mV
60.6mV
117mv
259mVv
575mVv
Lo7v
120mv

1004

1.0
L0
0.2

2%
2%
2%

1000+
100

178
App. p [am]

Measuring done!

Measuring done!

NAGEMENT

The most effective way to download data is through the PC companion software ABEM Terrameter Toolbox, via ethernet or
Wi-Fi connection. Refer to the ABEM Terrameter Toolbox user manual for more information.
To download data using a USB storage device, insert the device into the USB port on the end panel of the instrument and
wait a few seconds for USB device to be recognized and read.
Note You cannot download active projects or tasks to USB. The currently active project and task is shown in the upper-right
corner of the screen. To change the active project/task, open an existing project/task or create a new project/task.
USB Project Download: Note that copying a whole project to USB can be quite slow. Navigate to the Project List tab.
Highlight the project and press the OPT key. A smaller pop-out menu screen will appear. Select “Export Project” (if
greyed out, ensure the project is inactive and the USB device is in the USB port).

o Select < Yes > when prompted to export the project to the USB. Note The project database file is required for

opening data in ABEM Terrameter Toolbox and undertaking quality assurance procedures and filtering.

USB Task Download: Open the project containing the task(s) from the Project List page. Ensure the task is inactive.

o Highlight the task and press the OPT key. Select the file format preference, then select < Yes > to export.

o When data are downloaded, take out the USB memory device from the USB port.

o

GUIDELINE



http://www.guidelinegeo.com

