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WARNING!

The ABEM Terrameter SAS 1000 / 4000 delivers high ortagesli
and currents. Always consider all cables and eleatdes connecte
directly or indirectly to the Terrameter to carry c urrent.

Stay away from cables and electrodes while the sgsh is
operating. Wear electrically insulating boots and tpves during
field work. Disconnect cables from Terrameter / Eletrode
Selector before connecting / disconnecting electred to / from|
cables.

The operator must always keep all parts of the egpment
including instrument, electrode selector, electrode cables
electrodes etc. under control for unauthorized persns and stra
animals while the system is operating to avoid aants!
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1 INTRODUCTION

This Instruction Manual covers operation, mainteeaand, where appropriate, reduction of
data. A careful study of this manual is recommen8etbre starting to work with the
equipment.

ABEM products are carefully checked at all stageproduction and are thoroughly tested
before leaving our factory. They should provide gngears of satisfactory service if handled
and maintained according to the instructions givethis manual.

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

Address ABEM Instrument ABAllIén 1, S-172 66 Sundbyberg, Sweden
Fax number#+46 8 28 11 09

Phone number46 8 564 88 300

E-mail: sales@abem.gsar, if you have technical questiossipport@abem.se

Information about ABEM:s product range is availabteinternethttp://www.abem.seAlso
the most recent version of interpretation softwaaeeavailable onvww.abem.se

In general, e-mail correspondence gives the fastepbnse.

In view of our policy of progressive development veserve the right to alter specifications
without prior notice.

IMPORTANT

It is important that you as a user of the instrumantify ABEM about your name and
address. This allows us to keep you updated wigloitant information about the instrument
and e.g. upgrades of the built-in software and doeentation. Please send your name and
address directly to ABEM, utilize the Warranty Régition Card delivered along with the
instrument.

1.1 UNPACKING AND INSPECTING

Use great care when unpacking the instrument. Ctieckontents of the box or crate against

the packing list that is included. Inspect thenmstent and accessories for loose connections
and inspect the instrument case for any damagerthpthave occurred due to rough handling

during shipment.

1.1.1 Shipping damage claims

File any claim for shipping damage with the carnemmediately after discovery of the
damage and before the equipment is put into usevdfd a full report to ABEM, making
certain to include the ABEM delivery number, instient type(s) and serial number(s).

All packing materials should be carefully preservied future re-shipment, should this
become necessary.

1.2 WARRANTY

ABEM warrants each instrument manufactured by therbe free from defects in material
and workmanship. ABEM's liability under this wartans limited in accordance with the
terms of General Conditions for the Supply of Metubal, Electrical and Associated
Electronic Products (ORGALIME). It covers the semg and adjusting of any defective

-1-
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parts (except tubes, transistors, fuses and begjefihe Warranty is effective for twelve (12)
months after the date of Bill of Lading or othediglery document issued to the original

purchaser, provided that the instrument is returcegdage paid to ABEM, and is shown to
ABEM's satisfaction to be defective. If misuse bnarmal conditions have caused the fault,
repairs will be invoiced at cost.

Should a fault occur that is not correctable or,gilease send full details to ABEM. It is

essential that instrument type and serial numbendkided and, if possible, the original

ABEM delivery number. On receipt of this informatjodisposition instructions will be sent

by return. Freight to ABEM must be prepaid. For dgen or repairs outside the terms of the
Warranty, ABEM will submit an estimate before puoidftithe work in hand.

Be sure to fill in the warranty registration cardc{uded with the equipment) correctly and
return it to ABEM promptly. This will help us proge any claims that may be made under the
warranty. It will also help us keeping you informaldout e.g. free software upgrades. ABEM
welcomes your response at any time. Please len@s lgour name and address, and the serial
number of the instrument.

1.3 REPACKING AND SHIPPING

ABEM packing is designed for the instruments conedrand should be used whenever
shipping becomes necessary. If original packing ensls are unavailable, pack the
instrument in a wooden box that is large enoughllimv some 80 mm of shock absorbing
material to be placed all around the instruments Tricludes top, bottom and all sides. Never
use shredded fibers, paper or wood wool, as thegerials tend to pack down and permit the
instrument to move inside its packing bdXo not return instruments to ABEM until
shipping instructions have been received from ABEM Contact ABEM on fax number
+46 8 28 11 09 or support@abem.se.

1.4 Compliance

The Terrameter SAS 1000 / 4000 and the accessarges conformity with the essential
requirements in the Low Voltage Directive 73/23/EEB3/68/EEG and the Electromagnetic
Compatibility Directive 89/336/EEG of the EC.
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2 GENERAL

The Terrameter SAS system consists of a basiccailéd the Terrameter SAS 1000 or SAS
4000 which can be supplemented as desired withsaocdes such as the ABEM LUND
electrode systems and the ABEM SAS LOG 300 boreloglging unit. This manual covers
the operation of SAS 1000 and SAS 4000 as welesetaccessories.

SAS stands for i§nal Averaging §stem - a method whereby consecutive readingsafient
automatically and the results are averaged contisiyo SAS results are more reliable than
those obtained using single-shot systems.

e SAS 1000 / 4000 can be used for resistivity survdysurveys and self-potential surveys.

« The ABEM LUND system is an automatic electric immagisystem, suited for automatic
resistivity, IP and SP profiling.

 The SAS Log 300 (optional) provides an efficientpge way of extending your survey
into wells and drill holes. It consists of a 300mble with logging probe, electrodes,
temperature transducer, water level indicator aesistivity cell, all mounted on a
backpacking frame.

The applicability of the different resistivity amd methods supported by the SAS 1000 /4000
is summarized in table 2-1 below.

Object of search or investigation SP VES Imaging P
Archeological sites X
Cauvities in subsurface X
Clays, peat and soi X X
Dam safety and leakage X )"
Fissures in rock X
Fracture zones in rock X
Groundwater in crystalline rock X
Groundwater in sedimentary areas X X
Groundwater / clay distinction X X
Groundwater flow X
Ores in hard rock areas X X X
Overburden thickness X X
Pollution of soil and groundwater X
Saltwater invasion X X X
Waste mapping / characterisation X X

Table 2-1: Applicability of different resistivitynd IP methods. Modified from Parasnis
(1997¥. SP=Self Potential, VES=Vertical Electrical Soumgli Imaging=Profiling
(with different electrode separations), IP=Indudedlarization.

1 Monitoring.

2 parasnis, D. S., Principles of Applied Geophydicsdition, 1997. Chapman & Hall.
-3-
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2.1 TERRAMETER SAS 4000 - THE SYSTEM

The Terrameter SAS 4000 system consist of theviatig components:

SAS 4000 instrument with four input channels

External Battery Adapter

RS 232 cable (with KPT connector to SAS 4000 anddB8onnector to PC)
USB to DSUB adapter

Documentation kit (two sets of Operators Manualyi\faty Registration Card)

CD with software

2.2 TERRAMETER SAS 1000 - THE SYSTEM

The Terrameter SAS 1000 system consist of theviatig components:

SAS 1000 instrument with one input channel

External Battery Adapter

RS 232 cable (with KPT connector to SAS 1000 anddB8onnector to PC)
USB to DSUB adapter

Documentation kit (two sets of Operators Manualyi\faty Registration Card)

CD with software

2.3 TERRAMETER SAS 1000 / 4000 - GENERAL

The Terrameter SAS 1000 / 4000 can operate in thioes:

In the resistivity surveying mode, it comprises attéry powered, deep-penetration
resistivity meter with an output sufficient for arcent electrode separation of 2000 meters
under good surveying conditions. Discriminatiorcaitry and programming separates DC
voltages, self potentials and noise from the incansignal. The ratio between voltage and
current (V/1) is calculated automatically and desgd in digital form in kiloohms, ohms or
milliohms. If array geometry data is available, amgmt resistivity can be displayed. The
overall range thus extends from 0.05 milliohms389 kiloohms.

In the Induced Polarization mode the SAS 1000 /040&asures the transient voltage
decay in a number of time intervals. The lengtitheftime intervals can be either constant
or increasing with time. The IP effect is thus mead in terms of chargeability [msec

VIV].
In the voltage measuring mode, the SAS 1000 / 4@00prises a self potential instrument

that measures natural DC potentials. The resufisplayed in V or mV. Optional non-
polarisable electrodes are available for e.g.fs&tntial surveys.

A useful facility of the Terrameter SAS 1000 / 4080ts ability to measure in four channels
simultaneously. This implies that as well resigyivand IP measurements as voltage
measurements can be performed up to four timesrfabhe electrically isolated transmitter
sends out well-defined and regulated signal cusrenith a strength up to 1000 mA and a
voltage up to 400 V (limited by the output powel01&). The receiver discriminates noise
and measures voltages correlated with transmittgthlscurrent (resistivity surveying mode
and IP mode) and also measures uncorrelated D@t@dsewith the same discrimination and

-4 -
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noise rejection (voltage measuring mode). The mi@eessor monitors and controls
operations and calculates results.

In geophysical surveys, the SAS 1000 / 4000 permégiral or induced signals to be
measured at extremely low levels, with excellemigteation and low power consumption.
Moreover, it can be used in a wide variety of amilons where effective signal/noise
discrimination is needed.

It can be used to determine the ground resistahgeoanding arrangements at power plants
and along power lines and (in a pinch) it can everused as an ohmmeter. The strength of
the SAS 1000 / 4000 is its ability - thanks to theéuced polarization mode - to distinguish
between geological formations with identical rasist, e.g. clay and water.

Some of the highlights in the specifications chtmazing the SAS 1000 / 4000 Terrameter
are listed below:

* Resolution JuV (at 1 sec integration time)
« Bitstream A/D conversion
e Three automatically selected measurement rang25d mV,x 10 V and+ 400 V)

» Dynamic range as high as 140 dB at 1 sec integrdiioe, 160 dB at 8 sec integration
time

« Precision and accuracy better than 1% over whoh@égature range

« Galvanic separated input channels (SAS 4000)

» Built-in PC compatible microcomputer

« More than 1,000,000 data points can be saved omtiamal flash disk
» Fast and highly time-efficient data acquisition

2.4 TYPES OF MEASUREMENT SUPPORTED

The transmitted current is commutated in a wavefsuitable either for resistivity surveying
or for induced polarization measurements.

2.4.1 Resistivity measurements

The receiver measures the response voltage sigha ¢elf-potential and ground noise) at
discrete time intervals when the eddy currents, ittdiced polarization and the cable
transients have decayed to low levels.

The operator can select between different timeescalnder most conditions a cycle time of
approximately 2.6 sec (which corresponds to an iaitgpn delay of 0.2 sec and an
acquisition time of 0.3 sec) will work fine. Howeyainder extreme depth and resistivity
conditions the corresponding time cycles shouldnseeased. Under normal conditions the
measuring technique is equivalent to pure DC sungey
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Figure 1. Timing diagram of the Terrameter SASQLO@000 in resistivity mode. The full-
drawn curve shows the transmitted current, anddb#ed curve an example of
the measured voltage in the presence of noise.tfiree receiving intervals are
shown at the bottom line.

The current amplitude is set automatically by therument, but can also be controlled by the
operator to suit the actual survey conditions.alh de set to values from 1 mA up to 1000
mA. The maximum voltage at the current electrode400 V. It is recommended to use the
AUTO setting, which implies that the instrumentssite optimum value.

In the resistance measuring mode, the Terrameteé8 $B00 / 4000 measures voltage
responses created by the transmitter current whjéeting both DC (SP) voltage and noise.
The ratio V/I is automatically calculated and desd digitally in kiloohms [R], ohms R]

or milliohms [m2]. The relevant receiver resistance range is auioally selected.

The result is displayed to 3 or 4 digits. When transmitter is operating at 500 mA, the
Terrameter SAS 1000 / 4000 has a resolution of lhQZor a single reading.

To take full advantage of the outstanding capadsliof the Terrameter SAS 1000 / 4000, care
must be observed in the arrangement of cables kudradles used in the field. Current
leakage and creep can substantially reduce theatta accuracy and sensitivity and thus the
depth penetration.

2.4.2 Induced polarization mode - Chargeability

In IP mode the current is transmitted symmetrigallg. that the positive and negative
polarities are of equal length. A complete cyclasist of one positive part of length T (called
current on) and one negative part of the same helmdicurrent off). This time can be set to
the following values: 1, 1.5, 2, 2.5, 3, ... sest@ps of 0.5 sec.
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Figure 2. Timing diagram of the Terrameter SAS 10@@O00 in IP mode. The full-drawn
curve shows the transmitted current, and the dottedre an example of the
measured decaying voltage in the presence of nimighis example there is almost
no IP effect. The two receiving intervals are shoainthe bottom line. Each
measuring interval can consist of up to ten timedeivs.

As in resistivity mode the current amplitude is aatomatically by the instrument, but can
also be controlled by the operator. It can be getalues from 1 mA up to 1000 mA. The
maximum voltage at the current electrodes is 400 V.

In the induced polarization mode (IP) the SAS 10@0@00 measures the transient decay of
the voltage when the transmitted current is turwfédTlhe voltage is integrated over a number
of time intervals, and the SAS 1000 / 4000 can nn@am up to ten such time intervals. The

total integration time is limited to 8 sec. Thesfiinterval starts after the initial time delay

At, . The length of the different time intervals canex@ressed by the relation

At = nOf At
where

* At,is the fundamental time interval (20 msec in angdls 50 Hz main power frequency,
respectively 16.67 msec in areas with 60 Hz povegpuency)

* nis a multiplying factor (default = 1)
o f=1 or 2(defaultf = 2) is an incremental exponent

e iisthe time window index (1, 2, ..., 10)

Four parameters are needed in order to specifywdne SAS 1000 / 4000 measures the
induced polarization:

* The initial time delay (10, 20, 30, .... msec). &df is 10 msec. Maximum is 10 sec.
* The length of the first time window (column onetfre tables below). Default is 100 msec.
e The number of time windows (from one to ten). Défeul.

« The incremental factor: 1 corresponding to the fifshe tables below, 2 corresponding to
the last of the tables.
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Window number (incremental factor = 1)

1 2 3 4 5 6 7 8 9 10
20* 20 20~ 20* 20 20 20 20~ 20* 20*
100 100 100 100 100 100 100 100 100 100
200 200 200 200 200 200 200 200 200 200
500 500 500 500 500 500 500 500 500 500
1000 1000 1000 1000 1000 1000 1000 1000

Table 2-2: The length of each of the time windowasared in msec) when the incremental
factor is 1. The * indicates that in countries wBliHz power line frequency, the
value is 16.67 msec in stead of 20 msec.

Window number (incremental factor = 2, power lineguency = 50 Hz)
1 2 3 4 5 6 7 8 9 10
20 40 80 160 320 640 1280 2560
100 200 400 800 1600 3200
200 400 800 1600 3200
500 1000 2000 4000
1000 2000 4000

Table 2-3: The length of each of the time windoeasured in msec) when the incremental
factor is 2. This table is valid in countries wBAHz power line frequency.

Window number (incremental factor = 2, power lineguency = 60 Hz)
1 2 3 4 5 6 7 8 9 10
16.7 33.3 67 133 267 533 1067 2133
100 200 400 800 1600 3200
200 400 800 1600 3200
500 1000 2000 4000
1000 2000 4000

Table 2-4: The length of each of the time windoeasured in msec) when the incremental
factor is 2. This table is valid in countries wAHz power line frequency.
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Whenever the sum of the time windows in use excdegsurrent on (off) time T, this time is
extended so that the current off time exceeds tine of the active time windows plus the
initial time delay. Observe, that the total intdgra time cannot exceed 8 sec. This explains
the "white" area in the tables above.

Current it

turned off a

time t=(
Transien
voltage dece
curve

\\‘ —
- » time
th b {3 ta

Figure 3. The IP decay curve. The chargeabilitynisasured as the area between two time
values. For example Mo represents the chargeability measured in the waer
between 20-40 msec. The delay before the measuiestaris are denoted by £
t

The SAS 1000 / 4000 measures the time-domain dyarailed chargeabilithtiti+l defined
in the following way:

_ 1 ftia
M, = v, L | V(t)dt [msec] (1)
whereV(t) is the decaying voltagg,andti;; is the start and stop time of the interval, &pds
the voltage measured before the current is turfied’loe terminology refers to figure 2. The
chargeability is measured in the umsec Alternatively, the chargeability can be preserded
mV/V.

_ 1 tia1
M, V) L | V(t)dt [MV/V] 2)

For further reference on the chargeability, seeRagasniSchapter 5.

®D. S. Parasnis, Principles of Applied Geophydicgdition, 1997. Chapman and Hall.
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120

100 1 Exponential  decay

curve with added
harmonic voltage (50
Hz, 10V) and normal
dictrihiited nnige

80 +

60 +

40 +

20 +

-20 } f f f f f
' 60 70 80 90 100 110 120 130

Time [msec]

Figure 4. Synthetic example illustrating the norséuction effect in the chargeability. In
this example the difference between the chargéisilMo 30 measured from 10
msec to 30 msec on the smooth exponential decag eund the "noisy" curve is
only 2%.

Figure 3 is a synthetic example illustrating thésaaeduction effect of the chargeability. In
the figure is shown an exponential decay curve 2PQEET) with the decay constant25
msec. Also shown is the decay curve with added balerpower-line voltage (50 Hz, 10V)
and normal distributed noise with standard devafioV.

Integration over a time window, e.g. 10-30 mse@wshthat the chargeability is only little
affected by the noise. In this particular examgle tleviation is 2.3% between the true
exponential decay curve and the curve superimpagécoise.

2.4.3 Negative readings?

Negative resistivity readings can occur, but inegah these are not caused by geological
formations if standard electrode arrays are useghck, negative resistivity readings are
normally a sign of serious measurement quality o, and the cause should be
investigated. Typical causes are poor electrodarghiog resulting in low transmitted power

and possible capacitive coupling. If the groundrig the electrode contact must be improved
by e.g. watering and possibly connecting seversdteddes to each electrode point. Inspect all
connectors and cable jumpers for dirt, oxide anthalge that may cause data quality
problems. High noise level or the influence frorasd-by objects like fences or steel pipes in
electrical contact with the ground might also canse-expected results.

Negative IP readings, on the other hand, are texpected in many cases, even though the
intrinsic chargeability never can become negaiive.a stratified ground negative IP readings
can occur in certain cases when the subsurface imyeore conducting relative to the upper
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layers. This (paradoxical) behaviour is explainedrgitatively in the literatufe Near-surface
objects can also cause negative IP readings, spePenciples of Applied Geophysfcs
section 5.6.

2.4.4 DC potential measurement (SP)

If the SP option is chosen in the Main Menu, DCeptial (self-potential) measurements can
be done. Thanks to extremely linear circuits, tbkage can be read and displayed to 3 or 4
significant digits.

The basic integration interval is 20 msec (16.6@&anis countries with 60 Hz power line
frequency). This integration gives an effectiveugttbn of noise. In areas close to electric
railways with 16 2/3 Hz frequency it is recommentizgdelect 100 msec integration interval.

The Terrameter SAS 1000 / 4000 calculates eithemtkan or the median value (default).
The standard deviation of the measurements arecalsolated and presented. Statistically

distributed voltage noise is thus reduced by aofacf -/N , whereN is the number of
readings. Measure time can be 1 - 8 sec in stefsl.afec.

2.5 TECHNICAL LAYOUT OF THE SAS 1000 / 4000

The SAS 1000 / 4000 is equipped with a PC-compatibicrocomputer and controlled by
four knobs (Figure 5). Each knob is mounted on@ figed in the instrument panel, and the
motion of the knob is transferred magnetically.sT&nsures waterproof sealing.

For a detailed description of the user interfadeage refer to chapter 3. The program allows
the user to specify the measuring parameters iaildahd even put comments on the data
files. However, for those who want simply to takeeading, there is no need for setting
parameters. Just hit the red knob.

4 Nabighian, Misac N., and Elliot, Charles L., Negatinduced-Polarization Effects from Layered Medizophysics 41,
6A, p1236-1255.

® Parasnis, D.S., Principles of Applied Geophydfish Edition 1997, Chapman and Hall.
-11 -



ABEM Terrameter SAS 1000 / 4000

-
°

This instrument ond the cable arra

injury ta persons or a

away from this ins cabls armay.

THE OPERATOR MUST THUS KEEP aN EVE OUT FOR UNAUTHORIZED

PERSONS  AND STRAY ANNALS. I an unauthorized pers

animal opproaches sither this instrument or the
operator MUST STOP TAKING MEASUREMENTS.

carry voltages that may couse
d personnel must " be kept
|

& ABEM Terrameter System -

Figure 5: The Terrameter panel with display (cehtreontrol knobs (right), multi purpose
communication and signal connector (left), and euatrand potential terminals
(top). On older SAS 4000 instruments there may ditianal communication
connectors.

2.5.1 Current and potential connectors

For measurements utilizing only one channel (ouheffour channels) it is often easier to use
the four "banana” connectors labelled C1, C2, PdA B&. These connectors are localized
above the instrument display. In cases where mbm@nrels are needed, the MULTI

connector has to be used. The C1, C2, P1 and R#afiaéd connectors are connected in
parallel to the corresponding pins in the MULTI nentor.

To connect more than one set of potential electodee the Multi Channel Adapter (optional
accessory for the SAS 4000).

2.6 ACCESSORIES

2.6.1 The LUND Resistivity Imaging System

The LUND system is a multi-electrode system forhhigsolution 2D and 3D resistivity
surveys. It consists of a basic unit, the ElectrS8e¢ector ES464, ES10-64eC or ES10-64C,
and multi-conductor cables. The system can be clbedrdirectly from the SAS 1000 / 4000.
Among the powerful features you will find:

* 64 electrodes unrestricted switching in a comgaatery-operated unit.
* Robust, waterproof design for reliable operatiohansh environments.
» Designed to link to the Terrameter SAS 1000 / 4008 one single cable.
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Robust data-acquisition software featuring:
* Automatic measurement process.
» Automatic roll-along with coordinate updating.

» Electrode cable geometry and switching sequendeeatkfn address and protocol
files allow user-defined surveying strategies amdhys. Files are supplied for
Wenner, Wenner-Schlumberger, multiple gradientyagpale-dipole, dipole-dipole,
pole-pole and square-array measurements.

» On-screen echo of measurement progress
Software for graphical presentation including:
* Pseudosection plotting in colour or grey-scale.
e Optionally available 2D inversion software for auiatic 2D interpretation.

2.6.2 Terrameter SAS LOG 300

The Terrameter SAS LOG 300 logging system is intendor use together with the
Terrameter SAS 1000 / 4000 system. It is intenaeddgging to depths down to 300m.lIt
supports the following logging modes:

Short normal (16") resistivity / IP

Long normal (64") resistivity / IP

Lateral (18") resistivity / IP

Self potential

Temperature

Fluid resistivity (can be used to estimate TDS)
Water level indicator

This simple, easy to transport, logging system rmaikepossible to delineate formation
boundaries with regard to infiltration, porositydapermeability by means of self potential
and resistivity measurements. Under favourableumstances, water flow boundaries can be
detected by measuring temperature changes. Moretheresistivity of the water can be
measured in situ so that the total amount of tdits¢olved solids (TDS) can be estimated.
Zones of high salinity can thus be localized aradleskoff by means of casing and cementing.

-13 -
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3 OPERATING THE SAS 1000 / 4000

These operating instructions explain only how todia the equipment itself. Instructions for
conducting the different types of surveys are add in other documents.

3.1 CONTROLS AND TERMINALS

3.1.1 Controls

To turn on the SAS 1000 / 4000, press the two ldamabs towards each other as indicated
by the ON/OFF symbol on the instrument panel. A LE@Rht Emitting Diode) indicates that
the instrument is starting, and after approximalysec the start menu comes up on the
display. During the start-up process of the SAS010@000 you should avoid touching the
knobs.

(1) (®J The MEASURE knot
Turn the knob upward
downward to perform

(3 +(- control measurement.

knob. Used t
increase/ decrea
values in data ent
fields. Also used t
scroll betwee
menus.

2) v and® control knob
Turn the knob to the right
accept a menu choice, or
the left to cancel.

(4) 4 /™ control kndp. Use
to move between fields.

POWER: To turn on pres
these two control knol

Figure 6: The control knobs on  towards each other until t

the SAS 1000 / 4000 LED comes on. To turn o
press towards each other for

moment and then accept OK.

Important: After turning on the instrument (using the two lower control knobs)
the red LED (light emitting diode) will turn on, and the welcome menu will
appear after 20-30 sec.

If the display does not become visible, please check the display contrast as
described below.

To turn OFF, press the two knobs towards each athidr the "Power OFF" dialog box
appears on the screen, then accept OK. This wilhia the computer to close all files and
safely switch off.
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Measure para[RES:R00001] ( |)Page 1/6
Output: 200 mA Mode: Auto
Acq. delay
Acq. time: Power off?
<Ok> <Cancel>

Total cycl

L( E)=Measure ( O)=Quit !

Keeping the two knobs towards each other for anereldd period of time, will
cut the instrument power regardless computer dietsyidata and settings may not be saved.

3.1.2 Special key sequences

« Battery voltage and software build press@® / ® (4) and*()- (3) away from each other.
The battery voltage will then be displayed. Alse Hoftware build number is shown.

« Program information: press® (2) and+()- (3) towards each other. This brings up
information about program version etc.

« Change the Display Contrast pressS (2) and4® /™ (4) to the right (for darker display)
or left (for lighter display) simultaneously to adj the LCD contrastt is essential that
both knobs are actuated at the exactly same timé&eep the knobs in the left (or right)
position for several seconds while the contrastesssively changes. The purpose with the
exact timing is to distinguish this action from asther action with the knobs. If an attempt
fails, this might set the system into one of seivei@og windows (so far invisible) and no
further action but the precise answer in the dialagdow is accepted by the software. It
will now be necessary to turn the instrument off &y all over again. After turning on the
instrument, wait 30 seconds for starting up.

3.1.3 Multi Channel Adapter (MCA)

The SAS 4000 Multi Channel Adapter (optional acoegsis connected directly to the
MULTI connector on the SAS 4000. The adapter makg®ssible to connect one pair of
current electrodes (named CURRENT) and four pdirpotential electrodes (named CH1,
CH2, CH3 and CH4). Furthermore the MCA contains foanana takeouts (named T1, T2,
T3 and T4) intended for instrument test and calibra Please refer to 9.5 for information
about the instrument test.
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The Multi Channel Adapter is used to connect mbamtone potential channel in e.g. vertical
electrical soundings. In performing Schlumbergarmsiings it is very favourable to connect
the four channels to potential electrodes sepatageday, 0.20 m, 1 m, 3 m and 10 m. Then
the overlapping sounding curve segments, neede8cifumberger soundings, are easily
constructed afterwards. The Multi Channel Adapterat delivered with the SAS 1000.
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3.2 WARNINGS
3.2.1 Safety

Dangerous voltages and currents are transmitted bythe
Terrameter via the cables and electrodes connectdd it! During
the entire duration of an electrode contact test ormeasurement
session it is the responsibility of the operator alays to have full
control of all equipment including the entire electode cable layout,
so that unauthorized persons and stray animals doat get close to
the electrodes and measurement cables!

Due to the very high voltage in the current conoecbn the SAS 1000 / 4000 it is dangerous
for personnel and animals to get in touch with ¢hesnnectors and cables. It is the
responsibility of the operator to eliminate therisr accidents with the instrument.

Some important steps to avoid accidents:
* The instrument and connected accessories shoutderdperated by instructed personnel.

» Keep unauthorized people and stray animals awany the instrument, connected accesso-
ries and cables.

» Also when running automatic data collection (witte tLUND system) the operator is
responsible for having full control of the entirbte layout.

3.2.2 Lightning

Note that semiconductors protect both the curremd the potential terminal circuits.
Lightning, high voltage cattle fence or other higlitage sources may, however, damage the
instrument. Lightning miles away may induce hundrefivolts in long cable layouts, and this
entails risk for both personnel and equipment.

You should never take measurements during a thunderstorm!

If a thunderstorm should come up while you arentgkneasurements, disconnect the cables
from the terminals without touching any bare coridig Never leave the cables connected to
the SAS 1000 / 4000 overnight, since a thunderstaay occur.

3.2.3 Heat

Although each individual Terrameter is tested bgraging for at least one hour in a heat
chamber prior to delivery, it is important to pateation in order to avoid overheating.
Thermal fuses will under normal operating condisidarn off the instrument if overheating
occurs to prevent damage, but it will of course tied measuring process.

Some precautions to avoid overheating:

* Never operate an instrument in direct sunlight, aigarasol or other device to keep it in
the shade.

* Do not operate the instrument in small closed spades for example transport boxes,
where air cannot circulate freely.

Even if these precautions are taken productionsstmy occur when operating in hot
climates. Various techniques may be employed td tte® instrument in order to keep up
production. Cooling mats intended for e.g. laptomputers are recommended, these are flat
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bags filled with a salt with high thermal capadityat can be placed in contact with the sides
of the instrument.

Another option under extreme climate conditionsoisean the instrument and place a moist
piece of cloth on the side of it; evaporation of tmoisture will then give a good cooling
effect. Similarly bags with ice have been useddol instruments in the field. In any of these
cases extreme caution must be taken to avoid ielettock from short circuit by water from
the cooling device! The operator has the full resgality for this!

3.3 MANAGING THE CONTROLLING PROGRAM

A tour through the SAS 1000 / 4000 program
SAS 4000 APPLICATIONS

After turning on the instrument the welcome
. . <SAS 4000 Standard>
menu appears. This menu will only stay for a |<LUND Imaging System>
H <SASLOG 200/300>
few seconds, until it is followed by the =300 % tios
Applications menu. Select between the |<rs232 communication>
different sorts of measurements or the RS232|<ES Test Program> <Setup>
communication for download of data and
update of software. Depending upon which
program modules you have downloaded into
the instrument, other options may appear. By

selecting<sas 4000 standard> the next menu

appears.
In theRECORD MANAGER menu you can  [=—— —RECORD MANAG
ode: Resistivity

select the measuring mode  <SP>, |Record: R00005.54K
<Resistivity> or <IP>. In the second entry
field you can manage the record. Move
between the fields with thd® / # control LE-Measure, ©=Ouil, t-NextPrevPage
knobs. The data are saved on a file named e.g.
R0O0005.54K. The first letter (in this case R)
indicates it is resistivity data. In the case of
self-potential the first character is S and in
case of IP an I. The following five digits
defines the record number and s
automatically updated when a new record is
defined. The number can be adjusted in the
"New record” field by use of the editing
knobs4® / ® and+()-.

RECORD MANAG

To select a mode turn thé knob and move S

L. elect Mode
between SP, Resistivity and IP by t#fe = Reco || <SP> <Resistivity> <IP>
knob. Select a mode by press'wfg

LEl=Measure, ©=Quit, *=Next/Prev Page =

To define a record, press teé knob in the e Rosi CORDMANAG
ode: Resistivity ——=Record

record field. This brings up the submenu, in |Rrecord: R00005.54K <New>
which you can select a new record, open an <Open>

.. <Delete>
existing, or delete record(s). <Delete All>

LE=Measure, O=Quit, *+=Next/Prev Page =l
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i ——-——(Res.) R00002.S4K
By selecting a new record the next menu Vethod: Untitled

appears. For VES with pre-defined protocols |Layout: Untitled
“ R « ; ” No of channels: 4
Ssee belo”w) ?et Layout: to" Sounding”, and |55 £ freq.. 50 Hz
Method:” to “Schlumberger”. The number of |<setup Layout Ref.> Grid: 2.00m

channels can be set to 1, 2, 3 or 4 (SAS400( <Ok> <Cancel>

only). Go to this position and select with the
v knob. Change the number with th&)-
knob. The power line frequency is important
for noise reduction purposes: in countries
with 60 Hz power line frequency set this to 60
Hz. Select the <Setup Layout Ref.> to define
a reference point. Also the azimuth and
inclination of the line can be defined here.
Press the(® knob (or select <Ok>) to
continue to the Acquisition Settings menu.

The Acquisition Settings menu consists offgyeasure para|RES:R00002] (+)Page 1/6
. utput: 200 mA Mode: Auto

pages. Use the)- knob to navigate betweefncy. delay: 0.3 sec.

the five pages. In this menu, select the outfif- ime: 05 sec.

current. If Mode=Auto the program willTotalcycle time: 3.8 sec.

automatically reduce the current if it

. . ) [)=Measure (  O)=Quit
impossible to transmit the selected current.

ck param.[RES:R00002] (+)Page 2/6

On this page the stacking parameters B acks: 1
ax. stacks: 4

defined. With the settings in the examp ta

there will be max 4 stackings. If the standggform*  10%
deviation is below 1% after e.g. 3 stackingsiew app. res.: No
the stacking will be stopped. The norm can [{y&la buffer size: 20

X g . )=Measure ( ©)=Quit
"Median” or "Mean”. The first is more robust
to blunders. Based on the geometry, the
program can display the apparent resistivity if
the last option is set to "Yes”, and if array
geometry parameters are available. The “Data
buffer size” is the number of readings
between each saving operation to the storage.

Normally there is no need to change tfjg-OPtons[RES:R00002] (+)Page 3/6
gnore error 4.  No

parameters on this page. Ignore error 5:  No
Ignore error 22:  No
Tx setup mode:  Smart

}( [)=Measure (  O)=Quit

In this page information about the operat be'r';ft%tht[RESZROOOOZ] (*)Page 4/6

client etc can be written. Select a row 4/ |crent

®» followed byv. Then write characters withgomm-#:

the+()- knob. Comm.#3:

Comm.#4:

{( [E)=Measure (  O)=Quit

From this page it is possible to selectgew sampleslRES:R00002] (x)Page 5/6

channel and view all the measured data. Select a channel to view:

<Ch. 1>

Start at sample: 1

No. of samples: 100

Y( [)=Measure (  O)=Quit
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It is possible to select pre-defined electropfgelect locat[RES:R00002] ()Page 6/6 u
geometries from a protocol file that has bestiect:

uploaded using the “Transfer/Install XY
file” option in the Utility software (se
Section 8.1.6 Format of VES Protocol Fjl
page 62). Press/ to select the desired
measurement protocol.

[)=Measure (  O)=Quit

Select (x)Page 6/6 =

Select: SCHLUM.XYZ

( E)=Measure ( O)=Quit

When you are finished, move to tif#& Pl P2 Resistance S.Dev% Stacks
. . 1:
measuring menu by pressing fmbknob. 2

. L3
By pressing+()- the electrode separations__
H ; ; I=Auto
meny is reached. If a pre-defingd, e A.SAK  Free100%
measurement protocol was selected, #hes (+/-) for more...
<AB+> and <MN+> commands can be used _
. . h P1 P2 Resistance S.Dev% Stacks
to increase electrode separations, and <Aé->
and <MN-> to reduce them. Otherwise the _
electrodes separations can be adjus};eg
manually by pressing’ and using® / % and ﬁ;o I=Auto

R00002.S4K Free=100%
+()- to step up or down the values. Next: AB/2=0.56 Ch1MN/2=0.10 Press +/-

Perform a measurement by pressi#h The
result is presented in this window.

3.4 MEASURING MODES OF THE SAS 1000 / 4000

The Terrameter SAS 1000 / 4000 can operate inrdiiftemodes, Resistivity, Self Potential
and Induced Polarization. In all modes the SAS 4i8Gfapable of measuring simultaneously
in four channels. This makes it suitable for altsof resistivity surveys.

3.4.1 Statistical description - mean or median

The Terrameter SAS 1000 / 4000 can use either ofdifferent metrics for describing the

statistical characteristics in the data: mean odiare The mean value is simply the sum of
the individual stacked values, divided by the nundfestackings. The median is the value in
the "middle" of the ensemble of stacked valuesaAsxample, consider the following four
readings: 12, 31, 13, 12

The mean value is 17 and the median is 12.5. d¢bigous that the median is more stable
against blunders. As default, the SAS 1000 / 4G@3 wthe median when presenting the result.
For both metrics, the standard deviation is catedlaand displayed (and saved on the file
together with the measured value).
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3.4.2 Voltage measuring mode (SP) surveys

Use non-polarisable electrodes only.

* Connect the voltage that is to be measured to tasiiP1(-) and P2(+). If you are
measuring self potential (SP), non-polarisable tedees must be usedBeware of
thunderstorms! Any high voltages from cattle fences or the likekpd up by the cables
connected to the SAS 1000 / 4000 can damage ttrenmsnt.

e Turn the power on.
» Check that the mode is set to SP, otherwise coittdaefine a new record if appropriate.

» Activate the Measure key to perform a measurentemth measurement is added to the
file automatically.

« Continue to next position to repeat the measurement

3.4.3 Resistivity surveying mode

Stainless steel potential electrodes are preferaddtbough ordinary steel electrodes are
acceptable. The following procedure is appropnéten performing resistivity soundings.

» Position the SAS 1000 / 4000 half way between thetengial electrodes (M and N).
Connect terminals P1 and P2 to terminals M anddgeetively. Use an ABEM sounding
cable set or a 2-conductor cable of good qualitthwihe conductors separated at the
electrode end.

» Connect the current electrodes (A and B) to tertai@d and C2 respectively. Run these
cables in parallel adjacent to the SAS 1000 / 4@0@, arrange them symmetrically with
respect to the potential electrod@aware of thunderstorms! Any high voltages (from
cattle fences or the like) picked up by the caldesnected to the SAS 1000 / 4000 can
damage the instrument.

e Turn the power on. Select <SAS 1000 / 4000 Stardard

* Check that the mode is set to Resistivity, otheawsglect it. Define a new record if
appropriate.

» Select Method, Layout etc. as describe&attion 3.3 Managing the controlling program

» Activate the Measure knob to perform a measurenteath measurement is added to the
file automatically.

» Continue to next position to repeat the measurement
« Negative resistance readings can occur for twooreas
1. The current or the potential electrodes have beanexted with reversed polarities.

2. The noise level may be much higher than the sitgval (long distances between A
and B and low current). If this is causing singkgative readings, signal averaging
must be used.

User defined electrode geometries can be enteeedretocol files, see section 8. E6rmat
of VES Protocol Filegpage 62) for a description.
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3.4.4 Induced Polarization surveys

It is preferable to use non-polarisable electrottgsthe potential electrodes. However,
in margses, even though the noise level is
perforrdessribed above in section 3.4.3, with

stainless steel electrodes will work fine
increased considerably. For IP soundings

the exception that you have to select IP mode alsté Resistivity.

It is preferable to use the AUTO setting
important to eject as high current as possi

window is from 10 msec to 110 msec.

for thetpo current. In IP surveys it is very
ble. diteegeability can be measured in up to 10
time windows staring from 10 msec and upward (@pstof 20 msec), with a total duration of
the measurement interval of 8 seconds. A genemlcanvenient setting for the first time
Please sedore@4.2 (page 6) for further

information on how the chargeability is measured.

The IP readings are displayed in a wind

similar to the one used for display
resistivity results. The unit for th
chargeability is ms (milliseconds).

ow
of

1. 0 O 12.14ms 1.2 4.
e 2:N/A .

3:N/A

4: N/A

N=2 I=Auto

Resistivity: Untitled, Untitled
100017.S4K Cl= ,C2=

When measuring in IP mode also
resistivity is measured automatically.

activating the knob (downwards) the detai

information is displayed. Proceed with the

[Hede: IP =200 mA
ﬁc: 100017.S4K V=42.11V
annel: 1 R=210.55
led M=12.14 ms

S.Dev.=1.2
Stks=4

+(2)- knob to display the results for channels

2-4 (if measured).

Activating the+(2- again brings up detaile
information about the decay voltages for e
channel. The primary voltage is given in
first row. The decay voltages for up to
time windows are given in the followir]

d Ch#l
acfbo my
he4smv -
5iX

g

Ch#2 Ch#3 Ch#4

rows.
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3.5 ACQUISITION TIMER

In all measurement modes (resistivity, IP and S®) ia as well standard measurements as
LUND measurements, a timer function can be actd:atdis timer will automatically start a

measurement at certain time intervals.

The Acquisition Timer is especially useful in mamihg applications. For example, you can
make Self Potential readings at certain time irgksvor take a complete LUND Imaging

layout each, say, four hours.

This is the standard measuring menu. When _
. Ch P1 P2 Resistance S.Dev Stacks .
you press@ a measurement will be done. [To 1. _

activate the acquisition timer, pres4. g m

4: NIA

N=0 I=Auto .
Resistivity: Untitled, Untitled
R00017.54K Cl= ,C2=

This brings up four commands. The ch PL P2 Resictance S.Dev Stacks
. | . ' .
commands <Delete Last>, <Skip Next> and ;.

. _ g Commang—
<Exit> are obvious. If you select <Set Timegr> 2: N/A <Delete Last>
3:N/A <Skip Next>
the next menu appears: 4: N/A <Set Timer>
N=0 <Exit>
Resistivity:

R00017.54K Cil= ,C2=

Set Timer

In the Set Timer menu you can define the start
time and date. The interval is the time in

hours, minutes and seconds between the star
of each measurement. If you define an

interval shorter than the time needed for SAS
1000 / 4000 to perform a measurement, the
next measurement will start immediately after

the previous.

Start:  08/11/1999 13:30:00
Interval: 0000:00:01

LE=Measure, ©=Quit, *=Next/Prev Page

The Set Timer menu has the same function
and layout in the case of LUND
measurements.
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4 POWER SUPPLY

The SAS 1000 / 4000 is powered by either by a @hipNiMH (NiCd for older units) battery
pack or by an external 12V source. The SAS 100@004consumes around 1000 mA
whenever it is turned on. During current transnoissthe consumption can be up to 20 A. For
all practical purposes this implies that the SA8QL04000 can run up to one working day on
the original power pack, provided the instrumenused for ordinary electrical soundings
only and turned off between soundings, and provigedliigher currents than 20 mA are used.
In the case of automatic profiling using the LUNDaiging system, involving thousands of
readings per day, it is necessary to use an ext@ang battery. The External Battery Adapter,
EBA, replaces the NiIMH Power Pack, and allows tistrument to be connected directly to
an external 12 V source. The Terrameter SAS 100@lisered with this adapter only, and no
NiMH power pack.

The external battery should be of sufficient cafyatiead acid batteries of type car batteries,
or better gelled/sealed lead-acid batteries thatatdeak if turned over, of 25 Ah or higher
can be used. For heavy duty use 60 Ah is recomngende

The battery pack, as well as the External Batteigpker, clips conveniently onto the bottom
of the instrument.

4.1 BATTERY PACK

Stored batteries lose their charge (self-dischaggadually, and this takes place more rapidly
at higher ambient temperatures. However, even bitery loses all of its charge during
storage, satisfactory operation can be restoregl a@fhe or two charge/discharge cycles.
During storage, batteries should be disconnectad fnstruments. Batteries can be stored at
ambient temperatures ranging from <4Dto +65°C.

The NiMH battery pack has a capacity of 8 Ah.

Safety precautions
DO NOT damage a battery pack or expose it to tir@ay burst or release toxic materials.

« DO NOT short circuit the battery since this wilsudt in high discharge currents, causing
dangerous heating.

Older battery packs with Ni-Cd battery cells

Since the batteries are sealed you will normally came into contact with the electrolyte.
You should nonetheless be aware that the eleatralyed in both sealed and vented Ni-Cd
batteries is potassium hydroxide. If you should ig@&t your eye, even a small amount can
cause serious injury. Immediate flushing with wdtar 15 minutes plus follow-up medical
attention is absolutely necessary. If the electeolyets on your skin, use vinegar or some
other mild acid for neutralization.

Finally, it should be remembered that the cadmianma iNi-Cd battery is a toxic metallic
element that should not be disposed of in the usas| since it represents a serious threat to
the environment. Follow the rules set up by thall@uthorities in your country for handling
rechargeable batteries.
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4.2 EXTERNAL 12V BATTERY ADAPTER
The external battery adapter was delivered togetitaryour Terrameter SAS 1000 / 4000.

When you need more power than available in thedstahbattery pack, the external battery
adapter is a convenient solution. The externakbatidapter allows the Terrameter to utilize
an external 12V DC source, e.g. a car battery. @&ternal battery adapter clips on to the
Terrameter in the same way as the standard batéelky, but contains a connector for the 12V
DC source. The external battery adapter containgragéective circuit that protects the

Terrameter against wrong polarity. A 20A fuse iesigkternal battery adapter will blow in

case of wrong polarity, and a few spare fuses gpled. Note that even if this fuse is blown
it might be possible to start the instrument buwtiit not be fully functional. Please observe
that the external battery adapter itself (when oohnected to the Terrameter) is not
watertight.
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5 ELECTRODES AND CABLES
5.1 ELECTRODES

Two types of electrodes are available from ABEM:

» Stainless steel electrodes
* Non-polarisable electrodes

The purpose of an electrode is to establish etectrntact between an electronic conductor
(the cable) to an ionic conductor (the earth).sblit of electrodes generate "noise”. This is of
importance only at the potential electrodes. Nassdefined as the fluctuating voltage that
appears between a pair of electrodes, placed se that no other "natural” voltages appear.
One way - among several other ways - to measureelihetrode noise is to place two
electrodes in a case filled with soil, and register fluctuating voltage as a function of time.
It appears that non-polarisable electrodes creatdrtess noise than steel electrodes. Another
observation is that stainless steel electrodegectess noise than electrodes made of ordinary
steel. An example of noise recording made betweenm pairs of electrode, one non-
polarisable (Pb-Pbg) pair and one of stainless steel pair, is showrignre 7. Note the large
zero shift and change in time in the data recowdéld the steel electrodes.

5.1.1 Steel Electrodes

Resistivity surveys can be conducted using curedettrodes made of ordinary steel.
Potential electrodes made of ordinary steel can laésused under favourable circumstances
but here stainless steel is preferred.

ABEM electrodes are made of stainless steel.

5.1.2 Non-polarisable Electrodes

Self potential surveys require non-polarisable tedeles. Also Inducec
Polarization soundings are preferably measured witim-polarisable
electrodes. The ABEM Terrameter type of electrodaststs of a solid
state gypsum rod, covered with a plastic cylindére gypsum contain:
lead-chloride (PbG), and a solid lead rod is placed in the centras
electrode does not need any special care. Howeafégr using an
electrode, always clean it and replace the eleetomder to prevent drying
out.

WARNING: The content of the electrode is poisonous.

* Do not put the electrodes into your mouth

» Avoid direct contact with the electrodes - use @ctive gloves
* Wash your hands after any direct contact with teeteodes

» Keep the electrodes away from children

» Store safely, away from children

» Dispose off properly
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Figure 7. Potentials measured between a pair ofPBIGL electrodes (lower curve) and a
pair of steel electrodes (upper curve), showingcpdifference in electrode noise.

5.1.3 Important remarks concerning current electrodes

Especially for the current electrodes it is vernpartant with good galvanic contact with the
soil. For small electrode separations (a few mgtersnight be enough to stick the steel

electrodes a few centimetres into the ground. &@er separations it is very important with a
good grounding of the current electrodes. In drgditons it is usually necessary to apply
water around the electrodes. In the figure belowWlustrated the relation between electrode
burial and contact resistance, assuming that thengr is homogeneous in terms of resistivity.
It is seen, that theoretically it is very favoumatib bury the electrodes some 20-30 cm,
whereas he profit of increasing the depth to, §8ycm is very limited. In a real situation,

however, it is possible that the uppermost pathefground is drier and more high resistive
than underlying horizons, in which case it may mdfy well to bury the electrodes deep

enough to reach a moist zone.

In order to decrease the contact resistance ibssiple to use more electrodes, connected in
parallel. Provided the separation between the tectr®des to be connected is larger than the
depth of burial, the contact resistance will be @dtreduced by a factor of two. Similarly,
three or more electrodes can be connected in phrall

In dry and permeable soils, like sand, a commorblpro is that the water used to improve
electrode contact is drained away before measursnaea finished. In such cases it is useful
to mix for example a starch compound (e.g. Johi&®rert intended to stabilise wells during
drilling) into the water to make it more viscousistcan serve to keep the water in place for a
sufficiently long time. Mixing salt into the wateiill further improve the ground contact.
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Figure 8. Theoretical relation between electrodei&iland the contact resistance.

5.2 CABLE SETS

The standard Schlumberger and Wenner sounding sabt®nsists of

2 x 750 m current cable, 0.75 rfyron reel
2 x 250 m potential cable, 0.75 ryron reel
2 X 2 m connection cable, red

2 X 2 m connection cable, black

4 crocodile clip

1 Plywood transport box

The sounding cable set is intended to facilitateli8oberger and Wenner soundings. The
cables incorporate heavy gauge conductors withllextensulation to ensure good survey
results. Moreover, there are convenient, short hgolcables that reduce setup times and
permit you to position the cable drums as desired.

Another important feature of the sounding cableiseiasy expandability. If you need to run
longer cables, for deeper penetration, you canhase additional drums and connect them in
series with your present drums.
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6 LUND IMAGING SYSTEM

This chapter applies to the use of ABEM LUND Imapi®ystem together with the
Terrameter SAS 1000 / 4000. For use of the LUND dgimg System together with the
Terrameter SAS 300, please refer to the LUND Ir$iton Manual, part no. 38 5002 83.

Ty = T

6.1 INTRODUCTION

6.1.1 Welcome to 2D and 3D Resistivity Surveying

Welcome to the ABEM Lund Imaging System, the maldetrode system for cost-effective
and high-resolution 2D and 3D resistivity surveybe included data acquisition software

supports 2D and 3D surveys with surface arrays,chvhhay also be used borehole
measurements.

The basic unit Electrode Selector ES464 /| ES10-64ES10-64C is a multi-channel relay
matrix switch, which connects directly to the ABEIMrrameter SAS 1000 / 4000. Operating
power comes from an internal 12 volt rechargealiMHNbattery pack (ES464) or via the

Terrameter (ES10-64eC / ES10-64C).

Third party software packages for resistivity aRddata processing can be used for advanced
interpretation. Please ask your authorized ABEMtrikigtor for details about resistivity
interpretation packages that are available.

Your Lund Imaging System was carefully checked lhtstages of production. It was
thoroughly tested before being approved for dejivéryou handle and maintain it according
to the instructions in the technical documentatipm will get many years of satisfactory
service from it.

To ensure you get optimum results with ABEM Lundalimg System, please take time to

read this Reference Manual thoroughly. It gives yatiailed step-by-step instructions for

cost-effective field measurements. You should &bsix through this Reference Manual to
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become familiar with its layout and contents. [uyshould, for any reason, have difficulties
in operating ABEM Lund Imaging System or in gettsagisfactory resistivity survey results,
please contact your authorised ABEM distributor. EAB always listens to end-user
comments about their experience with ABEM produSts.please send occasional reports on
field usage as well as your ideas on how Lund ImggBystem and its technical
documentation could be improved to help you dovaamnéetter job of resistivity surveying.

6.1.2 Powerful Features

Among the powerful features you will find in ABEMubd Imaging System are:
* 4x64 or 10x64 channels switching in compact unit.
« Robust waterproof design for reliable operatiohansh environments.
» Designed to link to the ABEM Terrameter SAS 10@@00.
* SAS 1000 / 4000 data acquisition software featuring
» Automatic measurement process.

* In-field quality control of measurements thanksetectrode tests and statistical
measurement control.

e Automatic roll-along with coordinate updating in direction (Figure 9) or y
direction.

» Electrode cables geometry and switching sequeniteedein address and protocol
files allow user defined surveying strategies amdys. Files supplied for standard
and non-standard electrode arrays measurements.

» On-screen echo of measurement progress.
+ PC - software for download and conversion to séwkta formats:
» Pseudosection plotting in colour or greyscale.

* Model section plotting of inverted model sectionscolour or greyscale including
topography, reference data and reference levelsr@ion software not included).

» Graphical output in bitmap format.

 Utility software for data conversion (e.g. to formuged by 2D inversion software).
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Figure 9. Sketch system layout for roll-along C\&t®veying using four electrode cables.
With 2 meter intervals between the electrode taks-the system has a total length
of 160 meter, with 5 meter intervals the total lgnig 400 meters.

6.1.3 Electrode Selector / Lund Imaging System

To operate the electrode selector with SAS 1000004he boxes must be interconnected by
the Multi-function cable, 33 0020 11. This applies ES10-64eC, ES 10-64C and ES 464
delivered after September 1997.

Older ES 464 units delivered before September 198If need two cables: one
Communication Cable for Electrode Selector to Teeter, 33 0020 08 and one
Current/Potential Cable, 33 0019 17.

Special connection cables

These two cables are used instead of the multitiemeable 33 0020 11 (na@ipplicable to
ES10-64):

* In the normal setup, as described above, only adayme in the SAS 1000 / 4000 is used.
With an optional Pole-Pole cable, 33 0020 14 beitwbe SAS 4000 and one unit ES 464
it is possible to perform pole-pole measuremenisguiree measuring channels on the
SAS 4000.

» With the optional Y-cable, 33 0020 15 it is possibb connect two ES 464 units to the
SAS 4000. This allows for e.g. dipole-dipole measuents with three channels on the
SAS 4000.

-31-



ABEM Terrameter SAS 1000 / 4000

6.2 DATAACQUISITION PROCEDURE

For general information on geoelectrical imagingegske consult suitable geophysical
textbook§. A brief introduction is given in “Appendix A. BisPrinciples of Resistivity
surveying” (page 75).

6.2.1 Preparations for Field Surveying

Look through archive material for the area (toppbreal maps, geological maps, aerial
photographs, reports etc.), and consider whetlsisthéty surveying is a suitable method for
the current problem. If so, select possible prdiiles.

Walk around the area to be surveyed with maps ara¥dal photographs at hand (aerial
photographs and a pocket stereoscope is oftenyhigdeful) to select the optimal profile
lines. Walk along the entire length of the planpedfiles before putting out any equipment,
to ensure that the selected lines are practical.

6.2.2 Essential Equipment

The following equipment is mandatory for data asgign using the Lund Imaging System.
* ABEM Terrameter SAS 1000 / 4000

To ensure proper function, SAS 1000 / 4000 shoelgpdwered from a gelled lead-acid
battery or a car battery (25 —7@h).

ABEM Electrode Selector ES 464 / ES 10-64eC / E®4Q0, including connecting cable
to Terrameter.

Lund spread cables and suitable quantity of Calilgsland cable jumpers.

Suitable quantity of electrodes.

Examples of geophysical textbooks:

Parasnis, D.S. (199 Principles of Applied GeophysicS:th ed, ISBN 0 412 64080 5, Chapman and Hall,
London, 429p.

Reynolds, J.M. (1997An Introduction to Applied and Environmental Geogiby ISBN 0-471-95555-8,
John Wiley and Sons, Chicester, 796p.

Sharma, P.V. (1997Environmental and Engineering Geophysi¢SBN 0 521 57632 6, Cambridge
University Press, 475p.

Telford, W.M., Geldart, L.P. and Sheriff, R.E. @ Applied Geophysi¢2nd ed., Cambridge University
Press, 770 p.

Ward, S.H. (1989) Resistivity and Induced Poldiara Methods, ininvestigations in Geophysics no. 5:
Geotechnical and Environmental Geophysics, yell S. Ward, Society of Exploration GeophysiSitgsa,
p 147-189.

! A battery capacity of 60-70 Ah is recommendedHeavy duty applications, i.e. continuous work feveral hours with a
high current setting.
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6.2.3 Recommended Additional Equipment

Often additional equipment is required for effidieacquisition of good quality data. The
following list is an attempt to summarize frequgnteeded additional equipment.

» It is strongly recommended to power SAS 1000 /4006th an external gelled lead-acid
battery or a car battery (25 —%78h) via an adapter.

* A set of walkie-talkies if cables with long eleamtake-out spacing is used (i.e. more than
2 meters between each take-out).

» Polyurethane hammers of Stanley type (two or mimrehlammering down electrodes.

» Plastic bottles for water with added salt and \s#goincreasing polymer, to improve
electrode contact in dry ground. A drill mud polynfisuch as Johnson Revert or similar)
added to the water can increase the viscositydoegnt draining away during measurement
in permeable soils. Mix salt and polymer with watesuitable viscosity, it may be wise to
do this in buckets before pouring the mixture ipkastic bottles of convenient size.

» At least an additional double amount of electrodied jumpers if operating in areas with
dry ground giving contact difficulties.

e Spray paint and pegs to mark out profile lines.

* Non-metallic ruling tape to measure distance frawfile line to reference objects, or to
measure electrode spacing if smaller spacing thameike-out spacing are to be used.

« Levelling equipment and / or GPS receiver.

* Remote electrode cable(s) if pole-pole or pole-di@oray is used.

* Pocket multimeter with continuity check functiorr frror detection.

* When working at a remote location it is recommemglé have a Tools and spares kit.

6.2.4 Field Procedure for 2D Electrical Imaging

Ensure that the batteries for the Terrameter aadtilde Selector are charged before going to
the field! To ensure proper function, SAS 1000 @@8hould be powered from a gelled lead-
acid battery or a car battery of sufficient capacit

The following field procedure assumes that thedsiash ABEM Lund equipment with a set of
4 cables with 21 electrode take-outs each is used.

For all protocol files using the standard Lund linggSystem cable layout, of four cables
with 21 take-outs each, the procedure describedwbeés recommended. By using this
procedure, high near surface resolution towardetius of the measured section is achieved.
This is important not only for the resolution atabbw depths, but it also affects the
resolution at depth.

At the first measurement station start laying out aonnecting three cables only, and connect
the instrument between the first two cables. Inda& acquisition software these cables are
designated as Cable 2, Cable 3 and Cable 4 (saeeFiQ), where the instrument is connected
between Cable 2 and Cable 3, and Cable 1 is extlatiéhe first station. Note that the last
and the first electrode take-outs shall overlaghatcable ends.

8 A battery capacity of 60-70 Ah is recommendedHeavy duty applications, i.e. continuous work feveral hours with a
high current setting.
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Figure 10.Cable arrangement at the first measumnstation in a roll-along survey, where
the first cable is excluded.

All CVES cables shall be rolled out in the direatiof the profile i.e. with the takeout
numbers increasing in the same direction as thedowaie numbers increase. The procedure
is: Secure the free cable end at the point of deet coordinate number and walk the reel
towards points of higher coordinate numbdtss a good rule to have the profiles always
running south-to-north or west-to-east (insteachoith-to-south or east-to-west), to avoid
confusion when the results are to be presenteégsran existing co-ordinate system demands
else)._ Take-out # 21 of one shall overlap take#olitof the next cable at the cable joints and
in the layout centreOverlapping takeouts connect to the same elegtrod

Link together the inner and outer electrode M
cables (Cable 3 and Cable 4 only at this | H
stage) with a cable joint (white cylindrical
connecting device). Take care to connect ‘it !
in the right direction:_the groove on the
cable joints should point towards the
instrument in the layout centre -

<— Quterend Instrument =

Connect electrodes to the odd-numbered take-outl@active electrode cables. The even-
numbered take-outs can be left out for the timendpelf the ground is soft and moist the
electrodes can just be pushed into the ground andected, however hammering and wetting
is often needed. Check the contact surfaces beteleetrode take-outs, cable jumpers and
electrodes for dirt and oxide, which can ruin theadquality, and clean if needed. Link
together inner and outer electrode cables usingthi cable joints.

Connect the Electrode Selector at the centre otc#ide spread, i.e. between cable #2 and
cable #3.
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Note!

Moisture and/or dirt in the connectors may compsar
the data quality and even cause permanent damdge -
connectors. Always keep the protection caps cleana
place whenever possible. Let the protection capsepr
each other when the cables are connected as shawe

picture.

Interconnect the Terrameter and Electrode Selesiog the cable 33 0020 11 (alternatives as
per paragraph 6.1.3). Turn on the SAS 1000 / 4000.

At the second measurement station, and all theviiatig stations as long as the line is being
extended, all four cables are connected (see FiglireCable 1 is connected to Cable 2 with a
cable joint as well, where again the groove muse the cable closest to the instrument.

Flectrad ; -— %} -— 41 " Short setup
ecirodae | —— - —— 3] ——— 1
addresses Long selup

Cable Mm/mé‘@\—ttﬂﬁ e
] O

Figure 11.Cable arrangement at the second measeméstation in a roll-along survey.

When finishing the measurement profile, and no teathl electrode cable and electrodes are
put out, the instrument should still be moved otep sn order to get all the near surface
information. The active electrode cables will tinesCable 1, Cable 2 and Cable 3 (see Figure
12). Since all (for e.g. Wenner, Schlumberger andtipie gradient array) or many (for
dipole-dipole or pole-dipole) of the possible measwents have already been done for the
long layout protocol the measuring will be fast.
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Figure 12.Cable arrangement at the last measurématation in a Wenner, Schlumberger or
multiple gradient array roll-along survey, whereethast cable is excluded.

If the multi-channel dipole-dipole or pole-dipoleopocols mentioned in this document are
used, it is necessary to do roll-along twice withadding new cable at end of line (see Figure
13). This depends on that these protocols are wesigo avoid unnecessary repetition of
measurements, and still get as much data as pessshich a procedure need not be
considered for single channel dipole-dipole or gifele protocols. Notice that even if this
procedure is used duplicate data points can occunélti-channel pole-dipole protocols after

roll-along.

-— 2l -— 41 Jhort setup
Electrode [ -— N - 2 - 3 == 4 Long serup

oddresses e o o e B £ e R R AR AAA R R AL ns e o o SR S

1
Cable W»W@ 2

Figure 13.Cable arrangement at the last measurénséation in a dipole-dipole or pole-
dipole roll-along survey, where the last two caldes excluded.

For a cable set of 4 cables with 16 electrode taks-each it is simpler. For nested electrode
arrays (such as Wenner, Schlumberger and multialdignt) all possible measurements can
be taken with all 4 cables in one go. It is only dgole-dipole and pole-dipole type of arrays
measured with multi-channel equipment that it isivaded to consider using measurement
protocols that require roll-along move of the instent without adding new electrodes at the
end of a surveying line in order to optimise the asthe multi-channel capability.
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6.2.5 Using the LUND Imaging System Software

In the start-up menu select "LUND Imaging Systemd epressx/. This starts the LUND
program as described in the following.

The first menu (after the welcome menu) is t ) —RECORD MANAGER———
ode: Resistivity

Record Manager. Select the preferred mode (SRxscord:
Resistivity or IP).

LE=Measure, ©=Quit, *=Next/PrevPage =
RECORD MANAGER—"=—"=
If you move to Record and press you get_th_e Mode: Resistivity Rocord
options to create a new record, open an existing|eécord: <New>
<Open>
delete record(s). Dolotes
<Delete All>

LE=Measure, ©O=Quit, *=Next/PrevPage =
If you select “New” you get the option to name mﬁieom MANAGER———
new record. Either accept the default name, [®ecord:

define a new. Use the()- knob to change New record: 100005
characters, and th® / ® knob to move between
fields. If you name the record “00005”, the record__ o _

name will become LR00005. LR means LUNDEE_Measure’ ©=Quit x=NextPrevPage =
and Resistivity. If the mode was IP, the record
name would become LI0O0005.

separation in meters. The power line frequency i‘ﬁdpo\‘(r_‘tg(bo-o( éoﬂf’)m)

can be given in units of electrode spacing. The <Ok> <Cancel>
base ref. is the coordinates and the
azimuth/inclination of the origo of the base. To

continue, select OK and presé or simply press

O]

This brings up the menu where you select protogg

. . 5:
file(s). At the first entry you have to select "Add|2: 6:
and press/. b z
<Add> <Clear> <Ok> <Cancel>
Move to the "Select" entry and preés A prataca:

Select: POL2L

<Ok> <Cancel>

This brings up a list of all possible protocol fila WENB L
this list, move with the()- to a suitable protocol, | select  |WENB S
e.g. Wenner_L. Then pres§ and you are back in NSt
the menu shown above. Go to <Ok> and préss WENNER_L
The message "Validating protocol ..." will appedr™™>® __ [WENNERS

for a couple of seconds.

~
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You are now back in the menu discussed aboye —="———— _
but with the name of the selected protocol file:wenner's 6
written in position 1. In order to add one more fil if
select <Add> and go through the previous steps.
In case you select incompatible protocols (e.gAdd> <Clear>  <Ok> <Cancel>

oo ~!

WENNER_L together with SQUARE2A a
warning will be given. A maximum of eight files
can be specified. When ready, select OK or simply

presde).

A typical selection for one channel measurement
is WENNER_L and WENNER_S, which is

optimised for use together with the standard
ABEM LUND cable, article no. 33 0019 25 or 33

0019 26. For four channel measurements the
combination GRAD4L8 and GRAD4S8 is

recommended.

The next menu is one out of a series of fi uﬁiﬁ‘f“ViltgbbRng’f\oﬁﬂ“(j::K/&g\GE’i)
menus. You can move between these fi§&cq. delay: 0.3 sec.

submenus with th&l )- knob. you have the option|Acd- time: 1.0 sec.

to specify measuring parameters. If you al@otal cycle time: 5.2 sec.
satisfied, just presd®), otherwise select new
values. By pressing()- you can move between
four submenus. This is only of relevance if you
need to change settings, e.g. number of stackings,
error limit etc. A selection of a high current (200
500 or 1000 mA) and Mode=Auto is
recommended. The instrument will automatically
step down to a lower current if it is impossible to
transmit the selected current.

LE1=Measure, O=Quit, *+=Next/Prev Page

In the second submenu you can specify tiferResistvity: LROO004.S4K (PAGES)

number of stacks. If the standard deviation durifgax. stacks: 4

the measuring cycles passes below the error limfgrorimt 1.0%

the stacking is stopped. The norm can be eith@ew app. res.: No

Median or Average, corresponding to the L1 a a_t:‘/lszgjrr:ize:@{o Lt seNexUPrey Pace
L2 metrics respectively. Finally, you can decide to o oTeut = ’
show the apparent resistivity instead of the

resistance.

The data buffer size is the number of readings
taken before saving to the disk. This value is a

trade-off between speed and security.
In this third submenu some "internal” paramete gnﬁfjigﬂ‘gm_ﬁgooo“-S4K (PAGE/2)
can be controlled. It is advised not to changeehé&snore error 5: No

H Ignore error 22: No
default settings. Tx setup mode: Smart

Tx setup time: Fast

LE=Measure, ©=Quit, *=Next/Prev Page
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In the fourth submenu you decide whether or ngResistvity: LRO0004.S4K (PAGE/E)
gnore negative resistivity: No

to ignore negative readings and errors. You Cfighore errors 1-5: No
choose to wait between protocol files. If you hayg/al between protocols: - Yes
se external alarm: No

access to an external alarm connected to the
ALARM connector on the Electrode Selector, yo
can define whether or not to activate it.

In the fifth submenu you can define informatiOﬂﬁReS‘S“V“V: LR00004.S4K (PAGE/2)

=Measure, O=Quit, *=Next/Prev Page

Operator:

about the measurements. Select a row by pressjiagnt:

the v/ knob. Move between the characters arfio™™ #L
numbers by the )- knob. Comm. #3:
Comm. #4.

LE1=Measure, O=Quit, *+=Next/Prev Page

In the sixth submenu you can select a channelftgResistivity: LR00004.S4K (PAGE/L)
umber of entries: 0

view on the screen (in this case there is only Ofgelect a channel to view:
channel available).

<Ch. 1>

Start at sample: 0
LE=Measure, ©=Quit, *=Next/Prev Page

L

| L

=l

When you turn(®) to start the measurement| %h P1 P2 Resistance S.Dev Stacks.

menu appears in which the results are displaygdya '

Also the actual battery voltage is displayed hera.if m
N=0 I=Auto  Batt=12.4 V
Resistivity: Wenner-a, Section
LR0O0004.S4K Cl= ,C2=

i Setup (1 unit)
When you turn@ once again the Measureme Protocol #1: WENNER_L.ORG

Setup menu appears. Here you can select if ctrode test: No

Min. output: 20 mA
electrode test should be perfc_)rme Midpoint X: 00 | ( 0.0m)
(recommended), and you can select the minimym ~ v: 00 ( 0.0m)

output current. It is NOT recommended to stepSkip Electrodes> <START> <CANCEL>

down the current level below 20 mA unless
necessary, since the signal-to-noise ratio will
inevitably suffer, with decreasing data qualityaas
result! For extra long electrode layouts a higher
minimum  current is recommended. The
coordinates of the setup can be specified here also
If you know that certain electrodes must be
excluded, select <Skip Electrodes> and deactivate
the electrodes you do not need. In the upper frame
the number of LUND units is given (1 or 2).

The Skip Electrodes Menu allows you to skig << Skip Electrodes Menu >>>
. rotocol #1: WENNER_L.ORG .
certain electrodes. #1 0N 1-3.5-7-9-- _
#2 On 1-3-5-7-9--
#3 On --3-5-7-9-1
#4 On --3-5-7-9-1 .
Cable #1 takeout #1: Enabled
( S=Close)
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To accept, press tH&) (or select the <STARTP Ch P1 P2 Resistance S.Dev Stacks.
option). This start the electrode test (if you ha\%eN,A '
selected "Electrode test: Yes" above) or |tReVA

. . 4: N/A
measuring procedure (if you have seleq t@d}' I=Auto
"Electrode test: No"). It is recommended that /dﬁggiggggyisx\l’(e”nef-gvlfectig;:
use the electrode test function. When the testis— :
finished, a list of the electrodes with bad ground
contact is given. You then have the option to skip
a particular electrode, or to improve the
grounding. It may be necessary to connect several

electrodes to each take-out to get sufficient atinta

NOTE: Dangerous voltages and currents are transmitd by the
Terrameter via the electrode cables connected to ¢hElectrode
Selector! During the entire duration of an electro@ contact test
or measurement session it is the responsibility ahe operator
always to have full control of the entire electrodeable layout, so
that people and animals do not get close to the eteodes and
electrode take-outs connected to the measurementates!

6.2.6 Electrode Test

If the electrode test (as described above) ises#tes the system checks if it is possible to
transmit current through all electrodes. This te8y takes a couple of minutes, but can save a
lot of time afterwards!

The array code determines how the contact testri®mned. For most arrays the electrodes
can be tested pair-wise against each other staatimgme end. Another option is to test each
electrode against all the other electrodes (on&ylable for ES10-64). For pole-pole and pole-

dipole all the electrodes are tested individuailhcs one of the current electrodes is assumed
to be a remote electrode.

If long cables (e.g. with 5 meters or more betwide-outs) are used a set of walkie-talkies
are useful for efficient work, otherwise a lot ohé may be wasted running up and down the
cables.

The program automatically continues to measureguaih four electrode cables when the
contact is satisfactory. Occasionally, the prognaway stop depending on poor electrode
contact even if the contact test was passed (depgredy. on drying out, or that two "half-
poor” electrodes are used together). It is theeefamlvisable to check that measurements have
not stopped every now and then, and improve cor{tacstep down the current for that
particular electrode combination only). It may bésevusing a one step higher “lowest
permissible current” during the Electrode Test #@meh return the value to the ideal, before
the measuring starts.

- 40 -



ABEM Terrameter SAS 1000 / 4000

6.2.7 Speed Up the Field Procedure

A good way to speed up the field procedure is teehane extra electrode cable and a
generous supply of electrode and cable jumperdadl@j so that the extra cable can be rolled
out and hooked up to electrodes while measurema@sin progress. In this way the
instrument and cable joints can simply be moved step before starting the roll-along
measuring on the following measurement statiomolfextra electrode cable is at hand the
following procedure can be adopted.

While the measurements are in progress for the laggut (using all four cables) the
electrodes for the remaining take-outs on the tlgoteode cables closest to the centre (short
layout) may be connected. When measurements are fdorthe long layout, the program
stops and waits for the operator to pf@$o continue with protocol file #2 if "Wait between
protocols” is set to YES.

As soon as the measuring on the long layout istied, Cable 1 can be disconnected, wound
up and rolled out ahead of Cable 4 (if you wantptsform roll-along). In this way all
electrodes can be in place when measurements oghtrelayout are finished. Bring along
the cable joint used to link Cable 1 and Cable @ drop it at the Electrode Selector.
Disconnect the other cable joint when passing tinection between Cable 3 and Cable 4,
and use it for linking the former Cable 1 whersiin place in the position ahead of Cable 4.
Make sure that what is now Cable 3 and Cable 4irdted together with a cable joint, unless
it is the last station on the profile and Cablesfi¢e is excluded.

When all measurements on the short layout arehieoisthe program stops and asks whether
to continue with roll-along measurements (upwardi@vnward) or quit. If you want to link
more data to the profile, first disconnect Cablan2l Cable 3 from Electrode Selector, and
link these cables together with the cable jointe3éh cables are from now Cable 1 and
Cable 2! Move Electrode Selector and Terrametehéonew centre point, and connect what
iIs now Cable 2 and Cable 3 to Electrode Selector.

If you decide to continue with roll-along (up orwido) the Measurement Setup menu appears
again. The same comments as described previougespphe process now continues as
described above: checking of contact and measuiisg for long layout and then short
layout. However, measuring is now faster since mpaogsible measurement combinations
were already measured in the previous layout. Wiméasuring is carried out on the long
layout all electrodes at even-numbered take-outSairle 1 can be removed and connected to
the even-numbered take-outs on Cable 3, to be feadlye contact test for the short layout.

The profile can be extended as far as desireddditian measuring can be stopped at any
time by pressind, which gives a possibility to change certain patars in the setup. The
measurement can then be continued, by pressirf8) tey.

While measuring the profile, do not forget to tal@es of the position of reference points
along the line using the cables as ruler. Do alagknout some of the used midpoints along
the profile with pegs, sticks, paint or whateversistable. This facilitates identification of
points for further investigations later on. Furthere, it is often efficient to level the
topography while doing the measurements, usingales as ruling tape. Similarly it can be
efficient to determine the coordinates of key pialong the measured line with GPS during
the measurement process, unless this is takerothyea special arrangement.

It is possible to stop the measuring program atgaigt, and re-start it again. You can select
an existing record and add data to this record. grbgram will automatically find out how
far the surveying has proceeded, update coordingtiesit is thus possible to continue
surveying without loosing data after e.g. a povedufe, or to extend a profile the next day. A
profile can be extended either towards increasowdinates (up) or decreasing coordinates
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(down), but the cables must always be rolled ot wicreasing takeout numbers in parallel
with increasing coordinate numbers.

6.2.8 Data Cover

The data cover for resistivity surveying with cablestems in general is dependent on several
factors such as: the total number of electrode-taks, the number of sections the cable array
is divided into, the measurement array type usedniVér, pole-pole, dipole-dipole etc.), and
whether there are any restrictions on how the mldets can be combined. This section shows
the data cover of standard Wenner CVES, while “Ayjpe E. Address and Protocol Files”
(page 89) summarizes the characteristics of protéies supplied with Lund Imaging
System.

For the standard Wenner CVES the data cover isnegllaby measuring in two sets, linking
in electrodes from the outer electrode cables. Thisemonstrated by the protocol files
WENNER_L and WENNER_S. With roll-along measuringe tldata cover becomes
continuous, for all but the longest electrode safp@ns where there are gaps in the cover
between the station points (Figure 14). Since thera substantial over-lap in data cover
between consecutive station points, the .UP andNp/otocol files are reduced accordingly,
which means measuring is much faster. In practius, means that the measuring for these
points normally take about half as long time as tloe first midpoint. WENNER_S is
designed only to supplement WENNER_L for the shsbrédectrode spacing, and is generally
not suitable for use alone if only the two centalbles are used. If measuring with two cables
only use a protocol dedicated for this (see “Appeid Address and Protocol Files”).

ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIUITY DATUH POINTS

-
et

[:] Model hlock Mumber of model blocks 1288

¥  Datum point Number of datum points 771

Number of model layers is 14 Unit electrode spacing 1.88 n.
Minimum pseudodepth is 8.51. Haximum pseudodepth is 12.3.

Humber of electrodes is 121.

Figure 14. Data coverage of standard Wenner CV&Sng the measurement protocols
WENNER_L and WENNER_S, for roll-along with thred fueasurement
stations, plus one station with a cable excludeeath end of the line. A unit
electrode spacing of 1 metre was used.

Any cable configuration and electrode array coulgrinciple be used for measuring, as long
as the geometry and measuring sequence is sperifibe address and protocol files used.
Details on the format of these files are given &ct®n 8.1.5 “Format of Lund Imaging
Address, Protocol and Location Files” (page 59).

The SAS 1000 / 4000 displays measured resistanapparent resistivity values on the screen
during data acquisition, as well as the smalletrielectrode distance and the midpoint
coordinate.
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6.2.9 Area Cover /3D Roll-along

For applications where area coverage is neededayt lbe desirable to do roll-along in a
direction perpendicular to the extension of thdeglas shown in Figure 15.

Cable $ Roll-along direction @
#4 ——
#3 [F/—;—t b+

b 3 n I & 'l + I & N 1 i i " & d ﬂ

#2 — '
o T , T
{ Electrode
Instrument take-out y
Switching unit position .

Figure 15. Sketch system layout for roll-along veying, with a roll-along direction
perpendicular to the cable direction. The roll-atpulirection will depend on
coordinate system orientation preferences.

6.2.10 3D Resistivity Surveying by Means of a Number of 2Dayouts

A simple way of carrying out a 3D survey is to mgasa number of parallel, and optionally
orthogonal, 2D sections, and afterwards merge ihel&ta sets into a 3D data set before
inverting the data. A condensed step-by-step dasammi is given below, in which it is
assumed that the (first) electrode cable layoutation is called X and the perpendicular
direction is called Y (Figure 16). The descriptassumes that Res3dinv is to be used for the
inversion, but the procedure should also be appkce alternative inversion software.

1. Decide the number or electrodes in the cable lagoettion (X-direction). This will be
limited by the number of take-outs on the electrodbles available, and could be for
example 16, 21, 32 or 41 electrodes.

2. Decide which electrode configuration to use. Popmi@ (both forward and reverse
measurements) is often preferred as it offers gdepth penetration and sensitivity
towards the edges on limited cable layouts, plusdgeesolution. Dipole-dipole or
multiple gradient array measurements are good ogfidt is not practical to use a remote
electrode.

3. Select suitable protocol files and ensure that ethase available to the Lund data
acquisition software in the Terrameter (if necegsammpile a PROTOCOL.BIN file and
upload to the instrument).

4. Roll out the electrode cable(s) along the firsiestigation line and connect the electrodes.
Connect the electrode cable(s) to the Electrodec8®l and start measuring to a “New”
data file using the selected protocol file(s).
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A
L
x
a
s Line 9
Start End
Line 8
Start End
Line 7
Start End
Line 6
Start End
Line 5
Start End
Line 4
Start End
Line 3
Start End
Line 2
Start End
Line 1
Start End

»
. L
X axis

Figure 16. Example showing a survey consisting opaallel lines oriented in the

x-direction. In this case, according to the nomatwale of Res2dinv collate tool,
all lines have the same X location of first thectlede along this line, but
different Y locations. The line direction is zanaall cases (0=X,1=Y), and the
line direction/sign is also zero (O=positive,1=n¢iga).

. While measuring is being carried out, electroddefgh can be rolled out and electrodes
connected on the next investigation line. The distabetween lines should normally not
exceed twice the electrode separation.

. When measuring is finished on the first line, sel&uit”, disconnect the Electrode
Selector and move it and the Terrameter to thergetioe. Start a “New” data file and
proceed with measuring as above.

. Remove the cable(s) and electrodes from the finstdnd set up the third line. Continue
this process as far as desired.

. Using a separation between the lines that is eguile electrode separation will increase
the resolution. If extra resolution is required grecess can be repeated with the electrode
cables rolled out in the perpendicular directiordj¥ection).

. After data acquisition is completed, download b data files to a computer using the
utility software. Convert the data files to the DAdrmat used by Res2dinv.

10.Make a copy of the file COLLATE_2D TO_3D.TXT (care Bound in the Res2dinv

program directory) and change filenames and coatd#according to the present survey.
Start Res2dinv and use the option “File/Collateadato Res3dinv format” to merge the
files.

11. Start Res3dinv and invert the merged data file.

6.2.11 Borehole Measurements

Borehole measurements require electrode cablegramsifor this purpose, standard Lund
Imaging System electrode cables are not suitabiielréss files must be designed to suit the
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particular hardware configuration of these cabdesl protocol files should use array code 12
(tomography). See section 8.1.5 “Format of Lunddmg Address, Protocol and Location
Files” (page 59) for more information on addresd amnotocol files. The roll-along feature
will not work for this type of measurements.

6.2.12 Possible Sources of Error

A number of possible problems, common sourcesroffeeasons and suggested measures are
listed below. Suggestions for additions to thisdi®e appreciated.

N.B. Moisture and/or dirt in the connectors willnflict the field work and even cause
permanent damage to the connectors. Always keempribtection caps clean and in place
when ever possible.

N. B. To ensure proper function, SAS 1000 / 4006usth be powered from a gelled lead-acid
battery or a car battery (25 —*7@mp. hours) during the field work.

Problem Reason Remedy

No signs of life fromThe battery may eCheck that the batteries of Electrode
the Electrodecompletely discharged [iBelector and Terrameter are properly
Selector (no beegither the Electrode Selectmharged, and that the cable linking the
when the Terrameteor the Terrameter, or thenits is OK

power is switchegdcommunication cabl
on). between the units may be
faulty.

No contact obtained?oor electrode groundin€heck that the Electrode Selector| is
at all during thefor all electrodes, or ndrigging and Terrameter is respond|ng
contact test proper response from thproperly. If not check that all interface
Terrameter cables are in good condition and properly
connected, and that the batteries are |OK.
If the Terrameter is responding check the
error code, where a common reason is
that the contact resistance is too high| for
all the electrodes. Try to improve the

grounding, or step down the current ((in

general not recommended, will impgir

data quality)

9 A battery capacity of 60-70 Ah is recommendedHeavy duty applications, i.e. continuous work feveral hours with a
high current setting.
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Unstable andPoor electrod
possibly negativeconnection/grounding, ar
readings possibly too low measurin

current. High level of self
potential.

2Check that the Terrameter is set to as
theasuring current as possible!
agecessary water, and hammer do|
-electrodes, and if that is not sufficig
connect two or more electrodes to e
electrode take-out! Check that
connectors are in good condition and
firmly connected to the electrodes!

No contact obtaine
from electrode take
outs on the cabl
beyond the cabl
joint

e

drhe cable joint may b
connected in the wron
irection or not connected
Il

€ heck that the cable joints are propé
gonnected! The groove on the cable jq
athould point towards the layout centre

Negative, but rathe
stable resistivity
readings

ICable 2 and cable 3 may
switched  at
Selector

Electrodeélectrode Selector in the right order!

eheck that the cables are connected ta

Unstable/unrealistic
results

Badly installed electrode
Dirty or moist connectors
Damaged spread cables.

Check that all connectors and cables
5in good condition. Run CABLETST ai
CABLE INSULATION TEST on regula|
bases.

6.2.13 The ALARM Connector

The ALARM connector on the ES464 has four pins:

Gives 12V out at an occasion of alarm. The outp@ised by 2A.

Pin B and C give a contact closure at an occasfaaarm. The pins are total
isolated from the rest of the system. Max permiedilad would be 12V at 2A.

O O W >

0V reference

y

nigh

If

wn,
ant
ach
all

are

2rly
Dint

) the

are
nd
r

The ALARM connector on the ES10-64eC / ES10-64C dakfferent configuration of the

four pins:
A For 12V power supply of ES10-64eC / ES10-64Clifdted units beyond the firg
one.
B Gives 12V out at an occasion of alarm. The ouipfused by 2A.
C OV reference.
D Ground for power supply.
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7/ TERRAMETER SAS LOG 300

This section describes the operation of the Tertam&AS 1000 / 4000 accessories
Terrameter SAS LOG 300.

7.1 CONTROLS, TERMINALS AND LOGGING CABLE

N.B. during logging operation there should be nonaxtions to C1-C2 and P1-P2 terminals
on SAS 1000 / 4000.

The SAS LOG 300 consists of a 300 m long loggingleavith a logging probe and a
convenient backpacking frame. On the frame is attednic unit mounted as well as
terminals for the Current Return / Potential Rafeseand a connector for connecting to the
SAS 1000 / 4000.

The logging cable has seven nylon-insulated comdsi@nd a polyurethane jacket. A Kevlar
stress member, good for 4000N is incorporated. & bydindrical current takeouts are located
56 m, 1.2 m and 0.4 m upwards from the probe sleoulThe cable is marked at 1 m
intervals, starting at the logging probe shoulder.

The stainless steel upper end (shoulder) of thgimggprobe, serves as electrode 0 m. The
lower inside end of the probe - the chamber - mesring electrode, -0.4 m and one electrode
in the centre, the chamber electrode. The centetrelle also contains the temperature
transducer. The end of the chamber is set at ale aagmprove circulation of fluid in the
chamber as the probe moves. Three holes in the bdvamall permit air to escape, thus
ensuring good contact with the fluid.

A control cable, 33 0020 11, connects the SAS LOGt® SAS 1000 / 4000. The SAS LOG
is fully governed from the SAS 1000 / 4000.

The return current terminal is connected to a retunrent electrode (ABEM stainless steel
electrode) placed not less than 75 m from the tedde surveyed.

The potential reference terminal is connected tcefarence potential electrode (ABEM
stainless steel electrode) not less than 50 m tr@mwell and in the opposite position from
the return current electrode.

Even if there is a test facility testing the growsmhnection for these remote electrodes, great
care should be exercised when installing them smenreliable connection to ground.

Directly after switch on, the LOG will perform alseheck, which takes a few seconds.

The SAS LOG 300 facilitates following functional des:

« Down (automatic measurements according to settmgsle in point 4 chapter 7.2,
manually activated)

* Up (automatic measurements according to settingsermapoint 4 chapter 7.2, manually
activated)

* Electrode Check

* Level Check (Water-)

* Depolarise

* Temperature

« SP Voltage

* Short Normal (Resistivity)
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* Long Normal (Resistivity)

» Lateral (Resistivity)

* Fluid Resistivity (Resistivity)
e Short Normal IP

* Long Normal IP

e Lateral IP

7.2 OPERATING THE LOGGING SYSTEM

Assuming basic familiarity with SAS 1000 / 4000e¢le would be the steps to set up for a
well logging

1. Inthe Application menu, select SAS LOG 3do,

2. In the Record Manager Menu, define a NEW log tN/e,(Or OPEN an old file or
DELETE recordd®))

3. In the next menu, define the LOGGING INTERVAL in taes. This is the smallest
conceivable distance between two logging poiots,

4. In the Log Configure menu, page 1(9), enter théade steps for downwards and
upwards logging (the logging interval is multiplieg this number, the return is the
actual distance between the logging points in #spective run) and select which
mode% )should be utilized on the way down and whbiclthe way up, see paragraph
8.2.3+()-.

In the SP Parameter menu, page 2(9) select deSRedeasuring time( )-.
In the Measure Parameter menu, page 3(9), makiestieed resistivity settings J-.
In the IP Parameter menu, page 4(9), make thesdermeasuring settings,)-.

© N o o

Calibrate temperature, page 5(9), the log is slipp#h default calibration values
entered, which allow the stated accuracy. For gpel@mands other values may be
entered.

9. In the Stack Parameter menu, page 6(9), enterisl&aistacking and also whether to
view apparent resistivity or resistance (plain Without geometry calculations J-.

10.In the Options menu, page 7(9), set options forctireent transmitter J-.
11.In the Info Text menu, page 8(9), make all the camis for the actual survex, - or

(o],
12.Return to the View Sample menu, page 9(9), to vigweved datée).

13.Select whether to follow the sequences preset int goabove, Down(®) or, Up[®].
Options are® / ®:

« Electrode Check, to verify whether the remote etetets are properly installd)..

» Level Check. Select this function and lower thebgroan indication is given on the
SAS 1000/ 4000 LCD when the probe reaches the weatet,(®].

« Depolarise, equalizes built up potentials prioB® measuremente).
« Take single readings in any function mode at abitrary depth(®].

14. The last retrieved data is shown in the uppet @f the LCD, together with the relevant
depth information. The next measurement and theopppte new level according to the
settings in point 4 above are suggested in the rovmlf of the LCD.
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WARNING: Make certain that the
Terrameter SAS 1000 / 4000 is turned off
while handling the logging cable and probe.
The cable and probe electrodes can carry high
voltages after the MEASURE button(®) on the
SAS 1000 / 4000 is activated.
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7.3 TEMPERATURE & SP LOGGING
Normally temperature and SP are logged at the fitst

downwards the well, in the unstirred water and with
polarization effects residing from resistivity messments. ? 56m

The temperature is measured to an accuraagyit® within the
0°C ... +20C range andt0.1°C within the +20C ... +50C

range, thus permitting local temperature gradiémtbe studied
in detail.

When assuming high precision for temperature graditudies,
ample time must be allowed to permit the probestch thermal
equilibrium vis-a-vis the fluid. Move the probegitly up and
down a few times while waiting for equilibrium toel
established. Temperature logging should be thelbgsat each 1.2m
station, since undisturbed water is required.

To reduce electrode polarization, attributable toevus
resistivity measurement or long storage in air, éhectrodes
should be depolarised before SP logging starts.

Proceed as follows:
» Connect all cables and electrodes as explainedeabov

04m
+ Perform the Electrode Check.

» Select the Level Check. Lower the logging probe ittie
well, use the level mode to determine the deptthéowater
table. Return to the Info Text menu (para. 8.2dn{pl1) and
enter the water table depth in the comments field.

« Lower the probe to the desired depth (i.e. as atdit in the Om
measuring menu, 0 m for the first sample).

« Select the Depolarise and wait for this functioffingsh.
e Select Down.

+ Presd®) and temperature and SP will be measured, the value
stored and shown in the upper half of the LCD. Aperative

to proceed to next depth appears in the lowerdfalie LCD. 0.4 m and

chamber e.

* Lower the probe to next depth as indicated on @® land

presde].
Logging probe with

e Continue till the desired depth is reached and here the
current takeouts

resistivity upwards logging should commence.

The voltage that is displayed will be the potenbatween the remote potential reference
electrode and the upper electrode, the shouldahelogging probe.
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7.4 RESISTIVITY AND IP LOGGING

N. B. Resistivity or IP measurements should nomlagle during a SP logging run.

e Select Up

« Enter the actual depth in, meters, where the upsvaesistivity logging should
commence.

* Adjust the depth of the probe to the depth newlged.

« Presde].

All the selected “upwards” modes are now passedutiit one by one, followed by an
imperative to hoist the probe to next level for sileament.

« Presde).
* Etc.

7.5 THE RESISTIVITY AND IP MODES ARE EXPLAINED BELOW

FLUID RESISTIVITY LOGGING

The current is injected via the ring electrode, lavlihe potential is measured between the
shoulder electrode 0 m and the chamber electrothe. fluid resistivity is calculated,
presented on the display, and saved in the SAS A8000. In case of small-diameter wells a
correction is needed. In table 8.1 are listed threection factors to be used. The calculation is
not done to the stored values.

Well diameter in mn].Correction
factor

50 - 60 1.08

60 - 70 1.06

80 - 90 1.03

90 - 100 1.01

Table 7-1: Correction factors used in the SAS 10@@00 for smaldiameter wells whe
measuring fluid resistivity.

SHORT NORMAL LOGGING

Current is injected via the shoulder electrode, )0 Tine corresponding response voltage is
measured between the ground potential referencahendng electrode at the bottom of the
probe. The SAS 1000 / 4000 will display the registiof the surrounding medium.

LONG NORMAL LOGGING

Current is injected via cable electrode 1.2 m wiile potential is measured at the ring
electrode at the bottom of the probe. The SAS Y000 will then display the resistivity of
the surrounding medium.
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LATERAL LOGGING

Current is injected via cable electrode 5.6 m, #redpotential is measured between the ring
electrode at the bottom of the probe and the celblgrode 0.4 m

The SAS 1000 / 4000 will automatically perform thecessary conversions, and display the
resistivity of the surrounding medium, measuredulie "Lateral” configuration.

7.6 FLUID RESISTIVITY AND ESTIMATION OF TDS

The SAS LOG can be used to measure the resistofitg fluid, thus enabling you to
determine the Total Dissolved Solids (TDS) in thdf

Resistivity is a function of water temperature, anstandard temperature (usually@pmust
be specified for reporting resistivities or condwuities. For resistivity, the approximate
conversion formulas for common standard temperstare:

p1s=p7(0.62 + 0.021 T)
P20=p7(0.58 + 0.021 T)
P25 =pPp1(0.48 + 0.021 T)

where T is the temperature i@ in the range 5 - 50C andpt the measured fluid resistivity at
the temperature T.

Concentrations by weight

Concentrations of the common ions found in grouradeware often reported by weight in
parts per million (ppm). One ppm defines one pgriMeight of the ion to a million parts by
weight of water, and it is numerically equivalemtnilligrams per liter. Total dissolved solids
(TDS) is also reported as ppm.

The following diagram illustrates the relationshipstween resistivity and TDS for various
salt solutions and for an average of natural grovatérs.

The TDS estimation for an average of natural gronaters is:
TDS,pm = 6400p25  Wherepys is inQm.

Conductance is sometimes preferred for the esiomadf TDS (rather than resistance, its
reciprocal) since it increases with salt conterdndiictance is measured in Siemen (= S =
mho = @Qm)%), but for comparative purposes results are usuadjyorted as electrical
conductivity (EC) which is measured in S/m. Sinagshground waters have conductivities of
much less than 1 S/m (and since this method is1afsed to determine the TDS of ground
water), it is often more convenient to use mS/m.
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8 UTILITY SOFTWARE

8.1 TERRAMETER SAS4000/SAS1000 UTILITY SOFTWARE

The utility software for Windows 95/98/NT/ME/2000PXVista is delivered on CD. You can
also download the most recent version of the setivieom http://www.abem.se. Insert the
CD in your computer, and execute the SETUP progmmstall the software. By default the
software is installed in the directory C:\\SAS4000.

Hint: If you are not comfortable with file handlingccept the default settings to avoid future
path-problems.

The utility software contains several functions:

* Retrieve measured data from the Terrameter SAS 18000

» Install new software and protocol files to the &eneter

» Convert measured data to various file formats fergnterpretation)
* Manage protocol files (e.g. for handling the LUNDaging System)

ABEM Inzstrument ABE - Terrameter SAS4000/5A51000 Utilities

File “iew Transfer Help

[D@E X (B|? |24l

For Help, press F1 | Port=COM1: Baudrate=38400 4

Above is shown the main display in the Utilitiesfta@re. All available commands are
accessible through the toolbar. When you move tingoc over the command tools, a tool tip
is displayed for information. From left to rightetle are: New project, Open project, Save
project, Delete project or document, Program priig®r Help, Get data from Terrameter,
Install program module into Terrameter, Remove @mogmodule from Terrameter, Modify
calibration parameters.

8.1.1 Communication between Terrameter and PC computer

The SAS 1000 / 4000 communicates with a PC comlpatiimputer through the serial cable
delivered together with the instrument.

Setting the SAS 1000 / 4000 in communication mode

In order to communicate with an external PC itesessary|<saS 4000 Standard>
to set the SAS 1000 / 4000 in communication modemH| _
the record manager press fBekey. This brings you to the<LUND Imaging System>
Program Selection Screen which can look as illtetirdo (<RS 232 communication>
the right. Observe, that only program modules llextain
the SAS 1000 / 4000 will appear in the Program Gele Screen. Move to the selection
<RS232 Communication> and presé . The SAS 1000 / 4000 will then be ready to
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communicate with the external PC through a senahection. Please ensure that the settings
(baud rate) are identical on both the Terrametdrthe computer.

VERY IMPORTANT

If you are installing (or upgrading) software to the SAS 1000 / 4000 be patient. After the
necessary file(s) are copied to the SAS 1000 / 4000, the program will unpack and install
itself. This procedure can take several minutes. DO NEVER TOUCH THE SAS 1000 /
4000 DURING THIS TIME. In the worst case the communication program on the SAS
1000 / 4000 will be damaged, and you have lost all possibilities to communicate with the
SAS 1000 / 4000. If this happens you will need to ship the SAS 1000 / 4000 to ABEM for
new program installation. Also ensure there is sufficient battery capacity before starting
upgrading the communication program.

Install software on the SAS 1000 / 4000

From time to time you might want to install anotlpeogram module, or install an upgraded
program version. In order to do this, press ther@mpte toolbar (green arrow pointing
downward). This brings up the “Install Program Mka#i menu:

Install Program Modules (5/M: 2041333}

X
¥ System Software Update
¥ Standard Operation Software Cancel |
W Lund Imaging 5 pstem [™ Protocols: PROTOCOL.EIM Settings |
[ Multimac Spstem [~ Protocols MULTIMALC BN

[T SASLOG 2004300
™ Remate Control

|' Program Modules Locatian

IE:'\S.-“-‘-.SaiEIEIEI'\tmp'\ |

Specify which program modules you want to instalid press OKPlease check that the
serial number of your Terrameter is shown in this vindow. This ensures that the
communication is working properly. In case of problems with the communication, check
that the baud rate is set equally on the Terranagtdron the PC. Also check that the correct
serial port on the PC is used. In some rare cagesnecessary to decrease the baud rate to
19200 or 9600.

I mport data from the Terrameter

Press the toolbar (double blue arrows pointing ugyveo invoke the “Import Data” menu as
shown. The tree structure displays all files regjddn the Terrameter. In the example shown,
only one single file (hamed R0O0001.S4K) is founduYcan specify exactly which files to
import to the PC by marking the checkbox.
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Import data from Terrameter SAS4000/5A51000 <5/M: 2971841 |
[ratafiles on SA54000/5457000 | Filesize | Last modified | Irnport |
EI:IE <5/M: 2971841

e [0 5P Mo files) Close

= (124 Resistivity

[P RoDOM 54K B212 28051399 13:01.14 Settings |
f O 1P Mo files)

te (0] Log. Data Mo files)

1 files found.

[ Dwverwrte existing files ik the import directony 2 = Thiz file already existz in the
import directon

|' Import Tao Directony

D:ASAS4000MD ata | Irnport Al |

8.1.2 Data Conversion

Observe, that the files residing on the Terramatersaved in a binary format with the file
extension .S4K. It is therefore necessary to cdntlex data files to another convenient
format. This conversion is activated in the follagiway:

Select the “New” toolbar. This brings up the menu

Mew |
_
iData Lon an Project

Lund Protocol Project Carnicel |
Help |

Select “Data Conversion Project” and click OK. hetconversion window, right-click with
the mouse to select the data files. (Alternativelgiect the menu Data Conversion — Add
Files).
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¥ Convl

+ = | & !

[=] B3

Data output directony: |D:\SAS4DDD'\D atahvanbh |
Files | Tupe | Array | Path | Date & Time | Filesizel Log-filel el | Instrument |0 |
ooz ¢ Res.. Lund Imaging System  ‘wenner [B] D:ASAS4000MD... 20 Map 1999 14:00:27  11.8kB 13 2971841 [SA54000)
Lrrad102 Res.. Lund Imaging System  “Wenner [B) D:ASAS40008D...  11Jun1999 02:51:42  BOT kE 10 2970997 [SAS4000)

MNumber of files: |2

You can add as many files you want. Some basianmdtion about each file is given, e.g.
measuring data and instrument serial number.

To convert the files, mark them and right-click gamply click the ! tool or press the F8 key)
to convert. This brings up the Data Conversion @alindow. Select which output format
you need, e.g. RES2DINV. Most of the settings I8 thalog are obvious. In fact this dialog
calls an external DOS based program (called S4KCENX¥). In the window labelled
“Command line” is shown the corresponding commaned When executing the DOS based
program. For more details on the DOS program, setos 8.1.3.

Data Conversion Dialog

Dutput format: | g oDy Format [+ DAT)
Output path: - [D:\5454000MD atat

=

— D1ata Rejection
% No rejection
" Reject negative values
" Fieject positive values

— |P Converzion
& Do not convert IP data
£ Convert allhme windows
" Single ime window no.; |1

 Sum time windoves: 1

to [10

— Marine Survey
[ Marine data et

Wwater resishivity IBE\ Ohmm

Local datum ID M
Left lirnit ID M
Right lirnit ID m

— Select channels to convert
¥ Convert channel H#1
[T Convert channel #2
[ Convert channel #3
[ Convert channel H4

[ Sample range: |1

to 1048576

[ Use geometm file: I

L

Command line:

[ Emmor threshold IU-4 %

I7| &dd|eamments
2} Gltput sample mo. instead af data ne

[ Eaorce conversion to resistance

™ inconditional conversiorg
I = =t W e

W Overwiite existing files

Co-ordinate type; IIr'u:Ie:-: 'I

SAKCOMNY - -w o2 o3 -cd B D:ASAS4000MD ata

8.1.3 Conversion program on PC - S4Kconv.EXE

Optionally the program S4KCONYV can be used to canSAS 1000 / 4000 data, for example
by typing the following on a command line:

S4KCONYV -r LR*.S4K
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The "-r" option means conversion to RES2DINV formathich is also accepted by
ERIGRAPH. In this example all LUND resistivity fdeare converted due to the file name
LR*.S4K. (Refer taAppendix F. S4KCONTor information about this command.)

8.1.4 Measurement Protocol Generation and Management

Select File, New (or use the New toolbar) in therdmeter SAS1000/SAS4000 utility
software.

ABEM Instrument AB - Terrameter SAS54000/5A51000 Utilities

File ‘iew Transfer Help

W |x|(a(? | |oix

H_

For Help, press F1 |Part=COM1: Baudrate=32400 | | | 4

Select “Lund Protocol Project” and press OK.

Hew 0

Drata Corvversion Project
:Lund Protocol Project
Multimac Pratocal Project

Cancel

dliil,

Help

The menu belwo appears. By moving the cursor aleeedifferent tools, a display of the
function of the tool is displayed.

Lundl |- (O] x|
A TR T
Y
Target directany: |C:45AS4000NE mbedded! |
______ | ORG | LIF'| D' | Addrezs File | Ehannelsl Array | G eometr,
ENMER L 190 Fii] 7a LONG32 1 Wenner (&)
WENMER_S ar a0 50 SHORT32 1 Wenner (&)
4 | Ll
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The leftmost “Manage Protocols” brings up the digbox:

M anage Itemsz Dialog |

Available pratocols Selected pratocalz

DIPDIP-5 — WENNER_S

FOLZL L adde - LI
POLZLY
POLZSS Add All > Cancel
POLALY _—

SCHLUM-L
SCHLUM-S
SOUARE 24
SOUAREZE o << Bemove all
SOUAREZC _
TESTABEM

TOMD3-21

WEN3I25% =

<< Remove

Among the available protocols (left) you can seiglsich protocols to make active. Press OK
to finish. In the above example only two protocais selected. To compile these protocols
into a binary file PROTOCOL.BIN, press the rightrhdeol. This activates the Witi-
electrode Potocol Hle Compiler (MPFC), used to compile address- and patbles into a
binary database to be transferred to TERRAMETER 3@ / 4000. Besides the fact that it
is easier to handle a single database file inIseaiasfers it makes it possible to check that the
protocol files are correct and consistent.

The program reads all address files (*.ADR) andqaral files (*.ORG, *.UP, and *.DWN) in
the current directory and creates a file called PROOL.BIN. When the compile is ready
the resulting file PROTOCOL.BIN.

The resulting file PROTOCOL.BIN can then be uplahdeo the Terrameter as described on
page 53.

Install Program Modules (5/M: 2041333} il

[ System Software Update

[~ Standard Operation Software

Cancel

[ Lund Imaging 5 pstem ¥ Protocols: PROTOCOL.EIM Seltings |
[ Multimac Spstem [~ Protocols MULTIMALC BN

[~ SASLOG 2004300

™ Remate Control

[ ES Test Software

|' Program Modules Locatian

C:A5A540004mp* |

Error Codesin MPFC program

There are a number of error codes associated WehMPFC.EXE program, as listed in
“Appendix C. MPFC Error Codes”. Errors are fatatldrence no database file will be created
while warnings are non-fatal and a database filebeicreated.
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For example, if only an ORG-file has been creatadirao UP- and DWN-files a warning will
be issued. As it is fully legal to define only aRG-file the compiler accepts this but warns
the user that he/she might have missed to suppli & and DWN-files.

8.1.5 Format of Lund Imaging Address, Protocol and Locaton Files

The measurement process is controlled via addiless (fADR) and protocol files (.ORG,
.UP and .DWN). For measurements involving borehlaeation files (.LOC) are also used.
Cable Description Files (Address Files)

The cable description files (address files - extansADR) contain information about the
physical configuration of the cablespresently used: number of electrode cables, number
electrode take-outs per section, internal and eateaddresses of electrode channels, etc. All
parameters are integers.

)

To edit an existing address file, press'=: tool. This brings up the dialog shown below.

Edit Lund Address File - D:ASAS40000ES 4645 LONG32.ADR |

WETES ILDNGSE

Mumber af cables: IE T akeauts per cable: |21 3: Cancel |
S pacing mult. factaor, E H-move; I'lﬂai -move:; IE

Rall-along in 3 direction: % Boll-along in ' direction:

Total no. of electrodes: I 4 _I? [Fenemate |

Addresz Map: Electr. &dr Cable-T akeout

1 22
2 23
3 24
4 25
] 2E
6
7
]
9

—Hint

~ MHumnber of cables in the lapout, All cables need
nothe active, zome might just be placehaolders.

27
28
29
30
10 A

o= Oy —

R R R o
UG AL AL L mom

—_
(%]
ey TS )

The following format is used in the files:

Ngec Neach { number of electrode cables, total number of take-outs per cable }
Nskip Nx-move [Ny-movel { active electrode skip factor, lengths for x-move, lengths for y-move }
Niot [Ny { total no of active take-outs, no of take-outs in x-direction }

1 adr, cable;-pos;  { number, internal address and physical position of 1st take-out }

2 adr, cable,-pos,  { number, internal address and physical position of 2nd take-out }
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ntot adr,;o; cable,,-PoSo: { NUMber, internal address and physical position of last take-out }

For line oriented cable arrangements with roll-glan the direction of the cable the
parametersny. ... and n, are not specified, but only for areal cover and 8&ble
arrangements. In these cases the paramgigr,. is set to zero. Excluded electrode positions
can be entered into the address file by assignieg address 0 (zero). These electrode
positions will then be omitted from electrode camttest and measuring. Example address
files can be found in “Appendix E. Address and Btot Files” (page 89).

The physical connection between the multi-pole eators and the internal relay addresses
IS:

Connector Pin Numbers Internal Addresses
1 1-32 1-32
2 1-32 33-64
3 1-21 54-64, 22-32

Table 8-1: The physical connection between theeti® 464 connectors and the internal
relay addresses. The ES10-64 is only equippedasithector 1 and connector 2,
hence an adapter is needed for connecting thre&esdb it.

The pins 22-32 in the standard cables are not abeddo any electrode take-outs, but used
for linking every second take-out on the outer tetete cables to the Electrode Selector via
the cable joints. There is an overlap between thenectors, where connector three is
connected to the addresses connected to pins wittbers higher than 21 in connectors one
and two. This means that cable joints should naidexl when a cable is connected to multi-
pole connector three on the ES 464.

Protocol Files

The protocol files specify the measurement sequercel can be designed to do
measurements using arbitrary arrays.

The first station (midpoint position) is always meeed using a protocol file with .ORG
filename extension, whereas consecutive statioasWB or .DWN protocol files depending
on if the roll-along is done towards higher or lovemordinates. The .UP or .DWN files
should normally be reduced according to the posgibaka overlap with the previous station,
to avoid measuring the same data points twice. &lsis means that measuring is normally
much faster for consecutive stations at a roll-gltvan for the first.

If more than one protocol file is used for eachiigtathere is also a possible overlap, between
the protocol files at the same midpoint, as formegle when doing Wenner CVES with long
and short layouts. In this case one of the filesighbe reduced accordingly.

The protocol files contain an array code, the askifde used followed by a comment string,
and the logical positions of the electrodes. Thsitmms are given for the current electrodes
followed by the position of the potential electred&he format is thus:

code [arraystring]
addressfile [commentstring]
Apos(1) Bpos(l) Mpos(1) Npos(1)
Apos(2) Bpos(2) Mpos(2) Npos(2)

;A.\.pos(n) Bpos(n) Mpos(n) Npos(n)
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where the electrode positions are given as inteigeise interval 1n,,. If remote electrodes

are used these positions are specified as zeromfgaprotocol files can be found in
“Example Protocol Files” (page 91).

The array codes are used mainly for presentatiopgses, and in the case of pole-pole and
pole-dipole how the contact test is performed. fitlewing codes are defined:

Code
0
1
2
3
4
5
6
7
8
9

10
11
12
13
15

Array
Resistance

Wenner-a

Wenner-f3

Wenner-y

Pole-Pole
Dipole-dipole
Pole-dipole

Square-a

Square-

Square-y
Schlumberger
General surface array
Tomography
Equatorial dipole-dipole

Multiple gradient array

If an array not defined in the list is to be usaxday code 0 may be used, which means that
resistance instead of apparent resistivity is diggdl during measurement. If array code 12 is
used only the electrode numbers, and not the coatel are saved, which is suitable for e.qg.
measurements involving boreholes (see section omgey files below).

Geometry Files

The electrode coordinates for a borehole measureanerentered via a geometry file (textfile
with XYZ file extension), with the following format

n-cables

Header cable 1

1 X1,1 Y11 Z11
2 X1,2 Y1,2 Z12
ng X1,n1 Yin1 Z1m
Header cable 2

1 X2.1 Y21 Z21
2 X2.2 Y22 23
n; X2,n2 Y2,n2 Zn2
Header cable 3

1 X3,1 Y31 Z31
2 X3,2 Y32 Z32
N3 X3,n3 Y3.n3 Z3n3

An example is given inAppendix E. Address and Protocol Files”.
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8.1.6 Format of VES Protocol Files

The electrode geometry for VES can be pre-definadneasurement protocols defined via a
textfile saved with XYZ file extension (the filen@nmust have maximum 8 characters). The
file can be prepared in a suitable spreadsheetxtreditor, and should have the following

format:

No of variables
Comment label 1

1 data 1,1
2 data 1,2
n; data 1, n;
Comment label 2
1 data 2,1
2 data 2,2
n, data 2,n,

The following example shows a VES protocol for ahl8mberger sounding, where the

current electrode spacings are listed first folldveg the potential electrode spacings:

2

Comment AB/2
1 1

2 1.4

3 2.2

4 3.2

5 4.6

6 6.8

7 10

8 14

9 22
10 32
11 46
12 68
13 100
14 140
15 220
16 320
17 460
18 680
19 1000
Comment MN/2
1 0.2

2 0.5

3 2.0

4 5.0

5 20

6 50

The file is uploaded to the Terrameter using threfion “Transfer/Install XYZ file”.
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8.2 ERIGRAPH

The software ERIGRAPH is primarily designed to litatie graphical presentation of CVES
(2D electrical imaging) data and associated inden®del sections. The measured apparent
resistivity can be plotted as pseudosections inwobr grey scale. Inverted sections can be
plotted as continuous (smooth) plots or as rectanduocks. 2D inversion must be carried
out using a separate inversion program, such asxample Res2dinv. Conversion from the
field data files formats OHM and S4K to DAT format is also built-in, as well @nversion

to model files in RHO format from the output formdNV and XYZ created by RES2DINV.

8.2.1 Data Conversion

Before displaying the field data must be convettethe DAT format used by RES2DINV.
By selecting File/Conversion/S4K->DAT in ERIGRAPHet menu below will appear, and
upon selecting a data file the data file propertia be summarised. By ticking on/off
protocols and channels different sub-sets of tlia dan be extracted, and it is also possible to
shift or reverse the length coordinates.

MAKE_DAT - Conversion of Lund Imaging System 54K file ko Rede:: I w4
SAS1000/4000-Lund Imaging Systen raw data file [S4F fils) Data file properties:
IE:\EHID;‘-‘-.TMG otland'ribz, 24k DA zoftware version: 2037

Date and time started:  Thu Feb 05 21:28:16
Mo of data pointz: 1080
Mirirmum electrode zpacing [m]; 2

Qutput file [DAT file):
|E:'\EF|IDATMI3 oHand\Irb2 dat

Data file comment/identification: Maimum electrode spacing [m]: 16

IE:'\EH|D."3I.T."3'.\|3 oland b2 sdk, Mirirmum electrode location [m]; O
aximun electrode location [m]; 1600

Topographey file [ALT or TET file]:

[CAERIDATANG etland\Burs Profi T topo.tu Minimum apparent iesisitiity [shm-ml. 57
M axinunn apparent resizitivity [ohrm-m]; 552

inirmum current [ma] 0

Protocol Array tupe #-zhift/[m]

GRAD4LE General electrode amay IEI [~ Beverse Mainurn current [ma} 100
GRADASE  General electrade aray IP data: -
Hemind[m]  -rnasd[m]

Channel selection——————

v Channel 1
[~ Estract negative resistivity data v Channel 2
| Divide min spacing by 2 ¥ Channel 3

s4-shift topography./[m] ID ¥ Chariiel 4 Start cu:unversinnl Close

The built-in conversion routine in ERIGRAPH can @uatically incorporate topography in
the DAT file, if it is saved in an ASCII file (prefably in the same directory as the OHM file
to be converted). The topography file should héneestame filename as the data but with ALT
or TXT extension. The file format is as follows:

x(1) alt(1)
X(2) alt(2)
x(n) alt(n)

10 Used by ERIC.EXE for data acquisition controllingfBeneter SAS300C and Electrode Selector ES464 frBf@.a
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If the topography is not included in the DAT filg the conversion routine it can be manually
copied into the data file in the regular formaeathe resistivity data, but a line with the text
“Topography in separate list” must be added betwberresistivity data and the topography
data (i.e. immediately before the topography dagetien) when using the general four
electrode format.

8.2.2 Pseudosection Plotting

A common method for qualitative presentation of GVED resistivity data is the drawing of
pseudosections. A pseudosection is made by plattieglata points in a diagram, using the
length axis for the distance along the surveyimg land the depth axis for the electrode
separations, as indicated in Figure 17.

Spacing 3a

Spacing 2a
|
I ]
C] Pl P2 CZ

I 2a | 2a | 2a I

Spacing a

C PP, C

I T S N [N [ [ N S T |
n=1 + o+ o+ + + o+ o+ o+ o+ o+ o+ o+
n=2 + + o+ o+ o+ o+ o+ o+ o+ o+
n=3 + O+ o+ o+ o+ o+ o+
n=4 + + o+ o+
n=5 +

Figure 17. Principle for building up a pseudosentio

The distance for the electrode configuration midpas thus plotted against the electrode
separation for each measured data point, lettiadatter reflect the measurement depth. The
corresponding apparent resistivity for the plogpethts are then used to contour the variation
in apparent resistivity along the surveying lindeTpseudosection thus obtained reflects the
variation of resistivity in the ground in a qualit@ way, and an experienced interpreter may
estimate approximate structures and depths to lmgerfaces. It should be noted that a
pseudosection is simply a 2D equivalent of thetetbfield data points in a VES diagram,
however normally with a linear depth scale instefid logarithmic scale as is normally used
in VES.

In this context, the drawing of pseudosections s@etnputer assistance to be practical due to
the large amounts of data. The ERIGRAPH softwarmeigeloped for automatic drawing of
pseudosections in grey scales or colour, usingulimgerpolation between data points. Linear
interpolation involves no smoothing of data, whigives a good indication on the data
quality.
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The selection of resistivity interval limits is ofajor importance when presenting data, as the
perception of the plotted data is strongly conélby the colours. A suitable selection of

limits may enhance the geological variation, wlaileunsuitable selection may hide important

information or enhance irrelevant features. ObJipitsmay be necessary to have geological

reference for optimising the data presentation. direaacter of resistivity data often makes it

suitable to use a logarithmic distribution betwé#enresistivity intervals.

The example of a pseudosection plot in Figure I&vshthe response of a vertical contact,
with 10 Qm to the left of the contact and 1A@m to the right. The example shows
analytically calculated model response (Carperit®B5), and emulates data sampled in a
pattern similar to that of the data collection eyst The example points out the importance of
being aware of the strong lateral effects on DGstedty data of vertical discontinuities when
interpreting pseudosections, and the necessitgiafjunverse modelling (inversion) to get an
image that reflects the true geometry of the ingagtd object.

fmalytical section: vertical contact (10fim+100fim) QX noise
WENNER PSEUDOSECTION
Distance~[nl
61.00 -73 50 25 0 ] 20 72 100@

10
20
30
40

S0
as[ml |
9 12 15 19 25 32 42 54 Y0 90 1720
fApparent resistivity-[inl

Figure 18. Example of a Wenner pseudosection gloiveng analytical response of a
single vertical contact (1@m and 10Q2m), with data sampled as field data.

The software was developed for plotting of DC-riagity data measured with a multi-
electrode array, implying that electrode spacirggaways an integer multiple of the smallest
electrode spacing used. Furthermore, profile dctaooordinates are assumed to fall into the
same positions as data for the smallest electrpdeirsy or halfway between them. If data
stored in another geometrical pattern is plottetth Wie program it may not function properly.

To view the converted data file as a pseudosectinrERIGRAPH and select open data file.
By clicking the “Edit diagram settings” icon, or Iloight click on the diagram window, the
settings menu below will appear with various plptions.
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settings: Irrutes x|

File Info | Geometrical Lirits | Resistivity Limits | Plot Dptions | 10420 Madel | Diag 4| *|

Header: CAERIDAT AMGotand\mites. sdk

Date: IWed Jan 02

Direction, to the |eft; I "I right: I 'I
Aray type: IGENEFI.-“—‘-.L ELECTRODE ARRAY j

Pzeudo plat spacin

» =
Cancel |

8.2.3 2D and 3D Model Interpretation

Model interpretation accounting for 2D or 3D vanatis not supplied with the system, but
third party software packages for resistivity dgm@cessing can be used for advanced
interpretation. Two such examples of programs aESZFDINV, SENS2DINV and RESIX
2DI, which perform smoothness-constrained invergioverse modelling). Please ask ABEM
or your authorised ABEM Distributor for details alboesistivity interpretation packages that
are available.

For inverting the data with RES2DINV transfer th&KSiles to a computer in the regular way
via the SAS1000/4000 Utility Software or use ERIGRA (version 2.9 or higher) for the
conversion. The latter will by default specify half the adtminimum electrode separation
on the second line of the data file for some etelgrarrays (e.g. multiple gradient array,
dipole-dipole, pole-dipole), which forces RES2DINW use a finer grid in the inversion
model. This is recommended as the inversion routare have difficulties in handling the
increased information content in the data, compaoee.g. Wenner array data, which may
create artefacts if a coarser grid is used. Dasaved in the general four electrode format i.e.
array code 11, and sub-array code 0 (unspecifiey)arl5 (gradient array), 3 (dipole-dipole)
or 6 (pole-dipole).

Figure 19 shows an example plot of a 2D model pnegation section, inverted using
RES2DINV. Before plotting by ERIGRAPH it is necesssto convert from the iNV format to

RHO format, which can be done either in RES2DINVERIGRAPH. In cases with steep
topography the inverted model files from RES2DINRea benefit from converting to RHO
format from an XYZ file exported from RES2DINV, har than converting directly from the
INV file. In order to include topography into th&ported XYZ file it is necessary to plot the
model section including topography before exporting

1 At present there is a maximum of 6000 data paintee conversion routine.
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Gladdkvarn profile 2 1993-04-27
WENNER ZD MODEL (r.m.=. residuals 7.8%)
DistancesInl
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Figure 19.  Example of an inverted 2D section.

8.2.4 Data Quality Checking and Editing

ERIGRAPH can be used for a visual data quality @ssent, and it is recommended to plot
data for each n-factor or each electrode spacipgraely, or it may appear as the example in
Figure 20. Furthermore, since many data points beagverlapping in the plots, the function
to plot either the first or the last data pointeshin the data file should be used.

Cromer-project: from Kollundvej south through highway 2002-11-07
GRADIENT ARRAY PSEUDOSECTION
Distance/[m]
0 50 100 1350 200 250 300 350 400 450 500 550 60%

0 =

10 1 -10
20 1 20
30 1 30
40 40
50 | 50
60 60
Pseudodepth/[m]

56 75 100 130 180 240 320 420 560 750 1000
Apparent resistivity/[ohm-m]
Figure 20. Example of pseudosection plot of mutigradient array data with mixed
n-factors and electrode separations.

It is possible to use the “Exterminate bad daturimtgd feature in RES2DINY for editing
away noisy data points. It is, however, often natiffecult to identify which are the noisy data
points for arrays with a mix of different a-separas and n-factors than for e.g. Wenner data.
It is common that the plots have an apparently ynaisaracter even for very good data
quality. However, from version 3.55 RES2DINV hafaeility to plot multiple gradient array
data in a way that facilitates editing, providedh-suray type 15 is specified on line 3 in the
DAT-file, see example in Figure 21.

12 Res2dinv version 3.51 or later of is assumed.
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P1-P2,C1-C2 Cromer-project: from Kollundvej south through highway M offset
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+Measured data +Removed data

Figure 21.  Example of RES2DINV “Edit bad data” ptdtmultiple gradient array data.

Another way to deal with data quality is to starhming a preliminary inversion using the
robust inversion method. The function “Display/Eddta/Estimate data errors” can then be
used to save the data with estimates of the measumtezrrors, which are based on the model
residuals from the inversion. The thus createddilesed for running the inversion once more.
In cases with noisy data this can create moresteainverted models.
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9 SERVICING THE EQUIPMENT

The Terrameter SAS System is designed to withstamdormal wear and tear encountered in
field work.

9.1 GENERAL PRECAUTIONS

Excessive vibration, temperature and moisture exgoshould be avoided:

» Do not transport the instrument loose on vehi@er or truck beds.
* Avoid excessive temperature exposure such as divesthine in hot weather.

* Do not expose the instrument to rain for long pasidt is splash proof but not submersion
proof.

9.2 DATA STORAGE MEMORY

The number of readings that can be stored in tteenally depends on the size of the internal
disk. Due to the construction of the storage meditlma read- and write-procedures now and
then takes longer time than usual, i.e. severarskcfor some instrument generations. This is
due to an internal algorithm that "spreads” theadat the disk.

It is recommended not to fill the data memory t@ p@rcent.
| mportant:

A good advice is now and then to go to the <Setupenu and select the command
<Disk Cleanup>.
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9.3 ERROR CODES

Whenever an error occurs in the SAS 1000 / 4000de d¢s displayed on the screen. The
meaning of the codes is explained in “Appendix Birameter error codes” (page 82).

9.4 STORAGE AND HUMIDITY

When not in use, instruments should be
stored in dry premises.

IMPORTANT

gjatic electricity can damage the components in
&he circuitry. Do not touch any circuitty
dneedlessly with your hands or your tools. Always
letting it dry in the sun or near a sto /discharge yqurself py touching a grounded ohject
can dry it. Remember, however, thayefore handling the internal parts of the_ SAS 10_00
static electricity can damage the 4000. Protect your workshop against static

circuitry. electricity.
9.5 PERIODIC CHECKS
9.5.1 Terrameter SAS 4000 - Check

If the instrument has been exposed
excessive humidity during a long perio
lifting the circuitry out of the case an

The proper functioning of most of the SAS 4000 winy can be checked using reference
resistors and a capacitor having known values. fsisshould be performed at least once per
year.

Two resistors and one capacitor are built intoNhati Channel Adapter (optional accessory
33 0020 02). Their nominal values are:

Between terminals: Resistance: Capacitance:

Tland T2 10 no
T3 and T4 15 kQ 1pF
T2 and T4 15Q no

The following procedure will check the SAS 4000 aidgo check the values of the above
components. Enter the readings in the table below.

To perform the test, proceed as follows:

1. Connect P1 (from e.g. CH1) to T3 using a fork catoeunderneath the knob on T3
2. Connect P2 (from e.g. CH1) to T4 using a fork caoreunderneath the knob on T4
3. Connect C1 to T3 and C2 to T4 using the bananaezars
4

. Perform a resistivity measurement using AUTO outputent and enter the reading in the
table below

5. Perform a IP measurement using AUTO output cuii@me time window, from 10 msec to
110 msec) and enter the reading in the table below

6. Repeat step 1-4, but with the cables connected tand T2.
7. As in 6, but with cables connected to T2 and T4.

8. Move the banana connectors from CH1 to CH2 (aref #fat to CH3 and CH4) and repeat
step 1-7
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Write down the measured values in this table faurkireference:

CH1 CH2 CH3 CH4 Expectgd
T3 - T4, resistivity R = =15 |kQ
T3-T4,IP Mo 110= =7.7 |msec
T1 -T2, resistivity F =1 Q
T2 - T4, resistivity R = =15 |Q

Deviations from the expected values of up to 10% aceptable, because the components
only have a limited accuracy. Usually the chargé@glrieading My 110is in the range 8.0 to
8.5 msec.

If in future checks, minor changes in the readiogsur (within, say, 1%) they can be
attributed to temperature changes etc.

9.5.2 Quick check of SAS 1000 / 4000

During field work it happens that “it just does medrk”. It will be necessary to quickly sort
the problem out.

A very quick check of SAS 1000 /4000 is done irwa bteps:

* With the unit switched On and set for resistiviNg cables (but the power cable)
attached. Preferably the unit should be set to sbtaws instead of ohmmeters.

* Press the red MEASURE button
* ERROR 1 should appear on the LCD, this is a sigmeafth.

» Attach a piece of metal wire, a straightened patipror so under the terminal nuts
C1 and C2. The piece of metal might be replacea lbgsistor with a known value
and so the test will also be a simple quality check

» Attach a piece of wire between C1 and P1, likewbstween C2 and P2 Again
straightened paper clips serve well.

* Press the red MEASURE button.

* ERROR 1 should not appear. If a reasonable lowimgadome 10 to 100 @hor a
value corresponding to the resistor used appd@ss are reasons to assume the unit
under test is in shape.

* The test may be repeated with other current sattidifferent resistors etc.
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9.6 TESTING OF LUND EQUIPMENT

9.6.1 Fast continuity test of cable and relay switch

Figure 22.  Connecting both ends of one LUND cabl¢he ES464 / ES10-64eC / ES10-
64C.

It is possible to test each of the 32 conductots UND cable by use of the ordinary LUND
program module, using a special protocol file.

1. Connect both ends of one LUND cable to connectand. 2 on the ES464 / ES10-64eC /
ES10-64C as illustrated in the above figure.

2. Connect the SAS 1000 / 4000 to the ES464 /| ES10-646510-64C as usual and turn on
the equipment.

3. Start the “LUND Imaging System”, select Resistiviipde and define a record.

4. Select the protocol denoted “CABLETST”. If this prool is not loaded in the instrument,
please compile a new PROTOCOL.BIN (containing fmstocol) using the SAS 4000
Utility Software and download it into the SAS 100€000.

5. Select the current 1000 mA, and Acg. delay and Aiate = 0.1 sec. Select stacks=1 and
NO electrode test.

6. Press MEASURE to start the measuring sequence.

7. During the measuring sequence, the display willwstioe resistance in Ohm of each
conductor.
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8. The resulting .S4K file can be converted to an A€ for documentation. An example
of such an .AMP file is shown below.

Filename: D:\SAS 4000\Data\lrtest02.s4k

Instrument ID: SAS 1000 2001336

Date & Time: 16/08/2000 09:57:07

Base station: 0.00 0.00 0.00 0.00 0.00
Rows header/data/topography: 27 32 0

Acquisition mode: 2R

Measurement method: Section

Electrode layout: 0 Resistance RES

Co-ordinate type: Index

Smallest electrode spacing: 1.00
Marine survey (R,h,a,b): -
Protocol #1: CABLETST
Protocol #2:
Protocol #3:
Protocol #4:
Protocol #5:
Protocol #6:
Protocol #7:
Protocol #8:
Operator:
Client:
Comment #1:
Comment #2:
Comment #3:
Comment #4:

No. Time TX Rx Dx I(mA) Voltage(V) Res.(ohm) Error(%)
1 37 nan nan nan 1000 22.277361 22.277361 nan
2 45 nan nan nan 1000 21.702435 21.702435 nan

29 299 nan nan nan 1000 10.687839 10.687839 nan
30 308 nan nan nan 1000 10.770562 10.770562 nan
31 316 nan nan nan 1000 10.733336 10.733336 nan
32 326 nan nan nan 1000 10.993915 10.993915 nan

The whole procedure takes typically 5-6 minutes.the above example, some of the
conductors have resistance values around 22 Ohirs@ne around 11 Ohm. This is because
of the fact that some conductors are connectedamallpl, thus causing lower resistance
readings.

9.6.2 Special checks in the module “Test Software”

Check Cable | solation.

Will check the cable spread for short circuit cakdage. Only one end of the cables should be
connected to the ES464, ES10-64eC or ES10-64Calatakeouts must be isolated from the
ground. If using the two white Cable Joints, théeotwo cables will only be partially tested.
To overcome this, run the test in two rounds wiith cables each time. Alternatively replace
the white joints with electrically transparent @k Cable Joints, part number 33 0019 35.

Auto Relay Test

Will set and reset every relay of the ES464. Ndesbkhould be connected. This is a lengthy
procedure, takes like 30 minutes.

Manual Relay Switching

Allows the user to set or reset any individual yela the switch box. Useful for testing a
specific address (e.g. set an address and chedombinuity with a digital multimeter) or for
taking a single reading in a cable spread.
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9.6.3 Terrameter SAS LOG 300 - Checks

A full check of the SAS LOG 300 is quite complichtand must be done in the ABEM
laboratory. However, the thermometer and the figdistivity cell can be checked fairly
accurately using a fluid of known temperature agglistivity in a suitable container. Currently
ABEM advises against altering the factory set paans for thermometer function.

To test the fluid resistivity cell, the entire logg probe must be submerged well below the
fluid surface. The return current terminal and pueential reference terminal must be well
separated from each other and also from the loggiolge.
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10 APPENDIX  A. BASIC PRINCIPLES  OF
RESISTIVITY SURVEYING

10.1 GENERAL
The SAS 1000 / 4000 measures different paramdiatsharacterizes the ground:

* Resistivity
* |nduced Polarization
+ Self Potential

The electrical resistivity varies between differgeblogical materials, dependent mainly on
variations in water contents and dissolved ionhéwater. Resistivity investigations can thus
be used to identify zones with different electripabperties, which can then be referred to
different geological strata. Resistivity is alsdl@a specific resistance, which is the inverse of
conductivity or specific conductance. A very briafroduction to resistivity surveying is
given below, for further information the readerréderred to textbooks on the subject (e.g.
Parasnis 1997; Reynolds 1997; Sharma 1997; Tedfoatl 1990; Ward 1989).

A brief section introducing multiple gradient arrayrveying is also included since it is not
described in the textbooks mentioned above.

10.1.1 Resistivitity of Natural Materials

The most common minerals forming soils and rockeehaery high resistivity in a dry
condition, and the resistivity of soils and rockgherefore normally a function of the amount
and quality of water in pore spaces and fractufé® degree of connection between the
cavities is also important. Consequently, the tedig of a type of soil or rock may vary
widely, as shown in Figure 23. However, the vaoiatmay be more limited within a confined
geological area, and variations in resistivity witla certain soil or rock type will reflect
variations in physical properties. For example: tbeest resistivities encountered for
sandstones and limestones mean that the pore spat®s rock are saturated with water,
whereas the highest values represent strongly Gdated sedimentary rock or dry rock
above the groundwater surface. Sand, gravel andheathry rock may also have very low
resistivities, provided the pore spaces are s&dnatth saline water, which is not indicated in
Figure 23. Fresh crystalline rock is highly resisti apart from certain ore minerals, but
weathering commonly produces highly conductive ¢clalg saprolite. The variations in
characteristics within one type of geological mialemakes it necessary to calibrate
resistivity data against geological documentatfoom for example surface mapping, test pits
or drilling. However, this applies to all geophysimethods.
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Figure 23. Typical ranges of electric resistivitief geological materials.

The amount of water in a material depends on thesity, which may be divided into
primary and secondary porosity. Primary porositysisis of pore spaces between the mineral
particles, and occurs in soils and sedimentaryso8lecondary porosity consists of fractures
and weathered zones, and this is the most impopardsity in crystalline rock such as
granite and gneiss. Secondary porosity may alsmnpertant in certain sedimentary rocks,
such as limestone. Even if the porosity is ratlosy, Ithe electrical conduction taking place
through water filled pore spaces may reduce thistrgty of the material drastically. The
degree of water saturation will of course affed thsistivity, and the resistivity above the
groundwater level will be higher than below if theaterial is the same. Consequently, the
method can be used for finding the depth to growtdivin materials where a distinct
groundwater table exists. However, if the contdntiree grained material is significant the
water content above the groundwater surface, hellaygroscopic and capillary forces, may
be large enough to dominate the electrical behawbthe material.

The resistivity of the pore water is determinedthg concentration of ions in solution, the
type of ions and the temperature. A range of riegliss for different types of water is given
in table 10-1 below.

Type of water Resistivity Qm]
Precipitation 30 - 1000
Surface water, in areas of igneous rock 30 - 500
Surface water, in areas of sedimentary rock 1®- 10
Groundwater, in areas of igneous rock 30 - 150
Groundwater, in areas of sedimentary rock >1
Sea water =0.2
Drinking water (max. salt content 0,25%) >1.8

Water for irrigation and stock watering (max. salttent 0,25%) > 0.65

Table 10-1. Electric resistivity of some typesatinal waters

-76 -



ABEM Terrameter SAS 1000 / 4000

The presence of clay minerals strongly affectsésestivity of sediments and weathered rock.
The clay minerals may be regarded as electricalhdactive particles, which can absorb and
release ions and water molecules on its surfaceidfran ion exchange process.

As the variation in temperature of the ground isegally small, the temperature influence is
normally negligible. However, in e.g. geothermaplagations the variation can be significant,
as well as in permafrost regions. The mobility afs increases with increasing temperature,
as the viscosity of water is lowered. Hence a demein resistivity with increasing
temperature can be observed for materials wheotrelgtic conduction dominate.

10.1.2 Measurement Principles

Measurement of the resistivity of the ground igiearout by transmitting a controlled current
(I) between two electrodes pushed into the groundewteasuring the potentidl} between
two other electrodes. Direct current (DC) or aeralating current (AC) of very low frequency
is used, and the method is often called DC-redigtiThe resistanceR) is calculated using
Ohm's law:

R=— (A1)

The material parameter resistivitg){ which is the inverse of electrical conductiv(ty), is
related to the resistance via a geometrical fattag.common, but not necessary, to place the
potential electrodes symmetrically spaced on the between the current electrodes. The
resistivity of ground can be calculated using:

U

,0=KT

where the geometrical factor is
-1
Kzzn{l_l_hl} (».2)
r.11 r.12 r.21 r 22

for a generalized array, whose value depends opdbkitions of the electrodes as defined in
Figure 24.

Figure 24. A generalized four-electrode array withigntial electrodes £ P, and current
electrodes & C, (0<6, ¢<7)
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In homogeneous ground the apparent resistivity egual the true resistivity, but will
normally be a combination of all contributing s#&afThus, the geometrically corrected

quantity is called apparent resistivify).

Figure 25 shows examples of different collineact&le configurations in use: Wenner, 3

and y), Schlumberger, dipole-dipole, and pole-pole. #ncbe noted that the Wenner
configuration is a special case where the fourteldes are equally spaced with a separation
a. For the Schlumberger array the I/L-relation waly during normal surveying, similarly the
factor n will vary in a dipole-dipole survey. Théffdrent electrode configurations offers
advantages and disadvantages compared to eachrotbans of logistics and resolution, and
the choice is usually a trade-off between thestwofacFurthermore, the reciprocity principle
states that the current and potential electrodeg ahm@nge places without affecting the
measured quantity. In some applications it mayrbadvantage to make use of the reciprocity
principle for logistic reasons, or for estimatiig tmeasurement accuracy.

A-l- M-[ NI- B-I- Wenner-a

s[< s’( a >|

[+]

S
)

AI BI NI MI Wenner-4

|¢ a x!( a >|¢ a s'

; P ] 7

s|< slz a sl

-]
[+

A-I- "-I- N-I B-I- Schlumberger

A]. B] N.l. "‘I Dipole - dipole

|<--a-->|« na >|<--a-->|

® <= B M=>o Pole - pole
il dl

L >|

Figure 25. Examples of different electrode arragsand B represent current electrodes, M
and N potential electrodes). Also a combinatiorpolie-pole and dipole-dipole is
possible. This configuration is denoted pole-dipole
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10.2 MULTIPLE GRADIENT ARRAY SURVEYING
The following text is mainly based on Dahlin ancbdh{2002).

10.2.1 Surveying Principles

Multi-electrode gradient surveying is carried owtiljecting current with a separatiost)a
and simultaneously or sequentially picking up &lé tpotential differences between the
potential electrodes with the spaciag(Figure 1). Heres is an integer, which means the
maximum number of potential readings for a curiigjection. Figure 2a gives a schematic
representation of this array, where the sensitiftyction of the measurement with the first
potential electrode pair is also shown in the bamlgd. Generally, the bigger separation of
current electrodes the deeper penetration of timdigioation, and the smaller spacing of
potential electrodes the more details of potentiatiation are obtained. In practical
applications the selection of spaciagand separations will be a trade-off between noise
sensitivity, horizontal detail and depth penetmatidraditional gradient surveying often
comprised measurements with the current electratdeme fixed location only. In a multi-
electrode gradient survey a large number of cuetsttrode combinations are used, scanning
across the electrode layout with several differgpacingsa and separationss, similar to
multi-electrode surveying with other electrode gsta

n-factor a
A M N| B|

s-factor

A
v

Figure26. Sketch of gradient array layout showing the position of the
electrodes for a measurement with s-factor 8 and n-factor 2.

It can be observed that the gradient array is ¢éisdlgra pole-dipole array (Figure 2b) when
the potential dipole is close to one of the curedattrodes, at least for largdactors. When
the potential dipole is centred between the currelgctrodes it is identical to the
Schlumberger array (Figure2c). Thus, the gradierdyamay be expected to combine the
characteristics of the pole-dipole and Schlumbegayesys, however without the need of a
remote electrode that can be cumbersome to arrarsgene environments.
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<—nNa— as<s—na—=>

Figure27. Schematic representations for a) gradient array, b) pole-dipole,
and c) Schlumberger measurement. The background shows the
sensitivity pattern of the configuration, in the gradient case for the
first potential electrode pair (n-factor = 1).

10.2.2 Pseudosection Plotting

Plotting the measured apparent resistivities asudosection is a valuable tool for fast

assessment of the data quality. Systematicallyingrgpparent resistivity in a pseudosection
usually shows that the data quality is acceptableere a modestly experienced field crew
easily picks out outliers indicating measuremealiécal problems. A pseudosection can also
give a rough hint about the resistivity structur¢he site, but must be used with great caution
as the sensitivity function of different electroderays lead to images that are strongly
distorted compared to the geometry of the imagedsires.

For the gradient protocols many data points tenekrid up in the same location in the
pseudosection using the formulas above, hencesutiggested that pseudosections based on
several sub-sets of the data are plotted separfatetiata quality assessment. Furthermore, it
it may be useful to make separate plots for eaebtrelde spacin@ used in order to get a
clear image of the data quality.
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11 APPENDIX B. TERRAMETER ERROR CODES

Whenever

an error occurs in the Terrameter SAS 00000 a code is displayed on the

screen. The meaning of the codes is as follows:

Error code

Cause Remedy

1

12

22

31

32

Transmitter cables or grounding ha@heck all connections - a probable cause is
too high resistance - SAS 1000 / 40@0broken cable or bad cable connection.
cannot transmit the selected currdnmprove the electrode grounding (i.e. more
into the ground. electrodes connected in parallel). Decrease
current or (better) select AUTO current.

Internal error Contact ABEM

Not possible to transmit a curreftecrease the minimum acceptable current
sufficient  for the  "minimumin the appropriate menu in the LUND

acceptable current level'tontrol program. A suitable setting is 10

Only in LUND measurements mA.

The total resistance between C1 abbeck the electrode grounding. Check also
C2 increased considerably during tifesome of the cables are broken.
measurement.

The total resistance between C1 abdeck the electrode grounding. Check also
C2 decreased considerably (e.g. shiont short circuits.
circuit) during the measurement.

Overheated - the temperature in thet the instrument cool down for a few
SAS 1000 / 4000 DC/DC converter mainutes.
above the acceptable level

Internal A/D  converter errorTry again. If the error persists, contact

Registers not properly reset. ABEM.

Internal A/D converter error. Registdiry again. If the error persists, contact
overflow. ABEM.

Battery voltage dropped during @harge / change battery. Check battery
measuring cycle. cables and connectors involved

General fault in transmitter circuit. Contact A

Negative resistance Check electrodes and gepmednd

measure again. Check if the transmitted
current is too low. Geometry and nature can
however, cause negative resistance.

Invalid current selected’he selected current must be greater than
Only in LUND measurements the selected minimum output.
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33

34

41

50

51

52
54

55

56

57

58

59
60
61

62

63

70

Internal error - invalid setugry again. If the error persists, contact
parameters ABEM.
Internal error - invalid fundamentdlry again. If the error persists, contact
frequency ABEM.
Record full No more readings can be added ts thi

record. Create a new record.

Low battery in ES 464 Change battery, or usesxdernal power
supply

No response from ES 464 (LUNDheck cables. Check ES 464 battery. Make

Imaging System) sure the "Serial" connector on the SAS
1000 / 4000 is not connected to any other
device.

No more items in LUND protocol fileCheck the protocol file

The specified protocol could not eheck the protocol files. Recompile the
found in the databaséles and download again.
PROTOCOL.BIN

One or more addressed electrddbeck the electrode positions in the
positions are outside the physicatotocol file.
layout

Quit the protocol

Bad connection or no connectid®dheck and improve the electrode
during electrode test. One or mogeounding.
electrodes.

Bad connection or no connection @heck and improve the electrode
all at remote current electrode grounding.

No connection at any electrode Check cables
Skip the rest of this protocol

Bad version of LUND protocol The protocol readoni disk is not
compatible with the program version.
Compile the protocol files with a version of
MPFC of same generation as the main SAS
1000 / 4000 program.

LUND connection error Contact ABEM

No (or too few) ES464 unit€heck communication cables and the power
connected to each ES464 unit.

Multimac logical communication
error
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71 Multimac general error

72 More than one electrode connected Check thé&retiscswitcher(s)
74 Connection error Multimac

75 No electrodes at all connected

76 Quit Multimac measurement

77 The addressed Multimac electrode

does not exist

79 No user defined protocol for
Multimac with this name could be
found in the database

80 The geometry file specified in the
protocol file could not be found in the
database.

81 Not all electrodes could be connected

82 Not all electrodes could be

disconnected

83 Error when trying to get Multimac
status
84 Insignificant error Ignore this error message
99 User break. The user has pressedThes is not a system error - repeat the

quit knob® during a measurement. measurement if needed.

100 The disk is full and no more data caransfer data to a computer and clean the
be stored SAS 1000 / 4000 memory.
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12 APPENDIX C. MPFC ERROR CODES

There are a number of error codes associated hathMtPFC.EXE program, as listed below.
Errors are fatal and cause no database file tordmted while warnings are non-fatal and a

database file will be created.

For example, if only an ORG-file has been creatatirro UP- and DWN-files a warning will
be issued. As it is fully legal to define only aRG-file the compiler accepts this but warns

the user that he/she might have missed to suppli& and DWN-files.

The possible error codes in MPFC program.

Code

Message

1000
1031

1032

1033
1501

2000
2001
2003

2101
3000
3001
3002
3011

3021
3022
3023
3024
3025

3026

3027
3101

Empty line in definition file for Electrode yaut Codes.
Could not find a "DWN' file corresponding to therent '.ORG
file.

Could not find a ".UP" file correspondinghe turrent .ORG' file.

Could not find a ‘.MM’ file

An electrode number refers to a relay address dquedro. This i
only a warning.

Missing Electrode Layout Code for keyword.
Duplicate key found.
Could not find a layout code correspondintheokeyword.

Error in scanning geometry files ‘. XYZ’

Could not open the protocol file ((ORG, .DWINWUP)
Could not find the ".ADR' file stated in thausce file.
Could not open the ".ADR' file stated in tharse file.

Syntax error in electrode mappinbhree numerical values {
required (the last is an expression X-Y).

Electrode position is out of limits.
Relay address is out of limits.
Cable number is out of limits.
Takeout number is out of limits.

The whole or a part olhis address has already been defined
addresses must be unique.

This electrode position has already been defindidodsitions mus
be unique.

An electrode number did not map to a validy@ddress.
Invalid number of parameters.
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3102

3201
3202
3203
3204
3205
4001
4011
4012
4013

4014

4015
4051
4101

9011
9012

One of Amove OF Ny-move MUSt be zero. The layout can only be md
in either the X- or Y-direction.

Could not open a .MM file

Could not find the referred geometry file . XYZ

Too few arguments to the command on the Maltiprotocol file
Too many arguments to the command on the Maittiprotocol filg
At least one value in the parsed command wiasfdimits

Syntax error, invalid command.

Syntax error in command. Four numerical varesrequired.
One or more of the values have a duplicateisncommand.

The electrode numbers were defined in an incoroedér in thg
context of the selected electrode configuration.

In fourelectrode configurations there should never be &0’
electrode.

Unexpected electrode(s).
Too many entries in the protocol file.

Could not interpret the contents of the 'ADR' .filEurthe
processing not possible.
Could not find/open the Electrode Layout Chile.

The Electrode Layout Codele did not contain any valid co
definitions.
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13 APPENDIX D. ES464 / ES10-64 ADDRESS, TAKE-
OUT AND PIN CONNECTOR RELATION

The following table describes the connection betwine address, the cable take out and the
pin in the connectors when using all three connedieft) or only the two connectors (right).
The four-cable configuration assumes a set of st@ahdund Imaging System electrode cables
with 21 take-outs each. The four-cable configuratipplies to ES10-64 as well.

Three-cable Four-cable

configuration configuration

ADR Cable 1 Cable2 Cable3 PIN |Cablel Cable2 Cable3 Cable4 PIN
1 1 A 1 A
2 2 B 2 B
3 3 C 3 C
4 4 D 4 D
5 5 E 5 E
6 6 F 6 F
7 7 G 7 G
8 8 H 8 H
9 9 J 9 J
10 10 K 10 K
11 11 L 11 L
12 12 M 12 M
13 13 N 13 N
14 14 P 14 P
15 15 R 15 R
16 16 S 16 S
17 17 T 17 T
18 18 U 18 U
19 19 Vv 19 \
20 20 W 20 W
21 21 X 21 X
22 11 M 1 Y
23 12 N 3 Z
24 13 P 5 a
25 14 R 7 b
26 15 S 9 c
27 16 T 11 d
28 17 U 13 e
29 18 A\ 15 f
30 19 w 17 g
31 20 X 19 h
32 21 Y 21 j
33 1 A 1 A
34 2 B 2 B
35 3 C 3 C
36 4 D 4 D
37 5 E 5 E
38 6 F 6 F
39 7 G 7 G
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14 APPENDIX E. ADDRESS AND PROTOCOL FILES

14.1 EXAMPLE ADDRESS FILES

Example Address Filesfor CVES

The following file (LONG32.ADR) is used when fouleetrode cables are arranged on a line
and linked together to the Electrode Selector, dsedoll-along in the direction of the cable
layout. Every second electrode take-out is active.

421 {number of electrode cables, number of take-outs per electrode cable}

210 {electrode spacing multiplication factor for long layout, total no of lengths of one cable}
41 {total number of active electrode take-outs}

1 22 11 {Col 1: electrode identification number, corresponding to numbers in protocol file}

23 1-3 {Col 2: internal relay address according to the above table 8-1
24 15 {Col 3: physical position (cable no. - take-out no.) }

Next example shows an address file (SHORT32.ADRYwshen two cables are arranged on
a line and connected to the Electrode Selectod fmeroll-along in the direction of the cable
layout. Every electrode take-out is active, apantnf one of the overlapping ones:

421 {number of electrode cables, number of take-outs per electrode cable}
120 {electrode spacing multiplication factor for long layout, total no of lengths of one cable}
41
11 21
2 22
3 3 23
4 4 24
5 5 25
6 6 2-6
7 7 27
8 8 28
9 9 29
10 10 2-10
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Example Address Filesfor Areal/3D Cover

For roll-along perpendicular to the direction oblmextension a little additional information
is needed, specifying that cables are moved fd+ratohg in the y-direction instead and the
number of take-outs in x-direction. The followingef(SIDEBY32.ADR) is intended for
measuring with three electrode cables parallelacheother, and connected directly to the
Electrode Selector:

321
101 {electrode spacing multiplication factor for short layout, no. of lengths for x-move, no. of lengths for y-move}

PR R R
T OO ~NO TR WN PP
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14.2 EXAMPLE PROTOCOL FILES

Example: Wenner Array Protocol File

The following example is extracted from a protofitd used for Wenner CVES (single
channel):

1 Wenner-a

LONG32 Long array, measuring sequence large to small spacings.
1371325

23814 26

3391527

44016 28

5411729

1311121

2321222

18211920
21242223
24 27 25 26
27 3028 29
30333132
33363435
36 39 37 38

Example: Dipole-dipole Array Protocol File

The following example is extracted from a protoitlel used for 4-channel dipole-dipole array
CVES (note order of current electrodes):

11 10 4 DIPOLE-DIPOLE
SHORT Dipole-dipole array for 4 channel measurin g w. SAS4000 + ES10-64
21345678910
214567891011
324567891011
3256789101112
4356789101112
43678910111213
54678910111213
547891011121314
657891011121314
6589101112131415
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Example: Gradient Array Protocol File

The following example is extracted from a protofile used for 4-channel multiple gradient
array CVES:

11 10 4 GRADIENT
LONG Gradient array for 4 channel measuring w. S AS4000 + ES10-64
13147101316192225
131710131619 222528
23258111417 202326
232811141720232629
33369121518212427
333912151821 2427 30
4347101316 19222528
4341013161922252831
5358111417 20232629
535111417 20232629 32
636912151821 2427 30
636 12151821 24 27 30 33
7371013161922252831

Example: Pole-pole Array Protocol File using one channel

A protocol file for single channel pole-pole coldak like this:

4 Pole-pole
LONG32 Pole-pole, long array
01031
01025
01021
01017
01013
01011

0109

0107

0106

0105

0104

Example: Pole-pole Array Protocol File using three channels (POL3SS)

A protocol file for three channel pole-pole (usiB§ 464 with the special adapter 33 0020 14)
could look like this:

4 Pole Pole
SHORT32

1 13 17 21
1 5 7 9
1 2 3 4
2 14 18 22
2 6 8 10
2 3 4 5
3 15 19 23
30 31 32 33
31 35 37 39
31 32 33 34
32 36 38 40
32 33 34 35
33 37 39 41
33 34 35 36
34 37 38 40
34 35 36 0
35 38 39 41
35 36 37 0
36 38 39 40
36 37 0 0
37 39 40 41
37 38 0 0
38 39 40 41
39 40 41 0
40 41 0 0
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14.3 EXAMPLE LOCATION / GEOMETRY FILE

The electrode coordinates for a borehole measureanerentered via a location or geometry
file (textfile with LOC or XYZ file extension). He is an example:

3
Surface cable

1 -2 0 0

2 0 0 0
3 2 0 0
4 4 0 0
5 6 0 0
6 8 0 0
7 10 0 0
8 12 0 0
9 14 0 0
10 16 0 0
11 18 0 0
12 20 0 0
13 22 0 0
14 24 0 0
15 26 0 0
16 28 0 0
17 30 0 0
18 32 0 0
19 34 0 0
20 36 0 0
21 38 0 0
Borehole cable #1

1 0 0 2
2 0 0 4
3 0 0 6
4 0 0 8
5 0 0 10
6 0 0 12
7 0 0 14
8 0 0 16
9 0 0 18
10 0 0 20
11 0 0 22
12 0 0 24
13 0 0 26
14 0 0 28
15 0 0 30
16 0 0 32
17 0 0 34
18 0 0 36
19 0 0 38
20 0 0 40
21 0 0 42
Borehole cable #2

1 36 0 2
2 36 0 4
3 36 0 6
4 36 0 8
5 36 0 10
6 36 0 12
7 36 0 14
8 36 0 16
9 36 0 18
10 36 0 20
11 36 0 22
12 36 0 24
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13 36 0 26
14 36 0 28
15 36 0 30
16 36 0 32
17 36 0 34
18 36 0 36
19 36 0 38
20 36 0 40
21 36 0 42

The following pages describe example protocol fdepplied with the Lund Imaging System.
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14.4 WENNER_L + WENNER_S: 1-CHANNEL WENNER CVES WITH
4 ELECTRODE CABLES

This combination of protocol files is intended #ennere CVES roll-along measurements,
and has been found very useful for a variety ofiagfions. Note that it is important to select
the protocol files in the correct order, startinghwthe long layout (WENNER_L) before
selecting the protocol for short layout (WENNER _ISgives a dense near-surface cover, and
a slightly sparser measurement pattern at longrelde spacings. The WENNER_L protocol
supplied here has a higher data density than imique releases, being identical to the
previously supplied WENNERXL.

WENNER_S is designed only to supplement WENNER lilie shortest electrode spacings,
and is generally not suitable for use alone if dhly two center cables are used. If measuring
with two cables only, either use WENNER_L and edelall electrode positions on the outer
electrode cables, or use a protocol dedicateddimgLiwo electrode cables only (see below).

Protocol Array Type Address File Size .ORG Size .UP/.DWN
WENNER L Wenner-a LONG 258 113
WENNER S Wenner-a__ SHORT 87 50
Sum 345 163

WENNER PSEUDOSECTION
Distances[-]
B—E:ﬂ —EIEI —*IIEI —3|l'fl —le'fl —illEl 0 10 20 30 *lll?.l EIEI 18]

s B T o
12 1 SRR I -12
16 P 16
20 T 20
24 24
asl-1

Figure 28: Data cover of standard Wenner CVES usMigNNER_L and WENNER_S
for roll-along with three stations (take-out spagibmetre).
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14.5

GRADA4L(X)8 + GRAD4S8: 4-CHANNEL MULTIPLE GRADIENT

ARRAY CVES WITH 4 ELECTRODE CABLES

This ¢

R

ombination of protocol files is intended fmultiple gradient array CVES roll-along

measurements, and has been found very useful feariaty of applications. It offers a
resolution superior to the commonly used Wenneayarand thanks to 4-channel measuring
the increased data density does not become costgrms of increased time required in the
field. Note that it is important to select the il files in the correct order, starting with the
long layout (GRADA4L8) before selecting the protofmi short layout (GRADA4S8). It gives a

dense

near-surface cover, and a slightly sparsexsumement pattern at long electrode

spacings. GRADA4S8 is designed to supplement GRAOdL&e shortest electrode spacings
only. GRADA4LX8 is similar to GRAD4L8 but supplemedt with expanding Wenner-

Schlumberger measurements for the longest electgoigrations in order to improve the data

cover for the largest investigation depths.

Array Protocol name Address) No of | No of | No of | Total

type file data data UP | data data for
ORG DWN one
layout®
| GRADAL(X)8 | LONG | 512(608) 248(340)| 248(340)
Gradient- D458 | SHORT 248 160 160 | 1080

Figure

ARRANGEMENT OF HODEL BLOCKS AND APPARENT RESISTIVITY DATUM POINTS

Ii 1l

[:] Hodel block Humber of model blocks 3130

®  Datum point Humber of datum points 1896

Humber of model layers is 18 Unit electrode spacing 2.58 m.
Hinimum pseudodepth is 2.66. Haximum pseudodepth is 74.8.

NHumber of electrodes is 241.

29. Data cover of GRAD4L8 and GRAD4S8 fdl-atbong with three full stations
(minimum electrode spacing 5 metres). Note thatyndata points fall on top of
each other in multiple gradient array pseudoseciots.

13 Total number of data points for a four-cable layesing the procedure described in this manual.
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14.6 DIPDIP4L + DIPDIP4S: 4-CHANNEL DIPOLE-DIPOLE ARRAY
CVES WITH 4 ELECTRODE CABLES

R

This combination of protocol files is intended fdipole-dipole array CVES roll-along
measurements, and has been found very useful feariaty of applications. It offers a
resolution superior to the commonly used Wenneayarand thanks to 4-channel measuring
the increased data density does not become costgrms of increased time required in the
field. It is, however, a lot more sensitive to moidNote that it is important to select the
protocol files in the correct order, starting witie long layout (DIPDIP4L) before selecting
the protocol for short layout (DIPDIP4S). It givaslense near-surface cover, and a slightly
sparser measurement pattern at long electrodengigadIPDIP4S is designed to supplement
DIPDIPAL for the shortest electrode spacings only.

Array Protocol Address | No of| No of| No of| Total data
type name file data data data |for one
ORG |UP DWN | layout*

- DIPDIP4L | LONG 383 207 -
Dipole- 1113

dipole DIPDIP4S | SHORT 252 160 -

[:] Model block Number of model blocks 5001

% Datum point Number of datum points 1847

Humber of model layers is 27 Unit electrode spacing 2.58 m.
Hinimum pseudodepth is 2.88. HMaximum pseudodepth is 86.5.
Humber of electrodes is 241.

Figure 30. Data cover of DIPDIP4L and DIPDIP4S fasll-along with three full stations
(minimum electrode spacing 5 metres).

4 Total number of data points for a four-cable layasing the procedure described in this manual.
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14.7 POLDIP4L + POLDIP4S: 4-CHANNEL POLE-DIPOLE ARRAY
CVES WITH 4 ELECTRODE CABLES

- b .o

+ REMOTE ELECTRODE

This combination of protocol files is intended fdipole-dipole array CVES roll-along
measurements, and has been found very useful feariaty of applications. It offers a
resolution superior to the commonly used Wenneayarand thanks to 4-channel measuring
the increased data density does not become costgrms of increased time required in the
field. It has a larger depth penetration, but rezpiia remote electrode that may be
problematic in practice. Due to the character efdlray some duplicate data points can occur
when doing roll-along. Note that it is importantsilect the protocol files in the correct order,
starting with the long layout (POLDIP4L) before esgting the protocol for short layout
(POLDIP4S). It gives a dense near-surface covet,aaslightly sparser measurement pattern
at long electrode spacings. POLDIP4S is designesipplement POLDIPA4L for the shortest
electrode spacings only.

Array Protocol Address | No of | No of| No of| Total data
type name file data data data |for one
ORG |UP DWN | layout®

Pole- POLDIP4L | LONG 584 292 -
dipole POLDIP4S| SHORT 288 284 -

1651

PDULSS
ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIUITY DATUM POINTS

[H

[[] wode1 p1ock Nunber of model blocks 2680
% Datum point Nunber of datum points 1214
Number of model layers is 21 Unit electrode spacing 2.50 n.
Hininum pseudodepth is 2.59. HMaximum pseudedepth is 104.5.

Humber of electrodes is 161.

Figure 31. Data cover of POLDIP4L and POLDIPA4S fotl-along with three full stations
(minimum electrode spacing 5 metres).

15 Total number of data points for a four-cable layesing the procedure described in this manual.
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14.8 GRAD3L6 + GRAD3S6: 3-CHANNEL MULTIPLE GRADIENT
ARRAY CVES WITH 4 ELECTRODE CABLES

R

This combination of protocol files is intended fowltiple gradient array CVES roll-along
measurements, and has been found very useful feariaty of applications. It offers a
resolution superior to the commonly used Wenneayarand thanks to 3-channel measuring
the increased data density does not become costgrms of increased time required in the
field. Note that it is important to select the il files in the correct order, starting with the
long layout (GRAD3L6) before selecting the protofmi short layout (GRAD3S6). It gives a
dense near-surface cover, and a slightly sparsexsunement pattern at long electrode
spacings. GRAD3S6 is designed to supplement GRARBLiBe shortest electrode spacings
only.

Array Protocol Address | No of | No of| No of| Total datal
type name file data data data |for one
ORG |UP DWN | layout®

GRAD3L6 | LONG 504 234 234

Gradient -~ 5356 [ SHORT | 198 | 120 | 120 | °%

ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIUITY DATUM POINTS

[T11] IIT1
iiiididiiiil iiiiliiiial

[:] Hodel block Humber of model blocks 2968
% Datum point Number of datum points 1658
Number of model layers is 16 Unit electrode spacing 2.58 m.
Minimum pseudodepth is 2.71. Haximum pseudodepth is 58.8.

Humber of electrodes is 241.

Figure 32. Data cover of GRAD3L6 and GRAD3S6 fdiralmng with three full stations
(minimum electrode spacing 5 metres). Note thatyntta points fall on top
of each other in multiple gradient array pseudogetplots.

16 Total number of data points for a four-cable layesing the procedure described in this manual.
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14.9 GRAD1L/7 + GRAD1S7: 1-CHANNEL MULTIPLE GRADIENT
ARRAY CVES WITH 4 ELECTRODE CABLES

- b .o

This combination of protocol files is intended fowltiple gradient array CVES roll-along
measurements, and has been found very useful feariaty of applications. It offers a
resolution superior to the commonly used Wenneayamote that it is important to select the
protocol files in the correct order, starting witte long layout (GRAD1L7) before selecting
the protocol for short layout (GRAD1S7). It givesl@anse near-surface cover, and a slightly
sparser measurement pattern at long electrodengizaceRAD1S7is designed to supplement
GRAD1L7for the shortest electrode spacings only.

Array Protocol Address | No of| No of| No of| Total data
type name file data data data |for one
ORG |UP DWN | layout"

GRAD1L7 | LONG 518 245 245

Gradient -~ 5171 SHORT | 224 | 140 | 140 | 1022

ARRANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIUITY DATUH POINTS

I

[l
\

ke =

|:| Hodel block Humber of model blocks 3114
% Datum point Number of datum points 1792

Humber of model layers is 17 Unit electrode spacing 2.50 m.
Minimum pseudodepth is 2.68. HMaximum pseudodepth is 68.2.

Humber of electrodes is 241.

Figure 33. Data cover of GRAD1L7 and GRAD1S7 fdiratong with three full stations
(minimum electrode spacing 5 metres). Note thatyntta points fall on top
of each other in multiple gradient array pseudogetplots.

7 Total number of data points for a four-cable layesing the procedure described in this manual.
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14.10 WEN32SX: 1-CHANNEL WENNER CVES WITH 2 ELECTRODE
CABLES

This protocol file is intended for Wennar-CVES roll-along measurements with 2 cables

only, i.e. it is not reduced for long array ovetrlap

Protocol Array Type Address File Size .ORG Size .UP/.DWN
WEN32SX Wenner-a SHORT 190 138

WENNER PSEUDOSECTION

Distances[n]
-40 -30 -20 -10 0 10 20 30 40
0+—— — — — — — — — 4!
41 4
B 8
12 17

Figure 34: Data cover of Wenner CVES using WEN3&8Xoll-along with three stations

(take-out spacing 1metre).
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14.11 POLS3SS: 3-CHANNEL POLE-POLE CVES WITH 2 ELECTRODE
CABLES

Please observe that C2 and P2 are the remote elemies.

This measurement protocol is designed for pole-@W#ES using only two standard cable

sections, addressing each electrode take-out. Timbe&r of measurement combinations
included is only a fraction of the total possiblenber of independent combinations using the
pole-pole array (820 combinations), but designedgitee an even roll-along cover and

reducing the measurement time.

The POL3SS protocol is designed for using threesoméag channels using SAS4000 and
ES464. In order to measure with three channels wead the optional "Pole-Pole”
interconnection cable between the SAS4000 and 846, order no. 33 0020 14.

Protocol Array Type Address File Size .ORG Size .UP/.DWN
POL3SS Pole-pole SHORT 297(106) 180(74)

POLE-POLE PSEUDDSECTION

Distances[n]
-40 =30 -20 -10 0 10 20 30 40
00— — — — — — — — 0
OO 4
B 8
12 e L 12
1 1 T -16
20 20

Figure 35.Data cover of 3 station roll-along foolp-pole CVES using POL3SS (take-out
spacing 1metre).
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14.12 POL3L: 3-CHANNEL POLE-POLE CVES WITH 4 ELECTRODE
CABLES

Please observe that C2 and P2 are the remote elexes.

This measurement protocol is designed for pole-@ME&S using four standard cable sections
linked together, addressing every fourth electrtalee-out. The number of measurement
combinations included is less than half of the Itqtassible number of independent

combinations using the pole-pole array (820 contlona), but designed to give an even roll-

along cover and reducing the measurement time.

Protocol Array Type Address File Size .ORG Size .UP/.DWN
POL2L Pole-pole LONG32 392 130
POL3L Pole-Pole  LONG32 146 58

The POLS3L protocol is identical to the POL2L, witle exception that it is designed for using
three measuring channels on the SAS 4000. Please tlmt using this protocol the
measuring time is reduced by a factor of 2.2 to lvbrder to measure with three channels
you need the optional "Pole-Pole” interconnectiable between the SAS 4000 and the ES
464, order no. 33 0020 14.

FOLE-POLE PSEUDOSECTION

DistancerInl

G60 50 40 -30 20 -10 @ 10 20 30 40 S0 60
B L g
6] Lie
I S )
12 e 22
40 e 40
48 e 48
56 - -56
iy e .
asml

Figure 36.Data cover of 3 station roll-along foolp-pole CVES using POL3L (take-out
spacing 1metre).
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14.13 SQUARE2A, SQUARE2B AND SQUARE2C: SQUARE ARRAY
AREA COVER WITH TWO ELECTRODE SPACINGS

1 Roll-along direction

Cable

#4 Attt

#3 -+ttt

#2 [[ -ttt @
#1 -+ ———

Electrode
Instrument take-out ¥ T

Switching unit position X

These protocol files are intended for area coveh woll-along perpendicular to the layout
direction of the cables. The roll-along directicandoe in either direction depending on if a
right handed or left handed coordinate system efepred (often the opposite direction to as
what is illustrated above is preferable). Two eled¢ spacings are measured: 1x and 2x the

take-out spacing. Observe that there is no supporRES3DINV for this electrode
configuration, and that it is not suitable for 3Wersion due to limited depth cover!

Note that it is not possible to calculate an apparesistivity for the square-array: in
homogeneous ground no potential is measured!

Protocol Array Type Address File Size .ORG Size .UP/.DWN
SQUARE2A  Square-a SQUARE32 59 39
SQUARE2B  Square-f SQUARE32 59 39
SQUARE2C  Square-y SQUARE32 59 39
Sum 177 117
SOUARE ARRAY AREA COVER (1X AND 2X TAKE-OUT SPACING)
Distance x-[-1
0 8 -6 4 2 0 2 4 & 8 1
1 -1
2 Z2
4 4

Distance ys[-1]

Figure 37.Data cover for roll-along with three sitans of square array area measurements

using SQUAREZ2A, SQUAREZ2B or SQUARE2C.
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14.14 POL8X8: POLE-POLE IN 8X8 SQUARE GRID

Cable D

Cable C

1 2 3 4 5 6 7 8

Figure.  Sketch of 8 x 8 electrode layout usingahdard Lund cables with 21 take-outs
each. The cables are connected so that take-aitlbsest to the instrument. Note
that every second electrode take-out on the owtbles is skipped (grey take-outs
in the sketch), and there is no overlap of elea@robetween the inner and outer
cables.

This protocol file is designed for 3D surveyingngsithe pole-pole array. Observe that every
electrode take-out is used on the two cables didsdke electrode selector, and every second
take-out used on the outer two cables. Furtherntbexe shall be no overlap at the cable
joints.

Protocol Array Type Address File Size .ORG Size .UP/.DWN
POL8XS8 Pole-pole 8X8 728 -

Note:

The logical arrangement of the address file in tase is such that it appears as 8 parallel
cables to the data acquisition software, i.e. sdélet 1-8 in the sketch appears as cable 1,
electrode 9-16 appears as cable 2, etc.. Obseavetthis case it does not match the labelling
on the cables at all'! The address file describespthysical configuration of the cable, and
how the electrode take-outs are wired to the ialeaddresses of the relay switch, and can as
in this case be used to arrange cables in a diffevay than originally intended. Note also
that the protocol file in turn only refers to tHearode numbers.
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For 3D surveys, however, an 8x8 layout is very &nitak generally more convenient to carry
out a 3D survey as a number of parallel, and pbssiso perpendicular 2D lines that, may
later be assembled to a 3D data set (see “3D Ragis$urveying by Means of a Number of

2D Layouts” on page 43).

Table. Distribution of electrode position numbexscording to sketch in relation to take-

out numbers on the electrode cables.

Al [14[B1 |25[C1 [33|D-1 |54
A2 | -[B2 |26|C2 [34|D2 | -
A3 |15|B3 |27|C3 [35|D-3 |55
A4 | -|[B4 |28|Ca [36|D4 | -
A5 |16 |B5 |29|C5 |37 |D5 |56
A6 | -|B6 |30|C6 |38|D6 | -
A7 | 8[B7 |31|C7 [39|D-7 |64
A8 | -|[B8 |32|Cc8 [40|D8 | -
A9 | 7[B9 |[24|C9 [48|D9 |63
A10| -[B-10|23|C10[47 D10 -
A11| 6 |B-11 |22 |C-11 |46 | D-11 | 62
A12| -[B12|21|C12|45 D12 -
A-13| 5|B-13|20 | C-13 |44 | D-13 | 61
Al14| -[B14|19|C14 (43| D14 | -
A-15| 4 |B-15|18 | C-15 | 42 | D-15 | 60
A16 | -|B-16|17 |C16 |41 |D-16| -
A17 | 3[B-17| 9|C17 |49 | D-17 | 59
A18| -|B-18|10|C18 (50 |D-18| -
A19 | 2[B-19|11|C19 |51 | D-19 |58
A20| -[B20|12|Cc20(52|D20| -
A21| 1|B21|13|C21|53|D-21|57
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14.15 POL21X7A-F: 3 CHANNEL POLE-POLE 3D ROLL-ALONG
SURVEYING

Cable 1Ro|l—alongdirection ﬂ
#4/\/‘—%’:::g-g.-.n ...... —

#3 Sttt
#2 [[ —t—
#1 ‘et —+—+—+
Electrode
Instrument take-out y T
Switching unit position X

These protocol files are intended for area coveh woll-along perpendicular to the layout
direction of the cables, using the special adaptdie for 3 channel measurement using
Terrameter SAS4000 and one unit ES464. The rofiealtirection can be in either direction
depending on if a right handed or left handed coaté system is preferred (often the
opposite direction to as what is illustrated abasgreferable). Two remote electrodes are
required at a distance of preferably 10 times tteximum electrode separation or more.
These)lgprotocol files have a data cover identicathi® survey presented by Dahlin et al
(2002)".

These protocol files are provided as an example shmilar protocols for the combination

SAS4000 and ES10-64 are not recommended. Accotdingmerical modelling studies e.g.

the pole-dipole array is preferable, as it wouldedbetter resolution, is easier in terms of field
logistics with only one remote electrode, and ferthore is less sensitive to noise.
Furthermore, a 3-cable adapter would be needednioect three cables to the ES10-64.

See also “3D Resistivity Surveying by Means ofuariber of 2D Layouts” on page 43.

18 Dahlin, T., Bernstone, C., and Loke M. H. (2002)3B resistivity investigation of a contaminated
site at Lernacken in Swede@eophysics67(6), 1692-1700.
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14.16 POLDIP_A AND POLDIP_O: 4 CHANNEL POLE-DIPOLE 2D TO
3D SURVEYING

A
R
3
> Line 9
Start End
Line 8
Start End
Line 7
Start End
Line 6
Start End
Line 5
Start End
Line 4
Start End
Line 3
Start End
Line 2
Start End
Line 1
Start End
»
X axis

These protocol files are intended for area cover ainumber of 2D sections that are
combined into a 3D data set (see “3D Resistivityv8ying by Means of a Number of 2D
Layouts” on page 43), using Terrameter SAS4000E810-64. Measurements can be taken
with cable layout in one direction only, as indeghtin the sketch above, or by adding
perpendicular layout measurements as well. One teeglectrode is required at a distance of
preferably at least 10 times the maximum electregearation. It is recommended not to
exceed line separations of more than twice therelde spacing.

The POLDIP_O only contains the measurement combmatvith odd n-factors, forward and
reverse, whereas the POLDIP_A protocol containsh bodld and even measurement
combinations. The former is thus much faster tosuea

Protocol Array Type Address File Size .ORG Size .UP/.DWN
POLDIP_O Pole-dipole ONECABLE 206 -
POLDIP_A Pole-dipole ONECABLE 394 -

These protocol files are provided as an exampld, samilar protocols for other electrode
arrays can be used as well. One advantage of tleedgmle array is good depth penetration
and good data cover near the ends of the layouichwis important when operating in

confined spaces. Dipole-dipole and/or multiple ggatlarray protocols are recommend if it is
practical to avoid using a remote electrode.
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15 APPENDIX F. S4KCONV

15.1 DESCRIPTION

This conversion utility reads each file defined time file specification and converts it
according to selected type and options. Please thatesome options are valid only for a
limited number of types of conversion and/or typedata.

The program does not check for already existinguiufiles. Thus, it will overwrite previous
conversions if there are files with same name a®thput files of the current conversion.

All conversions are performed in the current divegt

S4KCONV.EXE is a MS-DOS program to convert TERRAMER SAS 1000 / 4000 S4K-
datafiles to formats readable by interpretation gmesentation programs. Normally the
Terrameter Utilities program performs the conversio some cases, however, it is necessary
to perform the conversion manually by using the D@&ram according to the instructions
below.

15.2 SYNTAX

sd4kconv -t Yp€e /[options/ il dcardZ@il enanme/

-F:type

a Convert data to BEM Multi Purpose Format (ASCII-text). Output file
extension:AMP

e Convert data to ERIGRAPH format. Output file exsien:.DAT

r Convert data to RES2DINV format. Output file endeon:.DAT
Convert data to Interpex RESIX IP format. Outfdetextension .RPD
Convert data to Interpex RESIX Plus format. Ottfile extension
.DAT

3 Convert data to RES3DINV format. Output file exd®n .DAT

-options

-c:[1,2,3,4] Do not convert the specified channels.

-G:filename Include topography data, wherfdename is the name of the file
containing the topography data

-k:nO[,n1]  Skip the firstnO data points. Ifnl is not specified the conversion
continues until end of file is encountered.

-m:r,h,a,b  Underwater survey. r=water resistivity @m, h=distance between
water surface and local datum, a=left limit of wateoundary (x-
coordinate), b=right limit of water boundary (x-cdmate).

-n Discard negative resistivity values.
-p Discard positive resistivity values.
-R Forced conversion to apparent resistivity ingtebichargeability. Valid

for IP records only.
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-i:nn Use chargeability for intervain only. Valid for IP records only.

-S;/mm/nn Sum chargeabilities of intervatemto nn. If only one value is given,

chargeabilities will be summed from interval Into

-t:n Error threshold (%). Rejects data with measurensertr greater than

the specified threshold.

Unconditional conversion. Data are always cotegeregardless of any
other options.

Overwrite existing output files.
Convert to resistance (AMP conversion only).

-z[0A2/8] Output electrode locations in XYZ format, i.€1,GC2, P1 and P2 with

all x,y,z coordinates specified. O=output only istathnumber, 1=output
only x-coordinate, 2=output x and y coordinates,0lBput X,y,z
coordinates (3 is default).

Output sample number instead of running index

-g:x,Y,Z Specify new grid spacing

-b Append protocol file name as comment to eaah lin
-L Output all measurements from SASLOG file

-N Negate all readings (multiply by —1)

-V:flename Log file in which the program messages are output
wildcard

Any valid MS-DOS wildcard specification. DefaultisS4K.
@Xilename

Converts the files listed in the file given bgname

15.3 EXAMPLES

1.

Convert all S4K-files to formatted ASCI| text fortna
sd4kconv —F:a

. Convert all IP records acquired using the Lund ImgdSystem to RES2DINV format,

summing the chargeabilities of intervals 2 to 5 atidcarding points with negative
apparent resistivity:
sd4kconv —F:r -s:2,5 li*.s4k

. Convert all records in the above example but ekteggparent resistivity instead of

chargeabilities, discarding negative apparent tiediss:
s4kconv —F:r -R -n li*.s4k

. Convert all resistivity records to ERIGRAPH formaljscarding negative apparent

resistivities:
sdkconv —F:e -n *.s4k
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15.4 ERROR CODES S4KCONV

1001 There is no support for converting this etad#rlayout
1002 There is no support for converting this typdaia
1003 A general conversion error occurred

1004 Geometry file does not exist or is invalid
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16 APPENDIX G. AMP FILE FORMAT

This is a description of theBEM Multi-purpose_Potocol data format contained in an ASCII
text file. It is intended to be fairly complete,tthas the potential to have items added in the
future. In order to make reading of this formatyeigollows some basic guidelines that will
be described below, see Sectibrin Section 0 some examples are provided.

The suggested filename extensionAgviP

16.1 BASIC PRINCIPLES

The file is divided into three sections: headertadand topography. The topography
section is optional.

The line and column numbering starts with line @ aalumn 1.

The header lines start at column 1 with a key s&xhg that_ends with a colomhe
corresponding parameter starts at column 33. If paameters or more are stated in a
header line they are white space separ@nd or more white spaces).

The parameters in the header can be divided inboctegoriesnormal andinformation
only. The normal parameters have a meaning for how data are intetpand handled,
while theinformation onlydoes not carry any special meaning needed tchesgata.

The header starts with lines containimymal parameters. The first line of tirformation
only typeis "Protocol #1”.

The line preceding the legend is always a blar lin

An invalid, undefined, or missing value is denotgdeither a_dash) or the text string
han

Infinite values are denoted by the strimgfsor infinity or a value with a magnitude greater
than 1.0E+38 Both the string and the value can be signed,ferd. or -inf. The string
alternative is case insensitive.

16.2 DETAILS, LINE BY LINE

Line 1: The name of the original record.

Line 2: Instrument model and serial number. The serial bemis
optional.

Line 3: Date and time of creation of the original dateordan the format

DD/MM/YYYY HH:MM:SS. The month can either be in wo-
digit number format or a three-letter abbreviatibor example:
17th of September 1997 would be eith&i7/09/1997 or

17/SEP/1997

Line 4 X, Y, and Z co-ordinates of the base station (atars).

Line 5: Number of text lines contained in the header sactN,), data
section (=N), and topography section (s)\respectively.

Line 6: Acquisition mode, where 1 = SP, 2 = Resistivitys 3P (single
time window), 4 = IP (multiple time windows).
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If the mode iR the data values are resistance values (measured
in ohms)

Line 7: Measurement method. This may be any suitable degtribing
how the data were acquired, preferably one word.example:
Section, Sounding etc.

Line 8: Electrode layout. It comprises one, two, or thkedues. The
second and third parameters are optional. Thedasimeter is an
integer code, the second is the name of the lag®at text string
and the third parameter defines a three-letter ealodtion. For a
list of valid codes see table a: available eleartalout codes,
names and three-letter abbreviations. (Page 117)

Line 9: Co-ordinate type. Can bedexor XYZ: /0|1|2|3/]/.

Line 10: Smallest electrode spacing in meters.

Line 11: Data defining marine (underwater) surveys. Theraur f
parameters; resistivity of the water layer, thidnef the water
layer relative the local datum, left and right limmdf water layer
(e.g. when crossing a river). In a normal measungénfies. on-
shore) there are dashes in the positions for theneaurvey data.

Line 12-19: Protocol #1-#8. Names of the protocols used totrobrthe
measurements. Usually used in connection with reldittrode
switch systems.

Line 20: Operator.

Line 21: Client.

Line 22-25: Comment #1-#4.

Line 26: Blank line.

Line 27: Legend. This line describes the items in the desl|

LineNy +1 toNy + Np:  Data.

NOTE! In future extensions of the data format new itenay be added after line 11. In
this case the line numbers for lines 12-27 wilinremented accordingly.

R The files marked with an asterisk must always bedd in the file header.

16.3 HEADER

I ndex coordinate type

This type comprises three parameters; transmiitbex (Tx), receiver index (Rx) and spacing
multiplier index (Dx). They denote multiples of temallest electrode spacing. If any of these
indices is invalid or not defined for a certainagrit will be set to 0 (zero). In the case of two
indices being identical, they will have equal value

TX: Location of the leftmost transmitting electro@cept for the gradient array and
potential (SP) measurements, where it is the leftmmoveable receiving
electrode.

Rx: Number of electrode spacings between the rightnransmitting electrode and
the leftmost receiving electrode.

For reversed pole-dipole arrays (i.e. the trangmgittnoving electrode is located
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to the right of the receiving dipole) this will ba negative number.
For the Wenner array it is identical to the spacinwiltiplier index.
For the Schlumberger array it is the number of tedele spacings between the
outer and inner electrodes.

Dx: The spacing multiplier index applies to gradjedipole-dipole, and pole-dipole
arrays and defines the electrode spacing. For ebeanmpdipole-dipole arrays it is
the dipole size (AB and MN) measured in numberlefteode spacings. It is also
used, if needed, for potential (SP) measurementgfioe the receiving electrode
spacing.

For Wenner and Schlumberger arrays it is the nundbeelectrode spacings
between the two center electrodes.

XYZ[[O[1]23]]
When this type is defined, the X, Y, Z co-ordinabéshe A, B, M, and N electrodes are used
in the following order:

AXI AYJ AZ) BX) B)/) BZ) MXI Myl MZI NXI NYJ NZ'

XYZ co-ordinates are normally given in meters.X{¥Z:0 is defined, however, the co-
ordinates are given in station numbers. In therothses 1 denotes that only X co-ordinates
are listed, 2 that X and Y co-ordinates are listed 3 that X, Y, and Z co-ordinates are listed.

16.4 DATA

There are two parameters that affect the data rowes;acquisition mode determines the
format of the measured values and co-ordinate tigiermines the format of the electrode
positions. In general, the data comes in the form:

"Data no.” "Time” "Electrode positions” "Measuradlues”.

"Data no.” is just an ordering number of the ddtas possible to attach one or more
symbols to the end of the number to represent thieiss of the data (see the table
below for more information).

Symbol | Description

- The data point was skipped and does not containrdéogmation.

? There might have been a drop in the transmitteckourPlease check the data.

! A general error occurred during data acquisitioateDmay be invalid.

A Overflow during data acquisition.

~

The data point was skipped due to current transomgailure.

The status symbols and their meaning

An example:

114
1157
1167
117
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118
119
120-
121-~
122-~
123-

"Time” is the elapsed time in seconds between teatmn of the original data record
and the acquisition of the data point.

"Electrode positions” can be either in thedexformat or theXYZformat described
above.

"Measured values” depends on acquisition mode diewie (and in the order
indicated):
1. SP: {V E}
{Voltage (V) Error (%)}.
2. Resistivity: {I V E}
{Current (mA) Voltage (V) Apparent resistivit2m) Error (%)}.

3. IP (single time window): {I ¥ Ra Tonorf To T Gi E}
{Current (mA) Voltage (V) Apparent resistivitR(m) Time On/Off (sec) Delay (sec)
Integration time (sec) Apparent chargeability (o)s&rror (ms)}.

4. IP (multiple time windows): {I ¥ Ra Tonoff To T1 Caa T2 Ca2 T3 Caz ... Th Gan
E}
{Current (mA) Voltage (V) Apparent resistivitRfm) Time On/Off (sec) Delay (sec)
Integration time #1 (sec) Apparent chargeabity (msec) Integration time #2 (sec)
Apparent chargeability #2 (msec) Integration ti#3e(sec) Apparent chargeability #3
(msec) ... Integration time #N (sec) Appadmrgeability #N (msec) Error (ms)}.

NOTE! There is one exception to the above rule. The reldetlayouts with codes -1
and 0 Untitled andResistanceforce the co-ordinate type ¥YZand replace
apparent resistivity with resistance.

16.5 TOPOGRAPHY

The number of lines containing topography dataivergin the header (line 5) and the first
line containing topography data is lingANp+1.

There are two different ways of presenting the gwpphy information.

General Topography I nformation

The data are given in a whitespace separated X¥#agb The first co-ordinate should be the
location of the first electrode. The rest of theardinates, however, do not necessarily have
to be bound to the electrode locations. The corattés need not be sorted.

An example:
40 O 55
-20 O 6.5
0 0 6.0
50 0 4.8
150 O 3.0
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Electrode Locations

The data are given in a format that supports mbam tone co-ordinate set and missing
electrodes. Each co-ordinate set is containedsinwin section. If an electrode is missing, its
co-ordinates are set twan (=not a number) or a dash)( The number of topography rows

entered in the file header is the total numberosis including co-ordinate set header and
number.

An example:
Cable #1
21
1 -80 O 0
2 -75 0 0
3 -70 0 0

19 nan nan nan

20 15 0 0

21 20 0 0

Cable #2
21

16.6 REMARKS

The default co-ordinate type when converting SA801L04000 data files isxdex However,

in some cases, data cannot be represented asdmgjnged along a line or profile. Then the
XYZ co-ordinate type is used instead. For example,ogpaphic measurements, areal
coverage, resistance measurements, untitled efleckagouts etc.

It is also possible to force the use of K¥Z co-ordinate type when converting data by the
program S4KCONV.EXE.
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Table A: Available electrode layout codes, nameastaree-letter abbreviations.

Code | Namé® Three-letter | Comment
abbreviation
20

-1 Untitled XXX This code is used for layouts thave nof
been defined or arbitrary layouts. See glso
code=11.

0 Resistance RES Plain resistance, ignore electocdéons.

1 Wenner-a WNA

2 Wenner-b WNB

3 Wenner-g WNG

4 Pole-Pole PPE

5 Dipole-Dipole DDP

6 Pole-Dipole PDP

7 Square-a SQA

8 Square-b SQB

9 Square-g SQG

10 Schlumberger WSC The three letter abbr. standSWenner-
Schlumberger”.

11 Other surface array GN4 General four electradeyalf two or threg
electrodes are used set the other electrpdes
to "infinity”.

12 Tomography TOM

13 Equatorial Dipolet EDD

Dipole
14 Potential POT Used for SP measurements.

%These names are based on usage of 7-bit ASCII de.-a, -b, and -g are used to denatef, and y respectively.

2The three letter abbreviations are at this stady @proposal, but are included so that should tiegome a standard, they
are supported. Therefore they are optional ingtlifon of the data format.
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16.7 EXAMPLES

Example A: An example of a data file containingl#a acquired using SAS 1000 / 4000 -

ES464 LUND
Filename: L100003.54K
Instrument ID: SAS 4000
Date & Time: 05/05/1997 10:31:10
Base Station: 0.0 0.0 0.0
Rows header/data/topography: 27 270 0
Acquisition mode: 3
Measurement Method: Section
Electrode layout: 1 Wenner-a
Co-ordinate type: Index

Smallest electrode spacing: 2.000000
Marine survey: - - - -
Protocol #1: WENNER_L
Protocol #2: WENNER_S
Protocol #3: -

Protocol #4: -

Protocol #5: -

Protocol #6: -

Protocol #7: -

Protocol #8: -

Operator:

Client:

Comment #1.

Comment #2:

Comment #3:

Comment #4:

No. Time Tx Rx Dx I(mA) Voltage( V) App.R.(ohmm) T(On) T() T(N) App.C h.(ms)  Error(%)

1 971 -40 24 24 200 0.0617 83 93.166584 1.000 0.010 0.200 O. 080724 -53.033009
2 990 -38 24 24 200 0.0556 21 83.875082 1.000 0.010 0.200 -2. 062340 -54.997192
31009 -36 24 24 200 0.0631 24 95.188382 1.000 0.010 0.200 -1. 659207 -35.355343
4 1028 -34 24 24 200 0.0767 27 115.701262 1.000 0.010 0.200 -1. 365044 -7.856742
5 1047 -32 24 24 200 0.0807 22 121.725726 1.000 0.010 0.200 -3. 151035 -70.710678
6 1066 -40 20 20 200  0.0636 99  80.046623 1.000 0.010 0.200 -O0. 535476 -6.862929
7 1088 -38 20 20 100 0.0276 52 69.497576 1.000 0.010 0.200 -1. 803617 -101.015259
8 1108 -36 20 20 200 0.0490 46 61.632693 1.000 0.010 0.200 -7. 067369 -4.714045
9 1127 -34 20 20 200 0.0564 67 70.958730 1.000 0.010 0.200 -1. 324859 -32.635700
10 1146 -32 20 20 200 0.0486 68 61.157926 1.000 0.010 0.200 -4. 662757  0.000000
11 1165 -30 20 20 200 0.0592 55 74.462229 1.000 0.010 0.200 -O. 799598 -5.656854
12 1185 -28 20 20 100  0.0343 52  86.334918 1.000 0.010 0.200 -2. 032617 -7.443229
258 8359 17 1 1 200 4.5411 88 285.331236 1.000 0.010 0.200 7. 916800 16.098215
259 8389 -18 1 1 100 3.2241 35 405.156731 1.000 0.010 0.200 4. 530084 2.351068
260 8411 -15 1 1 100  5.2369 55 658.095207 1.000 0.010 0.200 3. 747487 0.107381
261 8441 -12 1 1 200  0.0000 00  0.000000 1.000 0.010 0.200 5. 618462 22.609901
262 8470 -9 1 1 200 5.0894 08 319.776943 1.000 0.010 0.200 6. 336401 4.318378
263 8499 -6 1 1 200 7.4234 81 466.431115 1.000 0.010 0.200 11. 886886 10.709951
264 8529 -3 1 1 200 8.6906 95 546.052483 1.000 0.010 0.200 8. 741027 14.206529
265859 0 1 1 50 3.4419 35 865.052609 1.000 0.010 0.200 6. 508956 8.844142
266 8590 3 1 1 50 9.9758 39 2507.201668 1.000 0.010 0.200 13. 477847 9.588460
2678622 6 1 1 100  9.5446 13 1199.411429 1.000 0.010 0.200 O. 000000 18.253386
268 8652 9 1 1 200 0.0000 00 0.000000 1.000 0.010 0.200 5. 657914 27.452284
269 8683 12 1 1 100 1.9890 75 249.954547 1.000 0.010 0.200 5. 712136 22.407339
270 8705 15 1 1 50  0.4022 64 101.099904 1.000 0.010 0.200 -13. 452191 -49.913418

-118 -



ABEM Terrameter SAS 1000 / 4000

Example B:Same as example a, but with XYZ-fomsstad of indexed co-ordinates.

Filename: L100003.54K

Instrument ID: SAS 4000

Date & Time: 05/05/1997 10:31:10

Base station: 0.0 0.0 0.0
Rows header/data/topography 27 270 0
Acquistion mode:

Measurement method: Section

Electrode layout: 1 Wenner a

Co-ordinate type:
Smallest electrode spaclng 2 000000
Marine survey: - -

Protocol #1: WENNER_L

Protocol #: WENNER_S

Protocol #: -

Protocol #: -

Protocol #: -

Protocol # -

Protocol # -

Protocol #8: -

Operator:

Client:

Comment #1:

Comment #2:

Comment #3:

Comment #4:

No. Time A(X) A() A@2) B(Xx) B(y) Bz M(X) M) M@ NX N(y) N(z) I(mA) Voltage(V) App R.(
1971 -80.0 00 00 64.0 00 00 -320 0.0 0.0 160 00 0.0 200 0.061783
2 990 -76.0 0.0 0.0 68.0 00 00 -280 0.0 0.0 200 00 0.0 200 0.055621 83,8
31009 -720 00 00 720 00 00 -240 00 00 240 00 0.0 200 0.063124  95.1
4 1028 -680 00 00 76.0 00 00 -200 0.0 0.0 280 00 0.0 200 0.076727 115.7
5 1047 -640 00 00 80.0 00 00 -160 0.0 0.0 320 00 00 200 0.080722 121.7
6 1066 -80.0 0.0 0.0 40.0 00 0.0 -400 00 00 00 00 0.0 200 0.063699  80.0
7 1088 -76.0 00 00 440 00 00 -36.0 00 00 40 00 0.0 100 0.027652  69.4
8 1108 -720 00 00 480 00 00 -320 00 00 80 00 0.0 200 0.049046 61.6
9 1127 -680 00 00 520 00 00 -280 0.0 0.0 120 00 00 200 0.056467  70.9
10 1146 -64.0 0.0 0.0 56.0 00 00 -240 00 00 160 00 0.0 200 0.048668  61.1
11 1165 -60.0 0.0 0.0 60.0 00 00 -200 0.0 0.0 200 00 0.0 200 0.059255 74.4
12 1185 -56.0 0.0 0.0 64.0 00 00 -160 0.0 0.0 240 00 0.0 100 0.034352  86.3
258 8359 340 00 0.0 40.0 00 00 360 00 00 380 00 0.0 200 4541188 285.3
259 8389 -36.0 0.0 0.0 -30.0 00 00 -340 00 00 -320 00 0.0 100 3.224135 405.1
260 8411 -30.0 0.0 0.0 -24.0 00 00 -280 00 00 -26.0 00 0.0 100 5.236955 658.0
261 8441 -240 0.0 0.0 -18.0 00 00 -220 0.0 00 -200 00 0.0 200 0.000000 0.0
262 8470 -180 0.0 0.0 -12.0 00 00 -160 0.0 00 -140 00 0.0 200 5.089408 319.7
263 8499 -120 0.0 0.0 -6.0 00 00 -100 00 00 -80 00 0.0 200 7.423481 466.4
264 8529 -60 00 00 00 00 00 -40 00 00 -20 00 00 200 8.690695 546.0
265 8559 0.0 0.0 0.0 6.0 00 00 20 00 00 40 00 00 50 3.441935 865.0
266 8590 6.0 0.0 0.0 120 00 00 80 00 0.0 100 00 00 50 9.975839 2507.2
267 8622 120 00 00 180 00 00 140 00 00 16.0 00 00 100 9.544613 1199.4
268 8652 180 0.0 0.0 24.0 00 00 200 00 00 220 00 0.0 200 0.000000 0.0
269 8683 240 00 00 300 00 00 260 00 00 280 00 00 100 1.989075 249.9
270 8705 300 00 00 36.0 00 00 320 00 00 340 00 0.0 50 0.402264 101.0
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ohmm)
66584
75082
88382
01262
25726
46623
97576
32693
58730
57926
62229
34918

31236
56731
95207
00000
76943
31115
52483
52609
01668
11429
00000
54547
99904

T(On)
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

T(0)
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

T(N) App.Ch.(ms)

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.080724
-2.062340
-1.659207
-1.365044
-3.151035
-0.535476
-1.803617
-7.067369
-1.324859
-4.662757
-0.799598
-2.032617

7.916800
4.530084
3.747487
5.618462
6.336401
11.886886
8.741027
6.508956
13.477847
0.000000
5.657914
5.712136
-13.452191

E
53
54
-35

7
-70
-6
-101
-4
32
0
5
7

-49

rror(%)

.033009
997192
.355343
.856742
710678
862929
.015259
714045
635700
.000000
656854
443229

.098215
.351068
.107381
609901
.318378

709951
.206529
.844142
.588460
.253386
452284
407339
913418
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Example C: An example of a datafile containingstgity data.

Filename: LR00003.54K

Instrument ID: SAS 4000

Date & Time: 05/05/1997 12:57:33

Base station: 0.0 0.0 0.0
Rows header/data/topography: 27 275 0
Acquistion mode: 2

Measurement method: Section

Electrode layout: 1 Wenner-a

Co-ordinate type: Index

Smallest electrode spacing: 2.000000
Marine survey: - -
Protocol #1: WENNER_L
Protocol #2: WENNER_S
Protocol #3: -

Protocol #4: -

Protocol #5: -

Protocol #6: -

Protocol #7: -

Protocol #8: -

Operator:

Client:

Comment #1.

Comment #2:

Comment #3:

Comment #4:

No. Time Tx Rx Dx I(mA) Voltage( V) App.R.(ohmm)  Error(%)
1 44 -40 24 24 200 0.1365 05 205.844900 157.648819
2 55 -38 24 24 200 6.5840 17 9928.462853 40.120365
3 66 -36 24 24 200 9.1638 50 13818.759699 11.142968
4 77 -34 24 24 200 4.9602 69 7479.909681 15.035524
5 114 -32 24 24 200  7.9697 91 12018.161162 12.330555
6 127 -40 20 20 200  8.3949 67 10549.426522 5.336802
7 142 -38 20 20 100 8.1271 93 20425.864992 17.772417
8 155 -36 20 20 200 4.5025 01 5658.009040 30.860693
9 168 -34 20 20 200  6.0937 30 7657.607645 7.562192
10 181 -32 20 20 200 4.0186 72 5050.012879 36.650208
11 194 -30 20 20 200 4.9554 31 6227.178231 18.102890
12 208 -28 20 20 100  2.9646 60 7451.004402 14.860514
258 3632 2 1 1 100 4.7954 85 602.618408 8.994401
259 3648 5 1 1 100 3.4570 42 434.424653 3.134221
260 3664 8 1 1 100  3.4834 00 437.736949 1.251520
261 3677 11 1 1 200 4.4903 31 282.135834 6.292008
262 3686 14 1 1 200 2.0004 46 125.691749 0.483040
263 3699 17 1 1 200 1.9431 16 122.089591 8.052369
264 3710 -18 1 1 100 3.0768 52 386.648630 0.491711
265 3722 -15 1 1 100 5.2553 73 660.409696 0.319420
266 3736 -12 1 1 200  0.0000 00  0.000000 2.801630
267 3744 -9 1 1 200 4.5356 42 284.982759 0.632914
268 3757 6 1 1 200 4.1841 05 262.895066 3.002125
269 3766 -3 1 1 200 5.9706 42 375.146483 0.132899
2703776 0 1 1 50 24241 26 609.249280 0.165847
2713792 3 1 1 50 3.4539 99 868.084713 12.230147
2723808 6 1 1 100 3.3517 58 421.194261 2.446515
2733821 9 1 1 200 7.7260 32 485.440876 3.741924
274 3832 12 1 1 100 1.2812 13 161.002010 0.517482
275 3848 15 1 1 50 0.4050 52 101.800610 6.580061
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Example D: An example of a file with resistancéaad of apparent resistivity data ar

with topography data included.

nd

Filename: LR00003.S4K
Instrument ID: SAS 4000

Date & Time: 05/05/1997 12:57:33
Base station: 0.0 0.0

Rows header/data/topography: 27 275
Acquistion mode: 2

Measurement method: Section
Electrode layout: 1 Wenner-
Co-ordinate type: Index

Smallest electrode spacing: 2.000000
Marine survey: - -
Protocol #1: WENNER_L
Protocol #2: WENNER_S
Protocol #3: -

Protocol #4: -

Protocol #5: -

Protocol #6: -

Protocol #7: -

Protocol #8: -

Operator:

Client:

Comment #1.

Comment #2:

Comment #3:

Comment #4:

. Time Tx Rx Dx I(mA) Voltage(
44 -40 4 200 0.1365
55 -38 24 24 200 6.5840
66 -36 24 24 200 9.1638
77 -34 24 24 200 4.9602
114 -32 24 24 200 7.9697
127 -40 20 20 200  8.3949
142 -38 20 20 100 8.1271
155 -36 20 20 200 4.5025
168 -34 20 20 200  6.0937
181 -32 20 20 200 4.0186
194 -30 20 20 200 4.9554
208 -28 20 20 100  2.9646

Bl z
NhBboo~wounsrwnr§

258 3632 2 100 4.7954

1 1

259 3648 5 1 1 100 3.4570
260 3664 8 1 1 100 3.4834
261 3677 11 1 1 200 4.4903
262 3686 14 1 1 200 2.0004
263 3699 17 1 1 200 1.9431
264 3710 -18 1 1 100 3.0768
265 3722 -15 1 1 100 5.2553
266 3736 -12 1 1 200 0.0000
267 3744 -9 1 1 200 4.5356
268 3757 -6 1 1 200 4.1841
269 3766 -3 1 1 200 5.9706
2703776 0 1 1 50 2.4241

2713792 3 1 1 50 3.4539

2723808 6 1 1 100 3.3517
2733821 9 1 1 200 7.7260
2743832 12 1 1 100 1.2812
2753848 15 1 1 50 0.4050

-40.00 0.00 1.60
-30.00 0.00 1.85
-20.00 0.00 213
-10.00 0.00 2,01

0.00 0.00 1.75
10.00 0.00 -1.30
20.00 0.00 -1.65
30.00 0.00 -0.47
40.00 0.00 0.12
50.00 0.00 2.50

0.0
10

V)  Res.(ohm) Error(%)

05 0.682526 157.648819
17 32.920082 40.120365
50 45.819248 11.142968
69 24.801346 15.035524
91 39.848953 12.330555
67  41.974834 5.336802
93  81.271935 17.772417
01 22.512503 30.860693
30 30.468653 7.562192
72 20.093363 36.650208
31 24.777155 18.102890
60 29.646605 14.860514

85  47.954849 8.994401
42 34570415 3.134221
00  34.834000 1.251520
31  22.451656 6.292008
46 10.002232 0.483040
16 9.715581  8.052369

52 30.768520 0.491711
73  52.553734 0.319420
00 0.000000 2.801630

42 22.678207 0.632914
05  20.920525 3.002125
42 29.853209 0.132899
26 48.482517 0.165847
99  69.079987 12.230147
58  33.517574 2.446515
32 38.630157 3.741924
13 12.812133 0.517482
52 8.101035 6.580061
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17 APPENDIX H. ERIGRAPH FILE FORMATS

17.1 INTRODUCTION

Erigraph is primarily designed to facilitate gragdli presentation of CVES data (2D DC

resistivity surveying) and associated inverted nhosections. The measured apparent
resistivities can be plotted as pseudosectionsliouc or grey scale. Inverted sections can be
plotted as continuous (smooth) plots or as rectanduocks. 2D inversion must be carried

out using a separate inversion program, such asx@ample Res2dinv.

17.2 PSEUDOSECTION PLOTTING AND FILE FORMAT

The apparent resistivity data can be stored eitharconventional ASCII format with one set
of X, a, rho-a on each line or in the format usgdRes2dinv (in both cases DAT filename
extension is assumed). For the latter format pleafge to the manual of Res2dinv. Field data
files from the ABEM Lund Imaging System can be cemed into DAT-files using
ERIGRAPH or the Terrameter SAS1000 / SAS4000 WtHibftware.

In addition to the .DAT file the program searchesd file with .INF extension, which holds
information in the following format:

comment string
date of measurement
array type

blank (l'ine contents not used)

direction label left side ( optional)

direction label right side ( optional)

n, no of marker |abels (optional)

x[1] flag[1] marker text string[1] | abel distance, type flag, text string (optional)

X[2] flag[2] marker text string[2]

x[n 1] flag[n 1] marker text string[n 1]

The topography can be automatically incorporatethénDAT file, if it is saved in an ASCII
file in the same directory as the OHM file to bengerted. The topography file should have
the same filename as the data but with ALT extensitie file format is as follows:

x(1) alt(1)
x(2) alt(2)

x(n) alt(n)

17.3 INVERTED MODEL PLOTTING AND FILE FORMAT
Erigraph can plot inverted models in RHO-files (ABfdes) with the following format:

RHO-1 [IP]

nd Depth(1l) Depth(1) ... Depth(nd)

x(1) rho(1,1) rho(1,2) ... rho(1,nd) [ip(1 1) ip(1,2) ... ip(1,nd)]
x(2) rho(2,1) rho(2,2) ... rho(2,nd) [ip(2 1) ip(2,2) ... ip(2,nd)]

x(nx) rho(nx,1) rho(nx,2) ... rho(nx,nd) [ ip(nx,1) ip(nx,2) ... ip(nx,nd)]
/Model residuals:

[optional]

/Inversion type header:

[optional]

/IP parameter/unit

[optional]
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The specified depth is in this case be the midpoiach layer. Blank model cells should be
entered as asterisks (*). If IP data is availablean be included as indicated, the square
parantheses [] indicate that it is optional. Thepdtameter/unit line would similar to the
corresponding line in the DAT files.

Alternatively the RHO-2 format can be used:

RHO-2 [IP]

x(1) alt(1)

nd(1)

rho(1,1) Depth(1,1) [ip(1,1)]
rho(1,2) Depth(1,2) [ip(1,2)]

rho(1,nd-1) Depth(1,nd-1) [ip(1,nd-1)]
rho(nd) [ip(nd)]

x(2) alt(2)

nd(2)

rho(2,1) Depth(2,1) [ip(2,1)]

rho(2,2) Depth(2,2) [ip(2,2)]

tho(2,nd-1) Depth(2,nd-1) [ip(2,nd-1)]
rho(2,nd) [ip(2,nd)]

x(nx) alt(nx)

nd(nx)

rho(nx,1) Depth(nx,1) [ip(nx,1)]
rho(nx,2) Depth(nx,2) [ip(nx,1)]

rho(nx,nd-1) Depth(nx,nd-1) [ip(nx,nd-1)]
rho(nx,nd). [ip(nx,nd)]

/Model residuals:

[optional]

/Inversion type header:

[optional]

/IP parameter/unit

[optional]

The RHO-2 format has been added since it is adgantss in cases with strong gradients in
the topography. The depth is in this case the botibeach layer. There is a built-in RHO-2
format conversion tool in Erigraph for conversioonh XYZ files saved by Res2dinv (do not

use negative depths). This conversion tool is oidgigned for models inverted with

topography.

For both model formats an unlimited number of comtti@es may be added at the end of the
file, where each comment line should start withlasts (/). This can be useful for saving
information on e.g. inversion parameters togethér the model.

Res2dinv has an option for exporting inverted medel Lund-format, which will in the
present version use the old version of the RHOrth&b. In some versions of Res2dinv there
is a bug so it will export non-sense models.

17.4 TOPOGRAPHY

If a data file is opened and an associated invertedel is plotted selecting "2D section”, the
models will be plotted with topography provided thAT-file contains topography (please
consult the Res2dinv manual for details). Altewelii, the topography may be saved in a file
with ALT extension (see above). However, in anyec#ss necessary to open a datafile and
then plot the associated 2D section since the RH@ebel file does not contain any
topography information. The RHO-2 format includegdgraphy in the model file.
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17.5 USER DEFINED TEXT

The text strings on the axes of the diagrams caoustomised by placing a text file in the
directory holding the data files to be plotted. STban be handled automatically via the menu
“Settings/Diagram Labels”.

For the pseudosections the file must be named PEEUKT and have the following
structure:

Header

Distance label

Electrode spacing label
Apparent resisitivity legend label

Example of a PSEUDO.TXT file:

PSEUDOSECTION
Distance/[m]

a/[m]

Apparent resisitivity/[ohm-m]

For the model sections the file must be named MODSKT and have the following
structure:

Header

Distance label

Depth scale label
Topography scale label
Resisitivity legend label

Example of a MODSEC.TXT file:

2D INVERTED SECTION
Distance/[m]

Depth/[m]

Level/[m]
Resistivity/[ohm-m]

17.6 LEVEL MARKERS

Level markes can be included in the model plotsdoying the level marker data in an ASCII
file with MRK extension in the data/model directotyse the following format:

"comment" "comment” / first marker line
x(1,1) depth(1,1)
X(1,2) depth(1,2)

x(1,n) depth(1,n)
"comment" "comment" / second marker line
x(2,1) depth(2,1)
X(2,2) depth(2,2)

x(2,n) depth(2,n)
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17.7 REFERENCE DATA

Drilling reference data can be included in the niqdies as well.

x(1) / distance

id(1) / reference point id text string (optional)

gwl(1) / groundwater level (optional)

n (1) / no of layers

x(1,1) d(1,1) code(1,1) col(1,1) txt(1,1) / dist, d epth, materialcode, textcolour,
text lable

x(1,2) d(1,2) code(1,2) col(1,2) txt(1,2)...

x(Ln )dLn )code(Ln )colln )txt(Ln 1)

x(2) / distance

id(2) / reference point id text string (optional)

gwl(2) / groundwater level (optional)

n (2) / no of layers

x(2,1) d(2,1) code(2,1) col(2,1) txt(2,1) / dist, d epth, materialcode, textcolour,
text lable

x(2,2) d(2,2) code(2,2) col(2,2) txt(2,2)...

x2n )d@n )code@n )col2n )txt2n 1)

The text strings for the layer materials are wnitte black if the text colour is set to 0, and
white is set to 1 (in the latter case select trarmmt labels under “Settings/Plot
Options/Transparent layer labels” in order to $eetéxt).

The following fill patterns are available for plioky the layers, with the corresponding
material codes below:

FErFFrFFrFFFRFFFRF R R R F R PR R R R R R PR R R R R PR R FR Y
Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrryr

[= I T - I - T T Y- I - T - T = - -
Lo I |
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18 APPENDIX |. TECHNICAL SPECIFICATIONS

This section presents specifications for the Teetam SAS 1000 / 4000, the Electrode
Selector ES464 / ES10-64eC / ES10-64C and themetest SAS LOG 300.

18.1 TERRAMETER SAS 1000 / 4000 - SPECIFICATIONS

Transmitter

Automatic or user selectable currents 2, 5, 10, 20, 50, 100, 200, 500, 1000 mA

Excitation voltage (max) 400 V (800 V peak-peak)

Output power, max 100 W at 50% duty cycle

Accuracy of transmitted current Better than 0.5%

Current pulse length 0.1 secto 4 sec

Cycle type in resistivity mode plus-minus-minusgp{commutated DC)
Cycle type IP mode plus-zero-minus-zero (commut&x€jl
Receiver

Self Potential (SP)

Number of input channels 4, galvanic isolated (SA80 one channel)
Input impedance 10 MQ, min

Automatic ranging + 250 mV,+ 10 V,+ 400 V

Resolution 1 pV (at 0.5 sec integration time)

Accuracy (at 0.5 sec integration) Better than Or2&&asured at 100 mV, 5V and 200 V

Precision (at 0.5 sec integration) Better than Omi@asured at 100 mV, 5V and 200 V
Dynamic range up to 140 dB plus 64 dB automatia gai

Resistivity

Number of input channels 4, galvanic isolated (SR80 one channel)

Input impedance 10 MQ, min

Automatic ranging + 250 mV,+ 10 V,£ 400 V

Resolution (theoretical) 1pv

AccuracyAV/l (at 0.5 sec Better than 1% measured atlfrom 1 mA to 1000
integration) mA with varying resistive load from 0 to 38Q.k
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PrecisiomAV/l (at 0.5 sec
integration)

Dynamic range

Induced Polarization (IP)
Number of input channels
Input impedance
Automatic ranging
Resolution (theoretical)
Type of IP measurements
Initial time delay

Number of IP time intervals
Basic integration interval
Dynamic range

General

Computer

Memory capacity

Temperature range, operation

Casing
Display

Multi connector

Support for external devices

Power

Power consumption

Weight

Dimensions

Typically better than 0.5%

Up to 140 dB plus 64 dB automatia gai

4, galvanic isolated (SA80 one channel)
10 MQ, min
+ 250 mV,+ 10 V,+ 400 V
1uVv
Time domain chargeabNyrieasured irmsec
10 ms up to 10 sec in steps®iris
1-10 user defined timedows on all channels.
20 msec or 16.67 msgxedding on power line freq.

Up to 140 dB plus 64 dB automatia gai

PC compatible

> 1 000 000 data points
-5°C to +50C

Waterproof (IP66), rugged cast aluminum
LCD, 200x64 pixels, 8 lines of 40 charaster

Current and potential for all four channels. RS232
serial communication with PC or external devices.

LUND Imaging Syste®dS3 OG 300, Multimac

An ordinary car battery is recommended. NiMH clip-
on power pack (optional accessory) could be used in
low current soundings.

1000 mA in standby. Up to 20 A during transmission
of high currents.

4.6 kg. (SAS EBA 1.2 kg, NiMH Power Pack Rd)
105 x 325 x 300 mm (W x L x H) with povwack
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18.2 ELECTRODE SELECTOR ES464 - SPECIFICATIONS

Number of channels 4x64 channels standard configma Up to four units of
Electrode Selector ES464 can be linked togethethé@aerial port,
giving e.g. 4x256 channels.

Power supply 12 V DC clip-on re-chargeable battergn external battery via an
adapter (operates several days on a charged Dattery

Operating temperature -10° C to +70 C.

Casing Waterproof (IP66), rugged cast aluminum
Dimensions W x L x H: 105 x 325 x 300 mm.
Weight 6.7 kg (including battery pack).

Resistivity instrument The Lund Imaging System rezgian ABEM Terrameter SAS
1000 / 4000 (or SAS 300C and PC).

18.3 ELECTRODE SELECTOR ES10-64C - SPECIFICATIONS

Number of channels 10x64 channels standard comfiigur (4x64 channels for model
ES10-64C). Several units of Electrode Selector KD can be
linked together, giving e.g. 10x256 channels. THecteode
selector is also available in a single channel igarscalled
ES10-64eC.

Power supply 12 V DC power supply via SAS1000 /#@fegligible extra
power consumption).

Operating temperature -10° C to +70 C.

Casing Waterproof (IP66), rugged cast aluminum

Dimensions W x L x H: 120 x 300 x 200 mm.

Weight 5.2 kg

Resistivity instrument The Lund Imaging System rezgian ABEM Terrameter SAS
1000 / 4000.
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18.4 TERRAMETER SAS LOG 300 - SPECIFICATIONS

Cable length
Logging probe diameter

Survey modes

Weight
Dimensions

Power supply

16” short normal
64" long normal
18" lateral
Fluid resistivity
Self Potential
Temperature, range
Temperature, precision
Temperature, precision

Temperature, accuracy
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300 m
40 mm
0.05 - 100 00@m
0.5-100 00a2m
0.5-100 00a2m
0.05 - 100 00@m
0.05 - 1000 V
0°C ... +50C
0.0°C (O°C ... +20C)
0.1°C (20°C ... +50C)
1°C
14.0 kg
880x440x230 mm

Powers from SAS 1000 /
4000
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19 APPENDIX J. REMOTE CONTROL

This is a description of the commands used for ternontrol of Terrameter SAS1000 / 4000.

19.1 COMMUNICATION PARAMETERS

The following setup is used:

Baudrate Selected in SAS4000 Main Menu. (Defadl&2D0).
Databits 8

Stopbits 1

Parity None

Handshaking DTR, DSR

19.2 COMMANDS AND SYNTAX

All commands consists of a three letter (upper asembination, an optional list of
parameters (separated from the command by a spadeg¢nds with a ‘I'. If there are more
than one parameter in the list they are comma-aggghrThe command will not be executed
until the ‘I is received.

When the connected Terrameter SAS4000 starts emgcat command, it transmits the
character ‘# (ASCII decimal code 35).

19.2.1 Delete

DEL filename(s)
Deletes the specified file(s). Most system filesrgat be deleted. Wildcards are not allowed.

19.2.2 Dir

DIR path
Returns a directory listing of the specified path.

19.2.3 Exit

EXT
Exits the program.
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19.2.4 Install Software

INSfilename

Installs the file calledfilenamein the root directory. Wildcards are not allowed the
parameter, the file must be present in the cudeattory and have the extension .EXE.

19.2.5 Send Serial Number

GID

Returns a character string containing the seriahber of the connected SAS4000. For
example:

4981663

19.2.6 Send Version String

VER

Returns a character string containing the namehefapplication, its version and revision
number. For example:

Remote Control Version 1.23 Rev.A

19.2.7 Set Date And Time

STM fyyyy/mm/dd hh:mm:ss/
Set (or get) the real-time clock’s date and time.

yyyy: Year (1980-2048).
mm: Month (1-12).

dd: Day.(1-31).

hh: Hours (0-24).
mm: Minutes (0-59).
Ss: Seconds (0-59).

19.2.8 Set Default

DFL
Reset all parameters to their default values. Désalmeasurements.
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19.2.9 Set Error Checking

SEC ferr4,err5,algorithm,speed/

This command sets (or gets) the measurement dreaking parameters and the output setup
algorithm and speed parameters.

err4: Check error 4? 0=No, 1=Yes.
errs: Check error 5? 0=No, 1=Yes.

algorithm: Select the algorithm for setting up ewmtr output. O=Safe mode, 1=Smart
mode.

speed: Select the speed for setting up curreputu@=Slow, 1=Medium, 2=Fast.

19.2.10 SetIP

STI /ImA1 Imode ’ fs ’ tOn/Off ’ tD ’ tO(index) ’ mUIt ’ N]

Ima: Output current (mA). Valid range: 1-1000.

I mode Output current mode. Valid values: 0 = automedinging, 1 = fixed current.

fs Sampling frequency (Hz). It should be set in adaace with power line
frequency that can exist in the area where measmenare being done. Valid
values: 50, 60.

ton/oss: The current switch on and switch off time (s).eTdn and off time are equal.

Valid range: 1.0-8.0 s (in steps of 0.5 s).

tp: IP delay time (s). This parameter defines thestimetween current switch off
and the start of the first integration interval.lidaange: 0.01-10.0.

to: The number of samples included in the first indigg interval. Valid range:
1-50 at 50 Hz, 1-60 at 60 Hz. See Table 2 for seranples.

Table 2 The integration interval indices and the
corresponding times at the two sampling frequencies

Integration Time to (fs=50Hz) § (fs= 60 Hz)

16 2/3 ms N/A 1
20.0 ms 1 N/A
100.0 ms 5 6
200.0 ms 10 12
500.0 ms 25 30
1000.0 ms 50 60
mult: Multiplication factor. Valid values: 1, 2.

-132 -



ABEM Terrameter SAS 4000 / SAS 1000

N: Number of integration intervals. Valid rangeiQ-

If no parameter list is defined the current par@ngalues are returned in a text string with
the same format.

If the multiplication factor ult) equals one, each IP interval’s integration timk ve equal

to tf/fs. If the multiplication factor is equal to two, thength of each successive IP interval
will be doubled, i.e. if the first interval is 100s the second will be 200 ms the third 400 ms
and so on. The total integration time, howeverncaexceed 8 seconds.

19.2.11 Set Mode

OPM /mode/

Sets the measurement mode. The valid parametezssahe listed in Table 2. If no parameter
is given, the current mode is returned. The modectsd is active until another mode is
selected or the program is terminated.

Table 3 Valid measurement mode parameters.

Mode Description

0 Disables measurements
1 SP

2 Resistivity

3 IP

19.2.12 Set Resistivity

STR /I mA; Imodev fs- tDv tAcq/
Sets the parameters specific for resistivity measents.

[ma: Output current (mA). Valid range: 1-1000.

I mode Output current mode. Valid values: 0 = automedinging, 1 = fixed current.

fs Sampling frequency (Hz). It should be set incadance with power line
frequency that can exist in the area where measmenare being done. Valid
values: 50, 60.

tp: The delay time between current switch on and stasampling. Valid values
0.0-4.0 s (in steps of 0.1 s)

tacq: The time used for sampling (integration). Valalues 0.1-4.0 s (in steps of 0.1
S).

If no parameter list is defined the current par@ngalues are returned in a text string with
the same format.

The total time for one single measurement pulsebgilequal to 4 * ( + tacq) S€CONdS.
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19.2.13 Set SP

STSHJ
t: The measure time in seconds. Valid values M1s&in steps of 0.1 s).

If no parameter list is defined the current par@nealue are returned in a text string with the
same format.

19.2.14 SetStack

SAS /Nmin, Nmax: Eiimit, Norm]

Nmin: The minimum number of stackings.

Nmax The maximum number of stackings.

Eimit: The error limit that ends stacking (in percekl@lid values 0.5-100 (in steps of
0.5).

Norm: Norm used to sum the stacked values. Can be 1) where O=median and
1=mean.

This command sets the limits for the automaticlstar N, must be less than, or equal to
Nmax. If Nmin IS less than Nax the stacking will be finished if the measuremandrebecomes
less than Fjt.

If no parameter list is defined the current parangtlues are returned in a text string with
the same format.

19.2.15 Sound

SND fireq, freq, freq./
This command sounds a tone with a pitch correspontlh freq (freqg=100 lowest pitch,
freg=20000 highest pitch). There is one tone for eashmeter passed.

19.2.16 Contact Test

TST

This command performs a contact test by tryingaaodmit a current. If a valid measure mode
has been set, it returns the current transmitfes clurrent could not be transmitted, a zero is
returned.
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19.2.17 Trig

TRG

Triggers a measuremement. When the command has doeepted and the measurement
started a ‘I is returned. Then you have to waitthee data to arrive (or an error code). The
data are returned in the following format:

CHX I,V,E,N[,Cipl,Eipl,Cipz,Eipz, . plpn,Elpn].

where X=channel number, I=output current (mA), Vthe measured voltage in volts (the

primary voltage in IP measurements), E is the nbee@ error (standard deviation) in percent

and N is the number of stackings. When doing IPsuesnments some additional pairs of data
are returned. The number of pairs is equal to theber of IP intervals and each pair consists
of the apparent chargeability for that interval fmiliseconds) and the measurement error
(true error in milliseconds). After each channelaa has been returned a *;’ and a new line
are returned to mark end of data.

The time you have to wait before data starts corfrimigy the instrument depends on the type
of measurement, cycle time, integration time etc.
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