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1 Background
The cable configurat i ofi hAGBrEOM emer aadnBrtienngs t g aigqneert

controll pésbypyftwamltyfiles; spread files and p
clean way of interacting with the instruments
up a specific geophysical sur vueayl | nyb&krefishaene t ear

ProtTwodl descr ivibepalhktahgeeti soveer | ays these two t)
creation fr ons psgceraatsc ha nadf phottio c ol sh.a reAld ldeotrieo n a
computati opsodeededgtfianri gedepwbi oboimakes best
measurement channels.on a particular instrume

2 Overvi ew

The Terrameter LS Prtoawaon t(Thelsofst waneéti arotue
are shown, afsi &laénf gdier ds @ete na $ ns p seeraed bawidl tp rmod roec
be dddd@he tabs can be ngvwiogetsesd freely throug

Fi glsrheows an annotated view of thehifghlsitglstce @&
el ements are as foll ows:

1. The File menu icestaed mambnbpatheeodi ak.

2. The btaab shows the c@Gememal yOawetvivewt ab as
3. The main controls for initiating either wo
navigate via the Fil espmerdwrand hteab nbarn,alt s
act.i on

4. The gamde descriptions of the agdrraertilly acti
these are fil,bederwi aet omayi shbuyd be fil!]l
sprepdotocol . The program wil It oprsoanvpitngi f t

5. Measur éeménstscs of the currentamedt veolthes
l i nes present computati dmg dfhattheneapaaciefmea

6. Speci fic sTetrtriabmpd maft chhe@gbthbeReaw i itvteegr Set t
me niun hTeer r alm@B8Iser i.ntTehrefseececan be kept ,bl ank
but values can lEkEstémiae¢read execwuadl owmwl ati ene of
Mo daenElst i mat ed execaolion I P mikehacswinp edditid e
same figure.

7. Protocols can-ba&8ndphBmhekdi hetrdments. The
Gener al tCaabbt owewor selecting which type of
contralaswvoairleabl e where the achamildap tnigmi z a:
me a gmee Ptoi thd sa pSelteoctoilngnanhhopttah sets the
Terralmtted opt iamidd e aa gaion swd o Il tiddef cquogmp ut at i
oAmount of curreatdnAdmpeageoamount pobdbtdat a
i nj eicfiii ®ndhe same figure.
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[F]L
| General overview View | Surface Layout | |

[ Work on Protocol | Work on spread || 3
Spread Name.

Spread Description

Protocol Name 4

Protocol Description

"KFGUTE OF COTFEnt IRJEcons T protocor
Amount of data points in protocol:
Average amount of data points pr. current injection: 5
Estimated execution time of protocol in RES Measure Mode:
Estimated execution time of protocol in IP Measure Mode:
Amount of Stacks: Acquisition Time (in seconds): Delay Time (in seconds): IP off time (in seconds): 6
Tompu Current Injection SpIRLINGS for:
No Spittings 4-Channel Instrument| 8-Channel Instrument| 12-Channel Instrument

Figure 1 - Startup view of the programhighlighted and numbered
red boxesgefer to themain elements of thexreen discussed in thext

3 Sprdad es

A spread fil e i s faorc atbh ee Tcdornrfai rggeutirdare iUlm@ns & i fl @r
coordi nataemwhbhddehigne neswech @a&syn uamd letres t ui soend
number of el ewh e tclthebd rppearc ecda bilne a straia@aht | i ne
pattern WhkRtdxetrreriyal el ectr oGaetdssetladd tooa |lsonmedy a o
presets

Note that spreamderfiid etso abee ummaade . Wid MmMebagt ed @& €
spacing wil/l be defined in the Terrameter LS

31Surface Layout tab

Via a clWock ombitStpemima&io@inglir e he vieBWushiateslLagy
tabwhich is used to creaspr aad@leiivéi bipsgdathlepro mo
Sur facd atba @6 dREi gwirddl sb)t openBlte ewinew consi sts o
showhi gfyreand are described as:

1. Overew of the surface | ,syedewnto.m Jatbhioshéacesb hae i
spread; icGtnsen hwdohidesr,r alm ties connected with

cabl eexoieeheaisrleedtd olr&84)C Bahd borehol es. I n t |
where no spremaldyTieshaim@itiea bkGhieapd B#oew. t oa bui | d
sprgades detail snew $ywt.em lcaegatte a

2. The checkboxedgespalmnetpafidribeg®ptead. The fi
whetaherremote currpboen{E@)nrmmectriedmonéeb| i-nguBe
Di pol Bol-Benlde poi nt sT hien fprnoatlo ccahlesc.k PobPeIse@ eci |
pl ug 1 sPou-Beelde pllfuga iisnjusedi, ocsrc ®&mFbhbadl e U
measuring pBoReppibus ankypossi PbPepewmugt he
i's nothesiends &an@aomeangd mumwBbdbiPemeasuri pgrpoints
current,buitjielclt iadn ow addi wimdrealt edatea cpmif n tgs
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3. ThEel ect erodceasb ipd er s p e cti &-b eets8 heoawcdmasnahl. e | t i
only possible to adjust thi snusddeeal eatiroad e
por cable is a fixed number.

4. Th®et at i oamn BNamdho afrt¥ e x pChaip@ eBe titni ng ,u pal sothagt |
with thAedbudas omBwl| €t 2adi ¢ nanWprdtat Rt aetnitan es t
station
ThEnabl e/oD/iesrabalgeo n t o gagdljeeesmtivinre sthlees hsopurl eda d
have theirt atkiarossterdmdg ,| amatki ng t hem functi on
position
Thdake LBpoud ofBivtelrd sspar egdodn f i g u reantaibdn ng t he
and measurremeint smarosimi@aeght | ine.Chapleris
3D sparmadpr.otocol s

5. The station |ist is empty in the nChaptat Vv
3.Betting .up stations

6. Th® vSpr ebaudt t omed Soauntd wi t h oiwtn tfi U n dahecetasrpvree & d a
to savwhich point it automatically becomes

General overview | Pseudosection View | Surface Layout

2| RemoteC2 | Remote P2 [ Pole Pole plug
Electrades per Cable

ift: 0 Enable Overlap | A Delete current Station

Figure 2 - The elements of the Surface Layout tab

32How toabupiaead

Exi sting . «cmaln sbper el aoda dfendl nefi rea mchtetnes Gofsisldeo di f i ed
needethhiasptoemnses on the creAltti emi md an nexwi Stpir 1
utilizes the same functionality as described

Fi g3ssrheows t he Sur faantde glhdelf et teda tceasbipd er has be
moved to 2g8cebéetrddebsnptiate buil dTengr ameatpe re
LY cas shbwgdra
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The

General overview | Pseudosection View | Surface Layout

Remote C2 [ Remote P2 [ Pole Pole plug

Electiodes per Cable

Figure 3 - Initiating aspread from the central Terrameter Lc®n

l'iedk @Er ovi dleisg4ar ehentthas i nitial stage |

n
options are positioning a cable either to the

I
not

T

General overview | Pseudosection View | Surface Layout

Remote C2 [ Remote P2 [ Pole Pole plug

Electrodes per Cable

Figure 4 - Initial cable selection

gbhaecabl e t oTedrhrealm®etfreaa sodfll etelmeer e ar e sever al
e offi guwrbeelsi sles the mewyreed roalkkelse awittalc h2d t

Ab o v e atchke shulr fwaicnedvolivi gno tt he g h & d g h taaxhx® 0 x
appeared. The units of thilistaaritsi nag ewistthe pOs
side of t heamaec nteshnalde p e attdeegnlt bewbolercdltdr ode s pacin

ThEel ecspe €ad bd lei,adletre Fedd4habegned out, barring
changesumpdt red ecetrr ccchdbHieenbpcdemes active ag
cables are present in the spread.

A nment iiCdlEldeas appearpde®erf€ at da atbh g dl'thte
addi tciadinggdpr ovi de a more advanced met hod fo
which i sCtawyleddedi vndual.l Cabl e tabs
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File

General overview | Pseudosection View | Surface Layout Cable 1

Remote C2 [ Remote P2 [ Pole Pole plug

station Name] station x Shift: @ Enable Overlap | Add as new Station | Delete curent Station | Update entries to current station | Make Layout 30

Figure 5 - Both thenewcable and the Terrameter Li&ns

With a new cabl e aodpdteido, n stfhaevricestgad belhee o wut wvace |

T A cabl e t o Ttehre alm®g leta no bveh ilaehd eids o edfldi ole do
t hTeer r alm®@t er

M1 Or a cabl e/ device can be addiewhitcehcthhseivieaf t
al ecflti ck on the red cabl e.

ATerr alm@treasni §jdle aelde e swha tickhe , ma dsess| ¢ hitaegd nu mb e
AEl ect erodCeashillen f | ubacavail able optilomst dirom, atdhi
influences the options avail abtei §onopopossbobh
mor e tahcatmIv@&e2Z tr odes on each si de xdfertnfad Tdrercam
sleec(E®1604)C s added.

File

General overview | Pseudosection View | Surface Layout Cable 1

Remote C2 | Remote P2 [ Pole Pole plug

station Name] |Station X Shift: 0 Enable Overlap | Add as new Station | Delete current Station | Update entries to current station | Make Layout 30

Figure 6 - The menu from leftclick on the cable

| Fi g&irea | eft click is made on the inewilyecreat
sof tewaegdel gt ri bavaei #&ldodet 6rdodTesr alm@ tthee t he | eft a
t hensmentand there acrabPRPRé& ehethiredsepr plabdd/ 2t her
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21lavail abl e f orTédrhreahEtheer s e heerteh iefrleel ect r odes
available infoureceadeit menapti ons

T One opttonaddtavabeld ¢holalteonmygamrivegy ot her
ta-keod he Caméeen wiulnbBbcebrest)dmabientghe 11 el ectr
t hat can be accessed on the |l eft side of t
NotTeh:i s ogqntaywani fiesteltai@lsez 1 i Blgepmtcradd e

T For the cdsbediGshato abne BBS t achedei tamewad fi s an
actiohbukd cable to the | eft of the current
forTehreamabdt e .options

T The opnE8 s hodr @ad cabl e gives t h(eumpeovsesn bi | i
numbeeleedc)t rodes avai llaédérr am: ttwiret hl enfetw seil deec

(even ntuaketicew dne atneldBSd @Gheaning that all el e
takaet cable are wutilized
Not sMecial cable joint is required to be a

T Finally, thtoedelset dvet lvogrdatba 0 eclnettliyng cabl es
al ways bédsancepthenintegrity offihtohwee vseprr,e atdh
| ethast irngohstta bl es i n the surface | ayout can a

Continuingiag asbheccessadedly more objecstssictho t h
as$ hfe alsled up <hgwm eibrd obt ai ned.

Figure 7 - Setup consisting of 7 2dkeout cables, using one EG
64Cand oneTerrameterLS

The cabl es Taetrtraadntetdeirtao ctalbe eb ejtomescths antiagd hhow
they are encl aGaebd ebsy aotrtaatcihesd @ll it @b sttdovtbeleEn® a n d
gr eemreemal osed bNotceyatnhel ionveesnnd apyafh bhaegentre
Fighres cable numben h#23 64 €atemreatnEtdet o bot h

| Fi1 g8 r & he hEmdabl g/llviesth batpgeaseen pressed. This
fi hakaotf each cable i s madaea-ktean otviee | mex twi ¢ &b It
6 ovVvemponhge 7antHbsebs refl ectadkaish dtrioeng hai grhalxii gr
of d4é&ctrodes asmaxe snum of 140.
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General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4| Cable 5| Cable 6| Cable 7

o 13 28 42 56 70 B4

Add as new Station | Delete current Station | Update entries to current station | Make Layout 30

Figure 8 - Toggling the overlap makes the end electrodes of the

The cheR&hotxaEn®&e2no tceo nPt2r ed2s CGuhreamem2t Cuwit agrst of
t hoeml file, reservinher mam tneol eelDady der ePdRdasdd eo P 0 |
protocols. Theski @qaree bot h enabl ed in

General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4| Cable 5 Cable 6| Cable 7

[ 13 28 42 56 70 B4

Station Name':ls'anur‘ XShift: [0 Disable Overlap | Add asnew Station | Delete current Station | Update entries to current station | Make Layout 3D

Figure 9 - Remote C2 and Remote P2 checkboxes have been ticl
allow for protocols with Pokdipole and PolePole configurations

33Setting up stations

| n Ttehrer amet er LStastseonsntaeesfdgite sienpd g ihtapo-tmvitl d
defined cvaanl aet amadd Xx clalhdhegceadbaey. To show how
st attihdenas bslpeg ead from the previous chapter wil/

| Fi gl@é&@de desired niasmewronft ttbiSe asiieaid Wiasmei s what
di splayedriameiCereal8& new nsiRntAsashi ag nepwdastas i o
t hhei st of osit atbhh esist r vy
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General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4| Cable 5| Cable 6| Cable 7

[ 13 28 a2 s6 70

Figure 10- A station called "7 cables no move" has been added to
list of stations

I n this way station$§h®taant iben rallid@d é&mmecncte sosfi vtehl e
spread, and the ennwemtkdr eaft ue dte letphoes sfeinrosetf tehlee c
t he fiwisltl cm®biie val uenonev @eme mtd ,hcedala rresas pit dha &

stawi bh strearzzetaote onperto eiglaé c-laéd sd8lde ¢t r o dde psoma dii nvg
StatiomaKu8hi hdicates a move incthedéagpwardid
shiftl effd¢ ognhFti gl ¢ and a negative number iindica
direction (decreasising fte¢ heedtEtr @gdpPpeposi ti ons

| Fi gLl &Set ati oentX yShiikh tseetammoumrt of el ectrodes
overanadp a new 3tadabloah acsaidbveeadd Noteiact eadtiihsa ta [ttheer €
agai n, r ewhleenc tpienrgf odrhna tngg -nmahset hoadslkle® moved to t
siadfe ctahbel e aswpr e déhéct hede padbiowieohbhheuimbewake surf
changed.

General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4| Cable 5| Cable 6| Cable 7

[ 16 32 48 64 80

Station Name 1 cable forward Station X Shift: [20  Disable Overisp | Add as new Station | Delete current Station | Update entries to current station | Make Layout 30

Figure11- "1 cable forward" station have been added

When usi roqut2l athdikkeasy beemsef ul to have station
call ef or fionrs ttahnec est ar tHiagriudh eemedw ssttaatiioonn wi t h or
backwards ( &t0at ihoans X eSEhi fmade, plus an excl usi

8
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the menus tHetflthpkeag whelhéas isnhdbiwgildaead c ab
sel efibteiacrdg i vate Cable 1 from Station

Figure 12 - The leftmost cablgCable ) has been clicked, andew
select "Deactivate Cable 1 from Station".

| Fi g3 de excluded ciablehesscocol acedl gyeuyt

Figure 13- The excludedCable 1 is coloredgrey

To changoef aa msanfeetdtont he station from the | ist,
St at i ofni eNlamhmed pr eldpsd atthee ebnuttrtioens t o current st a

Stations are added in this way tthhreTHbB sdFrdedest
stations shown iIs theéeeomr@aenErtemd te tNeavyn Sao@ying am
Figu4dbde order of the stations is altered, by
When readycdmplseptveedatthecl i ckSawnwetBmitdaodghl i ghte
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General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4| Cable 5| Cable 6| Cable 7

‘20 -3 12 28 a5 60

v Remote €2+ Remote P2 | Pole Pole plug

jon Name 5 cables last Station X Shift: |20 Toggle Overiap | Add as new Station | Delete current Station | Update entries to current station | Make Layout 3D

Drag and drop stations here

R

‘Save Spread

Figure 14 - The spread is done now that we have created the stati
and ordered them in a convenient way

Upopmr e sSsawey $hhreeaspread will be sawaéd otwo af idles t a
fol der and fbiel. c hrbasmdpe efaida Negemee ad Demsarrk eod i aosn ¢
i Fi glb-heeaobteemt er ed, a  iimgdspe iaprp etac st he save |
al liogor nami ng amae wdd Das pealkiatldge dt) h e

@ © & Enter Name and Description of Spread

Spread Name
7x21RemoteC2P2
Spread Description
||Spread consisting of 7 x 21 take-out cables and one ES, overlap btwn last and f|

ok |

Figure 15 - Spread Name and Description
entered before it isaved.

Once a Spread file has been saowend meintu,c amrike d
Figlre

341l ndi vi dual Cabl e tabs

When a spread edl & sewabcphh ol a detddaeds | el dwi | | have i
cable tab holds specific i mbdr mgi pgnockeorttttadensa tc
cabl e. For st aedaalh® vista gies onfott hneecessary t o ec

standard usage can be done from the Surface L

Nonet hel es s, full access to the entries of t h
Figufpean activated cable tab is shown.

10
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For
and

File

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2| Cable 3| Cable 4 Cable S Cable 6| Cable 7

¥ Electrode Id: 61 - X: 60.0 ~Y: 0.0
v Electrode Id: 62 ~ X: 61.0 - Y.
v Electrode Id: 63 ~X: 62.0 —Y: 0.0

s: [22 Electrode connected to ES
ress: (51 W Electr

v Electrode Id: 64 ~ X: 63.0 ~Y: 0.0
v Electrode Id: 65
v Electrode Id: 66
¥ Electrode Id: 67 ~ X: 66.0 ~Y: 0
v Electrode Id: 68 ~ X.
v Electrode Id: 69 ~ X.
v Electrode Id: 70 - X.
v Electrode id: 71 - X:
v Electrode Id: 72 ~ X: 71.0 ~¥: 0.0
v Electrode Id:
v Electrode Id:
v Electrode Id.
“ Electrode Id:
“ Electrode Id: 77 = X: 76.0 ~Y: 0.0 3
v Electrode Id: 78 ~ X: 77.0 ~Y: 0.0 ~Switch Address: (59~ Electr
¥ Electrode Id: 79 —X: 78.0 —¥: 0.0 -~ Switch Address: [31
¥ Electrode Id: 80 ~ X: 79.0 ~Y: 0.0 ~Switch Address: (60 ¥ Electro
- X Y; Switch Address:

Toggle All Electrodes | Toggle Odd Electrodes | Toggle Even Electrodes | I~ Cable backwards[ ¥ Connecting electrode overiap)

Figure 16 - The ESLS sharedCable 4 of the 7 cable sprefm
Figure 9, with overlapping electrodes activated.

each electrode on the cablpehydpeasaltii o na (rXo
el ectrical corne otaidddsT é s & . hfsou inhmawsy uamé nt h e

ndi vi dual control s:

l

In tshherxmledaHl eof itsheases aomwksdbeld wi tihdnehnotrinfaite
by faa@t hiident s fi est ed nia BEltehce rmo@retaehrgi ng any \
in trlmevs on aiCablablieak dofheel ecttrhoed €. iximalf or me
associat@méd. with th

The ebhuetctkon t oEltehcet obbedfee rladf nes whet her an el
or not. Derac dnai ot & t prabrtte lbaefc t a n yt hpareott oucsoelds ,b ya nt
Terram@tcelrlc 6 Deacti vating an el ectrode ren
the surface |l ayout tab as well

To t he fAbliegchttoaoodiee tlhde ent r y b o xleuse sf odre tXe rammidn e
( X,-cYygordinates i nwthbs§pebeeasaso imeyroeut I f a s
2Din ot her words a sing¥Y ewisltlr aalgwmay d ime ®.f
Th®&wi Adcdhr e s ewsg ntt lsewn anletha d dr e sgi wd n t dflevehd tcrho d e
in turn, correlates to a speChdeése pPiea oomp!
with standar dt eabt aimdamgaoy tmsedd tof bepebiaalge
custom cabTle TerérSaunseetlevi dalch Baddfgreosns €ls t o 6 4
The -mbgEhtectrode comeaekbhex doet €&Smi nes whet h
an lBS4€abl e Fomrheotabl ki gilhfaakersSL $ nshared cabl e
so every other el PenrmradfPTuamsyv an tasmadmlseevresroy toht
toheldE&Ceven numbeBIEWI tch matri x Hds uGd nag
mullta pBBA Cnitthe switch addrbes efsomwl &dicCh nES e Im
added. E. d .6 4hsee sf isrwsitt-6E6 eandednmbeeshse tlh aml f i | e
entry t oesefalrfi@gddarhaan thS aHidon aell) Bt oNnd
E3®4Cses switelh2 8ad drheet 9t2ha 4redt cl 2 9

Thfei nal rogwy ediamahb | i&Eb elclt e d d e ,ionvdeirclaat pepsi ntgh at
fi hakaeotf the cable i s dw@&@mdtfaptph en ghsewoi ttt Hceddide e
paticul ar el ectrode properntihes neaxdabbtearmbreol(
All the contr aglosrtehfe rtenfiosr e airrtriecludvaant .

The bUTogohs Al ToGhéeéet Oddeertioggtl eoEeear &€ ect
shorteuteshangi ng t hbeoexs ed t [Ed cft htelier adegk t h
all on/touwsni ngetvea odldbosoredidbd f
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e chhuetCkoml e baoalkwards thiabhampbepatdheéi |l e i s
itcbsaddaneeheavwadeirn of what i s s htohwen i n
rst electrode | d i s bacststiogmerdow he switch
te that checking this box does not affec
e .xmhvedle is
@onnecting ebettr owtreet hieskhredt a@ver | agi ben we
kalnedh e neixn tcladNVhepnr elaodo kfii mga |ianc aabhitedp e e a d
erl ap would be with the pweenhotétecablee] a
the penulti mate cable and the | ast cabl
pptommyeyout t he oveod ae ps$ algetehoesdetrcl anlplese , c
m

h
w
i

0
h
h
a
v
n
h
e adediovi dvualt headbltkbsaof t hem

=
cr—|ooo—|'-*z—hm—|

4 Protocol s

A prot debdt hfee dicomsge guence for the Terrameter LS
LS which electrodes are to be used for curren
potemegasadremeah feadangadrngst of

With the Protocol Tool it i s posmpdrmhlexitot icm g ay
and modify them.

411 niti ating a protocol

ClickWogk oon iFriogtboroeeot i at es work on a protocol
cansta&r ¢cauohp ag p rbfd iapldece d ss @ loeldfteesdpr ead f il e has no
sel ectaeadviopgl o mpadt a & pr eFadgUffielForad hiem pex pmglee®
in the fol |tk BfRemape€RR2. xwmill|l sthedbs@psdrta
al ongt hee t halm@nedr i s al so installed al.ong with

General overview | Pseudosection View | Surface Layout

Directory: fprotocols/x21/4x21 [}

) (] ax21xmi leDipoledx21.xmi
4X21R: Feo

Files of type: XML Files (*.xml) Cancel

Figure 17 - The program prompts to load a spread fikhe
4x21RemoteC2P2 spread is loaded

Once af sipseed aetichPee d udos e ¢ taibom,pVYieanhs g8 eCl i cki ng
Make Protocobu#®t ost &rctt httlcehepr endocoh. of
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File
General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4
Make Protocel From Scratch

Figure 18- Initial Pseudosectioview tab.

42Wor king with an existing protoco

The Terrameter LS comesstparedarsd apd @e@tdo avo It 1, ab wnt
gener,io sodne ,tshdrmueatmiogilst be advantages to mod
poi,ntfsor .exampl e

After sael aptpisp@ ke atddpee ot oc@aln tbiel @epenedi fFe omemn e
by selODpeni PgobhecehbBbiwpgpl®a

Open Protocol File
Open Spread File

Save Spread File

Restart Spread and Protocol

Exit

Figure 19 - Opening an existing .xml protocol file

For illustration puPRsposesecect i bheviaaatennda du oft io
showhi ghpPies | oaded.
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General overview | Pseudosection View | Surface Layout |

Directory: 4| ]
4x21.xml [7] PolePoledx21.xml

] ax21RemoteC2.xml [ Schlumbergerdx21.xml

"] ax21RemoteC2P2.xmi [ Wennerdx21.xml

_| DipoleDipole4x21.xm!
Gradient_XL4X21.xml
PoleDipoledx21.xml

[ ¥

File name: Gradient_XL4X21.xml Open

Files of type: XML Files (*.xml) cancel |

Figure 20 - Selecting a Multiple Gradient protocol

Upon |tolpation@gcpseudopl ot of dlilstteldea wipeedas wr. ii Md e
f eatour eshairdee 4 arbi bed t hfriogiigme ahisers ect iodn.

Sincta i sk@dmptelatl onmadsetdwo tdwet @ roenchaghlte s v attheed an
t wionner craebg delgaraab.leeTshi s | sFiidujybetthelag eldi g mt ed b
above the measthuyeéhlgowoamd sr «d elwar s. Each bar

bascol omal wielFrlhat e b e tOme dingdetwesiyd ec adfl et.he wi ndow
P2 el ecatbdgbl gkt ed.

File
General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type |

»| Geometric Factors: 24.3 IEEG_—_———— 15034  Finalize Data Generation | Save Protocol

om 8m 16m 24m  32m  40m  48m 120m  128m 136m  144m

S "’“‘Dﬂl-
m

+ 29.8m

Figure 21 - The Multiple Gradient protocol

Ther e -axsi sanaswaweilsl ians tahe dovwnvwa&rdese di recti on.
hi ghl dEdlretcead odbe|l ddet ahase bemebhmmNdtedthraemthi s s
no influaemie fohmet ideet fmeaonlfy mogsucamertd ectro
work regardless of how this sHiiglketretthsed-axbeen s
have charfgeddt@@mr am7d4 .25 v, m r e sPleicsd i syleil ger hence
reference t-possherenpseaue of or a given el ectrod
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File |

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type | +| Geometric Factors: 24.3 1583.4 Finalize Data Generation | Save Protocol

Figure 22 - Changing the electrode distance to 5m.

Specific points can be é&xagmBrddefldy cdliickk ihmg dr

point that i sl thewuppédrubsdrrcaytam.g the cabl es an

el ectrodew drid | &rde

T The current el ectirtoldee sinagileeea od ©r A& da md uk.

T The potential el etitmhedemaghkedcasoMedndr Ben
T Some el ectendes!| bak de bleh ebopeoevnent el ectrode:
ot her MN meaétandmseatapairesponsi bl e for ot
di agdami rsga ehrer ent ( befj ga s otnhe ac tRiewme mbeir n tt
t he Lntulctiamanel i nstirtumesntp oasnsdi btlheust o t ake n
measurement per current injection when wusi

I n Itohweer part of the making2wae t ewt séhsdenh idg mvind tfy ih @
about the seTkictedextuthi plbdnwill generally co
the usage of the program.

We can read off t hel g®@t§rT&kd poa wtdh eo hMgdAreda hMl o Be s
(Rx posist wehd g passeqgdhaei ti on in the coordinate s
pseudosection. Finally, the computed geometr.
Noti cieRith2aX &d emaé ahoisghl | gihtae d Gadlmerh c t whist b

t hi s prruontsocforlom 24. 3 to 15i8t3s 4acelpdrebippoicat o088
thi scecaéesepondt aggeomddtre cttiaicgeolmr @amdappropri
of colorscaltédei £0d mgfacr tdrmeiseticrug adfe t he igedmet
bestl bok t he measnurqgiueegdp cosn@aiif weohne t he text fi el

There are t wor oaldsdiitni otnhael Pcsoenudosecti on Vi ew:
T The bt hahi ze Da+twa i &@thmpisyatnieovn poi nts from b
i's exmbaeneéahlalp§Feirnal i gen Oradtai on
1T The bAsatvenPawhtioccholprompts the user to save
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zmlmmlmmmmwmlmfmuym} Cable 1 Cable 2| Cable 3| Cable 4| |

i it of e - e oo 11 S——"] e s Gt | S ot
2
-
P2
|
o
é
g
E)
S.D_]

Figure 23 - A single point in the protocol has begitked upon. The
current (A,B) and potential electrodes (M,N) are shown on the cat

More information 08 hseaawvnad pdndbtiode By selcioakin n g me,
Fi g24Tb s e | epcotiiersdt i | | ¢ & lutbhreerde cayraen nowi ghxi ghhbhed,
colored in blue. These are poi ns$el éeptota éndt h a vieh et
extra Rx el ectr odestewi dll e atl wad/ess i hmatvuet HEhhee i ma y
measured in one ssaghmsdcdoementhei muenbteromf cha
channel Moréizatoomat i Ghna pctéenrn b & esivb thoalt hr @ rx

At thetidokt he sameabht mepesuntng poi ntosr wairteh t
colored blue.

Ont he f ouvualtlh tcHea wgkaei mtl uet g2 4L e@mai nnbutal li n ad
the poi ntsamdhecpeatttheeey A, M, NeBleat ed aaleong t he
hi ghl ing hottende,r twhoersdes ar e tdhaet ap gptotienrtnrs owtheelee ct r oc
shifted by fme(ArxeM+amdNent B+x) .

Clickimgmrenoae ns t o Rihg2isati tail d 1d ewsiaa e P(tptirtaeaes e n t
view given in theabemsERigBMlei ght ed
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;:-mm]vsmmmwmlmfmuyuu} Cable 1 Cable 2| Cable 3| Cable 4| |

Add points of type | | Geometric Factors: 24. - 1583.4 Finalize Data Generation | Save Protocol
24m  32m im 72 3
-
é
EI—
2 |
Figure 24 - Clicking ona selected point for a second tisteowsall
points fromthe entire current injectiofs) using that TX pair
43 Al t emeé amagupoinagt sa pr ot ocol
Making protocols that suit special needs in f
GeBrotocolToTaohli s end, making new prot,osothe a

focus of this section.

The bdFtitnoansi ze Dad b &e @ e Poabd ieo d @irr enghueneraeadu Ir i n g
points have been aCGChhae@Fetrma lt ihgee pdrad tmicoon . See

43.1Del eg @ Ingpcatiendt s

3

ndi vi dual dat a dp diyntfd rcsan sked erceamanyg a data po
ight clickindgemoviet sReehl@actseddpese toifngdat a points
emoved by left clicking multiplFe gt2ziznmedds ganm ea
4 and then right &Rleimokvieng edrecitti ommnd sel ectin
Anotohpetri ®nt o sel eomi talilmed & bR ypp & imagh & mhnoghd | e f t
mouse but tmowntgmedsmdb hack rectangilze wand podiitc
regti @onbe Sebabeed (
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:-im-}mmmmm}nmmlwulahz}uhﬂmﬂ |
Add points oftype | 4| Geometric Factors: 24, 1583.4 Finalize Data Generation | Save Protocel
L o e g g n g g a gl
lzq'm“m : 1 32m  40m , . ” 1 120m 128m  136m :: : 1om é
- -
= i
10m E
El
28m
Figure 25 - Selecting all points in gectangle
Once these points have been selected, a menu
as shbwg2ft a
:wmlmmmlmm}mllmzlmalmal ‘
Add pointsof type | | Geometric Factors: 24 1583.4 Finalize Data Generation | save Protocol |
om 8m 16m 24m 32m  40m 48m  56m 64m  72m 80m 88m  96m 104m 112m 120m 128m 136m 144m 160.0m é
-
g
i

4
B

Figure 26 - Menuasking whether selection should be deleted

| Fi g2a7y etlsel ected points are removed from the
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) |
General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type v Geometric Factors: 24 1583.4 Finalize Data Generation | Save Protocol

48m 56m 64m 72m BOm B8m  9%6m 104m 112m 120m

{w) a3uesip Wla. 3 . Q

N
=

Figure 27 - The protocol without the selected rectangle

432Li nk Spread Files to Protocol s

Some protocols will work across a rangéeiomfk di
Spread Fil esemooProthecdél IFe gM8@8mru, as shown in

Open Protocol File
Open Spread File
Append Protocol to Current Protocol

Save Protocol File
Save Spread File

Link Spread Files to Protocol

Restart Spread and Protocol
Reset Protocol

Exit

Figure 28 - Selecting "Link Spread File
to Protocol"

This opeps wanpop Risg2%heTwne ilni sarefthel epamad |
arceur rleinm ktgylper toa ocol . I f the current spread fil
the protocadaflulclopudme tsluocictes f hamn amaaddcdead [tyo t h
as wel |l

The bAdd odew Sprempgt $if@er a compatible spread
Re moSvwed eXpreedad emonles a selected spread filenam

PresGliatsjeo ses-uphwi pdpw. The I ist is saved to t
saved using the main controls of the program.
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ABEM Protocol T

4X21RemoteC2P2.xml
4X21.xml

Add New Spread File |

Remove Selected Spread Link |
Close

Figure 29 - The popup window displaying
spreads linked to the current protocol

5 Addinmega smee pptoi nd sa pr ot ocol

Whil e points canpbetaddédids tiol launshtarkeettiParre t wtcioll i 2
Scr atpach Bhgb&e® initiate a blank protocol. Fron
i Fi gBOG 8 used t e | aneta stuloe atgyWp oi nt

File |
General overview | Pseudosection View | Surface Layout Cable 1 Cable 2 | Cable 3| Cable 4|
etric Factors: Finalize Data Generation | Save Frotocal |

om 8m 16m 24m 32m 40m 48m S56m 64m 72m 8Om  88m  96m 104m 112m 120m 128m 136m 144m 160.0m

() asuersip ipnmala. a3 . [

-

4
B

Figure 30 - New points can be added to a protocol using the
highlighted dropdown menu

Theontodnt h-dewdr ompeaful ectsed hiermdtimegs bel ow. Not e
can meiaxanernpdo i nt s oefl edciafrfoedrgefntyome sy. al si ngl e typée
the protocol bwiiénilg biledhdyng ek endi| a3 pl earuegpes i 6f wpo
mar lkasthiaxed/ general type protocol

I n the sections bel ow, mangr rogy eBingd me ops i mi |
window for sel ectiisnhgo we.n nWirt hd a@ as tpeoxncn@gse € en ne f
ChapdeXustom )Patttlreesnes contr ol s tayrpeedsmboafi pgd h he
without <changi ng -uapn ywisnedtatw naglsl inme a shuertiprnoge pnd il rlt
included. This is generaf déyemndmtenveelrsr f@aracrtd sctar
number orhfemteanstiset o add
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. Cabl e c¢coaltgomtlisng awtei ¢ o dablldedai watbd & i s des

requani el ectrode on that cabl e Chapfex.lluded
Cable Control s

2. Thr es hodame tfroirc ghdc¢c sipeyai T EergomB dthteom t hr es h.
geometriochlfooppbreshol d of. glefometioitatl edcdesn
geomet rwicit ti atchiosr range, Chepl .déXfie dimnetax .l U dec

3. Array speciWhicl  atcheorcst her conter slpecarfe cgerl
i ndi wirdtiaapd eargeed cr i bed ©chaphheelrsvel evant

4. The chkeickhbbxdata pointsemablpsuaoselcedctoinom
points basedpoxni tilCea pi $edunidto data points i
bl ocks

5, The chAd#&#bBXx pairs t o eexsiusrteisng hTaxt maoi rpso i onnt
invol ves a new pair of cluwsreefnul eflocerc ttrhoednense |
pur pos@hsa.pTS®&er rnagim opti mi.zed protocol

6. The control s f or & haectp sveautdbods edclt encoknb abd toac ks o |
pseudosecitd benc kheedb.€ kTs st s é to larchkes |shi dzeé¢r hseinzde h o w
i ncreasesThiftihnalepslhitder maxi mum number of
all owkbdop&k@EGhapdez.idmit data points. in pseudo

7.1 f either ofpoite obae takbeo tedvsadbdl roch| v data poi
protocadi bobutt on,anlletchopmoesss idbclhei vteodat a pi nt
the number of available measDobéemgnsoclwahhe
t htalei sne aosinerpdo i Mt esabed ota daxu peabe nd pl ttwo or
more current injections.

Not e htisatwitl | drastical l(ss€hapfF.eAd¥Bi compnolknt
exi sTtxi mpaganCh api e2.i4nit data pointsas nwelsltua® s
ChapteXrPragim opti mi.zed protocol

8 Théanbekton cancels the addition of new po
without addi ng Stnbyp tnteovn piod nacst.i Vienei f compu't
makes it hpgo scsoitnipleig attd ons i t iensavdevregrhtbesnetg ey d a

9. Presb&hgowtt wiolnl t B#earsmerrpdo i nt gener ati on base
par ameitsetresdsl-vimhposnhatus bacowmplult atpaander @s
when flanipskeedosecti omemvea ddnerpdos Wdlkiez ¢ htalhe at
stage nmemwastise have been aadndde d tt o st hpeo spsrid
par amedadcd soreppembsg. Rpewtiwniagndtdhde he new
me a snerpeo i nttlse twr ot oc ol

Note thaték witkdeere viest ke eseate t wo wa-gbki th aset he
mar ker and drag it |l eft or right wctthoktoheth
to the 1 ght of ttohemonvaer kietr one step up or down.
wi ndow athatkhde siidghtwhere it i s iptoos sailphpl|leayhtdam gesn t
neces®at hiemodleimt t he klegdbdto acrkd) padret Ieualteon beneat
number
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restrict amount of Wenner data types

1|I7 Use Cable 1 Electrodes v Use Cable 2 Electrodes i Use Cable 3 Electrodes v Use Cable 4 Electrodes I

Bottom threshold of geometric factor 11.6
EOb Update Scale
L E
Top threshold of geemetric factor 2 1584.4
ganid Update Scale
o
Minimal electrode separation (a) Maximal electrede separation (a)
3 1 26
L1 ] 1]
4]~ Limit data points in pseudosection blocks I Add Rx pairs only to existing Tx pairs | D
Base width scale 1.00
407 Update Scale
L e
Base height scale 2.00
200 Update Scale
L1 | s
Block width increase pr. depth step 0.20
0:20 & Update Scale
L1 | s
Block height increase pr. depth step 0.20
0:20 Update Scale
L1 | s
Maximal amount of points pr. block
1
|

Add only data points to the protocol for:
7 |[No channel optimization | |

8| Cancel ‘ I Show | Apply |9

Figure 31 - The controls in the pepp for
adding new points to a protocol.

Whemew data poitnhte pyeu dadsheedtbitwmn éMioagve dt mec cor di
Gemetricsdalcd br a8 white ouméaserind @ROiyntps ee X iod
prior t®hgwhees soilndg poi nt s writlhl ab e/ ed dloow eodu tHd li ancek
which are ItdemaeespiodeAd sexampl e Eagdbe seen in

| Fi g8BAecount of the calculated points to be a
until any contr ol-s8p awietnhie diShtoten reeednh @ uApt ohpi s
stdadgdgei s possible to either choose to alter th
accepted MApyplpyr essi ng
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restrict amount of Wenner data types
v Use Cable 1 Electrodes [ Use Cable 2 Electrodes  Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor 0.0
116 Update Scale
[ =
Top threshold of geemetric factor 327.7
3277 pdate scale
\ o
Minimal electrode separation (a) Maximal electrede separation (a)
26
== f Ju|
I Limit data points in pseudosection blocks [~ Add Rx pairs only to existing Tx pairs
Base width scale 1.00
407 Update Scale
W _Updte scae |
Base height scale 2.00
200 Update Scale
\ E =
Block width increase pr. depth step 0.20
0-20 Update Scale
\ S =
Block height increase pr. depth step 0.20

0-20 Update Scale
\ i E—

Maximal amount of points pr. block
1

|

Add only data points to the protocol for:
No Channel Optimization

|Amount of new data points shown but not yet added: 517

Cancel ‘ | | Apply |

Figure 32 - After pressing "Show" a count of
how many data points are to be included is
displayed

5 .1Array types

511Wenner

A Wenner measuring point is defined by electr
A<M<N<B

and

B-N =N-M =M-A

Wec a |l Ic otmmiiosneeéect r odie® spacing

Due to the geometry of ithedefiecedoadse Pl aceglea
becauwtseer e i s only one possiblephotetobent opmeas

Sel edWeinnbgem t he dr opFd gl preennspuopp fas $h gdd eil h e

result oShaawnensesdjnagt 8| i g&8phea npseudoseacltli on f il
possWebnlneer points.
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:mlmlmmmmmlmmuym}wu]wilmslmcl |

Add points of type [/« | Geometric Factors: 12. 7 Finalize Data Generation | Save Protocol

om 8m 16m 24m  32m  40m 96m 104m 112m 120m 128m 136m 144m

(W) a3UESIP lnmmra. 3.;]

N
=

Figure 33 - The result of pressing "Show" in Screenshot 31. Notice
that the outlins of the points are all whiteindicating that they are
not yet part of the protocol

Thei stanceleed weshemmer pr ot of@oByset si dgnmt e dmal
maxionwtf f s on tthhe rsdnglee rosf, MOCcamp beoadsdvalwne s nof
Fi ga4e

restrict amount of Wenner data types

¥ Use Cable 1 Electrodes  Use Cable 2 Electrodes W Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor 116
ey Ubdete scake |

Top threshold of geometric factor [32727

33._1] Update Scale
Minimal electrode separation (a) Maximal electrode separation (a)
4 12
I - e N |
I™ Limit data points in pseudosection blocks [~ Add Rx pairs only to existing Tx pairs

Base width scale 100
Ly Updste Scale |

Base height scale 200
_i_ﬂ—  Update Scale |

Block width increase pr. depth step 020
_Of— _Update Scale |

Block height increase pr. depth step oz0

0.20

I | _Update scile |

Maximal amount of points pr. block
1

Add only data points to the protocol for:

[No Channel Optimization 4-Channel Optimization| 8-Channel Optimization| 12-Channel Optimization|

Amount of new data points shown but not yet added: 281

Cancel | stop | show | apely |

Figure 34 - restricting the electrode distance tc
therange([4,12]

| Fi g35 et he resddhdimoffi goBrdess sginganxhafhaut dmatni c al

restr

ct te cetxit el eonef d ed hifi@hovabeesgopart of the
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lelmvmlwm}wllwilnmslmcl |

Add points of type [/ | Geometric Factors: 50. 150.8 Finalize Data Generation | Save Protocol
ot o ik s e 3

-

:

i

Figure 35 - The restriction orfiad in data points

512Schl umberger
For a conMNghgar Scihom mber ger measuri:ng point 1is
A M<N< B
and
M-N=a
and
A-N =N B= a*n
I n the figgdegirgmates the pot enfitdle eluectemdde | e
di stance factor. I n the creating of finat hSacth | u mb
make a*n (awhoil et enguertbaelrgo i ncorporated.

Clciki ng on ScilAddmper gops oivhsdtengmpbepp witha oWenner,
excelped ectrodendpadisnagasy ewediddre rimonwikalgs éhesl | mi t
sliders havdnobaenodmivoy evdaBRaoed, ladaointl iycBailbi ¢, 3
are utthGGabee i@Quntrhel £ op. of the window
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restrict amount of Schlumberger data types
[ Use Cable 1 Electrodes ¥ Use Cable 2 Electrodes W Use Cable 3 Electrodes [ Use Cable 4 Electrodes

Bottom threshold of geometric factor 11.6
11.6
Update Scale
L1 p
Top threshold of geometric factor 5467.4
24874 date scale
f p
Minimal potential electrode separation (a) Maximal potential electrode separation (a)
1 26
== f Ju|
Minimal current electrede distance factor (n) Maximal current electrode distance facter (n)
1 2
== i
T~ Limit data points in pseudosection blocks | Add Rx pairs only to existing Tx pairs
Base width scale 1.00
1.00
Update Scale
| [
Base height scale 2.00

2.00 ;
[ Update Scale

Block width increase pr. depth step (in %)
20

20
[ Update Scale

Block height increase pr. depth step (in %)
20

20
[ Update Scale

Maximal amount of points pr. bleck
1

|
Add only data points to the protocol for:

[No Channel Optimization 3-Channel Optimization| 8-Channel Optimization| 12-Channel Optimizatio

Amount of new data points shown but not yet added: 346

Cancel ‘ Stop | Show | Apply |

Figure 36 - fino is in the range [1,2] resulting
in only a slightdeviaion from a Wenner
protocol

| Fi g3 tTde Schlumberger poiomtes Wamna ene hpe @shosn et o p
original Wenner measurement points in the pro
Schl umbergepnl poedt graeaea tonawdi ni soufa Rowati on
Schl umbpbeirgtes t habogsedrmiohBgsemttllye Wenneand rarteo ca
resultnoe? atiovshdhebdbsesthmaat t hese Schl delve rad eer
slightly from a AMepilrse rp rperscteac all .l @mdet s wi | |
geometric factor again.

e |

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 | Cable 3| Cable 4|
add points of type | -/ Geometric Factors: 12. 8 Finalize Data Generation | save Protocol |

om 8m 16m  24m  32m  40m  48m 64m  72m  80m

(W) 39ueasip 3poidag

m

14
=

Figure37-Ha v i ng pr e fostle &chliintbbrgenpdints
defined by settings iRigure 36, the extraows coming from n=2
appeardirectly above the Wenner lindsaken fromFigure 57). The
points currently active in the protocol are colored black.
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513Di p®i ol e

ForDigp-®I pme as wroiitmgge el ectrodes wrehgrbaoapedurne
a minioone boérelpedt ehodrgd @ eroind | gur ati on -DA,pB,I M, N
me a s wroiiingt d e fhiarve ch ga s

N<M< A< B

or

B<A<M<N

and

|A-B| = [M-N|.

The stobDcpDieskbetindgo®ralmioow contr ol |ouvdessdh what

cansberi gBBtehere are four settings that alter

1 Theéi pol e sl etnhget hi ni t i @bt hies t an c e mihdeheav epeartr eondte
el ectthiosdeval uwa( £ 8| c aM)l| evd
Not e tvhadtuet seet for mini maHhatde pmd»>i malngdihp o
separation will be on the slider

T Theai pol e d é&spnvealaénbé hant scal es t he didsitpaonicee b e
and thedppo.kha® sfpadci tsordet er mi nexd by the form
A-M = ni* BxkA<M<N
or
M-A=n *, a <M< A< B.

T ThMaxi chepol ke wihiampgeses a shift that all ows

first two bull et poi nigos nithdv ad euveisa t eC hfarnogm ntgh
provi désst hvaatl ulei es from 0 t ofisov b brueeaadlj uues tosf tthi
fouma in the second bullet point to

A-M=  nsfi d@B<A<M<N

or

M-A = -sni *NaM< A< B

This ensures that the | dsvies gmeaolme,t rdmcd ftalcdt
values of dipole separation are obtained.
T Thmaxi mal di pol echiasgancttheedi amamrces bet we
el ectrodes, or between the current electro
poi @aklingftdilwehivwdl e es in the interval fro
t haeddi ti onal data points achieved are giver
IM-N|= -ta

or

|A-B|= -ta

Note that Iavefowv bhldup®mowmittehnidonai atr amsy mmet rri
| ay,ouathd hence provide points \id miowiolwler algleowme
points with higher geometric factors.

Set ftbanngdgdot o t h ewu nmv anhauxeism wi | | Bil p-Owe ab b faig 9;0nisb | e
i .e. bDohgambedabprodepoNeNMds OB or BrA<MppPl i cabl e
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restrict amount of Dipole Dipole data types
v Use Cable 1 Electrodes [ Use Cable 2 Electrodes  Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor 29.2
29.2
Update Scale
o E—
Top threshold of geemetric factor 7449355
7449355 | date scale
\ o
Minimal dipole length (a) Maximal dipole length (a)
1 26
L o — |
Minimal dipole separation (n) Maximal dipole separation (n)
1 78
L | — |
Maximal dipole shift deviance Maximal dipole distance deviance
0 0
| || [ —

[ Limit data points in pseudosection blocks | Add Rx pairs enly to existing Tx pairs

Base width scale 1.00
1.00
[ L Update Scale
Base height scale 2.00
2.00
[ B Update Scale
Block width increase pr. depth step 0.20
[ U_IZ_UI Update Scale
Block height increase pr. depth step 0.20

0-20 Update Scale
\ 1 =

Maximal amount of points pr. block
1

|

Add enly data points to the protocol for:
No Channel Optimization | |

Cancel ‘ | Show | Apply |

Figure 38 - Thesix highlighted sliders control
the types obDipole-Dipole measuements

Set Maxigdiaplo| el esyh mimMaex i dhaplo|l e di s ttam cteh euenv i manxciem
values, &Bsg8Bewanigener at eDepaendplmagcpenpdiateas et
processijsnugc hpoawedrat aset can t &kbes i weursalyyl,@ingo tti anlke
considerable amount of time for the instrumen

At times it can be sensi bl e t o csoenasricdhe rf dra rcgaer
that fit the fmatt iAsnl oetxsa mpn et hoefF istgiidtte bcnran be s
ChapteXrrnagam opti mi ,awdhaergr dthec @lur posseembert @f ma:
measuripg pornest infercthwinl. diHogvéeerirbpaac diat al
t o wesfely exi blDa pDilpolpear amet er s. | f t heASp @ipnt ge
button is active whinlde ctame tbger mpsreadls &€ obhe mpnyges
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restrict amount of Dipole Dipole data types

v Use Cable 1 Electrodes [ Use Cable 2 Electrodes  Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor 29.2
29.2
L — _Update Sk |
Top threshold of geemetric factor 7449355
7449355 | date scale
___________________________________  [mm:
Minimal dipole length (a) Maximal dipole length (a)
1 26
| | |
Minimal dipole separation (n) Maximal dipole separation (n)

| |

T |

[ Limit data points in pseudosection blocks [ Add Rx pairs enly to existing Tx pairs

Base width scale ’T
L Yt sl |
Base height scale 200
_M_ g"pda‘e seale
Block width increase pr. depth step W
_M_ g"pdm seale
Block height increase pr. depth step W
_M_ g"pdm scale

Maximal amount of points pr. block
1

Add only data points to the protocol for:

Figure 39 - A very large dataset is obteed by
adding all data points and the computation
will be lenghy. The process can be stopped b
pressing the highlighted "Stop" button

Letting the pr oguseitregeebt airifrirgudn® ¢ ros saud &t s esli icbpl-oel e

Di ppbrasbowhRi g4 eTihlilsestheatheed for i mposing fu
t hgee ner adtatoan spaofd @ h @&ap5t. eX.ab | e COMmapbtodse @ met r i ¢ f ac
oChapt.eZrimit data points. in pseudosection bl o

e |
e rview | view| Layout| Cable 1 Cable 2| Cable 3| Cable 4|
Add points of type (7. 1o | Geometric Factors: 30. 7449345 | o |
g T T T T T T T T T T T T T T T T T T T
Om 8m 16m 24m 32m 40m 48m S6m 64m 72m €0m 8Sm 96m 104m 112m 120m 128m 136m 144m X
4 D D D > &

(w) aduersip mn»al ;.g

Figure 40 - A highly impractical set of measuring points with all
Dipole-Dipole configurations for a 4x21 spread

514Restricted Gradient

Restricted Gr adiaeawt exepasnugiianrg odoritnd gsol 8 orhi It vendb a1
scocpoemp ar ed Groadvud p(@hprpd@seMuld t i pl 9.Thee aedamsn tmo s t
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|l i kel yamgwhee®d epsteTerrr da merttadtred d. Sl i Rbeurtv ehsy barsi da

protocol

to

t he

Compared

Mi dpoi nts hmafixti enfal i sfimda h d ne d n aftieg 4st€desnh ii int

r anogfe v fasl,asél@mh e ebh ea i cno n dRetsit a Greatdaeas n t

t hhat
A<M<N<B

Vv BMO €

and

M-N = a

and

A-N = -ma* n
and

B-N = a*n+m.

abl

Schl umberaeadns aaxrt a ya,

i $ic bled mteeerng eérh ea n the Maméanrprlaey sGr adi ent

ptalr ea nifeet setrr

& restrict amount of Restricted Gradient data types

[¥ Use Cable 1 Electrodes v Use Cable 2 Electrodes v Use Cable 3 Electrodes v Use Cable 4 Electrodes

Bottom threshold of geometric factor 11.6

110 date Scale
(L _Updstescde |
Top thresheld of geometric factor 5467.4

54674 | pdate scale
e

Minimal potential electrode separation (a) Maximal potential electrode separation (a)
1 26
LI f [
Minimal current electrode distance factor (n) Maximal current electrode distance factor (n)
1 40
L I |
Midpoint maximal shift (m)
40
| 1
[ Limit data points in pseudesection blocks [ Add Rx pairs only to existing Tx pairs
Base width scale 1.00
.00 date Scale
— =
Base height scale 2.00
2.00
] e Update Scale
Block width increase pr. depth step (in %) 20
‘ _ZL Update Scale
Block height increase pr. depth step (in %) 20
] jn_l Update Scale
Maximal amount of points pr. block
1
(1§

Add only data points to the protocol for:

Not e, jubwi Blsp-®i pol e,

No Channel Optimization

def i ne
ar e

Amount of new data points shown but not yet added:}44921
]

Cancel | Stop | ‘ |

Figure 41 - Adding Restricted Gradient points
with maxinumvalues, resulting in 44921 points

t he

poi ntopt iammds

pract.i

c al

protocol

Restr

515Mul ti p

Mul tiple G
A<M<N<B

| K1 g42 &der e
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respectively, the:produced points wil/l have
mi n( xXQay ,min

and

ma x ( xQay_,nma)x .

To descMiimiemalh/eMaxi mal, decaltlantclee sv smidi emwiantdy om t
id m&arxe s pe,stuicvhéhleynaddi t i onal condition f:or addi
o I OB 300(?(3 &R 0

I n other words, the average of the difference
rangde mi n,d_max]. This efids uwmr gsd_tnh ant, df Gnra dli] eviMuv a
points will only be all owad ctad dewiiati e ndlnigg hotf
meaning | owewi , k| aersulogi wd Itdw mbeometric factc

~N

restrict amount of Multiple Gradient data types
¥ Use Cable 1 Electrodes  Use Cable 2 Electrodes W Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor o

0.0
Update Scale
L _ Updete Scale |

Top threshold of geometric factor 10047.8

OO Update Scale
J | _Update Scale |

Minimal electrode separation (a) Maximal electrede separation (a)

26
[ f Ju|

Minimal average distance similiarity Maximal average distance similiarity
1

== 1§

T~ Limit data points in pseudosection blocks | Add Rx pairs only to existing Tx pairs

Base width scale 1.00

oD Update Scale
f 0] _Update scake |

Base height scale 2.00

2:00 Update Scale
[ o _ Updete Scale |

Block width increase pr. depth step 0.20

0.20 Update Scale
f J| g

Block height increase pr. depth step 0.20

0.20 Update Scale
[ o _Update scale |

Maximal amount of points pr. block
1

[

Add only data points to the protocol for:
No Channel Optimization | |

Cancel ‘ | Show | Apply |

Figure 42 - The initial controls for Multiple
Gradient

| Mul t i pl epr@rtaodcioelnst, t hoslkee datiadepos nsest whedebt a
wher-B| | AN[P/MB|[coul d be described as R€snviecsedy
al RestrGratdedent data poiMulst Gepaldei et ddatani pbednas
to control Repetid ddadkiny whohatmhts are included u
Chapt eRelbt ri cted Gradient

516 Al | Combinati ons

AlCombi natat@anpoi nts can be descr ineals uarsvceritb i n
contsreotl st o tnmhaews mimdz ed at)al poghinps@ihp meas ursémgat n

wi t h maxiinitl sTdhaetrae paor e no sl i ders to control t
to beimsddatgecomput ations to ensureThhatwall d
beripmarily to maxi mi z @ edthrer eeamto uind ] @©€h atjoinext . idro i |

Cremgim optimi.zed protocol
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51.7Custom Patterns

CustPamtckeasmot pr owipdeviandpow whem. cllnstkead uit en.
cr eatcioommp loeft-ckd fyipmesdk o aplps syh mfgptpsece f e edr ode conf |
pat taecrrmosss t he spread

WheAdd dat a piosi nCasts tRé@ant, gylpee cr eat isom nprtoae s by
clicking on the | inei noft hreeds parneda dy esl cl hoenmaetliecc tart
The f tcrldtc kl esfettimostts ctulre elnef tel ect rode (FA)guirne tt
43 nathiacdea brief text in the bottouwur e hef wi
custom patttehen t@anndlrhguineées one.

re \

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type [ETEEMEZIS -~ Geometric Factors: Finalize Data Generation | Save Protocol

om 8m 16m 24m 32m 40m 48m S56m 64m 72m BOm B8m  96m 104m 112m 120m 128m 136m 144m 160.0m

S waespapomaall 3o

[5.0 5eF &5 Wil Txcspear. Click next spear to define pattern length]
Figure 43 - Theleft-most electrode is selected as first Tx electrode

TheecdRdcureaeleammdat)rode (B)cliisckiehgcomdt bep ddakitr e
spread sach erhabtivigdid a

= |

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type (Custom Pattern | Geometric Factors: Finalize Data Generation | Save Protocol

24m 32m 40m 48m S56m 64m 72m BOm B8m  96m 104m 112m 120m 128m 136m 144m 160.0m

S waespapomaall 3o

20.0 set as final Tx-spear. Click on i Rx-pairs between Tx pairs, or right-click on first neic after final Tx

Figure 44 - The second Tx electrode (in blue) is selected by-allek

As indi catbeedl oiwn tthhee ptseexutdloe ercd X to nk takgtpios etnad | ad
el ec)tpraode t o the Tx pair. FAs4$lheedwtn cokm nitghe t wo
desired Rx oeliacetsr adessvnpghei tataoporntdeter mi ned
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coboBPreeviiyo uvasdadtead poi nt s JaarseFicigodi foerbeedt thelra cdki st i n
t meewatt er nr dorfo eaxhiespriongo c ol

Not eat ldny stage in this process, ainf oirn vianlsitda n
if one of the Dbl ulet hTex eenteicrtet opdadtétiesrsni il sa crkeasge t
process i f an unwanted click is made.

:mlmlmmmmmlmfum}wu]nuz]umslmc] |

Add points of type Custom Pattern v/ Geometric Factors: IEEGEG_— Finalize Data Generation Save Protocol
16m 24m 32m  40m 48m 56m 64m 72m B80m 88m 96m 104m 112m 120m 128m 136m 144m 160.0m F=y
-
P2
-
g
g
:
E)
2.0
20.0 set as final Tx-spear. Click on idual Rx-pairs between Tx pairs, or right-click on first
File
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type [Custom Pattern | Geometric Factors: 75.4 75.4  Finalize fon | |
Q
-
P2
-
§
g
:
g

4
B

20.0 set as final Tx-spear. Click on individual Rx-pairs between Tx pairs, or right-click on first

Figure 45 - The first Rx pair of the pattern

Addi ti onal nBiwepaddsesdchy | effécttioo dée® hnigseadmr d hes s
conti nueédke siipiéd &xnpafirs beellx nawng slkederched. I n

Figadeve data poinbhws hmokyelReaeepacrsesatsedwant ed
assooniathe dTgd epai r .
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lelmvmlwm}wllwilnmslmcl |

Add points of type [Custom Pattern | Geometric Factors: 16 75.4 Finalize i

om 8m 16m 24m 32m 40m 48m S56m 64m 72m BOm B8m  96m 104m 112m 120m 128m 136m 144m 160.0m

S waespapomaall 3o

20.0 set as final Tx-spear. Click on i Rx-pairs between Tx pairs, or right-click on first neic after final Tx

Figure 46 - A pattern of 5 data poinis created- one of them ia
dipoledipole point

Having deédyoRktd paier s, t bkeutpgnlsentp id ttTedpi wi.osh et of N t W
steps:

1. Seltelte el ect rtohdiésosvhsmiainys ie teedbcha wame rstt e@fs t he
me a s u rpeartetnetr M lewislhli fdtefsiinzeed ibsy ri ght cl i ckin
right omoshecurgént electrode (B).

steHeect ed el ectrode iass FRegdny 8inh énmeeeBcwea |l d c

one el ectrodel stctegppodbrfed hel setlrecdesd awa

en each moeleeawtidndddesttdape.e

finengolseti on nofmotwkeem. pabhteri s daomd emyd edl i
erhkecposdeniront he B cliheepbhé&telmnas didreen def
gaevel | themsbeemaveded bygr obesteheevwvsdpstag
osidantbhre r esul ti ng dmesapsluaryeende nitn ptohilemotpss € lné o
exanpdtet emmetdatbove figures, theFiegnid er esul t

| f
be
t h
2. De
fi
Fi
p

= |
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type [Custom Pattern | Geometric Factors: 16 75.4  Finalize fon | |

160.0m

() asuersip ipmmﬁ.a . ol

4
B

24.0 set as first final Tx neighbour. Click on terminal Tx to complete pattern

Figure 47 - A right click selects the first shifthere are now 2*5 da
points displayed
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File |
General overview | Pseudosection view | Surface Layout | Cable 1 Cable 2 | Cable 3| Cable 4|
Add points of type [Custom Pattern | Geometric Factors: 16. 75.4  Finalize Data Generation | Save Protocol ‘
L ooonnnonoonnnnooan e g oo oo oo i

om 8m 16m 24m  32m  40m  48m  56m  64m 72m 80m  88m  9m 104m 112m 120m 128m 136m 144m 168

() asuersip wmvala. a3 . [

-

4
B

Figure 48 - The completed pattermere obtained by lefor right-
clicking on the rightmost electrodef the spread

Once aapdt aneaoimtp |heet eme ats ur ewmel natu bpeomarttd scead | tyo t h

protocol . Mor e cust orne ppeaatttienrgn st hceapns ebtee satdi doemde gbr
again, or the protocol can be manipul ated in
sui tpabolteocol to use in the field.

Note: Many of t he Tperrortaonteotlesr bLuSh dalnedd aLnSn bTeolod b o X
recreated via custom patterns as described he
of several patterns. To obdednappodéacloliss of ot
patter rpy odmoichoehs menrdgleeh eprahd esinrsgl e pAppercdl vi
Protocol to €&€ptrirenti Prwhiecthl j @i me@ ntuwo compati 'l
together. Thikiengpartsrnhatcaspkeietihewseadulfdrbe-
considered as building blocks f.rom which to c

51.8PoiDe pol e

I f the spread underlying
Di ppbeEnts becomes avail a

t Fe girrod o coddtPibdam tRe m

bl

Boonnect@2 eloecdtnmedd or on
re

e. iheeéanheet chbheat

( t hé&g eeompdh ympsd rcall | off mti |
point gandntfheidotyher cur nt electrodal 6AY as
the cahbl elThseprpecatdent i al el ectrodes (MaN) acannlbé¢
A.

This means that there are two variable distan
T M-Nl= @al |l ed the dipole | ength

T mi AM|JA-N)= @al |l ed the didpseltansepdmratm &Anto th
el ectrode)

| n dihael osgh obwofxi ¢ 4@ @l e nsiptesc i f y ii nngUmiaik muomfidgdona n o
respea@trievelomtrol l ed via the highlighted slide
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restrict amount of Pole Dipole data types
¥ Use Cable 1 Electrodes ¥ Use Cable 2 Electrodes W Use Cable 3 Electrodes W Use Cable 4 Electrodes

Bottom threshold of geometric factor 24.1

241

L — _Update ke |
Top threshold of geometric factor 44486.0

44486.0
Update Scale
| EE

___=mw ____________ | =Ewm __________________|

T | I N L —

T~ Limit data points in pseudosection blocks | Add Rx pairs only [o existing Tx pairs
Base width scale
1.00
Update Scale

1.00
Base height scale 2.00
0.20
0.20

Foo
2.00
Update Scale
fzo

Block width increase pr. depth step

0.20
Update Scale

Block height increase pr. depth step

0.20
Update Scale

Maximal amount of points pr. bleck
1
L —

Add only data points to the protocol for:

[No Channel Optimization 4-Channel Optimization| 8-Channel Optimization| 12-Channel Optimization|

Amount of new data points shown but not yet added: 480

Cancel ‘ Stop | Show | Apply |

Figure 49 - Pole-Dipole pop-up with the
relevant sliders moved to limit the amount of
added points

As an il | udPtodDatpipdre ndfs laokei gdbiGsépd vasy etdh e fddagel ec
hi ghlaonghthed ri ght si de oPoDépp WweElnnd otvh ef otre xat ssetl
bottom of the ,pesmotiedsertreampamevretivwd axnfinity)

= |
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2 Cable 3| Cable 4]
Add points of type [Pole Dipale +| Geometric Factors: 150 5 Finalize Data Generation | save Protocol |

om 8m 16m 24m  32m 40m 48m S56m 64m T2m 80m 88m  96m 104m 112m 120m 128m 136m 144m 160.0m

() asuersip lpnmaﬁ.a . ol

4
B

Tx positions: [92.0, inf] Rx positions: [74.0, 80.0] (x,z) pseudo-position: (80.55, 5.6} ic Factor: 226.2

Figure 50 - The protocolresultingfrom parameters ifrigure 49 with
a Pole-Dipole point seleced.

519PoiPe | e

I f both remote el ectr odFe sg@P@I eacnedn fH 2g)u raartei oancst
added as RoeaRemgas nnpsomemtd & f donrye & divn fnigidii tse layn t

cur (8and poteheicschomthe)ct @2 ntdo P2he er mi nal s on t
the., L®md y | imitation uewmai hhegposgsrtéeon EA)tae
el ecd riod etnteatd tbheetydli é €t eredes al ofMmsg a hHrde smuaiitra | sop
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bofxor addRionlge Rpoolh@otnsel i der f or e ]tehcet rda dset asnecpea rba
and M

| Fi gbhlhe example protocolt hseel sb 6 ewme mte BUusstehse pr o
bot hr etnh@@ eand P2t bbhethaghdiephleatghsdi @& t he wi ndow

;:-mm]vsmmmwmlmfmuyuu} Cable 1 Cable 2| Cable 3| Cable 4| |

Add points of type [Pole Pole | Geometric Factors: 150. 2 Finalize Data Generation | Save Protocol

B {w) a3uesip iﬂmﬂﬂlil 3 . Q
O

L L

Tx positions: [64.0, inf] Rx positions: [inf, 94.0] (x,z) pseudo-position: (79.0, 26.0) Geometric Factor: 188.5

Figure 51 - An exampldole-Pole protocol with asinglemeasuring
pointselected

52Restricting data points

If maximum settings are used whemreating protocolghere is a high chance ofrggratingtens of
thousand®f datapoints Although data coverage may be excelléetgd measuements usinguch
a longprotocol may take manyours, or even days, to finish. For the&sonit can betime
efficient to restrict how measuring points are generatebihe following chapters desbe some of
thedifferent controls t@chieve this

521Cabl e Control s

One way of restri ctmenmo ithtes ngi entbeeara ttod\d aniesa stutree ¢
cabl #sgbhmeasuring points will onlychbeckboaxmst
f cCablenCablagdedls el ect ed.
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restrict amount of Wenner data types

u I v u
Bottom threshold of geometric factor 0.0
11.6
Update Scale
(== c
Top threshold of geometric factor 327.7
ST
| Update Scale
Minimal electrode separation (a) Maximal electrode separation (a)
1 26
[ f L
[ Limit data points in pseudosection blocks [~ Add Rx pairs only to existing Tx pairs
Base width scale 1.00
1.00
Update Scale
I | c
Base height scale 2.00
2.00
Update Scale
f i =
Block width increase pr. depth step 0.20
0.20
Update Scale
f = C
Block height increase pr. depth step 0.20

0.20
| Update Scale

Maximal amount of points pr. block
1

¥
Add only data points to the protocol for:
Dptil ation| 12-Ch

No Channel Optimization 4-Channel Optimization| 8-Channel Op

cancel | ston | snow | apply |

Figure 52 - Cable 1 and Cable 4 are excludizdm
usefor this particular set of new data points.

| Fi gbhdaely data points Cabheé Carbd rcad ma® eadNat edt twat
desel ectiiamvgpe ldallsesusi ng any-ugtomdary f edretsg@ine rian i
of mewanenpdoi;potisnt s already in the protocol (ye

zmlmmlmmmmwmlmfmuym} Cable 1 Cable 2| Cable 3| Cable 4| |

Add points of type | -| Geometric Factors: 12. 163.4 Finalize Data Generation | Save Protocol

om 8m 16m 24m  32m  40m 56m 64m 72m 80m B8m  96m 104m 1 120m  128m 136m  144m

1.om e e U M Sl =
-

2m P2
||

am ]
6m g
e

8m g
10m g
g

12m o]

F 27.0m

Figure 53 - The result of excluding cable 1 and 4 fromeav\Wenner
protocol

522Geometric factors

As hi ghilRiigght4een n tcraonl sbé i snéett tdhe geometric facto
miinmuam d inmeuxra LAilse wi th most ofalt hes sd¢ a ndehb et hceorn
bynovi nmartlhesenheri ng an appr opr iRene wiad nuel iU ens t 4d
entered as text ilEnwwem| nekld s ddldbeetta opornefsi Boem

vallure ftihgpgtuhe i mawal ue i s set tuot d5%0.and the min
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restrict amount of Wenner data types

[¥ Use Cable 1 Electrodes ¥ Use Cable 2 Electrodes W Use Cable 3 Electrodes ¥ Use Cable 4 Electrodes

500
| ———————

. | I —

Minimal electrode separation (a) Maximal electrode separation (a)
1 26

= | ______________Fm

[ Limit data points in pseudosection blocks [~ Add Rx pairs only to existing Tx pairs

Base width scale ’1[I[I—
-LW_ I
Base height scale 200
_ZM_ _Updste scae |
Block width increase pr. depth step ’[IZ[I—
_m_ _Updste scae |
Block height increase pr. depth step ’[IZ[I—
_m_ _Updste scae |

Maximal amount of points pr. block
1
Add only data points to the protocol for:
No Channel Optimization 4-Channel Optimization| 8-Channel Optimization| 12-Channel Optimization|
Amount of new data points shown but not yet added: 256

Cancel | Stop | Show | Apply ‘

Figure 54 - Setting thdimit of geometric factors to
therange[50,150]

The resul 8howm prhees siersg ri ct ed gkiogefte i c factor

:-uu-vln] Pseudosection View | Surface Layout | Cable 1 Cable 2 Cable 3| Cable 4 |

N — o [T

om 8m 16m 24m 32m 40m 48m S56m 64m 72m BOm B8m  96m 104m 112m 120m 128m 136m 144m 160.0m

5
(W) a3UESIP -pnmira. 3.0

N
=

Figure 551 Restrictions by geometric factor folsenner protocol
The highlighted geometric factor bahowsthat the lowest value in
that range is 50.3 and the upper value 138.2

I't is possible to combkingh®GddWweramtexampl e cwh
combi nateisdm i stfteiecan snalda@® by desel ecting cabl es
factor and elsotlbthetsegathei on.
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restrict amount of Wenner data types

[~ Use Cable 1 Electrodes ¥ Use Cable 2 Electrodes W Use Cable 3 Electrodes [ Use Cable 4 Electrodes

Bottom threshold of geometric factor
50.0
Update Scale
| = [m=e=: |
Top threshold of geometric factor 150.0
150.0
| Update Scale
Minimal electrode separation (a) Maximal electrode separation (a)
4 12
\ 1 f E=
[ Limit data points in pseudosection blocks [~ Add Rx pairs only to existing Tx pairs
Base width scale 1.00
1.00
Update Scale
| P
Base height scale 2.00
2.00
Update Scale
f i _ upsate scae |
Block width increase pr. depth step 0.20
0.20
Update Scale
| P )
Block height increase pr. depth step 0.20
0.20
Update Scale
| P 8
Maximal amount of points pr. block
1
ST

Add only data points to the protocol for:

No Channel Optimization 4-Channel Optimization| 8-Channel Optimization| 12-Channel Optimizatio

Amount of new data points shown but not yet added: 148

Cancel | Stop | Show | Apply ‘

Figure 5671 Protocol generation witltombined
restrictions

Pr es/Appgagyn et aneeeassmernpdo i mh swhi g7 eNot e that for a
protocol, restri ¢an ch gniangreeavgpfgoermee Ira cct rflaecs oge p at
more or | essa tsima lslaaenre/ cle d rfogelemrt gseecpt d reagtth yo n

| ower / hi gher grFeiogmeitére cf ifmaclt orrandeavidfl i dhhemosrBentor i ¢
endpointa gomeinnaédti on cdfi ghesmtnie ntrhiec rfeascttror and
separation.

Fie |
General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 | Cable 3| Cable 4|

Add points of type Wenner </ Geometric Factors: 50.3 I 135.2 Finalize Data Generation J Save Protocol |
om 8m 16m 24m  32m  40m  48m m  112m  120m 128m 136m 144m I~
41m o0 oo -
P2
»
sm g
-3
&m g
E}
7m |
20
Bm
om
10m
11m
+ 11.5m

Figure 577 A Wenner protocotesulting from combined restrictions

523Addi ng eoxnilsytxitnpgai r s

Wheanddng addi t memli ndhesp s btheea®l i s a high chance
injectabee addéd. 1 Imiss oarcec ecpabsaebstietméi sist uansd eisti r a
will i ntcirmalentthea @omproeitdde Ifti elsd poskBé bl e to
gener ane wo memdé&mpto et lsy t o exumspiajmigg hTixchooaernbent
whemying to achieve.a high channel utilizati o
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| Fi gbhBaed di tSicdn allgpplpea anenmpdoi nt s aa epradtd@&@delcd& b o x
Add Rx pairs onlhyast d eexmni estleibge eddx e( p(pM,rs)nt i al
el ectrodhecunnphdnaBxectrodes). This means ¢amat on
rese Tx alleectadydexi sting in the protocol wildl

Even though new current oelt@detigo deéesotqgaabies inbolte 1 n
Terr alm® tiem s toruksnge niie atshuer e mahxpa i rr omt o t wo or m
injectibeseby |l engthening.tRfédiseqguainrtéhdep mpea s uorf
potential eé¢®oddtthcee speatitrrd $XT elaofr atnmEsdteBra ptAernot e

on dwh éncaht)oirx i f t he number of potenti al pairs
chanmreltshe iFlosrt rtuhmesndta@a® d n o tiiink rzaavt 8 yol Inai bcl kel .n g
onet he bwittttohded d dat a poi nt s et pnieorn emepaspioroen b 6 ¢
wi || beeatd#dedr #icthPannel 9 nNsof rQuhnaennnte | i Gsp tsiemiezcattei d

there is no | imit , ,ombtwlyea tamnlnp ebbte eod id sRedapigri T>s
@ @ (& restrict amount of Schlumberger data types
¥ Use Cable 1 Electrodes ¥ Use Cable 2 Electrodes W Use Cable 3 Electrodes W Use Cable 4 Electrodes
Bottom threshold of geometric factor 11.6
116 Update Scale
(o [
Top threshold of geometric factor 5467.4
24874 date scale
\ R
Minimal potential electrede separation (a} Maximal potential electrode separation (a}
1 26
== f Ju |
Minimal current electrede distance factor (n) Maximal current electrode distance factor (n)
1 40
[ |
I Limit data points in pseudosection blocks |¥ Add Rx pairs only to existing Tx pairs|
Base width scale 1.00
1.00 Update Scale
I e
Base height scale 2.00
2.00 Update Scale
\ = [
Block width increase pr. depth step 0.20
0-20 Update Scale
\ o =
Block height increase pr. depth step 0.20
£-20 Update Scale
\ o E——
Maximal amount of points pr. bleck
1
L
Add only data points to the protocol for:
No Channel Optimization| 4-Channel Optimization|[8-Channel Optimization 12-Channel Optimization
Amount of new data points shown but not yet added: 337
Cancel ‘ | | Apply |

Figure 581 By dhecking the "Add Rx pairs onh
to existing Tx pairs", significantly fewer data
points are added

524Li mit data points in pseudosection b

The olpitmiotn data pointsofinepseadosteitdd oo | dic Kt
points mor e pawdmnlByng&s@rbasss ogxpt iacn | kad ebagor e

58t hoeptfi@em c 0 edBri ©lh2a mrpali mibzatcaweai Aa bd lro b g

sel ecting one of t hess@nrheph diefd ut nheesyp |dioyepremss tr irpmog tn

i njection imdasuduweomeni moy tiastd@xamell ei nstr umen
selected.
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To
pse
pr e
exp

restrict amount of Schlumberger data types
¥ Use Cable 1 Electrodes v Use Cable 2 Electrodes v Use Cable 3 Electrodes v Use Cable 4 Electrodes
Bottom threshold of geometric factor 11.6
11.6
EE [ Update Scale
Top threshold of geometric factor 5024.4

5024.4
I il Update Scale |

Minimal potential electrode separation (a) Maximal potential electrode separation (a)
1

[—L8 f ]

Minimal current electrode distance factor (n) Maximal current electrode distance factor (n)
1 40

iy

L § J
'v Limit data points in pseudosection bbcksl | Add Rx pairs only to existing Tx pairs

Base width scale
1.00

s =S =
4 4
& &

Block width increase pr. depth step (in %) 120
A pdate Scale
Block height increase pr. depth step (in %)
20 Update Scale

Maximal amount of points pr. block
1
ow ]

| dd only data points to the protocol Tor: I
No Channel Optimization| 4-Channel Optimization| 8-Channel Optimization||12-Channel Optimization

I

Cancel | i Show ‘ Apply

Figure 59 - Initial settings for limiting data in
pseudosection blocks
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sl iMexi,mal amowntBldbdckhoimnt s phe number of
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h afse wpeori nt s t hvaanl atlel e g chiomstke r@u kel eads edt her | i
controls)are in place

ThBRase wi dhBlase all eisghts s heael edoifghthdelde hwizetr |
of theexseuwdsgt at the toptlhhéke bebolpkteqprdalsect
meterracthewmgtimaa specidliiedenthy ot he

ThBl ock wi delstipoa @@hlsobcekpigmd r era ss¢tieps fog ci f i e s
homuch bilgplgegskadauhled be i n each newlnr awidown
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File ‘
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2 | Cable 3| Cable 4

Add points of type Geometric Factors: 12. 3.4 Finalize Data Generation | Save Protocol

LomOM EM 16m 2dm 3m  dom  46m  S6m  64m  Tam 80m _BSm 9m 104m 112m 120m 12m 136m 1dim 1600m o
2m -
P2
o LR L L L L L L L L L -
...... 3
om g
3
am %
g
10m 3
E)

s
L

Figure 60 - Pseudosection blocks from initial settinglésplayed by
pressing "Shotv

6 Borehol es

Provision for boreml@plresadsasanide @enm omad®i lnsnt hBdoe e
surface | ayout, via the +o&numoaogiittag anretd dfy tcHd cl
leel ectabdeFsg@bpows tdhoewndunosom i gi nat-chgckrom 8
| emdst cable. This gives the ac@mthiilen to add a I

6.1Example: Spread wiwBolRaealo6l €abl es

The option of addiing ®Bhéode twhileenw ncsl ntetnieamnitd gatbol ne
or fmoghtt ceslplrep acdfvi Weamdseuf f sparept edrecttheo dES/ LS a
for the borehol es.

File
"General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2

Add LS Cable at the Start of Cable 1 [

Add ES Cable at the Start of Cable 1

Attach Borehale Before Cable 1

Delete Cable 1
cancel

Remote C2 [~ Remote P2 [ Pole Pole plug

I S
swationName]  JstationXShift: 0 Enable Overlap | Add asnew Station | Delete current Station | Update entries to current station | Make Layout 30

Save Spread

Figure 61 - In a 2x16 spread the option of adding a borehole is
available
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ehol es are shkawrmrs senF itchbéekod giwdeea dr eassd | nhgo &
ehol e Cabltehehbteaerfd vafi-cgwn hm€CrddéXigant t ach a
ehol e ttohdtsh®Bheee sgualtts pf e a & uwif talc et wabolr eesh od reds

File

General overview | Pseudosection View | Surface Layout Borehole 1L | Cable 1| Cable 2| Borehole 2R

Remote C2 [ Remote P2 [ Pole Pole plug

station Name] station x Shift: @ Enable Overlap | Add as new Station | Delete curent Station | Update entries to current station | Make Layout 30

Figure 62 - A 2x16 takeout cablespreadwith boreholes at the left an

right side

ng t hevitnamphwe Stuwtceaba@red t he t & oeeabeolr aeihlod belse a ¢

atraabtte@ name oft éGbnedibcammeshitenabl e
bor ehol e piasr tciocronbeacetisaptfdersd hma | ar
ci Rb gt Pheo we v eahso Whi g@Bteheme wiesnt r y

tahheddt bw hei ¢ h
t oasur f ace
f oandegpn h

ra optinumodeor al ¢etrr ¢ theSheli antitbehrd obertkhieo b ki di

er the spees$ hammesswiotiicahhemaade eslse

drfeisesl d.

File

General overview | Pseudosection View | Surface Layout | Borehole 1L | Cable 1| Cable 2 Borehole 2R

¥ Electrode Id: 1 ~ X: (0.0

x x

] |
NS T )

| 1 [
I |
NN NNNMNNNNNNNNN

N

Toggle All Electrodes | Toggle Odd Electrodes | Toggle Even Electrodes | I~ Cable backwards

Figure 63 - Thetab for a boreholeable;initial configurationfor
boreholess similar to regularsurfacecables.
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6.2Exampl e: Buildi BgraehBlesocol

Addi pgsmerneto i indisng hjewgtastphreelaadt | i es ,foonl |tohwes stuhref
standardagesceCham@iledd mea@ sne ptoi.ntMeasuring poir
al so be added torintdpyviududl zbhogeleoblkeasosr ®ehed ei n

measurempabsat ed.

i g Wbrdtehper e ve vaimspdreeasl bseed, -ahdnael2opti mized

I
been made for Thkee hsgyhf agédteablde £ widwiovibne mevrewe ni s
the boreholes and surface cabl es. This menu i
the spread.

:mwvmlmmmnwmls.mm}mu]mmt]mz]a«mzn} ‘

Mﬂ points of type [All Combinations | Geometric Factors: 6.7 13571.7 _Finalize Data Generation | save rotocol |

6m 9m 12m 15m 18m 2Im 24m 27m 30m 33m 36m 39m 42m 45m 48m Slm  54m  57m 62.0m

]
0
3

N (w) 2ueasip apondaE

LL|

§ 9 8 3 3 % 5 ¥ %

showing points with same Tx spears as selected point

Figure 64 - The standard view of surface cable protocol. Note the
additional topleft "Showing" menuhighlighted red

Taccesworakndon the i ndivirdaladnvednrwtr,g h @ ieBdryehed lee
Name> 6ESabhwher e <Bor ehdlaga Namyverb ligshetdatbresiFb g d r ien
63 Thieng! em€mb Itigteecamt s t hée nldo v € kl ond ébshd ayd lda thé e
shownlt i s al ways dhasnpd asyiedde wdooftvha st €hoes craiegendt me a
points shown tagFit g dews eafawhipelhree caalbll epossi bl e
have bedmeaddoeaddohyg tmoinmd cedhadbileelse same as des:¢
i €haptAdd imeag sne ptoi .nt s
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lelmvm]wm}mu]mﬂwz]mm] |

Showing [EITITIEIFTYSTEE -/ Add points of type Wenner | Geometric Factors: 12.6 8 Generation | Save Protocol

(W) adueIsP 3paIPIF

[4
o

Tx positions: [8.0, 26.0] Rx positions: [14.0, 20.0] depth pseudo-position: 17.0 Geometric Factor: 37.7

Figure 65- AfiSingle Cablé v is activated in the "Showing"
menu.

The geometry Obr mbasadirfirmeum efma cae cabl es, where
anadeumed t o hmrpbeda sreenctt |tyd lebeecltorwe dtehsea b or ehol e
| owinngg cyl indri cal fiatshhei orne parreocsuerfRd gt@ifiEea nb ogreevheo
onsidered as a proj ecpliaome.ofThtihsi sr ecpyrl & snedretra toi
onsidered as a visual handle to tlkeatmeéasurin
entoened he ground.

Z 8200"“0

eaemnerat can bet wieheele t wo borehBbdbreshbdblyestLevwsi nB
2RFot hegaeabsosr ethwd fur eghmeembysgi | abl &d d pdatoan gwirnt s
i €us tPamt Ble agweragdr e constructed using a similar
ChapdeXust om ,Wathteertmmasi n di f f er ermeeaptobienitnsg rtehgauti |
active el ectahd csshsii aftglde bpadho d® wawalradsg the cabl

A sequence constructingi sa shiesivwgoi &giagbi8eer n of d

e |
General overview | Pseudosection View | Surface Layout | Borehole 1L | Cable 1| Cable 2| Borehole 2R |
Showing ETEITSVRTNETTRIFE ~|Add points of type [Custom Pattern | Geometric Factors: inal Generation | Save Protocol

2.0m

(W) adueIsP 3paIPIF

[4
o

2.0 on Cable 2 set as final Tx-spear. Click on individual Rx-pairs between Tx pairs, or right-click on first neighbour after final Tx

Figure 66 - Current electrodes are selectbbt (as inFigure 43).
From here potential electrodesanbe selectedas inFigure 45and
Figure 46).

46



ABEM Terr Pmeott ®rcoll S Tool

:-.lmlnmmmwzwlmmmlmu]nun]w-z]mu] |

Showing ETEITSVRTNETTRIFE ~|Add points of type [Custom Pattern | Geometric Factors: inali Generation | Save Protocol

2.0m 2.0m

(W) adueIsP 3paIPIF

[4
o

4.0 on Cable 1 set as first final Tx neighbour. Click on terminal Tx to complete pattern

Figure 67 - Three Rx pairs have been selectagdright-clicking (as in
Figure 47) the first shift of the current electrodes are defined

File

General overview | Pseudosection View | Surface Layout | Borehole 1L | Cable 1| Cable 2| Borehole 2R |

Showing |EETIFTSNTNINGEIFE ~ Add points of type /Custom Pattern ) Geometric Factors: 6.4 252 Finalize e Save Protocal
2.0m

(W) adueIsP 3paIPIF

[4
o

Tx positions: [60.0, 188.0] Rx positions: [52.0, 56.0](distances from bottom left to bottom right) Geometric Factor: 25.2

Figure 68 - The pattern is complatdoy clickingonthe bottom
electrode of borehole 1L, and the measuens are shown as lines
from one borehole to the other

|l Fi g6l8 emecmas nites cbosehole protocol are shown. I
me aanerat ar e i | | ucsamrnaetcdtd negy elriamges posi tion of tF
to the @awsiagon of electrodes on the other <ca

Whethe diq@igreasn an i dea about t hmeetdodwWedeapgret toif t
sesay®e an il lustreaeteinanseobvahbdtbmeddnrat ls® protvo
watyot emact with the protocodnelmysd¢liineking on i

7 A not eswditncéhhei x

I n orcdoenrnetcot t he currenmertth ammrseanli ¢ ttteaek adimfdf eamre & rs tL
mu letliect roshel eablredes Nedeaathoer Terrameter LS th
i's Duni bnd cowsmstmacd akbfamany el ectrodes are
necessary to use osasewaeldl. el ectrode sel ect
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The switocfh trmaet rTieracsmm meésenf L3O hceowsent ot wahns mi t
meagnemgdghannel s are connectddcd,e aendckcdd odel wmman,e
i nstrasemplanhel are BRowseahddcolumns can be conn
rows caacbedcboanone cmdagnargghiana.el mulctainplsd ar e
el ectrode.

fathewswfochumatoii&ctsamoélk s,neoub
he teclmimadanmintdabtthiicoy s pu ead tmer @r at
to create a protomagcweshrli gb oh
s of @riddiearretniamdolE@iyp dMpegp €s t i § Sg 0
udi @ nidih 2 @7t.iel@.mkragim opt i mi.zed pr ot occ

The design o
but due to t
handheorder
measure point
hi gh channednf

e thorough wlescchi ispag iiChxpé ke tobfe Ttehrer alBet er

A mor
LS2 user manuals, respectively

/

711Cr emdan optimized protocol

Retur riired dingLtr v er age amount.cofr emtiangijoe att &9 I
how eflfai pirontocoMer s alm$neag utderecemitt eec tf wrl d .o wliim g
exampl e useasv aihlea Predaetdocooll st o opt iwiitzhe tah e raoitno cc
ma X i mi zAvreg atghee amount.cofr em@mtt.&ihpjse oakedgduimptrieosn a |

measuri ho apaiedt svi t hout 1 ncreasing the executi

The f iirpsrto tsotceopl optimizati oemermtoit ot £r et @mat lte
per specd e &k rmeba sauwdr,wmieaoh t ype of points talre sel
main interest of the field survey.

Assmrexampfler e dat a peprndtsooccnasih ¢ eWey@Ee e nTc e n
extend the peote®comedsom ndp pAddt BRBxapai added]|
exi stinghdchpbaxvaeti g@dBelhd umberger points have
protocol

File |
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2| Cable 3| Cable 4|
Add points of type | Geometric Factors: 50. 11435 Finalize Data Generation ] Save Protocol ‘

om 8m 16m 24m  32m  40m 20m 12

(w) aduersip 3paIpaE

»
o

Figure 69 - The protocol is extended with all Schlumberger points
available from the existingix points
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Cl i cki nGe noemr atl h €Oadd,rl wiwesw a r eivinfeavr mdt it (e fkery c he
opti miimapamoiniAwwelr arg et lAeno u n ter od u rdrae maw hpioci pneticss ipo n
hi ghl i ghgtuee Thme compuiiBed®snithmlgéhreroft han the i ni

whrei wafilo.lt can be seen in the figure that- opti
channel iDruset rtuomegretoomet at conse amile dehoetps tognn o f t
switchimatanxbeodisi ssewnlat {tnde2vthmenmbautre3d3 . 2 i s s
cl oset h®o tudptpiecralbgunddrofsulczh an i nstrument

B |
General overview | Pseudosection View| Surface Layout| Cable 1 Cable 2| Cable 3] Cable 4]
Work on Protocol j Work on Spread
Spread Name

ax21

Spread Description
[Spread consisting of 4 x 21 take-out cables w. last and first electrode overlappir

Protocol Name.
Wenner_Optimized

Protocol Description

[An optimized protocol from a Wenner with restricted a valud ]
“Amount of current injections in protocol: 281
Amount of data points in protocol: 898

Average amount of data points pr. current injection: 3.2
Estimated execution time of protocol in RES Measure Mode:
Estimated execution time of protocol in P Measure Mode:
Amount of Stacks: Acquisition Time (in seconds): Delay Time (in seconds): | IP off time (in seconds):
Compute estimated current injection spiitings for:
No Splittings| 4-Channel Instrument| 8-Channel Instrument| 12-Channel Instrument

Figure 70 - The General Overview tab shows that averagethere
are still only 3.2 points r current injection.

It is sensible to control whatFitgyfes aafdipgaiomta
of restrict éhda bgereand iaedndte dp o i omhtthEme@f apcrtootro c(dsle ®. € h a
Restricteld ndrtaeddi ednotahdTWeenshows a more densel
extmreasursememtund the original core points. I n
added i dtrthee H@m®ddr current injections.

Be |
General overview | Pseudosection View | Surface Layout| Cable 1 Cable 2| Cable 3| Cable 4|
Add points of type [Restricted Gradient | Geometric Factors: 14.4 1546.4 Finalize Data Generation | Save Protocol \

om 8m 16m 24m 32m 40m 48m S56m 64m 72m 80m 88m 96m 104m 112m 120m 128m 136m 144m

160.0m

L 3m § § § 2 9 2 8 8 @ 8 @

(W) duelsip 3poia3

m

o
o

Figure 717 A selection oRestricted Gradient points are added to tt
protocol

As shdwmrglhgtrthAe er age amounte or€ruednatt a spj aiban®@izo np
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File

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 | Cable 3| Cable 4

Work on Protocol | Work on Spread

Spread Name

2
1944
injection: 6.92
RES Measure Mode:
tode

Amount of Stacks: 1P off time (in seconds)

Figure 72 - With theaddition ofRestrictedGradientpointsthe number
points per injectiorgoes from 3.2 to 6.92

Al t hobwdul i be t o use as iawmano phe nfiuverdigh ewro oetkxotcocea
t hr swgte | arge @andsatdditional p.oi Nhdtse floawée wheer
computing which data points f{fiDepeadim@t coonlpu
usdd may take several d$ouwnr sometcambglhet des u @l c
to makecaheubaeraonght

Figon®adotws>ener al teabewnedd AWM mbi ndatoi e tihe exi sting
the pré&igabkeThe current isnpwotrbfsdBil whathohn
close to the practical I i mi tTeorfr alnfpatiterlo nree @ aon
effamd sno extreme geometric factors.

File

General overview | Pseudosection View | Surface Layout | Cable 1 Cable 2 | Cable 3| Cable 4

Work on Protocol | Work on Spread
read Name

Average am injection: 9.43
re Mode: Not Available
@ Mode: Not Available
Amount of Stacks: Acquisition Time (in o s 1P off time (in seconds)
Compute estimated current inj
No Splittings| 4-Channel Instrument| 8-Channel Instrument| 12-Channel Instrument

Figure 73 - Data points have been added via "All Combinations",
providing a good utilization of the a 4hannelswitch matrix

Looking at t he (Fpisgelutteb e e ppsoeiondjosviiaesvp r egd around
original wddarboenep @iorstid,i on e fserchithheesme dwiwnl gener
thhatter a | ong seaqgl a@éngueedn ¢ d wii k en.t sHbotweivxer ,  wi
wor king with | arge, ssamksoatbi mea d coressref e peon ot s
the type of points added.
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Figure 75 - In the optimizegbrotocol, a current injection with two
extrene points selected
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Figure 76 - Right clicking on a point in a curreimjection provides a
menu with additional choices for adding channel optimized points
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Figure 77 - The 'possible points" are showin whiteon top of the
existing measuring points of the protocol
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