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« Short presentation of AGS and our software packages
« Short walkthrough of the ERT and IP method

« Short introduction to inversion theory

* Introduction to options and file formats in Res2DInv

» Live demo of Res2DInv

* Introduction to Res3DInv

« Live demo of Res3DInv

« Afew examples from Aarhus Workbench Essentials

* Further reading

* (Very) short break and questions



Aarhus Geosoftware — Who are we?

AGS .,. Aarhus GeoSoftware

Aarhus Geosoftware is based in Aarhus, Denmark

Commercial spin-off from the geophysical community
at the Geoscience Department at Aarhus University
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Customers worldwide

9 employees — 5 software developers & 4
geophysicists
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Software for processing and inversion of E&EM data

SPIA

« Processing (removal of bad or noisy data

File .Data View
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Aarhus SPIA TEM - C:\Dropbox (Aarhus GeoSoftware]\KV\tstdat\SPIANTEM\SPIA_TEM_Tinningdal\Project34_new.gdb
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« 1D inversion for smooth and layered
models

« Simple presentation of inverison results

« Map display of sounding positions
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Software for processing and inversion of E&EM data -,

Aarhus Workbench

« Data management, processing,
inversion, interpretation, GIS,
visualization and presentation in
one program

e Handles ERT/IP, TEM, GCM,
Airborne TEM and HEM data

0’ ‘0

AGS

Aarhus GeoSoftware

)

e

L

Workbench - [C:\Dropbox (Aarhus GeoSoftware)\KV\tstdat\DCIP\Demo_Workspace_Grindsted_3D] -oXx
EER [WORKSPACE | GIs 3D SECTIONS  VISUALIZATION _ DATAPROCESSING __INVERSION S
& Multiple Deletes N Move Up [4 EditDisplay 1] New HE External Grid . 25 Layer
&= Delete J Move Dowin Refresh ] [5@ saveasimage || & ElevationModel | < D Data
Properties Show Hide 3 i Edit  Show || LinktoDatabase || oy o
Node Management Map Add Color Scale Model Selection Export To
= [& Grindsted A >
& «m  Electrical Res. Tomography ® [] Q_Gradiel1_box]_1_DCIP_01 A
P Profile_1.3D ® [J Q_Profile_1_20_DCIP_03
Profile_2_3D ® E New_Profile
Profile_3_3D EL Al

" Profile_4_3D
wem Profile_5_3D
@ ™ Profile_6_3D
@ Fe» Profile_7_3D
®@ R Profile_1_2D
™ Profile_2_2D
e Profile_3_2D
Profile_4_2D
Profile_5_2D
" Profile_6_2D
@ [ Profile_7
Geological Surfaces
M @ Borehole data
79
™Q Q_Profile_1_2D_DCIP_03
M9 Q_Gradie11_box1_1_DCIP_01
™9 Q_Gradie33_box3_3_DCIP_01
C& 3D_View
@ Q_Gradie66_box6_6_DCIP_01
M9 Q_Gradie22_box2_2_DCIP_01
M9 Q_Gradied44_box4_4 DCIP_01
M9 Q_Gradie55_box5_5 DCIP_0
& 4 Profiles
=1 New_Profile
N DCIP_03 Resi
F\\ DCIP_03_Char
< — e
[ Node Info v

32
LR

Bo7 smopuly, Jesodx3 aseqejeq | J240|dx3 adedsiom

Constructidn waste
Household waste

14-578.
/ ! =
=

@ Profile: Pro2 [Unit: Ohrn-m]

G5 Symboal... | Syncronize |<Select profiles

~ | Statusbar Show |<Selec:t profile:

d| @ O Q_Gradie22_box2_2_DCIP_01

o | = O Profile6_30

BHQ_Updated

| = O equipotentialsnew
-

.|| = O pot_grindsted_gvs_c025m
g

[ MeaRes_005m_010m_M_|
Profile_3_3D
Profile_2_3D

Profile_1_3D

O MeaRes_015m_020m
[0 MeaRes_020m_025m
[ MeaRes_025m_030m
[ MeaRes_030m_035m
[ MeaRes_035m_040m
[ MeaRes_040m_045m_M

[ MeaRes_045m_050m_M_|

® [ Profile_4_20
Profile_5_20
Profile_6_2D
Profile_7

Profile_7_3D
Profile_1_2D
Profile_2_2D
Profile_3_2D
Profile_4_3D
& (4 Profile_5_3D

@ [/ Borehole

[ DEM_tiff

Plume_Model
Landfill

Elervation [m]

&0

~and
KT S

-80F

<]l
|

20

40 60

T T T T T T T T T T T
g0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 4850 500 520 540 560
Distance [m]

— X: 495548, Y: 6177437
WGS_84_UTM_zone_32N

Colorscale |Profile_2 20_DCIP_0Z2_Resi

UTH: = 4948345, Y. 61771781

v| |Edit...| [Ohmm]

BT w0 SS_————— |

10.0 100.0 1000.0) Distance: 44, Elevation: -51




Software for processing and inversion of E&EM data AGS 3 Aarhus GeoSoftware

* Processing, inversion and
visualization of ERT and IP data

« 2D and 3D inversion for all
configurations with many advanced

options
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The resistivity and induced polarization method %

AGS ¢ Aarhus GeoSoftware

* 4 Electrodes — 2 for current injection — 2 for measurement!
« Current electrodes: AB or C1 and C2
« Potential electrodes: MN or P1 and P2




The resistivity and induced polarization method AGS 53 Aarhus GeoSoftware

« 4 Electrodes — 2 for current injection — 2 for measurement
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The resistivity and induced polarization method AGS 53 Aarhus GeoSoftware

. e . a) Wenner alpha array c1 P1 p2
Sens!tly!ty Deplh 2048
* Acquisition speed 0.20 1024
: 030 512
* Equipment 040 56
. Ease (price) of fieldwork 060 58
0.80 32
0.90
1.00 16
~1.00 -0.50 0.00 8
4
2
0
-2
-4
-8
-16
-32
-64
-128
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-512
-1024




The resistivity and induced polarization method AGS 53/ Aarhus GeoSoftware

4 Electrodes — 2 for current injection — 2 for measurement

Nearly all imaginable electrode configurations are  ceset:Atetectrodes underwater on bottom  Case 2: Some electrodes underwater and on land
supported

Cross borehole
Combination of surface and borehole electrodes Case 3 Electrodes floating on watersurface  Case 4 ¢ Electrodes on surface with limited water cover
Electrodes in water

Combination of land and water electrodes
Water layer modelling Caoa 1 Wlectrodes suspanded fa watarlayer
Long electrodes N R — —




The resistivity and induced polarization method AGS 53 Aarhus GeoSoftware

What do we measure, DC:

AV
R — MN
Yy

Resistance:

AVMN Kk — 21

Apparent resistivity: Pa=k

I4p

(A}Vl B B%VI) B (AlN B BlN)




The resistivity and induced polarization method AGS 53 Aarhus GeoSoftware

What do we measure, IP: Example with NO IP effect

|, — Transmitted current
A

T on

T off

V- Voltage at receiver electrodes
A




->

The resistivity and induced polarization method AGS 53 Aarhus GeoSoftware

What do we measure, IP: Example WITH IP effect

|,z — Transmitted current
A

T on

T off

V- Voltage at receiver electrodes
A

—— IP measurement

_—— [P measurement

L
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3.1

4.15

5.19

6.23

Brief inversion theory

What do we have?
A series of measurements of resistivity

(and possibly induced polarization)

->
*

AGS .3/ Aarhus GeoSoftware
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Brief inversion theory AGS_.,E’::"’ Aarhus GeoSoftware

What do we want?

A model of the resistivity (and chargeability) distribution of the subsurface:




BrIEf Inversion theory AGS.,ggf" Aarhus GeoSoftware
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Res2DInv and Res3DInv AGS .,. Aarhus GeoSoftware

l . Output: .inv file

- Models and forward

Input: .dat file

- measured data

- a priori information calculations from all

II
of

- coordinates, topography lterations

ivp file Inversion settings

- Inversion settings - Data




us GeoSoftware
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The .dat file — Simple example AGS_.,E:.*’ Aarhus GeoSoftware

f 1 General array format exampls Commenttitle line
2 1-2 Unit electrode distance
° 11 Array type (General array)
. < : Array sub-type (unspecified) | o
Header |Ines _: Type of measurément (OTapP. J-CEB:LBt.'LV:LtY, l=resistance) Headel’
& 0 Measurement type indication
' 407 Number of data points
\ 1 Format of x-coordiantes (0 or 1 for true horizontal distances)
° Y Flag for IP data
( . 0.00°0.00 #-000.00 .00 0.00 2.000.00 10138 Number of electrodes, x and z coordinates of C,, C,, P, and P,
11 4 1.00 0.00 4.00 0.00 2.00 0.00 3.00 0.00 10.168 L. .
= P 5 00 0.00 = 00 0.00 1 00 0.00 4 00 0.00 10.1s4 €lectrodes, apparent resistivity or resistance
12 4 32.00 0.00 6.00 0.00 4.00 0.00 3.00 0.00 10.225
14 4 4.00 0.00 7.00 0.00 5.00 0.00 6.00 0.00 10.337
3 4 5.00 0.00 g.00 0.00 .00 0.00 7.00 0.00 10.708
4 6.0 0 9.0 0 7.0 0 g.00 0.00 11.668
Data lines <
4 25.00 0.00 24.00 0.00 31.00 0.00 32.00 0.00 5.5807
415 4 26.00 0.00 25.00 0.00 32.00 0.00 332.00 0.00 3.974
\.416 4 27.00 0.00 26.00 0.00 33.00 0.00 34.00 0.00 6.765
417 0]

End all files wit a zero



The .dat file — IP data

Aarhus GeoSoftware

L General array with IP Commentftitle line

2 1-0Unit electrode distance

- Array type

4

: Array sub-type S ,

5 Type of measurément (0=app. resistiwvity, l=reslstance)Header

5 0 Measurement type indication

' 228 Number of data points

° 1 Format of x-coordiantes (0 or 1 for true horizontal distances)

° 1 Flag for IP data
10 Chargeability Type of IP data
L mv/v P data unit IP data
12 0.0.1.9 pelay, Integration time
132 4 1.00°0.00 0.00 0.00 2.00 0.00 2.00 0.00 12.301 12.5858
14 4 2.00 0.00 1.00 0.00 3.00 0.00 4,00 0.00 13.258 12.588¢
15 4 3.00 0.00 2.00 0.00 4,00 0.00 5.00 0.00 13.297 12.58¢7
16 4 4,00 0.00 2.00 0.00 S.00 0.00 6.00 0.00 12.297 12.5917
17 4 S.00 0.00 4.00 0.00 6&.00 0.00 T7.00 0.00 12.297 12.5953
18 4 6.00 0.00 5.00 0.00 T7.00 0.00 g.00 0.00 13.297 12.6043
15 4 T7.00 0.00 6.00 0.00 g.00 0.00 S.00 0.00 12.29% 12.6218
20 4 g.00 0.00 7.00 0.00 S.00 0.00 10.00 0.00 12.302 12.6501
21 4 9.00 0.00 g.00 0.00 10.00 0.00 11.00 0.00 12.307 12.6950
22 4 10.00 0.00 5.00 0.00 11.00 0.00 12.00 0.00 13.317 12.7835
23 4 11.00 0.00 10.00 0.00 12.00 0.00 12.00 0.00 12.336 12.9266
24 4 12.00 0.00 11.00 0.00 13.00 0.00 14.00 0.00 12.373 12.1871
25 4 13.00 0.00 12.00 0.00 14.00 0.00 15.00 0.00 13.458 13.7017
26 4 14.00 0.00 12.00 0.00 15.00 0.00 16.00 0.00 12.665 14.8151
27 4 15.00 0.00 14.00 0.00 16.00 0.00 17.00 0.00 14,107 16.9138
28 4 16.00 0.00 15.00 0.00 17.00 0.00 18.00 0.00 12.544 9.5202
; 4 17.00 0.00 lg.00 0.00 18.00 0.00 19.00 0.00 10.183 -1.7850

4 18.00 0.00 17.00 0.00 15.00 0.00 20.00 0.00 9.640 -2.2646




The .dat file — extra options

Lo QO e T T o SO o QO = O S o SO o O o O O e O SO o SO o T O T S T (RSN (NP, (R, (RPN, (R

[T S Y

Global Coordinates present
Number of coordinate points

235.00
235.00
235.00
2352.00

4.82
4.82
4.82
4.82

17 Number of corrdinate points _
Header line

Local Longituds Latituds

83.00

S90.00
110.00
115.00
120.00
125.00
le0.00
1&65.00
170.00
175.00
200.00
205.00
250.00
255.00
260.00
325.00
355.00

272088.12
572088.28
372088.91
572082.07
272089.23
272089.35
272090.30
572090.66
5720%0.82
572090.58
572091.77
272091.93
272093.3¢6
572093.52
572093.67
572098.11
572100.26

®  End of file

6222426.57 % _coordinate alon

£222421.58
£222401.60
62223%6.61
£222391.62
£222386.66
6222351.66
£222346.67
£222341.68
£6222336.68
£222311.72
£222306.74
£2222€1.85
£222256.88
£222251.91
£222187.28
6222157.44

355.00
355.00
355.00
355.00

}Header lines

7.41
7.41
7.41
7.41

305.00
315.00
325.00
335.00

8.33
8.44
8.28
8.00

315.00
325.00
335.00
3453.00

g profile, Longitude/UTMX, Latitude/UTMY

8.44
8.28
8.00
7.72

138.0700
134.3600
138.9500
138.6200

Aarhus GeoSoftware

Last 4 data lines, or topography section



AGS.,E;:" Aarhus GeoSoftware

Res2DInv live demo!



Res3DInv vs Res2DInv

More complex than Res2DInv because
everything is 3D

Inversion settings and running inversions
very similar

Much more computationally demanding

Data format is simpler in some ways and
more complex in others

-

AGS _.é;:" Aarhus GeoSoftware




AGS.,E;:" Aarhus GeoSoftware

Live demo of Res3DInv with 3D viewer!



Extra option: Aarhus Workbench Essentials
Overview of all inversion results on GIS interface

Aarhus GeoSoftware

Workbench - [C:\Dropbox (Aarhus GeoSoftware)\KV\RESXTilWB\Demo_WS] -aXx
i m\ WORKSPACE | GIS 3D SECTIONS DATA PROCESSING INVERSION @
2l || & Muttiple Deletes N Move Up [# EditDisplay ] New H External Grid 25 Layer
4| Z=elete J, Move Dowin Refresh & E [5g Ssaveasimage || & ElevationModel < ’ Data
i =T Rename Properties Show  Hide B wzData Edit Show Link to Database = Datibise
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=[] MyMap X .
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P9 Q2D VK2 g Q_Eskelund_11_global
FQ Q2D VK3 g Q_eske3Dintegrated_lew
d B9 Q3D_VIK_1 E @[] Q_3D_VTK 1
= , Profiles = [ Q_Sky_Smooth02_MVMesh01_Ite18
=, Pro ;ﬁ, @[] Prof_2D_VTK_1
21/ Pro2 é @[] Pro2
A Q_2D_VTK_2 Resi g [ Mresi_008m_010m_Rs_I
e = [] Mresi_006m_008m_Rs_T
"/ Prof 2D_VTK_1 2 e
1D _VIR_ ] [J Mresi_004m_006m_Rs_I
Geological Surfaces [ Mresi_002m_004m_Rs_I
chml°] 2D_aI‘I § [] Mresi_000m_002m_Rs_I
T 3D_View g [J Mresi_004m_006m_res_I
M9 bfgx a [] Mresi_014m_016m_G_GI
I fgnfg - [] Mresi_004m_006m_G2_GI
[Q fwefs = @ [] Mresi_004m_006m
M9 Q_Sky_Smooth02_MVMesh01_lte18 [] Mresi_004m_006m_G_GI
M9 Q2D VIK 12 [ Mres_004m_006m_G_GI
M9 Q_20190326_MVMesh01_lte12 [] Mres_000m_002m_PT
=17Q Q_eske3Dintegrated_lew m[]20_al
& Q_eske3Dintegrated_lew_Grid3D_1 [Opro
& Q_eske3Dintegrated_lew_Grid3D_2 [ Q2D_VTK 3
Q9 Q_tTem_medium_MVMesh01_te09 @ Q_2D_VTK_2
rQ Q_1966_Res | = °—k2[|’—‘;TK—1
Vi@ 3D_View_new [ Eskelund_2
J ¥ @ Q_Eskelund_11_global
P @ Q_Eskelund_13_global
g 78"l Eske boreholes
gl
P
g
Node Info v
NodeText: Eske_boreholes
OriginalText: Eske_boreholes 7
nud lassen Filter: | %
InsertDate: 02-09-2020 15:21:46 [
‘WorkspaceVersion: 85 All Layers v f?, L
WorkbenchVersion: 6.3.1.0 AI X
@
T 1 ———— X: 572071, Y: 6222225
Notes A Update v 50m WGS_84_UTM_zone_32N




Extra option: Aarhus Workbench Essentials ,
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AGS ¢ Aarhus GeoSoftware
Advanced 3D Views

A
C:\Dropbox (Aarhus GeoSoftware)\KV\RESxTiIIWB\Demo_WS\3DViewer\MyMap_3D_View_new.all -08X
FILE MAIN  EDIT DISPLAY CUT PLANE @
ff'?ft Field : ] = ~|Color Scale  Transparency Min. Value [21759.0 |< > 21759 = Elevation
| Color v b&] 7 4 Wire Frame DOl Transpar. | 100% Max. Value (167772150 | | < > 16777215 Af/j 144 2 m)
=]i Rename Edit ColorScale Solid Color DOIType |Unavailab + Apply Change
Value Threshold Image and Elevation v

Node Information

Min Yalue: 21759
Max Value: 16777215 WGES 84 UTM zone 32N (epsg:32632)
Cell Count: 256 4 : : : [[] Show position

File Name:




Extra option: Aarhus Workbench Essentials
Advanced 3D Views

=

b

FILE MAIN

Select Field

| Resistivity v

=]i Rename

C:\Dropbox (Aarhus GeoSoftware)\KV\RESxTilWB\Demo_WS\3DViewer\MyMap_3D_View_3DInv.all

EDIT DISPLAY | CUT PLANE

Transparency

DOl Transpar. 100%

[ color Scale

Q |:| Wire Frame

Edit ColorScale Solid Color

DOI Type Unavailab
Value

Min. Value

Max. Value

10.0 (< > 0.864
15.0 |< > 19856
« Apply 2
Threshold

o2

ge

Image and Elevation

Top Column Labels

- Change Font

Column Level Labels

« Apply

Columns and Points

b

u
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- [ HE Mresi_012m_014m_Rs
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i PHE View12

FH View13

A Node Information 7 |

Min Value: 0.86
Max Value: 1985.57
Cell Count: 227738

File Name: O_3D_VTK_1_Grid3D_3.bar
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Extra option: Aarhus Workbench Essentials AGS
Automatic generation of PDF reports

Aarhus GeoSoftware

e Report Editor - [2020-09-02_knud.lassen_1] - New report, not saved

e R 28 € 110> DEL & O [

Save Load Print Page  All Pages Preview Previous Mew Copy Delete Imcrease  Decrease  Reset

TrT

o

Report Build Graphics Page Mavigation Page Edit Zoom

Profile Name Auxds Min/Max Mode X-Axis Scale 1: |20000.0 > XMin D00 @3 YMn D00

|Pro V| I@ As defined on profi Vertical Exaggeration 1@ 3.0 5 XMax D.00 = ¥ Max 0,00 =

Profile Name Axis Min/Max Mode X-Axis Scale 1:  [20000.0 > | xMin D00 YMin  |Doa 2

|P"'-"2 V| I@ As definedonprofil v | .\ Exaggeraton 1: 3.0

Text

N

N

= | xMax @00 = ¥ Max 0,00 5

|Project'|'|ﬁe |

Text

[

|Cross Sections with 1D Modelbars |

Text

“RIEREE

|Proﬁ|e Location |

Warkbench Map Map Center (X,Y) Rotation Map Scale Map Layers [ show Axes
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I

Text
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Text
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Further reading AGS .3/ Aarhus GeoSoftware

e Res2DInv and Res3DInv manuals https://ags-
cloud.dk/AGS/Geotomo%20Manuals/

 Dr. M. H. Lokes electrical survey course notes http://www.ags-
cloud.dk/Wiki/W _GeotomoNotes

« Workflow guides for Arhus Workbench http://www.ags-
cloud.dk/Wiki/W_GeotomoGuides



https://ags-cloud.dk/AGS/Geotomo%20Manuals/
http://www.ags-cloud.dk/Wiki/W_GeotomoNotes
http://www.ags-cloud.dk/Wiki/W_GeotomoGuides
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AGS .3/ Aarhus GeoSoftware

Questions?



