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Analyzing sensitivity and resolution of some electrical resistivity
configurations for detecting subsurface cavities using inverted
synthetic models by 2D electrical resistivity tomography technique

Zainab M. Shanshal Ahmed Jadoua Al-Heety

Department of geology Treatment Department

College of Science Processing and Info. Tech. Commission

University of Mosul. Petro. Exploration Comp./ Ministry of Oil
ABSTRACT

It is important to determine the location, depth and shape (dimensions) of cavities
under subsurface in site investigation phase before construction. This study aims to make a
study for properties, analysis and comparison of the results of different electrodes
configurations that used in 2-D electrical resistivity Tomography surveys to detection
subsurface cavities to determining the appropriate and suitable configurations type that
must be conduct in the field to obtain best and accurate results. Two-dimensional synthetic
models were created for Geoelectrical resistivity of five different geological features, which
reflects the common cases of cavities in nature. These models are (narrow, broad, shallow
and deep) cavities adding to one model for multiple cavities. RES2DMOD program was
used to create these models, while RES2DINV program used in Inversion method to obtain
the true 2-D inverted resistivity sections for six configuration types of electrode array for
2D electrical resistivity technique, after adding a Gaussian noise ratio of (5%). Generally,
we are noticed the possibilities of most tested configuration types for determine electrical
anomalies, because the high contrast between the cavities and the surrounding rocks
resistivities values. In addition, RMS ratio overall does not exceed 5%, hence, this ratio is
an acceptable and indicates to the quality of the inverse process. The Wenner array have
high sensitivity to vertical resistivity variations, and Dipole-dipole array have high
sensitivity to lateral resistivity variations. While the Schlumberger-wenner have high
sensitivity in both lateral and vertical resistivity variations Also, it was noted that the
efficiency of all types decreasing with increasing depth of cavities detecting, due to the low
percentage of contrast between the cavities and the surrounding rocks. The Wenner beta
(WB) configuration is the best choice in terms of inversing true resistivity values, Secondly
the Pole-Dipole (PD). While in term of determining the location and shape (approximately
dimensions) of cavities, Dipole-Dipole (DD), Wenner-Schlumberger (WS), Wenner Alpha
(WA), Dipole-Pole (DP) respectively. However, in case of noisy areas, Wenner Alpha
(WA) configuration gives the best result.

Keywords: Subsurface cavities, industrial models, analysis, clarity and accuracy, electrical
resistivity.
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Jind L3l dnagliall 8 gl ity L1y dpagalall Claill dile duules Schlumberger -Wenner
A duagladl) sl e dulia (55 (S dipole-dipole &dipole-dipole s o) .l S
138 iy resal) by Ailaal) laeal) pa alh ¢ ULy L OUaY) saanie ded) A5l Glagedd) 8 dald
i L) 4aaY1 lanll Aallall =g gl) Ao sy lagSall Jie duagalall CaSIAl Jiha anel Juadall s il
agal) ahad (8l Alcall o dpagliall dungenlly 2088Y) lpaill Zpulisll Ciea b pole-pole

caad lall
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Range of Inverse resistivity values (Q.m)
. True
Cavity Resistivity
Model (Q.m) Wenner  Wenner  Wenner-  Pole- pole- dipole-
’ alpha beta Sch pole dipole dipole
Narrow 1000 105 102 100 36 135 120
148 238 136 93 200 316
Wide 1000 121 200 100 190 125 130
576 1387 463 411 650 309
Shallow 1000 129 160 140 160 100 130
316 446 343 400 468 317
Deep 1000 105 110 100 88 130 114
230 489 147 198 185 162
Multi 1000 130 95 145 65 115 134
190 213 216 143 267 195

cwae «Jsh) (Geometry) duwyall Luwaigh o) Ak =50 Jiar sdlls (2) Jsaall DA e

Wenner i o a ebidall il gl el alladl 8 Lblale ae daihadl allial b (Gas
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Al
Geometry Configurations
Cavity  d: depth ;

Model I: length(m Wenne Wenner Wen-Sch Pole- Pole- dipole-
w: width(m) ro B pole dipole dipole

d=5 d=4 d=7 d=4 d=1 d=5 d=5

Narrow 1=13 I=.. =..... =14 =19 1=20 =14
w=8 w=16 w=10 w=14 wW=... wW=... w=18

d=5 d=5 d=6 d=5 d=1 d=5 d=5

Wide I=7 1=7 I=... 1=8 1=20 1=17 1=25
w= 32 w=32 w=30 w=32 w= 32 w=32 w=40

Sha||0 d = 4 d :5 d :4 d :5 d :1 d :3 d_3
W I=5 I=5 I=.... 1=9 1=10 1=9 I=15
w=16 w=26 w=18 w= 24 w=28 w=22 w=24

d=9 d=8 d=9 d=7 d=2 d=7 d=5

Deep 1=9 I=.. I=.. I=.. 1=18 1=20 1=24
w=16 W-24 W—16 W—32 w=30 w=32 w=32

Multi d=5 d=5 d=4 d=5 d=1 d=5 d=4

(mid) =7 I=... I=... I=... I=... =9 1=8
w= W=.... W=... W=... W=... w=14 w=20

d=4 d=4 d=3 d=5 d=1 d=5 d=4

1=3 =4 I=... 1=7 1=20 =4 1=8

w=8 w=20 w=16 w=18 W=.... w=20 w=24

d=10 d=5 d=3 d=5 d=1 d=5 d=3

I1=5 I=5 I=... I=... 1=20 1=15 I=...

w=7 w=22 W=... W=... w=... w=14 W=...

17.2
----------I:I------

Hesistiv 1ty i o Unit electrode spacing 2.00 m.

Wenner alpha array

Depth  Lteration 5 AKS error ERTERY

1sl

eaiotivt u i unlt electrode spacing 2.00 .

Wenner beta array
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Depth  Iteration 5 RHS error = 4.8 %

. az.0 kL0 o6.0 m.
n.500
2.7
5.37
"o w (o
12.%
.8
7.2

Inverse Hodel Resistivity Section
------i N () () (O (O

.8 22.5 EL 5 87.8 138 218 angy
Resistivity in ohm.m Unit electrode spacing 2.00 m.

Wenner-Schlumberger array

Depth Iteration 5 RHMS error = 5.0 %
0.8

0.840
1.6

24.8

38.6
50.2
64.2

N
-------6”---@------

Inverse Model Resistivity Section

100 159 252 400
Resistivity in ohn.n Unit electrode spacing 2.90 m.

15.9 25.2 39.9

Pole-pole array

Depth  Iteration 5 RHS error = 5.8 %
0.0

I [ ] [ [ ..
. 83 178 279 460
Resistivity in ohm.m Unit electrode spacing 2.60 n.

Pole-dipole array

Depth  Iteration 5 RHS error = 5.8 %
.0

0.500
5.37

Inverse Hodel Resistivity Section
I ) (S (] [ ..
13.5 21.1 33.2 52.1 81.9 129 262 317
Resistivity in ohm.m Unit electrode spacing 2.60 m.

dipole-dipole array
A A Sl 3 sl 5 (Jaia CagS) Y pinaall Juasall 1] da 1)

Resistivity model
48.0 56.0

Depth  Iteration 5 RHS error = 4.8 %
0.0

0.500
2.70
5.37
8.60
12.5
14.8
17.2

Inverse Model Resistivity Section

I I () (S (] O [ ..
1.6 21.7 321 47.7 70.7 105 155 230
Resistivity in ohm.m Unit electrode spacing 2.86 m.

Wenner alpha array
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Depth  Iteration 5 RHS error = 4.8 %
0

6.3u2 |
2.72
.72
7.15
18.1
1.8
13.6

Resistivity Section
[0 [ [ (] [ T ..
62 105 175 3 189
Resistivity in ohm.m Unit electrode spacing 2.88 m.

G5 Wenner beta array

Depth  Iteration 5 RHS error = 5.8 %

0.500 }
2.70
5.97

2.60
12.5
148
17.2

Model Resistivity Section
I T [ T ] [ T e
4.5 28.1 39.1 544 75.8 186 147

20.1

Resistivity in ohm.m Unit electrode spacing 2.88 m.

Wenner-Schlumberger array

Depth  Iteration 5 RHS error = 5.8 %
.0

0.840
1

£y

w
s
NN @

Model Resistivity Section
[ R ] O (N () [ [ .
4.08 8.79 19.9 49.9 88.1 198

0.878 1.89

Resistivity in ohm.n Unit electrode spacing 2.89 m.

Pole-pole array

Depth  Iteration 5 RHS error = 4.9 %
.0

Inverse Hodel Resistivity section
I ) (O (I T ] [ ..
13.8 19.8 27.8 40.6 504 85.8 127 185
Resistivity in ohm.m Unit electrode spacing 2.80 m.

Pole-dipole array

Depth Iteration 5 RHS error = 5.0 %
0.0

0.500 ]

5.37

= -

17.2

23.0
9

2.2
Inverse fodel Resistivity Section

I N N ) (] (O [ ..
13.6 19.4 27.6 39.3 56.1 79.9 114 162
Resistivity in ohm.m Unit electrode spacing 2.80 m.

Dipole-dipole array
A A sSaal) 3 sall 5 (GBaee 8eS3) (SU piaal) Jad gall 12 As )

Resistivity model

56.8
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Depth  Iteration 5 RHS error - 4.8 %
0.9

. 32.0 9.9 m.
8.500 }
2.70
5.37
8.60
12.5
17.2
Inverse todel Resistivity Section
I ) [ T O ] O ..
13.6 19.2 27.0 37.9 53.3 78.9 105 148
Resistivity in ohm.m unit electrode spacing 2.8 m.
Depth Iteration 5 RHS error = 4.7 %
.8 32.0 64.0 %.0 n
0.3u2
2.72

472
18.1
13.6

Inverse Hodel Resistivity Section
I ) [ (] (O [ ..
12.4 19.8 28.9 44,1 67.2 162 156 238
Resistivity in ohm.m Unit electrode spacing 2.88 m.

Wenner beta array

Depth  Iteration 5 RHS error = 5.8 %
0.8

9.0 n
6.500
2.70
5.37
8.60
12.5
17.2
Inverse Hodel Resistivity Section
I T ([ ] T . .
1.1 19.5 27.0 37.3 51.6 71.3 98.6 136
Resistivity in ohn.m Unit electrode spacing 2.00 n.

Wenner-Schlumberger array

Depth Iteration 5 RHS error = 4.9 %
0

. n.
8.848
1.6
24,8
38.6
50.2
61.2
8.3
Inverse Hodel Resistivity Section
I I ) (O ] T ..
8.125  0.320  0.824 2.12 5.46 1.0 36.1 92.9
Resistivity in ohm.m Unit electrode spacing 2.80 m.
Depth  Iteration 5 RHS error = 4.9 %
.8 32.0 64.8 96.86 m

Inverse Hodel Resistivity Section
I T [ [ O ] [ [ ..
13.1 19.3 28.5 42.8 62.1 91.7 135 200
Resistivity in ohm.n Unit electrode spacing 2.88 m.

Pole-dipole array

Depth  Iteration 5 RHS error = 4.9 %
.0

Inverse fodel Resistivity Section
I I T [ ] [ .
3.4 483 74.3 118 176 271

13.3 20.8

Dipole-dipole array
AL Sl B gall 5 (Cain CagS3) A whamall Jy 5all 23 A5l
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50 100 1000
m = =

Resistivity model
48.0 56.0

Depth Iteration 5 RHS error = 4.7 %
0.0

0.500
2.70

5.37
2.60
12.5
148
17.2

Inverse fodel Resistivity Section

I ) (] [ [ ..
15.8 25.2 PR3 71.6 121 203 an2 576
Resistivity in ohm.m Unit electrode spacing 2.68 m.

Wenner alpha array

Depth  Iteration 5 RHS error = 4.5 %
)

0.3u2

Inverse fodel Resistivity Section
L1 ] Jemlesles) eeimsjesies) § ] § |
13.6 26.3 51.0 98.8 191 370 717 1387
Resistivity in ohn.m Unit electrode spacing 2.00 m.

Wenner beta array

Depth Iteration 5 RHS error = 5.8 %
0.0

Inverse Hodel Resistivity Section

I ) (S (] (O [ ..
1.7 21.1 39.5 . 173 283 463
Resistivity in ohm.m Unit electrode spacing 2.00 m

Wenner-Schlumberger array

Depth  Iteration 5 RHS error - 4.8 %
[] 32.0 64.0 96.0 n.

0.810 ]
1.
2n.
38,
50.
4.

S

MNE @

81.3

Invers

I . =
1.77 8.39

Hodel Resistivity Section
I [0 ] [ [ . ..
3 86.7 9 1

n ohn.n Unit electrode spacing 2.88 m.

.85

1
Resistivity

Pole-pole array

Depth Iteration 5 RHS error = 4.9 %
0

Inverse Hod

L 11 e
13.6 - .

Resistivity Section
[ [0 [ [ ] [ [ . ..
71.3 124 215 0 650

Resistivity in ohn.m Unit electrode spacing 2.8 .

Pole-dipole array

Depth  Iteration 5 RHS error = 5.8 %
0.9

Inverse odel Resistivity Section
I I ) (] [ O ..
4.1 21.9 341 52.9 82.3 128 199 300
Resistivity in ohm.m Unit electrode spacing 2.86 m

Dipole-dipole array
AL Sl U sall 5 (sl 5 2 S5) A il Ju 5all (4) Al
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18.

Depth

Iteration 5 RHMS error = 4.7 %
0.8

Hod ion
| lll lll Ill lll = lll lll Ill Cimm lll lll Ill lll |

Resistivity model
u8.0 6

Resistivity Sect:

13.1 " 88.7

Depth

0.3u2

2.72
172
7.15

18.1
1.8
13.6

Depth

0.500

2.70
5.37
8.60
12.5
1.8
17.2

12

Depth

0.840

1

N

Iteration 5 RHS error = 4.8 %
0.0

Res)st)ulty T ohnn Unit electrode spacing 2.80 m.

Wenner alpha array

Iteration 5 RHS error = 4.4 %
0

Reslstlulty secti

E-m------

213

nes;st;u;tg i onn.n Unit electrode spacing 2.0 m

Wenner beta array

Inverse Model Resistivity Section

I [0 ] [ [ ..

E 20.0 29.7 uh 1 85.7 97.7 145 216

Wenner-Schlumberger array

Iteration 5 RMS error = 5.0 %
0

Inverse fodel Resistivity Section

L ] J Joiesjeayee) Ill lll [:] Ill ] | lll lll |
0.507 1.31 2.85 6.24 65.2
nesistiuitg % onm.n Unit electrode spacing 2.08 m
Depth  Iteration 5 RMS error = 5.0 %
.8
0.410
5.67
10,
16.
21
27
as.
Inverse Hodel Resistivity Section
] Ill Ill III [:] lIl lll Ill III lll |
13.3 20.5 48
ﬂeslstlvlty % oh.n' Unit electrode spacing 2.80 n.
Depth

13

Iteration 5 RHS error = 4.9 %
.0

Inverse Hodel Resistivity Section

Ill Ill Clmm lll Ill lll lll |
7 26.8 29.2 42.7 91.3
Resistiuity i ohn Unit electrode spacing 2.80 m.

Dipole-dipole array
4l s sSaall 0 gall 5 (320me ClagS) el whaall Jpa sall 25 sl
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J8) el Blasall aaea & Wenner beta a4 Laadly G capiiall GUREY) i glsils dusSadl)
Jaasally aibaad) Juagal) G Lo gl Jamil Conla o0 o) asill 13a ol 45ad) PIA e 081 el

oSl
A Sl 303 gl 3 Audaall QYT i i ) 555 Aal) 3 5all %9 RMS s el 3 Jsaal
RMS %
Cavity
Model Wenner ~ Wenner  Wenner-  Pole-  pole- dipole-
alpha beta Sch pole  dipole dipole
Narrow 4.9 4.3 4.8 5 5 5
Wide 4.8 4.3 5 5 4.9 5
Shallow 4.8 4.7 5 4.9 4.9 4.9
Deep 4.7 4.5 5 4.8 4.9 5)
Multi 4.7 4.4 4.8 5 5 4.9

Ciligine (e Ginyng ddbidall Haall glsily CagSil (e aals z3sas Jich S (6) daslll Aaadle DA (e

i)l elmguall ilgiwe P QY] g el ol dhadle P e Gan % (20-0) cliageal

lag Lllall cliagaall cld Ghliadl 4 gyaall Als 3 Juad¥) Laa¥) 8 Wenner alpha s 43 Jaadls
gl el Lusilly 2lal) zgcasll daya I d8Lial 40l LAY 858 o

Resistivity model
ug.0 56.0

Depth Iteration 5 RHS error =1.37 %
0.0

I N T ) [ O ..
15.2 21.6 30.7 u3.6 62.0 88.0 125 178
Resistivity in ohm.m

Noise levels (0%) for Wenner alpha array

Inverse Hodel Resistivity Section
I I ] () (O O ..
7.18 13.1 23.8 43.3 78.7 143 261 [t
Resistivity in ohm.m

Noise levels (20%) for Wenner alpha array



...... pladiuls Ladadd) caan lagSall e CaSSI 480 )eSl) Auaglial)l il i ey mgagy dawlus Jalas 80

Depth Iteration 5 RHS error = 1.63 %
.8

0.312
2.72
172
7.15
1.1
11.8
13.6
nmerse nnnel REE)Et)U)ty Sect)nn
13 2 1 . . ua 6 96.4 113 213
nsn;nu)ty o onnn Unit electrode spacing 2.88 .

Noise levels (0%) for Wenner beta array

Depth Iteration 5 RS ervor - 18.3 %
0.342 P~
2.72
n.72

7.15
10.1
1.8
13.6

Inverse Hodel Resistivity Section

-----D----:I------

9.19 15.8 27.1 46,4 79.7

Resistivity in ohm.m Unit electrode spacing 2.80 m.

Noise levels (20%) for Wenner beta array

Depth  Iteration 5 RMS error = 1.36 %
0.0
0.840
1.6
2.8
38.6
50.2
64.2

81.3

Inverse Hodel Resistivity Section

-----I:I----l:l-----
18.6 26.9 39.1 56.7 119 173 50
RES)St)U)ty i onn.n Unit electrode spacing 2.88 m.

Noise levels (0%) for Wenner- Schlumberger array

Depth Iteration 5 RHS error = 20.8 %
.8

Inverse Model Resistivity Section
-----I:I----I:I------
8.49 13.7 22.1 35.6 57.. 41
Resistivity in Y b Unit electrode spacing 2.80 .

Noise levels (20%) for Wenner- Schlumberger array

Depth lterat)nn 5 RMS error = 1.33 %
.0

n.
0. 5nn
5.37
8.60
12.5
14.8
17.2
Inverse Hodel RES)St)U)ty sectmn
N BN N . [0 I [ ] [ T ..
1.6 21.4 31.2 u; 6 66.7 97.5 1u2 208
Resistivity in ohm.n unit electrode spacing 2.00 m.
Depth  Iteration 5 RMS error = 20.5 %
0.0 n.
0.500 }
2.70
5.37
8.60
12.5
1.8
17.2
Inverse Hodel Resistivity Section
-----D----:I------
10.4 19.8 377 259 493 239
RES)St)U)ty in ohn.n Unit electrode spacing 2.00 n.

Noise levels (20%) for pole-pole array
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Depth  Iteration 5 RHS error =147 %
0.0

Inverse Hodel Resistivity Secti
L § ] Jeo e e fo i) [T N . ..
5.1 21.3 2.0 8.2 72.5 169 164 247
i ty in ohm.m

Resistivity in ohm. Unit electrode spacing 2.88 n

Noise levels (0%) for pole-dipole array

Depth Iteration 5 RHS error - 20.4 %
0.0
0.419
5.67
10.3
16.4
21.5
27.8

35.3

Unit electrode spacing 2.60 m.

64.0

Noise levels (20%) for dipole-dipole array
3303l gl i) % (20-0) el suall (o O sinaal dmal) 405 s Saal) A il el 16 2 51

claliiiuy)
feb Lo i o)) (Sa Leliba¥) cBbagall (e Gllee A0 Adaadle PIA (e
shel agil cua pole-dipole cusip 4slll dsjall 4l Jo¥) HLaa¥) ien Wenner beta s o)
Axihadl cDasall Agal) duglaall o ae Rl SV A gSaall 2l
i Ll il 3S5e Jiud dandad) i Luagliall 8 Lasalad) il puaill Guws (ulua\WeENNE aiifi ey
Bt aal) A6l Cilageed) 8 dald (A0 duegliall iyl ddle dualua 53 (35 dipole-dipole
L gl) ety Do galally £088Y1 ) puaill Lules (368 Schlumberger -Wenner i Ll . UasY)

1
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g -Pole-dipole <l 2 il all d5lie Gasd) waad g8 dyseai 538 Wenner s sl
o o & Al Laliagll 3yaall G e Jad) pole-dipole s Wenner alpha ccassi olé celly
Wenner é i e cus ) Gis diuas pgead 482 jie B Schlumberger s
- llal) Baga auii vie (galall Cai il e sliagaall 8 5ab) Laily 8 o<1 ((Schlumberger -Wenner

AV Gl (G dadiie 455 (pole-pole)_.e:uﬂ sl (Apulisn) Lalingy 48y Jiad

il (e sliagaall gl 5l ST 4y G dille 53U <y 4l (dipole-dipole) casis cale IS
dals saa il 3¢l geatll dualing o Cpn (o o) il (Baal) w483 o8 Il <58
Aagalall Sl adsal Ll

Sy ¢ (o) gl asliall dus oq)dipole-dipole (e dals dlls 58 wenner-beta s ¢
e G B AlKe 48y elbiay S (any

ww\@m@uﬁ\%mM\gﬂ\gﬁ poes BelS B LIS il ae sy LS
.C_L..,.s\ o s fs\ hacig)

wenner beta wenner alpha , dipole-dipole ,dipole-pole, wenner- schlumberger«clus ys
QY o)® IS IS daigl) Sy adgall paad Can (e Jual¥) g0 )5Sl il Canyg
kel CagSall c s

Al e 2N 06K Ly duadY) Jiasal) el 58 RMS Uas dows () GL.,A @A Jasall )
Closlen ga il Goagall il A5)lke 98 audY) Gaagall SLRY alell fasall (ld il cAalaiall aglgual
el e gl Gibidazs )

Al Clased) 2w U8 o) ehalS el cObasall aladial &kl duhal) sldel 3y
(Jsdse gy QS iy Sl il Jumdl e Jgeasl)

Jualy (gina e Cigy B ddgale A8y ) zliady dulle sl saa ld dihaie sl ddlaie (1S 1)
Lbon agliall (uliie (IS5 cAage lilull dudaaty sl 4a8Y) 48 il 1)) . Wenner cassi alasi
dipole- cudadll b Cudadl) AU caii aodial e oy s Ll elia i€y LU 4 Loy
Wenner- icsase adiuld ((Joine J<i 82 dnagaley 4l 483 1) dalassl X0 axe dlls 6 dipole
dgana 2o 4 Janall alas K1Y W (overlapping) dalsidl @bl @lgiae I3 Schlumberger
Sl Hla Aally L) a4 clalds pole-dipole cuns (s i (AilyeSl) QUEY) (ye
Slahall Jia 5 A Lodaatg 8yuiea Al S QU] Cldlse @; sind ) s gaaall danailly . gl
iall LaaY) a pole-pole < sSs 3 cdael) )
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