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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 J. Al-Heety

Department of geology Seismic Processing Department

College of Science Processing and Info. Tech. Commission

University of Mosul. Oil Exploration Co. (OEC)/ 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), Weiner-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, synthetic models, resolution, accuracy, electrical
resistivity , electrodes array.
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caad lall
s sSadl) @l g dniacaall O sall (0 Ae i) ad 1] Jsaall
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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il ) 55 A sSaal) pdaliall 8 el Lo e aiaall @3 sall 8 (Gae dish ¢Gae) Al sla¥) (2) Jsaa

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
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