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TOPICS TO BE COVERED
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Introduction

Current Flow in the Ground
DC Resistivity Surveys
VES Interpretation
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PART 1 —= Introduction

Definition of a Model
Definition of Contrast
Definition of Anomaly
Sources of Noise

DC Resistivity Sounding Principle & Actual
Current Distribution

A A
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Definition of a Model

Real world geological model geophysical model

| detected by geologists

not by geophysicists 150 ohm.m

|
4
\
¢

1
A

detected by geophysicists | 90 ohm.m

not by geclogists

50 ohm.m E

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

A model is a simple, ideal interpretation of the real world.
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Definition of Contrast

Real world geological model geophysical model

red | = 149 ohm.m

grey and red | 150 ohm.m

149 ohm.m

151 ohm.m
149 ohm.m

= 150 ohm.m E

contrast in geology (color)
not in geophysics (same resistivity)

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

To characterize different material using geophysics, there
must be a contrast between the materials (i.e. a difference
In the physical properties).

NORPLAN Y



Definition of Anomaly

S5 S = anomaly
it o Y 7~
£ £ \
a £ a £ P i
o normal field o ® X
UV @ | = = e — — — — — — - VD @ | = e - — — —
O a O a
2 ol >
distance distance

Source - http://www.tomoquest.com/Lectures_in_Geophysics.php

An anomaly is something that deviates from what is
standard, normal, or expected.
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Sources of Noise
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DC Resistivity Sounding Principle
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Actual Current Distribution

electrical field B

Source: http://www.tomoquest.com/Lectures_in_Geupiiysivo.piip
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PART 2 — Current Flow in the Ground ()

Calculating Apparent Resistivity
Geometric Factors

Equations for Various Arrays
Current Penetration

Depths of Investigation

Effect of A-B Distances on Profiling

o 0k W PE
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DC Resistivity Sounding
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Calculating Apparent Resistivity

Measured resistivity Is an apparent resistivity.

P, apparent resistivity (ohm-m)
AV,,, potential (volts) between M and N
I current (amps)

K geometric factor

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Geometric Factors of Various Arrays

Wenner Wenner-Schlumberger

K=nn(n+1)a
dipole-dipole pole-dipole pole-pole
B A M N M N A g ... A W H—=e

WL T

K=t n(n+1) (n+2) a K=2nn(n+1)a K=2ma

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Equations for Various Arrays

AV

P, = dra—— Wenner array

. ( n 1) AV Schlumberger array
L., =TI\ 8—]

AV dipole-dipole arra
o, =m(n+1)(n+2)a— PO g
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DC Resistivity Field Sheets - Schlumberger

SCHLUMBERGER ARRAY ‘
FIELD SHEET NORPLAN N
Project: Sounding No.:
Location: Coordinates East:
Equipment: Coordinates North:
Operator: Azimuth:
- o : AM . AN AV
A M N B =N " Pa=K—
K for
— OA .M ﬁ .M ﬁ .M ﬁ .M ﬁ Av | P,
inm 1m 10m 60m 200m in millivolts (mV) | in milliamperes (mA) | in ohm-m (Qm)

1 1 235

2 2 11.8

3 3 27.5

1 4 49.5

2 5 777
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Current Penetration

¢ Z depth
« AB distance between current electrodes
o [ fraction of current penetrating between the

surface and 7

NORPLAN Y

18



Current Penetration
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Depths of Investigation

Depth of
investigation Resolving
Al'ray e L s Roy Barker power
(1971) (1989)
Wenner é) @\ N 0.11L 0.17L  1/2.25
Schlumberger é) oD 0.125L 0.19L  1/2.45
Dipdle-Dipdle g @\@) 0.195L 0.25L  1/3.45
} EB» 00
Pdle-Péle g @1\ N»OCO 0.35L 1/8.4

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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tances
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PART 2 — Current Flow in the Ground (ll)

Principle of Reciprocity

Effects of Heterogeneous Earth
Current Flow Lines

Effect of Near-Surface Resistivity
Effects of Topography

Contact Resistance

Coping with Noise

N O O~ wDdRE

NORPLAN Y

22



Principle of Reciprocity

A M N B
I | | I dV1
dV1=dV2
M A B N
I | | I
dVv2
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Effects of Heterogeneous Earth

, -
/ . .
x\ T —— equipotential
T ¥ ——— current
Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Current Flow Lines

ee T2 00 = Current flow lines."~ t
R Gue flow Mined ané, p
2 1

e tan6,  p,

.............

.....................................
.......................................................

P1< P,

P> P

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Current Flow Lines

depth (m)

epth (m)

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

169 150
distance (m)
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Effect of Near-Surface Resistivity

modéle

profondeur (m)

-50 T 0 T 50 } 100 T 150

profondeur (m)

-50 0 50 100 150
distance (m)

profondeur (m)

L.
ggig?B?

50 0 i T

champ électrique

‘ // 7/ \\\\\V/ TN \\\\\
\K\//

distance (m)

Resistivity affects depth of investigation

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Effects of Topography

remote current
electrode A
< R remote current
electrode B
—

current lines

..... equipotential lines

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Contact Resistance

Ground

L = distance to the centre of the electrode [m]

r = radius of the electrode [m]

R = resistance [ohm ]|

p = resistivity of the surrounding ground [ohm.m]

NORPLAN Y
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Decrease the Contact Resistance

= Add extra electrodes

* |[ncrease current intensity

* |[ncrease diameter of current electrodes

= Hammer electrodes deeper into the ground

= Add water to the ground around the electrodes
= Add salt to water

Approx. 90% of the contact resistance contribution comes
from a portion of the ground around the electrode that is
equal to 10 times the diameter of the electrode.
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Coping with Noise

= Telluric Currents
= Man-made currents
= Metallic conductors in the ground

Solutions:

= Use Alternating Currents
= Stack the data

= Rejection filters

NORPLAN Y
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PART 3 — DC Resistivity Surveys

Types of Surveys

Constant Separation Traversing (CST)
Vertical Electrical Sounding (VES)
Field Sheets

N e
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Types of Surveys

1. Constant Separation Traversing (CST):
resistivity mapping along profiles to find lateral
anomalies in resistivity. Current & Potential
electrode separation is fixed, and move along
the profile.

2. Vertical Electrical Sounding (VES): vertical
resistivity mapping. The electrode spread is
expanded about a central point.

3. Electrical Resistivity tomography (ERT),
also known as Electrical Imaging, is a
combination of CST & VES.

NORPLAN Y
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Constant Separation Traversing (CST)

- - -

Apparent resistivity (ohm.m)

=

distance (m}

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Constant Separation Traversing (CST)

AMNB AMN B
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distance (m)

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Constant Separation Traversing (CST)

I )

(wrwyo) Ayansisal yuaieddy

distance (m)
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Constant Separation Traversing (CST)
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Constant Separation Traversing (CST)
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Interpretation of CST

large array

T e s - ———

|
tance

d

small array

p2

:
:
Z

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Interpretation of CST

RESISTIVITES ELECTRIQUES APPARENTES EN OHM'M
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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Resistivity Traversing

HORIZONTAL DISTAMCE, IN METERS
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Figure 7.—Horizontal profile and inferpretations over a shallow grovel deposit in Colifornia (Zohdy, unpub., data,

1964; Zohdy, 1964) using Yyenner array at a = 7.13 meters.

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Apparent Resistivity Map

EXPLANATION
—l

Horizontal resistivity
profile (a = 30 FEET)

A Test well

ol9

Electrical sounding

I U
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ohm-meters
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L=
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Figure 8.—Apparent-resistivity mop neor Campbell, Colif. Unpublished dato obtained by Zchdy (1964) using
Wenner array, Crosshatched oreas ore buried stream chonnels containing thick gravel deposits.  Stippled areos
are gravelly clay deposits.

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Resistivity Profile over Buried Stream Channel
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Figure 9.—Horizontal profiles over a buried stream channel using two electrode spacings: o = %.15 meters (30
feet) and o = 18.3 meters (60 feet) (after Zohdy, 1964), VES 4 marks the location of on electrical sound-
ing used to aid in the interpretation of the profiles.

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations NOR PLAN @
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Mapping Buried Stream Channels
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Figure 39.—Resistivity profile and geclogic section, Penitencia, Calif. (after Zohdy, 1964, 1965). Horizontal pro-
. file obtagined using Wenner array with electrode spacing a = 6.1 m (20 feer).

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Mapping Buried Stream Channels
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Mapping Buried Stream Channels
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Figure 42 —Apparent -resistivity profile and geologic interpretation over buried channel, neor Salisbury, Md, Data
obtained by Zohdy and Jackson in 1946,
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Vertical Electrical Sounding (VES)
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Vertical Electrical Sounding (VES)
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Source: http://www.tomoquest.com/Lectt
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Vertical Electrical Sounding (VES)
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Vertical Electrical Sounding (VES)
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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DC Resistivity Field Sheets - Sc

SCHLUMBERGER ARRAY
FIELD SHEET NORPLAN Y
Sounding No.-
Cov [East:

Equipment: Coordinates North:

Operatar: Azirnuthi:

P ff:%émﬂ Pa—'f#

K for
[P B FEETY Y ) Y ! e
inm im 10m sm 200m inmillivofts [my] | in millamperes [ma) in ghr-m {0m)

1 1 235
2 2 118
3 3 27.5
1 a 485
2 5 T
3 6 nz
1 B 200
2 1o 313
3 15 05 GLE
1 a1} 1750 118
2 5 1960 188
3 30 2520 275
1 35 3850 377
2 a0 5020 485
3 50 TE50 TED
1 &0 11300 | 1120
2 0 15400 | 1530
3 50 20000 | 2000 258
1 100 31400 | 3130 473
2 125 4500 T
3 150 7050 1130
1 175 9600 1560
2 200 12500 | 2040
3 250 18600 | 3230
1 300 25200 | 4660
2 350 6360 1766
3 400 8300 2360
1 450 10500 | 3000
2 500 15000 | 3760

E 8 T8 80

4

& B T E 80

F

FE 810

o m Gamro 0 v =

1

um

Eawr w

perger

Sounding No.:

HI
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PART 4 — VES Interpretation

N O O~ wDdRE

Schlumberger — Wenner comparison
One & Two Layer Models

Three Layer Models

Effects of Innomogeneity

Correcting Sounding Curves
Principle of Equivalence

Principle of Suppression
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Comparison: Wenner & schlumberger Arrays

ELECTRODE SPACING, AB/2, IN FEET

lrf.'l 20 =11 100 200 500 1000 2000 2000 10,000
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ELECTRODE SPACING, AB/2, IN METERS

Figure 11, —Comparison between four-layer Schlumberger and Wenner sounding curves. Electrode spacing is 'AB/2

for both eurves,

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations NOR PI_AN @
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VES: 1 & 2 Layers
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(ohm.m)
107
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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VES: 2 Layers

10° 3
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Q ]
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10° 10’ 10 10’
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

NORPLAN Y



VES: 2 Layers
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

NORPLAN Y

56



VES: 3 Layers

P1>P2>P3 @)
Pa
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php
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VES: 3 Layers
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Sounding Curves Remain the Same on Log-Log

ELECTRODE SPACING, AB/2, IN FEET
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ELECTRODE SPACING, AB/2, IN METERS

Figure 13.—Logarithmic plot of sounding curves. The loyers in model 2 are three times os thick os model 1 the
layer resistivities in model 3 are five times as large as model 1; however, the shapes of all three curves are iden-

tical,

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations NOR PI_AN @
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Sounding Curves Are Different on Normal Plots!

ELECTRODE SPACING, AB/2, IN FEET
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Figure 14.—Lineor plot of sounding curves, Earth models are the same as in figure 13. Curve form is not preserved.

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Schlumberger Sounding Curves — 3 Layer
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Figure 18.—Exomples of the four types of three-layer Schlumberger sounding curves for three-loyer Earth models,

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Schlumberger Sounding Curves — 4 Layer Earth

ELECTRODE SPACING, RB/2, IN FEET
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Figure 19.—Exomples of three of the eight possible types of Schlumberger sounding curves for four-layer Earth models.

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Schlumberger Sounding Curves — Vertical Contact
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Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Cusp in Sounding Curves

ELECTRODE SPACING, Iﬁﬂ IN FEET
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Figure 29 —Distortion of sounding curves by cusps coused by loteral inhomogeneites,

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations

NORPLAN Y

64



Sounding Curves Distortion

SCHLUMBERGER ELECTRODE SPACING, AB/2, IN FEET
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Figure 30,—Example of @ narrow peack on a K-type curve, coused by the limited lateral extent of a resistive mid-
dle layer (ofter Alfano, 1959). Reproduced with permission of "“Geophysical Prospecting.”

Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Correcting Distorted Sounding Curves

ELECTRODE SPACING, AB/2, IN FEET
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Source: USGS Techniques of Water Resources Investigations — D1 Application of Surface Geophysics to Ground-water Investigations
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Figure 31.—Example of a distorted HK-5chlumberger curve and the method of correction.
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Sounding Curves Distortion
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Figure 32.—Examples of tares {dlscmtmumes} on Schlumberger curves coused by a near vertical dikelike structure.

196%a). Reproduced with permission of “Gecphysics.”

Source: USGS Techniques of Water Resources nvesugatlons ny Application of Surface Geophysics to Ground water Investigations
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Principle of Equivalence

Transverse Resistance
EQUIVALENCE TYPEK _ (P1<P2>P3)
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

Longitudinal Conductance

(P1>P2<P3)
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Principle of Suppression

SUPPRESSION TYPE H and A
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Source: http://www.tomoquest.com/Lectures_in_Geophysics.php

SUPPRESSIONTYPEQ (P3<P2<P1)
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Calibration Sounding

Calibration soundings are carried out to determine the
precise resistivity of a formation.

This reduces the problem of equivalence.
VES near a borehole with downhole geophysical logs

Or on an outcrop.

ALWAYS DO AT LEAST ONE CALIBRATION SOUNDING!

Source: http://www.tomoquest.com/Lectures_in_Geophysics.php NORP N @
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