


Introduction to Resistivity Surveys






Drilling is expensive!
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R = Resistance (ohms)

R V = voltage (volts)
| = Current (amperes) o



What is Resistivity?



Ohm’s Law (1827)

R = Resistance (ohms)
R V = voltage (volts)
| = Current (amperes) -



Analogy with water

Voltage, V

Area, A




Problems with Resistance (R)

— Changing the length or diameter of the wire
changes the resistance.

— Resistance is NOT a fundamental
characteristic of the metal in the wire.

Area, A




Resistance (R) & Resistivity (p)

p = constant ¢




Resistance (R) & Resistivity (p)

p = constant of proportionality = Resistivity
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— Resistivity, p is a fundamental physical property of the metal in the wire



Resistivity, p = resistance per unit volume

— Units are ohm-m (ohm-meters)

1 Volt




Resistivity of Rock Forming Materials

RESISTIVITY SCALE FOR WATERS AND ROCKS

< 10 = salty/clay
salt water fresh water

|
1 10 100 : 1 000 10 000 ohm m
clay sand : gravel
altered rock hard rock
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Resistivity of Rock Forming Materials

RESISTIVITY SCALE FOR WATERS AND ROCKS

< 10 = salty/clay > 10 to 500 = aquifers 1 > 1,000 - 10,000 !
salt water fresh water hard.rocks

1 10
clay

100 1 0Q0 10 000 ohm m

sand , gravel

altered rock : hard rock
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Electrical Resistivity Profile
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Distance (m)



Vertical Electrical Sounding (VES)
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_AB/2(m)







Main Electrode Arrays



Schlumberger Array




Schlumberger Array

fl f'] i lll MN <= AB/5




Schlumberger Array

}l f'] i ill MN <= AB/5




Wenner Array




Use the Schlumberger Array
for groundwater exploration




Use the Schlumberger Array
for groundwater exploration

— It is faster: you only move 2 electrodes for most readings, not 4.

— It is more accurate: because MN and AB can be changed independently, lateral
variations between the MN electrodes can be detected. These near-surface lateral
variations could be misinterpreted in terms of depth variations in resistivity.




Use the Schlumberger Array
for groundwater exploration

— It is faster: you only move 2 electrodes for most readings, not 4.

— It is more accurate: because MN and AB can be changed independently, lateral
variations between the MN electrodes can be detected. These near-surface lateral
variations could be misinterpreted in terms of depth variations in resistivity.

— Deeper data: it has a slightly greater depth of investigation.




Depth of Investigation
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Response

. Depth of
Effective maximum
depth, Z, response, Z*

Z/L

Adapted from: Szalai,Sandor et al., 2009; Depth of Investigation and Vertical Resolution of Surface Geoelectric Arrays
Journal of Environmental and Engineering Geophysics(2009),14(1):15; http://dx.doi.org/10.2113/JEEG14.1.15



Response

Effective
depth, Z,
Median
Zn depth of
investigation

EFFECTIVE DEPTH (ZE) = the interval within the subsurface

of a homogeneous earth that contributes 50% of the measurement. Edwards (1977)



Effective Depth (Z;) — Wenner Array




Schlumberger Array Wenner Array




Schlumberger Array Wenner Array

%,
2E _ 0190 4 S5 is 19
L a
e.g. AB=300m, ; Zg - 2E = w =073

Zc Schlumberger =300%*0.190=57m L a3 3
Z: Wenner =300 *0.173=52m



Current
Flow Lines

Distance (m)




Current
Flow Lines

Distance (m)



Rule of Thumb:
Depth of investigation = 1/3 of AB Spacing

Equipotential

R Surface

| \
! Current Line




Rule of Thumb:
Depth of investigation = 1/3 of AB Spacing

e.g. AB=300 m

l Approx. 100 m

'Equipotential

Current Line Surface




2-Layer Apparent Resistivity Curves: Case 1
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2-Layer Apparent Resistivity Curves: Case 1

200 ohm-m

10 ohm-m




2-Layer Apparent Resistivity Curves: Case 1
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2-Layer Apparent Resistivity Curves: Case 2

I 10m 10 ohm-m

w50 Ohm-m
: w100 Ohm-m
w500 Ohm-m

5,000 ohm-m

w5 000 Ohm-m
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3-Layer Apparent Resistivity Curves: Case 3

oA B

i 5m 500 ohm-m

I 10 m 250 ohm-m

1,000 ohm-m

AB/2 (m)




3-Layer Apparent Resistivity Curves: Case 4

pd W

5m 500 ohm-m

I 5m 50 ¢chhm-m

9,999 ohm-m




3-Layer Apparent Resistivity Curves: Case 4

5m 500 ohm-m

Imo m 50 ohm-m

9,999 ohm-m




Ground surface

From Depth °
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Ground surface
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Interpretation Software
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Survey is expensive, slow, complicated...
only for special projects like new Salang tunnel, Afghanistan®
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VES-2

using Gosh linear
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