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Dam Geophysics: where to use it

• Site selection & feasibility

• Geotechnical characterisation

• Materials location & mapping

• Problems & Safety
- leakage/contamination
- unstable slopes
- integrity 
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Advances in geophysical imaging parallel advances i n medical imaging
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Geophysics + Geotech. 
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Geophysics supplements 
traditional methods & 

enhances ground knowledge
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Density, porosity, saturationRadioactivity Nuclear

Saturation, strength, density, stabilitySeismic velocitySeismic 

PermeabilityGroundwater flow Self Potential

Groundwater/contaminant flowTemperatureThermal

Salinity, saturation,clay content, 
porosity

Electrical resistivity
(=1/conductivity)

Resistivity

Fluid contentDielectric constant Radar

Salinity, saturation,clay content, 
porosity

Electrical conductivityElectromagnetics

Magnetic iron contentMagnetisationMagnetics

DensityMass excess/deficiencyGravity

General Relationships with other 
properties

Derived ParametersGeophysical 
Methods



Soils & Rocks



Geophysical Response = physical property contrast

x

active volume

x

n = 2 to 5 1/distance (or depth) n

x

primary field



Type Material Property Order of 
Magnitude 
Variation

Geotechnical Stiffness/strength 6

Permeability 13

Density <1

Geophysical Electrical conductivity 6

Seismic velocity 1

Seismic wave attenuation 4

Structural Made to specification (e.g. steel) <<1



Stratigraphy, fractures/voids, groundwater Borehole Logging

Bedrock mapping, excavation, lithologies, fault & shears, 
slopes, strength, voids, liquefaction

Seismic 

Faults & contacts, slopes, leakage, groundwater 
contamination

Resistivity

Voids in concrete structures/tunnel liningRadar

faults/contacts, leakage, groundwater contaminationElectromagnetics

Igneous rocks, lithologies, faults & contactsMagnetics

Buried river channels, voids in karstGravity

Examples of Applications to DamsGeophysical Method



Gravity



Application of Gravity to Dams

• Site Characterisation

– Bedrock mapping in valley
– Sediment volume/stored water estimations
– Void & cavities in karst



Density of Natural Materials
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MAGNETICS



Application of Magnetics to Dams

• Site Characterisation

– Identifying magnetic lithologies e.g. intrusions
– Mapping contacts & faults
– Locating and mapping igneous rock borrow 

areas



Internal component of the 
Earth’s magnetic field

External component of the 
Earth’s magnetic field



M = k F
F

ROCK  MAGNETISATION = INDUCED +  REMANENT 
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Resistivity
Ohms Law

R = V/I  

Siemens/metre

Siemens





Application of Resistivity to Dams

• Site Characterisation
– Mapping of lithologies
– Locating contact, faults, shears, voids
– Bedrock mapping in valley floor & sediment classification
– Locating & mapping clay borrow areas

• Problems
– Identifying leakage and unstable zones in embankment 

walls & slopes
– Locating groundwater contamination



Electrical resistivity of 
earth materials 





Lithological & soils mapping with Electrical Resistivity Imaging



ERI in highly 
variable 
conditions
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Resistivity Imaging for Dam leakage : Granite terrai n

Jointed granite
Approx. 
Bedrock Surface

Leakage zones



Application of Self Potential to Dams

• Problems/safety

– Identifying leakage inflow & outflow regions



Streaming Potential
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Self Potential & Resistivity

Leakage site



Application of Electromagnetics to Dams

• Site Characterisation
– Mapping of lithologies
– Locating contact, faults, shears, voids
– Locating & mapping clay borrow areas

• Problems & Safety
– Identifying leakage and unstable zones in 

embankment walls & slopes
– Locating groundwater contamination
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Ground Penetrating Radar 
(GPR)

GPR GPR -- uses reflected electromagnetic 
pulses to sense below ground



Application of Radar to Dams

• Problems/Safety

– Voids & defects 
– Foundation conditions



capacitor Material

Dielectric constant (K)

K

Good Concrete



Radar reflection at interfaces

Reflected energy = R x Incident energy

Dielectric Constants



Layer 1

Layer 2

Layer 3

GPR image Section
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 Drill depth Recovered 
brick thick. 
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Seismic Technologies

• Seismic Refraction

• Multiple Analysis of S-waves (MASW) 

•Surface-to-Borehole Seismic (STBH)

• Crosshole Seismic (CH)

• Vertical Seismic S-wave Profiling (VSSP)

• Seismic Cone Penetrometer (SCPT)
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Shear Modulus ( µ) and S-wave Velocity

ρ : density

Poisson’s Ratio and Seismic Velocities
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Soils



>1.68Very dense>50

0.73 to 1.68Dense30 to 50 

0.52 to 0.73Medium dense10 to 30

0.43 to 0.52Loose4 to 10

<0.35 to 0.43Very loose0 to 4

Seismic Velocity 
(km/s)

Geotechnical 
Classification

SPT N-value

3.5 – 7.0Very high strength 
rock; stressed

> 60

2.5 – 3.5High strength rock; 
stratified, jointed

20 to 60 

2.0 – 2.5Medium strength rock10 to 20

< 2.0Low strength rock< 10

Seismic Velocity 
(km/s)

Geotechnical 
Classification

UCS (MPa)

SOILS (in situ)

Standard

Penetration

Test

ROCKS (lab.)

Unconfined 

Compressive
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Application of Seismic Refraction to Dams

• Site Characterisation

– Mapping of lithologies
– Excavation conditions
– Locating contact, faults, shears, voids
– Bedrock mapping in valley floor
– Locating & mapping hard rock borrow areas

• Problems & Safety

– Unstable zones in embankment walls & slopes

– Seismic & Liquefaction assessments 



Seismic 
refraction uses 
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refracted P-
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KWAE NOI RIVER

SEISMIC REFRACTION STUDY 

Right abutment



Seismic 
refraction 
data 

Initial 
interpretation



FINAL INTERPRETED SECTION



Application of Shear Wave Methods to 
Dams

• Site Characterisation

– Conditions at buried valley margins

• Problems & Safety

– Unstable zones in embankment walls & slopes

– Seismic & Liquefaction assessments 



Soils



>900Rock 

500 to 900Very Stiff soils

200 to 500Stiff soils

100 to 300Soft soils

<100Very soft soils

S-Wave Seismic Velocity (m/s)Geotechnical Classification





Rayleigh (R) wave motion

http://www.kettering.edu/~drussell/Demos/waves/wavemotion.html
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Combined P &  S wave seismic sections



Application of Borehole Seismic Tomography to 
Dams

• Site Characterisation

– Detailed mapping of weak zones
– Grouting effectiveness
– Bedrock mapping across river

• Problems & Safety

– Unstable zones in embankment walls & slopes

– Voids in concrete dams 



ADVANCED

PROCESSING



A 3D IMAGE IS CONSTRUCTED FROM A SERIES OF 
SLICES IN 2D IMAGE PLANES



Borehole 
Seismic



Impact source

SUBS FIELD SET-UP



Single Borehole Single Borehole -- Site Uniformity Seismic (SUBS) TestSite Uniformity Seismic (SUBS) Test

SUBS - extends the radius of 
investigation of  borehole

- is calibrated at the borehole 
with a Vertical Seismic Profile (VSP)

Seismic raypath section – uniform earth



Vertical Seismic 
Shear Wave 
Profiling (VSSP)

Crosshole Shear 
Wave Testing 
(CHST)
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•• Reduced Reduced ““ Ground RiskGround Risk ””

•• Reduced Reduced ““ Ground KnowledgeGround Knowledge ”” costcost

•• Increased innovative engineering opportunity Increased innovative engineering opportunity 

•• Faster delivery than traditional methodsFaster delivery than traditional methods

Benefits of Geophysics to  Dams ProjectsBenefits of Geophysics to  Dams Projects


