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Dam Geophysics: where to use it

e Geotechnical
location & mapping
- leakage/contamination

- unstable slopes
- Integrity
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Advances in geophysical imaging parallel advances | n medical imaging




Geophysics + Geotech.
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Investigation Scale of Sample size/

Method Sample Site size
Traditional drill mm to m 1: 1,000,000
& sample
+ geophysics m 1:10,000

Geophysics supplements
traditional methods & ‘
enhances ground knowledge
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Geophysical Derived Parameters General Relationships with other
Methods properties
Gravity Mass excess/deficiency | Density
Magnetics Magnetisation Magnetic iron content

Electromagnetics

Electrical conductivity

Salinity, saturation,clay content,
porosity

Radar

Dielectric constant

Fluid content

Resistivity

Electrical resistivity
(=1/conductivity)

Salinity, saturation,clay content,
porosity

Self Potential

Groundwater flow

Permeability

Seismic Seismic velocity Saturation, strength, density, stability
Nuclear Radioactivity Density, porosity, saturation
Thermal Temperature Groundwater/contaminant flow




Solls & Rocks




= physical property contrast

X
active volume
X
n=2to5 1/distance (or depth)"
X

primary field



Type

Geotechnical

Geophysical

Structural

Material Property

Stiffness/strength

Permeability

Density

Electrical conductivity
Seismic velocity

Seismic wave attenuation

Made to specification (e.g. steel)

Order of
Magnitude
Variation

13

<1

<1



Gravity

Buried river channels, voids in karst

Magnetics

Igneous rocks, lithologies, faults & contacts

Electromagnetics

faults/contacts, leakage, groundwater contamination

Radar Voids in concrete structures/tunnel lining

Resistivity Faults & contacts, slopes, leakage, groundwater
contamination

Seismic Bedrock mapping, excavation, lithologies, fault & shears,

slopes, strength, voids, liquefaction

Borehole Logging

Stratigraphy, fractures/voids, groundwater
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Gravity



Application of Gravity to Dams

e Site Characterisation

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



Density of Natural Materials

| Material |[.‘Iensit v {(zm/cm” 3)
Air | ~()

| Water | 1

| Sandstone | 2.0-2.6

| Shale | 2.0-2.7

| Limestone | 2.5-1.8

| Crranite | 2.5-1.8

| Basats | 2731

|M etamorphic Rocks | 2.6-3.0
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MAGNETICS




Application of Magnetics to Dams

e 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




ROCK MAGNETISATION = INDUCED + REMANENT

Magnetic north  Geographic north
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RESISTIVITY (p0)

0= _RA

where R =

ohm-metres

ohms

Resistivity
OhmsLaw
R=VI/

CONDUCTIVITY (0)

g = G L Siemens/metre
A
I .
where G = —— Slemens

V
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Application of Resistivity to Dams

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

 Problems
— ldentifying leakage and unstable zones in embankment
walls & slopes
— Locating groundwater contamination



Resistivity (€2 m)
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Karst Features/Voids
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Effective Depth (m)

Resistivity Imaging for Dam leakage : Granite terrai  n
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Application of Self Potential to Dams

* Problems/safety

— Identifying leakage inflow & outflow regions



Streaming Potential

caused by flow of a liquid with certain electrnical properties
under a pressure gradient through a membrane, pipe, capillary,
or porous medium (with different electrical properties).

1
dmn

E, =-

K

.;'.&P.;{.F

E, = resulting electrokinetic potential;
E, = 0 1f higher potential is on the high pressure side
C = adsorption potential of double layer between solid and solution
k = solution dielectric constant (= effective permittivitly &)
AP = pressure difference (causing fluid flow through pore space)
p = electrical resistivity
= VISCosity
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Application of Electromagnetics to Dams

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

 Problems & Safety
— ldentifying leakage and unstable zones in
embankment walls & slopes
— Locating groundwater contamination



belNd 1€-INE

0D ¥3AEITY
AB (3SNIS 4007 INTHUND =0y \ \
| s Biiising
IIWINNG ONNONS i ___._ = P S .
= — oo | e Buyoid =
Sepae | AN suonedljddy -
_ ssfuosad i _| FUE SIFCRED
_m“‘m.mmﬂwm mm—.._wu_.__..___.._um,_ uoci2anpul
H U_#m___.__mMED._ﬂummm SANDY

sAaAINS (JW3) uoinlonpuj s13aubeuwiol}os|g



EM 34 profiles
around margin

|| EM34 & Res.
profiles

Possible leakage
zone

300

250 |—

Bulk H/\/ \ N
=2 conductivity

o
20 40 s0 80 100 120 140 160 180 200 220 240 260 280 300
-50
100 -

Chainage (m)

— HD - Comments

HD (toe) |




Ground Penetrating Radar
(GPR)

GPR - uses reflected electromagnetic
pulses to sense below ground




Application of Radar to Dams

* Problems/Safety

— Voids & defects
— Foundation conditions
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Radar reflection at interfaces

Kl .KZ Dielectric Constants

L E-K | 1K
R N

Reflected energy = R x Incident energy



Principles of Ground Penetrating Radar
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500 MHz GPR scan along tunnd liner
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Enlarged GPR Image
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Enlarged again
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120MHz GPR Antenna
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Seismic Technologies

. Seismic Refraction

e Multiple Analysis of S-waves (MASW)

sSurface-to-Borehole Seismic (STBH)

» Crosshole Seismic (CH)

 Vertical Seismic S-wave Profiling (VSSP)

- Seismic Cone Penetrometer (SCPT)
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Poisson’s Ratio and Seismic Velocities

o= \(; —-25/;2‘
i 2(\/p2 _Vsz)

Youngs Modulus and Seismic Velocities
2
Vp
3 V— = 4
E — IOVSZ S

2
Vol 4
Vs
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P - Wave Velocities

Steel

Intact Rocksd
Weathered Rocks |
Ice“
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Sand"

_____________________________

Clay
Sea Water
Fresh Water
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0 1000 2000 3000 4000 5000 6000 7000 8000

Compression Wave Velocity, V, (m/s)
coffey



SPT N-value Geotechnical Seismic Velocity
Classification (km/s)
0to 4 Very loose <0.351t0 0.43 SOILS (in situ)
4 to 10 Loose 0.43to0 0.52 Standard
: <= :
10 to 30 Medium dense 0.52 t0 0.73 Penetration
30 to 50 Dense 0.73 10 1.68 Test
>50 Very dense >1.68
UCS (MPa) Geotechnical Seismic Velocity
Classification km/s
ROCKS (lab)) ficat (km/s)
: <10 Low strength rock <20
Unconfined
: to edium strength roc .0-2.
P 10t020 | Medi h rock 20-25
Compressive
Strength 20 to 60 High strength rock; 2.5-35
stratified, jointed
> 60 Very high strength 35-7.0
coffey rock; stressed
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Application of Seismic Refraction to Dams

e 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 & Ligquefaction assessments



Seismic
refraction uses
critically
refracted P-
waves Waves
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D9N Ripper Performance
e Multi or Single Shank Ripper
¢ Estimated by Seismic Wave Velocities v
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Application of Shear Wave Methods to
Dams

e Site Characterisation

— Conditions at buried valley margins

 Problems & Safety

— Unstable zones in embankment walls & slopes

— Seismic & Liguefaction assessments
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Geotechnical Classification

S-Wave Seismic Velocity (m/s)

Very soft solls <100
Soft soils 100 to 300
Stiff solls 200 to 500

Very Stiff soils 500 to 900

Rock >900
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Rayleigh (R) wave motion

Counterclockwise elliptical
motion at surface
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Application of Borehole Seismic Tomography to
Dams

e 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
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RECONSTRUCTION ALGORITHM
IN COMPUTER

ADVANCED l
PROCESSING

RECONSTRUCTED CROSS-SECTION
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A 3D IMAGE IS CONSTRUCTED FROM A SERIES OF
SLICES IN 2D IMAGE PLANES
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SUBS FIELD SET-UP

Seismograph

Impact source
/ i P




Single Borehole - Site Uniformity Seismic (SUBS) Test

Seismic raypath section — uniform earth

SUBS - extends the radius of
Investigation of borehole

- Is calibrated at the borehole
with a Vertical Seismic Profile (VSP)
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Downhole Testing

& Horizontal Plank
with normal load

Vertical Seismic
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R12 = 212 + x2
REE = 222 + X2

EShear Wave Velocity:
| V. = AR/At

Crosshole Shear
Wave Testing
(CHST)
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Shear Wave
Profiling (VSSP)

Crosshole Testing

ASTM D 4428
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SUBS
only

Crosshole only

SUBS +
Crosshole

coffey



RL {m)

SEISMIC TOMOGRAPHIC IMAGE Seismic
SLOPE STABILITY ASSESSMENT Velocity

(km/sec)

-0 0 -0 40 3 20 -0 0 10 20
50 50

25
2.3
5 1

Unstable
dry soils

401 40 — (19

1.8
_ 1.7
30 15

30

1.1
1.0
0.9

Rock level 20

40 @ 20 0 0 10 20 0.7
Distance (m) relative to BH101 0.5
WEST Dense wet EAST 0.3
soils &
slumped
materials
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Benefits of Geophysics to Dams Projects

 Reduced “Ground Risk "
« Reduced “Ground Knowledge " cost

e Increased innovative engineering opportunity
 Faster delivery than traditional methods
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