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Tentative indication of sutability of various geophysical methods. It 1s assumed that basic boundary conditions have been fulfilled; for
example, no highly conductive materials present in topsoil where a ground radar survey 1s to be done of the under laying rock mass.

Method Artifacts, pipes,  Property Structure
foundations, etc.  determuination for Low contrast™ High contrast®
geotechnical purposes  Simple™  Complex™* Simple**  Complex™*
Seismic  Refraction —— + — — 44 —
Reflection - + + — 44 +
Tomography — — + ++ ++ ++ ++
Electro- Low frequency ++ —_ — - _ __
magnetic  groundradar ++ —— ++ + ++ ++
Geo- Normal - —— — — 44 +
electrical  2/3D 1maging — —— ++ ++ ++ ++
Self-potential —— — — — — —
Gravity — + — — 4 +

—— = not suitable, — = marginal, + = good, ++ = very good.

* Low and high contrast refer to the contrast in property values measured between the different materials that define the structure. **
Sumple and complex structure refer to the complexity of the structure to be measured, for example, simple should be something like
two horizontal or slightly inclined layers, e.g., a topsoil layer on a rock slope, complex should be a series of irregular layers and objects,

e.g.. a debnis flow deposit.
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Methods Rock | Soil slides | Quick clay | Rock | Property e.g. artefacts,| Ground
slides landshides | falls determination | pipes, water/solil
for foundations | moisture
geotechnical
purposes
Seismic | Refraction/Reflection |+ - + ? + /() R
methods | Tomography + + - - + (+) z
Passive seismic + + - B - 2
Surface waves ? ? + - - -
Electro- | Low frequency + + - + 2%
magnetic | Ground-penetrating + + - + = I +
methods | radar (GPR) (depends
(EM) on clay
content)
Resistivity measurements + + - ? - (+) T
Self-potential (SP) + B - - - - e
Induced polarisation (IP) - - - - - - +
Gravity ? ? - + + - E
Magnetism ? ? - 2 2 3

+ = suitable, (+)

= partially suitable, - = not suitable, ? = depends on the site or needs further analysis

(Bell et al.

20086)
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Method Parameter -information Geological context Landslide type Application Authors
Seismic reflection | Vp, Vs, 2D vertical sections Soft sediments (sand to clay) Earth slide-debris flow(o=25%) Geological boundary (80 m) Bichler ef al. [2004]
Vp, Vs, 2D vertical sections Gypsum, shale and sandstone Complex active slide (a=10°) Slip surface (50 m) within a gypsum layer | Bruno and Marillier [2000]
Vp, Vs, 2D vertical sections Phyllitic rocks, gneiss Rockslide (0u=26") Internal geometry (layering, faults) Fermucci ef al [2000]
Seismic refraction | Vp, Vs ‘Weathered marls and limestones | Active complex slide (0=7") Slip surface (3 m) Glade ef al. [20053]
Vp, Vs Limestone, shale and debris Active rock fall-debms slides Relief of the bedrock (30 m) and internal Mauritsch ef al. [2000]
structure
Vp, Vs Black marls Complex mudslide (a=26) Basal slip surface (9 m) Caris and Van Asch [1991]
Seismic Vp. 2D vertical sections Shale Translational rockslide (vertical cliff) Geometry of the slide (5-10 m) Jongmans ef al. [2000]
tomography
Vp. 2D vertical sections Micaschists Rock slide (0=32") Characterisation of the shide matersal — Meénic ef al [2005]
lateral boundary
Seismic noise Vs, 1D vertical profile Varicoloured clays Cumplex earth shde- Quw (u=97-107) Thickness of slide (30 m), dislocated Lapenna ef al [2005]
measurements material
(H/V method) Vs, 1D vertical profile Black marls Complex mudslide {o=25) Faiture surface (35 m) Ménc ef al [2006]
Vs, 1D vertical profile Varved clays Translational slide {o=10) Slip surface (27-37 m) and bedrock depths | Ménc ef al [2006]
(33-62 m)
Vertical electrical | p, 1D vertical profile Clayey arenitic rock Composite soil-rock slump (o=6") Slip surface (100 m) Apmnesi [2005]
sounding (VES) p. 1D vertical profile Black marls Complex mudslide (a=25) Slip surface and bedrock depths (15 m) Schmmtz ef al [2000]
p. 1D vertical profile Black marls Comp lex mudslide (0=25) Bedrock depth (7.5 m) Carnis and Van Asch [1991]
Electrical p. 2D vertical section Limestone to shale Rock slide (0=22) Slip surface depth (10 m) Batayneh and Al-Diabat [2002]
tomography p. 2D vertical section Soft sediments (sand to clay) Earth slide-debris flow (o=25) Geological boundary and slip surface depth | Bichler ef al. [2004]
p. 2D vertical section Alluvial debris on gneissic rock | Large rockslide (o=40%) 3D slip surface geometry and water flows | Lebourg erf al. [2005]
p. 2D vertical section Clay and sand Multiple earth slide (=8") Geological boundary and slip surface depth | Demoulin ef al. [2003]
p. 2D vertical section Varicoloured clays Complex earth slide-flow (0=9°-10°) | Slip surface depth (30 m) Lapenna ef al [2005]
p. 2D vertical section Arenite and clay Slip surface depth (20 m) Havenith et al. [2000]
p. 2D vertical section Micaschists Large rockslide Lateral boundaries and thickness of the Meéric ef al [2005]
rockslide (100 m)
p, 2D vertical section Clayey sand over crystalline rock Slip surface depth Wisen ef al. [2003]
Spontaneous V. 1D horiz. profile and 2D map | Gypsum, shale and sandstone Complex active slide (a=10%) Upward flow of water on the landshde Brumo [2000]
Potential (SP) V. 1D horiz. profile and 2D map | Varicoloured clays Complex earth slide- flow (u=9°-10") | Landslide boundary, and water flows TLapenna ef al. [2005]
Electro-magnetism | p, 1D horiz. profile and 2D map | Gypsum, shale and sandstone Complex active slide (0=10%) Lateral boundary of the shide Bruno and Marillier [2000]
(EM340r 1EM) [ p, 1D horiz_profile and 2D map | Micaschists Large rockshde Lateral boundary of the siide Meénc ef al. [2003]
p. 1D horiz. profile and 2D map | Black marls Complex mudslide (a=25") Shp surface and bedrock depths (15 m) Schomtz ef al [2000]
p. 1D horiz. profile and 2D map | Limestone and shale, debnis Active rock fall-debrnis slides Location of saturated areas Mauntsch ef al. [2000]
p. 1D horiz. profile and 2D map | Black marls Complex mudslide (a=26) Differences in water content Caris and Van Asch [1991]
Ground penetrating | g 2D vertical sections Soft sediments (sand to clay) Earth slide-debris flow (a=25) Geological boundary and slip surface depth | Bichler ef al [2004]
Radar (GPR) g, 2D vertical sections Limestone Rock slide Geometry of the moving mass (5m) Petinelli ef al. [1996]
g 2D vertical sections Limestone Rock shde Location of fractures (15 m) Jeannin ef al. [2005]
Borehole radar Gneiss Location of fractures (49 m) ‘Willenberg ef al. [2004]

(Jongmans & Garambois 2007)
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Electrical Resistivity Tomography(ERT)
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To help people understand the limitation of what they
can achieve through geophysics and much more on the
value of compromise, consensus, and collaboration.
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e Joint inversion

Y1l avavald

- Geophysicist

- Geophysical inversion is a non-unique
process: many models produce the
same response.

- A priori information must be included
in the inversion: smoothness, geology,
drilling, other geophysical data and
inversions, etc.

- Integrating other information improves
reliability and greatly increases the
acceptance of the inversion into the
exploration process.

- From a practical perspective, these
processes must be robust and easy to
use.

- Integration, Integration, Integration
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Survey line lenglh L

Target area length s Between
0.5D and D 0.5D and D

Electrode spacing:
Trade off between resolution and penetration depth
Usually, 2 m spacing for L=100 m
5m spacing for L=200 ~ 500 m
10 m spacing for L = 500~1000 m
Electrode spacing = 1/10~1/20 maximum penetration depth
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C) i P P, Wenner-Schlumberger | 2n+Da | m(n+1)a

o sec< na se<—2—>e |Dipole-Dipole +2)a | m(n+1)(n+2)a
Cyx) Ci Pi p, | Pole-Dipole (+D)a | 2m(n+1)a

a
® o< na >0—  —>0 Pole-Pole na V1
C,(0) Ci P11 P,()
° o< a >0 °

Characteristics of different electrode arrays
Depth Horizontal Signal

Array Ze/L Coverage Strength Resolution
Wenner 0.173 Poor Strong Vertical
Wenner- 0.173~0.19 Medium Medium Vertical-Lateral

Schlumberger
Dipole-Dipole 0.139~0.224 Good Low Lateral
Pole-Dipole 0.36 Good Medium Low Lateral

Pole-Pole 0.862 Widest Telluric noise Poor
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Structure complexity
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Qualitative Model Appraisal

Depth Iteration 6 RHS error = 3.8 %
8.8 36.00
1-13_ 1 L L 1 1 1 L 1 1

L.74]
1.2 ]

1088.0 144 .8 186.0 mn.
L ! ! L L L ! ! | L L L ! ! L ! | L L L ! ! !

72.8
! ! ! L L | ! ! L L !

17.8 |

Field Inversion

25.8
308.4

35.5 |

Inverse Hodel Resistivity Section

L) ] U JEmpeupeey  pemyEmyeyeay oy oy )|

18.8 16.9 28.6 48.3 81.6 138 233 394
Resistivity in ohm.m Unit electrode spacing 4.58 m.
150 50 18 2680 250 28 350 398 .
SOOI RSN - Synthetic true model
Resistivity model
Z 6.8 18.0 36.0 54.8 7z2.8 90.8 108 126 144 162 180 198
8.0
3.4
7.8

12

17
28

26

Depth  eration & RMS eror = 185 %
an X0 ran 108 144 a0 m

(RES
sre )
nz

143
e

216
%58
304 ]

e

Synthetic Inversion
i Invarse Modsl Resistealy Soclion

L] 1 ] |- |smjsnien] (=esimmjssias) ) ] ]

wo 16,1 %0 420 BT jii.) 1B X4



o
AL P

PIRE R : 315m
T EEFE: D om

j la, 1b : 10 Ohm. m
da, 3b : 50 Ohm.m
_ _ Fa : 100 Ohm.m
Dipole-Dipole Array 9 : 50 Ohm.m

7
vyl
Wl 5
£

W

!
i,

LY

LEE S L]
anmy. Pl



I 7 = 2,7 7
A= BT

N.W.L.2118 ‘ B A

7}( f:"‘.’:l K§

LWL 1650

o

L4




OD-ERT = 4 ph 5% iy

I N N N [ () .
B0 108 280 Jas Ana  te.8 e A8

Resistinity in shin Wit #lectrade spacing 500 m,

L

BlaE R 315m
TIEFEE: D m

LEE S P
M@Mﬁxﬁﬁﬁg@ |




2D-ERT= fa»c /s - ¥k

c R ALK R EEEE AL
o 41% SDEHE LAWY 0 BB B RIEE 2 IE
G 2y N ety

 3D-ERT & pseudo-3D ERT

s

L]
EEENECEEEDEDEEEN
00 [ & ® W M0

N s =
STAWA . o
o
CpeREeEReE 90 Grout curtain

b E sk
g B
=] 70 —
m -
S N

o 60 :- 3D effect

50 [~ 1 1 [l 1 I 1 1 1 1 I 1 1 1 1 I | 1 1 1 I | 1 1
0 50 100 150 200

Distance (m)

Resistivity: 80 90 100 110 120 130 140 150 160







0.2

=1
=

VECs-pwlpe
[=]
=

y = 0.8103x + 0.0233

+ EC,=0.10 S/m
o EC,=0.158 5/m
a EC,.=0.21 S/im
» EC,=0.24 S/m
¥ ECy=0.30 5/m
o EC,=0.37 S/im

0101 + EC,=0.40 Sim
- EC,=0.56 S/m
0.05 - y = 0.3714x + 0.0102 ' B
. R = 0.99
000 ~_Cohesionless
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Gravimetric Water Content
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A 1
(Sauer, 1955)

EC:f(Q, pd!Aes’ECw)

Generalized Archie’s law
— n Archie, 1942; Sh d Singh,2005
EC = aECWQ (Archie an and Sing )

Dielectric-analogous model
VEC p,, / pgy =C(A)+d(EC,)W in 199)

2

= EC=(d*)p*+2/ cd 22 |9 +|cLx
(p-l_ CpW + pW

Conductors in parallel model
EC = a(ECW)é?2 +b(A,,EC,)0 +c(A,,EC,)

(Rhoades et al. 1976; Mojid et al., 2007)
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Soil Moisture vs. Dielectric/Ec

Dielectric
4
35 1
3 .-
T 2
3 05| AT RP=09629
2z o
QU
52 R?=0.9622
X +« M1
5 15 s °
g #77 Re=0.066 o
1 — - Linear (M1)
05 1 - - - Linear (M5)
’ H —Linear (M3)
" (Lin, 1999) el
0 0.05 0.1 0.15 02 025 03

w

0=-53x10"7+2.92x107K, -

5.5x107" K; +4.3%x107° K;
(Topp et al., 1980)

K:aL+bL9

(Ledieu et al., 1986)
VKo =ap, +b0

JK,p,/ py =a+bw
(Siddique and Drnevich, 1995)

0.3 - "
o 0.25 1
QU
i
QU e
- w " s M1
v 0.2 4 = M2
é’ 4 M3
= x M4
g x M5
- - - Linear (M1)
0.15 1 T — Linear (M2)
. e — - Linear (M3)
. Linear (M4)
“ (Lln, 1 999) Linear (M5
0.1 ’ ‘ ‘ : ‘
0 0.05 0.1 0.15 0.2 0.25 0.3

w

JE _
Cpy=cps+d0 (Lin,1999)

Dielectric = f(0 ~ p4 ~ Soil Type)

EC =1(0 - py ~ Soil Type ~ EC,,
Soil Structure ~ wetting/drying history)
34



Unsaturated Soil Water Content and Electrical
Conductivity Characterization

Time Domain Reflectometry (TDR, cable radar)

Pulser
Coaxial Cable
Sampler
1.0 v . .
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5 0.0 Y .
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é l v ) Vi \
[
-1.0 . : . \
0 1 2 3 4 s »10
Travel Time, sec
v \4

35

Dielectric Constant Electrical Conductivity



TDR Pressure
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Process increases
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Probe Design
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Wetting/Drying Sequence of EC v. 6
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EC-0 relation
for groups of different wetting/drying speed
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Combine ERT with TDR for 0 Imaging

Resitivity section
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