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Dielectric Conductivity Velocity Attenuation
Material constant (mS/m) (m/ns) (dB/m)
Air 1 0 0.3 0
Fresh water 80 0.5-30 0.033 0.1-20
Sea water 70-80 3,000 0.033 1,000
Dry sand 3-5 0.01 0.17 - 0.13 0.01
Saturated sand 20-30 0.1-1 0.06 - 0.05 0.03-0.3
Sandstone 2-3 0.21-0.17
Sandy soil 4-6 0.15-0.12
Limestone 4-8 0.5-2 0.15-0.11 0.4-1
Silt 5-30 1-100 0.05-0.13 1-100
Clay 4-40 2-1,000 0.05-0.14 1-300
Average “soil” 16 0.075
Gravels 4-8 0.15-0.10
Granite 4-6 0.01-1 0.12 - 0.15 0.01-1
Concrete (dry-wet) 4-12 0.5-5 0.08 - 0.15 0.1-10
Average “rock” 5 0.13
Asfalt 3-5 0.17 - 0.13

WWW.geo-sense.com

102 IR "T




NP'0'oIN'A

Nn'omianl N'N2'0

2.3 GHz - nniaa nxiz2ima poa 'y

Distance [m]
1 2 & s 8 T 8 9 18 1" 12
H 1 + i = 1 1 3 s

-
2
»
>
!

B T P it AX] R A e L L et L Y e REARA
, ™ A

- JAVA YA AAANNIYAAMANARLILNY MANGW, 1, VR RA A A
€ - V'V VY ?b,f'f‘AAAAAr/'«/«/'\/u_vfn.“é!\’“_’*AAf.fg
g U LOPAR T L ST U\ttt e | S
e PR AR ol I
a ey YN, > 3
TP Ty g TP 3 T T AN g P
("l_ -'3
[=] L
2112 nIvin
T T T T T T T r T '
1 2 s £ C 7 g H 1% 1 12
Distancs [m|
' rd - L4 T 8 10 n 12
1 N 1 : H i i h h
» 4
o =
e ~-.‘A-o.’~d‘=t"‘:‘r"--h R .-p-.a.v.-“n.w-..~~v.'o“0-m~..-w:‘».0n“—A-ﬂ D i S N e ]
s AV ::‘:h.: AN N A . AN u. ;‘ WS A LALAA A A
E | LA A ARG N T UAYS AL ) A ARARRAR AR ANSANAIERRNR o
o VA we o Ny iy -
£ |k vy vr LT ia | 3
o AN » - A vy e 3
o 2 A ':7:::"""“ v‘::rv." =
272 niom

WWW.geo-sense.com

T Y T
4 3 € T ] ] 10 1" 12

Distancs [m]

102 NN "T




WWW.geo-sense.com

G Ly NP'0'9IN"A
e de n'omn n'nao

(Mmm-7% nm t)

D'2ANIPNA 0"TIO' DI 0'Min - GPR

1207

!
R

nmen NN
MoRWNT 1P
"1 MNA M

|
Q

I
(2]

C
Ve = — TN waoa man
Jk
J_":i:‘“ :; aman oTEn
1.69-L Tm ‘20 N'wY
vk
d = %v,( Ama? powa

[10a NIXR"T




G 5 N'0'9IN'A
e n'omni n'nano

Receiver
RX

WWW.geo-sense.com

Two-way travel time

A
T

Horisiontal Position

Transmitter
TX

[10a NIXR"T




G 5 Nj'0'9IN'A
e de n'omn n'nao

WWW.geo-sense.com

D"DNN 22 NN1YX

.

_depth_

V(e-1)

€ =relative permittivity

a:i-g-
4

). = wavelength
b=a/2

-~ —

depth

_..’ e y
X
.~~\\[!

A

Z

Sufface

102 IR "T




G 5 NP'0'9IN'A
e n'omn n'nano

WWW.geo-sense.com

D"DnNN D2 A0

SIMPLE LAYERED EARTH MODEL

AIR (Vy=.3m/ns )

Rx Tx

¢ LAYER 1 (V| < Vg)

.

LAYER 2 (Vp<Vy)

FIRST ORDER RAY PATHS (no multiples)

2
LAYER 1 air wave

wave

LAYER 2

Direct air wave
Critically refracted

Direct ground

4 Reflected wave
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GPR methods - Velocity Sounding (WARR)

* Velocity sounding is a way to estimate
the velocity of the signal in the subsurface

* Wide Angle Reflection Refraction (WARR)
and Common Mid-Point (CMP) gathers are
the two most common methods for
velocity sounding. Both methods require
separable transmitter and receiver.

* WARR requires a flat horizontal reflector
but is quicker and easier to perform

* CMP gathers are more cumbersome to do
but requires only a point reflector
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GPR methods - Velocity Sounding (CMP)

* Velocity sounding is a way to estimate
the velocity of the signal in the subsurface

* Wide Angle Reflection Refraction (WARR)
and Common Mid-Point (CMP) gathers are
the two most common methods for
velocity sounding. Both methods require
separable transmitter and receiver.

* WARR requires a flat horizontal reflector
but is quicker and easier to perform

* CMP gathers are more cumbersome to do
but requires only a point reflector
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* Velocity sounding is a way to estimate
the velocity of the signal in the subsurface

» Wide Angle Reflection Refraction (WARR)
and Common Mid-Point (CMP) gathers are
the two most common methods for
velocity sounding. Both methods require
separable transmitter and receiver.

* WARR requires a flat horizontal reflector
but is quicker and easier to perform

* CMP gathers are more cumbersome to do
but requires only a point reflector
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Electromagnetic (EM) Velocity

Calibration
GPR direct Measurements of a known wall

em Velocity,,,, = Thickness,,, / EM
Time,,

Thickness,; = 0.75 £ 0.03 m
Time,,, (average) = 7 £ 0.5 ns

EM Velocity,, ~ 0. 107 + 5% m/ns

e

Tl AL

Calibration Wall
Thickness = 0.75 + 0.03 m
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1.2 X 1.2 m concrete slab

Imaging depth range 6 x 9 cm
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1.2 X 1.2 m concrete slab

Imaging depth range 9 x 12 cm
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1.2 X 1.2 m concrete slab

Imaging depth range 12 x 15 cm
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