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3.2.1.3 NVIAANDU (Attenuation)
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31N 3.2-1 Typical relative dielectric permittivity, electrical conductivity, velocity and attenuation of electromagnetic

waves as observed in common geological materials at 100 MHz. (modified after Davis and Annan, 1989}

Material £, G (mS/m) V (m/ns) & (dB/m)
Air 1 0 03 0
Fresh water 80 0.5 0.033 0.01
Dry sand 3-5 0.01 0.15 0.01
Saturated sand 26-30 0.1-1.0 0.06 0.03-0.3
Limestone 4-8 0.5-2 0.12 0.4-1
Shales 5-15 1-100 0.09 1-160
Silts 5-3¢ 1-106 0.07 1-100
Clays 5-40 2-1000 0.06 1-300
Granite 34 0.01-1 0.13 001-1
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Incident wave Reflected wave

iﬂﬁ 3.2-1 Refraction and reflection of GPR wave
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) . o ) i - 4 Y = A A
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¥1119 transmilting antenna LAY receiving antenna SN 4 WeiftufuIzEzNTRITesRe Saunsnldrums G.2-
14) unrefing'ld mdulszAnnametouduavsududnid hinnndumavemdursioundumis o 31
wiindule (&) > (6)7 M R wisunnileswouldgavesndunsiouiinigs Fauadidiefianmuanaiu
1NYOL £, 1% firarevdoveatindo wioTagRidiulans farzdusuh WWaunmunnd e £ woauuksileg
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»
guunnnsndunald Samwsodmuanwinuesszdanihliaule
3.2.1.6 prammmIi vz wdnveanlaz Reundu

» i _dw i o _ -
Tunsdirrsd GPR nanaulflumainaoui l-ndu (two-way travel times) unzuoudgavesdgygu
4 o o w o o L. 4 o d d 4 .
adufinsRounduinzgniufine113Tau receiving antenna AduimANn T192:AAOUNIN transmitting antenna naz
—a ' - - oo ] - e ] d A o 4 o
mviouirITouAevesANaN ANWANTWITesRenTsRIrzReumITod I A infin S vesndufindoud

ludnaunudNIUuR1TBsHE

25=vt

vif =x? +4k?

(v1)

e (ve) -x*
4

iﬂﬁ 3.2-2 The symbol S denotes the travel path of a reflected wave, The depth to the reflector (h) can be calculated

from the equations related 10 the travel time (1) of the reflected wave and antenna offset (x).
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]
:ﬂn 3.2-3 Diagram showing a) the antenna geometry for a common-offset GPR reflection survey and b)
hyperbola pattern shows in 2 time section as a result from diffraction of EM wave. Tx_is the transmitting

antennz location: Rx_ is the receiving antenna location: x _ is the midpoint between the antenna offset.
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3. 1%7871135 Commeon Mid Point (CMP) 130 Wide Angle Reflection and Refraction (WARR) (pJ'n 3.2-5)
a - d o o & ' &
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4 o > < -
wdeud Insznufuiagang Tudanma
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322 181]1.!1!00!&?0% GPR
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Display unit

Control unit

rC

Data and commands

Target

< . .
Iﬂﬂ 3.2-4 A schematic diagram of the GPR system. The transmitter and receiver antenna are connected

to the control unit through optical fibres.
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dyow Ffun13@1I991UY Common-Mid-Point (CMP) 30 1LY WARR ﬁmmimﬂﬂum:mmmt's’wmnﬁu

GPR Wiudy

TK3 TX; Txl R.X| RX_Z RXJ Tx R.X] RX: RX3 RX4

(a) (b)

4
11]1\ 3.2-5 GPR geometry (a) CMP survey and (b) WARR survey. Tx_is the transmitting antenna

location and Rx_ is the receiving antenna location.
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3.2.4 niuveya

zﬂﬁ 3.2-6 Field survey of common-offset GPR reflection with antenna offset 0.6m.
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Iﬂﬁ 3.2-7 Test profile close to the deep well JICA2 using different antenna frequencies, (a) 50 MHz,
(b) 100 MHz and (c) 200 MHz.
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