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The Study on Groundwater Resources
Assessment in the Rift Valley Lakes Basin

Transient Electromagnetic
(TEM) Survey Workshop

| Outline of TEM |

Geophysical Survey
Tsugio ISHIKAWA

December 23, 2010

Ministry of Water and Energy
Japan International Cooperation Agency (JICA)

Purpose of the Study

» The production of hydrogeological maps

» To evaluate the groundwater potential of the major
aquifers

» The establishment of water supply plans for towns
of less than about 10,000 people

» Mapping Groundwater regions in the area with the
aim of improving the Ministry of Water and Energy
capacity in water supply planning

..........................................

.........................................

Understand aquifer structure and geometry

Provide information on water quality

Select test well drilling points

Comparison the electrical and electromagnetic sounding results
Comparison of the geophysical survey and the well drilling data
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Location of Project Area

Cantral African Republic

Congo, URC
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Geophysical Sites
Rift Valley Lakes Basin

O :VES
0 : TEM(TDEM)
Y¢: Both Surveys

Drilling number
:Well drilling site

(except No.9 and No.10)
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Progress of the Geophysical Survey

2010

Item of the work Quantity
Mar. Apr. May Nov. Dec.
Survey Point|
VES.VertlcallEectrlcaI 10Sites First Field Survey
Sounding 100
. . !
HES:Horizontal Electrical | 15lines,
Sounding 7215m
Second Field Survey
TEM:Transient 12Sites, Y l
Electromagnetic survey 50 [

Geophysical methods for
Groundwater Exploration
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Classification of Electrical
Methods

Electrical

Electrical Methods—

Electromagnetic

=

What does geophysics detect? @

#Electrical conductivity i
Presence of conductive materials !
Clays versus sands and gravel |

@ Magnetic susceptibility |
Amount of magnetic minerals i
Volcanics versus sediments '

__________________________________________
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Measurement Instrument
(Resistivity)
T e o]

STING R1
Output current : 1~500mA

Electrical Properties
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Quantity of Electrical Soundings
- Total number

Region W.eII drilling Site area Vertical ! Horizontal
site No. Electrical electrical

Berta/Meki 10 1line, 500m

Oromia 3 Oyne-Umbure -Chefo 10 1line, 500m

10 Brindar 10 3lines, 1500m

1 Abaya Chokare 10 2lines, 775m

4 Chancho 10 1line, 500m

5 Fango Damot 10 1line, 500m

SNNPRS 6 Lajo/Yaye 10 1line, 500m

7 Arbaminch 10 2lines, 1000m

8 Walesa 10 1line, 500m

9 Beresa 10 2lines, 1000m

Total 10 10 100 15lines, 275m

Electrode Configuration

I O

Wenner array

A M

I (1)
I U

N B

Schlumberge array

HES

(Horizontal
Electrical
Sounding)

!

VES

(Vertical Electric
Sounding)
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@—— @ Electrode interval ( 50m)
Ao A Electrode interval (100m)

# VES Point

100

w

1

[VES10-1

ohm-m

[VEsi0-2] | [VES10-3]  [VES10-4]

SR

[VES10-7] [VES10-9]

[VES10-5 ]

[VES10-8] [VES10-10 |
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Apparent resistivity profile by horizontal electrical sounding (BH10)

Interpretation by inversion

) ‘ B2-8

10

z ) 1st-2nd:topsoil

£

S 10004 B

E ] Qﬂ‘\ A 3rd:dry

5 1 g pyroclastic(tuffs,

A S o volcanic,ash)

E 100*E q

N 4th:Highly

o 1 weathered /

ol . fracture rocks or

T L m‘no o pyroclastic(water
1 10 100 1000 RESISTIVITY (otm-m) bearing aquifer)
AB/2 (m)

Analytic example of the Electric survey site BH-2 (Berta/Meki) in Oromia
region.

The left figure shows the match The right figure shows the
between the field curve and the interpreted subsurface
theoretical curve computed for the resistivity structure.
interpreted resistivity structure.
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Electromagnetic Methods

— Natural

L |Artificial

MT
VLF
CSAMT

TDEM

Passive

Freq. Domain

Active

Time Domain

Magneto-tellurics
Very low frequency
Controlled Source Audiomagnetotellurics

SLINGRAM (This method was originally developed

and used in Sweden in the 1930s)
Time Domain Electro-magnetic (also TEM)

MT

VLF

CSAMT
SLINGRAM

TDEM
TEM

 What is electromagnetic method?
Geophysical methods
using electromagnetic phenomena
 What is electromagnetic phenomena?
Currents create magnetic fields
Change of magnetic field creates
electromotive force




gooooobbobbooobaob gboooooboooood
gbobooooobo obboboboboobbomobooboot gboobooood

WS-1 . TEMERE DHE

Various EM Equipment

VLF Receiver / Transmitter

Operating frequency

4| 15KHzto 28KHz,
8§ depending on VLF
broadcasting
station

EM16 / EM16R / TX27

Ground Conductivity Meters

Operating frequency

14.5 kHz
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Ground Conductivity Meters

= Operating frequency

9.8 kHz

Ground Conductivity Meters

Intercoil Spacings &
Operating frequency

10 m at 6.4 kHz
20 m at 1.6 kHz
40 m at 0.4 kHz
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Slingram

MAXMIN 1-8

frequency range of which
is from 110Hz to 14.08KHz.

TECHNIQUE USED IN THE FIELD

(Time Domain Electro-magnetic
Method)

/
TEM

(Transient Electro-magnetic
Method)
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TDEM / TEM

CENTRAL LOOP TEM SYSTEM
RECEIVER WITH
CENTRAL

* Pulse current in outer loop,
measure signal in inner loop from
“smoke rings” of current induced
by magnetic field.

* TDEM depth often< 300 m, <<MT

TIME (msec)

TEM TEM

DATA INTERPRETATION
APPARENT .. .
RESISTIVITY RESISTIVITY
l[O}I_I:!-H_:I_ ; (OHM-M)

10 " fon

g
=
=

(w) HLd3Q

* No electrodes so no static
distortion

¢ Focused so less 2D/3D
distortion

* Noisy data or no signal is
sometimes misinterpreted

EDDY CURRENTS

TRANSMITTER
— WIRE LOGP
A ANTENNA
GROUNDY

e el =

&) Eddy currents
immediately after
current twmaff

TRANSMITTER
_— WIRE LCOP
7 ANTENNA

| .~
—
/ A - };Egdymn'entsaﬁ
- er times
e e —— — —

after MeNeill. 1990

. A1
" example 1
-Iiln-l -
1 “ I
i

-_‘I o E C 1

wd : : i ! .
] " i " 1]

TRANSIENT CURVES

oltage | Resistive medium
dB/d1
oltage , Conductive medium
~ dB/dt
e

TEM survey configuration and transient curves
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current

TDEM / TEM
“EM Fields”

time

Large Tx&/

Protem 57-MK2 D
3 frequencies

I

BHID-IR
T

T msy

Time (ms)

— e

K/\
v »*
- 30/25, 7.5/6.25, 3/2.5, Hz

N
/\/

S

o
O
—-(} Vertical Coaxial Loops
S
o

Typical source-receiver geometries

Horizontal Coplanar Loops

Vertical Coplanar Loops

Perpendicular Loops

Electric Dipole Source,
In=Line (Polar) Array

Electric Dipole Source,
Broadside (Equatorial) Array

_G_
o} Line source

O
s
'
‘l’/"
/
[/
[/

b o A} Fixed Large Loop

In—=Loop or Central Induction

Single or Coincident Loop
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In-Loop or Central induction

|_/~_\Imnsmitted _/——L
Central loop

configuration

| Gurrent(Time]}
=

=
.,E;_ %&ceivﬂl £
\E-W Hive Winaow

|
|Voltage(Time)
o
Transmitter
Receiver =

Central Loop
Configuration

sounding

PROTEM TIME DOMAIN EM SYSTEM

Protem D Receiver
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PROTEM TIME DOMAIN EM SYSTEM

TEM57-MK2 Transmitter

PROTEM TIME DOMAIN EM SYSTEM

Protem Receiver Coil (Low Frequency) =%
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PROTEM TIME DOMAIN EM SYSTEM

Generator

PROTEM TIME DOMAIN EM SYSTEM

TEM 47 TRANSMITTER

TEMA47 Transmitter (Frequency of 75Hz)
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PROTEM TIME DOMAIN EM SYSTEM

For EM47

Induction Coil
(For EM47:EM57:single component (1D) )
(For EM57:(1D) and three component (3D) versions)

Central Induction Coil Configuration

Equipment: Geonics TEM57/PROTEM D
Frequency bands: 25, 6.25, 2.5 Hz
Transmitter loop: 100x100 m, current 9 to
17 A

Receiver loop: 100 coils 1 m diameter Transmitter & Generator
Receiver layout: centre of Tx loop
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NOISE

GEOLOGICAL NOISE

» Topography, shallow structures
» Can not improve by source current or stacking
» Serious than environmental noise

ENVIRONMENTAL NOISE

» Noise due to power line, railway, wind,
lightning, ground vibration, system noise etc.

» Can be improved by source current, stacking

Summary of TDEM Method

» No galvanic contact required

» No primary field while measuring

» Depth of investigation is controlled by time
» No near field problems

» Less problem of topography, static shift

» Most sensitive to the change of resistivities

» Application to Oil, Geothermal, Civil engineering,
Groundwater, Environment

» Many new interpretation programs available
» Several systems are commercially available
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Thank you for your attention.
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The Study on Groundwater Resources
Assessment in the Rift Valley Lakes Basin

Transient Electromagnetic
(TEM) Survey Workshop

’ Data Inversion and analysis ‘

Geophysical Survey
Tsugio ISHIKAWA

December 23, 2010

Ministry of Water and Energy
Japan International Cooperation Agency (JICA)

INVERSION by IX1D v3

( Trademark of Interpex Limited )

Geophysical Exploration
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OVERVIEW of IX1D

»1X1D is a 1-D Direct Current (DC)
resistivity, Induced Polarization (IP),
Magnetotelluric (MT) and electromagnetic
sounding inversion program

» TEM data taken with coincident, central or
fixed loop configurations can be inverted.

TEM DATA PROCESSING

Dats Collection

Stacking Filtering

|Oonversi0n to Apparent Resistivities| e

N O

|Occa_m’s Inversion| |Structure Inversion|
/ meging Section Structure Section

|G€Dlo gical Inform ation|‘— tEXisting D atal

Geology evaluation

Geophysical Exploration
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»Soundings which take place over
a distance are displayed along that
distance.

2

e Whdeyr  Bemjirinl iy

Northing (m)

by
o
o~

Locations of all soundings

YIRGA sin1156

Loop size
100m X 100m

b .1nnl

106
Easting (m)

a »TEM soundings show the finite
W T size of the source and the receiver
is shown as a small box.

TEM Data

The loop size is the size of
the TX loop in the selected
units (m or ft). For Fixed
Loop data

there is also a receiver coil
position which is relative to
the loop center.

nooo-ooo-oooc.]oc.ooc.ooc.ooc.ooc-ooo.

. Time and Voltage for the first sweep. ¢
EE R T PR R AL TT T
R U AR

: Time and Voltage for the sg¢tond sweep. .

.......-...-............ eesesesssssss

Freq(Hz) : Tx frequency in
Hz

Ramp( i S) : Ramp turn-off
time in microseconds

Coil Area(m**2) : Effective
area of the receiver coil
Current(A) : Tx current in
Amps

Tx Turns : For a multi-turn
Receiver coil the effective
area is the actual area
times the number of turns

cecccscceces ....................-...-..............

< Time and Voltage for the third sweep ( the next screen). *

ecsccesesesesecscscscscsesesesscscscsesesecscscsnse’

Geophysical Exploration
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Graphic Display
HI Frequency ‘ ’ Frequency ‘ ’ Frequency ‘
-~ HI
|
—
apparent resistivity voltage

Voltage displays voltage, rather than late time apparent resistivity for TEM Data.

Appatant Begslally (Dbmom)

Editing of Data

EH11 BH11
| )

Lumnmadii

5
|
Ruasivd ¥ nltage (|o¥im*1)

Mask point Mask point
e \
T T T T T i T e (i i i
001 Rl 1 10 100 ] ] 1] ] b
Thaejmak Tromie s
apparent resistivity voltage

Geophysical Exploration
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Graphic Dlsplay

Interpex 1-0 ‘mundlm, Inversion [$16

Ele Edi Wew Caloulate

EJEI@IF_JI’EIL_Q;JMD_E_!WQ szl g

516

Unregistered Version

im T T (8] T

1=

B e e

e

n 1 1 L

ZzPants | 4layers | 7.US%RMS  |Z0Smecthlapers | 10.7S%AMS. |

1Y (2T

™

W

Data and equivalent models will be displayed on the model display.

Prafile: [TEST

Profile Display Overview

5”3 RUGEWEIRRIESE N S >
8| Jisl = | ) Do) 2| 2]
[te cpe s
£
£
H
. >
i
' ) n i fiid (]
Biomy G o]
c28m S2am IpEma-2

The Profile
Display shows two
displays, one for
data on top and a
second for the
model on the
bottom.

Either of these
displays can be
deselected.

g

Export data or results or print the graphic

Geophysical Exploration
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Profile Model Display

[nterpes

L] i " ‘ . (LT
. . Brom O i |
&> Color Fill with contours draws contours
fodzem K |

0.7 1

Reverse Color Sequence changes the normal range
of red to blue to blue to red.

Example of inversion analysis

Geophysical Exploration
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(e
¥

z
[

3

k

_"L_i_i_l_'l_m]_'l'" NL—

Well data of TORA

Drillied in Aug 28, 1995

Well Depth ; 251m
S.W.L; 189.10m
Draw Down ; 8.78m
Yield : 3 I/sec

Wi
o ri L
D e il Mt

i o 7 L e TN e v T T
| o e i ey SSARSR
(i ] |
i vl Bagan| Scaae cpmwt i |
™ sl - I if
!__ | 1imka ba i
} . A;-;ﬂ 1
i
| e | . K
1. e | FAREL | hoae
|.u.> e = | meeu@gelaggy
T =

R =
+ Gl om ow |
| a-l L
Ind il =T
L Tl ey A
1 EHEEE
s lget o] 7

186-204m;Ignimbrite

S
*.|204-251m;Hard

| sandy rock

Survey Site near Tora Area

Legend 2] Electromagnetic Sounding 1] House
vV Field
~--+ Cross-section direction i Waste land
86.1400
about 10km to Tora
v
v
861200
TORA-3
v
4 S v
v
(Cross-section 1 A
A
86.1000 . ToRAT
v
d] v v
86.0800 —
R v
g 4
Y
v v
Mito
86.0600
s v Coordinates (UTM)
ITEM-1: 431027,860851,1880m
ITEM-2: 431167880086, 1880m
ITEM-3: 431284861151,1880m
1400
43,0600 430800 431000 431200 43.1400 431600

Location map ( Anshebeso Kuchi Village )

About 10km
southwest of Tora
Tom sind 156
e TORA3 | -~
£ = |TORA-2
s
=l | = [TORA-1

' -EI- I'l'i

Geophysical Exploration
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i T
" ..n’f-“w-ﬁ“ w L4 h\_ n m “-,m rmlll
i» T, E TORA-3
" e | TORA-2
e 3
I /M\ i Data display and models
TORA-1
TORA-2
o TEM Result of Tora Area
10 I
7
E
E E Lf_ I vTeHEata_l
& " | swi confined aquifer ?
{ ' 189.10m |
R S—— — o —
4 A EEEEE IR s EEEESEEEREEEEEEEEEREEE
_EJJ4——|: Aquifer estimated from TEM .
rm;,_,_ﬁ FE S S NN NN N NN NN NN NN NN EEEEEEEEEEEE
Equivalent models and
ki structure inversion model
X L -y m||0 190

Resistivity (Ohm-m)

Geophysical Exploration
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TEM Result of Tora Area

TORA-1 TORA-2 TORA-3  wnfffk
1]
=
=
=3
= 1 Data
L]
e
5 —_—
= [ Well Data |
! S.W.L
4 J‘.__- = b Jogfesphmm | [ 189.10m |
s - - -
Clay / Basalt ? 34-6p Ohrh-m
- 5-7 Phm{m /
. [:L - s - Model

_— == . 1 o
nI 6-2¢ Ohnp-m Fresh water ? resistivity

[t 1-2 Phmim I Saline water ?
1 1 |

L=

¥
_—
=

TEM Result of Tora Area

TORA-1 TORA-2 TORA-3  snfiffk
.
L
-
=
1
L]
-
E ' Well Data ||
= | |I S.W.L
] # 189.10m |
| .
Clay / Basalt ? « —
L]
= 2
= =
[ =
= -]
Hard sandy rock ? =

| | [\
Saline water ?

ol [ ke )

Geophysical Exploration
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Comparison of the geophysical survey

and the well data (BH3)

Legend

79,6600

79.6400

796200

79.6000

i0m
| TEM3-4: 448482.796009,1810m

447600 447800

448000 448200

448400

448600

Location map ( Borehole No.3 : Oyne Umbure Chefo)

VES : 10 points
TEM : 4 points
Drilling depth : 250m

Survey site

BH 3

Shashemene

Awassa

VES Result of BH 3

TEM3-3 TEM3-4
v v
w Ves3-8,,, Ves3-9, Ves3-10,, E
om 3500 i Lo o
124 i Tow Resistivity Distrbution
- / 139)
83|
7 BHIR wnl158
E -0 4 20 - -100 - T =
E
2
°
a -
| |
- T - TEM3-4
] " z TEM3-3
r
o 4
200 L -200 . TEMS3-2
om 00m 200m 300m 400m TEM3-1
Distanca(m)
Cross-section 3
" -
Hong |

Geophysical Exploration
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----- e
—
TEM3-4
i TEM3-3
TEM3-2
Ny Data display and models
TEM3-1
TEM3-1 TEM3-2 TEM3-3 TEM3-4
Weathered 47-300 Ohm-m
pyroclastics? e = =———
. - 110-450 Ohm-m
Dry pyroclastics or - == T ===
fresh rocks? —_—-
- —
Water saturated
8-35 Ohm-m pyroclastics or
weathered/fractured
~__~. _____ - rocks?
1-4 Ohm-m

Geophysical Exploration
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TEM Result of BH 3

TEM3-1 TEM3-2 TEM3-3 TEM3-4 1156
__fing
&
: =
= 3
=
=
-
ol |
5
-
1
[} e
Weathered E
pylroclalstics’T =
“E
Dry pyroclastics or N £
fregh rocks? =
=4 Water saturategl
» pyrocl s of
weathered/fractured
rocks? "
L]
150 50 Til 1250
Profile Bigtance {m}
w & revat & revas vla s . al‘rum.u 1
AL gt g oM
&]: High Resistivity 5 3J <t Topei EM ReSU|t Of BH 3
Fine tuff Distribution 158 ‘_u/ ol 12
303 174 20—
/ H o Pumiseaus tff
1 B R
" 2
o 1 " _/‘53 ” g eldic Wit sightly welded
| w0 @B
T 260 — 70 Brown paleo soll, fne sand
1 = Result
Hard — P ™ | L (elowis| H H
L“_“’%mT ’ D =L eSurface is a middle
1 - B Gresalsh welded bl resistivity |ayer_
1 a “ " eMiddle is a high
ERI B resistivity layer
@Ed o Resiiviy Distbuion B y lay r.
2 2 153 Welded wftwith obsidian oDeepest part is a |OW
e i o ] Yetowish weatered A
" resistivity layer.
’ T tsca oAs for the above, the

-300

it ek result of the electrical
sounding and the TEM
investigation almost
corresponds.

eAquifer top is the same
as the depth of the low

3 3 ‘ . .- .
— resistivity layer of a
Low Resistivity
result of TEM.
o o T o
Distance(m) ‘
Cross-section 3

Geophysical Exploration
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Comparison of the geophysical survey

and the well data (BH1)

Legend —
.
- s

73,5200

73,5000

Horizontal Electric profiling
Vertical Electric Sounding
Cross-section direction

®  Electromagnetic Sounding
v

ih
n

House
Field
Waste

73.4800

73.4600

73.4400

73.4200

38.2800 383000

38.3200

VES : 10 points
TEM : 3 points
Drilling depth : 150m

Survey site

Sodo

38.3400 38.3600 38.3800
Location map  ( Borehole No.1 : Abaya Chokare)
TEM1-3 TEM1-2 TEM1-1
¥ oriling Point
Vesi-4 Ves1-3,,, Vesi-2 Vesi-6 SE
o . o _w o o
e R e S 5
H
—H—
48 M "
"
TEM1-3 TEM1-2 TEM1-1
200 200
Om 100m 300m 400m 500m i:
Distance(m) ‘
Cross-section 2

Geophysical Exploration
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TEM Result of BH 1

"‘._.
TEM1-3 TEM1-2 TEM1-1
Data display and models
TEM1-3 TEM1-2 TEM1-1
Altered/decomposed tuff?
33-37 Ohm-m
Dryand coarse == ===="="= 100-139 Ohm-m
pumiceous pyroclastics? e e T
34-45 Ohm-m
Highly weathered ——mmm——— = s
and/or fractured rock? 12-13 Ohm-m Fresh water ?
- Saline water ?
2-3 Ohm-m

Geophysical Exploration
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eDeepest part is alow
resistivity layer.

eThe result of the VES and
TEM almost corresponds.
eAquifer top is almost the
same as the depth of the low
resistivity layer of a result of

Geophysical Exploration



gooooobbobbooobaob
gbobooooobo obboboboboobbomobooboot

gboooooboooood
gboobooood

WS-2 : TEMT—2D# T

TEM Result of BH10N

Legend @  Electromagnetic Sounding 0 House
——-. Cross-section direction v Field
M Waste land
89.0400
(Goordinates

()
[NewBH10-1: 500470,839652,1897m
[NewBH10-2: 500308,889759,1699m
[NewBH10-3: 500127,889861,1705m
[NewBH10-4: 500162,890058,1897m

[NewBH10-6: 500508 839878,1633m

[NewBH10-5: 500336,889961,1896m .

4+

890200 | NawBH10-7: 500700,889827,1686m AN

INewBH10-6: 500213,880249,1689m < BHI0D v

INewBH10-6; 500385,860162,1683m 4 e

INewBH10-10:500565,890082,1894m

Primary School BH10-10
Existent borohole ~ BH10-4 @
(499851,889986) 1}
89.0000
v
BH10-7
Natile, .
Meki -
83,9800
[eross-section 2
v \\\\?rnss’sec(lnn 1
. ®

Existent hand-dug wellorehole e

88,9600 (500028,80836)
Water lovel: 26m
v v
Ogolcho Center
4 ~
v
88.9400
49.9800 50.0000 50.0200 50.0400 50.0600 50.0800

Meki

TEM : 10 points
Drilling depth : 150m

Survey site
BH 10N

s E' -2
S
oy
e
" Ty
I:.WI'_.‘_ QTE;I"'{;(

Location map ( Borehole No.10N : Ubo Bericca )

QOgolcho Area

106

TEM Result of BH10N

TEM10N-3

TEM10N-2

TEM10ON-1 sinf156

(pparent Resistivity {Ohm-m |

Lacustrine sediment?
Young basalt? ==

Tuffs, ignimbrite
waterlain
pyroclastics?

40

-0

Nazret group 00
rocks:lgnimbrite,
unwelded tuffs?

Prafile Distance (m)

300

uifer?

500

-winf186

Resigtivity (Onm-m)

" un
Evng )

TEMION Linel

Geophysical Exploration



gooooobbobbooobaob gboooooboooood
gbobooooobo obboboboboobbomobooboot gboobooood

WS-2 : TEMT—2D# T

TEM Result of BH10N

TEM10N-4 TEM10N-5 TEM10N-6 TEM10ON-%/n1156

106

EH1ON -winf186

= %

hpparent Resistivity (Obhm-m)

Depth (m)

L HI -
vy [n]
e " TEM1ON Line2

Reslstivity (0hm-m}

-0y 100 o 600 0
Profile Distance (m)

TEM Result of BH10N

TEM10N-8 TEM10N-9 TEM1ON-10  g/n{156

e

EH1ON -winf186

Apparent Reslstivity (Ohm-m)
s
I
J |
|_{

Frl0 g

T

Depth (m)

Resistivity (Qhm-m)

HI L
sy [

TEMION Line3

100 0 100 00 300 Ll 500
Profile Distance (m)

Geophysical Exploration



gooooobbobbooobaob

gbobooooobo obboboboboobbomobooboot

gboooooboooood
gboobooood

WS-2 : TEMT—2D# T

Legend @ Elctromagrtic Sundng o towe TEM : 10 points
e Westelond Drilling depth : 150m
83.0000
3'(' Survey site
82.9800 B H 9N
BH9-4
_®
82.9600 a v & -
1] BH9-6 » - Cross-section 2
0 BT * v
BHo-7 @ v v
82.9400 0
BH9-10
B
v " oHo-9 Goordinates (UTH)
Q- INewBHS—1: 464464,820668,1640m
Bre  Cosims b NS Gimasm e
829200 : 465086,820667,1640m |-
Shashemane v NowpHo-g. 464715 20863 Iodom
Ne’aBHD—TE 0, ,1640m
| s oot s o
INewBHE—10:464851,820385,1640m
82.9000 v
46.4200 46.4400 46.4600 46.4800 46.5000 46.5200
Location map ( Borehole No.9N : Dole )
Langano Area Shashemene
TEMON-1 TEMON-2 TEMONg31154
" i . x v "
5 I F = R . -
3 @ o d@: _
g S % : : 3
- {é 1 | 1
< | |Ldcustrine sedimen -
h f
Ignimbrite, tuff? = -
Above SWL = ==
z | | i
ign mbrite tuff? £ TEMON Linel
Belaw SWL £
W | "
00 ] T 200 :m'l o
Prafile Dleancy (=)

Geophysical Exploration



gooooobbobbooobaob
gbobooooobo obboboboboobbomobooboot

gboooooboooood
gboobooood

WS-2 : TEMT—2D# T

TEM Result of BHON

TEMON-7 TEMON-6  TEMON-5  TEMON-4y1{5s
_‘u T T T N o IIE
e ¥ +
£ N ~ . ¥
: 3 ' 3
£ - Z b
= LE: % £
= H i &
i =™ 5
‘; l "
. 5 A
= i
5 : TEMON Line2
i "
- 1] bl W ]
Prafile Uistance {m
TEMON-8 TEMON-9 TEMON-10  #/n158
i i = il
= T = — - — Lo
- - ==
% u:A~ ‘&v r& —
T : L e
1 o 5 4
é 1 - | 1
ol 1l | ] 1 /
1
E B S ke o
3 ' g 2
: | £ TEMON Line3
| 2
|
AR | "
] L]
Profils Distanca {m)

Geophysical Exploration



gooooobbobbooobaob
gbobooooobo obboboboboobbomobooboot

gboooooboooood
gboobooood

WS-2 : TEMT—2D# T

TEM Result of BH6
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TEM Result of Mirab Abaya
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Estimated geology
1st-2nd:topsoil, gravel
3rd:sedimentary(relatively
coarse sediment)
4th-5th:sediment(clayey, silty
or saturated with relatively
saline water

6th:bedrock or volcanic rock

Result

eDeepest part is a low
resistivity layer.

eThe result of the VES and
TEM almost corresponds.
eThe discontinuity of the
resistivity is recognized
between TEM-1 and TEM-2.
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eSurface and Middle is a high
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' eThe result of the VES and
TEM almost corresponds.
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Estimated geology
1st-2nd:coarse
sediments(gravel, sand)
3rd-5th:unconsolidated
sediments, probably fine
grained sediments or
saturated with saline water
6th:volcanic rock(basalt)

Result

eGenerally a resistivity is low .
eThe result of the VES and
TEM almost corresponds.
eAquifer top is the same as
the depth of the low

resistivity layer of a result of
TEM.
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Thank you for your attention.
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present-day (Le Turdu et al., 1999)

All the maps are by SRTM-3 DEM at www.nasa.gov/ and processed by Kasimir3D:

www.kasimir3d.com
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