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Geophysical Survey

2.1

General

The electrical resistivity method is most commonly employed in groundwater
investigation primarily uaumufmmmmaaiudﬂwmswﬁvﬂyarmchtshmw
affected by porosity, water saturation and water qua Iarratharﬂ'mnbymwvuynl
ttmmnkrr;ttrh:.l n most rocks, electric curent i condutted electrolytically by the
interstial fluid.

In & resistivity survey, a DC or very low frequency current is introduced into the ground
via a pair of electrodes, usually labelled as current electrodes. The potential difference is
measured between a second pair of electrodes: The cument and potential
measurements are used to obtain the resistivity of the geological formations. It is from
the resistivity values obtained that the prevailing hydrogeoclogical conditions in an area
can be Inferred. In this regard, geophysical surveys provide indirect information about
the subsurface condition to supplement hydrogeological investigations.

The geophysical methods employed In the present study are the Vertical Electrical
Sounding (VES) and Horizontal Resistivity Profiling (HRP) methods. These methods are
able to fumish the information sought because different geologic materals show
significantly different physical properties, the measured property, in this case, being the
electrical resistivity of the subsurface,

Survey Layout

The exact survey points for the geophysical survey st each site has been instructed by the:
project hydrogeologist. The surveys have been grouped in to Iwo as Level 1 and Level 2
surveys, depending mainly on the depth of investigation, the level of information required,
and the planned scheme ,i.e. whether a hand pump or motorized. The Level 1 and Level 2
VES survey consisted of 100m and 200m depth of interest, respectively. Likewise, the
Level 1 and Level 2 HRP survey were aimed at 30 m and 40 m depth of investigation.

In the presemt survey, both the Vertical Electrical Sounding (VES) and Horizontal
Resistivity Profiling (HRFP) methods were used In combination in fourteen selected target
areas for Level 2 investigation, consisting of 5 VES and 8 HRP &l each site, with the
exception of the Natri site where the volume of work was reduced down to 2 VES and 4
HRP. The number of survey points for each site and the total summary are given In Table
1.

Where the Horizontal Resistivity Profiling method was used, each survey line having
380m length was laid oul in a direction neary perpendicular to the anticipated geological
structure. Stations were pegged al 10 m interval along the line, and data recorded for the
central 200 m section of the line, At each site, al least three or more parallel lines were
surveyed, and the line separation varied between 50m and 100m.The UTM coordinates of
each profile were read at three points, |.e. at the beginning ,centre and end points of the
line, in Adindan datum using hand-held Garmin GPS receivers. The coordinates for
each VES point were also recorded at the centre of the spread.
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2.3 Instrumentation and Field Procedure
231 Instrumentation
As two field teams were deployed in the field, two sets of resistivity equipment were in use
in the field. Al the beginning of the survey, the |nstruments used were the ABEM
Terrameter SAS 4000 and the PASI| 16 GL Earth Resistivity meter. Shorily after a number
of days, the SAS 4000 was replaced with the OYO McOhm 2332 resistivity meter, A
common feature of these resistivity survey equipment is that they are integrated, portable
and microprocessor-based outputting the resistance in a digital read oul on the screen
either in milliohm, ohm or kiloohm.
The PASI 16GL Earth Resistivity Meter |s powered by the PAS| model P300 Energizer
that can deliver current up to 500mA, at @ maximum output voltage of 350Volt, whereas
the OYO McOhm s powered by a 12v car batlery and has maximum curment output of
200mA.
Addiltional pieces of equipment used include:
= Cable sets (for current and potential circuit)
= Stainless sieel eleclrodes
» Connectors and clips, and
= Hammers
23.2 Field Procedure
2.3.21 VES

2322

The Schiumberger electrode configuraiion was applied in the present survey, where the
maximum half-current electrode spacing (AB/2) used varied between 330 and 500m.

In this type of VES survey electric curment s injected Into the ground by means of two
outer cument elecirodes, and the resulting potential difference or potential drop is
measured by a second pair of potential electrodes placed near the centre of the current
electrodes. A series of measurements are taken by increasing the cument
electrode separafion; the potential electrodes are left fixed uniil the voltage drop or
potential difference becomes too small, which occurs as the current electrodes get farther
apart. Then the potential electrodes are expanded to a new position and the current
electrode separafion is increased again. In this field technique, resistivity data is
generated by expanding the distance of the electrode spacing between readings.
Expanding the electrodes causes an Increase in the fraction of the injected cument that
penetrates below a given depth, and this results a deeper vertical penetration or probing.

The field sounding curve which is a log-log plot of apparent resistivity versus half the
cument electrode spacing (AB/2) is readily plotted in the field to detect if any emoneous
data were measured, and thereby make comections accordingly.

HRP

In the Horizontal Resistivity Profiling (HRP) survey, the Wenner electrode configuration
was used, with Inter-slectrode spacing (a) of 60 m. With this configuration the total
number of observations for each line amounted to 21. For each line, the readings started

HYWAS Enginsating Consullants 12
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241

in one end of the line, and all four elecirodes were progressively moved sequentially by
the station spacing, l.e. 10 m, until the leading electrode reached the other end of the line.
in all cases, the instrument and operator were kepl stationed at the centre of the line, and
only the four electrodes need to move; and the electrodes were connected to the
equipment by cable of sufficient length.

Data Processing and Presentation

VES

The Schiumberger sounding curves collected in the fisld were smoothed into a single
continuous curve before interpretation; and then interpreted using two layer master curves
and auxiliary point charts to obtain starting (initis!) layer parameters. The starting layer
parameters (layer resistivities and thicknesses) were input Into the RESIST inverse
modaelling program (Velpen, 1988) to generate best fit estimates of the layer resistivities
and thicknesses. The best fit layer parameters are then examined in light of the local
geological information, and updated, if necessary, so as match with the local geology by
using the principle of equivalence. The final interpreted layer parameters together with
the inferred lithologies are presented both in iabular and graphic form. The figures show
the differen! subsurface layers which could be related to different lithalogies, geological
structures, variation in intensity of weathering and to other geological processes.

HRP

Data processing begins each day by entering the resistances directly read out from the
resistivity equipment into a Microsoft EXCEL worksheet to calculate the apparent
resistivity for the electrode configuration used. Besides, the UTM coordinates for each
station are interpolated from the three GPS readings obtained In the field at the star,
centre and end of each line.

The apparent resistivity values are then gridded and contoured using the Surfer
software (Version B8.01) of Golden Software, Inc. A user defined contour interval was
used as appropriate for each area. In this way, the Horizontal Resistivity Profiling data ane
presented in the form of apparent resistivity maps.

HYWAS Engineering Cansullanis 13
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3 Results and Interpretation
3.1 West Shewa Zone
3.4.1 Ayeru

mw.mammmmmmmdm 2a). The first site, Site | is
located in the area of Fecha stream south of the village and the second site, Site |l is
about 800 m to the north of Site |.

The Apparent resistivity maps at both the sites (Fig. 2b and 2¢) show that the area is
generally underiain by low resistivities of less than 30 Ohm-m. At Site |, the map (Fig.2b)
indicates thal the northem part of the area is characlerized by relatively higher resistivities
of greater than 20 Ohm-m, whereas the westem and eastem parts are characlerized by
lower resistivities of less than 16 Ohm-m. As such, no definite structural trend is visible on

this map.

The second site was selected at an Intersection of two lineaments Inferred from satellite
imagery and Digital Elevation Model (DEM). The HRP lines were laid out in NE-SW
direction to detect and exactly locate the position of the fractures on the ground. The
apparent resistivity map (Fig. 2c) shows that there is a linear very low resistivity trend in
the NW-SE direction occupying mainly the northem and central part of the site, which is
clearly delineated by the 12 Ohm-m contour indicating the inferred structure.

At Site 1, three VES (VES S08-1 to S08-3) were measured , and at Site || two VES (S08-4
and S08-5) were measured. These soundings (Fig.2d) show that the subsurface is
underiain by 5 to 7 resistivity layers. The first 2 to 4 layers have very low resistivities in the
range of 4-20 Ohm-m, a total thickness of 18-43m. These low resislivity layers are
interpreted as highly weathered and/or fractured rock that are probably water bearing.
Below these, a very high resistivity layer of 350-406 Ohm-m is observed having thickness
muuordarnfwm.mdmmuhdmmampmdmmmm
weathered/fractured rock. Underlying it, there Is another low resistivity layer of 12-20
Ohm-m, with thickness varying between 34 and 54 m, bul on average about 42m. This
Ia','urislntafpmtadasa highly weathered and/or fractured rock which could be water
bearing. At depth, the bottom layer is characterized by very high resistivities more than
400 Ohm-m, comesponding to moderately to slightly weathered bedrock.

ngnhLmﬂpnpupdeESpdnuanqnﬁ_'lhm.Am.l
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Figure 2b. Apparent Resistivity Map, Site |, Ayeru.
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Figure 2c. Apparent Resistivity Map, Site Il, Ayeru.
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3.1.2

Guyu Arere

The geophysical survey at Guyu Arere was conducted on the Bakicha plain to the north of
the village. Here also, two altemative sites have been Investigated (Fig.3a). The Bakicha
plain follows an east-west structure anticipated to form the southem boundary of the plain.
Two north-south valleys separated by about 500 m join the plain area. Therefore, the two
alternative sites were selected at the junction of the valleys with the plain.

The apparent resistivity map of Site | (Fig. 3b) shows resistivity values below 10 Ohm-m to
about 55 Ohm-m. The relatively higher resistivities (25-55 Ohm-m) are found in the central
part of the area. The westem part of the site is characterized by very low resistivities less
than 10 Ohm-m comelated to alluvium and/or highly weathered rocks. Moderate
resistivities characterize the eastemn part,

In contrast, site || is represented by relatively higher resistivities in the range of 50-800
Ohm-m (Fig. 3c), aithough the very high resistivities (»350 Ohm-m) are concentrated at &
small locality forming & circular feature, probably cormrelated to dry coarser material. The
rest of the area |s characterized by low to moderate resistivities .

Of the five VES conducted in the area, three were made al Site | and two at site |I, All the
soundings show almost similar subsurface resistivity structure (Fig 3d). A total of 6 to 7
resistivity layers have been identified. The first three layers of all soundings, but also
including the fourth of VES S17-3, can be considered as either loose material or highly
wealthered firactured rock. This low resistivity material, is anticipated to be water bearing,
and ranges in thickness between 44 and 53 m at site 1, but diminishes to 15-34 m at Site
II; and the maximum thickness of 53 m is found under VES S17-1. Below this material, a
high resistivity layer (200-284 Ohm-m) is found having a nearly uniform thickness of 23-
29m, and interpreted as moderately to slightly fractured rock. A very low resistivity layer
(6-9 Ohm-m) underying the sfighlly fractured rock has thickness of 60-80m, and is
probably related to highly weathered /fractured rock saturated with water.

Very high resistivities in the range of 400-500 Ohm-m characterize the substratum, which
is comrelated lo slightly weathered rock forming the bottom aquiclude.

Figure 3a. Location map of VES points and HRP lines, Guyu Arere.
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Figure 3b. Apparent Resistivity Map, Site |, Guyu Arere.
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Figure 3¢, Apparent Resistivity Map, Site ll, Guyu Arere.
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Figure 3d. Interpreted Layer Parameters, Guyu Arere,
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Galesa

The Galesa site |s situated on a flal swampy ground about 800m southwest of the village,
which is close to the watershed between the Abay and Awash rivers, Both the VES and
HRP survey were conducted on this plain (Fig. 4a).

The apparent resistivity map (Fig. 4b) shows two contrasting resistivity zones, The 40

Ohm-m contour clearly demarcates this two zones. The low resistivity zone of less than 40

Ohm-m occupying a wider area particulary to the west show areas of thick weathering

with possible decomposition into clay at places, whereas the high resistivity zone (40-300

Ohm-m) shows areas of relatively moderate to slight weathering. Such high resistivity

ﬁnmmmmnnﬂﬂum and at an isolated location towards the centre in
south.

The VES points are distributed even outside of the area covered by the HRP. One VES
(§13-3) was conducted near a borehole drilled recently by a Korean NGO, But, as no
information was found, except that il is 556m deep and flowing (artesian), no correlation
could be made, The VES data (Fig. 4¢) indicate thal the highly to moderately weathered
basalt in the shallowest part of the subsurface Is represented by resistivity of 6-100 Ohm-
m, and is generally up to 70 m thick

Underlying the highly to moderately weathered basall, very high resistivities in the range

of 186-270 Ohm-m are observed, having thickness of 22-28m, and interpreted as
nmdaraiotf to slightly weathered rock. At VES S13-2, the lowering of the apparent
resistivity at large electrode separafion, m¢1mmmm;:mﬂm
resistivity material at depth below the slightly weathered rock. This low resistivity layer |s
in the range of 6-30 Ohm-m, with its thckness varying between 46-60m, and was
interpreted as a highly weatherd and/or fractured basalt which is potentially water bearing.

The bottom substratum is represented by very high resistivity of 200-266 Ohm-m
indicating its slightly weathered nature.

Figure 4a. Location map of VES points and HRP lines, Galesa.
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Figure 4b. Apparent Resistivity Map, Galesa.
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3.1.4

Goremti

The Goremti site is located south of Ambo, In an area of high drainage density with
parallel pattem towards the NNW, probably reflecting structural control of the drainage. At
Goremti, two altemative sites have been selected for geophysical investigation separated
by about 900m (Fig. 5a). The first site is located at the point where the NNW flowing Bolo
river makes a sharp turn to the NNE.

The apparent resistivity map at Site | (Fig.5b) reveals a linear high resistivity zone of > 80
Ohm-m trending almost NNW in the western parl of the site, In general, the westem part
of the map Is underiain by high resistiviies probably indicating the presence of relatively
fresh rocks al relatively shallow depth. In contrast, the ceniral end eastemn part are
underlain by low resistivities less than 40 Ohm-m showing loose sediments and/or
pyrociastics or highly weathered rocks. In particular, the low resistivity zone bounded by
the 30 Ohm-m contour and trending in the NNW direction may be interesting.

The apparent resistivity map ai the second site, Site Il (Fig.5¢) also depicls two
contrasting zones of resistivity, l.e. a high resistivity zone (60-120 Ohm-m) trending in the
NW-SE direction and occupying the central and southeast part, and a low resistivity zone
(10-40 Ohm-m) in the NE and SW comer of the site, These fwo zones are interpreted as
slightly weathered and highly weathered/fractured rocks, respectively,

The VES results (Fig. 5d) also indicate variable response in the shallowest part of the
subsurface. In general the top 34-46 m of the subsurface is underiain by relatively low
resistivily layers of 5 to 38 Ohm-m comrelated fo loose sediments and/or pyroclastics.
However, within the low resistivity layers, Interbeds of high resistivity (126-295 Ohm-m)
occur at VES S16-1, 516-2 and S16-4, their thickness varying between B 1o 12m, and
interpreted as either slightly weathered rock or dry pyroclastics.

High resistivity in the range of 142-274 Ohm-m are found below the low resistivity layers,
with thickness in the range of 28-54m, prabably attributed to moderately fractured rocks. A
depth, the presence of low resistiviy layers of 5-10 Oh-m Is evident from VES data. These
low resistivity layers are found below the depth range of 70-80m, and may constitute
highly weathered water bearing rock . The thickness of this interpreted water bearing layer
is also variable being in the range of 38-78m.
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Figure 5b. Apparent Resistivity Map, Site |, Goremti,
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Figure 5c. Apparent Resistivity Map, Site |l, Goremti.
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Figure 5d. Interpreted Layer Parameters, Goremti.
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3.1.6

Gosu Qora

A total of three VES were measured in Gosu Qora area (Fig 6a). The results of the
soundings show that the subsurface is constituted by five resistivity layers (Fig 6b). The
first two layers (three in the case of VES S24-1) are characterized by low resistivities of 4-
37 Ohm-m, which together makeup the top 2-27m and are interpreted as silty/clayey soil
and highly weathered pyroclastics. The largest thickness (27m) occurs at VES S24-1.
These low resistivity layers are underiain by moderately high resistivities of 1680-178
Ohm-m, having thickness of 25-31m and probably comesponding to moderately
weathered rock or pyroclastics. The high resistivity layer pinches out towards the east and
is totally absent under VES S24-1.

The fourth layer is represented by very low resistivity of 5 to 13 Ohm-m, probably
indicating the presence of water bearing highly weathered rock and/or pyrociastics, the
thickness of which vary between 20-50m; the thickest section is found below VES S24-1.
The bottom layer is characterized by moderate to high resistivities (75-243 Ohm-m), which
may attributed to moderately to slightly fractured rock.

Figure Ba. Location map of VES points, Gosu Qora.
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3.1.6

Figure 6b. Interpreted Layer Parameters, Gosu Qora.

Kolu Gelan

At Kolu Gelan, both VES and HRP surveys were undertaken (Fig 7a). The VES survey
encompasses a large area as the soundings were nearly a kilometer apart. Bul the HRP
survey was completed in a limited area of VES $12-3. The apparent resistivity map (Fig
7b) shows, that the northwest comer of the area is underain by very high resistivities of
greater than 100-700 Ohm-m probably comresponding to slightly weathered rock, wheneas
the central and southem part are underain by low resistivilies of less than 50 Ohm-m
attributed to weathered/fractured rocks.

The low resistivity zone has a nearly elliptical shape. VES S12-3 is located just at the
southwestem border of this low resistivity zone. Although the sounding shows a four layer
earth (Fig 7c) the top three layers are characterized by low resistivities of which the third
tayer with the lowest resistivity of 11 Ohm-m has about 55m thickness, and is interpreted
as a water bearing layer. Totally, the low resistivity layers are about 73m thick, The other
soundings show similar results, with the overall thickness of the highly weathered rock
being in the range of 50-60m.

HYWAS Enginearing Consullants o7
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Figure 7a. Location map of VES points and HRP lines, Kolu Gelan,
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Figure 7c. Interpreted Layer Parameters, Kolu Gelan
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3.2 Horo Guduru Zone
3.2.1 Dedu

The Dedu site is located adjacent to the existing well currently supplying the town (Fig 8a).
The depth of the borehole is said o be aboul 50m. In the area, the local geology Is
completely hidden from view by thick soil. From the regional geology, however basall is
expected to underlie the surface which would be followed by Adigral sandstone.

The apparent resistivity map at the site (Fig 8b) shows an Interesting resistivity response.
The marginal areas to the northwest and southeast are characterized by high resistivity
values more than 160-380 Ohm-m, whereas the central part is represented by relatively
low resistivity of less than 100 Ohm-m trending in the NE-SW direction and having width
of more than 100m. The former zone may be interpreted as the response of slightly
weathered lo massive rock at relatively shallow depth whereas the lafter zone may be
attributed to highly weathered rocks.

The VES points wera fairly distributed over the area covered by the HRP survey. The first
sounding, VES H 15-1 was measured near the existing Dedu well, which |s about 50m
deep. The interpretation of the sounding first showed no water bearing horizon within the
depth of the borehole as the low resistivity interpreted to be water bearing was detected
well below 90m. Although no borehole data was avallable, it was assumed based on the
regional geological knowledge, that the borehole could be tapping water bearing horizons
at the basalt-sand stone contact situated above the 50m depth of the borehole. Forward
modeling incorporating the above assumption led to the interpretation result for VES H15-
1 presented in Fig 8c , which show a low resistivity layer of 45 Ohm-m, and about 15m,
thickness appearing in the middle of two high resistivity layers, the upper being the
overlying basalt and the lower being the underlying sandstone layer. Such interpretation
was applied to the rest of the soundings (l.e. VES H15-2 and H15-3). However, al VES
H15-4 and H15-5, the sharply rising branches of the curves do not fit the model. Rather
these two soundings were interpreted as representing only a thin cover of clayay matenal
of 5 to 7m thickness underiain by a very massive basalt characterized by high resistivities
In excess of 2700 Ohm-m.

The irony Is that these two soundings (i.e. H15-4 and H15-5) lie at the center of the low
resistivity zone mapped by the HRP survey. The first three soundings show a well defined
descending resistivity curve as their last branch/segment. This descending pant was
modelled as the bottom resistivity layer which was characterized by resistivities of 17-37
Ohm-m. The dapth to the top of these low resistivity layers varied betwaen 81 and 98m,
and they were interpreted as highly weathered and/or fractured water bearing sandstone.
It was observed that the resistivity of the top layers has a profound effect on the apparent
resistivity at the intermediate parts of the VES curve. That was misleading because in
effect the HRP map did not show what it was supposed to.

HYWAS Enginsaring Consultants 30
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Figure 8a. Location map of VES points and HRP lines, Dedu.
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Figure Bc¢. Interpreted Layer Parameters, Dedu.
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322  Jardega

The Jardega site is located north-northeast of the village in the westem part of Jarmet
marsh (Fig 9a). The apparent resistivity map (Fig Sb) reveals that the whole area is
underlain by very low resistivity material of less than 40 Ohm-m, except the north western
cover where high resistivity in the range of 50-120 dominate. The high resistivities in the
northwest comer are found in the foothlll area, and thus can be the response of shallow
bedrock. There |s a progressive decrease In resistivity towards the east, and the lowest
resistivity below 20 Ohm-m is found near the southeast comer of the area, The low
resistivities in the eastern half of the area may be due 10 loose unconsolidated sediments
saturated with water or due to thick clay layers.

The results of the VES survey (Fig 9¢) clearly show that the top two or three layers exhibit
high resistivities of 94 to 5556 Ohm-m sattributed to dry gravelly material the thickness of
which range between 4 to 14m. Underying these layers, there Is low resistivity formation
with resistivity of 9 to 40 Ohm-m probably related to the aquifer in the area. Generally, the
thickness of the low resistivity material overlying the slightly weathered bedrock increases
from 68m al VES H13-5 near the foothill to more than 133m towards the eastem end of
the site. The boftom layer has resistivity more than 400 Ohm-m, indicating its slightly
weathered to massive nature.

Figure 9a. Location map of VES points and HRP lines, Jardega.
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Figure 8b. Apparent Resisitivity Map, Jardega.
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Figure 9c. Interpreted Layer Parameters, Jardega.
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3.2.3

Mazoria-Achane

The Mazoria-Achane site |s selected to serve both communities of Mazoria and Achane,
The geology is exposed at the site and is entirely of Adigrat sandstone. Figure 10a shows
the location of VES points and HRP lines; and Figure 10b shows the apparent resistivity
map of the site. The HRP lines were |aid out into two perpendicular directions, l.e. in
NNW-SSE and ENE-WSW direction, to detect any fracture systems, if any, which could
be favorable zone for groundwater movernant and storage.

As a resull, the apparent resistivity map (Fig 4b) depicts large resistivity variation in the
area varying between 300 and 1300 Ohm-m. The areas in the north and east of the site
are characterized by very high resistivities of greater than 600 Ohm-m, Indicating the
presance of slightly fractured to massive sandstone.

However, in the central and southwest part of the map resistivities below 500 Ohm-m are
commonly found, with two general trends in the NE-SW and NW-SE direction. At the
Intersection of these two trends, there Is a broad low resistivity zone represented by
resistivities less than 400 Ohm-m, possibly caused by water saturation,

The VES points were evenly distributed within the low resistivity zone mapped by the
HRP. The VES results (Fig 10¢) show large resistivity variation, with very high resistivity
dominating the top layers and resistivity monotonously decreasing with depth.

The soundings indicate that the subsurface Is underlain by 4 to 5 resistivity layers, of
which the top 3 to 4 layers are highly resistive, at place reaching more than 2000 Ohm-m.
These high resislivity layers may be aftributed to massive fo Slightly fractured sandstone,
Within the massive section, Ihere exist highly to moderately fractured zones &l certain
locations (e.g. VES H10-3, H10-4 and H10-5) having thickness In the order of 20m, and
within depth range of 15 to 40m which Is probably water bearing. However, the last,
bottom layer with resistivity in the range of 109-277 Ohm-m found below the depth range
of 80 to 100m could form the major water bearing layer in the area.
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Figure 10a. Location map of VES points and HRP lines, Mazoria-Achane,
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Figure 10c. interpreted Layer parameters, Mazoria-Achane.
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Chala Foka

The Chala Foka site is very identical to the Dedu site in many aspects such as geclogy
and geomorphology. The site Is located on the swampy plain about 600m west of the
village (Fig 11a). There is a thick soil cover, hiding the underlying geology from view.

Eight profiles all along an east-west direction were measured by the HRP method. The
apparent resistivity map (Fig 11b) shows a clear linear low resistivity zone of less than 100
Ohm-m, in a region surrounded by high resistivity greater than 300 to 500 Ohm, trending
in NE-SW direction and having a with of aboul 100-120m, which gets wider further
southwest wards. The low resistivity zone may be related to highly weathered and
decomposed rocks at shallow depth. Higher resistivities (greater than 200 Ohm-m)
underiie the northem and southeastem part of the area, may be due to shallow massive to
slightly weathered rocks.

The sounding were distributed within the low resistivity zone identified from the
HRP. The s of the soundings (Fig 11c) generally show 5 to 7 resistivity layers, The
soundings conducted in the center of the low resistivity zone (e.g. VES H05-3 and H05-5),
typically show the existence of massive rock below the top 7 to 10m of the subsurface as
the curves rise sharply. In confrast, the soundings at the margins of the low resistivity
zones (e.g, VES HO5-1, H05-2 and H05-4) show an HK of curve where resistivily is
sel to decrease with depth caused by the presence of h weathered/fractured rock
possibly forming the water bearing layer in the area.

Figure 11a. Location map of VES points and HRP lines, Chala Foka.
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Figure 11b. Apparent Resistivity Map, Chala Foka.
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Figure 11c. interpreted Layer parameters, Chala Foka.
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3.2.5

Bedo Gidami

The three soundings conducted at Bedo Gidami were distributed around the village (Fig
12a). The first sounding was measured on the bank of Goraso River and the third
sounding close to Hine River in the north of the village.

The interpretation results (Fig 12b) reveal 6 to 7 resistivity layers. Except minor
differences near the top, the subsurface resistivity structure is more or less similar among

the three soundings.

In general, the resistivity distribution in the area below the lop soil is dominated by low
resistivities in the range of 7-16 Ohm-m suggesting the presence of highly weathered and
fractured rocks which are potentially water bearing; the litle variation being the
occurrence of & high resistivity layer at shallow depth of 4 o 9m under VES HO8-1
comelated to sandy/gravelly alluvium.

However, in the middie of the low resistivity layers, there is an Interbed of high resistivity
(118-197 Ohm-m) material with thickness varying between 26-32m, and interpreted as
muoderately weathered rock.

The abave two formations make up the top 60-80m of the subsurface overlying the botiom
mﬁmmuwm?-:momn-m:lmm as moderately to slightly weathered
ro

Figure 12a. Location map of VES points, Bedo Gidami.
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3.2.6

Figure 12b. interpreted Layer parameters, Bedo Gidami.

Kelala Didimtu

The soundings at Kelala Didimtu were carried out on margins of swampy grounds 1o the
south and north of village (Fig 13a).

The Interpreted layer parameters presented In Fig 13b show that 5 to & resistivity layers
underiie the area. Low resistivity layers of 8-13 Ohm-m underlying the topsoll, and ranging
in thickness between 15 and 27 m probably constitute the shallowest water bearing
horizon in the area. Below the low resistivities, moderately high resistivity layer of 108-131
Ohm-m s identified, which has a nearly constant thickness of about 24m, and attributed to
moderately weathered rock.

This layer Is again underiain by a low resistivity formation of 5-12 Ohm-m, and thickness
of 17-37m, probably comprising the second and deeper water bearing formation. The
thickness of this aquifer varies from 37m al VES HO09-3 o 17m below VES H08-2.

The last layer observed has very high resistivity of 350-395 Ohm-m pointing out its slightly
weatherd nature, Depth to the top of the slightly weathered rock varies between 66 and
75m,
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Figure 13a. Location map of VES points, Kelala Didimtu.
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3.2.7

Loya Dilelo

Al Loya Dilelo, the soundings were conducted In two areas, to the right and left of the
village separated by about one kilometer (Fig 14a). The results of interpretation (Fig 14b)
show five to six resistivity layers of which the top 2 to 3 layers (3 in the case of VES H14-
2) below the topsoll show relatively low resistivity of 18-49 Ohm-m interpreted as highly
weathered rock of 11 to 28m thickness. and which could at places be (eg. under VES
H14-2) water bearing.

A high resistivity layer of 203-235 Ohm-m, which is about 10m thick underiies the highly
weathered layer, which again overlies a low resistivity layer of 18-37 Ohm-m, and 10-18m
thickness. The thickness of this low resistivity layer is generally small, but at VES H14-1 it
attains the largest thickness of 19m.

The bottom part of the subsurface is characterized by very high resistivity in the range of

597-906 Ohm-m, probably Indicating slightly weathered to massive rock. Depth to the top
of the high resistivity boltom |ayer is in the range of 30-48m.

Figure 14a. Location map of VES points, Loya Dilelo.
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Figure 14b. Interpreted Layer parameters, Loya Dilelo
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3.2.8 Genji Ketala

The Genjl Ketala site is situated about 2 km north of the northem shore of Lake Chomen
(Fig 15a). The VES interpretations (Fig 15b) show a simple resistivity structure consisting
of four resistivity layers underlying the subsurface.

At the three sites, the topsoil has high resistivity of 252-660 Ohm-m, probably dus to
sandy soll, and thickness of 1-3m. Below the topsoil, a modarately high resistivity layer of
65-133 Ohm-m with 5 to 9m thickness is found, which is interpreted as dry highly
weathered rock lying sbove the local water table.

The third layer is characterized by low resistivity of 20-30 Ohm-m, and thickness of 30 to
50m, probably representing highly weathered and potentially water bearing formation. The
substratum has resistivity ranging between 100-161 Ohm-m, indicating its moderately
fractured nature. Depth 1o the top of the moderately weathered layer varies betwsen 42
and 61m, the largest depth being found at VES HO7-3.
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Figure 15a. Location map of VES points, Genji Ketala.
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3.2.9

Burka Hobo

The Burka Hobo site Is located on the northem extension of the Chomen Swamp. VES
H12-1 and H12-2 were conducted on the westem margin of a wide marshy plain
traversed by the Erer stream, and VES H12-3 was done on the eastermn bank of Wango
swamp about 1.4 km to the west of the other soundings (Fig 16a). The sounding
interpretation (Fig 16b) show shallow bedrock at the location of the first two soundings, i.e.
within 3 to 8m depth moderately weathered rock may be reached; but al VES H12-3, the
moderately weathered rock may be reached sl a depth of 23m, where the overlying
material comprising low resistivity of 18 Ohm-m could be locally water bearing.

In both cases, the moderately weathered layer is characterized by moderate to high
resistivity of 170-299 Ohm-m and 23 to 35m thickness. Below these |ayer, a relatively low
resistivity formation in the range of 22 to 78 Ohm-m, and thickness varying between 26
mm&m which Is Interpreted as a water bearing highly weathered or
fractured ro

The bottom layer has high resistivity response in the range of 346-393 Ohm-m, which may
be attributed to slightly weathered to fresh rock.

Figure 16a. Location map of VES points, Burka Hobo.
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3.2.10

Figure 16b. Interpreted Layer parameters, Burka Hobo.

Haro Habo

Al Haro Habo two sites were identified for the VES survey. The first site is located on the
bank of Dimtu River/swamp, where two soundings (H22-1 & H22-2) were measured, and
at the second site aboul 600 m to the southeast near Negasa stream, the third sounding
(H22-3) was measured (Fig 17a)

The nature of the sounding curves show slight variation in the subsurface setting of the
two sites. At both sites, the top three layers are characterized by relatively higher
resistivity response varying between 65 and 572 Ohm-m indicating the dominance of
moderately to slightly weathered rocks . Together these |ayers are about 30m thick.

Below the high resistivity layers, there |s a formation represented by low resistivities in the
range of 18-33 Ohm-m, the top of which may be found at about 30m below the surface.
This layer probably comprises the aquifer in the area. The thickness of the low resistivity
layer was found to be about 31m at the site of H22-3, but could not be determined at
H22-1 and H22-2 as it forms the bottom layer. At VES H22-3, the highly weathered
formation is underiain by a high resistivity layer of 251 Ohm-m, which may be related to
slightly weathered rock.
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Figure 17a, Location map of VES peints, Haro Habo.
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321 Tulu Gana

The Tulu Gana site is the only site underlain by Precambrian basement rocks, although
due to the thick weathering mantle, no exposures of the underlying rock is found.

Three sounding were conducted at the site, separated by aboul 300 to 700 m, and four
resistivity layers were identified from the interpretation of the soundings (Fig 18a). The top
three layers are characterized by variable resistivity response of low to moderate value,
which represent rocks affected by high to moderate degree of weathering andior
fracturing.

For example, tha top layers of VES H18-3 are characterized by very low resistivity in the
range of 13-27 Ohm-m, indicating highly weathered and/or fractured rock, the bottom par
of which is probably water bearing. This layer Is underlain by a very high resistivity of
more than 1100 Ohm-m; attributed to slightly fractured to almost massive basement rock.

Al VES H18-1, the third layer marked by resistivity 80 Ohm-m has about 25m thickness.
This layer may indicate high lo moderate degree of weathering and fracturing, and thus
may consist of a shallow water bearing layer. The bottom substratum is characterized by
resistivity of more than 2100 Ohm-m indicating massive rock.

Figure 18a. Location map of VES paints, Tulu Gana.
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Figure 180. Interpreted Layer parameters, Tulu Gana
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