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1. INTRODUCTION

1.1 Project Description
This report presents the findings of subsurface exploration and geotechnical engineering
studies for Geological Investigation on Addis Ababa Transmission and Distribution System
Rehabilitation and Upgrading Project which are located in different site of Addis Ababa,
Ethiopia. The consultancy service agreement signed between the client (NEWJEC Inc) and
consultant (MS Consultancy) on March 2018.

The field work of the geotechnical site investigation was conducted from April 03, 2018
to May 14, 2018.

1.2 Scope of Work

The site investigation has been carried out by drilling eleven exploratory bore holes at
each proposed site location. .

1.3 Purposes of Exploration

The purposes of this exploration were to:

 Determine the type and extent of geological layers;
 Investigate the presence of ground water and identify its level if  encountered;
 Develop engineering recommendations to guide design and construction of the

project.

We accomplished these purposes by:

1. Borehole drilling to explore the subsurface soil and ground water conditions;
2. Performing field tests such as SPT;
3. Reviewing available geologic literature and soil mapping information;
4. Analyzing the field data to develop appropriate engineering recommendation, and
5. Preparing this geotechnical investigation report which contains, the general and

particular geology of the project site, the methodologies employed the
investigation and tests used to study the engineering properties of the subsurface
strata and finally foundation recommendation with estimation of bearing capacity.
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1.4 Location

The project sites are sub stations and transmission lines distributed in different locations of
Addis Ababa.

Based on the area to be covered by the structures, eleven boreholes were selected for the
investigation. The co-ordinates of drilled boreholes measured using UTM Adindan Datum
are tabulated as follows:

Table 1: Coordinates of Boreholes

\

1.5 Regional and Site Geology

1.5.1 Regional Geology

Addis Ababa city is situated in the western margin of the Main Ethiopian Rift and
represents a transition zone between the Ethiopian Plateau and the rift with poorly
defined escarpment.

The geology of Addis Ababa area is represented by four volcanic units dominated in the
lower part by basaltic lava flows (Addis Ababa basalt), followed by a pyroclastic
sequence, mainly formed by ignimbrites (Addis Ababa Ignimbrite), followed by central

Borehole Location Easting Northing

Addis North Substation Site 0472157 1001077

Gergi-Mebrat Hail Site(Woreganu) 0478965 0995141

Salite-Mihiret Site 0481099 0996862

Kality Substation Site(Gantry) 0473123 0981871

Kality Tower-48 Site 0472789 0983421

Addis Center Substation, BH-1 0471934 0994303

Addis Center Substation, BH-2 0471909 0994283

Addis Center Substation, BH-3 0471945 0994246

Gofa Site 0472121 0990658

Lafto Tower-25 Site 0472138 0989739

Hana-Mariam (Near T-36)Site 0472493 0986519
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composite volcanoes (Central Volcanoes unit), and finally small spatter cones and lava flows
(Akaki unit).

Addis Ababa basalt extensively crops out along Akaki, Kebena, and Dukem rivers at the east
to southeastern part of Addis Ababa, and represents the oldest unit of the area. It consists of
essentially sub-horizontal lava flows with thickness ranging from few meters up to 20m.
Maximum exposed thickness was found east of Addis Ababa, along the Kebena River. Addis
Ababa basalt is predominantly constituted by alkaline and olivine basalts with three main
textural attributes, that is, porphyritic, aphyric, and sub-aphyric.

Addis Ababa Ignimbrite is exposed close to Addis Ababa along the Akaki and Kebena rivers. It
overlies the Addis Ababa basalt and locally covers the products of the composite central
volcanoes of Wechecha and Furi. The sequence is constituted by different flow units,
consisting of pale-green to pale-yellow welded and crystal rich ignimbrites.

Central volcanoes unit includes the Yerer volcano and the product of the two composite
volcanoes Wechecha and Furi west and southeast of Addis Ababa, respectively. Wechecha
and Furi volcanoes are two large edifices composed by predominant trachyte with minor
pyroclastics. Yerer represents the largest volcanic edifice in the region, with a relief of 1000m
from the plain and 14km wide along east-west direction. Products mainly consist of trachytes,
even if pyroclastics are widespread mainly in the central part eastern sector. The highest part
of Yerer volcano was affected by a more recent volcanic activity that produces spatter cones
and associated basalt.

Akaki unit crops out east of Addis Ababa and consists of scoria and spatter cones with
associated tabular lava flows and phreato- magmatic deposits. Alluvial deposits covering these
units consists of regolith, reddish brown soils, talus and alluvium with maximum thickness of
about two meters.

Fig 1: Geological Map of Addis Ababa
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1.5.2 Site Geology

The project has nine distinct sites and the geology of each site is presented below:

Addis North Substation Site

The upper most layer of the site is covered with backfill material having a thickness of
0.60m. Beneath the backfill is stiff to medium stiff, light yellow to light gray, low to high
plastic clayey SILT with sand soil which extends to a depth of 4.55m. The lowest profile
of the explored depth is very stiff to medium stiff, reddish color, low to high plastic silty
CLAY/clayey SILT soil.

Gergi-Mebrathail Site(Woreganu)

The top layer of the site is covered with backfill material having a thickness of 0.65m.
Beneath the backfill silty CLAY and clayey SILT soil layers are found up to a depth of
9.150m. The lowest profile of the explored depth is extremely weak, light gray,
moderately fractured IGNIMBRITE rock up to a depth of 10.20m.

Salite-Mihiret Site

The top layer of the site is covered with backfill material which extends to a depth of
1.90m below existing ground level. Beneath the backfill is weak, light gray, slightly
weathered, closely spaced IGNIMBRITE rock layer which extends up the end of
exploration depth, 6.00m.

Kality Substation Site (Gantry)

The upper most layer of the site is covered with backfill material extended to a depth of
3.00m. Beneath the backfill isvery weak, reddish brown, highly weathered, very closely
fractured scoriaceous BASALT rock which extends to a depth of 7.00. The lowest profile
of the explored depth is medium strong, dark gray, slightly weathered, moderately to
closely joint vesicular BASALT rock.

Kality Tower-48 Site

The top soil layer of the site is covered with medium stiff to hard, black to dark gray, high
plastic silty CLAY with occasional gravel which extends to a depth of 4.65m. Beneath the
top soil layer is hard, variegated color, low to high plastic clayey SILT with sand and core-
stone which has a thickness of 2.35m. The lowest profile of the explored depth is hard,
variegated color, low to non-plastic sandy SILT with clay and core-stone.

Addis Center Substation Site

The upper most layer of the site is covered with backfill material/topsoil which extends to
a depth of 0.40m below existing ground level. Beneath the backfill is medium stiff to very
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stiff variegated color (black to light brown) layer which extends up the end of exploration
depth, 10.00m.

Gofa Site

The top soil layer of the site is covered with backfill which extends to a depth of 0.40m.
Beneath the backfill layer is stiff to very stiff, dark gray, high plastic clayey SILT soil which
has a thickness of 3.00m. The lowest profile of the explored depth is Dense to very dense,
variegated color, non-plastic silty GRAVEL soil.

Lafto Tower-25 Site

The upper most layer of the site is covered with backfill which extends to a depth of
0.70m. Beneath the backfill layer is extremely weak to weak, variegated color, slightly to
highly weathered, IGNIMBRITE Rock which has a thickness of about 5.00m. The lowest
profile of the explored depth is very stiff to hard, reddish color, non-plastic clayey SILT
with core stone.

Hana-Mariam  (Near T-36)Site

The upper most layer of the site is covered with backfill which extends to a depth of
0.60m. Beneath the backfill layer is extremely weak, light gray, slightly to highly
weathered, IGNIMBRITE Rock which extends to a depth of 2.25m. Below the rock layer
is stiff to hard, light gray, low to high plastic, clayey SILT soil which extends to a depth of
8.00m. The lowest profile of the explored depth is dense to very dense, variegated color,
non-plastic silty gravel with core-stone.

Geological strata are presented in the borehole logs attached with this report Appendix 1).
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2. METHODOLOGY OF INVESTIGATION

The site investigation was conducted by deploying one Spindle type core drilling rig
having the capacity to perform boring operations to the required standard and quality.

The main tasks undertaken as per the requirements for the geotechnical investigation are:

1. Rotary core drilling and
2. Field testing

2.1Drilling

For the soil formation dry drilling method has been utilized using single core barrels fitted
with appropriate size tungsten carbide bits at the bottom in order to achieve good quality
core recovery. When the formation changed to rock, water was pumped down to the
diamond bit through hollow drill rods, thus, lubricating the bit and flushing the debris up
the borehole. Telescopic drilling was used whereby the drilling size was reduced
progressively starting from 108mm hole-diameter through 89mm and remains till the
completion depth.

In conjunction with drilling, the following activities were performed:

 Standard Penetration Testing (SPT) and
 Ground water observation,

2.2Drilling Equipment and Operation

The core drilling was carried out by using spindle type rotary core drilling rig. Equipment
to conduct in-situ testing and sampling, such as SPT apparatus including split spoon
sampler, water pump, rods, casings and a wide range of heavy-duty tools were used
during the drilling operation.

Core samples recovered from core barrels were arranged in partitioned wooden core
boxes having 1.0 m length, and are properly labeled indicating project name, client,
borehole designation, depth, etc. The cores inside core boxes were logged and
photographed (colored) and kept as part of the report document.

2.3 Field Testing

The Standard Penetration Test (SPT) utilizes a 51mm external diameter and 450mm long
thick-walled split spoon tube sampler driven into the ground under the impact of semi-
automatic sliding hammer weighing 63.5kg through a free fall height of 760mm in
accordance with test procedure mentioned in test No. 19 of BS 1377; 19750. The 'N'
value, which is the measure of the density or consistency of the ground under testing, is
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recorded as the number of hammer blows required to achieve penetration of the last
300mm. The initial blows required to penetrate the first 150mm are normally regarded as
seating blows to allow for any disturbed materials at the bottom of the borehole, and are
discarded. Upon completion of the test, the sampler tube is removed and disassembled to
obtain 'disturbed' but representative sample of the tested ground.

The N-values of the SPT are an indication of the relative density of cohesion less soils and
the consistency of cohesive soil. General N-value ranges are correlated with relative
density and consistency as shown in table 3 below. It is emphasized that for gravels and
clays the correlations to relative density and consistency should serve only as general
estimates.
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Table 2: Soil properties Correlated with Standard Penetration Test Values

Cohesionless Soil Cohesive Soil

Number of Blows
per 0.3 m (1 ft), N

Relative Density
Number of Blows
per 0.3 m (1 ft), N

Consistency

0 – 4 Very loose Below 2 Very soft

4 – 10 Loose 2 – 4 Soft

10 – 30 Medium 4 – 8 Medium

30 – 50 Dense 8 – 15 Stiff

Over 50 Very dense 15 – 30 Very stiff

Standard Penetration Testing (SPT) in the borehole was conducted starting from a depth
of 1.50m below the ground level. The following table summarizes the representative SPT
N-value.

Table 3:   Representative SPT N-values

BH-ID Depth (m)
SPT N-
value

SPT N-value Vs depth
Plot

Layer Description

Addis
North

Substati
on Site

1.00 – 1.45 2/4/7

Stiff to medium stiff, light
yellow to light gray, low
to high plastic clayey SILT
with sand soil layer.

2.00 – 2.45 1/3/2

3.00 – 3.45 1/1/2

4.00 – 4.45 2/2/3

5.00 – 5.45 3/6/12

Very stiff to medium stiff,
reddish color, low to high
plastic silty CLAY/clayey
SILT soil layer.

6.00 – 6.45 7/16/10

7.00 – 7.45 5/8/8

8.00 – 8.45 3/4/4

9.00 – 9.45 2/2/4

GergiM
ebratHa

1.00 – 1.45 2/4/5
Stiff, dark gray, high
plastic silty CLAY soil

0.00

2.00

4.00

6.00

8.00

10.00

0 10 20 30

De
pt

h 
(m

)

SPT N Value per 300mm
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BH-ID Depth (m)
SPT N-
value

SPT N-value Vs depth
Plot

Layer Description

il
Site(Wo
reganu)

2.00 – 2.45 2/4/3

Stiff to very stiff, light
gray, low to high plastic
clayey SILT soil.

3.00 – 3.45 3/6/7

4.00 – 4.45 4/7/8

5.00 – 5.45 5/6/9

6.00 – 6.45 3/4/5 Stiff, light yellow, low to
non-plastic clayey SILT
soil.7.00 – 7.45 2/4/6

8.00 – 8.45 6/17/20
Hard, reddish, low to
high plastic, clayey SILT
soil

9.00 – 9.30 50

Extremely weak, light
gray, moderately
fractured IGNIMBRITE
rock.

Salitemi
hiret
Site

1.00 – 1.45 2/3/3 Backfill material

1.90 – 6.00 >50
Weak, light gray, slightly
weathered, closely spaced
IGNIMBRITE rock layer.

Kality
Substati

on
Site(Ga
ntry)

1.00 – 1.15 30 Backfill with compacted
sub base and base course
materials.2.00 – 2.15 30

4.00 – 4.45 10/14/50
Very weak, reddish
brown, highly weathered,
very closely fractured
scoriaceous BASALT rock

5.00 – 5.45 50

6.00 – 6.45 50

7.00 – 10.00 50
Medium strong, dark
gray, slightly weathered,
moderately to closely

0.00

2.00

4.00

6.00

8.00

10.00

0 10 20 30 40 50
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pt
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SPT N Value per 300mm
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BH-ID Depth (m)
SPT N-
value

SPT N-value Vs depth
Plot

Layer Description

jointed vesicular BASALT
rock

Kality
Tower-
48 Site

1.00 – 1.45 1/2/3
Medium stiff to hard,
black to dark gray, high
plastic silty CLAY with
occasional gravel (from
4.00m - 4.65m).

2.00 – 2.45 1/3/4

3.00 – 3.45 2/3/4

4.00 – 4.15 30

5.00 – 5.15 30 Hard, variegated color,
low to high plastic clayey
SILT with sand and core-
stone.6.00 – 6.30 30

7.00 – 7.15 50
hard, variegated color,
low to non-plastic sandy
SILT with clay and core-
stone.

8.00 – 8.15 50

9.00 – 9.15 50

Addis
Center
Substati

on,
BH-1

1.00 – 1.45 2/2/2
Medium stiff, dark gray,
high plastic silty CLAY soil

2.00 – 2.45 1/2/2

3.00 – 3.45 2/2/4

Medium stiff to stiff,
reddish brown, high
plastic clayey SILT soil.

4.00 – 4.45 3/7/9

5.00 – 5.45 4/6/9

6.00 – 6.45 4/5/8

7.00 – 7.45 5/5/9

8.00 – 8.45 6/7/10 Stiff to very stiff, light
brown, high plastic clayey
SILT with trace gravel and
sand soil.

9.00 – 9.45 5/6/9

Addis
Center
Substati

1.00 – 1.45 1/2/2 Medium stiff, dark gray,
high plastic silty
CLAY/clayey SILT soil.2.00 – 2.45 2/2/2

0.00

2.00

4.00

6.00

8.00

10.00

0 10 20 30 40 50

De
pt

h 
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SPT N Value per 300mm
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BH-ID Depth (m)
SPT N-
value

SPT N-value Vs depth
Plot

Layer Description

on,
BH-2

3.00 – 3.45 2/2/3

Stiff, reddish brown, high
plastic clayey SILT soil.

4.00 – 4.45 4/6/6

5.00 – 5.45 6/9/11

6.00 – 6.45 5/7/9

7.00 – 7.45 5/8/10

8.00 – 8.45 6/6/9 Very stiff, light brown,
high plastic clayey SILT
with sand and trace
gravel soil.9.00 – 9.45 6/8/11

Addis
Center
Substati

on,
BH-3

1.00 – 1.45 1/2/3

Medium stiff to very stiff,
black to dark gray, high
plastic clayey SILT/silty
CLAY soil.

2.00 – 2.45 2/2/3

3.00 – 3.45 2/2/2

4.00 – 4.45 3/4/5

5.00 – 5.45 2/4/5

6.00 – 6.45 4/6/8

Stiff to very stiff,
variegated color, low to
high plastic clayey SILT
soil.

7.00 – 7.45 5/7/9

8.00 – 8.45 6/7/9

9.00 – 9.45 6/6/9

Gofa
Site

1.00 – 1.45 3/4/5 Stiff to very stiff, dark
gray, high plastic clayey
SILT soil.2.00 – 2.30 30

3.00 – 3.15 30
Dense to very dense,
variegated color, non-
plastic silty GRAVEL soil.

4.00 – 4.15 30

5.00 – 5.15 30
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6.00
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10.00
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De
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BH-ID Depth (m)
SPT N-
value

SPT N-value Vs depth
Plot

Layer Description

6.00 – 6.15 30

Lafto
Tower-
25 Site

1.00 – 2.00 30

3.00 – 5.55 50

Extremely weak to weak,
variegated color, slightly
to highly weathered,
IGNIMBRITE Rock.

6.00 – 6.15 50

Very stiff to hard, reddish
color, non-plastic clayey
SILT with core stone.

7.00 – 7.15 50

8.00 – 8.15 50

Hana
mariam
(Near

T-
36)Site

1.00 – 1.15 30

Extremely weak, light
gray, slightly to highly
weathered, IGNIMBRITE
Rock.

3.00 – 3.45 5/7/9

Stiff to hard, light gray,
low to high plastic, clayey
SILT soil.

4.00 – 4.45 7/9/12

5.00 – 5.45 6/8/11

6.00 – 6.45 5/6/10

7.00 – 7.45 7/9/12

8.00 – 8.15 30

Dense to very dense,
variegated color, non-
plastic silty gravel with
corestone.

9.00 – 9.15 50

10.00 – 10.15 50

11.00 – 11.15 50

12.00 – 12.15 50
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3. GEOTECHNICAL CHARACTERISTICS

3.1 Description of Geotechnical Layer

Description of geotechnical layer is made for each site since the location of site is far apart
from each other. Descriptive analysis was made on the soil and rock samples derived from
eleven boreholes. This was used together with relative compactions as indicated from the
SPT tests, and the following generalized geo-technical layers are identified. Details on type
and extent of the geotechnical layers are given in Appendix 1 (Borehole logs).

Addis North Substation Site

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of silt, sand and
gravel which extends up to a depth of 0.60m below existing ground level.

B. Stiff to medium stiff, light yellow to light gray, low to high plastic clayey SILT with
sand soil layer

This layer is found below backfill characterized by stiff to medium stiff, light yellow to
light gray, low to high plastic clayey SILT with sand soil layer which extends up to a depth
of 4.55m below existing ground level.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 5 to 11blows/300mm, shows stiff to medium stiff degree of consistency.

C. Very stiff to medium stiff, reddish color, low to high plastic silty CLAY/clayey SILT
soillayer

This is lowest profile of the explored depth characterized by very stiff to medium stiff,
reddish color, low to high plastic silty CLAY/clayey SILT soil.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 6 to 26 blows/300 mm, shows very stiff to medium stiff degree of consistency.

Gerjimebrat Hail Site(Woreganu)

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of reddish ash
which extends up to a depth of 0.65m below existing ground level.

B. Stiff, dark gray, high plastic silty CLAY soillayer

This layer is found beneath backfill characterized Stiff, dark gray, high plastic silty CLAY
soil layer which extends up to a depth of 1.90m below existing ground level.

The standard penetration tests were conducted on this layer in which SPT blow counts is 9
blows /300 mm, shows stiff degree of consistency.
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C. Stiff to very stiff, light gray, low to high plastic clayey SILT soil layer

This layer is characterized by stiff to very stiff, light gray, low to high plastic clayey SILT
soil and extends up to a depth of 6.00m.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 7 to 15blows/300mm, shows stiff to very stiff degree of consistency.

D. Stiff, light yellow, low to non-plastic clayey SILT soil layer

This layer is characterized bystiff, light yellow, low to non-plastic clayey SILT soil and
extends up to a depth of 7.90m.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 9 to10 blows/300mm, shows stiff degree of consistency.

E. Hard, reddish, low to high plastic, clayey SILT soillayer

This layer is characterized by hard, reddish; low to high plastic, clayey SILT soil and
extends up to a depth of 9.15m.

The standard penetration tests were conducted on this layer in which SPT blow count is
37 blows /300 mm, shows hard degree of consistency.

F. Extremely weak, light gray, moderately fractured IGNIMBRITE rock layer

This is lowest profile of the explored depth is extremely weak, light gray, moderately
fractured IGNIMBRITE rock.

Salite-Mihiret Site

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of concrete,
gravel and sand which extend up to a depth of 1.90m below existing ground level.

B. Weak, light gray, slightly weathered, closely spaced IGNIMBRITE rock layer

This layer is found below backfill characterized by weak, light gray, slightly weathered,
closely spaced IGNIMBRITE rock layer which extends up to the end of explored depth.

The rock quality designation (RQD) is taken and gives values in a range from 0%. The
RQD measurements show that the rock is in very poor quality in terms of RQD
measurement.
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Kality Substation Site (Gantry)

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of clayey SILT,
basaltic boulder and sandy SILT which extends up to a depth of 3.00m below existing
ground level.

B. Very weak, reddish brown, highly weathered, very closely fractured scoriaceous
BASALT rock layer

This layer is found below backfill characterized by very weak, reddish brown, highly
weathered, very closely fractured scoriaceous BASALT rock which extends up to a depth
of 7.00m below existing ground level.

The rock quality designation (RQD) is taken and gives values in a range from 0%. The
RQD measurements show that the rock is in very poor quality in terms of RQD
measurement.

C. Medium strong, dark gray, slightly weathered, moderately to closely jointed
vesicular BASALT rocklayer

This is lowest profile of the explored depth characterized by medium strong, dark gray,
slightly weathered, moderately to closely jointed vesicular BASALT rock.

The Quality Designation (RQD) of this layer varies from 23% – 50% which indicates the
rock mass is in poor quality terms of RQD.

Kality Tower-48 Site

A. Medium stiff to hard, black to dark gray, high plastic silty CLAYLayer

The upper most layer of the site is covered with medium stiff to hard, black to dark gray,
high plastic silty CLAY which extends up to a depth of 4.650m below existing ground
level.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 5blows/300mm to refusal, shows medium stiff to hard degree of consistency.

B. Hard, variegated color, low to high plastic clayey SILT with sand and core stone
soil layer

This layer characterized by Hard, variegated color, low to high plastic clayey SILT with
sand and core stone soil which extends up to a depth of 7.0m below existing ground
level.

The standard penetration tests were conducted on this layer in which SPT blow counts are
refusal, shows hard degree of consistency.

C. Hard, variegated color, low to non-plastic sandy SILT with clay and core-stone
layer
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This is lowest profile of the explored depth characterized by hard, variegated color, low
to non-plastic sandy SILT with clay and core-stone soil.

The standard penetration tests were conducted on this layer in which SPT blow counts are
refusal, shows hard degree of consistency.

Addis Center Substation Site

A. Backfill/top soilLayer

The upper most layer of the site is covered with backfill material/topsoil which extends to
a depth of 0.40m below existing ground level.

B. Stiff to very stiff variegated color, low to high plastic clayey SILT layer

This layer is characterized by stiff to very stiff variegated color, low to high plastic clayey
SILT which extends up to a depth of exploration.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 8 to 19blows/300mm, shows stiff to very stiff degree of consistency.

Gofa Site

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of silt, clay and
gravel which extend up to a depth of 0.40m below existing ground level.

B. Stiff to very stiff, dark gray, high plastic clayey SILT soil layer

This layer is found below backfill characterized by Stiff to very stiff, dark gray, high plastic
clayey SILT soil which extends up to a depth of 3.00m below existing ground level.

The standard penetration tests were conducted on this layer in which SPT blow counts are
from 9blows/300mm to refusal, shows stiff to very stiff degree of consistency.

C. Dense to very dense, variegated color, non-plastic silty GRAVEL soil layer

This is lowest profile of the explored depth characterized by dense to very dense,
variegated color, non-plastic silty GRAVEL soil.

The standard penetration tests were conducted on this layer in which SPT blow refusal
shows dense to very dense degree of relative density.

Lafto Tower-25 Site

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of gravel and
boulder which extends up to a depth of 0.70m below existing ground level.
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B. Extremely weak to weak, variegated color, slightly to highly weathered,
IGNIMBRITE Rock layer

This layer is found below backfill characterized by extremely weak to weak, variegated
color, slightly to highly weathered, IGNIMBRITE Rock which extends up to a depth of
5.55m below existing ground level.

The Quality Designation (RQD) of this layer varies from 0% – 95% which indicates the
rock mass is in poor to good quality terms of RQD.

C. Very stiff to hard, reddish color, non-plastic clayey SILT with core stone layer

This is lowest profile of the explored depth characterized by Very stiff to hard, reddish
color, non-plastic clayey SILT with core stone.

The standard penetration tests were conducted on this layer in which SPT blow are
refusal, shows dense to very stiff to hard degree of consistency.

Hana-mariam  (Near T-36)Site

A. Backfill Layer

The upper most layer of the site is covered with backfill material consists of gravel and
boulder which extends up to a depth of 0.60m below existing ground level.

B. Extremely weak, light gray, slightly to highly weathered, IGNIMBRITE Rocklayer

This layer is found below backfill characterized by extremely weak, light gray, slightly to
highly weathered, IGNIMBRITE Rock which extends up to a depth of 2.25 below existing
ground level.

The rock quality designation (RQD) is taken and gives values in a range from 0%. The
RQD measurements show that the rock is in very poor quality in terms of RQD
measurement.

C. Stiff to hard, light gray, low to high plastic, clayey SILT soil layer

This layer is characterized by stiff to hard, light gray, low to high plastic, clayey SILT soil
which extends to a depth of 8.00m below existing ground level.

The standard penetration tests were conducted on this layer in which SPT blow counts are
16blows/300m to refusal, shows stiff to hard degree of consistency.

D. Dense to very dense, variegated color, non-plastic silty gravel with core-stone soil
layer

This layer is the lowest profile characterized dense to very dense, variegated color, non-
plastic silty gravel with core-stone soil layer

The standard penetration tests were conducted on this layer in which SPT blow counts are
refusal, shows dense to very dense degree relative density.
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3.2 Groundwater Observation

Ground water was encountered in some boreholes  during the course of drilling at a
depth of 10.00m, 0.50m, 3.50m, 3.00m and 3.50m in Addis North substation borehole,
Kality T-48 borehole, Addis Center BH-1, Addis Center BH-2 and Addis Center BH-3
respectively, However, it should be noted that variation in the location of the long-term
water table may occur as a result of changes in precipitation, evaporation, seepage and
other factors not immediately apparent at the time of this exploration.
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4. FOUNDATION RECOMMENDATION

Foundation recommendation refers to the determination of the bearing layer and depth,
allowable bearing capacity of the bearing layer and type of foundation that could be
adopted safely and economically.

In selecting the appropriate type of foundation, numerous factors have to be taken into
account. Basic design considerations include insuring the load from the superstructure not
to exceed the allowable bearing pressure on the soil and reducing the settlement of the
foundation.

For the study area, Spread Footing Foundation is considered appropriate to support the
proposed structures and the allowable bearing capacity of the bearing layers are
computed for respective site.

The following section discusses the methodology for determination of the allowable
bearing capacity for the selected types of foundation. Geotechnical characteristics of the
sub surface geology mentioned on section 3 of this report will be used for this purpose.

4.1 Allowable Bearing Capacity based on SPT Values

Spread Footing Foundation at variable depths (i.e. at 2.0m, 2.5m, and 3.00 below NGL)

Allowable bearing capacity for the selected foundation layer shall be discussed based on
correlation of the consistency/ relative compaction of the in-situ ground as indicated from
SPT. Then, all the necessary adjustments are made to determine the actual SPT values. The
depths at which the SPT N-values are obtained, the SPT N-values and the adjusted N-
values (i.e., N’55) are given below and they are considered for determining the design N-
values.

Before using in-situ SPT values, the site N-values shall be adjusted to N55 standard energy
ratio value using the following formula (Bowles, 1988).

N’55= CN x N x n1 x n2 x n3 x n4

Where N’55 = adjusted N

= adjustment for overburden pressure =( , ) /,=overburden pressure
= reference overburden pressure (95.76 kPa or

1.0kg/cm2)
= / (where is average energy ratio that depends

on the drill system and is the standard energy
ratio). is taken as 50 and as 70.
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= Rod length correction
Rod length > 10 m = 1,
Rod length 6-10 m = 0.95,
Rod length 4-6 m = 0.85,
Rod length 0-4 m = 0.75

= sampler correction (1.00 in our case)

= borehole diameter correction (1.00 in our case)

Table 4:  Representative and adjusted SPT - N values

BH ID. Depth (m)
Record of SPT

N-value
Design
N-value

Addis North
Substation Site

1.00 11 11

2.00 5 5

3.00 3 3

4.00 5 5

5.00 17 14

6.00 26 22

7.00 16 12

8.00 8 6

9.00 6 4

GergiMebrat
Hail

Site(Woregan
u)

1.00 9 9

2.00 7 7

3.00 13 12

4.00 15 14

5.00 15 12

6.00 9 8
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BH ID. Depth (m)
Record of SPT

N-value
Design
N-value

7.00 10 8

8.00 37 27

9.00 *50 32

Salite- Mihiret
1 6 6

1.90 – 6.00 *50 50

Kality
Substation

Site(Gantry)

1.00 *30 24

2.00 *30 24

3.00 *50 43

4.00 *50 42

5.00 *50 38

6.00 *50 38

7.00 *50 35

8.00 *50 33

9.00 *50 31

Kality Tower-
48 Site

1.00 5 5

2.00 7 7

3.00 7 7

4.00 *30 27

5.00 *30 24

6.00 *30 24

7.00 *50 37
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BH ID. Depth (m)
Record of SPT

N-value
Design
N-value

8.00 *50 34

9.00 *50 32

Addis Center
Substation,

BH-1

1.00 4 4

2.00 4 4

3.00 6 6

4.00 16 15

5.00 15 12

6.00 13 11

7.00 14 11

8.00 17 12

9.00 15 10

Addis Center
Substation,

BH-2

1.00 4 4

2.00 4 4

3.00 5 5

4.00 12 11

5.00 20 16

6.00 16 13

7.00 18 14

8.00 15 11

9.00 19 13

Addis Center 1.00 5 5
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BH ID. Depth (m)
Record of SPT

N-value
Design
N-value

Substation,
BH-3

2.00 5 5

3.00 4 4

4.00 9 8

5.00 9 7

6.00 14 12

7.00 16 12

8.00 16 12

9.00 15 10

Gofa Site

1.00 9 9

2.00 *30 30

3.00 *30 27

4.00 *30 27

5.00 *30 24

6.00 *30 24

Lafto Tower-
25 Site

1.00 *30 30

2.00 *30 30

3.00 *50 43

4.00 *50 42

5.00 *50 38

6.00 *50 39

7.00 *50 36
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BH ID. Depth (m)
Record of SPT

N-value
Design
N-value

8.00 *50 33

Hana mariam
(Near T-
36)Site

1.00 *30 30

2.00 *30 30

3.00 16 15

4.00 21 19

5.00 19 16

6.00 16 13

7.00 21 16

8.00 *30 21

9.00 *50 32

10.00 *50 31

11.00 *50 31

12.00 *50 29

(*) indicates assumed minimum refusal SPT value for stiff/dense soil and weak rock
material, N=30/300mm is assumed for stiff/dense soil and N=50/300mm is assumed for
weak rock in the analysis of bearing capacity where SPT tests ended with refusal.
However, Gofa site soil profile with SPT N value of refusal has to be inferred to
30blows/300mm.

After adjusting the N-values, a design N-values are chosen from consecutive depths where
the test is performed. The design N-values are taken as the average of adjusted N-values
which are found in between ½ B above and 2B below the proposed footing depths
where B is the width of the foundation.

The bearing capacity for Isolated footing foundation is calculated from the SPT N- values
using Meyerhof’s equation as follows (Bowles, 1997):

SPT N- values using Meyerhof’s equation as follows (Bowles, 1997): -



Geological Investigation on Addis Ababa Transmission and Distribution System
Rehabilitation and Upgrading Project

MS Consultancy 27
ARCON Design Build PLC. Geotechnical Engineering Service; May 2018

Where,
= Allowable bearing pressure for settlement limited to 25 mm.

B > F4

= 1+0.33D/B,≤ 1.33
= 0.08
= 0.3
= 1.2
= Width of foundation
= Depth of foundation

The following allowable bearing capacity values below illustrates the computations made.

Table 5:  Allowable Bearing Capacity for Isolated Footing Foundation

Site

Footing
Width

(m)
1.5 2.0 2.5 3.0 3.5 4.0

Footing
depth(m)

Allowable Bearing Capacity (kPa)

Addis North
Substation Site

2.00 239 220 198 185 175 168

2.50 239 220 209 193 182 174

3.00 263 242 229 221 208 198

GerjiMebrat Hail
Site(Woreganu)

2.00 311 286 258 240 228 219

2.50 335 308 292 270 255 244

3.00 359 330 313 302 284 270

Salite- Mihiret
2.00-
2.50

1000kPa

Kality Substation
Site(Gantry)

2.00 838 770 694 646 613 589

2.50 838 770 730 675 637 610

3.00 862 792 751 724 680 649

Kality Tower-48 Site

2.00 575 528 476 443 420 404

2.50 575 528 501 463 437 418

3.00 622 572 542 523 491 469

Addis Center 2.00 263 242 218 203 193 185
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Site

Footing
Width

(m)
1.5 2.0 2.5 3.0 3.5 4.0

Footing
depth(m)

Allowable Bearing Capacity (kPa)

Substation, BH-1 2.50 263 242 229 212 200 192

3.00 263 242 229 221 208 198

Addis Center
Substation, BH-2

2.00 287 264 238 221 210 202

2.50 287 264 250 231 218 209

3.00 287 264 250 241 227 216

Addis Center
Substation, BH-3

2.00 215 198 178 166 158 151

2.50 215 198 188 174 164 157

3.00 215 198 188 181 170 162

Gofa Site

2.00 599 550 495 461 438 421

2.50 599 550 521 482 455 436

3.00 599 550 521 503 473 451

Lafto Tower-25 Site

2.00 910 835 753 701 666 639

2.50 910 835 792 733 692 662

3.00 910 835 792 764 718 685

Hanamariam  (Near
T-36)Site

2.00 455 418 377 351 333 320

2.50 455 418 396 366 346 331

3.00 479 440 417 402 378 360

From the above analysis, the allowable bearing capacity range in values from 151kPa to
910kPa at a variable depth (2.00m, 2.50m & 3.00m) based on various footing width.

4.2 Presumptive Allowable Bearing Capacity of Rock Layer

From investigation result the ground formation of Salitemihiret site is rock. The rock
basically can carry the anticipated imposed load coming both from the super structure and
the foundation since it extends to sufficient depth below the anticipated foundation level.

Presumed bearing capacity values shall be obtained for weak and broken rocksbeneath
the foundation from ES EN 1997:2015 code. According to this local code annex G, the
rock layer found in this project site is grouped under Group type 2 - since  ignimbrite is a
type of igneous rock.
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Table 6: Grouping of weak and broken rocks

Group Types of rock

1
Pure limestones and dolomites
Carbonate sandstones of low porosity

2

Igneous
Oolitic and marlylimestones
Well cemented sandstones
Indurated carbonate mudstones
Metamorphic rocks, including slates and schist
(flat cleavage/foliation)

3
Very marlylimestones
Poorly cemented sandstones
Slates and schists (steep cleavage/foliation)

4 Uncemented mudstones and shales

The rock layer is weak, light gray, slightly weathered, closely spaced IGNIMBRITE rock as
stated in section 3 – description of geotechnical layers. From the chart (weak rock and
closely spaced discontinuities) presumed allowable bearing capacity value about 1MPa
(1000kPa)can be read and used for safe design.

4.3 Recommended Allowable Bearing Capacity

In order to determine the type of foundation and the corresponding allowable bearing
capacity, two criteria are evaluated. These criteria are bearing failure and settlement. For
the proposed structure, isolated footing foundation systemis considered. The foundation
designer can use any of the recommended values depending on the superstructure loads.

The following table shows the recommended allowable bearing capacity valuesfor the
given foundation.

Table 7: Recommended Allowable Bearing Capacity for Isolated Footing Foundation

Site Footing
depth(m)

Recommended Allowable Bearing Capacity
(kPa)

Addis North
Substation Site

2.00 239 220 198 185 175 168

2.50 239 220 209 193 182 174

3.00 263 242 229 221 208 198

GerjiMebrat 2.00 311 286 258 240 228 219
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Site Footing
depth(m)

Recommended Allowable Bearing Capacity
(kPa)

Hail
Site(Woreganu)

2.50 335 308 292 270 255 244

3.00 359 330 313 302 284 270

Salitemihiret Site 2.00 – 2.50 1000kPa

Kality
Substation

Site(Gantry)

2.00 838 770 694 646 613 589

2.50 838 770 730 675 637 610

3.00 862 792 751 724 680 649

Kality Tower-48
Site

2.50 575 528 501 463 437 418

3.00 622 572 542 523 491 469

Addis Center
Substation

2.50 215 198 188 174 164 157

3.00 215 198 188 181 170 162

Gofa Site

2.00 599 550 495 461 438 421

2.50 599 550 521 482 455 436

3.00 599 550 521 503 473 451

Lafto Tower-25
Site

2.00 910 835 753 701 666 639

2.50 910 835 792 733 692 662

3.00 910 835 792 764 718 685

Hanamariam
(Near T-36)Site

2.00 455 418 377 351 333 320

2.50 455 418 396 366 346 331

3.00 479 440 417 402 378 360

Note:
 The above mentioned bearing capacity values are provided before settlement

criteria is checked, since it demands laboratory test to determine settlement
parameters. Specially, Kality Tower-48 Site and Addis Center Substation site has
ground water table located near to the existing ground level in which
consolidation settlement will be expected.

 If loose/soft soil is found at the foundation level, the foundation of proposed
structures shall be placed on 50cm thick compacted appropriate material that is
granular material with few fines, i.e. Gravel, Gravel – sand mixtures few
silt/clay – GW-GC/SW-SC.
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5. CONCLUSION

Sub-surface geotechnical investigation was work was conducted forelectric transformation
line towers and substations project. The investigation included rotary core drilling of
eleven boreholes, visual identification and in-situ tests.

Recommendations are made on the type, depth and allowable bearing values under
section 4 of this report. The foundation designer can use any of the recommended values
for the respective structure depending on the superstructure loads.

The Geotechnical Engineer in charge shall conduct intermittent supervision of the
foundation excavation works during construction to verify/check the actual subsurface
conditions, and shall make adjustments to the foundation recommendation as given in
this report, where actual site conditions warrant such changes.
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Appendix 1

BoreholeLogs
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Backfill material - silt, sand
and gravel.

End of Borehole

Very stiff to medium stiff,
reddish color, low to high
plastic silty CLAY/clayey SILT
soil layer.

Stiff to medium stiff, light
yellow to light gray, low to
high plastic clayey SILT with
sand soil layer.
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108

Backfill material - reddish ash

End of Borehole

NIL
Stiff to very stiff, light gray,
low to high plastic clayey
SILT soil.

Hard, reddish, low to high
plastic, clayey SILT soil.

I II

Stiff, dark gray, high
plastic silty CLAY soil

Stiff, light yellow, low to
non-plastic clayey SILT soil.

Extremely weak, light gray,
moderately fractured
IGNIMBRITE rock.



108 Backfill material - Concrete,
gravel and sand.

End of Borehole

Weak, light gray, slightly
weathered, closely spaced
IGNIMBRITE rock layer.
*from 2.00m - 2.25m is BASALT
rock.

*there was no return of water
used for drilling.
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End of Borehole

Backfill:
Alternative layer of clayey
SILT, basltic boulder and
sandy SILT.

Very weak, reddish brown,
highly weathered, very closely
fractured scoriaceous BASALT
rock.

Medium strong, dark gray,
slightly weathered,
moderately to closely jointed
vesicular BASALT rock

NIL
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89

108

End of Borehole

Medium stiff to hard, black to
dark gray, high plastic silty
CLAY with occasional gravel
(from 4.00m - 4.65m).

Hard, variegated color, low to
high plastic clayey SILT with
sand and corestone.

hard, variegated color, low to
non plastic sandy SILT with
clay and core-stone.
(weathering product of
pyroclastic rock)



89

108

Top soil - clay, silt and sand

End of Borehole

Medium stiff to stiff, reddish
brown, high plastic clayey SILT
soil.

Stiff to very stiff, light brown,
high plastic clayey SILT with
trace gravel and sand soil.

Medium stiff, dark gray, high
plastic silty CLAY soil



89

108

Backfil - silt and gravel

End of Borehole

Stiff, reddish brown, high plastic
clayey SILT soil.

Very stiff, light brown, high plastic
clayey SILT with sand and trace
gravel soil.

Medium stiff, dark gray, high
plastic silty CLAY/clayey SILT
soil.



89

108

Top soil - gravel and cobble

End of Borehole

Stiff to very stiff, variegated
color, low to high plastic
clayey SILT soil.

Medium stiff to very stiff,
black to dark gray, high
plastic clayey SILT/silty CLAY
soil.



89

108

Backfill - gravel, silt and clay

End of Borehole

NILDense to very dense, variegated
color, non plastic silty GRAVEL
soil.

Stiff to very stiff, dark gray,
high plastic clayey SILT soil.



89

108   Backfill - gravel and boulder

End of Borehole

NIL

Very stiff to hard, reddish color,
non plastic clayey SILT with core
stone.

Extremely weak to weak,
variegated color, slightly to
highly weathered,
IGNIMBRITE Rock.
*from 0.70 - 3.00m highly
fractured Ignimbrite rock.

I I
I I

I

II
I

I I
I

I I



89

108   Backfill - gravel and boulder

End of Borehole

NIL

Extremely weak, light gray,
slightly to highly weathered,
IGNIMBRITE Rock.

Dense to very dense,
variegated color, non plastic
silty gravel with corestone.

Stiff to hard, light gray, low
to high plastic, clayey SILT
soil.

II
II

I I
I
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Appendix 2 

 

Plates of Core Boxes 

 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation
  and Upgrading Project   
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Plate 1: Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 2: Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Addis Ketema  s/city around Addisu Gebeay                                                                                            

BH-ID: Addis North Substation                                                                      

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Addis Ketema  s/city around Addisu Gebeay                                                                                            

BH-ID: Addis North Substation                                                                   

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and 
Upgrading Project  
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Plate 3: Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 4: Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Bole  s/city around Gerji                            

BH-ID: Woreganu                                                                      

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Bole  s/city around Gerji                            

BH-ID: Woreganu                                                                     

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 5: Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 6: Depth: 5.00m – 6.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Bole  s/city around Salitemihiret                         

BH-ID: Salitemihiret Site                                                                      

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Bole  s/city around Salitemihiret                         

BH-ID: Salitemihiret Site                                                                      

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 7: Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 8: Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Akaki Kality  s/city around Kality                          

BH-ID: Kality Substation                            

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Akaki Kality  s/city around Kality                          

BH-ID: Kality Substation                            

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 9: Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 10: Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Akaki Kality  s/city around Kality                          

BH-ID: Kality Tower 48                                                                      

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Akaki Kality  s/city around Kality                          

BH-ID: Kality Tower 48                                                                      

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 11: BH-1, Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 12:BH-1,  Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-1                                                                      

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-1                                                                     

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 13: BH-2, Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 14: BH-2, Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-2                             

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-2                                                                     

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 15: BH-3, Depth: 0.00m – 5.00m, Box: 1 of 2 

 

Plate 16: BH-3, Depth: 5.00m – 10.00m, Box: 2 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-3                                                                     

Depth: 0.00 – 5.00m                                                           

Box: 1 of 2 

Project: Electric Transmission Tower and Substation      

Client: MS Consultancy                                                   

Location: A.A, Kirkos  s/city around Africa Union                    

BH-ID: Addis Center Substation,  BH-3                                                                      

Depth: 5.00 – 10.00m                                                           

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project   
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Plate 17: BH-1, Depth: 0.00 – 5.00m, Box: 1 of 2 

 

Plate 18: BH-1, Depth: 5.00 – 6.00m, Box: 2 of 2 

Project: Electric Transmission Line Towers and Substations                                                    

Client: MS Consultancy                                                           

Location: A.A, N/S/L s/city around Gofa                                   

BH-ID: Gofa  site                                                                              

Depth: 0.00 – 5.00m                                                                

Box: 1 of 2 

Project: Electric Transmission Line Towers and Substations                               

Client: MS Consultancy                                                    

Location: A.A, N/S/L s/city around Gofa                                  

BH-ID: Gofa Site                                                                    

Depth: 5.00 – 6.00m                                                  

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 19: BH-1, Depth: 0.00 – 5.00m, Box: 1 of 2 

 

Plate 20: BH-1, Depth: 5.00 – 8.00m, Box: 2 of 2 

Project: Electric Transmission Line Towers and Substations                                                            

Client: MS Consultancy                                               

Location: A.A, N/S/L s/city around Lafto                             

BH-ID: Lafto Tower-25                                                                          

Depth: 0.00 – 5.00m                                                            

Box: 1 of 2 

Project: Electric Transmission Line Towers and Substations                                                            

Client: MS Consultancy                                               

Location: A.A, N/S/L s/city around Lafto                             

BH-ID: Lafto Tower-25                                                                          

Depth: 5.00 – 8.00m                                                  

Box: 2 of 2 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and
 Upgrading Project  
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Plate 21: BH-1, Depth: 0.00 – 5.00m, Box: 1 of 3 

 

Plate 22: BH-1, Depth: 5.00 – 10.00m, Box: 2 of 3 

Project: Electric Transmission Line Towers and Substations                                                            

Client: MS Consultancy                                               

Location: A.A, N/S/L s/city around Hana Mariam                   

BH-ID: Hanamariam  (Near T-36)Site                                                                     

Depth: 0.00 – 5.00m                                                          

Box: 1 of 3 

Project: Electric Transmission Line Towers and Substations                                                                

Client: MS Consultancy                                           

Location: A.A, N/S/L s/city around Hana Mariam                                                       

BH-ID: Hanamariam  (Near T-36)Site                                                                   

Depth: 5.00 – 10.00m                                                  

Box: 2 of 3 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and Upgrading 
Project  
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Plate 23: BH-1, Depth: 10.00 – 12.00m, Box: 3 of 3 

 

Project: Electric Transmission Line Towers and Substations                               

Client: MS Consultancy                                               

Location: A.A, N/S/L s/city around Hana Mariam                                                       

BH-ID: Hanamariam  (Near T-36)Site                                                                 

Depth: 10.00 – 12.00m                                                  

Box: 3 of 3 

Geological Investigation on Addis Ababa Transmission and Distribution System, Rehabilitation  and Upgrading 
Project  
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