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Table 342 Govermpent Expeaditure
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‘Table 3.5.1 Form of Compensation Estimate for Resettlement

2.1
22
23
2.4

3.1
32
33
34

4.1
4.2
43
4.4

4.5

Owner’s Name «-«----
Zonc ----  Wereda ----  Kcebele ----  House No. ----

Estimation for Priority Property in Ethiopian Birr

For fcnee -----
For plant ----

For hausc ----
For others ----

Sum -------- without depreciation.
Dectails for the Estimation ol em 2.3

Number of houscs in the compound ----

Numbcr of room ----

Type of wall ----

Number of houses occupicd by people ---- and number of houses not oceupied
by people ----

Table tor Compensation Improvement

Estimation for fence based on item 2.1 ----

Estimation for plant based on item 2.2 ----

Estimation for walls which are constructed by chika/wood ----

Houses which have more than lwo rooms and partition wall in the shortest
dircclion ----

Ditto as item 2.4 ----

For transportation 5 % ----
For forgotten item 15 % ----

Ground Total in Letler ------neemsmmmrommmrmrr e oo e

prepared by checked by approved by
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it the total compensation is less than 5,000 Ethiopian Birr, then the
compensation must be 5,000 Ethiopian Birr.
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Figure 3.1.2  Administrative Structure of the Federal Government
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Figure 3.1.3 Municipal Boundary of Addis Ababa

Source: CSA
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4,  PRESENT CONDITION OF STUDY AREA
4.1.1  River System
{1 River System

The basin of the Study Area is cstimated at approximately 310 knv’, as shown in Figure
4.1.1. The rain water in the western-half of the basin is drained by the West Akaki river
which runs in the western mountain arcas and southern outskirts of the urban arca. The
rest is drained mainly by the Little Akaki river, Kebena river and Bantyiketu river, passing
through the urban arca of Addis Ababa.  Figure 4.1.2 shows the river system. Figures

4.1.3 and 4.1.4 show gencral profliles of major and minor rivers in the Study Arca,
respectively.

Such rivers in the Study Arca locate in the uppermost of the Awash river basin. Figure
4.1.5 presents schematically overall river system of the Awash river basin. - The Awash
river is ranked at the fourth biggest one in Ethiopia in the size of basin arca.  The total

basin arca and length are reported to be 113,700 ki and 1,200 km, respectively.

The West Akaki river discharges into the lake of Aba Samucl alicr flowing down
southwards for about 15 km. In similarly, the Kebena river which is joined by the Akaki
river also discharges into the said lake.  The water in the lake is further drained through
the Akaki river which is joinced by the upper Awash river that takes its routc in the Rilt
Valley. Then, the water is poured into the lake of Koka.  The water in the lake of
Koka is discharged through the Awash river in the north-casterly dircction. Finally, it is

pourcd into the lake of Gamari which locates near the boundary with Djibouti.

The rivers in the Study Arca are grouped into the five (5) river systems; specitically the
West Akaki, Little Akaki, Kebena, Bantyiketo with 2 tributarics of Kechene and Kurtume,
and Hanku in order from west fo cast.  These rivers in the Study Arca are being
administrated by the Addis Ababa Flood Control and Prevention Project Office
{AFCPO).
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Table 4.1.1 shows basin arca and length of the said principal rivers.  Detail {catures of
the channels such as width, depth and profile arc shown in Figure 4.1.6, bascd on the
surveyed river cross-scctions.  The following arc the major dimensions of rivers within
the Study Arca.

River | Basin Area(kn) River Length(km) | River Slope
West Akaki 2030 356 1/50-1/100
Litle Akaki | 308 05 1725-1/100
| Kcebena 39.1 219 1/20-3/100
T TBamgiketw | sd | 45 1/100
Kechene 13.6 1.2 1/20-1/50 .
Kurume 10.3 93 1/20-1/50
~ Hanku ) 1y 1 86 1/50-1/70 |

Note:  Basin arca: Wesl Akaki includes the Little Akaki and Kebena includes the Bantyiketu,
Kechene and Kurtume,

Qutline and characteristics of cach river are summarized below,
1} West Akaki River

The West Akaki river originates in the west mountain ridge of the catchment.  Alter
Nowing down in the south-cast direction for a distance of 10 km, the watcer in the river is
stored in the reservoir of the Gefersa dam. The reservoir arca is an approximatcly 1.3
km’. The dam is being administrated by the Addis Ababa Water Supply and Sewerage
Authority (AAWSA) of the Region 14 Administration.  Two functions not only for

water supply but also for flood contro! as a natural one without specific tood control
space, are involved in this dam.

Just downstream of the dam, the West Akaki (focally called as Menjaro river in the
uppermost) collects a right tributary of Welenso.  The West Akaki river lurther flows
down for 20 km in the mountainous, valley and suburban arcas of the city of Addis Ababa,
colectling some Iribularics.

Then, it joins a tributary of the Little Akaki and a small drainage way of the Perennial on
the left.  The West Akaki river in the suburban arcas is of large one, having an average
width of morc than 60 m.  Uts river bank arcas have been kept as open area covered with
grasses, small trees and vegetable ficlds.  Upstream point of the conflucnce with the
Bantyiketu, the river channcl is being widely and deeply excavated as quarry site for
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construction materials, The West Akaki river linally discharges inte the lake of Aba
Samucl.

The basin arca and river length at the conflucnce with the Little Akaki river are 203 k'’
and 36 km, respectively.  Figure 4.1.6 (3/7) shows the channc] features ol the West
Akaki river within the Study Arca.  The channcl has slopes of 1/100 to 1/50.

2) Little Akaki River

The Little Akaki river starts al the Intoto mountain ridge. Passing through the
mountainous arcas for 3 km long, it {urther flows down through the urban area for 4 km
in the south dircction.  Then it runs for a distance of 5 km in the dense populated arcas

in the south-castwards, collecting two drainage ways of the Fercja and Buhe on the left
bank.

The stretches upstream of the confluence with the Fercja is running in the incised valley
and some points of the river course are meandering, although those fluctuations are of
within the valley arca,  Further, turning its dircction to south, the Little Akaki river
which collects rain water from both the banks, is joined by the West Akaki.

The Little Akaki river from the conflucnce of the Fercja up to the Ethiopian Abattoir
Factory is quilc narrow one owing to occupation by building and houses.  The minimum
width duc 1o constriction is less than 10 m.  The riverine areas are, therefore, subject (o

flooding.  Actually, these reaches have been suftercd from recurrent flooding up 10 now.
g Yy gup

The basin arca and river length at the conflucnce with the West Akaki arc 31 km2 and
20.5 ki, respectively.  The channel features of the Little Akaki are shown in Figure
4.1.6 (2/7). The channel slopes vary widely from 1/100 to 1/25.

3 Kchena River

The Kebena river has its origin in the Intoto mountain ridge.  Collecting rain water in the
mountainous arcas, it takes routc in the south dircction. At about 700 m upstrcam of
the Tesfa Ascged bridge, the Kebena river joins a cft tributary of the Abo river.  The
river in this stretch consists of wide and inciscd valley .
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Afler flowing down southwards for a distance of 5 km in the populated arcas, il joins a
small right drainage way, the Ginfile at just upstream of the Uracl bridge. 1o this streteh,
the original river width has been relatively kept, because of destructive flood ltow directly
coming from the mouniain arcas.

Then, the Kebena river Hlows down for 1.5 km and joins the largest right tributary ot the
Bantyikctu, 700 m upstream of the Bole bridge. A natural retarding basin stretches over
the confluence with the Bantyiketu river.  No scrious lood damage in this river has been

reported so far due to ectatively wide channel with 25 m on average.

The Kebena river downsteeam of the Bole bridge runs in the valley arcas.  Aller joined

by the Akaki river which is the main river of the Kebena, it is poured into the lake of Aba
Samuel.

The basin area is 89 km?2 at the Bole bridge and 53 kmy?, at the upstream of the conflucnce
of the Bantyiketu river.  On the other hand, the river lengih is 23.9 km and 23.2 km,
respectively.  Figure 4.1.6 (3/7) shows the channcl features of the Kebena river. The
Kebena channel has slopes of 1/100 to 1/20.

4) Bantyiketu River

The Bantyiketu river has two tributaries of the Kechene and Kurtume.  The Kechene is
the main tributary of the Bantyiketu.

a) Kechene River

The Kechene river starts in the Intoto mountain ridge and flows down in the south
direction.  The river channel upstream ol the Kechene bridge is of an incisced with wide
and deep valley.  Afier flowing down in the valley for further 1 km long, the Kechene
river joins a right tributary of the Kostre.

Then, the Kechene river flows down for 3.5 km long towards conflucnce with the
Bantyikctu.  Some points {around bridges) of this reach are being constricted by private
houses and buildings. The river bank arcas (lerrace of the valley) have been densely
covered with houses prane to looding.  Therefore, this reach has habitually suffered

from flooding.  Especially, the lower reaches have been vulnerable in Nooding.
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The basin area and river length at the canfluence are 13.6 km® and 11.2 km, respectively.
The channel features are shown in Figure 4.1.6 (4/7).  Avcrage channel slopes range
from 1/50 10 1720,

b) Kurtume River

The Kurtume river originates in the southern slopes of the Imolo ridge.  Five major
drainage ways arc joined as the Kurlume river at the upstream of the Habte Giyorgis
bridge.  Then, the Kurlume river Qows south-castwards in the denscly urbanized area for
about 2 km up to the Churchill Avenuc which is one of the main street in Addis Ababa.
The channel between the Habte Giyorgis bridge and Churchill Avenue is relatively wide
having an average width of 10 m.

At the crossing point of the Churchill Avenue, the Kurtume river lows through a culvert
which across under the Avenue and building arca of the General Post Office.  The
culvert is of a width of 4.5 m and height of 4 m, and about 350 m in long. Duc to
sudden deereasing of Now arca at the culvert inlet compared with those of upstream, river
water overflows the Avenue.  After passing the culvert, the Kurtume river as an open

channel is joined by the Bantyiketu river.

The basin area and river leagih of the Kurtume at the confluence arc 10.3 km? and 9.3 ki,
respectively.  Average river slopes are from 1750 to 1/20.  Figure 4.1.6 (5/7) shows the
channcl features of the Kurtume river.

C) Bantyiketu River

The Kechene and Kurlume join at the Filwiha bridge and the river is called as the
Bantyiketu river.  The Bantyiketu river takes its route in the south-casterly direction tor

a distance of 3.5 km towards the confluence with the Kebena river.

The Bantyiketu river runs in the contral area of Addis Ababa and then, gets to a natural
retarding basin, locating in and around the confluence with the Kebena.  The channel
width in the upper and middle reaches is narrew, having a minimum width of around 10 m.

The riverine arcas has habitually suflered from recurrent tflecoding.

The basin arca and river leagth including the tributarics arc 29.3 kav’ and 15.7 km al the
canllucace with the Kebena, respectively.  The average slope of the Bantyiketu river
itsell is around 1/100.  Figure 4.1.6 (6/7) shows the channel features of the Bantyiketu
tiver.



5) Hanku River

The Hanku river originates in the Intole mountaia ridge in the cast of the Study Arca.
Flowing through the mountain slopes, it flows down lowards south dircction for about 2
km. Then, the river including a left drainage way crosses under the Fikre Maryam Aba
Techan Street through small culvert.  Theretore, in heavy rain time, the river water

especially in the left drainage way frequently flows over the street towards downstream.

Aller acrass under the Strect, it joins the said left drainage way, just upstream of the
Asmera Street.  In the far lower reaches, there exists an extensive natural retarding basin
which is kept as an open area.  Further, the Hanku river flows down lor about 7 km in
the south-castwards in the valley arca and linally joincd by the Akaki river at the south-
castern point of the Bole International Airport.

The basin arca and river length are 11.1 km® and 8.6 kin at the main road across the

natural retarding basin.  Figure 4.1.6 (7/7) shows the channcl features of the Hanku
river.

(2) Carrying Capacity of River Chaancls

Based on the river cross-scetions surveyed, harmless channel capacitics of the respective
rivers were estimated.  The channel width and capacity in cach river arc summarized
below, as presented in Figure 4.1.6 (1/7 to 7/7).

River Average  Channel Width(m) Carrying Capacily
Slope  Minimum___ Average . (msec)
West Akaki 1/100 15 40 400 - 800
Little Akaki 1/50 5 20 50 - 300
Kcbena 1/50 S5 25 150 - 800
Kechenc 1/30 8 15 50 - 250
Kurtume 1/35 8 16 30 - 150
Bantyikclu /120 10 20 30 - 150
Maks 160 s 10 20150

Source:  Study Team
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4.1.2  River and Related Structures
(h River Sfruclurcs
b)) Flood Wall

There arc several completed flood protection works in the Little Akaki river.  Flood
protection works arc of food walls.  Figure 4.1.7 (1/2) shows their locations and Table
4.1.2 shows those dimensions.

The walls consist of wet masonry gravity oncs with dircct heights varying from 5 to 6 m.
These walls were construcied by AFCPO in the last 2 years. The purposcs of the

constructed walls are to proteet houses rom attacking by tlood flow.

Besides, there arc many walls and revetment works in the major channcls.  These were
constructed privatcly as bank protection and building foundation.  According to the site
recennaissance, some points of river channels have been constricted by such structures,
cspecially at just downstream of Habte Giyorgis bridge and just upstrcam of Filwiha
bridge in the Kurtume river.

2) River Bed Profeclion Works

In order to proteel sub-structures of bridge, river bed protection works have been
provided. Major ancs arc obscrved at the Filwiha bridge and the downstream bridge of
the Bantyiketu bridge in the Bantyiketu river.  Figure 4.1.7 (1/2) preseats those
lacations.

(2) Irrigation Intake

Surface water in the Study Arca has been utilized for irrigation purpose.  The irrigation
is for growing vegetable. The water users arc the lollowing 5 vegetable grower
associations:

1)} Kcbena and Bulbula Vegetable Grower Association,

2} Makenisa Furi and Saries Vegetable Grower Association,

3) Karanyo and Akaki River Surrounding Arca Vegetable Grower Association,
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4} Shankla River and Kacha Fabrica River Vegetable Grower Assaciation, and
5) Kolfe and Lideta Arca Vegetable Grower Association.

These vegelable grower associations have isrigation intakes in the Study Arca as [ollows:

Name of Association Obijcctive River Number of
I - Intake Weir
1. Kabena & Bulbula | _Kabcna, Bantyiketu 2
| 2. Makewisa Furi & Saries L West Akaki 7
3. Karanyo & Akaki River Surroundign Area | WestAkaki | 3
4. Shankla & Kacha Fabrica Little Akaki 2
5. Kolfe & Lideta Arca | West Akaki | 3

Source : Agricultural Development Department, Agricultural Buseau of Region 14 Administration
The locations of these weirs are shown in Figure 4.1.7 (2/2).

These intakes are of wet masonry wall type and no gate is provided. The withdrawal
mcthod is of gravity flow type.  The direet heights of the weirs vary depending on the
locations from about 2.5 to 0.5 m.  Some of these are damaged or flushed away.  The

crop liclds are all located in the strip arca along the river banks.

3) Water Supply Pipes Across Over River Channel

There are many pipe lines of water supply (aqueduct) which across over the major river
channels.  Such pipelines are being administrated by the AAWSA.  Table 4.1.3 shows
the details of water supply pipe.

(4) Bridges
There exist tremendous numbers off bridges over the major eiver channels in the urban

arca.  Major bridges including bridge type and dimensions arc listed in Table 4.1.4 and
their locations are shown on Figure 4.1.8.

Most of the enlisted bridges are for car trallic, being {urnished with sidewalks.  One of

the bridges is a railroad bridge and twao of them are only for pedestrians.

4-8



Bridge type is mainly limited to cither stone masonry arch bridge or reinforcing concrele
(RC) bridge.  The latter uses ¢ither T- shaped beam or simple slab.  Hollow slab is not
applicd as long as our on-sile survey is concerned.  Among bridges lTor car trallic, a
bridge which was reportedly constructed in a park along the Bantyiketu river in 1980°s
and another bridge now under construction at the entrance of the Gihon Hotel, are made

of reintorcing concrete box culverl.  The type of the railroad bride is of steel truss.

The number of span is mostly one span.  The length of a span tor stone masonry bridges
is 1 to 10 meters.  While the lenglh of a span for RC bridges with T- shaped beams is 10
1o 17 meters, that for RC bridges with simple slabs is 3 o 10 meters.  The length of a
span for reinforcing conercete box culverts is S to 8 meters.

Abutments and picrs arc uncxceplionally made of stonec masonry.  Somelimes,
abutments for RC bridge are furpished with weep holes. At most bridges, geological
conditions of riverbed are hard rock.

Amony those bridges, some bridges are disturbing flow area due to small span, although

they act as a retention of flood flow and velocity control towards downstream reaches.

(8) Gelersa Dam

The Gelersa dam locates in the upper West Akaki river.  Figures 4.1.2 and 4.1.5 show
its location.  The dam is of gravity arch, which is being used as water supply 1o Addis
Ababa.  The dam is being administrated by Addis Ababa Water Supply and Scwerage
Authority (AAWSA).

The dam was originally constructed as a gravily one in 1938, In 1954, the dam was
renovated and an arch portion was additionally constructed on the then crest ol gravity

dam. ‘the fellowing are major dimensions of the dam and reservoir.

a) Dam
- Dam Crest length: 150 m
- Dam height: 20m
- Qutlet: Pipc in diamcter of 20 ¢m with a valve
- Spillway: Overllow (ype



b) Reservoir
- Yotal calchment arca: 57 km,

- Rescrvoir area: 1.3 ki’
- Storage volume: 6,500,000 m*
c) Water Treatment
- Treatment facility: 2 units with 2 booster pumps
- Treatment capacity: 25,600 m*te 30,0600 m® per day
- Service area: cily of Addis Ababa

The Getersa dam has a sub dam for storage control in the lelt tributary which joins in the
dam reservoir. The sub dam was construcied in 1966. The dam is of carth one,
covered with rip rap stones and facilitated by a spilhway with about 25 m long.  The dam
height and length are 25 m and 150 m, respectively.  The rescervoir area is around 75,000
m’ with its storage volume of 1,500,000 m*. In the dry scason, the stored water has
been supplied through a pipe into the rescrvoir of the Gefersa dam.

4.1.3  Scdiment

Major rivers in the Study Area arc stecper oncs and their river beds are gencrally
composcd ol volcanic rocks.  Colluvial or alluvial fans can not be obscrved according to
site investigation and geological maps, although small volume of alluvial matcrials can be
obscrved at the gorges of the valleys and in the lower reaches of the Little Akaki, Kebena
and Bantyikelu rivers at where the topography changes to relatively flat one. The
alluvial materials consist of silty clay and clayey silt.

With the limited data prescatly available, suspended load estimated at the proposed Geibi
dam, which is planncd to be constructed in the northern part of Addis Ababa, is presented
below, based on HYDROLOGY OF GERBI DAM, FINAL, REPORT in Addis Ababa
Water Supply Project-Stage 1HA (AAWSA), by AE-HBT AGRA JOINT VENTURE,
Jan. 1997,

{.ocation Drainage Arca Annual Average  Suspended Load
(km?) (ton/ycar) (1on/km’/year)
Gerbi 58.9 3,585 60.9



Fram the above table, an average annual suspended load is estimated at 60.9 ton/km’/ycar
or 36.9 mYkm¥ycar (divided by unit weight of 1.65).  This means that land crosion is
0.004 cm in thick per year and is quite small. In this aspeet, it scems that sediment
originating from the mountain arcas of the Study Arca is negligible small onc.

On the other hand, the river banks have been composed of and covered mainly by claycy
silt with sand.  Some river banks slightly croded by flow aitacking have been observed.
In this regard, it is duc parlly fact that the river bank materials will be dominant sources
for scdiment mainly as suspended load to downstream reaches.

Scdiment materials sampled at river terrace, downstream of the Bole bridge in the Kebena
river arc of very finc ones, as shown in Figurc 4.1.9.  Therefore, such materials are casily
transportcd 10 downstream by floods.  Accordingly, it scems that river bed fluctuations

in these rivers are of negligible oncs and an attention must be paid te bank crosion.
4.1.4 Wafter Usc and Water Quality

(1) Waler Usc

The surtace water of the rivers in the objective arcas of the Study has been used for

irrigation and municipal purposcs.
1) Irrigation Water

There exist five vegetable grower associations that take water of the objective rivers in
the project area for irrigation purposc.

They are: 1) Kebena and Bulbula Vegetable Grower Association, 2) Makenisa Furi and
Sarics Vegetable Grower Association, 3) Karanyo and Akaki River Surrounding Area
Vegetable Grower Association, 4) Shankla River and Kacha Fabrica River Vegetable
Grower Association, and 5) Kolfe and Lideta Arca Vegetable Grower Association.

The general features of thosc associations are as [ollows:
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Name of Association Objective River [rrigation ]
R S - Arca(ha)
1. Kabena & Bulbula 1- Kabena, Bantyikete | 10
2. Makewisa Furi & Sarics Litlle Akaki and
West Akaki 150
| 3. Karanyo & Akaki River Surroundign Arca [ West Akaki 8
| 4. Shankla & Kacha Fabrica Little Akaki 10
| 5. Kolfe & Lideta Arca West Akaki 45

Souree : Agricultoral Development Department, Agricultural Burean of Region 14 Administation

The harvest is twice a year.  “The river water is taken only during the dry season.  The
record of water intake from those rivers are not available.  The locations of thosc crap

fickls are shown in Figure 4.1.7 (2/2).
2) Municipal Wafter

The municipal water for Addis Ababa is supplicd by the Addis Ababa Water and
Scewerage Authorily of Region 14 administration.  The water consumption in the
municipality of Addis Ababa was 86,500 m'/day, 87,600 m'/day , 90,250 m¥/day, and
97,250 mY/day in 1988, 1989, 1990, 1991 respectively, as graphically shown below:

Water Consumplion
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Source: Master Plan Study for the Pevelopment of Wastewater Facilitics for the City of Addis Ababa,
Angust 1993,
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The user category and the source of water supply are also reported as: 1) domestic and
small commercial 55 %, 2) government, industeics and large users 35 %, 3) public
fountains 1 %, 4) additional consumption from wells for public and industrial usc 9 %.

The intakes for the municipal water are located along the Legedadi river near the
Legedadi reseevoic which is located outside of the Study Arca 1o the cast and along the
West Akaki river ncar Gefersa reservoir which is located in the Study Arca but far

upsiream of the objective arca ol the lood control master plan of Addis Ababa.

3 Indusigial Water

Industrial water use data are under the management ol the Dala Processing and
Documentation  Scrvices, Trade, Indusiry and Tourism Burcau of Rcgion 14
administration.  According to the Scrvices, there is no waler right of surlace water in
the Study Arca.

(2) Waftcr Quality
Addis Ababa Water and Scwerage Authority has been supplying municipal watcr to the

municipality of Addis Ababa.  The raw waicr has been taken near the Legedadi and

Gelersa reservoirs. The water gualities of raw water and treated water have been

investigated by the Authority.  Table 4.1.5 shows the resnlis of the water guality

investigation by the Authority for the maximum, minimum and average values ol various
test items for the period of 1986 to 1996.

On the other hand, water quatities ol the rivers lowing in the Addis Ababa city were

investigated by previous studies as tollows:

o ReportName 4 Year | Sampling bocation
Zawide Prel. Rep. 1976 Great Akaki, Eittle Akaki
Geological Repart — 1990 Little Akaki, Kechene
_Ministry of Planning | e
Master Plan Study 1993 Little Akaki, Kebena, Great Akaki,
~ AAWSA R ~ Aba Samucl Lake
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The test results of each above are shown in Table 4.1.6 respectively,  According to these
resulls, the water quality of surface watcer in Addis Ababa city was deteriorated since long
time ago, though the discharge at the time of sampling was not mentioned in the report.

4.1.5  Fleod Forccasting and YWarning System
§)) Disaster Prevention and Managemenl

Ethiopia has been frequently threatened by disasters induced by drought and other factors
al flooding, carthquake, cte. A national disaster prevention and management policy has
been established by the Federal Government, to warn in advance to the questioned arcas
and provide relicl assistance to the aflected people.  In emergency case of serious
floading, such warning and relief assistance will be, in this regard, applicable to the

questioncd rivering arcas.

The national disaster prevention and management arc being administrated by the National
Disaster Prevention and Preparcdness Committee (NDPPC) and its secretariat commitice
of the National Committee for Early Warning (NCEW) in the national level.  Figures
4.1.10 and 4.1.11 show those organizations.

The said committees arc further supported by cach level of regional and wereda.
The regional level is being administrated and controlied by the Regional Disaster
Prcvention and Preparcdness Committce (RDPPC).  RDPPC is supporicd by the
International Relation and Development Cooperation Burcau of the Social Sector of the

Region 14 Administration.

The wereda level is being controlled by the Wereda Disaster Prevention and Preparedness
Committee (WDPPC) supported by the Wereda Disaster Relief Cell (WRDC). WRDC
acls as an actual implementing body for the relicl action.  Various non-government
organizations{NGO} will be also expected to involve, depending on condition of the
disaslers.

(2) Ilood Forecasting and Warning System

As can be scen in Figure 4.1.1 of the river system in the Study Arca, the run-oft basins of
the Kcbena including the (ributarics of the Kechene, Kurtume, Kostre, and the Little
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Akaki rivers, are located so close to the urban area of the Addis Ababa city.  The Intoto
ridge as the basin boundary of thosc basins to the north is locaied al only about a few
kilometers from the urban arca boundary on the north cspecially for the basins of the
Kostre, Kurtume and the Little Akaki.  Besides the average slope of thesc basins toward
the urban arca is only about 1/10 ~ 1/20.

Duc to this topographical situation , the run-oft of rain storm in these basins to the city
arca is very rapid only within a few hours.  In addition to this situation, there have been
no automatic rainfall recorder installed in the basin connected to certain government

agency through telemetering system.

Under these circumstances, there have been no flood forecasting and warning system
¢stablished in the basin,

In view of the above-mentioncd hydrological situations, flood forecasting system may nol
be applicable in the basin.  Bul establishing a flood warning system seems to be nceded
very much since the velacity of the flood flow is so high duc to the very steep slope cven
in the city arca and accordingly the flood ow is very destructive and the fact that there
stifl exist so many houses vulncrable to high speed ood flow in the flood plain of the

rivers.
4.1.6 Previous Studics and Plans

The following three studics on flood prevention in Addis Ababa have been conducied so
far. One is FEASIBILITY STUDY ON FLOOD PROTECTION AND STORM
SEWER SYSTEM OF ADDIS ABABA. Others are REVIEW OF FLOODING AND
PROPOSALS FOR REMEDIAL WORKS and CONDITIONAL SURVEY AND
FUNDAMENTAL INFORMATION ON FLOOD AFFECTED AREAS IN ADDIS
ABABA. The above three studics are bricled below.

($1] Feasibility Study on ¥lood Protection and Storm Scwer System of Addis
Ababa

The study was conducted by the Municipalily of Addis Ababa in 1982, assisted by the
Government of Republic French.  The study was actually carried out by the Bureau
Central D’ctudes Pour Les Equipments D’outer-Mer (BCEOM) centrusted by the said
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Government.  The proposed plan consists of a prierity program and a first phase works, @
respectively for tlood protection and storm scwer improvement.  However, the first
phase works (urgent works) have not realized yet so far.

1) Ohjectives of the Study

The objectives of the study are 1) to conduct a feasibility study on a priority program for
food protection and storm sewer system of Addis Ababa and 2) to sclect and provide the

first phase works from the formulated priority program for urgent implementation.
2) Objective Rivers

‘Yhe objective rivers arc the Bantyiketu with 2 tributarics of Kechene and Kurtume, the

Little Akaki with the tributary of Buhe and the Kebena with the tributary of Ginfile.
3) Proposed Priority Program
a) Flood Protection

The Nood protection measures have been proposed for structurat and non-structural ones.
‘The lollowing were proposced.

The Keehene river: i.  Construction of retaining wall
(365 m in length at 22 sections)
2. Construction of tloed control dam
(3.5 m high with 14 m wide spillway)

The Kurtume river: 1. Construction of retaining wall
(685 m in Iength at 8 sections)
2. Construction of small flood control dam
(3.5 m high with 6.5 m wide spillway)

The Bantyiketu river:

bt

Channcl improvement (1,250 m in length)
2. Construction of dike (440 m )

The Little Akakiriver: 1. Construction of flood contrel dams with following 2

alternatives.

(The decision was lelt to Region 14 Administeation)

Alternative-1: 6 m high with 22 m wide spillway @
Alternative-2: S m high with 22 m wide spillway
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The Kebena river I.  No structural measures except very localized retaining
wall near the contlucnee with the Bantyikctu river

Aside from the structural measures, non-siructural measures have been recommended for
three items of 1) regulation of land usc in the river bank arcas, 2) displacement ol houses

in the vulnerable areas 1o flood and 3) scll-protection of houses and properties.
The total investment cost is estimated at 14.26 million Birr at 1982 pricc level.

b} Storm Sewer System

The priorily program consists of preparation of design criteria to be used in the proposed
structures, rchabilitation of old sewer systems, construction of a new diversion canal and
recommendation on a new organization.  The design eriteria were provided for designs

of inspection manholes, sewer inlets and outlets.

The rehabilitation of old sewer system consists of rchabilitation works {or main sysicms
with a total length of 12,450 m.  The protection level for storm water has been
reconuncnded as lollows:

- 10 year return period in flat urban area,
- 5 year return periad along niain road, and

- 2 year return period along sccondary road.
Turther, a new diversion canal has been proposed from the upsiream basin in the Ginlile
river to those of the Kebenmao A length of the canal is 1,750 m.  Tinally, the new

organization has been proposcd tor plaming and maintenance sections with a total
personnel of 134,

The iotal construction cost is estimated at 15.25 million Birr at the price level in 1982,
4) First Phasc works

In line with the proposed priority program, the lolfowing first phase waorks for urgent
implementation have been proposed, under a condition of further review of the designs.

The conslruction works are scheduled to be exceuted for three years,  “The proposcd
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flood protection and storm sewer system are outlined below.  Figure 4.1.12 shows the
proposcd dam locations.

a) Flood Protection

The Bantyiketu river: 1. Channel improvement (1,250 m in length)
2. Construction of dike (440 m in length)

The total construction cost is cstimated at 7,800 thousand Birr, broken down into 1,560

thousand Birr of forcign and 6,240 thousand Birr of local currencics at 1982 price level.

b) Storm Scwer System
The Bantyiketu and 1.  Rchabilitation of existing systcm
Ginifile arcas: (4,350 m in length)

2. Construction of a new diversion canal (1,750 m) from
Ginilile river to the Kebena river

The total construction cost is cstimated al 8,185 thousand Birr, consisting of 1,637

thousand of foreign and 6,548 thousand of local currencics in 1982 price level.

2) Review of Flooding and Proposal for Remedial Works

A review was canducted by the Addis Ababa Flood Control and Prevention Project,
assisted by the British Council for two weeks from the cnd of November to the beginning
of December in 1994, The fellowing are main features of the revicw.

3] Objectives of the Review

The objectives are to scrutinize the existing available data on flooding and make
reccommendations  concerning  rehabilitation  of  displaced  population, method of

investigation and implementation of long term strategies for flood alleviation and

nccessary immediate remedial flood protection works in Addis Ababa.
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2)

Recommendations

The recommendation has been made for the following rehabilitation of displaced
population and Nood remediation.

)

b)

3)

1y

Rchabilitation ol Displaced Population

To design nccessary development work on both the single and multi-story
housing for vulnerable homeless family, and

To identily the most vulnerable homeless lamilies and re-housed immediately in
traditional housing, it necessary.

Flood Remedial Works

An oplimum solution will depend upon the condition, however, re-housing is
the most cconomic approaches.

A survey of existing river structurcs should be commenced immediately to
identily and prioritize urgent repair works to prevent further deterioration.

High tlood risk arcas should be investigated and in consultation with local
residents, flood remedial works consisting ol {lood limitation by structural
works and reducing valnerability by land usc control will be studicd.

To implement the project, it is recommended that technical advice by specialist
is ncccssary.

Conditional Survey and Pundameatal Information on Ilood Affecled
Arecas in Addis Ababa

Objceetives of the Survey

A historical ttood occurred in August 1994, hmmediately after the flood, a detailed

survey was conducted to investigate flood damages, clarily causes of tlooding and

recommend countermeasures tor Hlood protection.  The detailed survey was procecded
by Mr. Takuji Kono, a member of Japan Overseas Cooperation Volunteers of JICA, in
cooperation with AFCPO in Regionl4 Adminisiration.
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2) Survey Resull

The survey was conducted for about 1 year from Scptember 1994 1o October 1995, for
damage by the floods of August 26, 1994 and August 6,1995.  The survey covered the
Little Akaki river including Buhe and Fereja, Lower Kebena and Bantyiketu river
including Kechene and Kurtume rivers,

Throughoul the survey, damaged facilitics such as house, retaining wall and bridge, and
numbers of affected people due 1o Nlooding were investigated in detail.  Finally, causcs

of the Nooding have been clarificd site by site.

The causes of flooding have examined to be bottle necks of river channels and structural

neeks of bridges including water supply pipes (aqueduct), as shown in Figure 4.1.13.

k)] Recommendation

A recommendation has been made for mitigation of tlooding damage.  The recommend
matters are as follows:

- Construction of a regulating pond, downstream of the Filwtha bridge in the
Bantyiketu river,

- Construction of a regulating pond in the downstream reach of the Mekanisa
bridge in the Little Akaki river,

- Improvement and reconstruction of bridges, and

- Rchabilitation and maintenance of retaining walls.

4.1.7  Completed and Ongoing Works

Several Hood prevention works have been completed so far. "The warks are locally
limited 1o proteet houses in the river banks from {looding.  Such works were designed
by AFCPO and constructed by the sclected contractors throughout competitive bidding.
Fable 4.1.7 presents a list of the completed works.  Those locations are shown in Figure
4.1.14.  Yet, no work is being undertaken.
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42 " Urban Drainage and Sewerage
4.2.1  Urban Drainage

$)) General

The Addis Ababa city is located on the high platcau of the mountain slope of Intoto ridge.
The rivers and the canals in the city flow generally in the north-south direction with rather
steep slope.  The sivers and the canals are generally deeply dissected and the rainstorm

in the city can casily flow into the rivers and canals just by gravity drainage.

With such circumstances, the city of Addis Ababa formerly did not sufler from scrious
drainage congestion.  Conscquently the city has no Master Plan of Urban Drainage al
presenl.  ‘The responsible agency of the Region 14 Administration for urban drainage
is the Urban Development Works Burcau,  The activity of the Bureau concerning the

urban drainage is presently the maintenance works of the existing drainage canals.

Recent migration of people to the cily {from various parts of the country resulted in
scitlement in a greater part along the rivers and canals where the open space was available
as flood water tlowing arca.  In addition, the open space, rivers and canals in the city
arca are being used as the solid waste disposal area at various locations causing the

flowing congestion in the cily.
2) Drainage Canal

Among several rivers and canals flowing through the city arca of Addis Ababa, the Gintile
as the tributary of the Kebena, the Perennial, Kirkos, Buhe and Fercja as the tributarics of

the Little Akaki have the main drainage basin in the urban arca of the city.
1) The Ginfile

The Ginfile originates in the area near the Addis Ababa University in the northern part of
the city and Hows down to the south-southeast and joins the Kebena river near the Uracl
bridge on the Asmara road in the central part of the city.  The river in the upstream
reaches has the biggest cross sections in the whole reaches.  The cross-sections are the

smablest in the arca about 800 m downstream of the Ginfile bridge in its middle reaches
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due to the resettlement very close to the low water channel.  The river in the
downstream reaches has wider and deeper cross-sections than those in the middle reaches
and surrounded by fload walls at many locations.  The arca at the confluence with the

Kehena river forms a rather wide open area but new rescltlement is starting in the arca.
2) The Perennial

The Perennial originates in the area near the railway station in the central part ot the city
and Nows down 10 the south and joins the Littte Akaki river near the Bihere Tsige park in
the southern part of the city.

3) The Kirkos

The Kirkos originates in the area close to the railway station in the central part ol the city
and flows down to the south-southwest and joins the Littte Akaki river ncar the cmbassy
of Hungary. The Kirkos even in the reaches near the confluence with the Little Akaki
has the cross-sections of 2 1o 3 m width and 1 to 1.5 m depth. The arca al the

canfluence with the Little Akaki forms a rather small open arca with some dwellers.

4) The Buhe

The Buhe originates in the arca rather close the Merkato arca in the central part of the
¢ity, ows down to the southeast, turns to the southwest in its middle reaches, and joins
the Little Akaki ncar the Mckanisa bridge on the Rooseveht strect in the southern part of

the ¢ity.  The area at the location of the confluence with the Little Akaki is a wide flat
open area.

5) The Fereja

The Fereja originates near the Filawrari Habte Giyorgis street in the western part of the
city, flows down to the south, and jeins the Little Akaki river about 600 m upstream of
the Akaki bridge on the Smuts street in the south-wesiern part of the city.  The area at
the confluence with the Little Akaki river has no wide open area with the dwellers very

closc to the channcl.
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422  Scwerage

The scwerage system in Addis Ababa city was commissioned in 1981, The capacity of
the sysiem is suflicient for some 200,000 people.  But the system has been connected to
some 800 to 1,000 dwellings, a few institutions and city center offices.  Large water
consumers such as hotels are not connccled.  Of the sewerage that is collected, only a
portion reaches the treatment works.  The balance leaks inte the watercourse duc to
maintcnance problems.

The following arc the population and connection to sewerage or toilet facility in 1991.

Population Conneclion
6,000 Scwer B
175,000 Septic tank and soak-away system |
1,459,000 Dry pit latrine
| 700,000 Without any lorm of toilet

Source: Master Plan Study for the Development of Wastewater Facilities for the City of Addis Ababa,
Jasuary 1993)

The sludge from the pit Jatrine and septic tanks is discharged dircctly into the Akaki river
without any trealmcnl. The conscquential pollution of the river is causing severe

cnvironmental damage.

Duc to the above situation, the risk of major epidemic in Addis Ababa city was increasing,.
With such circumslance, the Master Plan for the Development of Wastewater Facilitics
for the City of Addis Ababa was formulated in 1993,

The Master Plan consists of structural measures and non-structural measurcs.  The
structural measures consists of the improvement of the collection system of domestic
sludge, cxpansion of scrvice area connected to sewerage system, and  the

improvement/new construction of the treatment plants.
Expansion of service arca is to be achicved by the increase of connection to the existing

scwerage network and extension of the present sewerage system. “These are planned to

be achicved by laying pipes of around 1,200 km.
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The scwerage system in Addis Ababa does not take into account of rain storm drainage in §

urban area at all. - The system is composed of only pipe network.

WY
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43 . Flood and Flood Damages =
4.3.1  Ilooding Mcchanism

The Study Arca is characterized by an intensive rainfall in short time and stecp riverbed

slopes.  Figure 4.1.3 shows the gencral profiles of principal rivers in the urban arca.

In addition, river bank arcas, cspecially in the middle Little Akaki and Bantyikctu
including two (2} tributaries of the Kechene and Kurtume, are being physically

constricted owing to eccupation of buildings and traditional houses.

It rain falls in the upper basins, water levels in the middle and lower reaches rise rapidly
with a short concentration time of 2 to 3 hours.  The tloods are considerably (lashy oncs
and that with destructive tlow velocities.  Average duration ol stage hydro graph is also
short in time with 3 to 6 hours.

The characteristics of the Nlooding in the major rivers are swmmarized below, based on the

site investigation and study results,
(hH West Akaki River

This river is wide and deep one.  The land vsc in the river bank has been regutated and
controlled in an ideal condition as open arca covered with grass, therelore, the looding
problem is quite small.

(2) Little Akaki River

The river in the upstream of the confluence with the Fercja river is ol deep valley.
Contrary, the river channel in the middle reaches has been artilicially consteicted due to
occupation of buildings, houscs and disposal of garbage, especially in the reaches from
Mckanisa bridge up to the Ethiopian Abattoir Factory.  Accordingly, the middle reaches

of the Litthe Akaki river are subject to habitual Hooding caused by destructive tlow

4-24



@

velocity, as shown in Figure 4.1.13. It can be said that the lood water in the middie
Little Akaki is of a diffusion type.

3 Buhe, Ier¢ja and Perennial Rivers

‘These channcls are of quite narrow like ditches flowing through the dense building and
house arcas.  In addition, their sccondary channels are of very poor.  Accordingly, such
river bank arcas are casily subject to local flooding.  However, it is not destructive
tooding and limited to local arca.

) Kchena River

The Kebena river is, as a whole, ol wide and deep channcl.  Not serious flood damage
has been reported up to now.  However, the lower reaches downstream of the Urael

bridge is vulnerable to flooding.
{5) Kechene River

The Kechene river in the valley arca is also wide and decp one. The river channel in the
urban arcas was originally deep and wide one with terrace.  However, many houses have
consiructed on the said terrace, and that the channel has been {urther constricted by such

houscs, walls and garbage disposed.

Accordingly, the river bank arcas in the lower reaches are subject to llooding with
destructive flow velocily dircetly coming from the mountain arcas.  Dspecially, the
confluence arca with the Bantyiketu river are habitual fleeding zone.  The llood waler

flows over roads into the urban arcas with the diffusion type.
(6} Kurtume River

“The upper basin of the Kurtume is drained by the five (5) small ditches. Their secondary
channels are of very poor.  Therefore, the upper basin is subject to local Hooding duc to
shortage of sccondary and tertiary channels.  The lower reaches of the Habte Giyorgis
bridge are gencrally deep and wide channel, except just downstream of the said bridge

which has been constricted to less than 5 m due to building.
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In addition, flow arca of the culvert across under the Churchill Avenue is small one
comparcd with that of the upsircam, as explained in 4.1.1 (1).  Accordingly, the riverine

arcas near the confluence including that of the Kechene river, are subject to flooding.

¥ Banlyiketu River

The Bantyikctu river is shallow and narcow one compared with its size of basin arca
including thosc of the Kechene and Kurtume.  Therelore, all reaches of the Bantyiketu

river arc subject (o habitual Nooding, as ascertained in Figure 4.1.13.
(8) Hanku River

Passing through the mountain arca, the Hanku river crosses under the Fikre Maryam Aba
Techan Street through quite small culvert in size.  Due to this reason, flood Itows over

the street towards downstream.  However, it is limited to as local llooding.

‘The causes of the flooding in the urban arcas of Addis Ababa are summarized below. |

is noted that floading is caused by following single factor and/or their combinations:

- Dclorestation in the mountain arcas especially a part in the castern basins,
- Shorntage of flood retention areas in the mountain arcas,
- Shortage of channel capacity of main rivers,

- Consltriction by private lacilities such as foundalion and wall of buildings, and by
illegal disposal of solid waste and carth soil,

- Shortage of Mow arca duc to bridges, although these bridges act as flood
rcgulation and velocity control to downstream,

- Shortage of channel capacities in the sccondary and tertiary, and,

- Morcover, lack of public awarceness for flooding {construction ol houses near river
bank and disposal of solid waslte and soil} is also one of the causcs of Neoding.

4.3.2  Flood Damages and Arcas in the Past Flood

Due 10 natural and social characteristics mentioned above, damages by recurrent floods

arc incvitable in the urban arcas, cspecially lood prone areas in the middle reaches of the
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Little Akaki and the Bantyiketu rivers including the lower reaches ol the Kechene and
Kurtume rivers.

The urban arcas suflered scrious damages by floads occurred in August ol 1978, 1994

and 1995, The damages and arcas due o the three past floods are summarized below.
() August 1978 Flood

According to Feasibility Study Report on Flood Protection and Storm Sewer System of
Addis Ababa, the flood occurred throughout Addis Ababa; 23 keflegnas out of 25
keftegnas, 108 kebeles out of 289 kebeles. 1,255 houses and 6,000 people were
aflecied by the flood, and most of them were made homeless.  Kebele oflices, vehicles
and community facilitics were also damaged.  Total damage by the llood was cstimated
at 2 million Birr as shown Table 4.3.1.  This damage amount is only dircet damage to
dwellings, and it does not include damages to infrastructure or damages lo cconomic
activities (indircct damage).  Furthermore, 12 people were killed by the Hood.
Aflccted arcas by the flood arc shown in Figurc 4.3.1.

(2) August 1994 Flood

According to Conditional Survey and Fundamental Information on Flood Atlected Arcas
in Addis Ababa (Scplember 1994 - October 1995) by Mr. Takuji Kono, a member of
Yapan Overscas Cooperation Volunteers, 7,655 people were aflected and 2,880 people
were made homeless by the tlood in August 1994, 461 lamilics require rehousing in 5
zones and 18 kelitenya as shown in Table 4.3.2.  Three peoaple were killed by the tlood.
Total dircet {lood damage has been estimated at 16.4 million Bire as shown in Table 4.3.3.
This does not include indirect damage.  Affected area by the tlood is shown in Figure
4.3.1

3 August 1995 Flood

Detaited flood damage survey has not been made for August 1995 flood.  However it is
assumed that the flood in August 1995 atlected a wide arca in Addis Ababa accarding to
resull of the interview survey, which was conducted in this study.  Judging from the
result of the intervicw survey, it scems that considerable number of houses suflered oad
damagcs.
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) Other Flood

Other than floods discussed above, floods occurred in many places ol Ethiopia from June
to August 1996,  Regions sufter flood damages were Oromia, Afar, Somali Gambela,
Amhara and S.N.N.P.R.  One of the most scrious oods occurred along the Awash river

basin.

Major causc of the flood was unusually heavy rainfall from March to August.  Koka lake
dam, which is located middle reaches of the Awash river, recorded the highest water level

since its operation.

In order to mitigate tlood damages of the Awash river basin, where various kinds of
plantation arc cxist, the logistics committce was organized by the Prime Minister.  Flood
forecasting and warning had been made by the commitice.  About 3,000 people and
soldicrs worked 10 strengthen the dikes along the Awash river.  Various kinds of
construction cquipment such as excavators, bulldozers or dump trucks were also

mobtlized.

Although the committce made all cltorts, down stream reaches of the Awash river
suffcred scrious flood damage due to unavoidable discharge of Koka lake dam.
Sugarcanc plantation, sugar lactorics, and houscs were inundated for almost three wecks.
The cost spent for measures to mitigate flood damages and food and medical assistance
for the people amounted to 4.7 million Birr.  One of the state sugar estates in Wonji
cstimated their {lood damage; damage to the state houses: 26 million Birr, damage to
sugarcanc: 47 million Birr and damage to houschold eflects: 3 miltion Birr.  Though the
flood damage amount to all the Awash river basin has not been estimated yet, it must be
COTMOUS.

4.4 Waler Supply
Addis Ababa Water supply and Sewerage Authority (AAWSA) is responsible [or water
supply and waste walcer disposal in Addis Ababa.  Any master plan for water supply is

nat presently available.  The present condition of water supply in Addis Ababa is
outlined below.
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4.4.1  Present Water Supply in Addis Ababa

The municipal and industrial water in Addis Ababa has been mainly supplicd through the
2 dam reservoirs.  One is Gelersa dam reservair (a design capacity of 25,000 m® per day,
actually 23,000 m’ per day) located in the uppermost of the West Akaki river.  Another
is Legedadi dam reseevoir (a design capacity of 150,000 m*per day, actually 114,000 m’
per day) located in the upper Akaki river in the 30 ki north-cast of Addis Ababa,

Other sources are of wells consisting af 11 wells having a total capacity of 10,000 m* per
day by AAWSA and privately owned wells.  According to the AAWSA, the existing
syslem covers only about 130,000 conncetions in the urban arca.

44.2  Ongoing Project

There are three under construction projects as major ones.  Figure 4.4.1 shows their

locations.
(H Akaki emergeney ground water project

The Akaki emergency ground water project consists of 25 well developments with a total
scrvice capacity of 72,000 m'per day.  The project is located in the town of Akaki, in
the southern part of Addis Ababa. Out of the above, the 15 wells arc prescntly

devcloping by using the national budget.
{2) Akaki town water supply projeel

This project is underway in Akaki town, having a total capacity of 10,000 m’ per day and
linanced by World Bank.

(&)} Emergeacy construction project of Dire dam

The dam is under canstruction in the upper tributary of the Akaki river in the norih
castern part of Addis Ababa. It has a total capacity ot 60,000 m'per day.  The waler
1o be created is 1o supply 1o the existing reservoir of the Legedadi dam so as to satisty the
original design capacity of 150,000 m’ per day. The dam construction cost has been

financed by the national budget.
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4.4,3  Proposed Project

‘There are 15 projects which are under design.  Out of those, features of the two (2)
major dam projects are bricied below.,

Onc is the Gerbi dam, having a daily scrvice capacity of 77,000 m®,  Another is the
Sibilu, having a daily service capacity of 611,000 m*.  Both the dams are located in the
northern part of Intoto ridge. Newly created water in both the reservoirs is o be
supplicd to Addis Ababa by distribution pipe of 250 km in total length and 13 pumping
stations to be newly installed.

The design is presently conducted by the Canadian Consultanls of Associated
Engincering Ltd. and HBT Agra, and the local consultant (AE-HBT AGRA JOINT
VENTURE). The required cost of the design has financed by the World Bank and EU.
The required cost of the Gerbi dam system construction is estimated at 450 million
USS according 1o AAWSA.  The design is Lo be [linished in August 1997.

According o the AAWSA, the construction and operation arc to be started in 1998 and
2001 for the Gerbi system, and in 1999 and 2004 for the Sibilu system.

45  Road

Addis Ababa, as not only an international center and national capital but also industrial,
commercial and social center, is the hub of transporl activitics of the nation.  The urban
transport syslem is one of the most important elements of the structural plan of the city
ol Addis Ababa. The proposed road network consists of ring road system and radial

road system as arterial coad network in the metropolitan arca.

The ring read system is further classified into the three rings of first (outer), sccond
(middle) and third (inner).  On the other hand, the radial road system is of the existing 5
main arterial roads.  According to the urban transport sysiem in the Master Plan of

Addis Ababa, main points of the road system are summarized below.

- The first ring road is to be newly constructed along the boundary of futuze urban

arca 1o be extended.  The lirst ring road construction has not yet started.
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- The second ring road is to be constructed along the boundary of the existing urban
arca and some parls arc jointly formed by the existing arterial roads, as shown in
Figurc 4.4.2. Al cxisting radial roads in the present urban area arc 1o be
connccted by this second ring road.  The second ring road to be newly
construcied is in the west portion including bridge across over the upper Litte

Akaki river and in the cast portion including bridge over the lower Kcbena river,
and

- The existing radial roads arc used as radial road system, which are to be improved.
46 Reforestation
4.6.1 General

Relorestation activitics in the run-off basin of objective rivers on the mountain slope of

Intoto arc presently conducted independently by three agencics.

They are:

1) Addis Ababa Fuel Wooed Development and Marketing Organization,
2) Region 14 Bureau of Agricullure, and

3) Ethiopian Heritage Trust and other agencies.
The following are the general featurcs of their activities:
4.6.2  Addis Ababa Fuel Waod Development and Marketing Organization

The reforestation activity was formerly conducted with the linancial aid of IBRD.  The
activity was later decided to be conducted without the loan from IBRD.  The activity
was transferred to the Enterprise ol Addis Ababa Fuel Wood Development and
Markceting Organization.  The stall cost is borne by the Ministry of Agriculture but the
running cost is barne by the organization itsclf.  The revenue source is obtained lrom the
wood markel.  The objective arca is some 5,000 ha and the location is mainly along the
Intoto ridge.  The main objective of the activity is to supply fucl wood and construction

material for Addis Ababa.  Accordingly the planting specics is limited to cucalyptus.
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4.6.3  Recgion 14 Administration, Burcau of Agricullure

The present Torestation activity was started three years ago.  ‘The ageney has S-year
program of forestation.  The objective arca is also located on the Intolo mountain slope
but lower place than the arca of the Addis Ababa Fuel Wood Development and
Marketing Organization.  Objective areas arc catchment arcas of the Kebena, the Akaki,
and the Bulbula rivers. The objectives of the activity are; 1) soil conservation, 2) to
supply fuel wood and construction material for Addis Ababa, and 3) to supply sceds of

cucalyptus for local people to plant them around their setilements.

The activily also includes tercacing and construction of check dam of small scales {2 1o 3
m width, 0.5 to 1.0 m depth) for the purpose ol soil conservation.  Terracing activity
includes construction of soil ban that implics the canstruction of ditches with the scale of
about 30 to 50 cm width and depth, and 10 to 30 m length with right angle to the flow
direction of rain storm.

Although the planting species is limited to cucalyptus, indigenous plants (Juniper Procera,
Acacia Abyssinica, and others) are growing in the objective arcas.  This may be
attributed to the activity that the planting densitly is rather low, and the planicd arcas are

guarded from grazing and people’s activity of raking up leaves and others.
4.6.4  Ethiopian Herilage Trust and Other Agencies

The objective arca of the activily by this agenacy is some 1,300 ha and the arca was
obtained from the arca of Addis Ababa Fucl Wood Development and Marketing
Organization.  The details of their program arc not fixed yel since the program is now

under the process of Tormulation by experts.  The activity by this agency is presently as
follows:

As previously mentioned, the present vegetation coverage of the Intoto mountain slope is
not in a desirable situation from the viewpoints of flood control, soil erosion protection
and recharging of ground water.  In view of that present situation, some activitics from
environmental protection standpoint have been started in 1996, The activities include
construction ol check dams, replacing the cucalyptus tree species with indigenous specics

of vegetation.  The aims of the activitics include; 1) to bring back to the arca the pative
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trees, shrubs, flowers, birds, and animals that uscd to be found on Iatoto, 2) to help

preventing soil crosion and flooading.
"This is being implemented by,

1) Ethiopian Wildlite and Natural History Socicty,

2) The Ethiopia Heritage Trust,

3) Canadian Physicians Aid and Relict (CPAR),

4} LEM ( Amharic word meaning “Fertile Ethiopia™),

under the auspices of Oromia Educational Burcau, Ministry of Education, Region 14
Educational Burcan, Region 14 Environmental Protection Burcau, and Economic

Commission for Alfrica.

The constructed chock dams arce located on the Intoto montain slope near the headwaters
of the Kebena river.  But the check dams constructed so Tar as of June 1997 are still very
simple and small ones with the scale some 3 m wide and 1 m high of a typc of dry
masonry. Somc of them scem (o have functioned against light rainfall tor the purpose of

soil trapping but scem 10 be very vulnerable 1o heavy raintall.

The vegetation speeies to be planted on the Intoto mountain slope instead of Eucalyptus
tree as of Junc 1997 arc 1) Milletia Ferriginea, 2) Acacia Abyssinica, 3) Hagenia

Abyssinica as good for nitrogen fixation or for high altitude
47" Design Standard -

There are a series of design standards in Ethiopia: “Ethiopian Standard Code of Practice”
issucd by Ministry of Construction in 1983, The revised and additional versions ol the
saidt design standards were published in 1995, The design standards covers various

subjects, though not limited to, as {ollows:

- Design of concrete structures exclusively for architectural buildings; specifications
of concrele materials; specitications tor constructing concrete structures (Concrete
structures such as dam, weir, retaining wall and bridge substructures are not

covered.)



- Design of foundations including  shallow foundations, pile loundations;

classification of soils and rocks; methods ot soils investigation
- Design of masonry structures such as retaining wall, bridge abutment and picr

- Leading conditions pertaining (o the design of architectural buildings (loading
conditions for design of road, bridge, dam, weir and retaining wall arc not

covered.)
- Electrical and utility works {or architectural buildings

From ‘Transport Construction Design Enterprise (FCDE) which is an independent
consulting firm  cstablishcd by Ethiopian Road Autherity (ERA), the following
information  is obtained about design ol road and bridge .

- AASHTO standard of the United States of  Amecrica is gencrally uscd in
Ethiopia for design of road and bridge including determination of loading
conditions.

- The magnitude of seismic [orce used in design of bridge and road ¢mbankment
is bascd on Ethiopian Standard Code of Practice for Loading, according to
which Ethiopia is divided into four scismic zones and the Addis Ababa arca

belongs Lo the second highest scismic zonc.

Accarding to inquirics through various agencies including municipal government oflices
and Addis Ababa Waler Supply and Sewcrage Authority (AAWSA), there is no
Ethiopian design standard ol weirs . The existing dams/weirs near Addis Ababa, namely,
the Gelersa dam and the Koka lake dam, were designed on the basis of design standards
of overseas financing country
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48 . Consiruciion and Procurement - =
4.8.1 Procurement of Conslruction Works

Public construction works are exccuted by both methods of dircet operation and contract
basis under the control of Region 14 administration.  The mcthod is sclected casc by
case depending on the kind, scale and specially of work.

The maintenance and repair works of the regional roads in Addis Ababa are carricd out in
dircet operation by the Addis Ababa Road Authorily, which was derived from the
Construction department of the Works and Ucban Developmient Burcau, Economic
Sector.  Such road repair works, though cach work is not large scale, occur frequently
and successively through a year and require the urgency.  The road authority has many
staffs ol cngincers/experls and much number of construction cquipment, also keeps
around 2,500 number of common lborers making annual contracts. The authority
forms such organization that could handlc maintenance works, including construction
works, of the regional roads in the capital territory.

The large scale project works which arc undertaken by the authoritics and offices other

than the Road Authority arc usuaily cxecuted on contract basis.

Once a governmental office or authority forms such organization that could exccute the
construction works in the direct operation, it must sustain much numbcer of staft and
cquipment. The project construction works will be exccuted on contract basis in the
futurc implementation stage, because the project facilitics does not require the frequent

maintenance and repair works mobilizing much number of staifs and equipment alter the
canstruction.

Owners estimate for public works is calculated bascd on the norm, which was authorized
by the Ethiopian Building Construction Authority in 1980s.  The norm describes
oroduction rate of labor, matcrials and construction equipment for major units of building
and civil works.
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4.8.2 Labor

Because the Addis Ababa City is the capital and is much populated in the country, cnough
pumber and types of skilled and commoen workers are expected to be cmployed for the
project construction works.  The study team has surveyed on labor wage giving some
interview in the market. The net wage of a daily common warker is Bire 8 for
temporary employment in Addis Ababa.

4.8.3  Construction Materials

Sand, gravel and stone materials can be procured from the domestic resources within a
range of 160 km at Addis Ababa.  Cement, brick, galvanized iron pipe and PVC pipe are
purchased from domestic manufacturers.  Ready mixed concrete is also produccd and
sold by a domestic manufacturer.  The cement is mainly produced by the Mugher
Cemem Factory which is located around 70 km north from Addis Ababa, and by Addis
Ababa Cement Faclory located in the Addis Ababa city.  Both of the {aclorics are
managed by governmental agencics under the Ministry of Industry.  Most of other
domestic manulacturers are located in the Akaki Industrial Estate, which is around 15 km
far from the capital.  Other materials, such as reinforcing bar, steel materials, iron wire,

asphalt and fuel are usually imported from other countrics of ltaly, Egypt and Turkey, ctc.

Prices of some major construction matcrials are obtained through a simple market survey
and from the report on average retail prices of goods and services published by the
Central Statistical Authority.  The following arc the prevailing purchasing prices ol such
construction materials at Addis Ababa.

No. Kind of matcrials Unit Price (1) Remarks
I Cement quintal 50

2. Iine aggregate m3 92

3. Coarse aggivgate m3 80

i Ready mixed concrete m3 500 price at Akaki
5. Reinforcing bar, deformed kg 4

6. leon wire ke i0

7. Gasoline litter 2.64

8. Gas ail litter 1.95

9. Galvanized iron pipe, dia.= 1 inchm 13

10 PYC pipe, dia=diockh mn 25
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4.8.4 Construclion Equipment

Almost all the construction cquipment is imported.  Some larger private construction
companics and some governmental oftices and authoritics have such cquipment.  In the
Region 14 administeation, the Addis Ababa Road Authority has the construction
equipment as nentioned above in this section.  Most of the cquipment was supplicd by
other countrics on official development assistance basis.  Oul of about 150 number of
cquipment belonging to the authority, 100 nunber of cquipment was supplicd by the
Government of Yapan on grant basis in Junc 1996, Some of the cquipment is shared to

and vsed by the Environmental Development Project Office, Economic Scctor.

Al the cquipment is not fully operated at present.  Some of them are lying idle.  H may
bring less projeet construction cost, lor the Region 14 administration, to mobitize such
idling equipment cifeetively lending contractors tor this project construction works in the

future implementation stage, if possible.

The usable construction equipment belonging to the Addis Ababa Road Authority is listed
below.

No. Type.of cquipnent Japan's grant Othcrs Yotal
(no.) (ne.) (no.)

1. Bulltozer 3 ! 4

2. Back hoe 3 1 4

3. Loader 9 2 11

4. Motor grader 2 i 3

5. Dunp truck 32 15 50

6. Lorry g 8

1. Trailer 2 - 2

8. Reller and compacior i2 2 14

9. Water tanket 1 { 2

10. Asphalt related equipment 12 13 23

it Others (Pick-vp, portable pump, aic compressor and gencrator, cte.)
26 10 36

S L3 F1 , S (1R R I Y
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Table 4.1.1

Catchment Ar¢a and Length of Major Rivers

River Name Point Length | Catchinent Area | Total Catchment Arca
(k) (sqkm) {sq.km)
1.West Akaki River  [Pownstrean: of conflucoce 356 203 203
with Little Akaki R.
Upstream of conflucece 35.6 172.2
with Littlc Akaki R.
Little Akaki River  |Upstream of conlluencc 20.5 308
with West Akaki K.
Downsticam of confluence 15 224
with Buhc R.
Downsiream of conllucnce 11.7 15.9
with Fereja R
Upstream of confluence 11.7 14.2
with Fercja R.
Arbeynoch strect 5 37
Buhe River Upstieam of confluence 6.3 4
with Little Akaki R.
Fereja River Upstream of confluence 32 1.7
with Little Akaki R
2. Perennial River Upstream of conflucnce 9 6.5 6.5
with West AkakiR.
3 Kcbena River Bole bridge 239 89.1 83.1
Upstrcam of conflucace 232 53.1
with Bantyiketu R.
Fesfa Aseged bridge 16.4 44
Downstream of conflucnce 133 422
wilh Abo R.
Upsticam of confluence 13.3 172
with Abo R
Ginfile River Upstrcam of conflucnce 6.2 44
Kebena R
Bantyiketu River Upstream of conflucnce 15.7 293
with Kebena
Downstream of conflucace 112 239
with Kechiene and Kurfume
Kechene River Upstream of contlucnce 11.2 136
with Bantyiketu R
Downstream of conflucnce 7.2 9.9
with Kostre R.
Kechene bridge 5.8 6.3
Kaoslre River Upstream of conflucnce 3 24
with Kechene R.
Kurtunie River Upstream of coaflucnce 923 103
with Bantyiketu R.
Habie Giyorgis bridge 64 82
4. Hanko River Main read downstream of 8.6 1.1 1.1
nalural retagding basin
5.Grand Total 3097

Note: Measured on the Topographic Map by 1/10.000
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Table 4.1.6{1/3)

Swifare Water Quality as of 1976

ltem Unit Quality
Great Akaki] . Little Akaki

Ph 65-15 6.9 -80
Turbidity mg/l 90 - 780 210 - 730
Suspended Sotid mg/l 40 - 480 40 - 230
BOD mg/l 44-76 60 - 470
DO mg/l 5-13 0-3
Coliform counts per mll 320 - 510 [ 43*104 - 13*106

(Source: EVDSA Study, Dec. 1989 - Zawide Prel. Rep. 1976)

{Source: Potential Impacts of the Upgrading Water Supply Projects of the Addis Ababa City,
Addis Ababa Water and Sewerage Authority, Adinew Adam, Janvary 1997)

Table 4.1.6(2/3)

Surface Water Quality as of 1990

Location
Kechene
Test Htem Unit Kechene near near
Little Akaki] Ambassador Mckonen
ncar Prison Theatre Bridge
Suspended Solid mg/l 400 400 300
BODS mg/l 160 140 40
Nilratcs g/l 0.33 3 B
Chlorides mg/l 100 105 G5
Colilirms counts permfl 5.7 bil. 1.4 bil. 0.2 bil

(Source : Tequam Tesfa Mariam ( Geological Report-Minisiry of Planning — July 1990))
(Source : the Master Plan Study for the Development of Wastewater Facilitics
for the City of Addis Ababa, August 1993)

Table 4.1.6(3/3)

Surface Water Quality as of 1993

ltem Unit - - Location -
Litlle Akaki Kebena Greal AkakijAba Samuc] Lake
Ph mg/} 82 R0 76 7.0
[0,8) mg/l 0.8 0.6 1.0 1.4
COD mgfl 542 112 17 70
BODS mg/l 139 60 32 22
Coliforms counts per il 56 mil, 38,000 5 350

(Source : the Master Plan Study for the Development of Wastewater Facilitics

for the City of Addis Ababa, August 1993)
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Table 4.3.1 Damage Causcd by the Flood of August 19th, 1978

e

No. of No. of No. of No. of Houses by Cost of
Keftcgna | Kebeles | Houses | Affected Degree of Damage Damage
Aflccted | Affected | Persons Hcavy Medium Light (Birr)
1 | 3 10 - - 3 2,000
2 6 84 357 49 21 14 127,000
3 4 28 148 i8 8 2 50,000
4 6 100 578 43 27 30 136,000
5 4 27 145 7 12 8 36,000
6 8 76 mn 45 26 5 119,000
7 8 52 305 23 18 i 83,000
8 2 2 9 - 1 1 2,000
S 4 23 109 6 10 7 31,000
10 3 7 28 1 3 - 6,000
11 4 30 115 8 11 11 35,000
12 3 5 6 3 1 1 3,000
13 10 52 166 29 15 - 82,000
14 6 95 381 51 34 0 203,000
@ 15 11 291 1,382 146 102 39 448,000
16 - - - -
17 1 3 21 3 - - 22,000
18 3 197 1,001 70 89 37 263,000
19 1 6 32 - - 6 4,000
20 4 36 225 16 16 4 80,000
21 5 65 365 12 46 7 88,000
22 5 27 170 7 12 3 32,000
23 6 26 138 7 16 3 35,000
24 3 20 128 2 13 5 26,000
25 - - - -
Total 108 1,255 6,196 546 481 212 1,918,000
2,000,000
Note: The number of houses affected is higher than the number of houses damaged

since a ceriain number of these sufferred negligible damage.
Source:  Flood Protection and Storm Sewer System of Addis Ababa, Feasibilily Study,
Valume I - General Repori, BCEOM
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"able 4.3.2

Aflected Population by Flood in August 1994

Serial Location Affected Population Population became homeless g
No. River Zone | Keft | Kebele | Family | Family § Total | Family | Family | Total | Ratio Remarks
head | member| pop. | head | member) pop.
11 Lide Akaki 3 4 as a7 4601 547 3 243| 274 50%
2 " i 6 1 9 a8 47 9 38 47§ 100%
a " 1 6 13 14 112 126 0 0%
4 " 1 6 24 62 286] 348 10 &1 911 26%
S " i 6 25 22 28 - 0 0%
G " 2 20 18 31 163 194 | 163 194 100%
7 " 2 21 19 168 684] 852 65 3p5] 370} 43%
& " 2 21 20 iz 167 199 13 85 08| 49%
9 " 2 22 1 a7 27n 314 17 104] 121] 39%
10 " 2 22 2 32 155 187 27 118] 145 78%
11 " 2 22 3 17 82 99 3 & 11 1%
12 " 2 22 7 14 R 87 - 0] 0%
13 " 2 23 8 29 273 302 10 90) 100| 33%
14 " 2 23 9 28 253] 351 45 253 208] 85%]1 baby lost
15 " 2 24 10 3 7 10 2 7 91 0%
16 v 2 24 11 4 a6 40 4 36 40| 100%
17 * 2 24 12 58 G 128 12 70 821 64%
18 “ 5 7 17 20 214 244 0 6%
3% " ] 8 3 4 22 26 - 0z
2 " 5 8 6 33 2311 264 - 0 0%
21 " S 8 13 3 16 19 3 16 19| 1004
22|  Kurtune 1 5 7 160 0} 0% @
23 " 5 2 11 29 268 297 1} 75 86 20%
24 " 5 3 10 13 46 50 12 45 571 97%|1 bahy dicd
25 " 5 8 11 6 38 36 G 30 a6t 100%
26 v 5 8 15 20 80| 100 - 1] 0%
27| Kechene 4 9 20 10 57 67 1 5 9% |1 woman died
28 " 4 11 16 20 291 119 6 30 36| 30%
29 ! 4 i3 1 10 45 55 1 Q 10| 18%
Kli] " 5 2 17 112 536] G648 9 41 50 8%
3 ' 5 14 12 a1 2121 249 15 54 69 28%
32 " 5 14 21 60 2081 358 3 14 17| 5%
33 Kostre 5 10 13 4 13 17 - 0 0%
31} Banlyiketu K 18 7 28 158 186 28 1581 186) 100%
a5 " 3 18 18 25 110] 135 25 110} 135] 100%
36 " 4 15 34 65 308| 373 55 1051 250 67%
37 " 4 15 a6 46 340] 386 7 34 41 1i%
Tofal 5 18 I 1,256 6,241 7,657 461 2417| 2,878] 384
River Total
Linle AkakiRiver A2 | 1899) 43%
BantyketoRiver s Cona| st
Kechere River . ey I T T
Kostre River SN NN Y I I 1
Kurtume River 652 o
Affected Population-Tetal 7,657 28758] 8%

Source: Conditional Sunvey and Fundamental Information on Flood of Affecied Areas in
Addis Ahsba, Scpiember 1924 - October 1995, Kone Takuji
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Table 433

Damage Causcd by Flood in August 1994

Unit of amurd: Birr

Eacation Physical Damage and Uts Ftionled Value
Serfal River Houses Household | Livedock Vepelables Uridges Total
o, Zone | Keft | Keb. qPartially [Totally Cost Fumiture & | ¥n. | Fadmated 1 ha | EaSrosted | Moo Cost Prysival
[hopaprd  |Dumaged  [Ustimate EQquipment Amaount Amoui Eaticoate | Daraage
0] & O] @ ol b 3 (@ ] 0] i Rt T-p
1} Little Akski 1 4 35 10 17{ 290,000 175000 - -1 25 8,000 473,000
2 " i 6 1 4 6| 40,000 30,000 -l & 30000] - - 100,000
3 - 1 6] 13 1 $1,000 9600 - 11,5001 3] 104,000] 166,500
4 - 1 & 24 14 7 200,000 80,0001 12 £000 A 2] 15000 303600
5 - 1 6] 25 4 6| 200,000 85,0001 - - -1 285,000
6 " 20 26) 18 23 3} 226,973 700000] 3 400 - 2,000 | 929313
? " 2] 25| 19 142 24| 300,000] 1500001 - . - -1 150,000
-3 " 2 2 20 18 5 - 00001 2 26 - - 70,020
9 - 2t 22 i 20 17 - 4700000 - - 411,000
10 . 2l 22 2 5 27 -p 606000) - - - -l 606,000
11 . 2 22 3 14 3 - 52000 - - 1 - - 52,000
12 " 2 22 7 14 -l 203000 - - - Ly 75,000 279,000
i3 . 2 23] 8 19 10| 250000] 2010001 3 300 - 451,300
£ . 2l ) ¢ ki 45| 735000] 1,000,000 - 2 50001 2| 40,000 1.780,000
L5 " 20 23] 10 K] 18,000 1,000 0.32 2,000 1 5,000 26,008
16 - 2 M4 D - 20,000 3,000 - -1 2] 6000 29,000
17 - 1S L P . b2 70,000 30,000 - - - 40,000 31 20,000 160,000
13 5 HER 8 -1 200,000 70,000 - - - - 270,000
19 . 5| 8 3 s 2,000 4000} - - - - 6,000
20 - 5 3 6 18 45,000 34,000 - 25 7,000 - 86,000
21 ’ S| 8] 13 3 3] 260602 26073 - - - 285675
221 Furume 1 5 i - - - - - - - . - 0
23 - b 20 1 18 110 2900001 250,000 - -1 - 570,000
21 - 5 5¢ 10 3 3 5,750 3,000} - - 8,750
25 - 5 8 11 1 42,000 5000 - - - 1 4,000 53,000
| 26 - s 3 15 5 - 40,000 40,000 - - - - - 50,000
P Kechene 4 9] 20 - 10 $0,300 50,000 3 2500 - - 2 800
18 " 4 11 18 1 4] 100,604 25,000 - - - - - 125,190
29 " 47 13 1 - - - B . . 1]
39 - s| 2 12 93 - . o
3 - 5| 14] 12 25 12 360,000 50,000 - - -5 - -1 40000
32 - R EI ] &6 3] 1,500,000] 500,008 - 1 - 2,300,000
23] Kesre 5| 10| 13 4 o s000 5,000 1| 4o 13000
33} Baniyikets 3 18 7 26 2{ 300,000 - - - -] 306,000
3s - 3l 18] 18 24 - - 2 200 - - 2i1)
36 * 4 15, M 5 33] 3,500,000] 1,300,000 3 4000 - - - -l 3303000
37 - 4 15 36 7 -1 200000 100000] - -1 10 15000 __ MS000]
Total 5 18] ¥7 6468 286] 9,795,725] 6.165673] 28 §5.420) 56 150200f 16; 273000] 16400718
River Total
Rinle AkakiRiver " aaorss] amren| | saz|  tosgeo] assenol n2mmsesl
BantgikctaRiver aooeseo] rsoo0oo] o ezoof __ 4s000] ol 5419.200
| Kechene River T aawam] exsooo) 250 9}
Kostre River Y P __sooo _soe) o oY
Kurtume River 373,750] 328000 0 0
Affected Poputztion Tatal 9,795,725] 6,165673 15420 150,900

Source: Conditional Sunvey and Fundame atal Inforpution oa Flood of Affected Areas in
Addis Ababa, September 1934 - October 1695, Kono Takyji
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Figure 4.1.6 (1/7) Longitudinal Profile of West Akaki River
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Figure 4.1.6 (2/7) Longitudinal Profile of Little Akaki River




Longitudinal Profile of River-bed and River Bank
2550 e e S .

Urael Bridse ll't‘&f.‘l Agepede Blidg_e
2500t fo—b _ Y 1NN IO SN DUSORY | DEURUR AR DR

oy . B R et
Bagtyiketu Conflucoce

2450 TR I NNV W GENNDY DPPR DU g — N DI § D -
3ol4 Brillze _///

2400 Vb b [T S SR B ﬁ,,,;:”/f‘/;;’/” R B .
=1
2750 |-t b N S S B R -
1

Elevation(m}

[ - ifﬂ Bank
TP P SutnioNi DUSNR SN SN DR - 1 -~ - Right Bank

2300 f—{——1~
- River-bed

= Bridge Sollit

oo |+ v bbb

g 2000 4000 6000 8000 10000 12600 14000
Distance{m)

9250 BT — b

Longitudinal Profile of River Width
80 [ i — - e e R

Width(m)

~

0oL i PR UV PRSI S

0 2000 4000 6000 8000 10000 12000 14000
Bistance(m)

Longitudinal Profile of Carrying Capacity

i w0 ) Y : o
%400 T /11 / ‘[\ - ‘ :
S0 1 - . N B DA VEIee
S 200 |- i //\/\/\j e
00
0

SRR URS SIPU N VA [

0 2000 4000 6000 8000 16000 12000 14000
Distance{m)}

Figure 4.1.6 (3/7) Longitudinal Profile of Kebena River
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Figure 4.1.6 (4/7) Longitudinal Profile of Kechene River
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figure 4.1.6 (5/7) Longitudinal Profile of Kurtume River
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Figure 4.1.6 (6/7) Longitudinal Profile of Bantyiketu River
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