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8. FRAMEWORK OF MASTER PLAN

The target year for the master plan is sct at the year 2020, Protection arca is the present
densely populated arca and under-developing arca in the castern part of the Study Arca.
Whercas, for new urban arcas to be extended in the future, land usc regulation in line with
the Addis Ababa Master Plan, is recommended to avoid tlooding problem which will be
newly involved.

B2 ObectivoRivers

The following scven rivers in the Study Area are the objective rivers for Nood control
master plan.

1)  Kurtume river

2)  Kechene river

3}  Bantyikctu river
4y Kcbhena river

Sy Little Akaki river
6)  Wesl Akaki river

7} Hanku river

The total catchment arca {the Study Area) is 310 km’ covering the centeal and castern
part of Addis Ababa Administration and the western part of Oromia region.  the
catchment arca covered with the vrban arca to be protected is around 140 ki’ as of 1997.
83 Socio-economy -

8.3.1 Population

The population in the Study Arca is estimated at 1.8 million in 1997 and 4.4 million in
2020, respectively.
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8.3.2  Gross Regional Domestic Product (GRDP)

Gross Regional Domestic Product (GRDP) of Addis Ababa has not been oflicially
announced yet.  Region 14 Adminisiration has just started to eslimate the GRDP of
Addis Ababa since a year ago.  Oflicial {igures of production by sectors have nol been
available cither.  Therefore, GRDP of the Study Area has been cstimaled roughly from
available information.

According 10 the results of the interview survey for riverine people, average houschold
income is 250 Birr/month and this amount can probably be considered disposable income
and savings of cach houschold.  The number of houscholds in the Study Area in 1997 is
estimated at 320,000 houscholds from population and the average family size in the Study
Arca in 1997.  Total houschald disposable income and savings in the Study Arca are

estimated as shown below.
250 Birr x 12 months x 320,000 houscholds = 960 million Birr

The 1otal houschold disposable income and savings arc assumed to be 70 % of GRDP.
Total of deplcting asscts, indirect taxes and subsidics, income other than houscholds are

assumed to be 30 % of GRDP from other countrics’ samples.
GRDP of the Study Arca = 960 million Birr / 70 % = 1,370 million Birr

GRDP per capila is calculated to be 760 Birr (appreximately US$ 110} and this is about
20 % higher than the national average.

The Five Year Program of the Federal Government aims average annual cconomic
growth rate ai 7 to 10 %. The rate has been sel in order to achicve 4 to 5 % of
cconomic growth tor population.  Bascd on this target, GRDP in 2020 has been
estimated.  The houschold income in 2020 is estimated al 610 Bire/month with annual
growth ratc of 4 % from 1997 to 2020.  The pumber of houscholds in the Study Arca in
2020 is cstimated at 780,000 houscholds from projected popuiation and average lamily
siz¢ in the Study Arca.  Total houschold disposable income and savings in the Study

Arca are estimated as shown below.
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610 Birr x 12 months x 780,000 houscholds = 5,709.6 million Birr

e}

Therefare, GRDP of the Study Area in 2020 has been estimated as shown below.

GRDP of the Study Area in 2020 = 5,709.6 million Birr / 70 %
= 8,156 miltion Birr

Average annual growth rate of GRDP is about 8 % as a resull of calculation,

GRDP per capita is caleulated to be 1,850 Birr (approximately US$ 270) as shown

below.
 Year L 1997 2020
Number of houscholds 320,000 780,000
GRDP of the Study Arca (million Birr) 1,370 8,150
@ 8.3.3 Future Land Use

The tuture land use is 1o be expanded to the south and west of the cily of Addis Ababa.
The urban arca including industrial area and commercial area is going to exceed to the

south out ol the Study Arca. The luture fand usc in the Siudy Arca is estimated as

follows.

Land usc categorics Arca in 1997 (km’) Arca in 2020 (kw’)
Indusiry 23 28
Commercial and Business 3 10
Residential 80 92

Other urban use 52 60

Green area 116 83

Waod fand 27 27
Functional green - I 10

Total 310 L 310

%

s

3-3



84 _Exisling Development Plan . SR

The flood control master plan is formulated in relation to the development plans and

projects presented below,

13  Addis Ababa Master Plan

2)  Addis Ababa Flood Control and Prevention Project

3)  Rclorestation

4)  Addis Ababa Water Supply Project

5)  Master Plan for Development of Wastewater Facilities for the City of Addis Ababa
6)  Addis Ababa Ring Read Construction Project

7)  Feasibility Study on Flood Protection and Storm Sewer System of Addis Ababa

8.5 Implementing Organization

The Steering Committee of Addis Ababa Flood Control and Prevention Project is entirely
responsible as implementing organization and has strong tics with organizations
concerned of the central government and the Region 14 Administration, making
necessary consultations.  Under the Steering Committee, the Addis Ababa Flood
Control and Prevention Project is responsible for plan and implementation of {lood

protcction measures on praclical basis.
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9. FLOOD CONTROL PLAN

 Basic Concept-and
9.1.1 Protection Arca and Objective Rivers

Protcction arca and objective river stretehes of a flood control master plan, are decided
with duc considerations of the present situation of flood damage, and use and socio-

ceonomic developmient in the future in the target year of 2020 as described below.

- Flooding is a serious problem for the regional socio-cconomy under the present
socio-¢copomic and land use conditions in the river basin, and

- Flooding will have a scrious impact on the regional socio-cconomy with the future
socio-cconomic and land use conditions in the river basin,

The flood control plan covers 4 river syslems consisting of 7 rivers in the present densely
populated area and under-developing arca in the Hanku river basin in the castern part of
the Study Arca. These objective rivers arc principal oncs characterized by destructive
lood flow coming directly from the mountain arcas.

For new urban areas o be extended towards south in the luture, a land use regulation
scheme along river courses is to be applicd to avoid floading problem which will be newly
brought, in line with the Addis Ababa Master Plan.

Figure 9.1.1 shows objective rivers and stretches of the master plan. They arc as

tollows.

- Kurtume Rivers: Conlluence with Bantyiketu - Dajazmach Yigezu bridge in the
main channel which includes a basin of the mountain arca (§.= 5.5 km)

- Xechene River: Confluence with Bantyiketu - Kechene bridge (L= 5.4 km)

- Bantyiketu River: Confluence with Kebena - Confluence with Kechene (L= 4.5
km)

- Kcbena River: Railway bridge - Testa Ascged bridge (L= 7.8 km)
- Little Akaki River: Contluence with West Akaki - Arveynoch Street (1= 15.6 kin)

Hanku River: around Fikee Maryam Aba Techan Sirect
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Aside from the above, the following arcas arc taken up as a drainage improvement.
These areas have been sullered from both the reasons of tloods by over topping from
river channcl and by local rain duc o no drainage facilitics along roads.  Therefore, cven

after improvement of river channel, inundation in the said arcas still remains.  Those
remarkable areas are as follows.

- Left bank area around contlucnce of Bantyiketu and Kechene river and

- Right bank area around conflucnce of Bantyiketu and Kechene river.

9.1.2  Dcsign Scale

The design scale (protection level) of the Noad control master plan is justificd bascd on a
preliminary study tor 3 allernative scales, which will be discussed in the section 9.3.
Scales of the remarkable past floods in 1968, 1970, 1978 and 1995 as discussed in
chapter 6, basin size, and balance of safety level between main channcl and tribwarics arc
also considered in the justification.  The scale is delined as a probability of total rainfall

volume of desiga rainfall for Nood to be cstimated.

2.1.3 Mecthodology

H Characleristics of Natural and Social Conditions of Floods and Rivers
)] Charactenstics of Natural Condition

Rainlall in the questioned area is of remarkably torcential one.  In addition, slopes of the
objective river channcls are considerably sleep ones varying [rom 1/20 10 1/100.
Therefore, lood has destructive flow with high velocitics, and that duration of lood is
quitc short lasting from 3 to S hours.

2) Characteristics of Secial Condition

According to site reconnaissance and study result, it can be said that the objective rivers
had been originally wide and deep in size.  In the recent decades, many people have
meved into the river bank areas, which are casily submerged by flood, especially on the
terraces in the incised valleys.




o

As the results, tremendous numbers of houscs and buildings cxist on the river bank areas,
above all in the Kechene, Kurtume and the middle Little Akaki downstream of the
confluence with the Fercja river.  Therctore, daily lite of the riverine people has close
relation with a river.

In this regard, these natural and social characteristics of the Hoods and rivers are basic
considerations in sctting up the flood control measures. 1t is a key factor to retard
(lood flow in the mountainous arecas and to divert flood flow to other rivers in order to

minimize large scale of the resettlement in the riverine areas.
(2) Promising Struclural Mcasures for Flood Control Plan

Figure 9.1.2 shows a concepl of flood control measures.  In mitigation of flaod damage
in the urban arcas, a special atlention must be paid 1o resettlement of riverine people to be
involved. To cope such constraints, the flood control plan is proposed to formulate in
combination with the Structural and Non-struclural Mcasures in the basin and rivers, both
of which intend to prolect the questioned arca from flooding.  The foltowing arc major

promising structural measurcs in the lood control plan,
1) Temporary Flood Detention in the Basin and Rivers

To retard and store rain watcr temporarily in the basin, is technically, cconomically and
socially cflcctive measure to deercase flood peak to downstream reaches, which mcans

minimizalion of rescttlement in view ol natural and social sitvations of floods and rivers in
Addis Ababa.

According to site reconmaissance conducted so [ar, there are, fortunately, scveral open
arcas along the river cousscs in the upper basins, 1o be utilized as the llood Regulating
Pond. Figure 9.1.3 shows a concept of the regulating pond.  In the mountainous arcas,
there also exist wide valleys, to be utilized as the Hood detention facilitics of Rescervoir by

Low Weir.  Figure 9.1.4 shows a concept of the reservoir by low weir.

These open areas can be canverted into the flood regulating pond or reservoir without
rescltlement or with negligible small number of resettlement. Fime duration occupicd
by the stored water wilt be only around hall a day in the heavy rain time, and in the
ordinary time, to be used as public purposes for football game or others.  Such

lemporary detention measures in the upper basin are taken up as much as possible.
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2) Retarding Basins

There exist extensive wide natural Retarding Basins in the conflucnce of the Kebena and
Bantyiketu rivers, and in the lower reaches of the Hanku river.  The retarding basin plays
a roll to retard river How and results in decreasing a peak discharge of the flood to
downstream.  Those existing retarding basins are a valuable property in view of flood
contro! for the future.  In case big floods exceeding a design level, it is expected 10 act

as a buller in the neighboring arcas.  In this vicwpoint, they are remained as they are at
present condition.

H Diversion Channel

The Little Akaki river channcl, downstream of the confluence with the Fercja river, had
been originally wide and deep.  However, the present river width has been narrowed due
to occupation of houses and buildings.  Widening of river channet results in voluminous
resettfement. Therelore, channel improvement of these reaches is not an cilcctive
measure from sccial, technical and cconomical aspects.  In order to avoid such
conslraints, a Diversion Channel scheme of llood coming from the mountain area, is taken
up as onc of the promising measures.  The diversion channel will be cffective at the point
of upstream of the contluence with the Fereja river and diverted into the West Akaki river
which has cnough channel capacity.

4) River Channel Improvemcent

Finally, the remaining run-oft in the basin is to be discharged rapidly by mcans of a river
channel improvement.  The river channcl improvement works consist of excavation,
cmbankment {dike), construction of flood protection wall, bank protection, ete (Channcl
Improvement).  To contrel velocity in the river channe! is also inevitable mcasure.
Drop structures will be constructed as needed.  Further, it is desired that some bridges

with small span which act as a velocity and flow control, be left as they are,
9.2 Floed Control Alternalives -

Bascd on the said considerations, the following llood control alternatives are structurally

conceived in the flood control master plan.




9.2.1 Bantyiketu River System including Kechene and Kurtume Rivers
4} Kurtume River

A measure by only channcl improvement is nol sacially accepted in view of present
riverine arca conditions. Open arcas to retard run-oft coming from the mountainous
arca are available in the middic basins. ‘Thesc arcas are fully allocated 1o reduce tlood
peaks to downstream as the regulating pond. In this regard, the following alternative
plans arc taken up, as shown in Figure 9.2.1.

Alternative 1: Construction of 2 regulating ponds of Kurtume 1 (A=4,300 km?) and 2
(A=9,200 km®) and river channel impravement mainly by construction of
flood wall

Alternative 2: Construction of 4 regulating ponds of Kurtume 1, 2, 3 (A=5,000 km?)y and
4 (A=2,500 km®) and river channel improvement mainly by construction of
Hlood wall

(2) Kechene River

The basic idea for the Kechene river is the same with those of the Kertume river.  The

following are taken up and its scheme are shown in Figurc 9.2.2.

Alternative 1: Construction of Kechene reservoir by low weir (H= 20 m) and river
channel improvement mainly by construction of food wall

Allernative 2: Construction of Kechene reservoir by low weir (H= 20 m) and Kostre
regulating pond (A=7,900 km?), and river chanacl improvement nwainly by
construction of flood wall

3) Bantyiketu River

The river bank areas of the Bantyiketu river except the most upstream areas are not so
denscly populated compired with those of the Kechene and Kurtume,  However,
surrounding arcas of the river arcas are the most important districts of Addis Ababa,
Accordingly, a combined scheme of channel improvement and regulating pond s
conceived.  Further, the existing natural retarding basin in the lower reaches is fully
taken into the plan.  For cach plan to be sclected in the Kurtume and Kechene rivers, the

following allernatives are taken up, as shown in Figure 9.2.3.



Alternative 11 River channel improvement

Aliernative 2: Construction of Bantyiketu regulating pond (A=29,000 km') and minor
river channel improvement

9.2.2  Kchena River System
(D Upstream of the Confluence with the Bantyiketu

The upper basin has several promising sites of flood retention.  In order to minimize
resettlement in the riverine arcas by reducing flood peaks to the downstream reaches, a
reservoir scheme is taken up in the aliernatives.  The existing retarding basia is alsa

taken into the plan.  The tollowing allernatives are taken up, as shown in Figure 9.2.4.

Alternative 1: Construction of 2 reservoirs by low weir of Kebena § (1= 25 m) and Abo

(H= 24 m) and river channel improvement mainly by construction of Hlaod
wall

Aliernative 2: Construction ol 3 reserveirs by low weir of Kebena 1 (H= 25 m) and 2
(H= 14 m), and Abo (H= 24 m) and river channel improvement mainly by
construction of laod wall

(2) I'rom the Conlluence with the Bantyikelu to Bele railway bridge

[FFor each plan ta be selected in the upper Kebena and Bantyiketu rivers, the lower Kebena
from the confluence with Bantyiketu up to the Bole railway-bridge is to be improved by
means of a channel improvement.

9.2.3  Little Akaki and West Akaki River System

The West Akaki, which is the main river of the Little Akak, is wide and deep channel
having cnough low capacity.  Land use in the river bank arcas, as the whole, arc open
arcas covered with grasses, trees and vegetable ficlds.  On the other hand, the river bank
arcas in the middle reaches ol the Little Akaki are presently occupicd by the dense houscs
and buildings.  In case a chanael improvement only is applied, voluminous resettlement
will be needed. Accordingly, under the condition that the present land usc along the
West Akaki river be maintained and regulated in the future, the following alternatives are

conceived, as shown in Figure 9.2.5.
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Alternative 1: Construction of Little Akaki diversion channel (L=900 m) and regulating

pond (A=13,500 km?®), and river channel improvement mainly by
consiruction of food wall

Alternative 2; Construction of Little Akaki regulating pond (A=13,500 km’) and river
channel impravement mainly by construction of tload wall

9.2.4  Hanku River System

The existing flooding problem in the river basin has been locally limited.  There is no
pocket to retard run-off in the mountain arcas.  In the lower reaches of the Hanku river
ncar the International Airport, there exist extensive wide natural retarding basins.  Under
the condition that such natural retarding basins remain and be maintained as they are at
present condition, a widening of the existing culvert across under the Fikee Maryam Aba
Techan Street in the middle reaches of the left tributary is taken up.

9.3 - Selection of Opiimum Design Scale =
9.3.1 Condition of Study

The Bantyiketu, Kurtume and Kechene rivers are selected for the study on oplimum
design scale of the fload control master plan.  These rivers are the typical ones in the
Study Arca in the viewpoints of natural conditions, and the regional socio-cconomy with
the present socio- economic and land use conditions.  Further, the said Alternative 2 arc
studicd lor sclection of optimum design scale, respectively, from a viewpoint of
minimization of rescttlement duc to flood control plan.

With due consideration of the estimated 1lood scales ol the past cvents as discusscd in
chapter 6, the following allernative scales arc taken up for the study,

Main1i .
Casc Bantyil Kl | Litte Akaki it .  Hank rive
Case-1 20 year refurn period 10 year return period
Casc-2 30 year return period 20 year return period
Case-3 40 year return period 30 year return period



9.3.2  Sclection of Optimum Design Scale

"The design discharge distributions of cach case are shown in Figure 6.3.1 to 6.3.13 in
Chapter 6. Bascd on preliminary design of the respective alternative scales, construction
cost and benefit accrued Irom implementation of the works arc cstimated and described in
chapter 10 and 12, Further, economic internal rate of return (EIRR} is calculated.  The

results are as follows.

- Casc1(1/20); EIRR=112%
- Casc2 (130, EIRR=114%
- Casc3(1/40); EIRR=99%

From the above results, the Case 2 of 30 years return period for main channcl and 20
years return period for tributary is sclected as the design scales of the flood control

masier plan.
0.4 Evaluation of Alternatives
9.4.1 Critenia

Figure 6.3.1 to 6.3.13 in Chapter 6 shows design discharge distributions of flood control
alternatives.  Major structures ol cach alternative are preliminary designed. The result
is shown in chapter 10.  The estimated construction costs and cvaluation of cconomic

aspect {or each allernative are described in chapter 10 and 12, respectively.

Evaluation of the alternatives is conducted in accordance with the following criteria.
- Fechnical aspect,
- Financial aspecet,

- Lconomic aspect, and
- Social Impact.

9.4.2  Selection and Evaluation of Iood Control Plan

In constderation of the above criteria, evaluation of alicenatives is conducted.  Table

9.4.1 shows the overall evaluation results of tlood control alternatives for the master plan,
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Bascd on these results, the following cach alternative is selected among 4 river systems
consisting of 6 rivers.

(1) Bantyiketu River System

1) Kurtume River

As discussed in the section 9.2, the tollowing allernatives are taken up for flood control
plan.

Alternative 1: Construction of 2 rcgulating ponds of Kurtume 1 (A=4,300 km?) and 2
{A=9,200 km?) and river channel improvement mainly by construction o [
tood wall

Alicrnative 2: Construction of 4 regulating ponds of Kurtume 1, 2, 3 (A=5,000 km') and
4 (A=2,500 ki) and river channel improvement mainly by construction of
lood wall

From the above, Alternative 2 is selected as optimum plan of the flood control.
2) Kcechene River
The proposed alternatives arc as follows.

Alternative 1: Construction of Kechene reservoir by low weir (1= 20 m) and river
channel improvement mainly by construction of lood wall

Alternative 2: Construction of Kechene rescrvoir by low weir (H= 20 m) and Kostre
regulating pond (A=7,900 km®), and river channel improvement mainly by
construction of flood wall

In the Kechene river, Alternative 2 is sclected.

3) Banlyiketu River System

for cach plan sclected in the Kurtume and Kechene rivers, the following are taken up.
Allernative 1: River channel improvement

Alternative 2: Construction of Bantyiketu regulating pond (A=29,000 kim’} and minor
river channel improvement
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From the above, Alternative 2 is sclected.  EIRR for the selecied plan including the
Kurtume and Kechene rivers is estimated at 11.4 %.  Further, the Bantyiketu river
improvement works involves urban drainage which will be explained in the subscquent

scclion 9.5.
(2) Kebena River System
The proposed Allernatives are as {ollows.,

Alternative 1: Construction of 2 reservoirs by low weir of Kebena | (H= 25 m) and Abo
(K= 24 m) and river channel improvement mainly by construction of flood
wall

Alternative 2: Construction of 3 reservoirs by low weir of Kebena | (Tt= 25 m) and 2
(H= 14 m), and Abo (H= 24 m) and river channel improvement mainly by
construction of Hood wall

Among the above alternatives, Alternative 1 is selected as the flood contral plan in this
river system.  The estimated EIRR is 3.4 % for Alternative 1.

(3) Littte Akaki River System

The following alternatives are taken up under the condition that the present land use
conditions of river banks along the West Akaki river be kept as they are and maintained in
the future.

Alternative 1: Construction of Little Akaki diversion channel (L=900 m) and rcgulating
pond (A=13,500 km®), and river channel improvement mainly by
construction ol flood walil

Alternative 2: Construction of Little Akaki regulating pond {A=13,500 km’) and river
channel improvement mainly by construction of tlood wall

In this river systein, Alternative 1 is sclected.  EIRR estimated is 10.7 % for Allcrnative
1.

{hH Itanku River System

In the lower reaches of the Hanku river niear the International Airport, there exisl

extensive wide natural retarding basins,  Under the condition that such natural retarding



basins remain and be maintained as they are at present condition, two culverls across
under the Fikre Mayam Aba Techan Street in the middle reach of the lefl tributary is
proposed.  The estimated EIRR is 8.5 %.

9.5 Uban Drainage
9.5.1  Basic Concept

Flood control measures will mitigate the damage duc 1o the overtlowing of tlood from
rivers, but it does not always mitigate the damage due to the inundation resulting from the
insulficient facilitics of drainage.  But since the abjective of this study is the preparation
of Nood control master plan and is not the preparation of drainage master plan, the
drainage improvement is hiere proposed very locally just as the auxiliary mcasurcs for
flood control plan in Addis Ababa to enhance the ood control benefit.

9.5.2  Objective Area

As mentioned in the previous seetion on the present situation of the Study Area, the Jocal
drainage arca that drains to the Bantyiketu river in the reaches between the confluence of
the Kurtume and the Kechene rivers and the Finfine bridge site on the Menelik I avenue
has insuflicient condition of drainage of local storm.  This arca is always suflcring from
inconvenicnce duc to insuflicient condition of drainage during rainy season cvery year.
But this arca is one of the most important arcas in Addis Ababa from the view point of
existence of important agencies of the central government el Ethiopia and the

international agencies, and the place of importance of the road and railway transportation.

In duc consideration of the above from the socio-economic view point, this arca is

sclected for the objective area for drainage improvement.  The drainage arca is shown in
Figure 9.5.1.

9,53  Drairage Improvement Plan
(1) Design Seale

In duc consideration of the balance with the design scale of flood control in Addis Ababa

and the raintall intensity adopled in other citics in other countrics, rainfall intensity ol 30
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mmshour is adopied for the desiga scale of drainage improvement.  This corresponds to
the return period of between 1 and 2 years.

(2) Methodology

In consideration of low cost and casy maintenance in future, road side ditch is proposcd
as the structural measures for drainage improvement.  In addition, the road side ditch is
proposcd just as the terminal drainage ways to the Bantyiketu river. it is considered that
sccondary and terliary drainage ways would be prepared or improved alter the drainage
master plan is formulated in future.

(3) Basic Features

The basic features of the drainage improvement arc as follows:

- drainage basin : 248 km’ consisting of 4 sub-basins
- length of drainage ditch 1 4,000 m
- design discharge : 2.6 m'/s for sub-basin 1

: 3.1 m/s for sub-bhasin 2
: 3.6 m'/s for sub-basin 3
- 3.1 m¥s tor sub-basin 4

In due consideration ol the topography of the drainage basin and the drainage conditions,

the alignments of the road side ditches for drainage improvement are proposcd as shown
in ¥igure 9.5.1.

9.6  Propescd Flood Control Master Plan

The proposed llood control master plan lor the target year ol 2020 consists of both the
structural and non-structural measures.  Outline of the proposed plan is explained

below.
9.6.1  Structural Mcasures
Figures 9.6.1 1o 9.6.3 show the leatures of the proposed flood control master plan and

drainage improvement, respectively.  Table 9.6.1 shows the major work items of the

plan.  The works involved in the proposed master plan arc outlined below.
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) Bantyikelu River System
D Kurtume River

1) Four {4) regulating ponds (Kurtume 1 to Kurtume 4)

2) Channel improvement
- Flood wall (total length 800m)
- Bank protection for bridge (10 bridges)
- Velocity control structures /drop structures (10 nos.)

2) Kechene River

1) Onc (1) small weir (Kechene weir)
2} One (1) regulating pond (Kostre regulating pond)

3) Channcl improvement
- Flood wall {total lcngth 980 m)
- Bank protection for bridge (7 bridges)
- Repair ol one (1) bridge (repair of abutiment)
- Veloceity control structures/drop structures (10 nos.)

k) Bantyiketu River

1) Onc (1) regulating pond (Bantyiketu regulating pond)

2} Channel improvement

- Excavation (33,500 m’, standard cross scctions are shown in Figure 9.6.4)

- Flood wall (total length 1,950 m)

- Intake weir (for vegetable irrigation)

- Footpath with water supply pipe (length 20 m)
- Bank protection {(total length 300 m)

3) Drainage improvement (construction ol road side ditches : 4,000m)

{(2) Kchena River System

1) Two (2) small weirs (Kebena 1 and Abo)

2) Chaancl improvement
- Flood wall (total length 3,100 m)
- Bank protection for bridge (12 bridges)
- Velocity control structures /drop structures (12 nos.)
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3) Litlle Akaki River System

1) Onc (1) regulating pond(Little Akaki regulating pond)
2) Diversion channel (total length 1,000 m)

3) Channel improvemend
- Flood wall (total fength 1,050 m)
- Bank protection for bridge (9 bridges)
- Vclocity control structures/drop structure (16 nos.)

4) Hanku River System
1) Reconstruction of 2 culverts (Fikre Mayam Aba Techan strect)
9.6.2  Non-struciural Measures

Aside from the above structural measures, non-structural measures are quite clfective
ones 1o supplement the structural measures.  For some non-structural measures, a
legiskation of municipal bylaw will be necessary.  Non-structural measures to be

proposed arc as lollows.
(1) River Management

Proposed lacilitics involved in the flood control master plan must be operated and
maintained so as to discharge design tlood safely and tunction properly in line with the

respeclive purposes.  In this viewpoint, the following measures are proposed.

1 Authorization of Administrative River Zone
(Region 14 Administration Level)

Required river width has been delincated in the proposed flood control master plan. The
said river width is needed for its administration and management of rivers and facilitics as
Administrative River Zone (as an administrative limit in a river section).  Therefore, land

usc in the administrative river zone is strongly desired to be regulated.

In arder (o achicve this purposc, an authorization of the administrative river zone is
required with a legislation of municipal bylaw.  AFCPO, Steering Commiltee and

concerned organizations in Region 14 Administration are in charge of such legislation.



This legislation is proposcd to start as soon as possible.  Delineation of administrative
tiver zone is proposcd as follows.

- River bank with tflood wall 1 Qutside of wall
- River bank without flood wall 1 5 moutside from river bank line

In relation with the above legislation, it is desired to prohibit to construct private facilitics
and to pitch garbage and soil into the authorized administrative river zone or directly into
the river channed, which are described below.

2) Public Information and Education, and Regulation of Illegal Activitics
(Region 14 Administration and Community Level)

It is one of important activitics to enhance Public Awarcness against Flooding and for
Rivers which act as public tacilitics for drainage ways and open spaces with geeen arca in
the urban arcas.

Firstly, it is desircd to cnlighten public awareness for rivers. ¥ is proposed 1o hold
forum and ceremony or coneert to “Love River”.  Also campaigns through mass media
of TV and radio arc proposed to cnlighten the public awarcness.  Sccondly, it is
proposcd (o prohibit disposal of solid wastc and soil into the administrative river zone,
with a legislation of municipal bylaw in connection with the said Authorization of
Administrative River Zone.

AFCPO and the related communilies are recommended to be in charge of such

enlightenment under dircetions of Steering Commiltee.  This activity is recommended to
starl as soon as possible.

k)] Regulalion of Land Use along West and East Akaki Rivers
{Works and Urban Development Burcau)

It is expected that the cxisting urban areas expand towards south especially in the areas
between the West Akaki river and Akaki river including lower reaches ol the Hanku river
that natural retarding basin extends.  Due to acccleration of such urbanization, flooding
problem might be brought into the newly developed arcas.  In this regard, land use on
the riverine arca along the said rivers are regulated in relation with the Addis Ababa
Master Plan.  Area or width to be regulated is recommended to be S0m te 100 m {or one
side that is obscrved in the present West Akaki river.
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This is recommended 1o autharize in the existing Addis Ababa Master Plan under the
leadership of Works and Urban Development Burcau.  This activity is reccommended 1o

start as soon as possible for sound urban development in the future.

4) Guidcline of Structural Design
(AFCPO of Region 14 Administration)

The tlood control lacilities arc desired to design and construct appropriately lor their
purposes.  For this purpose, a guoideline of design is prepared for major siructures
involved in the proposed flood control master plan.  The details ol the proposed
guideline is described in chapter 10.

H Walcershed Management
(Burcau of Agriculture of Region 14 Administration)

Conservation of soil and Noad retention function in the mountain arcas is an cssential part
of the non-structural measurces from the vicwpoint of not only flood control to directly
reduce runoff to downstream reaches but also environment.  Accordingly, the following

mcasures are proposced.

Reforestation of the deforested areas in the mountain arcas and Planting of trees in the

open spaces of urban areas are proposcd to be taken up.

Existing organization of the Burcan of Agriculture in Region 14 Administration is
recommended to be a main implementation body for this measure, by applying the
existing available strategy, methodology and system explained in the scction of 4.6.3 in
chapter 4. Accordingly, this aclivity is proceeded by the Burcau of Agriculture
independently.  Therefore, it is proposed 1o continue reforestation tor the arcas where

the arrangements arc casy.

{3) Flood Risk Management

) Ilood YWarning System
{Region 14 Administvation and Communily Level)

The Hoods in the mountainous arcas are brought 1o the urban arcas in short time with

[rom [ to 2 hours, therelore, it is quite difficult to promptly lorecast flood scale. In this

9-16



regard, a Warning System by Sircn is an actual tool of damage mitigation against lood
and targe scale bank crosion.  The warning is made when the acm3ulated raintall amount
¢xceeds 15 mm per 10 minutes.  This activity is proposed to proceced by AFCPO and the
community level (Kebele) in line with the existing available National Disaster Prevention
and Preparedness Management Policies.

[n this system, 3 rainfall observatory stations and small towers tor a siren and cleetrical
lincs arc installed in the mountain arcas of the Kcbena, Kechene and Little Akaki rivers,
and along 6 major river channcls of the Bantyiketu, Kechene, Kurtume, Kebena, Litile
Akaki including a part of West Akaki and Hanku rivers with an approximate distance of
S00 m, respectively.

The following are the required works.

- Rainfall observatory station with telephone © 3 places
- Total length of system 1 60,000 m
- Small tower with siren : 120 nos.

Installation of the warning system is proposed to carry out by AFCPO and its

implementation is proposed to start in the preparatory stage of the Priority Project.

2 Flood Fighting System
{(Communily Level)

It is a valuable activily to carry out lood Fighting, to minimize flood damage to be
brought in the flooding time.  This activity is proposed 1o procced in the community
level (Kebele) in line with the existing available National Disaster Prevention and
Preparcdness Management Policies.  Further, it is necessary to train riverine people

through periodical excercise.

AFCPO under directions ol Steering Commitlee is proposcd to take a leadership in the
activily, in cooperation with the existing available organization of NCEW in the said
Nationa! Disaster Prevention and Preparedness Managemient Policics.  This activity is
also proposed to be started from the coming rainy scason and the exercise, as soon as

possible before the coming rainy scasoen.

The construction of storage houses with necessary materials and tools are required for

this activity.  The storage houses to be constructed are 2 cach in the respective rivers of
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the Kurtume, Kechene, Bantyiketu, Kebena, Little Akaki and Hanku rivers.

3} Storage of Storm Water
{Community Level)

1t is also desired to temporarily store Storm Water at Gardens in the Private Houscs,
Opcn Spaces in the Government Facilitics and Campuses of the Universily.  Walter thus
kept is very usclul for car washing, cloth washing, cte.  Such devise has a surprising
cffcet not only to decrcase run-oft into the rivers but also 1o save amounts of water
consumption in domestic water supply aspect.

For this activity, a campaign of enlightenment for community level will be a2 main work.
Works and Urban Development Burcau is desired 1o lake a leadership as a main

implementation body.  This activity is also proposed to be started from the coming rainy
S€asoN.

9.7 Selection of Priorily Project(s) -
9.7.1  Criteria

The lollowing arc the criteria to select priorily project(s) which are to be taken up for the
teasibility study.

1) Technically and socially, the project is viable and implementation of the project is
casy.

2) Financially, size of construction works is within the moderate one.

3} Economically, IRR is high.

4y Socially, beneficiarics are many and

5) Environmentally, implementation of the project has no remarkable negative
cnvironment issues.

9.7.2  Priorily of Rivers
Priority of rivers to be improved is studicd for the four river systems.  The priority order

of rivers is evaluated as shown in Table 9.7.1, in which cost per beneliciary, beneficial

population, resclilement are included in evaluation criteria.  These three items are
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accounted for as tollows, which are also commen to Table 9.7.2 for sclection of priority
project(s).

As is scen in the Table 9.7.1, the flood control projects in the Bantyiketu river system
including the Kurtume and Kechene rivers are taken up as objective river system lor
selection of the priority projeci(s).

Cost per beneliciary (C/B): 290 Birr is average cost per beneficiary for all the river
systems, derived by rounding (122 + 138 + 130 + 1.4) x 10%/((610 + 280 + 420 + 35) x
10%). 190 Birr is defined as the average of cost per beneliciary for all the aliernatives of
the priority river system derived by rounding (200 + 198 + 211 + 185 + 179)/5.

Bencficial population: 350,000 is the average beneficial population of the four river
systems (Bantyiketu, Kebena, Little Akaki, Hanku), derived by rounding (610,000 +
280,000 + 420,000 + 35,000)/4.

Resetflement: 30 is defined as a maximum number of houscs resctiled by a project
undertaken by Addis Ababa Flood Control Project Office {AFCPO) until now.

9.7.3  Aliernatives for Sclection of Priority Projeci(s)

With duc consideration of the evatuation result in Table 9.7.1, the tollowing alternative
cascs arc considered for sclection of the priority project(s). The improvement of the

urban drainage is included in the works of the Bantyiketu river system.

Casc 1: Samc with the master plan

Kurtume River
1) Four (4) regulating ponds
2) Channel improvement

Kechene River

3) Kechene weir and Kostre regulating pond
4) Channel improvement

5} Repair of bridge abutment

Bantyiiketu River

6) Bantyiketu regulating pond
7) Channcl improvement

8) Road side ditch
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Case 2:  Excludes the above itcms 1) and 2)
Case3: Excludes the above items 3), 4) and 5)
Casc 4 :  Excludes the above items 1), 2) and 4)
Case 5: Excludes the above items 1), 2), 4) and 7)

9.7.4  Evaluation and Sclection of Priorily Project(s)

Table 9.7.2 shows the evaluation resulls of the priority projeci(s).  According to the
above table, the Case 4 is sclecied as the priorily projects in the river system of the
Bantyiketu and Kechene rivers which are technically viable, cconomically feasible,
environmentally sound, and socially and urgently needed.  The following arc major
components of the priority projects for the subsequent feasibility study.  The outline of

the priority projeets is presented in Figure 9.7.1.

Kecheae river
- Construction of Kechene weir (storage volume: 115,000 my)
- Construction of Kostre regulating pond (pond arca: 7,900 km’) and

- Repair of bridge abutment {1 bridge)

Bantyiketu river
- Construction of Bantyiketu regutating pond (pond arca: 29,000 km’) and

- River channel improvement from confluence with the Kebena to conflucnce with the
Kechene (widening of river channel, bank protection, ood wall, bridge, aqueduct,
intake weir, objective river channel length: 4,500 m)

- Urban drainage: construction of road side ditch (total length: 4,0600m)
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Table 9.6.1

Work Items of the Proposed Flood Control Master Plan

Work Item Kurtume River | Kechene River | Bantyikelu River Remarks

| Channel Excavation{cu.m) 33,500
Ilood Wall

Right Bank(lin.m) 200 370 1,600

121 Bank(lin.m) 600 610 as0
Bank Protection

{sg.m) 6,480 4,540 1.620

(10 bridges) (7 bridges)

ool Path{nos) t
Repair of Bridge(nos) 1

Velocity Control Structures

{nos) 10 10

Regulating Pond(site) 4 1 1
Small Floed Control Dam

(sitc} 1

Intake Weir{nos) 1

Work {tem | Kebena River |Little Akaki River]  Panku River Remarks

Channel Excavation{cu.m) 0 0

Flood Wall

Right Bank(lin.m} 1,700 200

{0t Bank{lin.m) 1,400 850

Bank Protection(sq.m) 1,780 5,840

{12 bridges) {% bridges)

Velocity Cantrol Structures

{nos) 12 16

Regulating Pond{site) 1

Small Flood Control Dam

(sitc) 2

Diversicn Channel{linan) 1,000

Culvert 1
jFeot Path{nos) 1

Note : Detoil location of flood wall is presented in Table 9.6 2,
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Kebena River

Location | Length(m) Average Height{m) | Total Arca{sq.m)

Right Bank

1=4300 - 4800 500 2.0 1,600

1= 5000 - 5700 700 3.5 2,450

L= 5700 - 5900 200 2.0 400

L= 6600 - 6900 300 2.0 600
Left Bank

L:= 4300 - 4800 500 35 1,750

L= 5000 - 5700 700 35 2,450

L= 5700- 5900 200 1.5 700
Total 9,350
Litile Akaki River

Location Length{m) Average Heighi{m) | Total Arca(sq.m)

Right Bank

L= 4700 - 4900 200 2.0 400
Lelt Bank

L= 2556 - 3000 450 20 Q00

1.=13500- 3700 200 2.0 400

L= 4700- 4900 200 2.5 500
Total 2,200

Note : L= Horizontal distance on the profile
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Kurtume River

Table 9.6.2  Delail Location of Flood Wall

Location | Length(im) | Average Height(m) | Total Arca(sq.m)
Right Bank
1.=2200 - 2400 200 2.5 500
Lefl Bank
L=1100 - 1400 300 2.0 600
1=2200 - 2500 300 2.5 750
Total 1,850

Kechene River

Location

| Lcnpth(m) | Average Height(m)

Total Arca{sq.m)

Right Bank

.= 600- 800 200 2.0 400

L= 1200 - 1370 170 2.0 340
Left Bank

= 600- 800 200 2.0 400

[=1200- 1370 170 2.0 340

L= 3820 - 4660 240 2.0 480
Total 1,960

Bantyiketu River

f.ocation

| Length(m) | Average Height(m) |

Total Arca(sq.m)

Right Bank

L= 600 - 1300 700 1.5 1,050

I 2050 - 2400 350 2.5 875

L= 2600 - 2900 300 2.0 600

= 3450 - 3700 250 2.0 S00
Lelt Bank

[= 2050 - 2400 350 1.5 525
Fatal 3,550
Note @ L= Horizontal distance on the profile Cont’ed
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Flood Conteol
Measures

Strucural
Measures

Noa-structural
Measurcs

1 Applivd Measures inthe Mader Plan

Figure 9.1.2

r——— tRiver Improvement|-

Storage Detention
of Flood Waler

Watershed
Management

| ] PocdPlsin
Managemenl

——§ Widening of River Channel

e Cuto-fi Chanrel

--— § Reforestation and Flanhng

F————{ Wiler by Private Howse and

—1 Dike |

Divension Channel
{Flood Way)

Dam Reservoir l

- [ Regulating Pond ]

Retarding Food

Temporary Storage of Rain

Governae atat Conplex

Erosion and Rurrofl Conlnd
by Larduse Regulation,Storm
Water Infiltrationland
Treatiend ¢t

Ablowable Area of Plooding

I I2nd Use Regulation I

Flood Forecasting, Waming
and Evavuwtion

——— Social T'ducation

— Flood Fighling

- Tnsurarxe

Tax Adjustnual

Regulation of Tegel Adiviticy
such as Disposal of Sotid
Wadte and Soils

Concept of Flood Control Mcasures
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Cross Section of Regulating Pond and River

Retarding Pond LRivcr Channcl .1

Dike between pond and river \

Watcr level
Pond water level SN, Y S

e N

Side overflow dike

Plan of Regulating Pond and River

River

Dike between pond and river — - v

Side overtlow dike - - —-

Pend

Q1

Drainage gate

Drainage ditch

L -

Loy

Discharge Hydrograph
Q= Ql{into downstream)+ Q2(into pond)

Discharge into pond through overtlow dike

¢ Volume retarded in the pO[]d Q2-0.667 u{(22)(1/2) L. h"(3/2)
77777 - . in case perfect submergible ow
Inflow, I Max. discharcge ¢ P €re | )
b tobecut

Where, u cocllicient of over 1low

Outflow g acceleration of gravily

Discharge (cu.m/s)

Vatume flowed in the 1. length of side overllow dike(n)

channgl

Time Duoration (hours)

Figure 9.1.3 Outline of Proposed Regulating Pond
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Profile of Weir

Watcr tevel in the rescrv

ot
....... " S

Dam body

= —————~ Discharge culvert

Front View of Weir Fenccl

Spillway

T . . . .
™ Original river bank line

Discharge culvert

Detail of Discharge Culvert

Water level in the rescrvoir

Dam body
Flow through discharge culvent

Riverbed

T~ Discharge culvert

Discharge through dischage culvert

Q= C*B*D* {2g(H-D/2)} 112 {in casc 11>1.8D)
Where, Q: discharge{cu.m/s)
C: cocfficient{0.6 without velmouth)
B:width(m}  D: height{m)  : water depth(m)

Figure 9.1.4 Qulline of Reservoir by Weir
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Figure 9.5.1  Drainage Basin for Drainage Improvement and Proposcd
Alignment of Drainage Diteh
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'

Sty RraTosdary
Rwer

Litan Avea
Contour

¥iopoont Jic

ith Oelticn

Fropand

RepS08ng Pox

Propcped

Rives Cranefimprsmen

Paprse Flod Dhe 1kn

Prozceed
Uiben Cratagw Ama

Kote:

\“
RO
.

Bole Inlernational
Airpod

River Cranrel improvient oorsisls of constroclion of Socd
wall, diverbani preTection works, chanae! excavation and
o'rer remedial wo ks at crossing sliuchires.

Figure 9.6.1 Location of Facilitics Proposcd by Master Plan




1) Kurtume 1
Regulating Pond

Habte Giyorgis Bridge

]

Bridge (Arveynoch Street)

Bridge({Dejazmach Nesibu Sireet)

23 «— 1) Kurtume 2
: Regulating Pond

L]
1 Bridge( Dejazrnach Nesibu
Street)
_______ rrre— [ N
i pa 1) Kurtume 3
e Regulating Pond 1) Kurtume 4
Regulating Pond

Broposed Plan
1) Construction of 4 regulating ponds Habte Giyorgis Bridge

Kuwtume §

-Pond area : 43003q.m

- Storage volume 7,200 cuo.m
Kurtume 2

-Fond ares : 9200sqm

- Storage volume : 23 000 cu.m
Kurtume 3

- Pond area 1 £000 sqm

- Storage volwne : 42,000 cum
Kurtume 4

- Pond area : 2,500 sq.m

- Starage volume : 7,200 cu.m

2} Channel improvement of exlsting
river
- Flood wall
Right bank : 260 m
Leftbank : §00m
- Bank protection : 6,480 sq.n

- Velocity control structures
{drop structures) : 10 nos

Bantyiketu River

“Figure 9.6.2

DA ~ 2) Channel Improvement

T Bridge{Churchill Street)
Exisling Cuivert
— Bridge(Taitu Street)

Kechene River

Proposed Plan of the Kurtume River(1/5)

9-38



1) Kechene Reservoir = 7

Kechene Bridge

~ 2) Kostre Regulating

Pond
3 Afincho Ber Bridee
i
o % :
} [ Kostre River
Beidge(Deiarmach E

Haile Silase Strect)

3) Channel Improvement e

) Repair of Bridge Abutment -5
——————— [,,, ==

and Apron !
L& .
g1

Kurtume River

Figure 9.6.2

Yroposcd Plan
1) Construction of Kechene Reservolr

. Reservoir volume @ 115000 cum
“Weir hefght: 20m

1) Construction of Kostre reguleting pond

- Pond area : 7,800 sq.n
- Storage velunwe @ 24,000 cu.m

3) Channel improvement of exisling
siver

- Flood wall
Right bank : 370m
Lefl bank : 610 m

- Bank protection : 4,540sqm

- Velocity control structures
(drop structures) 3 10 nos

4) Repair of bridge abutment and apren
: § bridge

Bridge (Weadimeneh Strevt)

Bridge(aitu Strect)

CErRInTRTnEeRsEss | Bantyiketu River

Proposed Plan of the Kechene River(2/5)




Kechene River

i

Kustume River

Fidwiha Bridge

<-— 1) Bantyiketu Regulating
Pond

Froposed
1) Construction of Bantyiketu regulating pond

- Pond area : 19,000 sq.m
- Sterage volame : 56,000 cum

Finfine Bridge

2y Channel improvement of existing river
- Channel excavation : 33,500 cum
- Flved wall

Right bank : 1,600 m
Left bank : 350m

Bantyiketu Bridge

- Bank profection : 1,600 sq.m
- Footpass with water supply plpe - 1 sct
- Intake welr ¢ 1 set §4-—-— 2)Channci lmprovement

Reconstruction of Foopass with —--———-—-~ e

Water Supply Pipe r g L

c- 1 4 Intake Weir for Vegetable
Irrigation

Natural Retarding Basin

Kcebena River

Figure 9.6.2 Proposed Plan of the Bantyiketu River(3/5)




b Kebena Reservoir——————» NG

——= 1} Abo Reservoir

“Fesfa Aseged Bndge

Proposed plan
¥) Costruction of 2 reservelrs

Kebena reservoir
- Rescavolr votume : 212,000 cum
- Weir height: 25m

Abo reservolr
- Reservolr yolume : 332,000 cu.m

- Weir eight: 24 m

<- - 1) Channel Improvement

1) Channel tmprovement of existing
river

- Flood wall ]
Right bank : 1,700 m Ginfile River
Left bank : 1,400m

- Bank protection : 7,780 sg.m LU'rae! Brdge

- Vilocity control structures{drop structures)
1 12 nos

Natural Retarding Basin

Bantyiketu River

Confluence with the Bantyiketu River

Bole Raibway Dridge

Figure 9.6.2 Proposed Plan of the Kebena River(4/5)
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1) Littte Akaki Regulating Pond —--—— - —-»

oposed Pla
$) Construction of Little Akaki repulating pond

- Pond area : 13,500 s¢.m
- Storage volume : 24000 cu.m

1) Construction of Diverslon Channcl
- Design discharge : 160 cu.mis

- Channet kength @ 3,000 m
- Fuanel =650 m) and open channel

3) Channel improvement of caisting

siver

« Flood wali
Right bank : 2100 m
Left bank : 850 m

- Bank protection : 5830 sqm

- Velocity control structurcs
(drop structures) : 16 nos

For Wost Akaki Rinver, mon-structural
meastres ( by Jand use regulationlare
proposed

Figure 9.6.2

]
Lol pridectArbeynoch
T Strect)
2) Little
© Akaki
Diversion
Channe}

Fereja River

Akaki Bridge

Buke River

i

1 Mekanisa Bridge

West Akaka River Kirkos River

3) Channel
Improvement

Bridge(Ethiopian Abatioir)

Proposed Plan of the Little Akaki River(5/5)

9-42




(§/1)10ATY dwNNY Y3 Jo J|LjoL [RUIPMISUOT] £9'¢ dXBLY

{w) asumsiqq

000¥ 000t 000Z Qoot 0

 OFEL
P — w m ! | : w !
. odoug @ | | ! _ (ueg 14308 _ L oo
— | _ | | | e m
N Y- ( QR ! ! m i & " “ _
. et W | ! | | (e , “ | 08T
T | _ | L
;I a3s | L
L e 00%T
— | N
- g4 —-— ”
P — L 0Tre
| | “ e \aa
_ g A erslg | M _ _
! d | H : : L 09bT
; | , i PFpust ety
_ | |
i ; _ _
m | @ J 082
| | | m_
| | : M “ 00s<
| | _ | |
: " ” ,, -
| || , , m ” M — 0zsT
| . S _ : s os=0 | ! -
i - | 20T =0 O | m | ,_
m | M _ » - T ﬁ : 0t$T

i,

{w) uonrad|y

9-43



%

(S/2)39A0q SUIYIIY I JO AP0 [EUIPOUPUO] £'9'6 danBLy

{ux) avarsig

0009 s 0004 0008 0003 0001 0
_ 00ET
; ! : i
_ i _ ,. | {yueg o] PIERD)
I ' H 1
_ | _ “ _ (ueg o ¥ e |
| | | ! W LIS
| M m i | b
.W “ , i , e eV OSET
,v i ,ﬁ _ i
7 : ‘ Fuoeg uyT) w
I a¥ug W i i : ﬁ
| : | e |
| o | | oorc
! | m | _
I 1 i
| ass | : u i ,
_ ﬁ 4 | S m, “ _ TSdpug CumIL
| _ | I ! ) ; :
”, gl---- ” | 7 _, STpug ORI
_ u ,. ; : W W - 0sts
i A Cpzz=t m W ! m
. ! ' | L |
| o el . | |
I "
[ ! [ 1 1 _
w T < Jdpliyaag CIETTTA _ _ o3pugT W _ W
| | | UITOMAN vTY i _ m
FIALY SO " 00ST
W A ~ ; : _ . : _ . m
¥ a3pragy SUoIN “ . : “ i i
e Dot ! , : > |
: _ _ i _ Jisilgh o= i
& : _ ! ST 00 = O d | ! S 58 =0 : !
! i L ! m
] m [ i : “ | 088z

9-44

(W) moneAdf|



(5/g)10a0y NIMIAIUEG ) JO Yo [eutprIiBu0]

0ose

(ur) samwisiy

onsT 0002

£'9°6 N3y

0051

- T m m | I | | w ! W "
: . : ! | ! ; . . : , !
L rr,.a\. . - k, _ ! | sna L1 =0 ” , \ M
S/ana mm._"_ HO ﬁ m spurnd Opl Iﬂo " | ! _ " i ”
T ‘ ; i i | | ! ! i

“, | | 4 L | | ‘,

P _ _ | _ i “ W |

; P _ j ! 4 " _ ,

” | _ " | |

— : _ : (g prIMERD): |

_ I : m W | 7

. — | “ [T |

- S 4 m W : :

f— i | ] ! !

D | | ! D sy yary |

P O — — | | peg iy B

o | |

- a=d (rueg w3ng} _

P

P |

— i T

— —
m L
_ b

A INTIO] f

|
_ W
_ |
m _
_, :
! ,
! |
! ;
| ; 7 ,
" _ |
W | | i “ 1 “
| i _
| _ _ | | | m
m | “, , , |
| | W_ | m
alpug ULy _ _ , | | |
, m | ! i ! |
Fpug eqmid ! | ! |

&

e

Qres

H

{wz) uotpEAd]

9-45



(S/p)I0ATY BUIEDY Y3 JO oI [EUIpPMIBUOTY £'9°6 2nB1y

{ur) some1sT(Y

000 CO0LT 000CT 0006 0008 CO0L 0009 000S a0t 000y 00T 0001 0

. 0022
; _ ; , _ _ ,
| | | _ | | ﬁ
f | m m M | | ﬁ
: , | : : : : ! h
Spug W W , _ | _ ! "
M : ! | | ! “, | N
i _ | ; ! ! ! ! : ! 05ee
w QO ----- | i _ _ (ueg upT » IR0 eT ¥ Eng) i "
: I ' | ! : !
, : ! : ; ,
o e
P a3g ! , ! | |
: ) , i i ! I !
—_ — : : : : : = 00T
g1—-— | | m, : i !
i ! | i
m '
“ ! - AT DIYIAIUEG ;
_ m , | sepiagromwiics “
: i | W ; ! ; : N_H _ _ 08£T
: _ " ﬂ e “ , i _
i _7 ; L | n I ; [
” | | san o ! | I |
; : | _ _ g ; atipug a1og : : :
m | | fauli. [——— ! m | m
? _ A | : SHpug ot i , “ " ,  o0r
| 1o | | | | | | |
W. | | m ” _ _ _
: | It ﬁ ” ; m :
m | § | | i : _ w . M,
“ ABpig poBaey s , : _ m ! : g oste
: m m W “ ! ! U : :
| k | o m | !
i X : m L | P g | m |
| | e T 7 | =< = | _ :
| , _m xrn2 0vZ =0 _ oL sama09z = b smno 097 =0 ; :
| | il i | oy P H : Lo
- 0$T

9-46

{un) nonEAdf|



(§/5)3aAny BBV SN 24} JO dYol [eutpm)Ipue] £°9°6 0INBL]

(ur} aduersi]

00091 00OST 0001 Q0L o0o0C1 [1,0.1294 00T 0006 0003 000 0009 000s o0 o0Y o000 0001 0
r _ , , _ _ ; : , \ 00TT
m _ | _ ! w ! ﬂ 7 ; _ | L ey |
| _ w w _ ﬁ ﬂ , 7 | | : M
m — _ . _ _ i | ” m : i _ ?cam 4T <P
B B @ | | | | oy .
r WFpug W H : : ~ V ¢ ; AR : , osen
. “ “ | ; _ | | ._
P } i i ! | i
o m | | | | m |
L L . _ - _ O0ET
P b _ | W “
P azg : : | _
Pl |
e _
i _ 08z
i a1 —-— ! _
o , ; m ] ” :
W | | . _ _ i ” _
i W : Lo i ' i : -
; : —— : . _ oors
| _ m T I _,
| | _ n _ | " Sy ungd ; nbreqy werdotyiy “ |
" | L _—— | | ! P ! "
M w _ | ! . Spu Heng ! ﬁ Do ! |
: _ i : _ ’ : _ osts
; _ ! Lo ! ! i H | A i : H
¢ _ A i i i | i : - | : | _
i ! ” - ! A, , ! 23plag eSTUEN AL u ” | _
W _, oYy con.....«iﬂ _ i W _ _ . ! " | |
N ] ! 1 ]
r " W ” : | “ u, L. Aonrg vonsny W _ 05T
! _ L e— M _, m N M ”
. i JaAny BloL2 ] _ " W ! ] i |
i i I ” i i i
” _ | “ _ | ! . ! | i i
| i : " _ W , : _ | _ | .
, ; “ : : . — - 1 X : 05y
| | | ! “ ,‘ | | i i b ;
7 - . m | : 1 : ! H r;w,
LT SpuTm 091 = O 7 ! Swn2 ge =0 w meAa\E.a 09=0 | swoagr ¥
' | : , i _ ; : Lo | [ P | : _
; : D9C

(1) voneAN:y

9-47



-

(9,1) Joany mIdNIAURY Y] JO UONDIIG SSOI)) pIepurly

(uryooumstq

p9°6 nBLL

o™l

[{g]

o

(w)uoneas]

9-48



(uyouerstq

(w)uoneadly

9-49



-

" b ( v U ﬂ. 0 a Y0
. m s ﬁhd.‘—.——u.—m e u
hi m..*

(w)oumsiq

(wuoneas)q

9-50



(9/6)20ATY IPLGLTY JY) J¢ ULNIIS $$0ID) PITPUTIS

(u)orumsi(y

£'9°6 2ANBL]

1 L A A 1 I i X I
'
'
|
|
|
B e
i
'
'
'
'
B
]
1
'
4
! —— -
+
r
'
1
b
L
'
b
1
1
1
||||||| b dmm e ——
|
1
|
'
|
— - dmmm A mmma
'
b
'
1
'
llllllll T
'
1
1
{
|
B e .
'
'
'
1
|
———r———— :
|
'
|
1

(w)uonvasiy

9-51



&

(9/5)I9ATy MIdRIAIULY IY) JO UOTIING SSOID PIRPUTIS £'9°¢ dNBLY
(uryeourmsicy
oy 0t 0c o1 0
“..-_”_.._”_._.”-.-.IN‘
R R U Jeeeead 1
S SRR SR S— o
Temeaennn e R LR 1
P S T [ 7
| _ _ | -2
w “ _ “ [ £
e .- e m - P 1, lllllllll Im m.
. 4, A, i r =
— , | | E]
R AREE R R SERRRE A EEEAE S
A s JNE e s
SR R — ‘ : SR s S L9
Tttt ” T (puog Fuyeazay) X ¢t - (GJpug suguig) ¥ $LT'E) T ey
........ S S N SO S AU AU PO AN 1
" _ , Il t 1l _ 1 1 .lrﬂ

9-52



(9/9)32any NIMIAJuEY Y3 JO WONIAG S50X) pIepuelg £°9°¢ 2R3y

(weourisiq

{uuoneasry

9-53



2 .'n“u.,.. BT LAt
AW ‘W—/‘n’\

-
)

-

-
"

Ry
L TTTLS
LLITY
At

LT !t
.

A
"

Bale inlemalional
Airport

Sracy howidcuday

Roer

Tt U gtk

—= ' — Corlow

— e Rad
VI G
Booh Oellons

Propcacs
o Rnsj;h;Pum

Przeey
Rhva; Lranne: impeemen
Prpmse Foot Dve shn

Frpoed
Ubar Drarage A'ta

Hok

Scale

Braer Chanse! improvme b corstub of canstudizn of ficed well,

dveftank pretection works, chansel
works wt criiAvag siruciures

T oxoava%on 2-d alter remadiat

Figure 9.7.1 Priority Project




THE STUDY ON ADDIS ABABA
FLOOD CONTROL PROJECT

CHAPTER 10

DESIGN AND
COST ESTIMATE



¢



THE STUDY

CN
ADDIS ABABA FLOOD CONTROIL. PROJECT
IN

THE FEDERAL DEMOCRATIC REPUBLIC OF ETHHOPIA

CHAPTER 10 DESIGN AND COST ESTIMATE

Contents
10. DESIGN AND COST ESTIMATE------- oo oo 10-1
10,1 DESIEN - ommmmmmsmm oo s 10-1
10.1.1 Technical Guidelings --------sssssmrmrmsmmmmen oo en e s ee 10-1
10.1.2 Design Conditions of Preliminary Design --s-n---mmoosoomommree e nnnes 10-13
10.1.3 Preliminary Design ---=-mssrrromsmssoosomos oo ccsr o coms oo 10-20
10.2 Cost ESHMALE ----enmmemmmmmsmm s roe e oe o miomme et son s s s oo 10-23
10.2.1 Construction Works----------smmmsmemmremmo oo me i m s e 10-23
10.2.2 Conditions and Assumptions tor Cost ESLmate -------o---oooemaoneennenees 10-24
10.2.3 Unit Prices ---e-m=-mnmmsmemsmm oo oo oo oo oo oo 10-25
10.2.4 Cost EStMalg---e--mcmmmmsmmrmeomr oo o m oo 10-25
10.2.5 Implementation Plan-------=mseemmemoormm oo oo 10-26
10.2.6 Projcct Costeemnmvommmmmmorsmmmsm e crms oo s o e 10-26

10 - i



10.1.1
10.1.2
10.1.3
10.1.4
10.1.5
10.1.6
10.1.7
10.1.8
10.1.9
10.1.10
10.1.11
10.1.12
10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6
10.2.7
10.2.8
10.2.9
10.2.10
10.2.11
10.2.12
10.2.13
10.2.14

10.1.1
10.1.2
10.1.3
10.1.4

Lisl of Tablcs

Freeboard of Non-overflow Section of Weir----ceaameomamaaiicececs 10-4
Dcsign Requirement of Weir ---vec--mommmmmom oo 10-5
L.oading Conditions Required for Stability Analysis of Weir--------em-ne-- 10-6
Uplilt at the Bottom of Weir duc to Reservoir Water ---------ooceevamnnanens 10-9
L8 4 ) R T 10-14
Bedrock Acceleration Ratio ((Qo)------mvremmrroemmmer e eeeee 10-15
Importance Calegorics and Importance Factors of Buildings------=-------- 10-15
Site CoChICICRt - ===~ mrm e m oo e 10-16
Rescrvoir Sediment Volume of Propoased Weirs-«-------omerooemmeromimananes 10-18
Froeboard —--- - em e e 10-19
Major Features of Weirs-----ccomormmm ot e e 10-20
Major Featlures of Regulating Ponds-----oomeemmmimmm e ieimiceeees 10-21
Major Work Quantitics -----«eoermmmmme e e 10-27
LabOr W e - v mrm oo 10-28
Construction Material Price--------omrmrmm e 10-29
Unit Operation Cost of Construction Equipment--------------c-ocemmnane- 10-30
Unit Price of Construction Works------------oocoomommmom e 10-31
Total Cost of Each Projeet ---m-eommeermmmmm oo e 10-32
Breakdown of Construction Cosl for Master Plan ------=-accveimeomnanae- 10-36
Breakdown of Construction Cost ol Priority Project --------e-ommemecemenans 10-40
Installation Cost of Non-structural Measures-—«--cocomoam e moeiiiimmre e 10-41
Project Cost of Structural Measures -« ----=-omomeemmmm e 10-42
Project Cost of Non-structural Measures-«-----coemmmmm oo ceimaianecaes 10-43
Project Cost of Priority Project----v---ommomme e e 10-44
Annual O&M Cost tor Structural Measures ---------somseemoiemannincrneae 10-45
Annual O&M Cost tor Non-structural Measures---------mremomemacraoanens 10-46

List of Figures

Seismic Hazard Map of Ethiopia--------=--cccom s s 10-47
Location ol Kechene Weir == eeemmmemmm s 10-48
Location of Weirs in Kebena River ------emcmeommmocrimir e 10-49
Location 0f ABO Weir —--ee e samms et et 10-50

10 - i




10.15
10.1.6
10.1.7
10.1.8
10.1.9
10.1.10
10.1.11
10.1.12
10.1.13
10.1.14
10.1.15
10.1.16
10.1.17
10.1.18
10.1.19
10.2.1

Plan and Front View of Kechene Weir «--eererevrmemanmenvennrnnc oo 10-51
Plan and Front Vicw of Kebena No. 1 Weir eeeeve e cenniininminaicccenans 10-52
Plan and Front View of Kebena No.2 Weir -----nmmeermmmmeneinenenecooeo oo 10-53
Plan and Front View of Abo Weir-----c-m-mmmmmmmmmom oo ceiecinnccccee 10-54
Reservoir Storage Volume of Kechene Weir----nceevmmemnvormenoenenenonn 10-55
Reservoir Storage Votume of Kebena No. 1 Weir ------- oo cevmmvevemacenan. 10-56
Reservoir Storage Volume of Kebena No.2 Weir -------eeermmomroomeeenes 10-57
Reservoir Storage Volume of Abo Weir «-«smvermmmmommcomsinancciciniaennes 10-58
Location of Regulating Ponds at Kudume River and Kechene River ----- 10-59
Location of Bantyiketu Regulating Pond ---------emmmsnnmmmcmanimenenanen o 10-60
Location of Little Akaki Regulating Pond -« <o vmmmmmmmomemescamennnnneeen 10-61
Plan of Kostre Regulating Pong------------mmmoememmmmmmn oo 10-62
Plan of Bantyiketu Regulating Pond--------smommeomeemoncnomriocococoononen 10-63
Location of Little Akaki Diversion Channel-----------momesmememmmnencneens 10-64
Plan and Profile of Little Akaki Diversion Channel ----------omemmeveennnnen 10-65
Proposed Implementation Plan of Master Plan Projects--------emoooeoooooe 10-66

10 - it






16. DESIGN AND COST ESTIMATE
0.1 Pesign
10.1.1 ‘Technical Guidcelines

Hereafler, technical guidetines on design of fload regulating weirs and flood diversion
tunnels are described, of which there are no design guidelines made or generally used by
Ethiopian authoritics. The guidelines for the two kinds of river structure are quoted
from Design Standard of River and Sabo Structures edited by Ministry of Construction,
Government of Japan.  For other river structures like retaining wall and dyke, there is a
design guideline in EBCS-7, Ethiopian Building Code Standard, Foundations, published
by Ministry of Works and Urban Devclopment in 1995,

(0 Flood Regulating Reservoir by Weir
1} Weir Type

The type of weir shall be determined from lopography, geology, size of spillway,
availabilily of construction matcrials. When the height of weir cxceeds 30 m, carth fill
weirs shall not be applicd.

Major types of weir arc as follows.

Conercte Weir—y— Concrete Gravity Weir
— Concrete Arch Weir

— Concrete Butlress Weir
-+ Earth Fill Weir

— Rock Fill Weir

Fill Weic

a) Viewpoints of Topography

Among concrele weirs, concrele gravity weirs arc least influenced by topography.
Where proposed sites form a U-shaped valley with a large width, the higher the weir
height, the higher the feasibility of concrete buttress weirs.  When the height of weir is
80 to 100 m, the weir volume of concrete bullress weirs is generally as much as 70 10

80 % of weir volume ol concrcte gravity weirs.  The smaller the width between
g Y
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abutments at proposcd siles, the more feasible the concrete arch weirs,  Where the width
between abutments the at weir crest are 3/2 times as large as the height of weir, the weir
volume of concrete arch weirs is about 30 % of that of concrele gravity weirs.  Where
not only foundations but also abutments are geologically of hard rock and the width
between abutments at the weir crest arc within three times as large as the height of weir,

concrete arch weirs are generally less costly than concecte gravily weirs.

As fill weirs are not allowed (o have a spillway in their embankment and, instead, bhave ta
have it directly buill on sound rock at abutments, their weir volume is much more than the
weir volume of concrele weirs.

In addition, the narrower the mountain ridges where weir abutments are thrusied,

the higher the possibility of the permeabitity and weathering at ridges.
b) Vicwpoints of Geolopy

(A) Concrele gravity weir
For concrete gravity weirs, foundation rock is required to have sufticicnt shear steength

and faults often become a critical factor.

(B) Concrete buttress weir

As concrete buttress weirs have a larger arca at the boltom ol weir, foundation rock is not
expeeted to have as high shear strength as for concrele gravily weirs. However, where
thick river deposits exist, concrete butiress weirs become more costly duc to a large arca
at their bottom.

{C) Concrete arch weir

Concrete arch weirs require tess shear strength of foundation rock than concrete gravily
weirs.  But both abutments have 1o be hard and sound rock to withstand arch thrusting
force.

(D) Fill weir

Foundations at an impervious zonc of fill weirs requirc a higher shear strength and
imperviousness and toundations at a pervious zone require a higher shear strength and
invulncrability against piping. [owever, beeause ol a larger bottom area of {ill weirs, they

require Jess shear strength of foundations than concrcte weirs. Soils foundations arc not
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suitable tor high {ill weirs due to their small shear strength and high susceplibility for
sliding and scttlement.

In this master plan study, four weirs arc planncd and the type of all weirs is conctele
gravity. The rcasons are:

- Topographically, the praposcd sites do not form narrow gorges.  This mcans that
concrete arch weirs are inapplicable.

- Geologically, foundations are of hard and sound rock ,but both abutments arc of
weathered rock.  This means that concerete arch weirs are inapplicable and that both
lill weirs and concrete gravity weirs applicable. Further, the volume ef concrete

gravity weirs are much less than that of till weirs, the former being less costly than the
latter.

- Construction materials for fill weirs arc not abundantly available in the vicinity of the
proposcd siles.

c) Sizc of Spillway

When the magnitude of a flood related to the design of a weir is large, it has a geeat
influence on determination of the size ol a spillway and hence the type of weir, A
spillway shall be made of conerete because it has to pass a rapid lood low safely. Asa
spillway ol till weirs shall be built separate from a weir body on hard rock at abutments,
construction cost of a spillway at il weirs tends to occupy a larger portion ot total

construction cost of a wcir than concrete weirs.
2) Cresl Elevation of Non-overflow Seclion of Weir

In case that the spillway is not equipped with gates, the crest clevation of ron-overflow
scetion shall be the highest clevation of the tollowing three.

Ho + hw + he  (IThw + he< 2, then Hn + 2)
Hs + hw + he/2 (3 hw + he/2< 2, then Hs + 2)
Hed + hw (hw<1, then Hd + 1)

where,

Hn: Normal High Water Stage.  This is defined as the highest water stage in non-tlood
SCASONS,

Hs: Surcharge Water Stage.  This is delined as the highest waler stage in flood
SCASONS.
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Hd . Weir Design Water Stage. This is defined as the highest water stage when the weir {g
design flood Mows down the spillway. Here, the weir design flood of conerete =
weirs is defined as a maximum flood among the tollowiag three.

(D Probable 200-ycar flood at praposed weir sites
@ Maximum previous flood al proposed weir sitcs

@ Maximum previous flood at sites similar to proposed weir sites with respect (o
hydrology and climate
hw :  The height of wave caused by wind at Hd (Weir Design Water Stage)
he:  The height of wave caused by an carthquake at Hn (Normat High Water Stage)

Beside the above-mentioned stipulation aboul concrete weir, there is another stipulation
about the crest clevation of non-overflow scction of sabo dams in Design Standard of
River and Sabo Structures edited by Ministry of Construction, Government of Japan.
According to Arlicle 2.4.2 of the sabo dam’s standard, the crest clevation of non-
overtlow scetion of sabo dams shall be a sum of the flow depti at the crest of spillway

when a spillway design flood passes and a frechboard which magnitude is defined as
tollows.

Table 10.1.1  Freeboard of Non-overflow Section of Weir

Spillway Design Flood {m’/fs) Freeboard
(m)
Q < 200 0.6
200 = Q <500 0.8
5005 Q 1.0

The spiflway design flood shall be the largest among a discharge at a surcharge water
stage, probable 100-ycar flood and a basic Hlood at a praposed weir site.

{1 this master plan study, the crest clevation of non-overtlow scction of a weir is derived |
according to the sabo dam’s standard,  as a sum of the {low depih at the crest of spillway
when a spillway design flood passes and a trecboard, using probable 100-year flood as a
spillway design tlood.  This is simply for the sake ot simplicity ol design commanded by
the master plan study, without cstimation of the weir design water stage (Hd) and the
parameters related to wave height (hw and he).
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3) Design Reguirement

Design requirements of weirs are labulated as tollows.

Table 10.1.2

Design Requirement of Weir

Design Requirement

Concrete Buliress Weir

Type of Weir Assumption of Weir Body
as a Solid Model
Concrete Gravity Weir  {T'wo dimensional clastic |1y Middle Third Condition

object

A composite force shall act within the middle third
of 1he bottom of a weir in a direction perpeundicular
fo ihe axis of a wrir,

2) Safely against shear at the botlom of a weir

Safety factor of shear at the bottom of a weir shall be
at least four by using the Heony's formula.

3) Stress in a weir

All slresses in a weir shall be betow allowable timits.

Concrele Arch Weir

object

Three dimensional elastic|1) Safely against shear at the bottom of a weir

Safcty factor of shear at the bottom of a weir shall be
at least four hy using the Henny's formula,

2) Stress in a weir

Al stresses in a woir shall be below allowable limits.

Fill Weir

Two diniepsional non-
clastic object

1) Safety againét stiding
Safety factor of sliding shalt be at least 1.2 when the
slice methed is uscd.

4) Loading Conditions Required for Stability Analysis of Weir

Loading conditions required lor stability analysis of weir are diflerent by reservoir water

stages and the type of weir as follows.
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Table 10.1.3

Leading Conditions Reguired for Stability Analysis of Weir

and Surcharge Water Stage(2)Seatic water pressure

3) Seismic water pressure
due to reservolr water

4) Sediment force due o
reservoir sedimentation

5) Scismie foroe due (o
weir's own weight

6) Uplilt a1 the bottom of a
weir duc to reservoir water

2)Static watcr pressure

1) Seismic watcr pressure
due to reservolr water

4) Sediment foree due to
reservoir sedinientation

5} Seismic force duc ta
weir's own weight

6) Uplift at the bettom of a
weir due to reservoir water

73 Thermal stress in a weir
body

Type of Weir] Concrele Gravily Weir [ Concrete Arch Weir Fill Weir
Couocrete Builress Weir
Reservoir Water Stage
Normal Eligh Water Stage [1)Weir’s own weight 1)Weir's own weight 1)Weir's own weight

2)Static water pressure
3) Scismic foree due to
weir's own weight

4) Pore water pressure

Weir Design Water Stage

1YWeir's own weight
2)S1atic water prossure

3) Sediment foree due 1o
reservoir scdimentation

4) Uplift at the bottom of &

weir due to resenvorr waler

1)Weir's own weight
2)Static water pressure

3) Sediment foree due to
reservoir sedimentation

4) Uplift at the bottom of a
weir due to reservoir water

5) Thernial stress in a weir
body

FyWeir's own weight
2)Static waler pressure
3)Pore water pressure

Low Water Stage

)Weir's own weight
NySiatic water pressure

3} Scispiie watcr pressure
Jue Lo rescrvoir waler
4)Seismie force due io
weir's own weight

5) Uplift at the bottom of a
weir duc 1o reservoir water

DyWeir's own weight
2)Static water pressure

3) Seismic water pressure
due to reservoir witer
$)Scismic foree due to
weir's own weight

5y Uplift at the bottom of a
weir due to rescrvoir water

6)YThermal siress in a weir

bady

Ahrupt Drawdown of
Reservoir

1)Weic’s own weighl
2)Static waler pressure
3) Scismic force duc to
weir's own weight
4}Pore water pressure

Middle Water Stage

1yWeir's own weight
2)Static water pressure
3) Scismiic force due to
weir’s own weight

4) Pore water pressure

case of Nl weirs)

Without Impounded Water [1Weir's own weight
(Right after constraction inf2)Seismic force due o

weir's own weight

DWeir's own weight
2)Scismic foree due to
weir's own weight
Iylhermal steess in a welir
body

1)Weir's own weight
2)Seismic foree duc o
weir's own weight
J)Pore waler pressure
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In this master plan study, the loading condition which corresponds to “Normal High
Water Stage and Surcharge Water Stage” of “Concrete Gravily Weir/Concrete Buitress
Weir” in the table above is used to determine the cross-sectional dimensions of concrete
gravity weirs.

5) Estimation of Loads

Various kinds of load are cstimated in manners as shown below.
a) Weir’s Own Weight

Weir's own weight is caleulated based on the unil weight of constructions materials.  1n
this master plan study, the unit weight of concrete gravity weirs are obtained from
EBCS-1, Ethiopian Building Code Standard, Basis ot Design and Actions on Structures

published by Ministry of Works and Urban Development in 1995, which is 24 kN/in® or
cquivalent to 2.4 tl/m’.

b) Static Water Pressure

Static water pressure acts upon both upsiream and downstream faces of a weir.  In the
calculation of static water pressure on a weir’s upstream face, the height of wave caused

by wind and/or carthquake shall be added to corresponding watcr stages.

Static walcr pressure is eslimaled by the following equation.

P=Woh
where,
P : Static water pressure (H/m’)

Wo : Unit weight ol water (1/m’)
h : Water depth

According to the said EBCS-1, Ethiopian Building Code Standard, the unit weight of
water is 10 kN/m* or cquivalent to 1.0 t/m.
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Scdiment Pressure duc to Reservoir Sedimentation

Vertical pressure duc 1o sediment in a reservoir shall cqual to the submerged weight of

sediment and horizontal sediment pressure at an arbitrary depth shall be caleulated by the

following cquation.

Pe=Cc W,d

where,

Pc
Ce
W,

d)

- Horizontal sediment pressure at an arbitrary depth (17/m’)
: Cocfiicient of sediment pressure (0.4 - 0.6)

: Unit weight of submerged sediment (1/m”)

W, is derived from the following cquation.

W= W- (1-v) W,

where,

W : Wel unit weight ol sediment (1.5 - 1.8 1l/m’)

v : Void ratio of scdiment (0.4 - 0.6)

W, : Unit weight of water (1.0 t/m’)

d : Water depth {m) @

Uplift at the Bottom of Weir due to Reservoir Water

For congcrete weirs, uplift is to act vertically upward at the bottom of a weir and its

magaitude is Lo be given as tabulated below, changing lincarly between the upstream ead

of the boltom of a weir, drainage hole and the downstream cnd.  Uplift shall not be

influcnced by the fluctuation of reservoir watcer stages with short duration such as caused

by wave.
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g ‘Table 10.1.4  Uplift at the Bottom of a Weir duc (o Reservoir Water

Uplitt at the Uplift at a drainage | Uplift at the
upstream end hole downstream end
When a drainage Equal to static (Uplilt at the Equal to static water
hole is furpished rescrvoir water downstream end) + pressure adjacent o
pressure adjacent to | [(Uplift at the the downstream end
the upstream cnd upstream cad) -
{(Uphft at the
downstrcam cnd)/S
When a drainage {Uplift a1 the Equal to static waler
hole is not furpished | downstream end) + . pressure adjacent (o
[(Uplift at the the downstream end
upstream ¢nd} -

(Uplift at the
downstream end})/3

€) Scismic Force due to Weir's Own Weight

Seismic force duc 1o weir's own weight shall act only horizontally and be given by the
following cquation.

=Wk
where,
[ : Scismic force duc to weir’s own weight {tf)

W Weir's own weight (1)
k : Scismic Cocflicicnt

Seismic cocilicient applicd shalt be calculated by applying factors of scismic zone,
subsoil condition and structural ductility, described in EBCS-8, Ethiopian Building
Code Standard, Design of Structures for Earthquake Resistance, published by
Ministry of Works and Urban Development in 1995.

1} Seismic Water Pressure due to Reservoir Water

Without relevant experiments, scismic water pressure horizontally acting on the upsircam
face of a weir is derived by using the Westergaard’s formula which is applicable when
more than a half height of the upstream face is vertical. When less than a hall of the

upstream face in height is vertical, the Zangar's tormula is applicd.
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Scismic water pressure at an arbitrary depth is calculated by the following Westergaard’s
formula,

pd=0875 W,k v Hh

where,

pd @ Scismic water pressure at an arbitrary depth (tf/m?)

W, : Unit weight of water (1.0 ti/m’)

k  : Scismic coclficient

H : Dcpthof the bottom of a weir below reservoir water surface (m)

h  : Depth where scismic water pressure acts below rescrvoir water surface (m)

Total scismic water pressure is an integral of seismic water pressure at an arbitrary depth
(Pd) over entice depth which is given by:

P4 =(7/12)W,k H’

and Pd acts at a depth given by:
Hd =04 H

6) Design of Spitlway

Design flood of overilow scctions and a shootway of a spiliway shall be the largest among
a discharge at a surcharge watcer stage, prabable 100-year Nood and a basic load at a
proposed weir sile.  While, design fload of a stilling basin shall be such that which
enables all of a discharge at a surcharge water stage, probable 100-year lood and a basic
flood at a proposed weir site to be dissipated quickly.

If a catchment area of a weir is less than 20 km®, a spillway shall not be furnished with

gales,
The length of a stilling basin in a direction parallel to flow is obtaincd from the following

formula described in the sabo dams standard in Design Standard of River and Sabo

Structures edited by Ministry of Construction, Government of Japan.
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4%

2=(L5 ~ 2.0)(H,+ hy)
where,

L : Lengthof astilling basin, or distance between the dowanstream end of the crest of a
main weir and the downstream ¢nd of the crest of a sub weir (m)

H, : Hcight of the crest of main weir’s overllow scetion above the top of floor slab ol 2
stilling basin (m)

h, : Overtlow depth at the crest of overllow seclion ol a main weir ()

Main Weit

The height of a sub weir is calculated by the lollowing tormula shown in the said sabo

dam’s standard.

H, =[(13) ~ (/)] H,
where,
H, : Hcight ol a sub weir (m)

H, : Hcight of the crest of main weir's overllow scction above the top of floor slab ol a
stilling basin (m)

The thickness ot ftoor slab of a stilling basin is calculated by the following formula shown

in the said sabo dam’s standard.
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t = 0.1( 0.68, + 3h,-1.0)

where,

H, : Height of the crest of main weir's overflow scction above the top of lloor slab of
a stilling basin (m)

h, : Overilow depth at the crest of overflow section of a main weir (m)

) flood Diversion Tunnel

Descriptions herc are basced on Design Standard of River and Sabo Structures edited by

Ministey of Construction, Government of Japan.

1) Design Discharge

Design discharge of 1lood diversion tunnels shall be 1.3 times as much as design discharge

of a river where the inlet of tuancls is proposcd.  This is because lood diversion tunnels

are:

- Hable for clogging by Nowing abjects,

- much Iess tlexible for increascd stream tlow than open channels. @

2} Design Velocily

Design velocity of flood diversion tunncls shall be 2 to 5 m/s. Manning’s cocllicient of
roughness shall be 0.015 for the calculation of velocily and Froude number and 0.023 lor
the determination of cross-seclional arca.

K} Tunsnecl Cross-section

Except siphons which arc constantly subject to pressure fow, {load diversion tunnels

shall take a form of frce flow,
For supplying air to avoid low pressure inside tunnels, tunncl cross-section shall be
lurnished with extra space not occupicd by water.  This extra space shalt be not less than

15 %% as much as ¢cross-sectional arca for the design discharge of flood diversion tunngls.

Cross-sectional shape shall be of standard horse-shoce in principle. However, where

73

gealogical conditions arc excellent, vertical sides are applicable.
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The insidc of tunncls shall be wholly concrcle-lined to prevent abrasion.  Irrespective of

geology, tunnel inverts shall be concrete-lined with minimum thickness of 35 em.
Hydrautic jump shall occur nowhere inside tunnels.

4) fnlet and Outlet Portals

Inlet and outlet portals shall have such shape and dimensions tor floods to tlow in and ot

smoothly. Riverbeds and riparian banks adjacent to inlet and outlet portals shall be
protected.

Intet portals shall be furnished with facilities to protect its partial or total closure due to

sediment, trees or other lowing matlers.

Flow at outlet porlals shall not be pressure low, with the clevation ol tunncl portal’s
threshold being sutliciently high above the high water stage of an adjacent river.

10.1.2  Design Conditions of Preliminary Design
(1) Unit Weight
Unit weights are quoted from EBCS-1, Ethiopian Building Code Standard, Basis of

Design and Actions on Structures, published by Ministry of Works and Urban
Development in 1995 as showa below.
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Table 10.1.5 Unit Weight

Materials Unit weight Remarks
(kN/m?}

Councrele
Light wreight 9-20
Normal weight 24 Density maybe in the  range 20 -

28 depending on local malerial

Heavy weight > 28
Reinforced and prestressed +1
concrele
Unhardened concrele +1

Masonry
Basalt 21

| Limestone 25
Granite 27
Sandstone 23
Trachyte 26

Water  Fresh 10

In this master plan study, 2.4 1/m'is used as the unit weight of concrete for concrete
gravity weirs which is equivalent to 24 kN/m® as shown on the table above.

(2) Seismic Coefficient

The scismic coceflicient uscd for the stability analysis of concrete gravily wcirs are
calculated on the basis of EBCS-8, Ethiopian Building Code Standard, Design ol

Structures for Earthquake Resistance, published by Ministry of Works and Urban
Development in 1995,

According to EBCS-8, the Ethiopian Building Code Standard, the scismic coelficicent is
given by the following tormula.
Sd= a B v
where,
Sd : Scismic coctticient against the acceleration of gravity
¢ : Ratio of the design bedrock acceleration to the acceleration of gravity given by:

a = a,l

where,

a, 1 Bedrock acecleration ratio for the sile which depends on the scismic
zone as given in Table 10.1.6 and Figure 10.1.1.
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Table 10.1.6 DBedrock Acceleration Ratio (@ )

Zone

4 3 2 |

0

@y

010 | 0.07 | 0.05 | 0.03

0.00

As Addis Ababa belongs to Zoae 2 from Figure 10.1.1, a ,is cqual to

0.05.

1 : Importance factor given in Table 10.1.7

Table 10.1.7

Inportance Categories and Importance Factlors for Buildings

Importance Buildings Imporiance Factor
Category o1
I Buitdings whose imcgri.ly during carthquakes is of
vita] importance for civil protection ,e.g., hospitals,
fire stations, power plants cle. 1.4
il Buildings whose scisniic resistance is of
importance in view of the consequences associated
with collapse, ¢.g., schools, assembly halls, cultural 1.2
institutions, cle.
il Ordinar.)' buildings, net kelonging to the cther 1.0
categories :
'\ Baildings of minor importance for public safety, 0.8
ez, arriculivral buildings ete. ’

Because the concrete gravity weirs planned in this study are considered
to be quite imporianty, 1 equal to 1.4 is used.

B : Design response factor given by the following fornmla.

g =1.28/7T"

where,

S : Site coclticient for soil characteristics given by the lollowing
table,
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Table 10.1.8  Site Coellicient

| Subsoil Class

Subsoil Conditions

Site Cocflicient {S)

Rock or other geological formation
characterized by a shear wave velocity of
at teast 800 mfs

-S1ifT deposits of sand, gravel or over
consolidated clay, at least several lens of
meters thick, characlerized by a shear
wave velocity of at least d00 m/s at a
depth of 10m

1.0

Drep deposits of medium dense, gravel or
medium stift cfay with thickness from teos
10 hundreds mcler, characterized by a
shear wave velocity of at feast 200 m/s at a
depth of 10m and at least 330 m/s at a
depth of 50 m

1.2

-Loose cohesiontess soil depasits with or
withoul some soft cobesive layers,
characterized by a shear wave velocity
betow 200 m/s in the uppermost 20 m
-Deposits with predominant soft-to-
medium stifl cohesive soils,
characterized by a shear wave velocity
below 200 m/s in the uppermost 20 m

1.5

As the planned concrele gravity weirs are situated on hard rock, S is
assumed 1.0.

T : Fundamental period of building in sccond given by the following
formula.

T=CHY

where,

C

Coetlicicnt related to the resistance against moment given

by:

0.085 for steel moment resisting frames

0.075 for reinforced concrete moment-resisting frames and

ceeendrically braced frames

0.050 for all other buildings

Because concrete gravity weirs are rigid with a large resistance

against moment, C equal to 0.085 is used.

y : Behavior lactor which represents the cnergy dissipation capacity ol structures
given as a ratio against a completely clastic structure with viscous damping of' 5 %.
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As the behavior factor of mass concrete structurces like concrete gravity weirs is
not specificd in the Ethiopian Building Code Standard or any other Ethiopian
standard. However, the behavior [actor of other structures are shown in EBCS-8,
Ethiopian Building Code Standard, Design of Structures for Earthquake
Resistance as follows:

For concrete buildings : vy = 0.70
For unreinforced masonry buildings : v =0.70

As a conscrvalive cstimate, the behavior factor {or concreie gravity weirs is
assumed 0.70.

From the above, the scismic cocflicient Sd is derived, assuming the weir height is 20 m,
as follows.

Sd= afi vy

where,

a = a,l=005x14=007

1.28/ 1= 1.2 S /(CHMY?

= 1.2 x 1.0/(0.085 x 20™")

H

=149
y=0.70
therctore,

Sd=007x 1.49 x0.70 = 0.07

In the stability analysis of concrete gravily weirs contemplated by the master plan study,

Sd is made cqual to 0.10 tor the sake of conscrvalivencss.
3 Sediment

The reservoir sediment volume is used by the stability analysis of concrete gravily weirs,
converting sedimenl volume into scdiment depth.  In the master plan study, the sedimeat
volume is derived {rom an cxisting study rcport entitled “Addis Ababa Water Supply
Project - Stage 1A, Final Design and ‘Tender Documents Preparation, Hydrology of
Gerbi Dam, Final Report” undertaken by the Addis Ababa Water and Sewerage Authority,
finalized in January 1997.
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All conerete gravity weirs ptanned by this master plan study are designed te have outlet
holes at the clevation almost as high as the existing riverbed for the purpose of
discharging instream lows in downstream arcas without manned operation.  Therclore,
almost no sediment is bikely to deposit in reservoirs, being transported downstrcam by
stream flows, as long as the outlel holes are not closed.  In the stability analysis of
concrele gravily weirs, reservair sedimentation is assumed for the worst case in which the
outlet holes are completely plugped.

Scdiment velume applicd to the stability analysis of conerete gravily weirs is estimated on
the basis of suspended load measured at four sites during the said hydrological study of
the Gerbi dam, assuming that {1) the bed load is equal to 10% of the suspended load, (2)
the unit weight of deposited sediments in the reservoir water is equal 1o 0.91 tim’, (3) the
trap ciliciency ol reservoirs is 100%, and (4) 100-year scdimentation volume is applicd as
speeificd in Design Standard of River and Sabo Structures cdited by Minisiry of
Construction, Government of Japan.  The cstimated sediment volume of the proposcd
weirs are shown on the following table.

Tablc 10.1.9 Reservoir Sediment Volume of Proposed Weirs

Sites of which Suspended Load Measurement was| Gerbi Dam Chacha Ruobi Gomoro Berga Average
Conduoded
Suspended 1oad (tonkmfycar) 60.9 101 102.7 645
Bed Load (tonknityean)| 6.09 10.1 10.27 548 8
Total Sediment Load in Weight  (ton/kmyYyear) 66.99 1.1 11297 7005 91
Unit Weight (ton { /%) 0.9} 0.91 0. 091 091
| Fotal Sediment Load in Velume (m*km’fyear) AR 1221 124.1 8.0 o9
Trap Efficicocy (23] 100 100 100 100 100
100-year Sediment Volune {m")
Kechene Weir (CA=S kin’) 37,000 62,000 63,000 39,000 51,000
Kebena Noct Weir (CA=15 kar) 111,000 184,000 187,000 117,000 150,000
Kebena No.2 Weir (CA=20km% | 148,000 245,000 249,000 156,000 200,000
Abo Weir {CA=15km") | 111,000 184,000 187,000 117,000 150,000
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4 Design Condilion of River Channel
1) Calcutation Mcthod

Applying the uniform ftow, discharge is calculated by the toltowing formula:

Q=AR"”I/n

where,

Q : Discharge (m"s)

A : Flow area (m’)

R : Hydraulic radius {m)
I : Slopeof riverbed

n : Manning’s coctlicicnt of roughness

2) Manning’s coeflicient of roughness after river improvement

Considering cxisting river conditions, the Manning’s cocflicient ol roughness alter river

improvement is assumed 0.040 for all rivers concerned.
J) Freehoard

As shown on the following table, taking into account a torreatial tloed flow in the study
arca, the Irecboard used in this study is about 1.5 times as large as that stipulated by
Design Standard of River and Sabo Structures edited by Ministry of Construction,
Government of Japan.

Table 10.1.10  ¥recboard

Design Discharge Frechoard  used | Freeboard stipulated
in this study by the Japancse
S S standard
Q<200mYs 1.Om 0.6m
200m'fs = Q <S00mYs 1.2m 0.8 1n
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10.1.3 Preliminary Design
(1) Weir

In the master plan study, total four weirs are contemplated, namely, onc at the Kechene
river, two at the Kebena river and anc at the Abo river, a tributary of the Kcbhena river,
locations of which are shown on Figurc 10.1.2 through Figure 10.1.4. The weirs arc
designed based on design standards and design conditions described in the preceding
sections. Al weirs consist of a main weir, a subweir and a stilling basin. A subwecir is
situated at the downstream end of a stilling basin.  The type of both the main weir and
the subweir is concrete gravity weir.  The stilling basin is made of reintorcing concrete.
Downstream from the subweir, gabion mats are furnished on the riverbed to prevent

scouring and erosion.  Major {eaturces of the main weir are as follows.

Table 10.1.11  Major Features of Weirs

) Kechene Kebena No Kebena No.2 Abo
Type o | Concrete Gravity | Concrete Gravity | Concrete Gravity | Concrete Gravity
Reservoir Storage Volume | 115,000 m? 212,000 i’ 22,000ne | 332,000 o’
Weir Height 20m | 25m idm o 2dm
| Crest Length L 154 m 189 m 106m | 91 m
Crest Width  Im Zm 2Zm Zm
Slope of Upstream Face | Veitical Vertical | Vertical Vertical |
| Slope of Downstream 1ace 1V 10 0.7H 1V 1o 0711 1Vite . I 1V 10 0.7H

To make weir operation unmanncd, the main weir has an ungated spillway at weir crest
and hollows as river outlet facility ncar the bottom of the weir.  The spillway is designed
for probable 100-year flood and spill out only when such a large flood takes place. The
hollows near the bottam of the weir is to discharge floods of small to medium size as well

as instream flow required in downstream arcas.

The plan of weir and reservoir and the front view of weir are shown on Figure 10.1.5
through Figure 10.1.8. The rescrvoir storage volume curves are shown on Figure
10.1.9 through Figure 10.1.12.  The plans and the reservoir storage volume curves are

depicted on the 1/2,000-topographical maps published in 1995 for Addis Ababa Water
Supply Project StagelllA.
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(2) Regulating Pond

[n the master plan study, total seven regulating ponds arc contemplated, that is, four at
the Kurtume river, onc at the Kostre river, a tributary of the Kechene river; one at the
Bantyikctu river and;one at the Little Akaki river.  The locations of the ponds are shown
on Figure 10.1.13 through Figure 1).1.15.

All regulating ponds are constructed by excavation of the ground ia ciparian arcas.
Along the riverside of the pond, an inlet dyke and an outlet facility are built.  The inlet
dyke is made of soils cmbankment armored by wet masonry along its surlace.  The
oullet facility is made of wet masonry, lurnished with a flap gatc.  The flap gate is
sclected for fulfilling unmanned operation.  Floods are designed Lo flow over the crest of
the inlet dyke into the pond and is rcturncd through the flap gate to the river when the
water stage ol the river bececomes lower.  The flap pate made of stainless sleel is
proposed {rom the aspect of mainlcnance-lree policy. For the purpose of avoiding
scouring, gabion mats ar¢ placed on the riverbed and the pond’s bed next to the inlet dyke

as well as the riverbed adjacent to the outlet facility.

Among the seven regulaling ponds, two regulating ponds |, namely, the Kostre and the
Bantyiketu regulating ponds, are included in the priority projects which are forwarded to
feasibility study. The proposcd Kostre regulating pond is located at the Kostre river, a
tributary of Kechene river and immediately downstream frem the Dejazmach Haile Sitase
Street.  The proposed site is currently used as a football ground for local people.

The proposed Bantyikctu regulating pond is located immediately downstream [rom the

Filwiha bridge and is a vast grassland, unoccupicd by houses and buildings, at present,
The major features of the two ponds are as follows:

Table 10.1.11  Major Features of Regulating Ponds

Kostre pond _liq@jyikcla _po_'_pg_

Reservoir storage volume 21,600 m’ 56,000 m*
Surface Arca 7,900 29,000 m*
Ixpth of Pond Dottom Below Sm 2m

Overflow Crest of Infet Dyke
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The plans of both the Kosire and the Bantyikctu regulating ponds are shown on Figure
10.1.16 and Figure 10.1.17.

(3) Flood Diversion Tunncl

In the master plan study, a ffood diversion tunncl with design discharge of 160 m'/s,
inside diameter of 9m and length of 650m, is proposcd fo divert floods from the Little
Akaki river to the West Akaki river.  The location of the 1looad diversion tunnel is shown
on Figure 10.1.18.  lts alignment and dimensions are determined based on design
policies and design conditions described in the preceding sections.  Both upsircam and
downstrecam from the tunncl extends open channels, 320 m in total length.  The floor
and side slopes of the open channcls are lined with wel masonry for protection. A
minimum 10 m of overlaying soils thickness is attained above the crown of the tunncl.
Gabion mats are furnished on the riverbed adjacent to the open channcls both upstream
and downstream to prevent scouring of riverbeds.

The longitudinal slope of the tunnel floor is 1/600, cxcept the lirst 100-m-long portion
adjacent to the intet portal where the longitudinal slope ot the tunncl is 1/3. £ the slope
of the tunnel is 1/600 in its entire length to constrain flow velocily inside the tunaed below
Sm/s as stipulated in the aforementioned Japancse design standard, total length of tunnel
is about 200m and the rest hecome an open channel.  This causcs a significant magnitude
of rescttlement of houscs and relocation of roads, water supply pipes and power lines and
other public utility lacilitics, which is socially unacceptable at all.

The plan and the longitudinal scction of the Little Akaki flood diversion tunnel are shown

on Figure 10.1.19.  The plan is depicted on the 1/2,000-1opographical maps published in
1995 for Addis Ababa Water Supply Project Stagellf A
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10.2.1 Coastruction Works
(D Work Quantitics

The following threc work items will give major portion of work quantitics and cost in the
projcct construction.

- Excavation works,  [lor river channel improvement and lor regulating pond,
- Wet masonry works, for river channcl improvement and for regulating pond and

- Concrete works, for weir construction
The work quantitics of the above three items are given in Table 10.2.1.
(2) Construction Mcthod

The cxcavation works will be undertaken with construction equipment of bulldozer and
hydraulic excavator. Some ol cxcavaled carth material will be used for adjacent
carthlilling works for cmbankment al the rcgdlaling pond work sites.  And some of
excavated rock material will be used for wet masonry works.  Other surplus carth
materials including stripped carth material will be conveyed by dump trucks and
adequately tilled at the disposal arcas, which will be selected in the suburbs of Addis
Ababa around S to 10km {ar from the work sites.

Wet masonry works are conventionat and common methods to the structural works of
walls, bridge pier and abutments and some house buildings in Addis Ababa. The material
is usually produced al some quarrics, which arc controlled by the governmental agency,
located in the suburbs of Addis Ababa.

Ready mixed concrete will be used for dam censtruction and lor tunncl fining works. It
is availablc at the Akaki Industrial Estate. Though il is not nccessary lo {acilitate
concrele production plant, it is required to procurce enough number of agilator trucks to
convey the ready mixed coneeete from Akaki to the work sites. At the weir construction
site, the conveyed ready mixed concrele will be placed inta the structure body with

concrele buckel and wheel cranc.
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10.2.2 Conditions and Assumptions for Cost Estimate

Project construction cost comprises 1) Construction cost, 2) Resettlement cost, 3)
Engincering service cost, 4) Administration cost, 5) Physical contingency and 6) Price

contingency. The toltowing are the conditions and assumptions for the project cost

cstimale in the master plan.

1
2)

3)

4)

5)

6)
7)

8)

9)

10)

Project cost is estimated at the price level as of June 1997,

Exchange rate used in the cost estimate is shown as follows:
US$ 1.0 = Birr 6.8 = J.Yen 114.7-,

Construction works will be executed on contract basis through international
competitive bidding. Al the labor, materials and equipment required for the
construction works will be provided by the contractors themsclves.  The

construction cost is estimated as a construction contract price.

Rescttlement cost does not include land acquisition cost, because the whole land
belongs to the Government of Ethiopia.

Engincering services, such as design and supcrvision, will be exceuted by
international contract basis. The cnginecring services cost is cstimated at 15% of
construction cosl.

Adminisiration cost is estimated at 109 of construction cost.

Cost is cstimated in foreign currency and local currency portions.  The forcign
currency porlion includes forcign labor wages, imported materials and cquipment
cosl, international transportation cost and contractoss’ indircct cost.  The local
curreney  portion includes local labor wages, local materials cost, inland
transportation cost, contractors’ indirect cost, resettlement cast and administration
cost.

Physical contingency is provided as 20% of the total of construction cost,

reseitlement cost engineering service cost and administration cost.

Price contingency is calculated bascd on the escalation rates of 3% per annum for
toreign currency portion and of 6% for local currency portion.

Tax is included in the project cost.
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10.2.3  Unit Prices

(n Labor

Labor wage of common and skilled workers in Addis Ababa is given in Table 10.2.2.

2) Construction Matcrials

Prices of some major construction materials are obtained through a simple market survey
and from the reporl on average retail prices of goods and scrvices published by the
Central Statistical Authority. The prevailing purchasing prices ol major construction
materials al Addis Ababa is given in Table 10.2.3.

K3 Construction Equipment

Assuming that the construclion equipment is imported by contractors, operation unit cost
of such cquipment is estimated as listed in Table 10.2.4.

{4) Unit Prices of Construetion Works

Construction unit prices of major works are cstimated through unit rate analysis and
through comparison with some unit prices of past contract examples. Unit prices of
construction works arc listed in Table 10.2.5.

10.2.4 Cost Eslimate

(D Construction Cost of Structural Mcasuores

The total costs, of master plan projects and of priority projects, including construction
cost, rescitlement cost, eagincering services cost, administration cost and physical
contingency arc estimated in Table 10.2.6. The breakdown of the construction cost of
master plan projects is given in Table 10.2.7.  The breakdown of construction cost of
priority projects is given in Table 10.2.8.

13-25



(2) Instaltation Cost of Non-structural Mcasures
Installation cost of non-structural measures is estimated in Table 10.2.9.

10.2.5 Implementation Plan

According to the schedule of the study, master plan study including feasibility study on
priority project will be completed in May, 1998, The construction works of the flood
control project is expeeted to be commenced in 2000, All the construction works of the
project will be completed in the end of 2020, The construction period amounts to 21
years.

The non-structural measures are proposed to be implemented during the whole period up
to the year of 2020. But zuthorization of river administrative zone and establishment of
regulation to prohibil construction of structures in the river zone should be realized as
saon as possible to avoid future problem for flood control activitics.

The implementation plan is proposed as shown in Figure 10.2.1.

10.2.6 Project Cost

Project costs including price cscalation tor the structural measures and {or the non-

structural measures arc estimaled in Table 10.2.10 and in Table 10.2.11 respectively.
Project cost of priority projects is estimated in Table 10.2.12.

Annual operation and maintenance costs for the structural measures and tor the non-

structural measurcs are cstimated in Table 10.2.13 and in Table 10.2.14 respectively.




Table 10.2.1 Major Work Quantities

i
b Master Plan
Facility Excavation Conciete  Masonry
{m3) (m3) {(m3)
1. Bantyiketu river system
{1y Kurtume No.1 regulating pond 4,000 0 2,000
(2) Kurtume No.2 regulating pond 51,0600 0 3,000
(3) Kurtume No.3 regulating pond 18,000 0 2,000
(4) Kuriume No.4 regulating pond 18,000 0 1,600
(5) Channel improvement of Kurtume river 0 0 7,000
(6) Kechene weir 31,000 12,000 500
(7) Kostre regulating pond 31,000 0 2,500
(8) Channel improvement of Kechene river 0 0 6,000
(9) Bantyiketu regulating pond 166,000 0 3,500
(10) Channcl improvement of Bantyiketu rive 42 000 0 6,000
(1 1) Urban development improvement 25,000 2,000 1,000
Sub-total of 1. 386,000 14000 34,500
2. Kebena river system
{1} Kcbena weir 35,000 30,000 250
(2} Abo weir 20,000 27,0600 250
(3) Channel improvement of Kebena river i 0 20,000
& Sub-totat of 2. 55000 572000  20.300
3. Liude Akaki river system
() Liwle Akaki regulating pond 135,000 0 5,000
{2) Flood diversion tunnc! 91,000 4,000 3,000
(3) Chanuel improvement of Little Akaki riv 1] 0 7,000
Sub-total of 3. 226.000 4,000 15,000
4. Hanku river system
(1) Channe! improvement of Hanku river 3.000 Q 0
Totalof (1. -4.) 670,000 75,000 70,000
Priovity Project
[facility Excavation Concrete Masonry
(m3) {m3) {m3)
(1) Kechene weir 31,000 2,000 500
(2) Kostre regulating pond 31,000 0 2,500
(3) Bantyiketu regulating pond 166,000 0 3.500
{(4) Channel improvement of Bantyikeia rive 42 000 0 6,000
(5) Urban development improvement 25,000 2,000 1,000
Total 295,000 14,000 13,500
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Table 10.2.2 Labor Wage

No, Particular Unit F.C, L.C.
(Birr) {Birr)
1. Foreman man-day 0 80
2, Operator man-day 0 60
3. Assistanl operator man-day 0 45
4. Driver man-day 0 30
5. Mechanic man-day 0 80
6. Electrician man-day 0 70
7. Rigger man-day 0 60
8. Welder man-day 0 60
9. Rebar worker man-day 0 40
10. Piumber man-day 0 60
1. Carpenter man-day 0 40
12. Plasterer man-day 0 40
13. Concrete worker man-day 0 40
14. Mason man-day 0 45
15. Pavement worker man-day 0 55
16. Boring worker man-day it 40
17. Grout worker man-day 0 40
18. Tunncl worker man-day 0 40
19. Driller man-day 0 40
20. Blaster man-day 0 60
21}, Skilled labor man-day 0 30
22. Common labor man-day 0 i0
23. Engincer, senior man-month 0 1,500
24. Engineer, junior man-month 0 o
25. Surveyor man-month 0 600
26. Draftman man-month 0 560
27. Typist man-month 0 600
28. Oifice clerk man-month 0 500
29. Coak man-month 0 00
30. Maid man-month 0 250
31. Night keeper man-month 0 250
Note: The value indicates the prevailing wage at Addis Ababa.

Price level; June 1997, USS 1.0=Birr 6.8 = 1.Yen 1147

10-28

gy




Table 10.2.3 Constraction Material Price

No. Matcrials Unit E.C. portion L.C. pottion
{Birr) {Birr)

I. Gasoline lit. 0 2.64

2. Gas oil (=Light oil) lil. 0 1.95

3. Electric power kWh 0 0.18

4. Lubricant i, 0 9

5. Grease kg ¢ 34

6. Portland cement kg 0 0.50

7. Reinforcing bar, deformed kg 0 4

8. Binding wire kg G 10

9. Annecaled iron wire kg 0 10
10. Nail kg 0 10
11. Steal plate kg 0 10
12, Channel steel kg 0 10
13. Angle steel kg 0 10
14. H-Shape steel kg 0 10
15. Steel sheet pile kg 0 10
16. Dynamite, in open kg 137 0
{7. Dynamite, in tunnel kg 137 0
18. ANFO powder kg 44 0
19. Electric detonator no. 30 0
20. Timber, plank m3 0 3,200
21, Timber, square m3 0 2,900
22. Timber, log m3 0 2,600
23. Plywood m3 ¢ 4,500
24. FForm oil lit. 0 8
25. Brick m3 0 400
26. Galvanized iron gipe, 1/2in m ] 8
27. Galvanized iron pipe, lin m 0 16
28. Galvanized iron pipe, 1+1/2in m 0 25
29. PVC pipe, 2in m 0 8
30. PVC pipe, 4in m 0 25
31. Aggregate, fine (= sand) m3 0 84
32. Agpregate, coarse m3 0 100
33. Crusher-run m3 0 100
34. Stone m3 0 50
35. Ready mixed concrete, 160kg m3 0 548
36. Ready mixed concrete, 240kg m3 1)) 609
37. Ready mixed concrete, 240kg, at seite m3 0 703

Note: The value indicates purchasing price at Addis Ababa.

Price level; June 1997, USS 1.0 = Bur 6.8 = I.Yen 114.7

Tax is included in the price.
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Table 10.2.4 Unit Qperation Cost of Construction Equipment

BPepreciation and

Fuel comsump-

maintenance cost tion cost
No. Equipment Ciass Unit FC. LC. Total LC.
(Birr)  (Bir)  (Birr) {Birr)
1. Bulldascr 11ton Hour 145 19 164 27
2. Bulldoser 15ton Hour 193 25 218 a8
3. Buildoser 2lton Hour 120 4] 361 56
4. Bulldoser 32ton Hour 426 61 487 6
5. Bulldoser w/ripper 21ton Hour 340 47 387 60
6. Bulldeser wiripper 32ion Hour 420 60 480 86
7. Backhoc 0.35m3 Hour 92 L} 103 20
8. Backhoc 0.60m3 Hour 133 16 149 34
9. Backhoe 0.70m? Hour {70 20 190 34
10. Wheel loader 1.4m3 Hour 16 15 131 22
11. Wheel foader 23m3 Hour 178 24 202 40
12. Dump truck Ston Hour 70 il 81 19
13, Dump truck 10ton Hour 80 2 92 26
i4. Cargo truck 4ton Houwr 43 o 49 5
15. Cargo truck Ston Hour 67 10 1 20
16. Cargo truck, w/crane Hond2ton Hour 52 7 59 14
17. Truck crane, hyd. 15-16ton Hour 167 23 190 17
18. Wheel crane 25ton Hour 250 13 289 30
19. Giant breaker, hyd. 1300kg Day 707 59 766
20. Crawlee drilh, hyd. 150keg Hour 516 63 579 -
21. Motor grader 3m Hour 143 19 162 8
22. Macadum roller 10-12ten Hour 84 12 96 15
23. Tire raller 8-2Gton Hour 95 14 109 14
24, Tamper 80kg Hour 7 | 8 2
25, Agitator truck 32m3 Hour Ga 9 15 19
26. Sprinkler truck 6kl Hour 63 8 T 3]
27. Submersible pump SOmumx{10m Day 7 | 8 0.1
28. Dicsel gencrator SkVA Day 34 4 KH] 2
29. Diesel generator 10kVA Day 63 7 70 4
30. Diesel generator 25kVA Day 130 i7 147 8
31, Dicsel generator 45kVA Day 155 20 175 13
32, Dicsel generator 1DOKVA Day 230 30 260 30
33. Dicsel gencrator 200w Day 416 60 496 64
34, Dicsel generator 250kw Day 501 78 639 9
35. Port. concrete mixer 0.2m3 Day 182 27 209 i
36. Concrete backet, man, E.(hnd Day 37 50 427 -
37. Concrete vibrator 38mm Bay 15 2 17 0.1
38. Engine wekder 250A Day 70 9 79 b
Note: ‘Fhe unit cost is estimated assuming that the equipment is imporicd and operated hy

contraciorns.

Price level; June 1997, USS 1.0=Bir 6.8=1Ycen 1147
Tax is included in the price.
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Table 10.2.5 Unit Price of Construction Works

Work item Description Upit EC. LC. Total
(Birr)  (Bire)  (Birr)

t. Earthworks

1.1 Cicaring and stripping cutt=20cm, dozing, load,, h.=7.5km, vnload., spicad. m?2 6 3 9

1.2 Excavation, common excavation, lead., havl =7.5km, unload, spread. m3 3 17 48

1.3 Excavation, river bed excavation, load., haul.=7.5km, unload,, spread. m3 36 17 53

1.4 Excavation, rock cxcavation, loading. haul.=5km, unloading m3 84 24 103

1.5 Backfilling spreading, compaction m3 ] | 4

1.6 Embankment spreading, compaction ml 3 ! 4

1.7 Sod facing turfling. hauling. planting m2 ! 6 7
2. Conerete works

2.1 Mass concrele, 160kg ready mixed, haul,, placing, crane. compact., curing ml 147 gz u79

22 Ordinary concrete, 240kg  ready mixed, haul., placing, erane, compact., curiag m3 147 9219 1,066

2.3 Form, for concrete plynwvood, setting. oil painting, removal m2 23 109 132

2.4 Reinforcing har, deform. deformed, cutting, bending, assebling kg 0 7 7
3. Masoory works

3.1 Wet masoniy mortal 14, royalty, haol., untoad., masonning ml 0 423 423

3.2 Gabion mastress incl. wirc net, royaliy, haul,, unload., masonning m3 54 230 284

3.3 Gravel bediding crusher ron, spreading, compaction m3 2 167 169
4. Metal works

4.1 Flap gate stainless steck, install., paint, 1.3m x 1.5m class ke 300 RE) 340

4.2 Steuctural stecl works section steel, process.. assembl., wobd, for bridge kg 10 1 12}

4.3 fron pipe. din.= 1,000mm  upteinstall, inch. piping spto valve m 1098 455 4,553
5. Tunnel works

5.1 Tunneling, H=9.0m drifting. Blastiag. cock bolt, mocking, lining, form m 40,093 18,585 58683
Note:  Price level; June 1997, USS 1.0 = Bim 6.8 =).Yen 114.7

Tax is included in the price.



Fable 10.2.6 Total Cost of Each Project (1/4)

Master Plan (3/2)

(Unit: 1,000 Birr)

Faeility EC. i.C. Total
1. Bantyiketu river system
{1) Construciion cost
1) Kurtume No. 1 regulating pond 429 1,134 1,563
2} Kuttume No.2 regulating pond 3673 2,647 6,320
3} Kurtume Ne.3 regulating pond 1,406 1,522 2,928
4 Kurtome No 4 regulating pond 1,353 1,106 2,459
5} Channel improvement of Kurtume river 0 3,390 3,390
6) Kechene weir 4,770 14,490 19,260
7} Kostre regulating pond 2,292 1,963 4,260
8) Channe! improvement of Kechene river 0 2,841 2,841
9) Bantyikeiw regulating pond 2425 5455 14,580
10) Channel improvement of Bantyiketu river 2,375 3794 6,169
11) Urban development improvement 2,215 6,241 8,456
Sub-total of (1) 21,938 44,588 72,526
(2) Rescttlement cost
13 Kurtume No.! regulating pord ¢ 638 638
2) Kurlume No.2 regulating pond 0 765 765
3 Kurtume No.3 regulating pond 0 332 332
4} Kurlume No.4 regulating pond 0 230 230
5) Channel improvement of Kurlume eiver 0 1,020 1,020
6) Kechene weir 0 638 638
7} Kostre regulating pond 0 o 0
8} Channel improvement of Kechene river 0 1,250 1,250
93 Bantyiketu regulating pond G 0 0
13) Channel improvement of Bantyiketu river ] 2,486 2486
11) Urban development improvement 0 0 O
Sub-total of (2) 0 7,359 1,359
{3) Eogincerning services 9,701 1,088 10,879
(4) Administration cost (4} 7,253 7.253
Total of (1) - (4) 31,729 60,288 98,017
{5) Physical contingency 7.546 12,058 19,604
Totat of (1) - {5) 45,275 72,346 117,021
2. Kebena river system
(1) Construction cost
1) Kebena weir 8,247 33318 41,565
2) Abo weir 6,338 29,326 15,6064
3) Channel improvement of Kebera river 0 9,581 9981
Suh-total of (1) 14,583 72,625 87,210
(2) Resculement cost
1) Kebena weir Q 18 18
2) Abo weir 0 306 306
3) Channel imvproveiment of Kebena river 0 3953 3953
Sub-total of (2) 0 4,297 4,297
(3} Engincering sorvices 11,774 1,308 13,032
(1) Administration cost 0 8,721 3,721
Towal of (1) - (4) 26,359 86,951 113,310
(5) Physical contlingency 5,212 17,390 22,662
Total of (1) - (5) 31,631 104,341 135,972
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Table 10.2.6 Total Cost of Each Project (2/4)

Master Plan {2/2) {Unit: 1,000 Birr)
Facility ILC, I..C. Total
A Little Akaki river system
{1) Construciion cost

1) Little Akaki regulaling pond 7,117 5413 13,190
2) Flood diversion tunnet 19217 27.181 66,598
3) Channe! improvement of Littde Akaki river 0 3455 3,455

Sub-tomt of (1) 46,994 36,249 83,243

(2) Rescitlement cost

1} Little Akaki regulating pond 0 1,607 1,607
73 Flood diversion tinnel 0 0 0
3) Channel improvement of Little Akaki river 0 £,339 1,339
Sub-total of {2} 0 2,946 2,946
{3) Engincering services 11,237 1,249 12,486
{4) Administration cost 0 8,324 8,324
Total of (1) - (4) 58,231 48,768 106,999
{5) Physicat contingency 11,646 9,754 21,400
Total of (1) - (8} 69,877 58,522 128,199
4. Hanku river system

(1) Construciion cost
1) Channel improvement of Banku river 217 583 800

(2) Rescttlement cost
1} Channel improverment of Hanku river 0 0 0
(3} Eingincering services 108 12 120
{4) Administration cost 0 30 530
Total of (1) - {4) 325 675 1,000
{5) Physical contingeacy 65 135 200
Total of (1) - {5) 390 S0 $,200
Total of (1. - 4.} 147,171 236,019 383,192
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Table 10.2.6 Tetal Cost of ¥ach Project (3/4)

Alternatives Study on Priority Projects (1/1)

{Unit: 1,000 Bir)

Facility ILC, L.C. ‘Total
Al-1 Same as master plan, =Banlyiketu system, incl. side ditch
(1) Construction cosl 27,938 44,588 72,526
(2) Rescttlement cost 0 2,359 7.359
(3) Engincering services 9,791 1,088 10,879
(4) Administration cost 0 7,253 7,253
Total of (1) - (4} 37,7129 60,288 08,017
(5) Physical contingency 7.546 12,058 19,604
Totat of (1) - {5} 45,275 72,346 117,621
Alt.-2 Kechene system + Bantyiketa system, incl, side ditch
(1} Construction cost 20,648 35,266 55,914
(2} Resclllement cost 0 4,313 4373
(3) Lngincering services 7,548 819 8,357
{4} Administration cost 0 5,581 5,591
Totat of (1) - (4) 28,197 46,069 74,266
{5) Physical contingency 5,639 9,214 14,853
Total of (1) - (5) 33,836 55,283 89,119
AH.-3 Kurtume system + Bantyiketa system, incl. side diteh)
(1} Construction cost 20,352 25,883 46,235
(2) Resetilement cost 0 5470 5,470
(3) Engincering services 6.241 694 6.935
(H) Administeation cost 0 4,624 4,624
Total of (1} - (3) 26,593 36,671 61,264
(5} Physical contingeney 5319 7,334 12,653
Totat of (1) - {5} ALo12 44,005 75,917
Alt-d Kechene weir & Kostre pond + Bantyiketu systein, incl. side ditch)
{1) Construction cost 21,077 31,973 53,050
{2) Rescttlement cost 0 3124 3,124
(3) Engincering seivices 1.102 796 7,958
{4} Administration cost 0 5,305 5,305
Total of (1) - () 28,239 41,198 69,437
(5) Physical contingeney 5,648 8,240 13,888
Total of (1) - {(5) RAR.1.¥ 49,438 83,325
Alt.-5 Kechene weir & Kestre pond + Bantyiketa pond + Bantyiketu road side ditch
(1} Construction cost 18.822 28,001 46809
(23 Resettlement cost 0 638 6318
{3) Enginecring sesvices 6.332 703 7,035
() Administration cost H 4.690 4.690
Totat of {1} - () 25,153 34,108 59,201
{5) Physical contingency 5,030 6,822 {1,852
Total of {1) - (5) I3, I8} 40,930 7113
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Table 10.2,6 Total Cost of Each Preject (4/4)

E" Priority Projects {1/1} {Unit: 1,000 Birr)
FFacilily F.C. 1.C. Total
{1) Construction cost

1} Kechene weir 4,770 14,490 19,260

2) Kostre regulating pond 2,292 1,968 4,260

3) Bantyikctu regulating pond 9,425 5455 14,880

4} Channel improvement of Bantyiketo river (¥) 2,375 3,319 6,194

5) Urbaa development improvement 2,215 6,241 8,456

Sub-total of (1) 21,077 31,973 33.050

(2) Resettlement cost

1) Kechene weir 0 638 633

2) Kostee regulating pond 0 0 0

3} Bantyiketu regulating pond 0 0 0

4) Channel improvement of Bantyikctu river (H] 2,486 2,486

53 Urban development improvement 0 0 0

Sub-total of (2} 0 3,124 3,124

(3} Engincering services 7.162 796 7,958
(£) Administration cost )] 5,105 5,305
Total of (1) - (4) 28,239 41,198 69,437

{5) Physical contingency 5,648 8,240 13,388
Total of (1) - (5} 33,887 49,438 83,325

Note: - Price level; June 1997, USS 1.0 = Birr 6.8 = J.Yen 11.1.7-
- Tax s included inthe cost.
- (*); Cost includes sepair works of a bridge abutment of the Kechene river.
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Table 10.2.10 Project Cost of Structural Measures

(Unit: 1,000 Bir)

F/C 1.X1C Total
1, Bantyiketu river system
(1) Construction cost 27,9318 44,588 72,526
{2) Rescutlement cost 0 1,359 7.359
{3) Engincering services 9,791 1,088 10,879
(4} Adwinisieation cost 0 7,253 7.253
Tolat of (1) - (4) A2,729 60,288 98,017
{5) Contingency 7.546 12,058 19,604
Total of (13 - (5) 45,275 73,346 117,621
{6) Price escalation 6,981 23978 30,959
Total of {1} - {6) 52,256 96,324 148,580
2. Kebepa river system
{11 Construction cost 14,585 72,625 87,210
{2) Resctitement cost 0 4,297 4,297
(3} Engincering services 11,714 1,308 13,082
(4} Administeation cost . 0 8721 8,721
Total of (1) - (43 26,359 86,951 113,310
{5) Contingeacy 5,272 17,390 22,662
Totat of (§) - (§) 63l 104,341 135,972
(6} Price escalation 25,223 230,879 256,104
Totat of (1) - (6) 36,856 235,220 392,076
X, Litite Akaki river systemn
{1} Construction cost 16,994 36,240 83,243
{2} Reseilement cost 0 296 2946
(31 Engincering services 11,237 1,249 12,486
{4} Administration cast 0 8,324 8,324
Totalof (1)- (H 58,231 48,768 106,999
{5y Coentingency 11.646 9.7154 21,400
Fotal of (1) - (5} 69877 58,522 128,199
(6) Price escalation 2661 52028 79.602
Total of (1) - {6) 96,551 111,450 208,001
4. Hanku river system
{1) Coastruction cost 217 583 800
12) Rosettleniont cost 0 0 0
{3y Engincering services 108 12 120
(1) Adsinistration cost 0 hii] 80
Total of (§) - () 325 675 1,000
{5y Contingepcy 05 135 200
Total of (1}-(5) 190 810 1,200
{6 Price cscabation 215 1,524 1339
Total of {1} - (&) 603 1,934 2,539
5. Whaole of master plan
{1) Construction cost 59.734 150045 243779
(2} Resetloment cost 0 1.1,602 11.602
{3) Engincering servives 32910 3,657 36,567
{9 Adminisiration cost 0} 25378 24,378
Fotal of (1) - (B 122,644 196,682 319,326
(3) Contingercy 24,529 39.337 63,866
Total of {1) - (5} 147,173 236,019 183,192
(6) Price cseatation 59095 308,900 368,004
Total of (1) - (6) 206,268 514,928 751,196

Noter - Price level; June 1997, USS 1 0= Birc 6.8 = 1. Yen 114.7
- Taxis included in the cost.
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Table 10.2.11 Project Cost of Non-structural Measuves

{(Unit: 1,000 Birr)

Bantyitcly Kebena Little Akaki Hanky

Hem river system river system rvee system OVEr Systom Total

1. River management 96 36 48 0 120
2. Watershed management 22 46 24 8 100
3. Flood risk management 3417 1,346 1,780 156 6,699
Total of (1. - 3.) 3,528 1,428 1.852 164 6,979

4. Physical contingency 707 286 370 1 1,396
Total of {1. - 4.) 4,242 1,714 2,222 197 8,175

5. Price escalation 1.773 716 929 82 3,500
Totatof (1. - §.) 6,085 2,430 3151 279 11,875

Note:

- Tax s included in the cost.

- Al the cost is counted in loeal currency portion.
- Price level; June 1997, USS 1.0 = Birr 6.8 = L. Yen 114.7
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Table 10.2,12 Preject Cost of Priority Projecis

(Unit: 1,000 Birr)

FC L/C Total
(1) Construction cost 21,077 31,973 53,050
{2) Resettlement cost 0 3,124 3,124
(3) Engincering services 7,162 796 7,958
() Administration cost 0 5.205 5,305
Total of (1) - (4) 28,239 41,198 69,437
(5) Contingency 5,648 8.240 13,388
Total of (1) - (5) 13,887 49,438 33,325
(6) Price escalation 3,022 12,236 16,158
Total of (1) - (6) 37,809 61,674 99,483

Note: - Price level; June 1997, USS 1.0 =Bur6.8=J.Yen 114.7
- Price escalation is calculated with annual escalation ratio of 3% for
foreign currency portion and of 6% for local currency portion.
- Tax s included in the cost.
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Table (0.2.13 Annual O&M Cost for Structural Measures

Unit price (Birr)  Amount (1,000 Birr)

Unit Oty ¥WC L/C  F/IC 1JC Total
[. Bantyiketu river system
(1) Annual cost (0.5% of construction cost) L.S. 0 363 363
{2) Annual reserve for replacement of gate no. 6 6,800 700 41 4 45
(1 gate= Birr 150,000/20 years replacement cycle= Birr 7,500/year)
Tatal of 1. 41 367 408
2. Kehena river system
(1) Annual cost (0.5% of construction cost) L.S. 0 437 437
(2) Annual rescrve for eeplacementof gate no. O 6,800 700 0 0 0
(1 gate= Birr 150,000/20 years replacement cycle= Bire 7,500/ycar)
Total of 2, 0 437 437
3. Little Akaki river system
(1) Annual cost (0.5% of construction cost) LS. 0 416 416
(2) Annuat reserve for replacement of gate no. 1 6800 700 7 1 8
{! gate= Birr 150,000/20 years replacement cycle= Bire 7,500/ycar)
Total of 3. 7 417 424
4. Hanku river system
(1) Annual cost (0.5% of construction cost) LS. 0 4 4
{2) Annual reserve for replacement of gate no. 0 6,800 700 0 0 O
(1 gate= Birr 150,000/20 years replacement cycle= Birr 7,500/ycar)
Total of 4, 0 4 4
5. Whole of structural measures
(1) Annual cost (0.5% of construction cost} L.S. 0 1,220 1,220
(2) Annual reserve for replacenient of gate no. 7 48 5 53
Total of 5. 48 1,225 1,273

?\‘otc: Price level; June 1997, USS 1O =Birr 6.8 =) Yen 1147

Tax is included in the cost.
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Table 10.2.14 Annual Q&M Cost for Non-structural Measures

{Unit: Bir)

Unit price Amount
Unit Oty EiC 1./C E/IC L/C Total

1. Bantyikelu river system
(1) River management {Public awareness and enhancement)

- Staking, @ 10m, both sides m 12 0 30 0 960 960
{2y Watershed measures (Reforestation)
- Nursery maintenance ha 1 0 300 0 330 330
- Transplanting ha 110 o 250 0 21,500 27,500
Sub-total of (2) 0 27,830 27,830
Fotalof 1. 0 28790 28,790
2. Kebena river system
(1) River management (Pablic awareness and enhancemnent)
- Staking, @ 10m, both sides m 12 0 i 0 360 360
(2) Watershed measures (Reforestalion)
- Nursery maintenance ha 23 0 00 ¢ 690 690
- Transplanting ha 230 0 250 0 57,500 57,500
Sub-total of (2) 0 58,190 58,190
Total of 2. 0 58,550 58,550
3. Little Akaki river system
(1Y River management (Public awareness and enhanceinent)
- Staking, @ 1Om, both sides m 16 0 0 ) 480 430
{2) Watershed measures (Reforestirion)
- Nurscry naintenance ha 1.2 0 300 ] 360 360
- Transplanting ha 120 Q 250 O 30000 30,000
Sub-total of {2) 0 30,360 30360
Total of X 0 3083¢ 30540
4. Hanku river system
(1} River management (Public awareness and enhancement)
- Staking. @ 10w, both sides n 0 L 10 0 0 0
(23 Warershed mecasuces {Reforestation)
- Nursery maintenance ha 0.4 0 300 0 120 §20
- Transplanting hi 40 0 250 0 10000 10,000
Sub-total of {2} O 10,120 10,120
Totat of 4. 0 10,120 10,120
5. Whole of structural measures
{13 River oanagement (Public awareness and enhiancement)
- Staking, @ 1Cm, botl sides 1 60 0 1,800 1,560
- Publicily of bylaw (%) no. 2000 0 0 0 20,000 20,000
- Paster of "Lowve Rivers” (%) 1o, 30 0 100 (s 000 3000
Sub-total of (1) 0 24800 21,800
(23 Watershed measures (Reforestation)
- Nursery maintenance ha 50 0 E,500 1,500
- Transplanting ha 500 0 125,000 125000
Sub-okal of (2) 0 126,500 126,500
Yotal of 5, 0 151,300 151,300
Note: - The twoitears marked (%) are common activitics for the whole of tiver systems.

- Price level; June 1997, USS 1.0 = Bur 6.8 == ).¥en F1:4.7
- Fans included in the cost,

10-46




eydoriy Jo deJA pLezey HWisRS 110181

(5661 "erdoid “BqeqQY SIPPY uawdoraAd(] UEqif) PUt SHICA 30 ANSIUTA ‘HONVLSISTY
TVAOHLYVE YOI STHNLONYLS 20 NOISHA "§-SOHT "PEPURIS 2PC) Suipyng uerdoryly : @0I00§ )

A
AR

.
e

m.oL

fov

VITYNOS

}
|
|
[
f
|
= e
|
1

© soNInN
2:qa(

©

43 yiHYE

SIS

V550457

NYCNS

5%

10-47



	CHAPTER 8 FRAMEWORK OF MASTER PLAN 
	Contents 
	8. FRAMEWORK OF MASTER PLAN 
	8.1 Target Year and Protection Area 
	8.2 Objective Rivers 
	8.3 Socio-economy 
	8.3.1 Population 
	8.3.2 Gross Regional Domestic Product (GRDP) 
	8.3.3 Future Land Use 

	8.4 Existing Development Plan 
	8.5 Implementing Organization 


	CHAPTER 9 FLOOD CONTROL PLAN 
	Contents 
	9. FLOOD CONTROL PLAN 
	9.1 Basic Concept and Methodology 
	9.1.1 Protection Area and Objective Rivers 
	9.1.2 Design Scale 
	9.1.3 Methodology 

	9.2 Flood Control Alternatives 
	9.2.1 Bantyiketu River System including Kechene and Kurtume Rivers 
	9.2.2 Kebena River System 
	9.2.3 Little Akaki and West Akaki River System 
	9.2.4 Hanku River System 

	9.3 Selection of Optimum Design Scale 
	9.3.1 Condition of Study 
	9.3.2 Selection of Optimum Design Scale 

	9.4 Evaluation of Alternatives 
	9.4.1 Criteria 
	9.4.2 Selection and Evaluation of Flood Control Plan 

	9.5 Urban Drainage 
	9.5.1 Basic Concept 
	9.5.2 Objective Area 
	9.5.3 Drainage Improvement Plan 

	9.6 Proposed Flood Control Plan 
	9.6.1 Structural Measures 
	9.6.2 Non-structural Measures 

	9.7 Selection of Priority Project(s) 
	9.7.1 Criteria 
	9.7.2 Priority of Rivers 
	9.7.3 Alternatives for Selection of Priority Project(s) 
	9.7.4 Evaluation and Selection of Priority Project(s) 



	CHAPTER 10 DESIGN AND COST ESTIMATE 
	Contents 
	10. DESIGN AND COST ESTIMATE 
	10.1 Design 
	10.1.1 Technical Guidelines 
	10.1.2 Design Conditions of Preliminary Design 
	10.1.3 Preliminary Design 

	10.2 Cost Estimate 
	10.2.1 Construction Works 
	10.2.2 Conditions and Assumptions for Cost Estimate 
	10.2.3 Unit Prices 
	10.2.4 Cost Estimate 
	10.2.5 Implementation Plan 
	10.2.6 Project Cost 






