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Major Features

- Type : Concrete Gravity _

- Reservoir Storage Volwme 3 115,000 m’
-Weir Height : 20 m

- Crest Lengtr of Dam : 154m

Fig.10.1.5 Plan and Front View of Kechene Weir
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Major Features

- T'ype : Concrete Gravily

- Reservoir Stotage Volume : 212,000 m®
-Weir Height : 251

- Crest Length of Dam : 189m

Fig.10.1.6 Plan and Front View of Kebena No.d Weir
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» : 21,000 m®
2

Regulating Volume
- Pond Area : 7,900 m

Major Features

Fig.10.1.16 Plan of Kostre Regulating Pond

10-62




< -
< puog upendday maspaurg Jo ueky LT3

LW 000°6T * BdAV pUod -
w (Q°9s : wnfoA Sunemiay -
"SATET ] JOTeIAl

3¢5 deid e R0

£

&3 ~ gdad

S Ay ......8.._.‘ o s
R M I e R O
AT AR b R

.. Te e et PEROET S S I T e KR W
T i RS L e T R e eI RN WPV LY TRA —

= ®

10-63



T

iy

s N T S
S 4 T
/e e

AN 1

Puuey) UCISIVALY eV 3T JO uonedoy g 10181y
rese TN )

W e hiad

UBY) UOISIAAL( /-

T BTV 9 &

10-64






Bt syl

— — -
2ural et [ 3073 3e1a ] 2ala | ks dete ] Toir aandi g

];I};jhcjijg vora] 20t 0t o] and! kel s [a0iad
Master ptan and feasibility study
1 Mastws plun

2 Foasibdity study

g" Structural measures
: L. Rantyfhota plser syssem
Pt Esastape (Prony Project)
U Viungiat arangemant

2 Dotaled dosign Frianity Work
2 Corswovtion i

Romapining Wk
-7 2edsupe
b Fouasitalily study
2 Fingngiad anmungenient
3 Duetaded dosige

1 Conyawthon

T e Ak
oL ek stage

I Feassbity Sy | ]

T Tanamenstaizanpemis

3 Dt d Rosign

4. Comrntin

e System

2 Indsiage

1

Fousuliy alaty

L]
RN NGO T, PG TS

Tf
3 Dtaled desipn i !
1 Constaxtion i H
P l - [ - - J) [NV DN Y SUINY SN SR S SN U SR l_._
U risér §ashem ; 1 ! 1 {
b Feasitudily shidy ] H . i ' i
2 Finamerd wrngemesk ; ! l : | 1
X Uesubed dovgo . i g , ! !
1 Conaru ! . : ; o
Consrucnen £ ' H H g P i ' i
: B 4 | ' ] ! 3 :
- - F— - [EUDOR SN PR SN DU —e S D P i
IV Bahena risar sastom . | I I ! 1 : . i
4 : ; . !
IV-1 bz : i | ; 1 ! H i ! :

LI ECFREI SHELRNITALY

I bl ennsose

i
3 eseled sz ! ) . ) i j
: i ‘ . i |
4 Comtictim H . ' . ! : ! . |

i
WD ndange : I
et s . !
R RTINS W PO . . 1 . .
3 Eetalied deagn o b g ;
2 Consingn ' : : i ! P
' i : ‘.4: i B :
Non-sirpctueral measucs i : i : :
! ORnrnonugement i | ' . : 1

- hiancnd etangcinere
1

i

|

i

I

|

£

]

i

: R . ]
B CNENTSINTE SR I R TCH L I N POt l,,
wteen | Eea £
T Weehed muanapemweni
-1

el gt e
»

Insten ) a3

amd e anen

’
&
Ed

Sfweanenl ean
forrntiltaeen

Chranihpeen and openinmad

cae]

BN E ORI T SN U A
FLAETN R

B won

B OY R RTRE I A

R FEN

iy stpdies e lude the stdy e bath strctenl and noistructursl measeres.

Al the ouster phan projeats wild be iplemented nver by oveein order of priveity. Eacle rver systen waii be s
r B .

10 fw o stages, except For i Haake river systom. pe. st stz

cuted being diided
amb Ind dage.

181 sbage v

b poority peajocts i the piver systea,
= Tl Mg s los peenly propects m e nuver sysier
S Consdouctiog ol [ s

1 the Bantyikets civer system il engy Frojoon s daided into Priosiiy Wik and Remanring Work on the basis of
abeaabibiny stads schedisded i P70 The se of Bolities dhosen as Fioriiy Work may be less then the stze of Privrity Project
coitereplaed in A ster s Xady. By the consplenon of Privtity Work and Reinaining Work, alf faatines finish their construction as
cvatseplared in Mastee Phn Stady.

- Constenctivn perssd of each o

i schedaled s that the yearly distarseinent Ao of construcris cost should pol exceed 300 milhion
Frpaneae il teguinalent 3 nidhan Biro

Figure 10.2.1 Proposed Implementation Plan of Master Plan Projects

10-66



_ THESTUDY ON ADDIS ABABA

FLOOD CONTROL PROJECT

CHAPTER 11

ENVIRONMENT



THE STUDY
ON
ADDIS ABABA FLOOD CONTROL PROJECT
IN
THE FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

CHAPTER 11 ENVIRONMENT

Contents

. ENVIRONMENT - - oo oo e e
1.1 General --ommme e e e e
11.2 Institutional Conditions on the Enviranment in Ethiopia -----------omeemermrenoos

11.3 Taitial Environmental EXamination --------cmmmmmm e

List of 'Tablcs

Tablc 11.3.1 Result of Initial Eavironmental Examination -------c-eeemmommmmvananas

11 -1

11-1



.

N1 Genérat -

11. ENVIRONMENT

Environmental study is carried out to clarify environmenal issucs related to the llood

control master plan by conducting an Initial Environmental Examination (IEE).
112" Institutionat Conditions on the Environment in Ethiopia =~

As mentioned in the scetion of the legal situation on environment in Ethiopia, the basic
policy on protection ol environment was just issucd in April 1997 by Sceretariat for the
Conscrvation Strategy of Ethiopia, Environmental Protection Authority in collaboration

with the Minisiry of Economic Development and Cooperation.

Accordingly the related regulations will be formulated bascd on this established national
policy on cnvironment.

i3 . Initial Environmental Examination
43 Objectives

The main objectives of the Initial Environmental Examination (IEE) of the Addis
Ababa Flood Control Master Plan are to clarify cavironmental issucs related to the
fleod control master plan, and to provide inlormation to guide Environmental Impact
Asscssment (EIA) in the feasibility study.

2) Eavironmental lleins

The Mood control master plan includes; 1) construction of [lood wall as dyke system, 2}
river channcl excavation for widening, 3) consiruction ol tlead control weir, 4)

construction of flood diversion channel, 5) construction of flood regulation pond.

The environmental items for IEE arc selected from common items related (o these plans
based on the Guidelines of the EIA for River and Sand Control Projects of JICA (1994).
Conscquently, the following items are sclected for the [EE:



~Sociat Environmental Issues - Nature Fnvironmental Issues Fovironmental Poliution lssves 5
- Resettlement - Fopoagraphy and peology - Air poltution and noise §
- Impairest of the - Ground water - Water quality deterioration

transpartation system - River flow regine - Nojse and vibration
- Communitics - Flora and favna
- Fucroachoieni on historical - Acsthetics & landscapes

Assels

- water rights
- Soldwaste

] Initial Environmental Examination (IEE)

The objective rivers of the lood control master plan are; the West Akaki, Little Akaki,
Bantyiketu, Kechene, Kurlume, Kebena, and Hanku rivers.

Among these, the master plan on the West Akaki river is limited 1o only non-structural
measures since the present river channel carrying capacities are sufficicnt to the basic

design discharge.  Accordingly 1EE here does not touch on the West Akaki river.

Significance for proceeding to Environmental Impact Analysis (EJA) among the [EE
itemns has been classified in the respective schemes by the tollowing classes; (A) mostly
signiticant, (B) signilicant, (C) significant but rclatively minor, (D) No cticct is &

expected. The discussions are presented here and the results are shown in Table 11.3.1
1} Social Environment
a} Rescttlement

Resctilement is required for the tload control master plan of the Bantyikety, Kebena,
Little Akaki river systems. The work components of these river systems related to
resettlement are mainly widening of the river channel and construction of flood
diversion channel.  Resettlement nceded for construction of low weir in the upstream
rcaches of the Kebena and Kechene rivers arc very limited since the location is outside
of the urban arca.

The basic concept of the flood control master plan is to minimize the river channel
improvement by construction of low weir and regulating pond to avoid rescttlement as
much as possible.  Accordingly the resetilement needed for river channel improvement
is Jimited to certain extent.  Rescttlement necded for construction of flood diversion

channel is also limited to certain extent since the main portion is under a hill as a tunnel.

11-2



Therclore the rescttiement item is cvaluated as signilicant for channel improvement and
construction of flood diversion channel, and as significant but relatively minor or not
significant for other work components.

b) Impairment of the transportation system and Communitics

Low weir is planned in the rather decp valley without any bridges.  Accordingly the
impairment of the ransportation is not expeeted.  Flood diversion channel is, as
mentioned above, planned mainly uader a hill as a tunncl. Open channel portion is
planned to cross a present foot path, but facilities across the channel are planned not to
impair the transportation system.  Accordingly the this ilem is cvatuated as significant

but minor for diversion channel and not significant for other items.
c) Encroachment on historical Asscls

As mentioned in the section of the background of the study arca, no historical asscts are
expected to be existing in the planned area of flood control master plan.  Accordingly
this item is cvaluated as not significant.

d) Violation of Water Right

Surface llow of the Kebena and the Little Akaki rivers are presently wtilized during dry
scason for farmer’s association for growing vegetables alpng the river reaches.  The
work components of the floed control master plan arc o change the {lood flow during

the rainy season.  Accordingly this item is evaluated as not signilicant.
) Production of Wastc

Wastc 1o be produced by the implementation of the construction works such as the
surplus of soil as the result of excavation and demolished houses should be disposed to
a spoil bank properly not to impair the environment of the region.  This depends on the
construction plan and construction management during the construction works.
Accordingly this ilem is cvaluated as significant or signilicant but relatively minor
depending on the construction scheme.
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2) Nature Environment
a) Topography and Geology

The planned weir is a kind of check dam with low height.  The planned flood diversion
channel is mainly a tunne} as mentioned above.  River channcl improvement is
planaed to be minimum by construction of low weir and regulation pond.  Accordingly
no substantial change of tapography and geology is included in the flood control master
plan.  Therefore this item is evalualed as significant but minor or not significant.

b) Ground Water

Low weirs are planned in the upsiream reaches of the Kebena and Kechene rivers.  But
different from the conventional dam of large scale {or storing water for a long duration,

planned weir is a kind of check dam for peak cul of lood of which the duration is

within one day.  The stored flood water is planned to be discharged soon after the fload.

Accordingly the influcnce to the ground water will be very marginal.  Flood diversion
tunncl is planned under the hill where the land use is woodland.  The influence to the
ground water might occur only during construction works.  But in consideration of
gencral geology of the area and the land use, the influence to the ground water is also
cstimated to be very marginal.  Accordingly this item is also estimated to be significant

but minor or not signilicant.

3

c) River IMow Regime

Weir and Nood diversion channel will function only during large scale floods. No
water transport and Tishery are existing in the downstream reaches of the objective
rivers.  The West Akaki river that reccives the diverted 1lood from the Little Akaki
river has cnough carrying capacitics.  Dcposition of scdiment is not found in the
objective river reaches since the river slope is so steep and the river bed is mainly
cxposed rock.  In consideration of these, this item is cvaluated as significant but minor

or not significant.
d) FFlora and Tauna

As discussed in the section on the background of the study arca, any flora and fauna are
not available in the river reaches of the ebjective rivers.  Accardingly this item is

cvaluated as not signiticant.
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c) Acsihetics and Landscape

Regulating pond and low weir are planned to store flood water only for a short duration
and accordingly watcr plant will not giow.  Low weirs arc planned in deep valleys and
direct change of landscape will not be created.  Accordingly this item is evaluated as
significant but minor.

3 Pollution

a) Watcr Pollution

Generally river channel improvement works may create some turbidity in river How in
the downstream reaches during the construction works and may cause some trouble to
the dewnstrcam water users.  But the turbidity of the river flow in the objective
reaches is presently very much and the influence to the irrigation watcr to vegetable
growing in the downstream reaches is cstimated to be rather marginal though some
measurcs may be nceded during the implementation of the works depending on the
availability of water users in the downstream reaches.

Negative impact to the downstream reaches by construction of flood diversion channel
is cstimated to be not sigailicant because in the downstream reaches of the West Akaki
river where the {lood of the Little Akaki is to be diverted, there exist no flora and favna
to be influenced by the fload diversion.

The influence to the water users and riverine people along the downstream reaches of
the flood diversion channel duc 1o the deterioration of water quality by the decrease ot
the river tlow by construction of flood diversion channc! will be also marginal because

the {lood diversion will take place only during rainy scason.

b) Noise and Vibration

Usc of heavy equipment and vehicles for implementation of the construction works will

create noise and vibration and cause troubles to people around the construction site.

Accordingly some measurcs to minimize these troubles will be necded during the
construction works. The reasures against these troubles should be taken up in the
detailed design.  Moniloring of the situation will be needed during the construction
works.
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Table 11.3.1 RESULY OF INITIAL ENVIRONMENTAL EXAMINATION

Enrironmental

Item

Social Environment

Nature Environment

ution

Poll

% RE
g 2 & 5
o 8 b el o
S g 9 B gl .8
Master Plan @ 2 e El g} s S| B
o] 8l wl| & sl u| & 2l =l <] 2| 2
zl 2l 0l @] » o =T = [ =
s| 81212 &l gl 218 5|l | 2|3E] 2
el gl €| sl = 31 2| 8} 2] gl 5| 3|2
el el a2t e 3| Sloleaf ®lal=)9] <
2] & ET 5| 5 el 2| Dl =] Bl o =] o
gl el sl2l=|l3 &l 2]lz2l3le] x| 81
A= Bel B==1 -2 071 N Kol B2 Bl I R -
Bantyiketu River System
- Weir ci{p|ID|D|D|DjCJC|C|DIC|C|D}|B
- Repulationg pond DIDIDIDIDID|D|ID|ID|IDJCIDID|C
- Channel improvement [CIDIC|D|D|DID|DID|D|CICIC|C
Kebena River System
- Weir CiDIDIDDID|IC|C|ICIDIC|ICID}B
- Channel improvement [ C{D|C|B|D|D|DIDIDID|CICIC|C
Littde Akaki River System S _
- Diversion tunnel cicic|pip piCcjic|Cc|blC|C|ID]|C
- Regulating pond DID|D|ID|D|D|D|DID|DJ|CI{DID|C
- Channel improvement |CIDICIDID|DIDIDIDID|C|C|CIC
Hanku River System
- Culvert DID|IC|D|D]ID|D|D|D{D|]CICIC]|C

A very significant B : significant C:
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12, ECONOMIC EVALUATION

121 Methedology

Evaluation of the project is made at the price level of June 1997 and applicd forcign
exchange rate is one U.S. dollar cquivalent to 6.80 Birr and one Birr cquivalent to 0.0593
Japanese Yen.

Benefits of flood control projects are cstimated from difterence of flood damages

between those with and without preject.  In other words, they are flood damage
reduction benelits.

Flood damages are estimated as the direct damage, indirect damage, and other damage.

Dircet tload damages arc estimated as the damages 1o properiics on the following items.

1y General assels

a) Residence and other buildings for commercial, manufacturing, and public
scrvices

) Houschold ctlcets and properties in the buildings speciticd above
] 85 S
2}  Agricultural propertics: Various kinds of ¢crops on farmland

3) Inlrastructure such as roads, channel, canal and public utilitics related to water and
clectricity supply

Indirect damages are estimated as the damages to economic activities due to their

activitics stagnation.

Other damage inctudes the {ollowing:

- Paralysis of [unction as the capital city in social, cconomical, political and diplomatic
aspects,

- Cost of emerpency measures made by central andfor rural government
3¢ g ’

- Termination of public services such as transportation, communication, clectricity, and
water supply,

- Loss duc to interruption of trafiic,

- Inconvenience of citivens' hile,
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- Loss of memorabilia,
- Stress,
- Insanitary and danger ol infectious discascs, and

- Riskto life-

Distribution of the properties in the Study Arca is based on the statistical data and
projection made in this study.  In order to cstimate the llood damages, unit valucs ol

damageable properties per heclare arce caleulated by the Kebeles in the Hood prone arca.

Flood damages arc estimated, in principle, from propertics in looding arca multiplying
damage rates depending on the flood condition.  Annual mean flood damages are
estimated from the Nood damages of various magnitude of flood and probability of

cccurrence and they are the very llood reduction benelits.

Cost-benedit analysis has been made by using accounting price {world price cquivaleat).
it has been made by a cash tlow analysis using three types ol indicators, i.c. ¢conomic
internal rate ol return (EIRR), benelit cost ratio (B/C), and net present value (NPV). By
using a discounting procedure, benefits and cosis of the project occurring at different

points in time can be compared in terms ol present values.,

EIRR is the rate that meets the total of the discounted benelits and the total of the
discounted cosis.  B/C is the ratio of the total of the discounted benelits and the total of
the discounted cosis. NPV is the difference between the total of the discounted benclits
and the total of the discounted costs.  Applicd discount rate for ealculation of B/C and
NPV is 10 %, the ratc used lo be applied for cconomic cvaluation of development
projects in Ethiopia.  All these indicaiors arc commonly used for cconomic evaluation off

the same types ol projects.
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122 - Damageable Properlics
12.2.1 General Asscls

n Residence

1} Houses

Types of residence are classitied into {our types, ic. house made by wood and mud
plaster locally called “Chika” type, conerete block type (including hollow type and solid
type), brick masonry type and stone masonry type.  Unit valuc ol residence is estimated
as lollows:

»

Type of residence Average floor  Unit construction cost  Depreciation Unit value of
atca by rate of house residence

(a} () () x ) x ()

Chika 44 n¥ S&0 Bire/m® 0.5 12,760 Binr

Concrelc block 34 m' 960 Birr/m’ 0.5 21,120 Birr

Brick masonry 67 m' 1,350 Birr/m?® 4.5 45,225 Birr

Storc masonry 67w L7750 Bi/m' 0.5 58,625 Birr

The average loor arca is estimated based on interview survey in the Study Arca. The
unit construction cosl is cstimated based on information obtaincd trom Works and Urban
Development Burcau in Addis Ababa Administration.  Depreciation rate of residence is

assumed te be 0.5 considering the average lifetime of the residence and period of usc,

Table 12.2.1 shows projected population by Kebele in the flood prone arca in 1997 and in
2020. Bascd on the population projection, the number of houscs in the Study Arca has
been estimated on the assumption that family size until the year 2020 continues to be the

same as that in 1994, The estimated number ol houscs in the flood prone area is shown
in Table 12.2.2.

In the result report of 1994 Population and Housing Census, the number of houscs is
available by Kcbeles and the number of houses by lypes is also available by Weredas.

Composition of houses by type both in 1984 and in 1994 is summarized below.
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Zong | Censuses Composition of house by 1ype
Chika  § Concpete ok Brick Stone Other Total

Zone 1] 1984 census £5% 287 2% 5% 6% 100%
|19 census | 8F%y 2% M%) 3% M 100%
Jone 2] 198  consus | B1% % 3% 7% 84 100%
1 19%census|  B1%EF 6% 2| 3% 8% 100%
“Lone 3| 1984 census 5% 4% 7% 6% 8% 100¢%
1994 census 6t} 10%p 6%y 2% 7%)  100%
one 4| 1984 census | 83% G % 1% 7% 100%
1994 census 88% 2 IS 1 . { . 6%l 100%
Fone 5] 1984 census | 86% ol = 6% 6% 100%
1994 census 87% 3% 2% % 3% 100%%

‘The Chika type house is a large majority in any zoncs in both the censuses.  However,
construction of ncw houses with concrete blacks and cement instead of wood and mud is
increasing in recent years, according to Works and Urban Development Burcau. Almost
all new apartment houses planned by the Bureau arc made of concrete blacks and cement.
The Chika type houses are assumed to be replaced gradually by houscs made of concrete
block and cement, and the number of both types is assumed to become same in 2020 tor

estimation of the luturc valuc of housing asscts.
2) Houschold Effccts

Most houscholds who live in riverine arca hold only limited kinds of houschold eflcets
such as bedding, table and chairs, cooking stove, clothes, and foods. Valuc of the
houschold effects has been eslimated as mentioned below based on the inlformation during
site reconnaissance.  The houschold cliects were ¢stimated from the market price

depreciating by the assumed average litetime and period of use.

Lf)‘pgﬁgfi residence i Unit vatuc of houschold effects
Chika 4,100 Birr
Concrete hlock 8,300 Birt

Brick masonry 13,300 Birr

Stone masoury i 14,904 Birr

(2) Commcercial Scctor

§] Buildings lor Commercial Scclor

Unit value of buildings in commereial scctor such as relailer, service scctor and
wholesaler is estimated.  Size of shops in Addis Ababa is relatively small. 1t is assumed
that average size of retailers is almost same size of average size of residence.  Average

size of buildings for service scetor is based on site reconnaissance at scveral locations in
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the city.  Average floor arca of wholcsaler is estimated based on information obtained
from scveral state wholesalers in Addis Ababa. The unit value of the buildings in

commercial scctor is cstimated as shown below.

Type of Average {loor  Unit construction  Depreciationratc of  Unil value of
Commnereial area cost buitding building
Sector (a) e D) © . ()x(b)x{)
Retail 40 m* 9660 Birr/m? 0.5 19,200 Birr
Service 76 m* 1,350 Birr/m? 0.5 51,200 Birr
Wholesale 661 m’ 1,500 Bire/m’ 0.5 495,800 Biir

The number of retailer, service sector and wholesaler is based on registration at Trade,
Industry and Tourism Burcau of Addis Ababa Administration. Table 12.2.3 shows
numbers of the buildings in commercial sector in Addis Ababa in the Study Arca. It
should be noted that more than 120,000 of informal sector are doing their cconomic
activilics without licensc or registration in the urban center of Addis Ababa according to a
CSA survey on Urban Informal Sector.  These urban informal scctars are nol included in
the table.

The number of the buildings in commercial sector in the year 2020 has been cstimated
bascd on an assumption that the number of cstablishments in commescial sector will

increase in proportion to population growth.
2) Facilitics in the Buildings for Cemmercial Scctor

Buildings in commercial sector gencerally have such facilitics as show cases, display racks,
tables, chairs or cooking lacilitics inside.  Value of such facilities is assumed as shown

below based on site reconnaissance.

Type of Unil value of facilities for comnwrcial
Comnkicial sector _sechor

Retail 1,700 Birr

Service 9,000 Birr
Wholesale ... Negligible small

The valuc of the facilitics for retailer is estimated using sample of several common size
general stores in the Study Arca.  Facilities used for service sector are so much diflerent
from one to another.  Therefore, unit value of standard turniture lor an oflice is

cstimated as unit value of facilitics for service scetor.
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3) Merchandise e

Value of merchandise in a building tor commercial scetor is estimated as follows:

Type of Unit valie of merchandise
Commercial sector -
Retail 16,000 Binr
Service None
Whelesale __ L,618,000 Birr

Unit value of stecked merchandise of retailer is estimated based on interview survey for
common size geacral store in the city.  Unit value of stock of wholesaler is estimated

based on dala on average stock value ol a state grain wholesaler in Addis Ababa.
3 Factory
)] Buitdings for Manufacluring

Factories in Ethiopia are gencrally classilicd into three categories, ic. 1) medium and
large scale manutacturing cstablishments engaging 10 or more persons and using power-
driven machines, 2) small scale manulacturing cstablishments engaging less than 10 %
persons and use power-driven machines, and 3) cottage/handicrall manulacturing

establishments perlorming their activities by hand (using non-power-driven machine).

Average floor arca of lactory building is assumed bascd on average number of employces
and nccessary arca for them bascd on ficld reconnaissance.  Unit value of buildings for

[actory is cstimated as [ollows.

Type of factory Average floor  Uait construction  Depreciation rate  Unit value of
arca cost of building building

- @ 0 (c) (a) x (b} x (<)

MediunyLarge scale 1,014 m’ 1,500 Birr/m’ 0.5 760,500 Birr

Small scale 36m’ 960 Birr/m’ 0.5 17,280 Birr

Cottage/Handicralt 36 m? 960 Birr/m? 0.5 17,280 Birr

Nationwide surveys on medium and large scale indusiries and small scale industrics were
carricd out in 1995 and 1997 respectively by CSA. A survey on the Identilication and
Solution on the Problems facing the Service Giving Organizations and the Socicty was
carried out by Region 14 Administration in 1996. Total number of factories or total

value of production is available from the above mentioned survey result.  However, the @
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number of lactory by Kebeles is not available from the result. Most of medium and large
seale Mactorics are concentrated in the southern part of Addis Ababa and their numbers
are limited in the Study Arca.  Small scale and Cottage/Handicrafl factories are not
concentrated in specific places and they seem spread all over Addis Ababa. Thus it is
assumed that aumber of the small scale and cottage/handicratl factorics is in proporlion Lo

the number of poputation.
2) Property in Factory Building

Property in Tactory building includes finished or part-tinished goods, raw materials, and

plant and machincry.  Value of propertics in factory buildings are cstimated as lollows:

Type of factory Unit valus of propertics in
) o factory building
Medium and Large scale 4,364,623 Bur

Small scale 40,679 Birr

Cottage/Handicraft __S55Birr

The stock value of finished or part-finished geods, raw materials, and plamt and
machinery arc estimated as presented in Table 12.2.4.

12.2.2  Agricaltural Crops

According to Agricultural Burcau of Addis Ababa, about 90 % of consumption of
vegelables in Addis Ababa arc produced in the city.  As discussed in Scction 4.1.4,
several types ol vegetables such as potato, carrot, Swiss chard, and cabbage arc producced
along the riversides of the Kebena, Bulbula, Shankla and Akaki in an arca of about 223 ha
as shown in Figure 4.1.8.

Damage to vegetables is decrease in yield due to submergence.  According to past

record, tood occurs in August most frcquently and lasts one to two days.
On the other hand, cropping paticin of vegetables in Addis Ababa is gencrally as shown

below according to information obtained from Agricultural Burcau of Addis Ababa

Administration.
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Jun  Jul Aug Sep Ot Nov Do Jan Fob Mar Apr May Jua

{(a) Cropping calender / // /

{b) Planted arca 25% 0% 10G% 23%:50%  100%

The figure indicates that planting of vegetables is completed in atmost all ficlds in Augusi
when flood occurs most frequently.

The Tarm gate price of vegetables is estimated at 33,518 Birr/ha based on planting arca,
composition of vegetables planted and market price of vegelables in Addis Ababa.

12.2.3 Indircct Damages

The indirect flood damagges is the net cconomic losses of goods and services to the nation
due to interruption of cconomic activitics in the Study Arca.  The indircct damage is
cstimated from a decrcase in income of the tlood affected population on assumption that
working population in the flood affected arca has to stop productive work lor two days
duc to lood.  As a result of calculation, 14 % of the Hood damage to the gencral asscls
arc assumed to be the indirect flood damages

12.2.4 Infrastructure Damages

As a result of sitc reconnaissance, channcls including retaining walls and bridges have
been damaged by floods at several places.  Such kind of floed damages to infrastructure

is assumed at 10 % of the damages to the general asscts and the agricultural crops.

12.2.5 Other Damages

Ten (10} percent of total damage to general assets, agricullural crops, indirect damage

and infrastructure is assumed as other damages which may include the tollowings:

- Paralysis of {unction as the capital cily in social, cconomical, political and diplomatic
ASPLCls,

- Cost of cmergency measures made by central and/or rural government,

- Termination of public services such as transportation, communication, cleciricity, and
water supply,
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- Loss duc to interruption of traflic,

- Incanvenicnce of citizens' life,

- Loss of memorabilia,

- Stress,

- Insanitary and danger of infectious discascs, and

- Risk to tife

123 'Flood Condition and Damage Ratc
12.3.1 Flood Condilion

The flood simulation analysis has basically been made by dividing the tlood prone arca
into blocks of about one hectare (ha).  As a result of the analysis, average inundation
depth and arca have been obfained for cach river basin.  The depth, however, is an
average over the inundated arca and actual inundated depth is supposed 1o be different

from the calenlated average depth depending on the topogeaphy of the area.

%_-@a,; With the following cquations, the inundated depth and arca arc cstimated lrom the

caleulated average inundation depth for cach block by the following relations:

Arva of one block

»1 E\\\\\ \\_‘\%\

hisHoorh<Ho/2
= {2h x Ho)"*
=(2h/ Ho)"™

where,  hi : maximum inundation depth in a block

Ai : pereentage of arca inundated in a block

@
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h : calculated average inundation depth of a block

Ho : maximum height of land undulation (6.0 m)

The above cclations are derived based on the assumption of inclined flat block arca (one
heetare wide) with the maximum height of six (6) meter.  The height was assumed based
on a topogreaphic map of 1/2,000.

As to the duration of inundation, flooding is assumed to occur in August and lasts onc

day based on past record of fload occurrence in the Study Area,

12.3.2  Duamage Rate

With respect 1o house/building, houschold efteets, movable items and agricultural crops,
basically standard tood damage rate developed by Ministry of Construction, Japan is
applicd as shown below since no such data is available in Ethiopia. Damage rate by
inundation depth is vstimated based on inundation arca and depth calculated from the

average invndation depth considering the land undulation as discusscd above.

Damage Rate

LI .. S S - ,
“‘——\ o Ineodation Depth
Kind of Assets — - 4%em 50-99¢cm 100-199cm | 200-2%9cm 300cu-
Howse 124% | 21.0% 308% | 439% | s7.2%
Houschold effects L sen 19.1% A% 4999 69.0%
Business organization | Facilitics 18.0% 31.4% __419% 53.9% 63.2%
Stock 12T 27.6% 37.9% 47.9% | 562%
Vegetables (Inundation duration is 27 35% 1% 514% 519
L sopposcd to be for 1-2dayy) - -

Saurce: Ministry of Constraction, Japan

124 Flood Reduction Benefit

Probable flood damage is cstimated trom the damageable property in inundated arca
muhtiplicd by the flood damage rate correspending to inundation condition under various
magnitude of fiood events.  The prabable flood damage against both present asseis and

projected assets in the year 2020 has been estimated based on the damageable properlics
discussed in Section 12.2,
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Annual mean flood damage is cstimated as accumulation of ood damage scgments
derived from  various magnitude of probable llood damage multiplicd by the
corresponding probability ol oceurrence, from non-damageable flood up to design
probable flood.  The annual mean flood damage against both present assets and
projected asscts in the year 2020 has been caleulated based on the probable flood damiage
discusscd above.  Difterence of the annual mean flood damage between those with and

without project is counted as annual flood reduction benetit.

Even afier implementation of tlood control works planncd in this project, isolated flood
may occur until small drainage canals will have been improved. The Tood damage is
presumed to remain about five percent of total tlood damage.  In other words, 95 % of
the annual mean food damage have been considered as annual {lood reduction benelit of

the project.

The asscts to be proteeted by the project are supposed to increase both in volume and
value year after year. Thercfore, it is assumed that the annval tood reduction benelit
will also inceease from 1997 to 2020 in this cconomic cvaluation as shown in Figure
12.4.1.

125 Economic Project Cost
12.5.1 Project Cost

Accounting price {(world price cquivalent) has been used for the cconomic cvaluation of
the project.  Standard Conversion Factor (SCF) has been applicd to caleulate the
accounting price of the nontraded project cost (local currency portion).  SCE is
calculated by comparing the world price and the domcstic price of a representative

sclection of conunoditics and it has been obtained by the process shown below.
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Total Import Value Total Impoct Tux Total Fxpert Value Total Fxport

Value (£11) | Txchonge | Tiquivalont | (duties + sales/exci] Vatue (Tod) | Tauivalent Taxes

ke lax¢es on imporis)
{Milica USS) (Mitlicn Bir) (Mitlion Bin) (Mitlion US$)] (Mitlion Bir) [ {Milion Birr}
199334 913 S8D 5,305 1.250.3 280 1,621 537
(159697 pricc) 1,015 5888 1,343 a0 1,800 59.6
199495 1,063 6.25 6,644 1,5553 454 2,835 126.5
(1995,97 price} 1137 7105 1,665 485 300 1354
199596 1413 631 8915 1.694.0 410 2,588 092
(199697 price) 1,169 9272 1,761.8 427 2,692 2176
1996/97 1,403 6.52 9,148 20810 530! 1782 82
Average of 4 year 1,256 1851 1,713 451 2821 121
(199697 price}
a 7854 + 2827 _
SCF= TR+ 1715+ (2827- 121 =087

Nete: Data on impart and export vatue are based on data obhained from Iconomic Reserch and Planaing Departmeat,
Mationat Rank of Fthiopia
Data on impon and export laxes are oblained from Ministry of Finance.

As a result of caleulation, SCF ot (.87 has been oblained.

Regarding the cost for traded goods and scrvices (foreign currency portion), 10 % of the

cost have been deducted for adjustment of import dutics,

12,52  Annual Operation and Maintenance Cost

Annual operation and maintenance costs for flood control facilitics are assumed to be

0.5 % af the direct construction cost,

12.5.3 Replacement Cost

Average lifetime of the metal and mechanical works related to the project is assumed to
be 25 years after installation.  Fhe replacement cost covers cost for replacement of such
metat and mechanical facilities after the lifetime during project life.  Annual rescrve tor

the replacement cost has been included in the annual operation and maintenance cost.
12.6 Economic Evaluation

12.6.1 Sclection of Optimum Design Scale

As discussed in Section 9.3, cconomic evaluation has been made for sclection of the
optimum design scale of main rivers and tributarics.  The following three cases have

been examined.
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A. Bantyikctu River (main, 20-ycar)+Kechene and Kurtume Rivers (tributary, 10-year)
B. Bantyikctu River (main, 30-year}+Kechene and Kurtume Rivers {tributary, 20-ycar)
C. Bantyiketu River (main, 40-year)+Kechene and Kurtume Rivers (tributary, 30-ycar)

Annual flood reduction benefit of cach case is as shown in Table 12.6.1 and summarized
below,

Design Scale Avnnnal Flood Reduciion Benelit (1,000 Birr)
1997 2020
Bantyiketu (20-yr} + Kechene and Kurtuine (10-y1) 9,402 15,181
Baatyiketu (30-yr) + Kechene and Kurtume (20-y1) 9,968 16,058
Bantyiketu (40-y1) + Kechene and Kurteme (30-yr) 10,280 16,535

The financial and cconomic project costs are shown in Table 12.6.2 and the annual

cconomic costs are shown in Table 12.6.3,

Result of the cost-benefit analysis is shown in Table 12.6.4 and summarized below.

Desiga Scale TIRR I3/C NPV (1,000 Bie)
Bantyiketu (20-yr) + Kechene and Kurlume (10-yr) 11.2 % 1.13 10,287
Bantyiketu (30-y1) + Kechene and Kurtume (20-yr) 1.4 % 1.15 12,789
Bantyiketu (40-yr) + Kechene and Kurtume (30-yr) 9.9 % 0.99 -589

Note: B/C and NPV at disconat rate of 10 %%

Optimum design scales of the main rivers and tributarics are 30-ycar and 20-ycar

respectively from the result of the cconomic evaluation.

12.6.2 Ylood Control Master Plan

Outline of the proposed master plan including both structural measures and non-

structural measures is deseribed in Scetion 9.6.

The probable Hoed damage for each river system by differcat magnitude of flood is
shown in Table 12.6.5. Bascd on the probable {lood damage, the annual mean flood
damage and the annual flood reduction benefit have been calealated as shown in Table
12.6.6 and Tablc 12.6.7 respectively.
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River System Design

_Annual Flood Reduction Bcncﬁi A(Ll,OOO Bim)

i ~ Scale 1997 2020
Bantyiketn River System 30-year 9,968 16,058
Kebena River System 30-year 3,499 6,649
jittie Akaki River System 30-year | 8,926 18,923

_Haoku River System 20-year 55 R L. L}

The financial and cconomic project costs of the structural and non-structural measures
arc shown in Table 12.6.8 and 12.6.9 respectively.  The operation and maintenance
costs of both structural and non-structural measures are presented in Table 12.6.10 and

annual cconamic costs are shown in Tahle 12.6.11.

Result of the cost-benelit analysis for the flood control master plan is shown in Table

12.6.12 and 12.6.13, and summarized below.,

... RiverSystem  EIRR B/C NPV (1,000 Birr)
Bantyiketu River System 11.7 % 117 11,406
Kebema River System 354 0.42 -38,852
Little Akaki River System 10.6 % 1.07 4,754

_Hanku River System 1.2 % 0.72 264
Whole Master Plan 10.8 % 1.08 9,315

Note: B/C and NPV at discount rate of 10 %

The Iood control plan lor the Bantyiketu River system including the Kechene and
Kurtumne Rivers has had the highest EIRR, B/C, and the largest NPV, Then those of the
Little Akaki River system, the Hanku River system, and the Kebena River system follow
it. Especially the Bantyiketu River and the Little Akaki River systems have had EIRRs
at more than 10 %. EIRR of Whole tlood contrel master plan according to

implementation schedule is also high at 10.8 %.
12.6.3 Scicction of Priority Projects

The tollowing alternatives have been examined {or the selection of the priority projects
from the Bantyiketu River systen.
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Alternative 7 Major Work itcnlsw; B

Case-1 (same as master plan)
- Kuriume River (4 regutating ponds & channel improvement)
- Kechene River (Kechene dam, Kostre regulating pond, and channet inspeovenient)
- Bantyiketu River {Bantyiketu regulating pond, channel intproventent, and road side-ditch)
. - Non-structural measures {River management, watershed management, and ffood risk management)
Case-2 - Kechene River {Kechene dam, Koslre regulating pond, and channel improvemant)
- Bantyiketu River (Bantyiketo regulating pond, channel improvement, and road side-ditch)
o - Non-structural measuces (River management, watershed management, and fload risk mansgement),
Casc-3 - Kurtume River (4 regulating ponds & channel impravement)
- Bantyiketu River (Bantyiketa regulating pond, channel improvement, and road side-ditch)
B - Nog-structural measures (River management, watershed management, and flood risk management) |
Case-4 - Kechene River (Kechene dam and Kestre regulating pond)
- Bantyikelu River (Bantyiketu regulating pond, channet iniprovement, and road side-ditch)
| - Non-structural measores {River management, walershed managenient, and floed risk management) |
Casc-§ - Kechena River (Kechene dam and Kostre regulating pond)
- Baniyikety River (Bartyiketu regulating pond and rood side-ditch)
] - Nen-struciural measures (River manzgement, watershed management, snd fload risk management) |

The annual lood reduction benefit has been calculated as shown in Table 12.6.14 and

summarized below.

Alternatives Anusal Flood Reduction BL;;‘AIE{] ,000 ]iirr) ;

o - 1997 _ 2020
Case-1 9,968 16,058
Case-2 8,458 13,625
Case-3 7,006 11,266
Casc-4 8,434 13,576
Case-$ 6433 10,368

The financial and economic project costs for the structural and non-structural measures

are shown in Table 12.6.15 and the annual cconomic costs arc shown in Table 12.6.16.

Result of the cost-benefil analysis for selection of the priority projects is shown in Table
12.6.15 and summarizcd below.

Allernatives  EIRR___B/C__ NPV (1,000 Bire)

Case-| 11.7% 117 11,406
Casc-2 126% 127 15,625
Casc-3 121% 122 11,039
Casc-4 133% 135 18,910
Case-5 9% 120 9,254

Note: B/C and NPV at discount rate of 10 %

As a result of cconomic evaluation, EIRR of Casc-4 is the highest at 13.3 % and B/C and

NPV are also highest among live alternatives.
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Table 12.2.1

Projected Population of Addis Ababa by Kebele
(Kebeles in the Study Area only)

(1/6)
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Table 12.2.1

Projccted Population of Addis Ababa by Kehele
(Keheles in the Study Area only)

(2/6)
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Table 12.2.1

Projected Population of Addis Ababa by Kebele

(Kcbheles in the Study Avca only)

(3/6)
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Population Projection
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Table 12.2.1

Projected Population of Addis Ababa by Kcbele
(Keheles in the Study Arca only)

(4/6)
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Table 12.2.1  Projected Population of Addis Ababa by Kebele G/6)
{Kcheles in the Study Arca only)

Area in Population Projection
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able 12.2.1

Projected Population of Addis Ababa by Kehele

(Kebeles in the Study Aven only)

(6/6)

Areain Population Projection
fone Wereda | Kebele | Study Area 1997 : 2020
{ha} Population A;Zi“h":’::" Pepulation mg:::: har'::“
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| 7| 0] S ess] T 09%| T e6sa o
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Nole:

- For arcas of Kebeles, Water Supply - Stage HE A by AAWSA was refeired.

- Projected Population in 1997 and 2020 has beco made refering the result of the
population censtiscs in 1984 and 1994
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Table 12.2.2 Projecled Number of Houses in Flood Pronc Area
{Kebeles in the Study Area only)

Areain Projected Numbcr of Houses
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Table 12.2.2  Projected Number of Houses in Flood Prone Arca
{Kebeles in the Study Area only)

Projected Number of 1ouses 7]
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Table 12.2.2  Projected Number of Houses in Floed Prone Avea
(Kebeles in the Study Arca only)

Ascain Projected Number of Houses
Jone | Wereda | Kebele | Stedy 1997 2020
Asea Type of Houses Type of Houses
[ {ha) Total | Chika |Coecrcie Blokf Brick | Stone | Total | Chika |CeometeBlock} Biick | Stone
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Tahble 12.2.2  Projected Number of Houses in Flood Frone Avea
(Kcbeles in the Study Area only)
Arcain Projected Number of llouses _
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Table 12.2.2  Proiccted Number of Houses in Flood Prone Arca
(Kebeles in the Study Area only)

Aseain Projected Number of Houses )
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