I8"10E

IRYSE

POS'N

NONQ

Legend
Study Aren

River
Flood Wall

Riserbed
Protection Werks

\O'“n-—
RS

Note ! Reler o Table 4.1.2 for
tdentificntion number of fhood nalis

i
Ry saveR

YOSN

Uiy YNIEIU

Figure.li:-‘ltllz) Location of Existing Structures
{ Flood Walls and Riverbed Protection Wprks)

=&

Tole Sniernational
Airport
Scale

I
SEIOT.

4-62

2
ISISE




o

38'45'L

o

N
Legend
1. Kabena & Dulbula 12 weirs
2. Makenisa Furi & Saries 17 weirs
- 3. Karanyo & Akaki River Surroundign Area : 3 weirs
4, Shankla & Kacha Fabrica t 2 weirs
5. Xolfe & Lideta Area 1 weirs

=7

>
\,__J

Co

1%

A
h.

Location of Existing Structures

Figure 4.1.7(2/2)

{Weirs el Vegetable Grower‘Associalion)

(y

e ol
L’\{"/ - ©°05!
TR

g

eV

<><

CN

3845'E
4-63



WWE 13°45E

Eogend
Study Aren — N
River . N /
Existing Rridge —

Note Refec to Tadle 414 for identification
numter of exitizg bridgdes

Bole Trte maticaal
Aot

l:}‘igu,-e 4.1.8 Major Exidting Bridges in the Study Arcca
) e —

A3 &)L WS

4-64



1

UoNNQLISL] JZUG ULLIS)

(ww) 271§ UIRIO

61"t JanS1Y

001 01 l 10 00 100 Mn
| s
EGHALRE-ut P 0%
SARAING ﬂoﬁmoﬁouo O SISy ca&oém \
TQTQY SIPPY JO muaaﬁ? [£2150]090) Mc:uoﬁmﬁ_ _ 59
1301N05 Sna ;
| / =
_ - y 0L =
. _ : m o Z,
_ . aany uonnquisi afeiony < =
— = g
\w 08 X
m ! | o
%07 PUTS / | e
%re A Y |
%St NS J
:3:231:5) - e e I po £ 06
(s%pug Bom 30 WIEDIISUMO(])I0ATY dcun.j ” o..\.b\ ’
pi viaEnm - e ) , 6
| g
o ﬁtlflu.’-...\ _ GO1
faas F».w

4-65



National Level

Retieland
Rehatilitation
Commission {RRC)Y

Regional Level

Wereda bevel

Weseda Disaster Relief
Celh

Figure 4.1.10

National Disaster
Prevention and
Preparcdness
Committce(NDPPC)

Regional Disaster
Prevention and
Preparcdness
Comnitteg{RDPPC)

. Relabifitation

Wereda Disaster
Prevention and»
Preparedness
{(WDPPC)

Affected People or

Arca Prencts -

Disaster

Patls souree s

National Policy on Eisaster Plevention
and Management, and Directives for

Prsastes Prevention and
Management, Ot 1993

National Compitles

Wiming{NCEW)

Hechicland

Burcau(RRI3)

Waming of Weathor
Condition and
Infesmation of Disaster

Status teouvgh TA Radie

& other Moha

Noa Governmental
Agendies

Organization Chart of Disaster Prevention and Preparedness

Management

for Faly -

‘

4-60




MIADIN PUE DJIAN JO 318D uonezIuesIQ

I 'p 213y

f !
dojeaa
| wasks ArmSy so0iueg . swaal
i . sy : Auoqny Adoqiny eal pue . oI ARy
3 A Go[0a0 . - -
| mnragso pwott vonuann undonng o Buddgn undorniy ronsng [8nUD) 9o poe suusy WIESHLI AARAN Jo Kaman
| B i ’ sAng 1o Ansumy
d _ _ A “ ! | m
W i | W : | ”
| a | ! m |
W W ,. 7 | ! g
m ...............................
| {MIIN)BWw
AT Jof S0 [FUenEN
odd . .
JomsuowssmIwon | T
weuiITey )
sad Oquoissanao
s_ﬂm“esao p E._B:.Enom prismies wﬂﬂ@mﬂm renmrATEY ssuopp yo et | | WeHJo BuNMN | | 3wy jo s oty
st sy y " pue 12y o o " T 0 J0)SIUIN
rasse go sty | | BRI RUIN| | cron J
m | |
| W
1 _
(I ey maupdiedsig
£661 190 W rury PUN DOTIUDADA] JMISURL(] [VUOTIEN]
PR BOTIURARN] BT

SOF AT PUR JuomsdeuTy puv
UOOUSADL] J675EF1(T UO AT ] [FUORVN,

{20mos K

1STYN AW

uRnLTEYD)

4-67



SCALE=
Jq“ww

A

RN AN

T [,—"

{2 \'é’ ,,;

1:/6\ Kechene River N
b ‘

LA
‘_sr & 1- 55)‘ o
e E ) N ‘\_“

L Ee e )
, .\‘E‘e,ro m.m ___,
Mm uUcm IS TN

])ala Sourco I<eaa1hxhty Study Roporl(Vo]umei (‘cneral Repor() Ncw 1982 bv BCEOM | AN f {'“‘;
N A T D XM AT W e e
' Figure 4.1.12 Proposed Dam Sites by Feas:blllty Study on Fleed / ;
Protection and Storm: Sewer System ,‘/f./ ’

4 - 68



suosuay 1Y) puT saBeweQq pooly Jolvjy Jo suotiudeTy B R ELUNIE]

1dany NPYY 152

I8ATY MuAgay

¥

pagng
Teuoamuaiy]

ABATY [ETVURI]

L3ATY naaury

13ALY ROYAY

Rafy eungay

JeAng Mg kV
MNP
< \ wedny pIG
tlayn] ouoN A AQ €661 100661745 TRV
SIPPY Ul §Raly PAIOR]Y POOLJ UO UonRULIOU]
[PIZAWEPLM,] PUT AIAMS IBUCNIPUC] 180IN0T ¥R

J3ATY AUSIAY

yagrasunup
[ARRUATREY |

IOATY INENV AT

IDALY NINENY 380,

{hwwde s e Ag Aunas) 200 5661

<]

1241 MAMuNY

74

1Ay wladayg

<
B

{(Apaude g [pws Ag ARt sl res!

.

=

-r:J "
178

<

we eueyRn

g

oy TeInARIER Ag AR Doold rod!

-
'I/'
N

4-69

N

EAALY ansoy

pusfor]

N

.




Getorsa Dam

West Akaka
River

6. Steel Bridee(Width $.6m Lengih .4 )

Feceja River

Kurtume
Liitle Akaki River

River _-

Repou T4
Adidsust ation

Iubic River

5 Retaining Wall{ b engih 83 m)

4. Jetaining Wall{Length $10m)

3 Refaining Wall (Length 168 m)

£y

O Aipon

Kikos River

2. Betaining Walt (I ength 297 m)

1. Retaining Well (lengf 327 m )

Peienninl River

Weat Akakik River

Figure 4.1.14 Locations of Compleled Works by AFCPO

4-70



BqEqV SIPPV Ul SEATY PSPV POOLd

0} Epmodouy am Snpng O minad

Y UV g0 W R T R

malpug

mecmexr) $3neg) vy

Fapooy 9w WA Pie WS SORG

PG SHGT 4Q PR Ty

g w61 ke pesmagre suuadond L f
POy prG] Aa gy ety

PROg RLST A4 premie sepadand Oy
PO BLGL K4 PRITAIY B

pualiiry

N

Ho{ex

Ls

)

Y
[y 2andyy

™

7. <@— e

4-71



J . Babu l{ ‘L R HA'B,F; F Or:.—/’ h ; v / Wege:"::ale
e O Yy P M i l CAY BET .rgaz . ; MAMA N“‘“D oF
itk il \fgm s - Artii : A Wbyin Amba _ N
. i daao\\() Alem Ktlelt. - 3"‘”( 7' Lo . N
Eﬁfﬁk‘”“ 'J“‘f'”“mﬁ?mﬁ“ “““”"“Tﬁh{kff
Aletts, HIDEBU & 1. TACHLAEL 27 Werrg, Judy) ) s WADERA ¥
R flere ESTF | - 4 | ) ; . Tikur Chiki %
scTuly M) T o IMEMORET & Tmbwach -
T”“’Q\ | cirar srso Y  Seied Amba ! \”Rp\ oo L
Gebre Gu(acHa \"‘\ '\ f‘ Fiche ‘!l‘\ . KOIdlda J Anchekore? \\T i
oed - I’U\ Y] EGEM \ .. DenebaBy Mogebere\ ;
DEBRE L \SAYADEBREC )
- U“' TR KS'E,L A LE UBE‘\NOS : ‘ ,\'?Rog'e WAYU N - Deibre Birh@n\ |
NA\;A GI;-:Il;EiL E Deb'r.e Tsigei ! 3 OWeberj ' Me:\d:-dao\\-li// N, Alzlul(
D e B - . ABICHUBNEYA 1 A\Ni
fafro Bl L \ \Glmb\;VUCHAl £} o S T =
\ R e |~ 0 TANGOLELF &
Mekoda ﬁ/ N\ Guranda Dub ] Chliara 5 TERA P
A b Derba. e ‘ o Segele .
'~//(~j3)\ : ! 9\\ J T oo embo G B deb
ﬁ\ ﬂ ! : SN O TEGUILE e BULGADW
ff *.  Sibilu Dam(proposed).. S i N\
. 5 L T 4 . | R
5. g»h;.no ueenini 3 [Sulo TR\ Cha:i: a I; Nachirg Sheno HMBIBIT qu}ml
‘duy. ; H -
e } SULUL Af Emergency Construction Pro;ect of Dire Dam(ongomg)
R T N b [ A e 1. Shola Gebeys  * _ Kena
Gmanmn@nmode//f' ag}h4 K““« SMﬂao %// HAGEREMARWAM
AUIS 7yt s Lege Dadq - \j‘u olo, OMeda Midir 1
Yubdo . l . m\ F E l.encha G|MBICHU| We O o
ai e -~ AHege Tal . eldeAb_ 0O
1‘,‘,, — il Ad‘s Alem 777777777&1\3 ,'E ‘Sk A;E,g;h 3770 DO‘TLOU - lig_cf__:_ -___________335_5
| We];nkoml T - Al o "6 AKAKL -E: E Cbefe Donta SO MINJAR -
- 4 ¢ em Gehz ¥ PP AKL 0 '
O stn : ang\us Sebela\ & \ ‘(’. Akaki F‘mergency Ground Water Project{ongoing)
ebeya Py T g
. Y CX. A
Y em? _ / 3 X X\Akaklk 'I‘own. Water Supply Pro]ect(ongomg)
. Gg;% Bon}eya gAb . Dukle \ -
(FDebre Gedet ; | P a Samuel |
1O .‘/' ,0 t 4 De,br)e SN
o F ( \ STRusiye T " lMetka Kumure i
2 ' antu Liben R T \ J_r'J f;
) TQiE ‘:‘ Le{r}eg, ; /‘1
) k! Y Adulata y
g s e § o
ot o G:bele;z ) { YELIBEN & Z!Qé, 7
Ihta Source: AAWSA .
R ™ " JUDO & Suten /—-\_’//._::-’i_":. : )
bk g, Ombole i f ’
- "‘-kn'ggt’ff‘ab_'_ Ge?:se;at 1% "” hele f A4 el
R Jicre Keb?) - Haten
goto ADAMITULLY
e . Kela R Eiersa Lele™ " oF
—NESEKAN "HAYKOCH TRy L
‘‘‘‘‘ HITOS 8 %
- Borgyra -{{ BU j JIR A ERERREE—— e
~ L Rectnseno A i Ao V7 M TIc
Figure 4.4.1 Project Sites of Ongeing and Proposed by AAWSA

4-72



788 RE

(fuwuerd sopun)
" | proy Sungeqeqy sippy bt anSig

T T A

2e0g

dodiy
QU0 B3] 3|0F]

a

pvoy !

e LT Jnoiudd

RO 1w A0 |
e Jaary
———— woay Apnig
puada

N0G.6

NN S A

FEanman,,
L]
4

.

NS00

v

7 Proy BULY JO SIINOY SALITRII

SWE.BL

4-73



THE STUDY ON ADDIS ABABA
FLOOD CONTROL PROJECT

CHAPTER 5

FIELD SURVEY AND
INVESTIGATION



THE STUDY
CN
ADDIS ABABA FILLOOD CONTROL PROIJIECT
IN
THE FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

CHAPTER S  FIELD SURVEY AND INVESTIGATION

Contenls
5. FIELD SURVEY AND INVESTIGATION ~--- - - e el
Sl RIVEE SUIVCY m- e m et e
5.1.1  Outline of Survey Work ---coccoom e e
5.1.2  Suwpvey Resul oo mmomm e e e
5.2 Installation of Stafl Gauge and Watcer Level Observation ------c--vooeeeaaeannens
5.2.1 Installation of Staff Gauge -----------msamm e e
5.2.2  Water Level and Discharge Observalion =---«--eeaceemmmmmmmmeee
5.3 Interview Survey for Riverine People---commemmmomomm i
531 Outhing of SUIVey --mcmrmmmm e e el
5.3.2 Mcthod of Hhe Survey —--semss e
5.3.3  ltems of the Intervicw Survey —---emmmcmm i e
5.3.4 Resulis of the Interview Survey -----oesemmmmom e

5-1
5-1
5-1
5-2
5-4
5-4
5-4
5-5
5-5
5-5
5.6
5-6



LA WA A Lh
: _ e =
(PO ORI

532

5.24
525
52.6
531

List of Tables

Work Volume and River Code of Cross-seclion«---=--s~samsseemmommnmenoaaas
Reference Bench Marks-ccocoeaev e eieaaes

Established Bench Marks ----co - v e vmm e et

Location of Intervicw Survey on Socio Economy and Flood
DAMAGE ----nn-wmmmmm e emmmm e el oo

Result of Interview Survey for Riverine People---------venmmmiocomacneconnoe

List of Yigures

Objective River Stretches tor the River Cross-scction Survey --------------
Location Map of Bench Marks----------omomommomm i cmee e
Mcasured Water Levels at Uracl Bridge in the Kebena River -----vemomvo---
Measured Water Levels at Filwiha Bridge in the Bantyiketo River---------

Mecasured Water Levels at Mckanisa Bridge in the Little Akaki

Stage-Discharge Relationship at Uracl Bridge Gauging Sil¢ -------2-2--o---
Stage-Discharge Relationship at Filwiha Bridge Gauging Site -------------
Stage-Discharge Relationship at Mckanisa Bridge Gauging Sitc -----------

Interview Survey Locations --------msmmmmmmommr oo e

3-ii

Ak
i

5-13
5-14
5-15

5-17
5-18

5-21
5-22
5-23
5-24

£
R

5-25
5-26
5-27
5-28
5-29



& 5. FIELD SURVEY AND INVESTIGATION

51 RiverSuevey

5.1.1  Outlinc of Survey Work
(D Contract and Work ltems

The river survey consisting of Ieveling and cross-scction survey was conducted to check
flow capacitics and characteristics of the present river channels.  The river survey was
started 3 May 1997, immediately after signing the contract and issuance ol the order to
the local contractor, and was completed as scheduled until 25 July 1997, The local
contractar carricd out under instruction and supervision by the Study Team. The main
work items and quantities are as follows:

- Leveting survey and establishment  Approximate 70 km in length with 76 points
of bench marks: of bench marks

- Cross-scclion survey: 450 scctions with an average interval of 200
m. Width to be surveyed arce cach river width

and plus approximate 20 m cach at both river
banks

- Drawing work: Location maps of the surveyed cross-sections
using the urban planning maps with a scale of
1:2,000, cross scctions and longitudinal
profiles

2) Survey Area and Work Yolume

‘The objective river stretehies are shown in Figure 5.1.1. The total river length surveyed
was cstimated at approximate 70km.  Table 5.1.1 shows work volume and details of
river stretches surveyed.

(3 Reference Bench Marks

The existing bench marks and the polygonal peints conlirmed for relerence to feveling

survey are shown in Figure 5.1.2 and Table 5.1.2, and summarized below.

Py
P



Confimedpoints ____ _ Project —
3 points (bench marks) Blue Nile Geodetic Control Project in 1957/60
8 points (bench marks) Mapping Projcct for the Urban Planning in Addis
Ababa in 1972/73
14 points (polygonal points}) -do-

S.1.2  Survey Resull
() Leveling Survey

Leveling survey by third order was carricd out in order to measure the elevations of bench
marks additionally cslablished, cross-section posts and existing structures along river.
The measured heights were tied to the clevations of the reference bench marks or
polygonal points, which were surveyed for the Blue Nile Geodetic Control Project and
the Mapping Project for urban planning in Addis Ababa. The additional bench marks were

installed with an interval of 1 km approximately along the river bank and the planned
leveling routes.

Locations of the bench marks was plotted on the topographic maps with a scale of
1:10,000 which were preparcd for New Cartography for the Expansion Arcas of Addis
Ababa in 1987.  Alist of the bench marks arc shown in Table 5.1.3.

{2) Cross-scclion Survey

Measurements of cross-sections were carried out with a interval of 200 m approximately.
Supplemental cross-scctions at the bridges, other related structures and narrow portions
of river were also measured.  Locations of cross-sections were identificd on the existing

topographic maps with a scale of 1:2,000, which were prepared for the urban planning in
Addis Ababa.

Applicd methods of measurement were cither by direct leveling using auto-tevel or

indircet leveling using theodolite depending on the terrain features at the respective
cross-scctions.

Longitudinal protile along cach river was prepared based on the clevations of river bed

and both river bank obtained from results of cross-section survey and leveling survey as

5-2
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well as locations of cross-scctions indicated an the existing topographic maps with a scale
of 1:2,000.

Data processing of survey resulls was carricd oul using a CAD system compatible with
IBM computers.

Drawing scale of cross-scctions and lengitudinal profiles are as follows:

- Cross-scetions: Horizontal 1:200
Verlical 1:200

- Location map of cross-seclions: 1:2,000

- Longitudinal profiles: Horizontal 1:10,000 or 1:20,000
Vertical 1:500 or 1:1,000
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5.2.1  Installation of St{aff Gauge

[n order to oblain supplement hydrological data lor runofl analysis, the three (3) staff
gauges were installed by the Study Team.  The locations of the installed stalf gauges are
as follows:

- downastream ol the Urael bridge in the Kebena river,
- downstrecam ol the Filwiha bridge in the Bantyiketu river, and
- downstream ol the Mckanisa bridge in the Little Akaki river.

5.2.2 Water Level and Dischavge Observation

‘the abscrvation of water levels and velocitics to cheek relationship (H-Q curve) between
waler level and discharge were conducted by the Study Team in cooperation with the
counterpart personncl.  The obscrvations were made theee times at cach gauging station
up to now. The observatory dates were July 9, July 16 and July 27 (except Uracel bridge
measured on July 29), 1997,

The water levels were observed at an interval of 5 minutes considering characicristics of
flood concentrating in a few hours.  The duration of observation varies {rom 1 hour or
more, depending on tlood condition.  The tlow velocitics were stimulatory checked by
using lloat having a total length of 65 cm and SO ¢m dralt.  The Now velocitics were

checked twice at a time of water level observation.

The results of observations are arranged as shown in Figure 5.2.1.
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53 Inferview Survey for Riverine People
5.3.1  OQutlinc of Survey

Interview survey for riverine people has been carcicd out to get information regarding
their living condition, past flood damages and their opinions on Nood control plan. The
survey has been conducted for riverine communitics in the five river basins which suffered

from damages by past floods.
5.3.2  Method of the Survey

Random sample survey was conducted by assistants cmployed for the survey under the
supervision of the Study Tcam’s project cconomist on 115 riverine residents in the Study
Arca during the first and the second ficld works.  Sclection of the samples Lo be

intervicwed was madc in the following manners.
The river basins in the Study Arca have been divided into the following five river basins:

a) Little Akaki River Basin,

b) Kechene and Kurtume River Basin,
¢) Bantyiketu River Basio,

d) Kebena River Basin, and

¢) Hanku River Basin.
Prior to the interview survey, the Study Team discussed with AFCPO about interview
sites.  Based on the discussion, interview siles were decided considering the seriousness

of the past flood damages as shown in Figure 5.3.1 and Table 5.3.1.

Total number of samples sclected was 115 as summarized below.

_River Basin ) No. of Samples
Litlle Akaki 41
Kurtume and Kechene 33
Banlyikein 20
Kcbena 15
Hanku ) ] -
“Toul T
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533  liems of the Inferview Survey

Questionnaire for the interview includes the following itens:

General Information

- Yamily structure

- Ethnic group

- Religion

- Major source of revenue of the family and household income
- FEducation level

- Health condition of family

- Size of house and its type

Ilood Damages

- Frequeney of ttood, cause of llood
- Flood conditions such as fime, depth, duration
- Damages to propertics duc to flood

Idea on Food Controt Project

- Idea on flood control works
- ldca on rescttlement to be necessary for flood control works

Communily

- Community structure

- Availability of community cooperation

- Communrication method within a community
- Decision making procedure in @ community

5.3.4  Results of the Inferview Survey

Results of the interview survey were compited and summarized in cach river basin so that

the characicristics of the river basin would become clear.

the survey are to be considered as indicative figures represenling some average

hauscholds.

Though the number of
samples is limited compared to the number of houscholds in the Study Area, the results of

b
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nH General Information

1) Duration of Dwclling at Present Location
_Duration of dwelling Percentage
3 years of less 8%
3-5years 5%
6 - 10 years 10 %
11 - 20 years 29 %
21 - 30 years 319%
_More than 30 ycars 10 %
Total 100 %

Average duration of dwelling at the present location is about 19 years. 78 % of the
houscholds live at their present address for more than 10 years.  More than 49 % ol the

houscholds live there for more than 20 years.

2) Family Sizc
River Basin Average Family Size (persons)
Linle Akaki 838
Kurtume and Kechene 6.4
Bantyiketu 6.9
Kebena 8.8
Mandw 6.8
Total - 15

Avcrage Tamily size is 7.5 persons and this is more than average family size of 5.5 persons
in whole Addis Ababa. Especially in the Little Akaki River Basin, the average family

size is large at 8.8 persons.

3) Major Source of Revenue of Family
] Percenlage o
Occupation Little  Bantyiketu Kechene &  Kebema Hanku Total
Akaki Korlume
Pension 41 % 2% 12% 30 % 17 % 29 %
Employee 22 % 24 % 30 % S0 % 33 % 28 %
Daily labor 15 % 12 % 30 % 10 % 17 % 18 %
Merchant 7% 20 % 15 % % 33 % 13 %
Tailor S G 0% 0% 0% 0% 2%
Guard 0% 0% 6% 0% 0 ‘% 2%
Rent 2 4. 8 % 0% 0% 0% 3%
_Other N 4 % 6% 10 4% 0% 6%
Total 100 % 100 % 100 % 0%  100% 100 %




ra

el

29 % of the houscholds answered that the major source of income is pension, while 28 %
answered employee, 18 % answered daily labor and 13 % answered merchant,
Especially the houscholds answered that their major income is pension is high at 41 % al
the Little Akaki river basin.

4) Monthly Houschold Income

Monthly Househeold Income Percentage
100 Birr or less 39%
101 - 200 Birr 22 %
201 - 300 Birr 18 %
301 - 700 Rirr 13 %
701 - 1,000 Birr 5%
_More than 1,000 Bin 3%
lolal 100 %

Distribution of income per houscholds is as presented above. 79 % of the interviewed
houscholds get monthly income of 300 Birr or less, while 39 % of the houschold get 100
Birr or less.  Average monthly income of family is about 250 Birr.  Since most people

are not willing to answer their true income to the intervicwer, this result is to be carclully

cvaluated,
5) ‘I'ype of House
TypeofHouse  Percenlage

Temporary lype 3%
Chika type 87 %
Concrete Mock type 6%
Brick masonry type 4%
Total L 100 %

87 pereent of the houscholds live in a typical tocal house made by wood and mud plaster
locally called “Chika” type house. 6 9 live in concrete block houscs and 4 percent live
in brick masonry houscs, while 3 percent live in temporary shantics.  According to
information obtained during the intervicw survey, new houscs built with concrete blocks

are increasing recent years.




6) Sizc of House

Type of House ~Average Floor Area_
Temporaty type 22
Chika type 44 o’
Conerete block type 44 o’
_Brick masonty type 6

The average Noor area of Chika type house, which is dominant in the Study Area is 44 w’

and il is almost same as that of the conerete block type house.  The brick masonry type

house is rather larger than those two types.

(2) Flood Damages

1)} Frequency of Flood Occurreace

Frequency of Floods
Once in b past
Twice in the past

3 times in the past

4 times in the past

5 times in the past
Almost every year

17 %
16 %
12 %
5%
6%

23 %

“Total

100 %

With regard to frequency of flood occurrence, the houscholds sulfered twice in the past

were 36 %, once were 17 %, three times were 12 %, while who answercd cvery year

were 23 %,

2) Causc of Flood

Cavse of Flood

Percentage

Overftow of river water
Poor local drainage
River water + lecal drainage

Total

30 %
1%
68 %

100 %

Overllow of river water plus poor local drainage was stated as major causes of flood by

68 % of the houscholds.  This shows both river and drainage improvement is considered

to be the key for solving the flood problem in the Study Arca.
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3 Flood Damages

Major flood damage was damage to house, houschold cquipment, and clothes. 3 % of

the respondents answered that their land and corrugaie fence were taken away by loods.

_Flood Damages o __ Percemtage
House only 22 %
House, houschold equip., and cloths 75 %
Merchandise 1%
Fence and land 3%
Toal 100 %
4} Flood Condition

Inundation depth varies by landform condition of the residence. 80 % of respondents

answered that the inundation depth was 1 m or more.

Inundation Depth Percentage
Less than 50 cm 9%
S0 -99¢m 11 %
100 - 199 cm 50 %
200 - 299 ¢m 23 %
200 em ot more 4%
Notsure . . 3%
_Total 100 %

About 70 % of the respondents answered that the flood in August 1995 was most serious.
Probably this is because the flood is still fresh in their memorics.  About 70 % of the
respondents answered that the flood lasted more than onc day.  Aboul 40 % of the
respondents answered that the road trallic nearby their house was allected by the Hood.

Many people who suftercd flood damage consider that damage duc to floods amount (o
300 to 5,000 Birr.

5) Importance of ¥lood Control Works

Almost all houschold interviewed recognized the importance of lood control works,
especially construction of retaining walls and improvement of drainage facilities in the
riverine community.  This mcans that the flood control facility is peor and not suflicient
for their daily lite, the needs of urgent improvement for which are dully recognized.

2
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6) Acceptance of Resettiement
Percentage B
Resettlement Little Bantyiketu  Kechene &  Kebena Hanku Total
Akaki _ Kunume -
Accepl to move 29 % 44 % S5 % 60 % 50 % 43 %
It beiter place, 22 % 20 % 15 % 20 % 0% 18 %
willing to move
Nol accept to move 49 % 36 % 0% 20 % 50 % 38%

About 61 percent of houscholds answered that they will accept rescitiement in case it is
necessary for flood control works with reasonable compensation.  However, about half
houscholds in the Little Akaki and Hanku river basins arc not willing to accept the
resciilement.  With the above situation, special attention should be paid for formulation

of flood control plan applying mcasurcs to mitigate the number of rescttlement be
minimized.

3 Community
1) Structure of Communify

About 85 % of respondents answered that local community is Kebele.  Existence of
smaller communily than Kebele was not recognized by this interview survey.  On the

other hand, 17 % of the respondents answered no community exists or no idea on
community.

2) Availability of Community Coopceration

Though the interview survey tricd to clarify the cooperation system within the
communitics, almost all respondents explained the assistance made by Kebeles during and
alter flood disaster. Many respondents answered that the Kebeles provided shelters,
foods and blankets during and after floods.

3) Mecthod of Information ‘T'ransmission in Community

Almost all respondents answered that any information is transmitied by Kebeles.



4) Mecthod of Deciston Making in Community

Almost all respondents answered that any decision making is made through Kebele.
With the above circumstances, it will be important that Kebeles will play a key role to
organize flood-tighting system in the communitics.

The summery of the results of the interview survey is presented in Table 5.3.2.
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Table 5.1.1 Work Volume and River Code of Cross-section

No. of
River Name of Code Length Cross-
Stretch (km} .
section
Hanku Hanku HAN 17
(tributary) HANR 4
(tributary) HANL 4
sub-total 52 25
Kebena Kebena KEB 66
(tributary) KEBL 4
Ginfile GIN 19
Abo ABO 11
{tributary) ABOR 4
sub-total 16.8 104
Banktyiketu Banktyiketu |  BAN 27
sub-total 3.8 27
Kechene Kechene KEC 36
(tributary) KECR 9
sub-total 6.2 45
Kurtume Kurtume KUR 32
(tributary) KURL 7
{tributary) KURR1 10
{tributary) KURR2 10
{tributary) KURR3 14
sub-total 7.4 73
Perennial Perennial | PER 9
sub-total 4.0 9
Little Akaki Little Akaki LAK 87
(tributary) LAKR1 7
(tributary) LAKR2 3
(tributary) LAKL1 5
{tributary) LAKL2 5
Buhe BUH 12
Fereja FER 8
sub-total 17.8 127
West Akaki West Akaki | WAK 34
sub-total 8.8 34
Staff Gauge Site |Urael Bridge 2
Filwiha Bridge 2
Mekanisa Bridge 2
sub-total 6
TYolal 70.0 450




Beach Mark No.

Tuble 5

1.2 Reference Bench Marks

_:'“‘ir:-l-é!\'alion {m)

Remavks

Q25

BM [ (LICAA)
B 26
IBM1
IBM?2
IBM3
LBM4

LI3M 5

IBM16
LBM 18

LBM 19

129

136

167

359

206

296

318

73"

41()

\06

624

724

1243

1241

2355425

M42.775
2538771
2453073

2440077

2479.734
2422.700

>4'-’3 3'*9
)SJS 377

2408011

2459252
2301.788%
2243 985
'HO 544

EE DN 898
2396 !48"
T376.900%

2481.796"
2481.906

Blue Nile Geodetic Cantrod Project in 1959

- Addis A_l}qbaﬁ-i;ﬁp_pix@_l’rojcci in 1472

(A

(. 2301, 70!*")

(2396245553
(376 GO6FT)

[(2481.832%%)

'—(lo-
-do-

-do_

'dQ'
_(_jq-
-o-
-do-
-do-

-do-

Note:  * New clevation data of River Sunvey for the Addis Ababa Flood Control Project.
#* [Jnused elevation data for subsidence or movement pomts.
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Table 5.1.3 (1/2) Established Bench Marks

Bench Mark No. Elcvation (m) Remarks
BMOI 2460662
BMO2 2458957
BMO3 285731
BM 04 ) 2507.111
BM 05 2488063
BM 06 2525.566
BM 07 2389.108
BM 08 2339.180
BM 09 2331.828 ]
BM 10 2319.240
BM i1 2319.591
BM 12 2360372
B"v’l { 3 3'487 90()

BM 14 1410152

BM 15 2425774

BM 16 2458.313

BM 17 446,148

BM i8 2464 243

BM 19 S482.788

1BM 20 2505.345
BM 21 ) 2458440
BM22 2477.118
BM 23 2479.908
BM 24 - 2477.066
BM25 2309.5290
BM26 2308201

BM 27-1 2293371

BM 27-2 2294447 o |
BM 28 2,278 381 (Marked bench mark on the bridse)
BM 29 2.247.069

BM 30 2219 612
SHYIR '.:{10 333

BM ::: 2211988
BM 32 2214659

BM Y 2240568
BM 35 2283.362
BM 36 2780.099

BM 37 2288.166
BM3§ 2300 213

BM 39 2301069
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Tabte 5.1.3 (2/2) Establised Bench Marks

- 16

Beneh Mark No. Elevation (m) T " Remarks )
BM 40 i C2307d7s b .
BM 41 2256825
BM 42 2258893
BM 43 _ 2915
BM 44 2289949 L
|BM 45 2329980

BM 46 - 2447.332

BM 47 2495907 |

BM48 ) 02530381 ]
BM 49 2339375

BM 50 2351166

BM 5} 2356.192

BM 52 2334445

BM 53 2313683 o

BM 54 233017 K Marked bench mnfk_ on l_hclsi(anc\
BM 55 2354630

BM 56 2370.694

BM 57 10 743

BM s& 2379260

BM 59 2319 507

BM6O e (Ca ncelm g number)
BM 61 memmeneee |(Canceling number)
BM 62 2341.096 -
BM 63 2355.280

BM 6+ 2369.365

BBM 65 ¥397.284

BM 66 356,636

BM 67 2373330

BM 68 2387.365

BM 69 233R.056

BM 70 2354 99}

BM 7 363071

BAG 72 2307 (143

BM 72 2307368

B 7 2320763

BM 75 2458592

BM 76 2506.500

M 77 o mes )

G



Table 5.3.1

Location of Interview Survey on Socio Economy and Flood Damage

River Basins

Interview Location

Zonc

Wereda

Kebele

The Number of
Respondents

Location
On nap

Litile Akaki _ 1y 6| 24 5
B I 1 [y 8]
__________ 2 22 2| 5
2] 22 Y 6]
_ 2 21 9y 3
2y 2y 202
; 2] 2 28 2
_ - bW_ooooef w4y 2
B} - o2y ey 4 4
o 2 20 As 4]
Kurtume & Kechene s 8] any 5
e 4 21 (i

Bantyikete |

Kebena
@ﬂﬂi o ) _

S
12y
- 4
4

4 15 3
4 15 36 |
. § IO 73 20
. 2 D % N

3t 17| 16

m§01

I '
| i

N N B

: i

1 - |

iz

! i

z rixlo

|
|
|
|
|
|

=

Total

Note: Interview locations are shown on Figure 5.3.1
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Table 5.3.2  Result of Interview Survey for Riverine People (13

Litile Akaki | Ranfyiketue | Kechene & Kebona Hanky Total
Kurume
nos, | distr | oos. | distr | nos. distr. ] oos. | diste. | nos. diste. | nos. | distr.

() _ Respoodent

__Male
o Fevale
o Totay

(2)  Duration of dnxhling at presead location
e 3yeasorless o |__.2 | 4] 1% J9; 8%
_ 4 -5 years i L . ] 1 1% 2 8% -] 0% 2 3% _ &l %
o G- MCyeass . - 4|_10% | 14 .

LM -20yesrs L. 120 26%] ¥ 28%] 10] 30% 3| 30%

___2-30years

. Merten3oyeas BT T
109 95%

(1) Familysize

2 persons

O perens o
L dpepons

L_._Spemoms
_._ bpemons

 Tperens . uj_nea

o Bpewons
___Spemons

Wpeens
oo Moethan W0persons
.. Average ity stze

Y L
o Tdigee
. _._[Edtreans
Lo Maderw
_Kenmdata

(6) _ Religion

e 7| esx| 2o) msm] 0] 10om| sl sawl es| sax
"~ Mudim 6l 245 4 122 | o 14] 2%

_Protestant

. Carbolic U O N Jo0E] - O] 0] 0%
T T e | ew| g ex] o= ST
(7). Majersource efeevemeoffamity |11 h o p L L L

___ Pession - L T 4 el T3 k0| 17%} 33 9%
Eagloyee T o e e] 2am| 1o 30m 5| _so% x| 32 nw

. Daily labar

1

2 -
) IEE] T T
2zl A% 15| 13%

. — . oL o) 1] 1%
L Cerpenter I VO] SR /2 TRV | N ¥
Othet e T S T

] IR 0% 2| 33wl asl sz

6
4 16%[ o 7®| 2 0F| .| OF] 25, 1%
10| 24 5] gl 3] 2w 1 10% A om| 2l mam
4] 10% 3| | 4| n2e G orl 4l erw| i) 13w
1 3

B oab awl 3l 2| | ew| o ex] | o] 6| sz
A oz ] oam| | ex| ) rom| - ew] 3| 3w ¢
O Edwaatiomltevet oA -
» Total pepons 773@5} - ___160 - 228 z [3:] - ____ﬂ - ﬁ -
L Erecdagsebost sl opawm) 28] uam| el aem) el 2sw) o s| n2a| 193] e
__Junior sccondary ) asy ) sy _em{_ 2af rom| o) w3m| s o) 78] 9%



Table 5.3.2  Result of Interview Survey for Riverine People

/3

Little

Akaki

Bantyiketu

Kechine &
Kustine

Kebena

Total

disde. | nos.

dide.

NS,

distr. | nos.

nos. | disdr. |

_.. Sepiorsecondary
Al

__ Sikkperonisinfiily

(1}) Typeofhouse |

.. Temporasytype
_ o Chikatype
___Commieblockaype
__Brick masonry lype

(12) Average size of house

o Temporarytype
Chikalype

Comtete block iype

__ Bock masonry lype

(13) Frequencyofflocd
. Omeinthepad
.. Twice inbhe past
___ Atinwsinthe pad
__Atimes inibe past

_ Howe oaly .
___ llowse, equipment, clothes
_ Merchandise
Fence and land
Nodamage

a0
2%

20| 24%

(16} Tnundationdepth

12%

0%

607
]

_ Not suze

(17)_When you suifered serions flood damage
Aug-95

Lessthan50cm - 1

_ . 80-%em_ I S
00-1%9%9¢@ 27

T 200-299¢m o s
. 300 cmor moze . I

_20%
0%

o Awg® e
o Juiyitse
Cveryyeat o
. __Hotsue S
(18) Dunaticnoffioed S
1 hour o
2 hours o o
A
_ Shows I
I day - e
Ry
o Aays

Not sure

raffic blockaze onthe rcetin

_.91| 70z




Tablc 5.3.2  Result of Interview Survey for Riverine People 313)

T - Litite Akaki | Badyixetu Kechene & Kehena Hanke Total
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5 didy, s, | distr. | nos.  dir 5. | diste, | mos. distr.

_Shousorless } ; IR ] D =t B R i
o Mbous - lday
JMorettand day

(ZD) DJrauon of { suspé i m.mn 0[ ecomomiv
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_Malfadayordess =~

1day

L Zdaysoddays
_Adays—Tdays
__Morethanaweek B

inuted ossdue toflood
Kot sute - o

: 100 Birg of Jess

__301-200Bim
201 - 200 Bint

_01-700Bim N

C MW1-100Ba
N lOOl—'.’OOOBm

More than 5,000 Birr

(22) Anyotherucubleduetofiood
Tost tivestock

destfodd

and m;l.n‘:d

__(_‘ot.!d ot 2tiend :(hnol

(23)_We2 00 flocd and flood control weorks (P33,

L a1 . U A% 5| adm) 4 0%l -] 0% 18) 14%

S awmy - OmE 2 s%l o O®y | 0% nd I
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Figure 5.2.1 Measured Water Levels at Urael Bridge in the Kebena River
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Figure 5.2.2 Measured Water Levels at Filwiha Bridge in the Bantyiketu River
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Figure 5.2.3 Measured Water Levels at Mekanisa Bridge in the Little Akaki River
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Figure 5.2.4 Stage-Discharge Relationship at Urael Bridge Gauging Site

\
R

e
[ )



e

®

H-Q Relationship

1000 "_‘“:‘.‘:.‘.":‘:I'.‘f'."'i.'.'f.“.‘"‘.?'.'.‘.“]"".Z"_':Y‘T?‘"?1"Z“'Y‘T“"i‘?‘1“.'."[‘_'_'1‘1‘"“':'”‘_"_"_':‘_‘_‘_'"':_—':'_'_“:‘“7‘”"‘ o TTITTTTTCIC
——  H-Q Curve obtained from - -
water level calculation - -
L Observed data
o 160 | el | b ol ot
by UTUASu e iomani el R . -
& - — T
« -
£ ’ B e
G) __ — — — ) - —_ —
o
—
(U _— S
-
(3]
v
D 10 W ) N S - N
1

Water Depth {m}

Figure 5.2.5 Stage-Discharge Relationship at Filwina Bridge Gauging Site




Figure 5.2.6 Stage-Discharge Relationship at Mekanisa Bridge Gauging Site
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6. RAINFALL AND RUNOFF ANALYSIS

“Rainfall Analysis
6.1.1 Characteristics of Storm Rainfall

Flood in Addis Ababa is subject to very intense rainfall coupled with steep terrain of river
basins which result in rapid rise of river runoff.  Heavy rainstorm in the Study Arca is
generally caused by small atmospheric disturbance which brings local thunderstorms with
very high intensily of raintail in a short duration.  Figure 6.1.1 shows the rainfall graphs
at Addis Ababa Observatlory in NMSA and Bole International Airport in the flood event
on August 1978.  As scen in the graphs, a heavy rainstorm continues within a few howrs
and there is a time ditference of the peak rainfall between these two locations, suggesting
a movement of local rainstorm.  The recorded daily rainlall is 93.5 mm at Addis Ababa
Obscrvatory and 51.6 mm at Bole International Airport, and the maximum rainfall in 1-
hour duration is 63.1 mm and 23,9 mm, respectively.

Such characteristics of local rainstorm is also suggested by the flood event on 8 August
1994, According to the report on flood damage, the severe flood happencd mainly in
the Little Akaki river which Hlows down the western part of the urban arca.  However,
the rainfall recorded in the central and west is nol much for causing such a scvere lood.
The recorded daily rainfall is 23.8 mm at Addis Ababa Observatory and 11.0 mm at Bole
International Airport.  Although rainfall records are not available, the flood event in

1994 must be causcd by a heavy rainstorm occurring locally in the upper basin of the
Little Akaki river.

6.1.2 Rainfall Intensity, Duration and Frequency (IDF)

The analysis is carricd out using the raintall records at Addis Ababa Gbservatory.  The
annual maximum scries of cainfall with 10 minutcs, 60 minutes and 1-day are collecled as
fisted in Table 6.1.1.  Frequency analysis of storm rainfall depth for different duration is
made employing the Gumbe!’s probability distribution as shown in Figures 6.1.2 to0 6.1.4.
As a result of the frequency analysis, the storm rainfall depths for difterent return periods
are eslimaled as folows.
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" Return Period {ycars) ) Storm Rainfall Depth (mm-):__

. . 1Oominutes 60 minutes I-day
50 26.6 75.6 98.2

40 25.7 72.8 952

30 24.7 692 91.2

20 23.1 64.1 85.6

10 20.5 55.2 75.9

5 17.7 459 65.8

2 135 320 50.5

Equations for rainlall intensity, duration and frequency {(IDF) arc cstablished based on the

resulls of the frequency analysis.  IDF cquations are expressed as the lollowing manner.

I= al(t"+h)

where,
I : reinfull intensity (mm/hour)
t s duration (minules)

a, b, n :constants

"The constants a, &, and # can be obtained from storm rainfall depth for dilferent duration.
In this analysis, IDF cquations are cstablished tor short duration (within 60 minutces) and
for long duration (over 60 minutes). The estimaled constants for IDF cquations arc

listed below.  IDF curves for the respeetive return periods are illustrated in Figure 6.1.5

Return Peried Skort Duration (< 60 min.) Long Duration (> 60 min.)
{ycars) o _

B a b o a b n
50 7182 35.07 1.00 5972 19.04 1.00
40 6382 34.59 1.00 5788 19.54 1.00
30 6497 1393 1.00 5551 2025 1.00
20 5952 3290 1.00 5245 21.40 1.00
10 5013 30.83 1.00 4630 2389 1.0¢
5 1050 28.15 1.0 4022 27.54 1.00
o 2 2640 22.57 _1eo 3105 372 1.00
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6.1.3  Design Storm Rainfall

Design storm rainfall for tlood cstimation is cstablished in compliance with the available
data of the past major rainstorms.  To cstablish design storm raintall, the following items
need to be analyzed.

- duration
- lime distribution

- rainfall depth and its frequency

The analyses is carricd out using the records at Addis Ababa Observatory for the major
rainstorm events in 1970, 1974, 1978, 1987 and 1995,

Figure 6.1.6 shows the rainfall graphs at Addis Ababa Obscrvatory in the past major
rainstorm cvents.  As scen in the ligure, duration of a scries of rainstorm ranges from 2
1o 6 hours. Whereas the high intense rainfall causing Noad occurs within a shorter
duration.  The relationship between accumulated rainfall depth and duration shows that
a great increase of accemulated raintall appears within 60 minutes as scen in Figure 6.1.7.

Pcrcentage of accumulated rainfall to total rainfall is 1abulated below.

Year Duration (mivutes) .
30 60 i20 180 240

1970 2% 81% 940 96% 99%

1974 RX143 9% 100% 100% 1005

1978 47% 73% 80 85% 95%

1987 66% 87% 100% 100% 100%

1095 54% _95% 97% 1004% 1007

Average 51% 88% 4% 96% 99%

From the table above, accumulated raintall reaches 519 of total rainfalt within 30 minutes,
88% within 60 minutcs and 94% within 120 minutes on average. [t suggests that the
magnitude of flood peak discharge in the rivers in the Study Area be subject to heavy

rainstorm with a duration of 60 to 120 minutcs.
Ta addition, Mood traveling time is taken into account to evaluate duration of design storm

rainlall.  Flood traveling time of the rivers in the Study Arca is cstimated using the

cmpirical cquations as described in the subsequent scetion 6.2, As a result, estimated
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flood traveling time [rom uppermost catchment to objective flooding areas is found to be

not morc than 120 minutes.

As a conclusion of raintall depth-duration analysis and flood traveling time in the rivers in
the Study Area, the duration of design storm rainfall is decided 10 be 120 minutces.

Time distribution of design storm rainfall is established applying the averaged curve for
pereentage of accumulated rainfall depth of the past major rainstorms.  From the
averaged curve, percentages of storm raintall depth arc obfained by 10 minutes interval as
scen in Figure 6.1.8.

Depth of design storm rainfall and its frequency is known by IDF equations.  The rainfall
depths in 120 minutes duration for different retuin periods arc derived from IDEF

cquations as given below,

Return Period Rainfall Deptb in 120 Minutes Duration

(years) {mm)
50 859
40 83.0
30 79.2
20 738
10 64.4

S 54.5
2 395

Rainfall depth in cach 10 minutes interval can be computed multiplying the corresponding
percentage to total rainfall depth in 120 minutes duration.

The resultant of the design storm rainfall is examined in view of coverage of the past
major rainstorms.  Figure 6.1.9 shows the comparison of accumulated rainfall depths for
the design storm raintalls and the rainstorm cvents in 1970, 1978 and 1995, The curves
of the major rainstorms arc almost covered by that of the design storm rainfalt with 30-
year return period.  In other words, the frequency of the recorded heaviest rainstorm in
1970 is approximately cquivalent to the return period of 30-ycar.
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6.2.1 General

For the purposc ol [lood control plan, it is necessary to estimate the magnitude of flood as
design value, which is indicated by flood peak discharge and hydrograph.  In gencral,
carrying capacity of river channel is designed on the basis of flood peak discharge.
Whercas design of Nood retention tacility for reduction of flood peak discharge requires

flood runell hydrograph in order Lo cxamine a relention capacity against runoff volume.

The analysis is therefore carricd out for cstimation of flood peak discharge as well as
flood hydrograph for cach objective river.  The magnilude of flood is cvaluated by
runoil calculation on the basis ol the design storm rainfall discussed in the sub-scction 6.1
above duc 10 the absence of runoff data in the Study Area.  In consideration of the scale
and hydrological charactcristics of the river basins, the rational formula as given below is
applicd for runoff calculation.

Q=136CIlA

where,

Q . peak discharge (m’[sec)

C 2 runeff rate

1 > rainfail intensity (mmfhour)
A

: catchment area (km’}

Flood runell hydrograph is oblained by the rational formula in combination with unit
hydrograph. [t is assumed that rainfall within a unit time causes runofl indicating
triangular hydrograph. This triangular hydrograph is considered as unit hydrograph .
The sum of unit hydrograph for rainfall in each unit time resulis in tlood runoil

hydrograph. The computation of tlood runofl hydrograph is explained as follows.



: Unit Time

: Aversge Rainfall Intensity within Unit Time ' t¢'
f : Runoff Rate

abc  : Runoffdue to Reinfall 'r'

]

Rainfall

6.2.2 Flood Rouling Modcl

In the food runofl analysis, lood routing model is constructed in order to evaluate the
magnitude of flood by location.  The river system is divided into a number of sub-basins
and stretches, taking the followings into consideration.

- hydrological characteristics (topography, riverbed gradient, and use, cic.)
- conlluence

- base points lor tlood control (locations of cxisting ar planncd structures)

The schematic diagrams of Tlood routing model for the objective rivers are shown in
Figures 6.2.1 to 6.2.5. Using the flood routing model, flood runofl is computed

successively from upstream to downstream.

For computation of runofl by the flood routing model, the tollowing data are preparced.
Details are deseribed in the succeeding sub-scction 6.2.3.

- ¢atchment arca

- overland tflow time
- channel tow time
- basin rainfall

- runoll ratc

- basc {low
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6.2.3 Model Preparation

(1) Calchment Area

Catchment arcas of sub-basins arc obtained from the available topographic maps with a
scale of 1:10,000 or 1:50,000. Other necessary information including topography,
length and gradient of river, and land use are also derived from these maps.

(2) Overland Flow Time

Overland flow time is a time of runofl traveling from the remotest point to the

downstrcam cnd of sub-basin and estimated by the tollowing cquation.

7, = 0.01947 1977 | §#%

where,

T, s overland flow time (minutes)
L T stream length (kmi)

\) > gradient of stream

{3 Channcl Flow Time

Channel flow time is a timce of runc(l traveling from the upstream end to the downstream
cnd of sub-basin and estimated by the following equation.

W=20(H/1L)%
T,= 1760 (LIW)

where,

14 s flowvelocity (mfsec)

H s height difference between upstream and dovwnstream ends (m)
L : channel leagih (m)

T, : channel flow time {minntes)
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(4) Basin Rainlall

The analysis of rainfall intensity and duration at Addis Ababa Obscrvatory arc discussed
in the sub-section 6.1 above. In addition, rainfall depth-area analysis is generally
required for evaluating basin rainfall for flood estimation.  However, storm rainfall data
is not sullicicntly available for cvaluating depth-arca relationship of rainfall in the Study
Area.

Cancerning with rainfall depth-arca analysis, a similar analysis was claborated on PMP
isohycts for Gerbi Dam.  The following cquation was established for the depth-arca
rclationship on the basis of storm rainfall at Addis Ababa Observatory,

(Rainfall Point-Area Ratio, %) = 111 - 3.85 x (Storin Radius, km)
Referring to the resullant of the PMP isohyctes analysis, a ratio of point rainfall at Addis

Ababa Obscrvatory to basin rainfall for cach objective river is estimated in the casc of the

design storm rainfall with 120 minutes duration.

River System Rainfall Point-Arca Ratio
Kebena 87 %
Bantyiketu + Kechene + Kurtume 91 %
Litlle Akaki 88 %
Woest Akaki 17 %
Hanku 95 %

{5) Runoff Rale

Runofl rates are given to the sub-basins in compliance with the present land use in the

Study Arca.  The following values are adopted in general.

Land Use Runoff Rate
densely build-up area 0.7
moderately build-up area 0.6
cultivated land / grassland 0.5
mountain 0.6
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(6) Base Flow

The average monthly runofl in August is 43.8 m/scc at Akaki pauging station, which is
cquivalent to 0.05 m¥/scc/km’. This specilic runoll is given to the sub-basins as base
flow during flood scason.

6.2.4 Estimation of Probable Flood Runoff

The probable tlood runoetl tor cach river in the Study Arca is estimated on the basis of the
conditions discussed above. For the purpose of flood control plan, probable flood
runofl is lirstly cstimated in casc of flood with the magnitude equivalent to the past
maximum tlood as lar as recorded.  Assuming that frequency of flood event corresponds
with that of rainstorm, probability of such a flood event is evaluated at once in 30 years.
The probable flood runofl is therefore estimated by runofl analysis using the design storm
rainfall with the return period of 30 years.  The estimated food peak discharges are
presented below.

River Catchment Area Flood Peak Discharge
(km?) (m/scc)
Kebena 89.1 578
Kechene 13.6 131
Kurtume 10.3 102
Bantyiketu 25.3 229
Little Akaki 30.8 212
West Akaki 1722 561
Hanku 1.1 108

The estimated flood peak discharges are compared with the maximum discharges
recorded or cstimaled in the neighboring river basins in the Study Arca, namely, the upper
Aish and the upper Blue Nile basins.  The comparison is made on the basis of specilic
discharge (fload peak discharge per km®).  Although the available records are limited, an
envelope curve of specitic discharge is oblained as scen in Figure 6.2.6. This envelope
curve suggests a regional characteristic ol lood peak discharge in relation to catchment

area.
The cstimated Nood peak discharges in the Study Area are seen above the envelope curve.

It means that the cstimated values are higher than those suggested by the available data.

These higher values in the Study Area may result rom the particular catchment
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characteristics in the Study Arca.  The rivers in the Study Arca have relatively small
catchment area (less than 200 km?®) and flow down the very steep mountains and the
urbanized areas.  Whereas the most of the available data were recorded [urther
downstrcam of the Study Area.  Their catchment arcas are relatively wide (100 to
10,000 km?) and dominated by moderately sloping topography.  Taking such difference

of catchment into account, the Hood peak discharges resulting from runoll analysis are
generally acceptable.

63  Design Discharge Distribugion

6.3.1 Basic Flood Discharge

(1) General

Basic Mood discharge is a fundamental design value for Noad control plan and determined
under the following assumptions.

- River basin is in futvre condition as ol the target year for flood control plan.

- Flood discharge can be contined in river channel.  Namely, carrying capacily of river is

sulliciently improved against the magnitude of flood runof( designated for flood control
plan.

- No tood retention facility exists in river basin.
2) Future Runoff Rate

Basic flood discharge in the Study Arca should be eslimated under luture river basin
conditions in the year 2020 which is the target year of flood control master plan.  Thus,
the runoft rate in the objective river basins should be evaluated on the basis of [uture land
usc in the year 2020.

Future land use in the Study Arca is proposed by Addis Ababa Master Plan and analyzed
by the study on the socio-cconomic ramework tor this ood control plan as discussed in
Chapter 7. In compliance with the future land vse, sigaificant change of runoll rate in

the Study Area is not expected until the year 2020 Irom the following viewpoints.
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- Futuee urban arca will mainly expand to the south. The expanding urban arca is

located lurther downstream of the objective rivers in the Study Area.

- Upstrcam basins of the objective rivers will be prescrved as forest area. Relorestation
aclivitics are also being procceded in these areas,

- Green arcas in the city will be preserved or improved,

The same runofl rate as present condition is therefore applicd for estimation ol basic
flood discharge.

(R} Distribution of Basic Flood Discharge

The basic flood discharge for cach civer is estimated on stretch or tributary basis in order
to know the dilferent magnitude ot flood discharge by location.  Distribution of streich

with basic llood discharge tor different retuen period is compiled in Table 6.3.1.
6.3.2 Ilood Control Alternatives
40 Provision ol Alicraatives

As discussed in Chapter 9, the basic concept al flood contral master plan is that flood
discharge should be regulated by temporary storage as much as possible in upstrecam
reaches and remaining discharge to downstream recaches should be discharged sately by
river channe! improvement.  This concept aims at minimizing negative social impact,
namcly resettlement by implementing river channel improvement with duc consideration
to the present condition that most of riverine arcas to be protected has already been built
up deascly.  The alternatives ol structural measures thercfore consist of limited extent of
river channel improvement in combination with fload retention taeilities including lood

control weir and regulating pond, and diversion lunncl.
On the basis of the basic concept, the following alternatives are prepared.
Kechene River

Alternative 1 { Flood Control Weir, Channel Improverent

Allernative 2 1 Flood Control Weir, 1 Regulating Pond and Channe! Improvenwent
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Kunume River

Alternative 1 2 Regulating Ponds and Channcl Improvement

Alternative 2 4 Regulating Ponds and Channel Improvement
Bantyiketu River

Alternative 1 River Chanael Tmprovement

Alternative 2 1 Regulating Pond and River Channel Improvement
Kebena River

Alternative 1 2 Flood Control Weirs and River Channel Improvement

Allernative 2 3 Flood Control Weirs and River Channel Improvement

Little Akaki River
Allernative 1 1 Regulating Pond, Diversion Tunnel and River Channel Improvement

Alternative 2 { Regolating Pond and River Channel Improvement

Provision of structural measures for the Hanku river is limited to the improvement of the
existing culverts in the upstream reaches.  The downstream reaches will be maintained

to be the natural retarding basin as in the present condition.

The West Akaki river indicates sufficient carrying capacity against tlood and intensive

land use is not found at present in the riverine areas.  Therelore, structural measurcs arc @
not provided and regulation of future land use is proposcd to maintain the present

condition along the river.

(2) Sclection of Optimum Besign Seale

Ta sclect an optimum design scale, the study is carried out comparing the alternative
design scales with different flood protection levels as discussed in Chapter 9. The
Bantyikctu system including the Kechene and the Kurtume is selected 1o conduct this

alternative study.  The alternative design scales are provided as follows.

River Flood Protection Level / Design Scale
(return period of probable Mood, years)
Case 1 Case 2 Case 3
Kechene (Tributary) 10 20 30
Kuntume {Fributary) 10 20 30
Bantyiketu {Main River Channel) 20 30 40
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For comparison of the cascs above, the study is conducted on the basis of the Aliernative
2 for cach river.  The distributions of design flood discharge for the respective casces are
shown in Figure 6.3.1 t0 6.3.3.

As a result of this study, the design scale is sclected against probable 30-year lood for the
main river channels and probable 20-ycar flood ftor tributarics.

(3) Comparison of Alternalives

Distribution of design flood discharge for each flood control alternative is claborated in
linc with assessment ol individual scales of flood control structures. A scale ol cach
structure is assessed on the basis of design Hoad discharge as well as topographic
configuration, minimizing rescttlement and siting/combination of structurcs for tlood
control cllectivencss.  The disteibution of design flood discharge for cach allernative is
shown in Figure 6.3.4 10 6.3.13.

After the comparisan of the alternatives, the tollowings are sclecied as the flood conirol

plan for the respective rivers.

Kechene River 1 Flood Control Weir, 1 Regulating Pond and Channel Improvement
Kurtume River 4 Regulating Ponds and Channe! Improvement

Bantyiketu River 1 Regulating Pond and River Channel Improvement

Kebena River 2 Flood Contrel Weirs and River Channe! improvement

Little Akaki River 1 Regulating Pond, Diversion Tunuel and River Channel Improvement

Finally, prioritization of the flood control plan is carricd out in order to tormulate the
master plan in the whole Study Area.  The result gives that the flood control plan for the
Bantyikctu system inchuding the Kechene and the Kurlume indicates the highest viability.

Delails of the studies above are described in Chapter 9.

6.3.3 Priority Project

The Nood control plan tor the Bantyikctu river system is evaluated with the highest
viability among the lood control master plan in the Study Arca.  The earliest

implementation of this plan is therefore proposed.  Whereas it is important that a scale

of investment for flood control project and its clfcetiveness should be carcfully assessed
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in order to prepare an appropriate implementation plan from financial viewpoints.  For
this purpose, the cvaluation study is carried out to seleet a priority project which needs to
be implemented in the carliest stage of the flood control plan for the Bantyikelu system.
In compliance with the primary cvaluation of the project components, the following
altcrnative casces are sclected for the cvaluation study.

_River Case | Casc 2 Case 3 Casc 4 Case S

Kurtume river

- regulating pond

- chaanel improvement
Kechene river

- weir

- regulating pond

- channel improvement

- O
O

Bantyiketu river
- iegulating poand

- channe! tmprovement

CC ©O0C 00
oo 000

O O O
O O

In the sclection of priorily project, the alternatives ol Case 2 to 5 are provided on the
condition that the flood contral project of the whole Bantyikctu river system (same as
Case 1) should be reatized finally by further implementation.  Therefore, these cascs
have dilterent flood protection levels before completion of the whole project which has
the tlood protection level against probable 20-ycar flood for the Kechene and the
Kurtume and 30-ycar for the Bantyikely, respectively.  As a result of distribution of

design tood discharge, the tlood protection levels for the alternative casces are evaluated
as follows.

Flood Pratection Level (Return Period of Design Flood for Bantyiketu River System, years)

River Case 1 Casc 2 Case 3 Casc 4 Case 5
Kurtume river 20 5 20 5 5
Kechene niver 20 20 5 15 20
_Bantyiketu river 30 20 15 20 10

Flood control benefits for cach case are cstimated wsing the flood protection levels
tabulated above. The sclection of priority project is carricd out on the basis of
cost/benelit analysis as well as the other evaluation items such as icchnical soundness,

social impact, initial environmental examination (IEE) and financial status.  Details are
discussed in Chapter 12.



6.4 F!oodmgAnalysis R
6.4.1 Present Carrying Capacity

Prcsent carrying capacity of the objective rivers is cvaluated by hydraulic analysis using
the results of the river cross scction survey conducted from May to July 1997, The
survey resulis are compited into Jongitudinal prolile, river width diagram and carrying

capacity diagram as secn in Figure 6.4.1 to 6.4.7. From these figures, the channel

characteristics of the rivers are summarized as follows.

River Average Slope Channel Width(m) Carrying Capacity
Minimum Average (m’fscc)
West Akaki 17100 15 40 400 - 800
Little Akaki 1/50 S 20 S0 - 300
Kebena 1/50 5 25 150 - 800
Kechene 1/30 8 15 50 - 250
Kurtume 1435 8 10 30- 150
Bantyiketn 1/120 10 20 30 - 300
Hanku /60 5 10 20 - 150

From the carrying capacity diagrams, major problemalic arcas duc to flooding are
identilicd.

in the Bantyikctu, the cross sections around the distance of 0.8 km, 2.3 km and 3.6 km
show quite low carrying capacity less than 50 n'/sec.  Almost 50% lengih of the

surveyed stretch has carrying capacity less than 150 m¥sec or probable S-year tlood.

The Kechene and the Kurtume show sufficient carrying capacity for probable 10-year

flood in general but the cross seetions with lower carrying capacity exist at a few
locations.

The streteh of the Little Akaki in the distance between 3 ki to 9 km has a several number
ol cross sections with low carrying capacity ranging from 40 to 100 ny'/sce, which is less
than probable 2-year Hood.

The middle reaches of the Kebena in the distance belween 4 to 7 km, shows the minimum

carrying capacily of 120 m¥sce.  The most of this stretch has carrying capacity less than
300 m¥see or prabable 7-year Nood.



‘The streteh of the Hanku in the distance between 1.5 km to 2.5 km indicates quite low
carrying capacity of 20 m'/scc or less.  This stretch is a part of the natural retarding
basin expanding over the lower reaches.  Low carrying capacity is also seen around the

distance ol 4 km where the small culvert exists.

‘The West Akaki indicates sufficicnt carrying capacity against 500 m*/see or probable 20-
year flood in the most of the surveyed reaches.

6.4.2 Y¥looding Arca

For the purposc to cvaluate potential flood damage, flooding arca due to probable Hlood
is cstimated in compliance with review of existing damage reports of 1978, 1994 and

1995 Hood cvents, inlerview survey for riverine people and hydraulic analysis.

Extent of estimated 1looding arcas generally corresponds with the river stretches with low
carrying capacily as described in the scction 6.4.1 above. The resulis of flooding
analysis arc compiled into the relationship between Itooding arca and the magaitude of
flood. The summary of flooding analysis is tabulated below.

Flooding Arca {(ha)

River Return Period (years)

5 10 20 30
Bantyiketn 36 43 56 66
Kebena 7 10 17 21
Little Akaki 16 21 30 36
Hanku 4 14 27 a0
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Table 6.1.1 Annual Maximum Rainfall at Addis Ababa OBS

Year 10 min. 60 mim. i-day
B 1951 327
1952 395
1953 50.6
1954 54.0
1955 425
1956 72.6
1957 59.8
1958 56.2
1959 43.2
1960 329
1961 8.1
1962 53.0
1963 56.2
1964 51.0
1965 58.6
1966 57.8
1967 39.0
1968 88.0
1969 19.0 325 51.0
1970 23.0 732 87.7
1971 11.6 39.1 42.1
1972 14.3 228 25,1
1973 14.3 8.8 47.1
1974 175 45.3 625
1975 13.2 20.6 28.9
1976 11.7 21.6 48.6
1977 14.0 44.3 59.4
1978 19.0 63.1 935
1979 12.0 23.0 50.6
1980 16.1 313 36.3
1981 10.0 238 58.0
1982 i 319 41.4
1983 10.4 24.8 50.1
1984 10.6 443 55.4
1985 10.3 26.8 432
1986 . 32.0 83.8
1987 19.5 48.2 56.8
1988 14.0 24.4 35.5
1989 233 34.9 49.2
1990 9.6 18.8 39.6
1991 13.3 20.3 47.3
1992 1.3 205 51.4
1993 0.7 38.8 53.5
# 1994 9.4 35.0 57.0
1995 18.2 58.0 85.3
1996 13.8 25.0 67.0
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Table 6.3.1 Basic Flood Discharge

(Unit ;: m3/sec)

River Localion Return Period (years)
2 5 10 20 30
Kechene Proposed Kechene Weir Site 45 65 75 85 a0
Ras Mekonen Bridge 70 90 105 115 130
Kurtume D. Yigezu Bridge 15 20 25 30 35
H. Giyorgis Bridge 50 70 85 as 100
Bantyiketu  Filwiha Bridge 115 155 185 210 225
Upstream Conf. Kebena 120 160 180 215 230
Little Akaki  Proposed Regulating Pond Site 30 40 50 55 60
Akaki Bridge 90 120 145 165 175
Mekanisa Bridge 95 130 155 180 195
Upstream Conf. West Akaki 110 145 170 195 215
West Akaki  Jema Road Bridge 280 380 450 510 550
Downstream Conf. Litlle Akaki 300 410 480 550 600
Kebena Proposed Kebena No.1 Weir Site 80 110 130 150 160
Proposed Abo No1. Weir Site 80 110 130 150 160
1. Aseged Bridge 180 270 310 360 390
Urae! Bridge 200 280 320 370 400
Bole Bridge 290 400 470 540 580
Hanku Bridge, Asmera Road 25 30 35 40 45
Bridge, Road to Bole Airport 50 65 75 S0 g5
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Figure 6.1.2 Frequency Analysis for 1-day Rainfall
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Figure 6.1.3 Frequency Analysis for 60-min. Rainfall
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Figure 6.1.4 Frequency Analysis for 10-min. Rainfall
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Figure 6.4.5 Longitudinal Profile of Kurtume River
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