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UIIIVI 	 K T 

1. 	The objective of the present study was defined in the 
Terms
 

of Reference as follows: "to assess the availability of
 
water from the Shebelle River in Somalia and the expected
 
levels of water use for the rehabilitation arid development
 

planned, with a view to analyze possibilitics of potential
 

disruptions, should there be a reduction 
in the current
 

streamflow reaching Somalia".
 

C. 	 The net irrigaule area along the Shebelle River in Somalia
 

is approximately 132 000 ha. About 12 000 ha 
are grown to
 
perennial crops; this latter figure includes about 6 000 ha
 
of sugarcane land which is at present not productive.
 

3. 	Water is the limiting facter as far as irrigation
 

development is concerned. Even 
when storage facilities 

would be availale at Oucunie, in addition to 3jwhar, the
 

possible seasonal cropping intcnsities for annual crops
 

would be limited, when relatea to the area of 120 000 ha 
available for annu,,l crops
 

- 'nen aboIt 300 ha -erenn i a c roos are grown: 35% (Gu 
season and 30% o r ) 

-when aoout 12 000 ha .f perennial crops are grown: 50% 

(Su) ana 65o ) 

Because irrigationi schemes are only feasible when the
 

seasonal intensity is about 75%, it may be necessary to
 

ultimately reduce the area.
 

4. 	 The emphasis of intensificat ion of water use for irrigation 

in Somalia should be on retabi itation. Rehabilitation
 

measures sihould fit in an ove:-al, regional water
 
allocaLIon plan. Such a plan Joes not exist; its
 

preparatior, is recommended. 
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J. IfI IiiLO Sive use or groundwater 
should be delayed until
 
surface water resources are 
better exploitec.
 

6. The autorities, responsible 
for exploitation of the
 
Shebelle waters will have tc decide, within the frame of a 
water allocation plan, on extension of perennial crops 
versus annual crops. 

7. The Malka Wakana Hydropower Project 
in Ethiopia has a
 
positive effect on supply
water to Somalia as a result of
 
its regulating effect 
on streamflow.
 

8. The reduction 
of water supply to Somalia due to irrigation
 
development in Ethiopia would De 
partly mitigated as a
 
result of large swamps upstream of the Somali-Ethipian
 

border.
 

9. The combined impact of 
the ;lalka Wakana Project and of
 
various levels 
of irrigation development in Ethiopia 
on
 
water 
supply to Somalia is summarized 
as follows (figures
 
indicate the average change in supply as 
percentage of
 
average present annual supply):
 

Malka Jakana a one +3%
 
Malka Wakana + 5 000 
ha +1% 
Malka Wakana + i5 000 ha -2% 
Malka Wakana + 25 000 ha 
 -6%
 

The negative figures 
are higher in absolute terms for high
 
flow and lower 
for lower flows (the latter are decisive for
 
the extent of irrigation).
 

It is concluded tiat there 
is no immediate Janger for
 
reduced water supply to Somalia. In the long run, however,
 
a bilateral agreement 
on exploitation of 
tne Shenelle
 
waters will be required.
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10. When losses to the swanips i n Ethiopia are reduced, the 

influence of irrigation development in Ethiopia on water 

supply to Somalia could be reduced accordingly. 

0923Y
 



TABLE OF CONTENTS 

1. 	 INTRODUCTION 

2. 	 WATER REQUIREMENTS AND WATER ALLOCATION ALONG THE
 
SHEBELLE RIVER IN SOM,ALIA
 

2.1 	Present Situation
 

2.2 	Develooment Potential
 

3. 	 IMPACT OF RIVFR REGULAT7ON AND IRRIGAT:ON i ETHIOPIA 

3.1 	 General 

3.2 	_nforMation about the Malka ,akana Reservoi: 

3.3 	Water Avalability for 7rrigation Downstream of Malka
 
Wakana
 

3.4 	Characteristics of the Shebelle River in Ethiopia
 

3.6 	Estimation of Losses due to Floods 

3.7 	Estimation of Losses 
under Low Flow Conditions
 

4. 	 ASSESSMENT OF THE INFLUENCE OF THE ,.L'KA.-',1AKANA PROJECT 
AND IRRIGATION AREAS ON THE DISCHARGE PATTERN OF THE 
SHEBELLE RIVER 

•5. REFERENCES 

0924Y
 



1•INTRODUCTION
 

In September 1986, the draft report of tne Genale 

Irrigation Rehabilitation Project H'e. 3) was completed. 

This study was crerared by TIMS, bv order of the Ministry 
of A gricult1re, Somalia. e st udv r:rned 1 ) 300D ha of 
irrigated or formerly irrla e land in the Lower Shebelle 
Reion . he area was iaentr I' earl r he e nalre-B1o 
Marorta Proj ect sOrdv (Ret3 ) - .. 

stud, t area as rcmme , d oe red' it aon og ether 
with a nu:r.Dr ': :thr areas in 'a , "e,<n o: i: total 

67 0 ha. rhe "-irat n<en-on d sttr: soncorn: t'.vo units: 
Sha ambood , 5 3')0 ha and F rax.aane , 5 ,}00ha (ross) The 
Word.h o rest : ac Ce f sudiesin to Io w- 

,or thne Fa=raxaane oraoect . 7-, the meanTime, other agencies 

inez ncalso have shown an-.i: art of the
rea'..ttr ::rs 'oSood -- mo: . 

- in cart op te ,,r;'oiev .rea (phase , 2 200 ha), 
rena iliat on wor;s ave star .edin 93; t roject is 

financed by the African Development 3ank 
- the Shalambood area will nrobably be rehabilitated as 

part of the recent -­tarted, USAID assistance program ffosr
 

improvement oF water use in the She,Lile Valley.
 

,At the same time rehabil'tation wolanned and/or
 

being i,1plemenced for orojects In other areas, for instance
 

the Afgoi--i~ordiinle Project, tie Balcad Project and the
 
Jowhar Sucar £stare ..- these many other
 

irrica::on71.ec
t scn.C-fr.o-.1f e su-' same source of
water, the yhb-:DIo'-= i=, wh 4ch­wa...te...eleRi.......nc, ne
,every ola-n, in which the
 

use of wa,_-is involved, must form an intearated part of 
an overall .ator aLacation plan fart allirrisation centres 
along thea-n,< riv1 r.e...:.;hen It is thus considered to implement 

the F'araxaane Dro-,ect in accordance with the proposals in 
the feasibility report, one of the questions to be raised
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is, if the total water requirement of the envisaged cropped
 

area is in agreement with -he allocated portion.
 

The issue or water ao caton _s no. nite to Somalia 

alone. The Shebel le dvef rises in the Ethiopian hiihlands 

and passes over hundreds .- i 10.Mt ersof . .everal th rouCh a 

partly fla area in this countr, befor .nteing Somalia. 

n: s c: .. ; now !n 

Ethioia bun it seems ta t here is a cooen': or 

devebocmen , D C are .on .Known is at this-ath: i3 (___s 

present tine non_ :o5os n,:)taIn re.... :o.... rmation) 

A bilateral ,,reenn on ,::'2i an i on fD2e Shee ibe 
waters w"""i u .::I L C:j:Di: L.. . 'iiS a ter 

-will ee Ins . o e_e , aL: - :1,n osize ;1 nor 

Soma:a n,,n::on, T irri:ainn - of the>2rve:nen.s DrIe 
-cornerston es aD: i::n : nn7 ': hoen _- -h , ....
 

unta n: ed ash sh a
 
nnecessi:.' . ! " ... " ," ': "*a-:sie': "on 

ava ia. b-,c c -: , .. C enat and, 

more cenei i ion -n t h cn wa.:e,r 

avai a b: in Som la w 

It is eknown that recen ty a h 'ropower pro-eciu has been 

com"Di-te(dl wakana, in the ucoer cotrse ofL the 
.Shebe 2n tha there aIree ns nor :-nrna-on 

'deyeiocne."-vownsCisI e c wou2:h am-I of eda:is on 

t he h.. . power rf ccas r, not 1nna bepr va: could 

adoted ,hirh are Suf: cIentnz': reali:ntc ,- estmate the 
impacn on .veta::supp Iv to Somalia, assu.nina an the same time 

V r:ous L:S sn-r -s :iLnon ml"Z: 'D 

Befor de.;e(In( on fart'her Jefinite steos to be taken with 

regard to Faraxoane, the World Bank wishes to have the 
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above questions (water allocation in Somalia; river
 

exploitation in Ethopia) deait with and charged Lahmeyer
 

with a study on these subjects.
 

This study is presne herewith. In chacter 2, the 

oroblems in connection with water allocation are 
discussed. atters in cunnection wi-h iriation and river 

regulation in 'thioia are det with in chapters 3 and 4. 

All comoutacions have been based on net irrigation
 

requirements given in Ref. 4 (see Table 1).
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Thale 1: flL ifrrigatioii 

C r _1 

13ananas 

Sujar Cane 

Ha ize Gu 


Ilaiz 
 lier 


Sesame Ier 

CiLLus 

COLLOn 

P(I I es Gu 

P' 1 es Der 


V :j Lab1u:s 

'luT.o1,l1 L o esC 

'Tlciii oL0e Lir 

LLi t r ( L. i Li ) C;u 

OLtl J. tS) ihDi 

li cu G1, 

Itici L! r 

Requirenmnts in rn 

F 1.1 A M| J A S 

168 

152 

,17 

166 

349 

187 

181 

121 

9 

118 

91 

37 

88 

98 

108 

96 

96 

103 

121 

119 

19 

151 

160 

9 

93 

74 

28 

95 97 38 

Li 

37 

53 

44 

77 

(earlier: 

45 

19 

' 

64 

10 

66 

15 

82 

118 

119 

51 

155 

121 

17 

133 62 

U 

12 

61 

76 

70 

63 

111 

110 

66 

52 

82 

87 

25 

107 

39 

21.1 109 162 149 65 

389 

0 


144 

84 

33 


125 


76 

1B 


131 


5 


72 

87 


28 


150 

1D 

108 

92 

110 


113 


102 

37 

133 


72 


59 

112 


82 


140 

Tot a I 

138 1606 

118 1435 

267 

150 349 

29) 

54 2-17 

70 653 

119 585 

149 

125 230 

9.1 104.1 

264 

77 366 

27.1 

158 714 

699 

66 7.15 
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2. 	 WATER REQUIREMENTS AND WATER ALLOCATION ALONG THE SHEBELLE 

RIVE" IN SOMALIA 

2.1 	 PRESENT SITUATION 

A simple comparison of water availability and land 
poten:ia! in the Shebni-e Valley (Figure 2.1) demonstrates 

that water is and will remain a scarce gocd: 

The 	 are7. of soils of iricatio sutblr la 2 is 

770 000 ha: zhe averaqe annual streamffo; a: Belet Weyn, 

where the F rst v)roner-c sza:on is situaed "nt1e 
Shebe! e r ive on the Somali side of he border amounts to 
an av erge 2 million -s d eo f 100 m 7ou, c Lfficient 

:or 1 h20 :C-_:. 22_r'.. sea, 	 >r :S0L .	 -a :oc-

gross ann. _ n4ue en-- o .:0 <,ha ( 
e_fcencv ) 	 he ideal si ua Zion at noc.ssumi: ad 


on-river losses wculd occur.
 

Even when groundwater resources were fully ex<ploited, water 
would remain scarce because most of the groundwater 

recharge st:ems :rC rhe r:ver 

The 	 present area rrth rrcaZ4on ,.cur n Somalia 
is liutle over 170 000 ha (see Table 2.1). 
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Tabel 2.1: irrigation 
areas 
along the Shebelle Rier
 

Gross Area with-Region 
 District 
 Irrication 

infrastructure
 

(ha 

Hiran 
 Beleten 

(!)
 

Bulo Burti 
 6
 
Jalaalacsi 900
 

L bt 0C"a 1 
 1 :430
 

Middle Shebelle 
 Jowha 26 490
 
Balcad 
 7 10
 

Subtotal 
 34 300)
 

Lower Shebel] Afo! 
 20 9913
 
" e r .<a - ... 

Qoroo1.ev 26 710
 
Kurtun ;'iaar'v 3 760
 
Brava 
 980 4 490
 
Sablaale 
 4 750
 

Subtotal 
 135 360
 

Total 

171 240
 

Source: Ref. 4
 

(1) not 
fullY covered by aerial photocraphs
 

It is estimated that 
the net irri tion ara ia about
132 000 ha, of which 12 
 000 a L ar 3nt-d :o renn'al 
crops and o000 h,: a a nu I 
 . he 1 ha000 include 
however about 6 000 ha of sugar c-,.- ]__nd at Jowhar which 
is actua!1'--, not co-dunc-odrc--D) 

http:Qoroo1.ev
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intensity is between 40 and 50%, hence, 48 000 ha to 60 000 
ha are seasonally used for annual cross, mostly maize and
 

sesame.
 

For a good understandi:_ of what is meant 'v "irrigation"
 
it shou! he noted that ma-Y villace--chmes can oYnl
 

receive wate_: in "flood"-periods, he e er ater is
 

high eriouch . hese per ods va r' e ..... sev..ral eeks and
 
2 to 3 months (aember - ma', ,). tc ce
 

and the area cfr17 rcated .a:nd as wel s crac yields var,
 
accordinc I. With e:oec: 
 o these so:emes it s noced 

that an increasic ace is mde a: p 

In schemes with conto Iled water spply eitner oumps or 
gravity-supply) the efficiency of water .se is very low and 
varies between anc]nd 21 in la:r7e scemes over 1 000 ha) 

and 14 and - n small chemes , -a 

In the Shebelle W1ater Strategy Study (Ref. 4), the
 
potential of irrigation has been elaborated for 
various
 

storage options.
 

The results of three situations are discussed here below.
 

The first situation concerns the- oresen situation, with
 
the jowhar 0 ffstream Storage Reservcr- as storace facility
(199 million m7 acti:e cror:'r vor ame e reservoir 

operation S dy nor his sItua ior as summersec as follows. 

It has been est mated :hat the folowin, cr-cs other than 
maize and sesame are actually irrigated:
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upstream of the Jowhar off-r- am reservoir: 

sugar cane 2 275 ha 
paddy (2 crops/year): 440 ha 
citrus 50 ha 

downstream of the Jowhar outlet
 

bananas 
 2 880 ha
 
citrus 
 760 ha
 

pulses and various
 

other croos 
 700 ha
 

Furthermore, water is required for domestic purposes,
 
livestock etc. The monthly water requiremencs for thIe
 
above irrigation and other purposes are given in Table 2.2.
 

:he rese:':oi. ,cera-_cn v een conduc,-sd : assess 
how many hectares cf annual crops can be grown in adction 
to the above, ?,ssin -na: wa:er remenr. aeau coveredare 


in 80% of the vea!r-s 

The annual crops are maize in the Gu-season and 1/3 maize ­
2/3 sesame in the Der-season. This is the pattern which is 
apocoxima teIv orac z4sed by farme rs with reou lar ater 

supply.
 

The results of the ooera Ion study are: 

upstream of
 
Jowhar outlet: 14 000 ha maize; 16 000 ha maize/sesame 

downstream of 
Jowhar ou,_.Iet: 24 000 ha maaize; 29 000 ha maize,/ssame 
total : 33 000 ha maize; 45 00O ha maize/sesame 

rnnC 
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Table 2.2: Water requiremenLt for irrigation of crops other than maize and sesame and for other purposes - present 
situation (million m3 ) 

Upstream 
Jowhlar outlet 

January 

7.80 

February 

7.64 

March 

9.20 

April 

7.02 

Wy 

5.71 

June 

6.58 

July 

6.35 

August 

6.73 

Septernber 

11.97 

October 

5.76 

Noveiber 

6.07 

December 

6.67 

Total 

87.33 

Dovtrfstream 
Jo%,har outlet ]2.31 12.18 13.60 8.51 9.18 7.89 7.89 8.82 11.02 10.31 8.42 12.40 121.87 

Other 
poses 

pur­
4.80 4.80 4.80 0.70 (0.!(] 0.70 0.80 0.30 0.70 0.50 0.50 4.70 24.30 

Total 24.91 24.62 27.60 16.23 15.39 15.17 14.94 16.35 23.69 16.57 14.99 23.77 233.50 

Source: Ref. 4 

assumed irrigation efficiency: 45% 
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The total water requirements for this situation are
 
summarized in Table 2.3.
 

The next situacion is as follows:
 

It is assumed that in addition to the Jowhar reservoir, the 
Dububle reservoir is available for storage. The active 
capacity is199 + 187 = 336 million 'n 

A future situation is assumed in which several areas 
for
 
specific croos, like the Jowhar Sucar Estate and 
the 3alcad
 
cotton scheme have been rehabilitated, such that then,
 
apart from maize and sesame, the following crops are grown:
 

Uostf-am of the jowhar outlet:
 

sugar cane: 5 600 ha 

citrus 50 ha 

Oadd v 

( c O.. , ar) : 00 ha 

Dcwnsz reaM of the jowhar outlet: 

bananas: 3 800 ha
 

citrus and other
 

fruit trees: 3 000 ha
 

cotton
 

(Der-season): 2 500 ha
 
vegetab.es
 

(year-round): 2 000 ha
 

tomatoes, Oaorika
 

etc.(CuDer): 1100 ha
 

pulses (Gu+Der)
 

and various other
 

roOps 3 000 ha
 

0906Y
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Table 2.3: Total present water requirements in the Shebeile Valley (million m3 

January February March April May ,J1ile July August September October Novemrber December Total 

Transfer 

Table 2.? 24.91 24.62 27.60 16.23 15.39 15.17 14.94 16.35 23.69 16.57 14.99 23.77 233.50 

Maize 31.24 '|.20 86.98 16.04 
 255.45
 

Maize/ 
sesame 15.62 12.02 61.70 104.72 85.99 280.04
 

Total 40.53 24.62 27.23 16.23 46.63 106.37 101.92 32.39 35.71 78.27 119.71 109.76 768.99
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The water requirements for these crops and for other
 

purposes (which have been adooted as constant) are given in
 

Table 2.4.
 

Under these conditions the following areas of maize and
 

maize/sesame can be grown:
 

upstrteam of
 

Jowhar outlet 11 000 ha maize; 12 000 ha maize/sesame
 

downstream of
 

Jowhar outlet 26 000 ha maize; 51 000 ha maize/sesame
 

total 37 000 ha maize 63 000 ha maize/sesame
 

Discussion:
 

The first scenario is now compared with the actual
 

situation. 7t was observed that between 48 000 ha and
 

-
avor b 11 bot 39 000 ha ; : ua a a Son and 

46 003 na in .: De: season, -oven .'n 3o,1" 0 

efficiency of 45% Ls assumed. This situation leads to the 
, ' conclusion tha add:tional storage room is recuo. . 

With additional storage room at Duduble and taking into
 

account r-oiii:aion of lr- 7:ts Jowhar Susar EstateSug 


and Baoadand rattan) n d ... ',
o!:.- ds ".1 3 ar 

Oerenna i :n .. . c-non:: :nd :-": .....- 20 si.tuation 

for nnuaI :rans wou:d i: moroe: -,out:U JO ha of 

maize could arown :n t e eu ond 70 330 ha ofbe season 


Maine,/sesame in the : season.
 

It has now furthirmore been investigated, as a thiL: 

scenario, how many az:i:'oana hectares of annual crops 

could be grown when Duc,;ubie is available in addition to 

Jowhar, but when no additional perennial crops are gro4n. 

t9o 5'
 



Table 2.4: WatL rJuirements for irrigatiui of crops other than maize and sesame and for other purposes ­
3 )
futEIIL situation (Ihilllfli i11

15.02 17.62 16.98 17.09 32.96 15.49 16.16 


January Fuliruary March April Fay June July August September October Noveuber DecemiLer Total 
Ups tirea 
Joar outt 19.04 18.64 24.40 19.20 

36.93 229.53
 

D'L re-;m
 
Jo,..Ar out]:t 34.31 25.91 
 28.18 15.64 20.73 21.38 17.29 19.53 24.84 22.29 
 22.89 32.00 285.0(
 

OtLh:r par--


Foses 
 4.80 0.70 _o.1-0 0.70 0.80 0.80 0.70 (.50 0.50 4.70 24.30
 

Total 58.15 -19.35 57.38 35.54 3b.21 39.70 35.07 37.42 58.50 38.28 
 39.55 53.63 538.83
 

Source: Ref. 4
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in this case, about 
57 000 ha of maize could be grown in
 
the Cu season and 
76 000 ha of maize/sesame in the Der
 
season.
 

It is concluded that, whatever option is selected with
 
regard to eoxtension-of perennial crops, the 
tilled area of
 
annual crops will be limited when compared with the total 
available area (115 000 - 120 000 ha). 

When thus the total available area would be used, cropoing
intensities would have to be io between 35% and 50% 

in the Gu-season and between 60' anc 5 n the er-season. 
The variou s aS.hch ,iCeezrn.-e rcei 

prepa red4 on o
ri Ior c :Ehave ,iennstra ed zhar the 
seasona 1 iensit Ies Sho ee<een 70 and 20% 
to ma-e a oroecu conoTic<.i v eai. 

This means that probably the total 
oresent irrigation area
 
cannot 2sed 

In or er to 'ive an imoression of the macnitude of the 
requ-ea eduction, the following 

be u21> future. 

comoutations have been 
preformed:
 

- a summary has been made of 
the irrigation requirements of 
all those projects which are presenrly rehabilitated, 
which ,rerhe 2 :.nninn stao'ea o- >5 which it can 
reaConab : as ,umed That
e rh;lia0 

-e
a on 4i :o4e in
 

0n9nar t:,tr
 

090GY
 



- computations of irrigation potenrial, expressed as the
 
area of maize (Gu-season) and maize/sesame (Der-season)
 
assuming:
 

case 1.1: 	 Jowhar Reservoir Ln operation; no extension
 

off perennial crops
 
case 1.2: 
 Jowhar Reservo r in operation; extension of
 

perennial crops: 

bananas to 3300 ha
 

sugarcane to 5600 ha
 

ffruitrree6 

case 

case 

2.1. 

2.2: 

Jowhar a, 

no extrns 

Jo.har ar.J 

e.tens ron 

case . 

A summar.' of : , rets 

to 3000 ha
 

Duduble Reservoirs -n operation; 

on of cerennzal crocs 

Dudible Reservoirs in ooeration; 

erena: I crops as in 

. 7 s.	 ofSenr11r -

Table 2.5. -he Jiversion ir iasion recuiremencs are
 
summarize2 in obl_ _ .6.
 

The results of the commutations for cases I. to 2.2 are 
presented in abI e 2 7. The computations are based on the 
dischar-e of the Shebel le which i exceeded in 30% of the 

year. 	 - zarthat the :di Ia iri area-aI arres 
from 47>30 n case . z 92433 'n .e . . 

S a 'Su 1,m r-v ocoeZri frs Ls;yen Ina baIe 2. . 
Froo 9 h :r it can be concluded:. t "'nen a seasonal 
C-oco "-ctV 7e0 
 v o' t.:iD 7 
"ossrr, r Dl7a 

i I: -,I his fmaximum,. 
s ubs a .... v owthe ideni ze 

ater ,trat.g' Study 2 ha'0000 

perennial crops).
 

.a9Q6Y 

ra 

cnuDoan
rroslc0
 
11rre rS st_ IL 

-rea in :,e Sl-ebe I Ie 

for annual crops, I200 ha 



'137
 

-. I14 .9) . 

.........
 



Table 2.6: Diversion irriyation requirement of projucts (approximately 45% efficiency assumed)
 

-in million m 


jan. feb. mar. npr. may 
 jun. jul. 
 aug. sept. oct. nov. den.
 

Br,;
eyn l14
 

Jo-,hAz~c Sugar EState 
 7.68 7.53 9.13 4.9 
 4.60 4.96 4.84 
 6.02 8.09 4.24 
 4.64 5.96 71
 
(2275 ha)
Bu I cad ShUne 

4.21 2.12 
 3.20 2.96 1.29 
 7.90 3.32 2.82 
 1.22 28
iorjjinle 
 3.33 1.88 1.97 
 1.41 2.33 4.24 4.21 
 1.21 2.38 4.59 5.26 
 3.48 37
SK; . LooL 7.51 1.87 2.00 1.43 
 2.07 4.15 7.50 6.45 3.05 4.12 6.66 
 11.83 59
GW,e 
 2.68 0.70 0.82 u.47 
 1.83 2.06 
 2.18 1.2-! 2.30 3.86 3.84
Giapapruit Project 4.50 2/
0.41 0.42 
 0.43 o.16 
 0.16 0.20 
 0.21 0.35 0.37 0.23 
 0.21 0.32
Facrxoane 3

6.02 0.15 
 0 u 
 0.73 3.20 6.64 
 5.24 1.37 
 2.51 5.67 10.74 42
Kurtun Waarey 
 1.25 2.88 2.75 0.51 0.40 2.03
1.00 


2.72 1.44
Sa,]anle 1.02 14 
0.81 2.33 2.33 
 0.41 0.32 1.64 
 2.20 1.17 
 12
 

307
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Table 2.7: Irrigation potential in addition to defined projects
 

seasonal ropped areas (i) irrigable arear
 
(=75% of irrigable areas)
 

- ha- - ha ­

case 1.1 with Jowhar,
 

no extension per crops (2) 54000 72000
 

case 1.2 with Jowhar,
 
extension per crops (3) 35500 47300
 

case 2.1 with jowhar/Dudub­

le, no extension ner 
crops (2) 69300 92400
 

case 2.2 wi 7ownj.-,h Dudub­
le, extension oer croos (2) 50200 66900
 

(1) Gu-season: maise: Der-season: 1/3 maize/2/3 sesame
 

(2) banana: 2880 ha (total)
 

sugar cane: 2275 -5
 

fruit trees: 500 ha (t:otal)
 
(3) banaa: 30 "a
 

silgar 7..n e: :600 ha 

fruit trees: 3000 ha 

1504J
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Table 2.8: Total crorpped areas fnr different cases (hectares) 

Case 1.1 Case 2.2 Case 2.1 Case . 

suqar cane 2275 5600 _275 5600 

banana 2880 3800 2380 3800 
Fruit 500 3000 500 3000 
annual crors 65560 47060 80860 61760 

Gu-season 

annual crops 638970 50470 34270 65170 

De - seas c n 

Total area 3u 71215 59460 86515 74160 

Der 74625 62870 89925 77570 

L504J
 



As a consequence, the responsible authorities will have to
 
set up rules, in which the delivery of water to each region
 
and district. is laid down.
 

Examples of a water allocacior. plan are presented in
 
figures 2.2 A to D for the hecefore mentioned four cases. 

In these r:urts, watr r-cu iemen ts vo :en 1 ven ror 
the additi anal ico.aa I rear. wwhich have seen tentatively 
subdivid-ed for t 2 vat iouit s in n rponrtion to the 
actual area o: :,,a* .on land (in to -al 120 000 ha); only 
for the --iran dis:,c:, me sa me area has been adopted for 
all alter natives (-o_- 2.9). 

3alcad
in the Jowhar anJ districts, these areas include 

small viage e, also byschmac but areas served 
government:-managed larger canals as well as scare farms. 

he same ..C .;si district nd to The area 

village schemes Ls more moranr. 

The area beGween Genaale baraqe and Fal-keerow barrage
 
belongs r:o thne "k:naaiEulo irertarea, of which the
 

Faraxaane Project constitutes one part.
 

Finally, a ccmrolete water balance is oresented in 

Figure 2..' f-or ro.-Se2.) 

it is conilided that oarallel to the oronramme :or 
rehabi. : ' on of e :,,ist4n ir7ationI scneme:, -nere is an 
ure t n-.. f: s est ablishiient f, a a a llIcatin 
pian in t .;a as di:scuss z OL)oveo , ,n ,:11 1: , 7on[ 

others, be based on detailed infor -iti.on is particularly 

lcba h '::comor -n oas I/ ,class LO',zo ,;a wo>s: a; eone een a..s on>y o'Li areas. 
An important issue with regard to wate: allocation will be 

t e '... . and nran,: .l cr:)rs. 



Table 2.9: Tentative subivision of irrigated l:. 
in addition Lo projects 

;,ti Jowharth wi th Jowiar with Jowhar/Duduble 
nu extension of extensiu1 of no extension of 

Perenials Yerennial s perennials 

- 75% sea,nal cropping intensity-


Hiran District 1200 1200 1200 
(upstream Duduble) 
JoCvar awea 15600 10100 20000 
BAWA area 5000 3200 6400 
Afgai area (1) 12000 7800 15500 
G 1i:,leare= (1) 25500 16700 32800 

cyoaley1 area 9200 6000 11900 
KhurLMItllaarey/ 3500 2300 4600 

Sahlaole 

72000 
 47300 
 92400 


(1) plus 2000 resp. 5400 ha banana and fruittrees iK the Afgoi-Genaale areas
 

with Jowhar/Duduble
 

extension of
 

perennials
 

1200
 

14500
 

4600
 

11200
 

23600
 

8500
 

3300
 

66900
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3.. OF PV-ER .PCTREGULATION AND TRRIGATION :N ETHIOPIA 

3.1 GESIP-,RL 

It is at present not possible to obtain up-to-date data
 
about the development activities in the Shebelle Valley in 

Ethiopia. 

However, im is known that with Russin assistnce, a dam 
has Leen concleted recentlv at MALKA '7rt 

_. ...... 6 2 I"e ,i Zf-,-, 

are not .ia -t I- 1 t a. n fr Ae 

have conducted coer suudva clannin in which the
 
possibility f ;am aIt U"- ..
 .;A'.asalso -nveszated 
(Ref. 5) • IA_Dminar on Limun Ies ,:n was oe)arfed and in 

nt s s assured mat moe seece dam and 

reservoir characf eristic do no: detate,_ - much thoseoI 
proposed in 1982. 

As far as irication is concerned, it seems tham there are 
plans o-r a ocotect of about 5000 'ha owncmram of the dam 

further downstr-;am. for ehe -- e n s. -:n w :" -e ' . muIiam a .-- :b -Dr T..: ; S. 

limit of 5 000 ha of irriated lar(d has been aCoted . The 
upper has.imitb.eenrb . . .. i a2 :5 000 ha, 
assuming that it would tle at least 15 to 20 vears to 
develop such an area, a period in which it should be 
otsble to conclude a bilateral areeent on exloitration 

of the Shece-ei' Rive!.. 
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,
.- INFORMATION ABOUT THE ,.AT1 ,.,NA 

The Malka Wakarna rroject is? _ocata on the eastern edge of 

the Ethiopian :igh~an , , 3.:) .a-_ I 200 .n 

upstream of the oauji ng_ _D,, 3- Wen Somalia. ItsBeIet Ln 

catchment area is K. The longq300 term average flow 
was initia -Ie tl I estimated 

3/ 
Q = 27,5 m3 s. 

The project concept, as ieterninated nv EDF-2CnOM (Ref. 5) 
comprises a 410 7 high dam imsediareiy umszream of the first 

Malka Wakina Falls with a gross snorace volume of 
j
765 mi11:on sotive Sracem The t volume is aout 

500 million m. 

The ratio of active storage to the average annual inflow 

volume is 0,58.
 

Evaporatiron in the catchnrient area of Malka Wakana dam is 
about 1 600 mm cer annum. The average crecipitation is
 
)0(1 ,m
 

The -se_-vaoir su5face is 2ccMaxim 2 

3
An average annual loss of volume of VEV P - d0 x 106m


is expected that corresponds to an average discharge of
 

1,3 m3/s.
 

The.r n an:he Oasis o[ 

monnni' vaoues n b I'' .h. s ure .. For 

mhe avai-,a .l, ,at: a *i",eaChat - - near>' 12% 

of the I I :nassec :s n ' t-_zt3d flaw r ..aV 
Or e a.oora.aes. -he o ? or of aagi- a3d :ranti., no 

Lum or anf ow .s i u s '3%. 
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Table 3.1: Shebelle River, 
Mlalka Wakana, 

BlS a 

I Year I 
I J 

Month I 
IVacana 

40! Evapo.
ration 

'Ilie 
difference 

$,orage 5pi11s
volule 

.ak0utfICI 

~~ CA I 'f(10'6);';- (01.) 1(10^6)a'6(10,)j 3 *W6 
---------------------- ------------------------- --------- ---­

1 1967 1 
I 

Ian 
Feb I 4,-0 11,1; j _3 ; 4 55.40 

500.00 
444.60 0103 

IApr 1 6,40 16.59 676 ~ 4~04 N. 00 

! 
I I 

a 1ep8-,Iz.0 
Jul 1' ;5.00 ~ 

1.57 
0470.17 

'07 -.. 
j.118 

-0. 09 27 6 
20043,;5 0.00N 

". yl3.­
.' . I A11 1 1 .70 210.79 0 ' ' 1 " 7 '.43 000 " " 

" Mar 1 4.40;.48:.0! Sr 2 1.0 1470 
I Oct 1 68.40. 11210 , 

67'M 
01 ' 

.:7 
13 

-U 3 W .42 ? 
10.5 

;51.7iA)7. ? 
5000.0 

.. .00 
07.45 

--------jn ---I 

* 1 nv r . O006 
I ISe~I8.77 

" r . .1 . .Jan 
...4' " rI Feb 1 15. 0 ---7-­7.'i7.-9 

4 6, 
229~ 70.17 
11-. 70.' 
9.70 6 3 ..J - -3-3 

..l 7 

" 

C.0 

*0 

: : '-: l 

"00 0 
43j 
.0 

0: .00 ..... 

40 .1 . 
00 
0.'1 

r "I I I 
.t.I 

.6.50 

.72.0 
177,55 6.91 

70o" 
.:7 

:.4 
1 " 44/ 

4?.00 
000 

I Jiln 1 403 .aa ~ ~000 J.79 

I 
-

1 4tH A JJ"i!J 

I Sep 1 a.0, 
I u .2.14 

' 0 1 

1[15..1.413 
7 

I00.' 
70. 17 

! 
150"4 

.20.00 

L 

I 

I .v I 19.64 
DeIO r 5.09 . 

11?.Jan 1 9.,0 
I Feb 1 17.70 

3I ar -I 40.50 
1 Apr 1 9.0 

aiA I ::20 
1 Jun I ?.3743?79 
1 Jul 1 

24.99 
13 
34 

.4.2 

103.48 
41,77 
59.713 

H32015.71 

U. l .37 
70.17 2,* 
70,11 . 
6332t 

2.4 
57.1 ;.27 
73,171;.3:1.321' 

.7 ~ 
70.17 3.413 

'1 

SI3.4400 
.07 

-27.71 
:5124.30 2 44 
'2.1 

4 24S 
.02o35.C2 

000 

0.00 
Mo230 
0.00 
.N31 
.10 

0.00 

. . F "I ;a I 

1 Aug 

A't~ 
21.0 

1 3,0 
re50.^o 
1 14.00 

50 

239.13l 
1~~i 
37.50 

r 70. 7 

70.17 
67-'.c 
10,1 

- 3 " : 

. 
~. 

.0'16 
17iI. 

Z.3 
24 .1{, S :"' 

422 
00 

% 4 . 

030 

J.3.00 
12 
03 

: : 

1 1 Nar 7.32.1 To471 .:2 4IO ". 0. 
*~~~~) . 

i7I 
a 
un 1 

.7 23 
172. '0 

7 
:2,?7 ) 

D~ 
J.23 

I Jill 1 2,^,0 73.87 70.17 24 4 6 . 00 
£ I Aq [Iai 4,i0'b., .-1901 :36.3 i;;:;i 70.1 7'.70.17 24 '7G:53 ~ 1 0.'0" 0. ......6320 '!; : 

I Out 1 23.70 92.110 70.17 3.413 50.0111.7'17 
*I Noe I 1 7,0.22 ,. 17.91 . 37 ' 05 4!1.71 000 

I~ e 12H: 701354 17 50000 

1971 1 a . 
Feb 1 
Wla 1 

5 
4.05 
4.55 

12.25 
9.0 

.12,19 

70.17, 
63.231 
70,17 

3.4 
;.14 
:."a 

Af.2 

4716.00 

3:4-1 
'6377.17 

0 
0.00 
3.00 

A~1 12703.44 s47.91 2.:: ' 4 * 1016 . 0.00 

1 Ju572 i4.0 24 0 541. 031.. 3.0 

.1 Oct 5.0 ~ 7,7 . 30 
ov 1,400 

1 1971 o'a 
Feb I 

12.40 
i3.27 

' 

01..4 3 
1 

.0..0o )94 

4I 11 Se.20o 11.27 32.34aS ~ 4J 
. I Ma: 1814.0 !0,621 ;0.17 ., o0 P 

.11 fu 
InI 
I 

J,7. 
.41 

114M 
'0w 

~ :0.1 q 
70.17.2.4,q 

419.~00 
2J.z~ 0 

* I Sep 4-2.,) 111-10 !7l~ 30 

Oct 1 
30Yn 1 

I I 

1".43i 
7.7701 
46 C 12.75 

70.7 
67.)l 
70.1o, 

it4 

III , . 

.5!.0 
:47 
296.56 

00 
j.00 
0.00 

sass I1---------------------------------------.--b . -- --­7 

sums 
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.heoiwfow/outzl(Jw given in Table 3.1 can beresults 

summarized as 
follows:
 

- Because of the 
losses of evaporation the average

dischar:ie is reduced by about 1.3 
mn/s to 26.2 m Is, 

- Nearly 7% of the inflow leaves 
the storage through the
 
spillwav. 

- As a result of the use theof storace for hydraulic po-wer

generation the outflow from the reservoir 
is relatively

Constant, also from November r: January and in June when 
natural low i s low (4 to 10 m/3.
 

- The reservoir hos flood
a mitication effect which is 
ilustrated in Figure 2.1.
 

3.3 WATER AVAILAB:JITY FOR IRRIGATION DO,'NST.EBAM OF ALKA WAKANA 

*'.S,'au" .:aa - r efor- - :. o a --;r3a a ] ',vcal, l 

about size, locarion and deveiocment scnede or irr4ga:ion 
.. on aner.....s 
 Shel river "in ithion'i-. 

Therefore, the 
imoact of irrication on 
water availabilit,
 
in Somalia has been estimated for adopted rotal 
areas
 
varving in sie from 5 000 ha to 35 000 ha. Furthermo:e it 
is assumed that annual crops are grown,of which the ater 

_ -' . . ...: ... .S , 
 "S.3SS },
 
maze,-e ,: , is i a u
r e s ;d fn ".:_,o: ,-3 " o
A 

)n .atarLio; 
.
 

reau-a..men:.s, 'er ha and for -e 
.. 

adoor-d areas, are
 
summarised in able 3
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--------------------------------------------------- 

---------- ------ ------------------------------------------------ 

------ 

--- ------------------------

1 

Table 3.2: Gross 
 rrigatior, requirements 
for adoceed
 
areas
 

-

-


I1 lay Jun Jul AuIQ ^L Oc -I- - - - -YIov Dec I rotal1 liefh I2.2 2,400 2299 422 I 
5933 1 

M aize (!1/3)
sesa.e (2/2 ,ha 1 


7IrrI;4L;n 
 "T~ ......................
 
5, 1,71 ---------------­

l 
7
 

SCD v .30~00E - 37 9.
4 

2Aj 
4.17 I r 149 3 ---- -

I 1200 .S 
 7.,7
I .50 I .17 
I 

.7 
 '2
 

~~~00CJ~~)
~ 5~1. ..- . .. '1 " 6 1 ' 6.
20000 ha . r; .'I] 1aI
I .s 2 ;:, ' 734'00,"a 3.7; 2. 2 
I 
 .-­ .57 ,3.;­40000 ha I 20 7 " 7 - 41 154
45000 h, 
 , 1,.0.5, 4.40401.i 50000hh 15. .' 

3 4 .Q ''7 
r.,63 .7 3 '7
55000 ha 
 I 16.7. 3:3 
 ' .1.7 
 .
60OO ha ..
I l2w .
 1u 
 .. 
 1 22.; 

------ - - / ' ­------------------. '*' .;c: 0 Cl'Jo--------- ----- --.r--- .. . 

From -Table_ 3.2 itCan be cOncl'IdeC(" wne n :ed_:CaarC~e 

energy geeration, it: is p osib I to0rr iqa,e a 
 .ou
wil -- tken . ,bca4/
2 s000 ha lef for- he conclud red ..
-',
the -.fc,5 Lm "
 

dishare f te Seblie river ilil hfeloI to determine 
the a cnorto dcar ec-ic-i on 2tie a the oaugie of 

wevn -,.ISoq *ca .eet 
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3-°.7 

3.4 CHARACTERISTTCS OF THE SHEBELmZ RrVER -P 

'igure 3.2 shows tIhe drainage area of the Shebele river. 
The principal hydrometri stations in Ethiopia and Somalia 
are shown and the area with hihest run-off is marked. 

The total drainage area of the Shebe i about 
300 000 km-, of which moe tan two -hBELET ;~:., (211Ii.7L....km;n ) . The main,i share 

-
cf 
are 

L rUn-
'Ostream of,E' 000 ru- " 

comes from the area nort, ,of :' w;" a- ce nf about 
92 000 km-. The cachment a rea of %.7L '- WAKA',jr Dam with
about 5 300 kmin covers 1y a1Dout 6% of t'hi a,-ea. 

In the upper course, belowa the . fa the 
Shebelle _lows in "c-!er e to eo v ,c i.no down 
the fir-t five i-ocmet er s ( ' wm '' 
gradient cLadu a I'1 efreas e h . . Q el stre:ches 
down to 30 km10 o e. nor ... of a ngn orom I, 
after th e - ' (D -e :-I v ast 

F rom hyO-r, _ o , c in vw h lower va'lev can 
be divided into ive larce zones: 

- from the exit from the gorges down to CuQno, nearly 60 kmdownstream of 7'1i: the slope ;s 
centle and 
the banks are 
relativ .1, ow. :- he-hbell 
e mea :hr u 
 a-.. 
depor -ind overflows 0ur ra ,- lood : iod 

frm =no -of- 1o me ',, ,af ,f-Ilaf o, the 
Shebell, be( _srCised ro zen-_h of 3 :o 9 - and no 
onaer Dv .s t-' rel-aciivelv s:acie.
 

- from ,e r Iearly 90 on :3m ,;am The rive -ban ks are 
lower again and The gradient ot :lope becreass (0,20
m/kin). n this reach, the banks of the Shee!le are 
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aPprox.<hh 55 metes Durinq floods t Shebelle 
inundates t ad - acent areas -* This basin. n -his 
reach, uncontrol =ooding i or- ct ed by the oc-al 

tarmers, sniU.a s i t :3n "',~e srm1 areas n Somalia, 
but the t e nnowns 

- in the -folowino tiver reach, down -o Bur:ur, he 
Shebelle course is confined between limestone hills and 
flows once again 4n 
a well def ined channel.
 

- Downstreaj: of Bur:kur, the banks are aga in very low and 
the river over, ows u !os.
 

In figure 3.2 the flood areas are indicated. 7n these 
areas, ezasoratior losses are imoorzant, but it seems that 
i.nfi tracin losses are little (Ref. 1). 

3 .5 CHARACT:... ='Cc OF DISCHARGE 

nr.D . .. ....-. .. e 3i,an hih _amds. The 
..-- .' ' . -

informa 
 n is ven about ,iacharres 
 Characeristic data
 
ei n.. e.,be "I .rnformation for the Ethiopiangauging stations exists onlY; far a f-ew yea rs six yasga .~ ~DnSes ~ t~ onr ~ .. , S x years at 

max imu for the station hAKANANAFIA 


.r .. , , - since 
09 sez? o ­

1P Li efac 

:(-c -"e."XC n re 1 : z- n ., 
,9 n m
 .. .. c -- ~*'' l -- i'' : .,; ha ,:. , 4: r, . > on - act_ --O 

dispae 1-son lin "h ar- a. nnual discharqe are 
(in million im: 

J f m a m sj o n d
 
22 16 17 
 107 174 67 77 220 5 7 11, 45 

-.2 Q 2) 



- -

l 

Table 3 .3 conor-r :s-:-5e- mro Iat Lnforma t:n.i r oC h 
gauging stat-ons e e .n n n sasu I nt 
column r ba e d 0 
to the station at 3e1.r N-e'n. 

Table 3.3: Mean annual i scharge of gauging stations on 
the Shehe!e river 

Station :Catchinent Lccation DischargeI
i a re_a T 

- - - - - - - r
 

Malka Wakana I 5 '0 i: 27-5 1 
Hamero-Hedad i 4 1 I:-: i01 
Imi I 1 00 57;.u i3 
G de i 12700 10: T700
Kelarfo I i39100 1'94 '41" 
Burkur I 144000 70 -36 T 
Belet Ueyn i 211000 0 70.5 i 

Table 3.3 shows the development of discharce along 
the 
river which is also demonstrated in .igu- 3.3. t is 
intereszin4 to remember that acout 27% o: tse n
 

e , from he small ca::, m n t: area at AL:-:A 

HA!ERC- I 

__ __ __ __I 
100 ___ L2 D 

tl,," -:- ____]OD 
 , .
d~~ ~ ~~~ 7 0 -7 - - - - - -11 ­

.-
 -- __ __-- _ _ -- -___
5 n 

30 

n LKA AKA NJA4 

S SO0 400 .00 ( 5,i,00
 

Figure 3.3: Development of discharge at Shebelle river
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Table, 3. k Gauging stations at the Shebeiieriver, mean ' 
monthly discharge (in m se 

~IYtr I Mont o dolio IC filaI 
C CI~ I acaa 

Lilt 
0I4d~ 

I HA'erCo~I 
~ 4d I 

I 604G 
I 

ode I alo 
'I 

I lurkur 
I 

0-ifler.1 
0 en 

0'i01'i 
urti~ I 

I----- I­ --- ----.................... .......... . .. ... '. , 

* ' . . . . . 

::":~ 

.. 

- ~~ ' 

Cr 

I 
C 

"I 

I 

- : 

~06.1 an: IlO.I O 

f Feb34i O( 01ma 11 1.231 A.40 1 

C 1 II 'lll81C' a'O~.o1.0Mal1r .4'sI oSA I0
0 Jut'-141"10.10 C 50r 

L .ugC i0.4 Cl""100 
't 1se 24.60 1 120 

C SOct 34C .I21.Co 63'.C400-I 0.0 '8.0Ouv C 61:. '3.09 

C ~ ( 19.101 30061 

' C''1 

C" 

100 

' 
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Down to the gauqing station HAMIERO-HEDAD .hc acharge 
increases noticeably. 2etween ?iM- :iEDAD and CODE th 
total iscnai-de constant Th , lo . nslC'o-t;st:,s th 
ficod area:s are obviously compens-ted by a r nlows.e.d 

The highest losse, occur 
 b,,, oodna ower ion:-ne ... 
between KELAFO and 3ELZTE WE~Y2 

The mont - a .... e a 3ns
 
W nA a r.-.L ,T Y a e s o 
 Te 
travel .i.me a n he aucuan sto i.rn.3t arca raka 

Code is mlv 3 te t t11'e bemWeen - jD and 
3 ELT WE: s asoum 2da. h tMel e mlst be tiken 
into account whien =cmrar-,nqc- 'mcnhy v rc 

'igu..e 3.1 slws z: _ the hing osses always apcear 
simultaneouslv thint.acoun whef' ih dichar . A low.-l . I wcomarn73FOODSy ,m~cs 
condition, the dischare at 
GODE -nd EELET WEYN is nearly 

the same. 

ei:;een odes:Uw BU tand hef :S oracric*a no IIfcw 
ra..... s i:t (150 o 300 -,m) andL mos of the water 
carried by s ibutaries does not reach the river but spreads


Str.:rover rhthe -:Icfo nC do-I m -e ~is rnal vast alluvial plai or ininfluced in this0 closed endhoreic basins.
rec) ad most of :tne wate 

Between delafo and ,ustahil the stream-ic: of the Shebelie 

larre flood l estbars 
 x:eariver
nove 7ech b4sea 
20 :m dowin Srr e mf .i~ _ a n fl0e0~-

throuhou --ste yearan ornor r
7n1ed eoe bain
 

These flood plas ave a diuble ...effct e t.: 

- They control runoff by a reduction off flood peaks as 
shown in Feigure 3.5.
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- They withdraw ,an important amount of the inflow, The 
water colle.t in the flood plains 'artl' sup, lies rhe 
ground ,-tr table, a greatEort on "V;acorates and 
anothe- car - -lows Lack to the river when the river level 
decreases.
 

The balance of losses for 
three successive years 
is given
 
below: 

Tabel 
3.6: Losses between GODE and 
BURKUR
 

Years 
 Run-off 
at code Run-off at Burkur 
 Losses between
 

Gode and Burkur
63633
10m 3 16
m/s 10 6 m m/s 10 3 Ss

1969-1970 3 116 
 98.8 2 627 
 83.3 489 
 15.5
 
1970-1971 3 753 
 119 2 883 91.4 870 27.6 
1971-1972 
2 807 89.0 2 195 
 69.6 612 
 19.4
 

-fao-'- ,zowsS 7he amount ,- zotal annual losses. Based on
 
these examplarv,data the discharge losses of the S ebelle in the 
Ethiooian swamps are 
est-imated ar 16 to 23%.
 

It is noted that the volume of losses does not 
only depend
 
on the volume of inflow into 
the flood plains, but also to
 
the f in4 1h1se 1 uage ans L;n heseason. r a L h A!V-- :seasy' ­ uantle~- : at-,: :w'o, The law-flow 
eod<]L short, small .u- irtun ofe a..n 

f~o ~ ~-uae- arl o - an wnenan ... The low-flow
uod Zer d aW.on.er.
 

To demonstrate 
the relation between 
to, toseCS and the peak
discharges alone the 
influence of the different long
 
]astinc ,r~v oriods has 
to be excluded. This s ossibe 
when only rhe flood waves in the second half-year are 

1862Y
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cons dered: the Plains ar F11ed by the sr: floo ,. wave; 

between the first flor: wave and the second, -:,ere '3 

normally only one sincle month wi' h low'i__ , nirn 

The von- ": :ca : e ,a(:in 
HAME=:D-hED..D : ' UR1YUR have been comoare,- ':or this 

o_, ose. Char a YA"r:k(-F:EAD_harc, was 
au,b o, ro r"nce -l23a,abou: 230 Wn/s, in: 1970 around 3003 a </.. The_ banc 

off ot events :s shown in Table 3 .7 and ?.6ure 3 and 3.7. 

Tabel 3.7: Volume losses between HAMERO-EDAD and BURKUR 

HAMEO- HE DA D BURI tUR 

1969 Volume of 

(Jul-Nov) flood wave [10 6m3 ] 1536 1327 

Difference [106 m3 259 

Diff. in % 16 19.5 

1970 Volume of
 

'ju!- ov 1ood wave la6M3 1 2 1743 

D_:: in % 18 22 

The results of the comoarison of the flood waves of 1969 and
 

1970 lead to the conclKirn that with a growing peak discharge 

the loss percentage also increases.
 

Figures 2.D and 0.7 :how the eeton effect of the large flood 

is arae I :3 rus:ated in irures 3.6 and 3.7 
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3.7 ESTIv.'\IO'rN OF LOSSES UlDER LOW-? M CONDITS 

Between MALKA WAKANA and HAMERO-HEDAD the low discharge
increases owing to the nlow; of permanent tributaries. 
Between iiAMS-HEDAD and 1KUR the di s ch a g er decreases exceptin the reach be t;;een £iA -HE DAD and 
The 

1Mi (see Figure 3.3 A).increas, of discharge n the latter reach is due to supply 
from ground water. 

Between MI an CODE, the low discharge decreases verydistinctly. This is due to evapcration losses and particularly 
to infiltration in 
the channel bed.
 

The decrease of low water discharge between GODE and BURKUR ismuch less. This is due to slow rest:ution of water stored inthe flood pains whch partl' compensates for evapoL-aton lossesand infi~tration in the channel. Between BUp1tUR and BELET WEY:Nthe low di schaLC:O shows the same characteristics as in the reach 
between GODE and BUPKUR. 
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Figure 3.8: Evolution of minimum flow between HE and
BELET 'HEYN 

Contrary to :he values o( .. e m in um f!,w , * es 
3,-d~, : ows h 

.e a o owest 
_~~. 

fwer 
, 

osses (SIgure 2.e 3). 

The percentage off ao :orq :low conditions in relationthe total losses to
is rather low (about 3%). 
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D4. 	 ASSESSMENIT OF THE INFLUENCE OF THE ALKA WAKA,IA P7OJECT 

IRRIGATO3N AREAS ON THE DSCHARGE PATTERN' OF THE SHEBELLE RIfVER 

With "Ie a On The discharge oattern .)F the Shebe~l 

in The upperdiscussed in cnapter 3.5,5the influence of changes 


course can be transferred to the lower course.
 

- Storage and nvro-power utilisation 

The storage reservoir dan Leads to additional evaporation 

losses estimated at 1.2 m'/s. This reduction of discharge 

(less Than 2", of tne averaqe discharge at Belet Weyn) has no 

on the lower course.
noticeable influence 


The 	 regulated discharge :tom The reservoir results in an 

increase or lo' d"scha-ges wh4 1 st ,eak floods are reduced. 

of the averageThe ,eaVAc,-- dLchA WA27% 

T"he m 'nxium,Ionthl/ discharges In thisdischarge : 7M 

en imum discharges a:olace are even ' l 'e. ari 4 5of 

* ,r. . ,_ 3 a,, o i r c s es 

,ce -3c-, h eLn S om ia I , hogver orThe 	i ennlu
-Z '1nI, c~ o"] r 	 o u ... 
mino r imoo rtLs7nC' ,cao::u:2e IJ-OGS ::'a u:" :2'2 . . :e 

and 	 3.7,'natural reuen::ona: the flood plains (see Figures 3.6 

- Impact of irrigation and swamps on discharge 

To assess rhe avaiabI waCOer supplv f th- Shebelle river :n 

Sqoma-Iia ... inlernen,-ationi...te • -... off)f'<irrioation works in Etniooia, 

co-D aafeDn aC ea :n:*.aiI c eTe tffa : o _ orO iS w has 

r eg a r-"ed. 

-
7n 2. ,as st :natr: ,uction ) aeaJ scha r es 

owe- -an::: Lt : Losses :n zhe swanos . t wasresults Ln 

shown exemolary that a reduction of the peak flow from 500 to 

280 'ns nea 3nnucii.t:~ -- I j -I - UC l I'D s:uc: lase 

from 339 ,0 25? s (33%) 

086 2Y 



A relation betweQn.ischarqez at the gauing staions CODE and 

BELET WEY.' has been esnabis-he: on th. basis of monthly values 

(Figure 4.1). or shorter erriod of time a sign icant 

relation could not e fcund. 

The relation on the basis of monthly values seems to be
 

sufficient for this approximate assessment.
 

Q smaller than 113 m3/S : , 

m3/s : QW NON 
QG greater than 113 

The relevant data for the calculation arc given in Table 4.1. 

The initial data are the monthly diacharoes (m'/s) at the 

4). Co l.:n 6 shows the dischargegauging sa:.ton CODE (Column 


values at gauging station ,. co:.:: ,:-rin: the changes at MAL .
 

WAE lA . The discHr.ec , .... ,1E 0 o n -::, WE. is 

c...n.e a n .. ;;:AKANA bydetermii~ed without and ws- the 

lations givenapplying the values of coal'ns - and 6 in the 

of 6 and 8 giveThe diff-arnces of cclmns - and -s .well as 

the quantities of loss, e:.:zresseO ino ,,s so umns ? and 10 

respectively). The difference between columns 9 and 10 shows 

the change in monthly losses which result from the new 

conditions at MALKA . .AKANA.The sn-nu l ts in Table 4.1 are 

covputd with an average ,ischarqe from the reservoir of: 

26 .. .. a. nont ,• i.,:ac .1cm c .;ni.h annual.. on dw i:: he 

average -s ?.6 n< ' )00 ,a rA::- .... o , .eeTable 

3, En -4 c " he averige ri2CtOL it osses S5 ; "S. 

Figure 4.2 :resents the chronoloic co.r.sse of the discharge:: 

at the qauging stations CO)DE and ,A:K AR£ANA .and te results 7: 

the loss reduction (Column 11, Table 4.1) 
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--------------------------------------------------------------------------

Table 4.1 : R1tion betw.een mean monthly discharge at 3E 

•qEYN and GODE, reduction of losses (2.0o0 ha) 

I Mearonth ALA ELET Bwf() 8v(o-'4) ; 	 "",)ODE &NE9-	 lif
 
I I AAKANA 1E I AL.(V 	 3, w ) 

I i r........................... a /s . .........................................
7 .? 
SI 	 3 "-773 -:-7 

I Oc 1 6:3.40 3511.00 244.90 2E6.00 210. O '79. 4 :J1.2 7. .. .44 
1 INov I 4 .OC 1.00 i63 .00' 11.75 165. 6 .4 ' 6 -5. *,9.0 17.44 
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I Mai I !6.40 125.00 1 1.90 12 1.3 !07.22 103.41 1.72 02 -3.95 
1 Jun 1 5.63 0 21.92 17.0 4.72O. 	26.20 20.145 5.05 0..3
 
I Jul 21.70 E.I 2.40 30.73 46.91 25.21 7.59 5.52 2.17 
I Aug 39.03 2!4.00 119.10 5.+6 200.5 7.43 3.14 5.93 4.46 
1 ^ep 2i' 0 22 .. 0 .210 ,1. 7 :L;. 7 "o. :7.5 22. 4 

I NOV' '.3. 0 U32.2! 'i 2 53...:J "... . 39+.2]; .O 	 54 
". . _ .A 	 3,4.0 2A..'5 	 h Q -. 

!971 1 !-n .6 1.10 2.25 3 : 7 .. V7 N : -L.'6 
1 Feb 5 W 7 . 1J.22 .2 2.E ".2 !A4 -2.1 

. a V 4 . v :.11 7.ar - 2.:) . . L.1:0 
Apr . 0.1..,39 777.3' 2 !. 

,,,a i ( .. 2 . ,:' D: . .I a i ' " . 0 ' ' ' P 6, . "2" " " 1. '" . . ' 0.' 3' .o. 63 - .... 55 

I Jun 2.. 7..20 49AU &.A3 A).0 :3.2 ?n0 7.2 L.2 
I Jul 1 57. 0 ..... 0 ,5.40 71 . 0 :.5. 02.2 17.9 .21 .... 
I Aug 1 ,0.0O 92. 0 0.40 24.6-. 13. 9 105.14 4:3.11 9 0.20 
S 	 ep :.20 :71. 9 .0 1 ...._ . .29 73.7 25.33 12.75A.. ;" 22 
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It should be underiined 
that,the calculations shown above 
are
approximations based 
on data of 
a few Years only. 
This becomes
apparent when comparing 
.he calculated dischares at

stt the gauging 

r (column 7) wiath The me'4 red ones (column 5):sing values show largersome 
diiscrepanci . However, theaverage values are very close to each other. ,he Ui-.creoancies are levelled off because e decisive comparison is between

columns 7 and 8, of wh4 ch the values have been estab-1, .hed with 
the same magnitude of accuac,,. 

The above compu tat ions have be niigation -%n EL-.1io Lotfact situations: noirigaon"' Ji01tic i; 5 30 . r-iated. 1.5000 ha irgatedand 25 000 ha Arrigat'ed. The 1e:sults are sum MarCized in Table 
4.2 and graphically presented Figure 4.3. 

Table 4.2: 
 Balance of 
discharge at 
the gauging station BELET
 
WEYLN
 

2rriation area Storaae losses ?,e ':J 
 on e',e7-n 
 ,C,, 

at Malka Waka-


c- 10s ­
of losses charge at 
 sces (1-2) in 

na and ircoa- n swamps ET
 
tion demand 
 (Table 4.1, 
the uninflu­

column 7) menn dis­
charge at
 

BEIET WEYM(ha) (m3/s) (m3/s) 
 (m3/S)

f!) (2) (2) .
 

0 (withoqt 
storage) 
 0 
 0 
 87.3 
 0
 

0 (;qish sto­

rage) 
 1. .7 
 39.7 
 + (surpius)
 

5000 
 3.2 

88.2
4.1 +1 (surplus)
15000 
 7.2 
 5.2 
 85.3 
 -2
25000 
 10.9 
 5.3 
 81.7 
 -6
 



IBeIet -eyn: increase//educto 
average! of annual discharcje 

ainual 

di s i :lige 

million 3 0/0 

1494 + 3 -

+1 
1450 0 

1421 -2 

1363 - 6 

0-

0 0 

I_____ _ -

5 10 15 

I 

20 

I 

25 

Irrigated area 

in Ethi[)ipa 
1000 ha 

FIG.: Ll,3 IMPACT O fIALKA WAKANA STOAGI- tlSERVOIR ANDOk AVEroVI ISCHARGE TO SWHAl I-­ ~~~~~~__. .. 
OF IRRIGATION 

iAL fAi EiI f l l It 



The figures shown in the last col'umn, are annual averaces. Based
hereupon it may be concluded that even when 15 000 ha are
 
irrigatied EnthiDca, 
 he fuence_ on disch a L to Somalia is 
hardly noticeable. 

The above lcultions were mace assuming :rriqarion of maize
 
(Gu-season) 
 and 1/2 maize/i/3 sesa e (Der-season). To
de mo n s t r ate th'ne e fff c,,ihhen peen n a craps are grown, 

comparbe a,: - . n vaing area 
of - fl-. v ,: , n ( "ton 
req ui rnts nnIim , ., 

1 >nhave been made 
for the t / redh Tile 
r e sul i._- . er:e cuct ion 
in a re w.r s, o:ba 
 mo ,' orocortional
 
which L2 cro:abLy Cut to an increase of evaporattion losses in
 
storae reervoi r
 

As it t3a indicatd . st reamf lowbefore, regulation at MaLka
Idakana ias a c os tive ,f ect on the s treamfIow tc Somalia (3% 

. cha r - ~ . fa n2 m 

e:xtent, it makes li ttle difference whether water sused n
 

The above mentioned statement about 
the influence of irrigation
 
in Ethiopia on discharge to Somalia is rather generalized as the 
figures on losses in Table 42 are aveages of annual values.
 
As t e ov -whi1 .c art ) th"_,e wa to ooSola i 210 ised
 

, e ;1-c1.:.n 7-or I :-n'c 20 i-t i.n -eason
 
.J~~ 
 - " seen :cn :r two
 

Oeriodls: fromr to
"aruary augusta m' orm sectmbe-c o -uary" 
There _ _ o n -d to investicate snorter because o reodsthe 

e act of the xstin, Jowhar O£'f-trean Storae
 
.eservo i :.
 

The 
results of this analysis, using figures Of Table 
 .3,are
 
given In Table 4.3. They are also graphically presented in 
figure 4.5.
 



1. a :L t .n at Be et 4 h a 
;,i2a 
 - Des"tn
and 25 000 ha irrigated land in
 

Season Total stre-nfiow 
 reduction in % 
at 3e <- of unreduced flow
 

1963 
 ec - au6 2feb
 
1968 sep
o32­
1969 reb- au, 
 ls6 


!1
 
1969 seo 
- jan 6 


-

1970 
;eb 
- aug 1792 
1970 sep- an 1025 6 
1971 fe - aug 1365 


1i
 
197! s p - jan 92 
 3
 

Although 
"he data are 
not enough 
to establish 
a relationship of
sufficient significance between 
 t~reamflow and 
losses, Cheydemonstratethat :. ..shee 
 reanflow, the nore the lossesin the swamps are, as esC , 
 h ,C,... 'c .....
 fn 

r r i able area 0s[ase 
* n•;ears ""h< o 0- of the-s. :n
2]' : .c:: in 
 Jraa- - " j 
 a.
 

reguI.at ion), it can bea u-J ee oea r: oo, conclusion is onthe safe side: 
 Erf 4atin in - o i a 
ve :.:tended 
to between
15 000 ha and 25 000 ha before a n-o-cefabIe efffQ- (say 5reduction) on streamflow to Somalia is reached. 

n -s rescect- .:s 2.nresing to note that in 3 out of the 4Ilear2,,men-in. in Tnle 4.1, 
the annual streamflow at 
Belet
 
9eyn was more than average: 

aver age: 71m /s
 
.968: 3
3Im
 S
 
1969: 74m 3/s
 
1970: 35m3 /s 
. 7 1...:6. 0m3/ s3 
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Apart frcm the auove conclusion it should be observe that the
streamffw to Soma a may be left un]ouched, O even .;npvoved 

when irrigation develoonent in Ethiopia would be accompanied bV 
fur.ther streamfiow regulation measures upstream of the swamps, 
to reduce The losses in this area. 
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Figure 4.5: 
Seasonal flew reduction as percentage of total
 
uninfluenced stream flow Feletat Wevn with 'I a!,-a 
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