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Abstract and keywords

ABSTRACT

This report draws attention to the opportunities for developing pump irrigation around
Lake Zwai, the northernmost of a chain of natural lakes lying within the southern

Rift Valley of Ethiopia. Following evaluation of the natural resources of the Lake Zwai
area, including detailed analysis of the catchment hydrology, attention is given to the
factors influencing the selection of viable cropping systems. Projected gross margins of
crops selected on the basis of promising market prospects and technical feasibility are
used as an aid in devising appropriate rotations. Proposals are advanced for a study to
assess the prospects for dehydrated vegetable production. A two-phased development
is proposed for selected areas covering a total of 5 500 ha based on irrigation by
electrically-driven pumps. The main constraints to irrigation development would
include alkaline soil, uneven topography and the current pattern of land holdings.

The engineering capital input would be modest, essentially comprising flood control

on the Meki Delta and lake leve! regulation by means of a sluice on the Bulbula River
outlet. Ancillary .infrastructure should include a controlling authority and organisations
for undertaking agricultural research and extension. Consideration is given to the
ecological and economic implications of development, and a social cost-benefit

analysis is carried out to determine whether society as a whole would benefit from the
proposed developments.

RESUME

Le present rapport attire |‘attention sur la possibilité de developper !'irrigation au

moyen de pompes aux alentours du lac Zwai, le lac le plus septentrional d‘une chaine

de lacs naturels situés dans la vallée meridionale du Rift en Ethiopie. A la suite de
I‘evaluation des ressources naturelles de I‘aire du lac Zwai, comprenant une analyse

de I'hydrologie du bassin versant, I'on s‘est penche sur les facteurs mfluengant la
selection de systémes de mise en culture viables. Des marges brutes projetees de

cultures choisies sur la base de perspectlves de vente prometteuses et de pratlcablllte
techmque sont utilisées pour aider a decider les assolements appropries. Des propositions
ont été formulées en vue d’une etude visant a estimer les perspectlves de productton de
legumes deshydratés. Une mise en valeur en deux phases est proposee pour des régions
ch0|5|es couvrant un total de 5.500 hectares, basee sur l'irrigation au moyen de pompes
actionnees par electromoteur. Parmi les principaux obstacles au developpement de
I'irrigation fngurera|ent les sols a alcalis, une topographie inégale et la distribution
actuelie des propnetes terriennes. L'apport de capital relatif au genie civil serait modeste,
comprenant essentiellement les ressources necessaires pour la lutte contre les inondations
dans le delta de Meki et pour le nivellement du lac au moyen d‘une ecluse sur la bouche
de la riviere Bulbula. L‘infrastructure auxiliaire devrait comprendre une autorite de
controle et des organisms pour |’ entreonse des recherches et de la vulgarisation

agncole Les implications écologiques et economiques de la mise en valeur sont prises en
consnderatlon et on a fait une analyse sociale cotit-et-benéfice pour determiner si la
société dans son ensemble bénéficierait de |‘exploitation proposee.

xiii
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Part 1

Introduction

PREFACE

This report presents the results of a pre-feasibility land and water resource investiga-
tion of the Lake Zwai area of Ethiopia, undertaken between December 1973 and May
1974 under British technical assistance by the Land Resources Division (LRD)
operating in close collaboration with the Ethiopian National Water Resources
Commission (NWRC). The investigation was aimed at ascertaining the prospects for
irrigation development on about 750 km2 around Lake Zwai and on 25 kmZ in the
Meki Valley, the potential of this area having been identified during a reconnaissance
study of the southern Rift Valley which has been reported separately (Makin et al.,
1975). The draft of this report was produced in March 1975 and was discussed
subsequently at a meeting of the project steering committee.

ACKNOWLEDGEMENTS

The LRD wishes to record its appreciation for the co-operation provided by the
Executive Organ of the National Water Resources Commission (NWRC} and to those
individual employees of the NWRC whose assistance was essential for the completion
of the project. In addition, invaluable assistance and advice was provided by the
project Steering Committee and by the following Ethiopian organisations: the'
Ministry of Agriculture; the Institute of Agricultural Research; the State Forest
Development Agency; the Awash Valley Authority; the Electric Light and Power
Authority; the Dairy Development Agency; the Livestock and Meat Board; the
University Institute of Pathobiology; the Survey and Mapping Department of the
Ministry of Land Reform and Administration; Awassa Research Farm; the Chilalo
Agricultural Development Unit; local officials of the Ministry of Land Reform; awraja
and woreda officials and local balabats. To all these organisations and the various
individuals who helped the project grateful thanks are extended. Thanks are also due
to the British Embassy in Addis Ababa, the Directorate of Overseas Survey team in
Ethiopia and the UK Institute of Hydrology for their support throughout the project.
Computer projections of electrical conductivity/sodium adsorption ratio combinations
at steady state in the lower root zone of certain Zwai soils were undertaken by the US
Salinity Laboratory (Riverside, California); this assistance has been especially
appreciated. The support provided by Rothamsted Experimental Station and by
Aberdeen University Soil Science Department, both in the UK, is also gratefully
acknowledged.

READERS GUIDE TO THE TEXT

The purpose of this guide is to indicate the content and significance of each part of
the report.



Part 1, Introduction, and explanatory material.
Part 2, Summary of recommendations.

Part 3, The Physical and Economic Setting. The physical, social and agricultural back-
ground information essential for a general understanding of the opportunities and
constraints which should guide future development strategy in the project area are set
out. The climate, soils, water resources, population and land use are described in out-
line; accompanying maps show the rainfall, land use, soils and irrigation suitability.

Part 4, Evaluation of Water Resources. The hydrological characteristics of the Lake Zwai
catchment are reviewed. This includes an assessment of seasonal discharge into the Meki
River and of the prospects for river regulation and storage in the Meki catchment. The
potential for abstraction is related to various lake levels under different conditions
pertaining in the Bulbula outlet channel. Varying flows in the Bulbulaare in turn
considered in relation to their effect on Lake Abiyata. While this analysis forms the basis
for the proposals advanced in Part 5, a study of Part 3 is not obligatory for the non-
technical reader.

Part 5, Evaluation of Agricultural Potential. The prospects for raising agricultural
production are described with particular reference to irrigation. Following detailed
appraisal of the main factors influencing the selection of cropping systems (climate,
soils, current standards of husbandry and land tenure), critical consideration is given
to each crop, its domestic and export market prospects, agronomic requirements and
likely profitability. Account is also taken of irrigation water consumption and the use
of hired labour.

Part 6, Proposals for lrrigation Development. Each of the potentially irrigable areas is
described in relation to the land use, topography, soils and irrigation suitability. Where

" appropriate, the form of irrigation is indicated including the distance of pumping,

irrigation structures, possible cropping patterns and land management. On the Meki
Delta, outline designs are presented both for flood control and for development of a
nucleus estate to support a vegetable processing plant. Emphasis is given to the need
for phasing of proposed developments to coincide with the availability of technical and
capital resources, and the acquisition of results from crop trials. Associated measures
for flood protection, the construction of lake level controlling sluices and the com-
pletion of associated dredging are described. Consideration is also given to the
alternative sources of power available for lifting irrigation water. Essential ancillary
infrastructure is proposed, including the establishment of a controlling authority and
the promotion of agricultural research, extension, credit and marketing.

Part 7, Ecological Implications of the Proposed Developments. The possible long-term
effects of irrigation and the associated changes in lake levels and river flows are con-
sidered with particular reference to the future state of fish stocks in Lake Zwai, the
possible spread of bilharzia, and conservation of the Lake Abiyata bird sanctuary.

Part 8, Economic Analysis of the Proposed Developments. The capital costs of all
major development proposals are evaluated. A projection of potential farm income
under irrigation is compared with farm incomes under rainfed conditions. Projected
net present values and internal rates of return, taken together with an indicative
social cost-benefit analysis, point to the potential viability of a two-phased irrigation
development extending to 5 500 ha.

Part 9, Possible Diversion of Lake Zwai Water into the Awash Valley. Several investiga-
tions into the development potential of the Awash Valley are briefly reviewed,
including preliminary proposals for diverting Lake Zwai water across the watershed
into Lake Galila. These diversion proposals are rejected on grounds of capital cost,
projections of future power requirements and general practicability.

Part 10. Conclusions, based on the foregoing analyses and Recommendations for
future action.

Part 11. References.
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PROJECT DESCRIPTION

In 1971 the Ethiopian Government requested British assistance for a comprehensive
resource study of the southern Rift Valley and detailed development planning in the
Bilate River basin. Although the British Government was not then prepared to support
a programme of this magnitude, the 1972 ODA Aid Mission to Ethiopia recommended
early implementation of a land use study in the southern Rift Valley to be undertaken
by the LRD. Agreement was eventually concluded for a reconnaissance of the area as
a whole, coupled with a commitment towards more detailed studies in a subsequent
phase.

The reconnaissance of the southern Rift Valley has already been reported {Makin

et al., 1975). In that report, several arguments were advanced against the proposed
development planning exercise in the Bilate River basin. Instead, several alternative
development options were identified, although, for budgetary and technical reasons,
few of these constituted appropriate subjects for study in the second phase. At a
meeting of the project Steering Committee on October 8, 1973, it was decided that
the second phase study should be of an area around Lake Zwai, with a view to
evaluating its potential for irrigation development. At subsequent meetings of the
Steering Committee the area of study and terms of reference were agreed. In particular,
because of the limited time available, it was agreed that the study should be confined
to pre-feasibility investigations of possible uses for the water within the Zwai catch-
ment. It was also proposed, and later agreed, that the area of study would include
certain potentially irrigable areas in the middle reaches of the Meki Valley; and that all
investigations should be conducted at a ‘semi-detailed’ level.

The overall objectives of the project were defined in the terms of reference (‘Outline
Proposals and Terms of Reference for Phase Two’) as follows:

1.  ‘To determine the quantity of water that can be made available in the Lake
Zwai area, while maintaining the requisite level of outflow in the Bulbula
River’

2. ‘To determine the net returns that might be obtained from using this water
in the vicinity of Lake Zwai and two of its related rivers, the Meki and the
Bulbula’

To fulfill these objectives, the NWRC agreed to provide goods and services estimated
at £26 500, while the British Government was to contribute £37 000. Actual expendi-
ture slightly exceeded this total allocation of £63 500.

The project timetable allowed 5 months for field survey (December 1973 — April
1974). In the event the survey was delayed somewhat, most field operations only
starting during January 1974; the topographic survey was so postponed that it could
not be completed. The unstable security situation also caused some delay.
Consequently, the field survey was not concluded until June 1974. A short visit by the
Project Manager in May 1975 enabled certain aspects of land tenure to be reviewed
following the land nationalisation proclamation of March 4, 1975.

The following professional staff were employed on the project:

Project Manager/Agriculturalist M J Makin

Civil Engineer/Hydrologist T J Kingham

Agricultural Economists A E Waddams
Tamene Teferra

Soil Scientist : C J Birchall

Agronomist B W Eavis

Hydrogeologist J V Goldhawk



Additional support was provided by P H Goll, University Institute of Pathobiology
{Micropathology), and by the following LRD headquarters staff: J F Laurence
(Irrigation Engineering) and R B King (Geomorphology). Certain of the hydrological
and meteorological characteristics of the project area were investigated in detail for the
project team by A | McKerchar and J R Douglas (Hydrologists) of the British Institute
of Hydrology.




_‘Part 2

Summary of recommendations

This report presents the findings of a pre-feasibility study of the land and surface water
resources around Lake Zwai in the southern Rift Valley. A more complete review of
the conclusions and recommendations based on this study is contained in Part 10.

A two-phased irrigation development is proposed for selected areas (see Text Map 8)
covering a total of 5 500 ha, the overall area suitable for irrigation being limited by

soil and topography rather than availability of water. It is recommended that irrigation
be based on electrically-driven pumps. Hence development should be preceded by
construction of a 132 kV transmission line from the Awash Valley {projected for 1978).
Other essential preliminaries include detailed cadastral, soil and topographic surveys to
define the irrigable areas with greater precision and prepare final designs for irrigation
layouts; reorganisation of holding boundaries to accord with the technical require-
ments of irrigation; and successful implementation of trials to confirm the viability of
the cropping patterns proposed.

Settlement will be an important element in both phases. Between 15 — 20 000 people
could benefit from the introduction of irrigation, over 10 000 of whom would be new
settlers, (i.e. some 2 250 families). The measure for rural land nationalisation promul-
gated in March 1975 is considered to favour this development, especially as regards
the increased flexibility in the tenure system and the potential for sharing pump
irrigation on a communal basis.

The first phase irrigation development covering 1 730 ha represents a relatively
straightforward extension of current irrigation practice. To expand the irrigated area
beyond this requires prior lake level regulation through construction of a controlling
sluice on the Bulbula River outlet, associated with the dredging and rock blasting
essential for ensuring the maintenance of flow downstream to Lake Abiyata. In
addition, irrigation on the Meki Delta {representing over half the area to be developed
in the second phase) will have to be preceded by flood control measures. Regulation
of the Meki River requires construction of a flood release channel and of flood
control dykes, together with the straightening and dredging of the Meki outlet channel.
Other proposals for the Meki Delta area, where it is envisaged that major development
will be based on pumping water inland from Lake Zwai along raised embankments,
include 10 ha of crop trials to be expanded subsequently into a pilot scheme.
Favourable agronomic trials could presage a feasibility study to assess the prospects
for dehydrated vegetable production.

The total capital expenditure is projected at $19 138 000 over 20 years (i.e.

(i.e. 83 480/ha). With a high internal rate of return on capital of 18-20% and a benefit -
cost ratio exceeding 1.2, it is concluded that the proposed developments are likely to
be viable, providing the assumptions upon which the projections are based remain
valid; certainly they compare favourably with alternative proposals for utilising Lake
Zwai water in the Awash Valley (ltalconsult, 1970).




A particular feature of these proposals is their relatively low cost of both capital and
technical requirements; this is essentially due to use of an existing reservoir of water
and the absence of any need for major controlling structures. The most crucial single
input, and one of the largest, will be an intensive farm and irrigation advisory service,
the expertise for which would be steadily acquired during the proposed 17-year
development period. Major benefits could also accrue from the intensification of
dryland farming on neighbouring non-irrigable areas, especially if associated with the
introduction of high-capacity grain silos to tide farmers over periods of subnormal
rainfall.




Part 3

Physical and economic setting

LOCATION AND COMMUNICATIONS

The project area {Text Map 1) is composed of two distinct geographic entities within
the southern Rift Valley of Ethiopia; the Lake Zwai area, and the middle valley of the
Meki River. The general environs and the relationship of Lake Zwai with lakes Abiyata
and Langano are shown on Plate 1, a composite airphoto mosaic compiled by DOS
from 1971-2 aerial photographs.

The Lake Zwai area

This is situated about 150 km south of Addis Ababa at the northern end of the
southern Rift Valley. The area of study comprises Lake Zwai and its immediate
surrounds, a total of some 750 kmZ of which almost three-quarters is lake surface.
Lake Zwai is the northernmost of a group of four lakes within the Galla Plain; it is also
the highest-lying (1 636 m), the most extensive (about 450 kmZ2) and the shallowest

{8 m maximum depth). The western and northern shorelines of Lake Zwai, including
the Meki Delta, lie within Shoa Province, whereas the southern and eastern lake-shores
are in Arussi {Chilalo). The provincial boundary continues south along the Bulbula
River dividing Shoa from Arussi to the east. A low ridge, 10-15 km north of Meki,
separates the Zwai catchment from that of the Awash River.

The area is traversed by the tarmac road south from Addis Ababa to Awassa, which
should, by 1976, extend the 1 200 km to Nairobi. Meki Town is 120 km from Addis
Ababa. Rough motorable tracks passing to the north and south of Lake Zwai connect
the project area with Asella, the provincial capital of Arussi. There are also two main
tracks west across Haikoch and Butajira awraja* from Meki and from Zwai but
neither is motorable after heavy rain. An improved road running the 48 km from Zwai
to Butajira is due to be completed early in 1976 at an estimated cost of $4.46 million.

Middle valley of the Meki River

Part of the middle valley of the Meki River, some 25 kmZ2 north-east of Inseno
(referred to hereafter as the ‘mid-Meki Valley’), forms a subsidiary study area. This
lies along the right {south) bank of the Meki River immediately upstream of its
confluence with the Weja. Several tracks connect this area with the road between
Inseno and Butajira.

Certain aspects of the study inevitably extended beyond the boundaries of the project
area to cover the Meki and Catar catchments and the hydrology of terminat Lake
Abiyata.

* An awraja is a unit of local government being a sub-division of the province; the awraja is itself divided into several
woredas.
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PLATE 1 Aerial view of the country around Lakes Zwai and Abiyata
Derived from D.0.S. Printlaydowns Nos. 08380, 0839C, 1972 and 0738A, 07388 1973,

Prepared by the Durestarate of Oversess Surveys 1976
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