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Mr. Stephen Christmas 
Officer-in-Charge 
Horn of Africa 
Department of State 
Agency for International Development 
Washington, D. C. 20523 

Dear Mr. Christmas: 

In accordance with your request of October 4, 1963, we have 
prepared an advance reconnaissance report for the Finchaa Project 
in the Blue Nile River Basin in Ethiopia. It will be noted that 
the report also contains information on the Aarti-Neshe Project 
in the same river basin. 

During the early stages of the Blue Nile investigation program,
 
the Finchaa and the Amarti-Neshe were considered as one project
 
with the water supply for the project lands coming from the 
Finchaa River. Project data, particularly geology and land 
classification, were prepared on the basis of a single project. 
Later it was found that the water supply from the Fincbaa River 
was not adequate to irrigate all of the project lands and that 
the Amarti and Neshe Rivers offered good possibilities for the 
development of hydroelectric power. The plan was then separated 
into the two projects. 

Since the ultimate development of the Finchaa River Basin will 
include both projects and since the data are interrelated, it 
appeared advisable to report on both projects. The projects will
 
also be covered in the forthcoming Blue Nile Report.
 

The reconnaissance investigation and evaluation of the Finchaa 
Eroject at this stage indicate its economic feasibility. However, 
further detailed surveys and analysis are necessary before a 
final determination of feasibility can be made. 

For the purpose of the economic evaluation of the irrigation 
project, we have used farms averaging about 17 hectares (40 acres) 
in size. This is consistent with our understanding that the 
objectives of the Imperial Ethiopian Government are to improve 
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the national economy and raise the standard of living of the
 
Ethiopian people. The 17-hectare farm would support these 
improvements, while smaller farms would tend to perpetuate the 
present subsistence operation. 

"During the past few years, the IEG has developed-several projects 
-- Wonji sugar, Koka powerplant, Zula dam, Tendaho, and others 
-- somewhat independently, with only limited, if any, coordination. 
For initial development, this is not serious. However, as the 
development is accelerated and the demands upon Ethiopian
 
resources increase, this lack of coordination could have serious
 
effects. Therefore, it is recommended that the IEG give con
sideration to the establishment of a central agency to administer
 
and coordinate the long-range development program.
 

From an engineering standpoint, the Finchaa Project appears to
 
be feasible.
 

The economic success of the Finchaa Project is dependent upon
 
the Ethiopian people, who must plan and direct the development,
 
and upon those who will operate the facilities and the farms. If
 
they accept this responsibility with a sincere desire for success
 
and if they apply their talents with vigor and enthusiasmit can
 
be a successful venture. The resources are there. It is up to
 
the Ethiopian people to develop and use them wisely.
 

Sincerely yours,
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TRANSLITERATION 

Certain inconsistencies in the spelling of nams may be 
noted on maps and drawings and in the text. Because of the diffi
culty in transliterating Arabic, Amharic, Galla, and Italian into 
exact English equivalents, som variation of spellings and even in 
nams occurs in the basic maps and drawings. It will be noted, 
however, that the phonetic pronmciation of nams is similar regard
less of spelling, except in the rare situation where an entirely dif
ferent English name is used because of long established convention. 
An example of the latter is the nam for the principal river, Blue 
Nile, which in Amharic is known as Abbay (Abbai). 
often referred to as Addis Abeba. Other examples 

Addis Ababa is 
are as follows: 

Lekkemt 
Acachi 
Jima 
Langano 
Shashanmane 
Shewa 

Nekemti 
Akaki 
Jimma, Gima 
Langana 
Shashamana 
Shoa 

In western and northwestern Ethiopia, local usage of Arabic 
words for streams and mountains is usually retained. For example, 
"Jebel" denotes mountain and "Khorn identifies a watercourse. In 
addition, the English naew or abbreviation somtims precedes the 
Arabic term, as with "Mt. Jebel Kir." 

Local usage somtimes requires different nass along dif
ferent lengths of the sam river. For example, the Guder River is 
known as Tacur, Bello, and Guder. 

Wherever possible, a consistent spelling has been used for 
identical places in this report. 
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ABBREVIATIONS, CONVERSION FACTORS, 
AND ETHIOPIAN IlONETARY AND CAIENDAR EQUIVALENTS 

Abbreviations: 
EELPA = Ethiopian Electric Light and Power Authority
IMa Imperial Ethiopian Governmnt 

Conversion Factors: Metric-English Systems 
1 meter (m.) = 39.37 inches = 3.2808 feet 
1 kilometer (km.) e 0.6214 mile = 3,280.8 feet 
1 square meter (sq. m.) = 1.196 square yards = 10.764 square feet 
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1 heetoliter = 0.1 cubic mter = 2.838 bushels; 26.417 gallons
1 square kilometer (sq. km.) = 0.3861 square mile = 100 hectares = 247.1 acres 
1 cubic mter (cu. m. or m3) = 1,000 liters = 1.308 cubic yards = 35.31 cubic feet 
1 cubic meter = 0.000,810,7 acre-foot 
1 acre-foot = 1,233 cubic meters 
1 kilogram (kg.) = 2.204 pounds 
1 kilogram per hectare (ig/ha) = 0.8926 pound per acre 
1 metric ton = 2,204 pounds = weight of 1 cubic meter of water 
1 kilogram per square centiater (kg./sq. cm.) - 14.22 pounds per square inch = 

32.3 feet of water
 
1 Cubic meter per second (m3/s.) 35.31 cubic feet per second (a. f. a.)
 
1 English horsepower = 550 foot-pounds per second
 
1 metric horsepower = 75 kilogram-mters per second
 
1 atrie horsepower = 0.9863 English horsepower = 735.45 watts
 
1 cubic meter of water per second under 1 ater head = 9.81 kilowatts
 

at 100 percent efficiency
 
1 million cubic aters of water under 1 meter head = 2,730 kilowatt-hours
 

at 100 percent efficiency
 

Temperature Conversion: 

Centigrade: C. = (F' - 32) Fahrenheit: F. = C' + 329 5 

Ethiopian-United States Monetary Values: Rate of exchange used in this report
1 United States dollar (US$1.00) = 2.50 Ethiopian dollars (Eth$2.50) 

Ethiopian Calendar (30-day anths, except Pagunen): 
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Tahessas = Dec. 10 - Jan. 8 Hamle = July 8 - Aug. 6
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SECTION I - INTRODUCTION
 



SMTMARY 

The Finchaa River Sub-Basin occupies an area of 3,500 
square kilomters south of the Blue Nile in Wellegga Province. The 
Finchaa and its two main tributaries rise in large swamps on the 
high plateau and drop over a sharp esearpent into the deeply eroded 
lower Finchaa valley, which contains the lands considered in the 
developent of a nltipurpose power and irrigation project in this 
area. Physically, the project is divided into two parts--the Finchaa 
and the Amarti-Neshe. The Finchaa would utilize water supply from 
the Finchaa River, as it emerges from the Choien Swamp, for power 
and for irrigation of lands upstream from the area that is drained 
by the Amarti and Neshe Rivers. The Amarti-Neshe Project would 
utilize the water from these rivers to develop power and to irrigate 
lands downstream from those to be irrigated from the Finchaa. 

'This report is primarily concerned with the Finchaa Project 
but, because of the proximity of the two projects and the interrela
tionship of data as collected, both projects are discussed in this 
volum. Only the Finchas is discussed in this summary. 

The Finchaa Project works would include a storage dam, a 
power diversion dam, a tunnel and penatocks to carry the water to a 
powerplant in the lower valley, a diversion dam for irrigation, and 
canals and laterals to irrigate about 15,000 hectares of land. 

Project construction costs are estimated to be as follows. 

Finchaa Dam Eth$ 682,000 
Power Diversion Dam 210,000 
Tunnel and Penstocks 32,948,000 
Powerplant 311015,000 
Transmission Plant 21,004,000 
Irrigation Diversion Dam 545,000 
Canals, Laterals, and Drains 15,567,000 
Access Roads and Service Facilities 4,156,000 

Total £tb$86,127,000 
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The project lands lie at an elevation of about 1500 meters. 
The soils are well suited to. irrigation developent and are capable 
of producing sustained high yields. The topography of the area is 
lightly rolling with general slopes toward the Finchaa River which 
flows northward through the center of the wide valley. The soils 
contain no salts that would be harmful to growing plants, and it is 
not anticipated that any serious problems in subsurface drainage 
would develop if irrigation water is properly applied and normal 
precautions are taken. Excess surface water would be carried away 
by the existing drainage channels and by drains constructed for this 
purpose. 

The project area, at the present time, is uninhabited and 
uncultivated, although the highlands on the plateau surrounding the 
area are populated and extensively farmed. The project lands are 
covered with low-growing trees, bush, and tall grass that would be 
remved as the project is developed. Land leveling and clearing 
costs are estimated to be Eth$5,325,000. 

The climate of the project area is typical of this part of 
Africa with temperatures ranging from 6 C . to 390 C. (43' F. to 
102. F.). The days are warm and the nights cool, although frosts do 
not occur. The rainfall in the area is about 1,000 millimeters 
annually, with the following general distribution by months. 

_" Feb j .AP. Jn Jl .ug. Se. Q1 Nov D Total 

17.1 21.3 73.6 69.6 57.1 143.6 229.4 221.7 f10.8 37.4 4.5 13.9 1,000.0 

During the period from June through September, there is an over
abundance of precipitation and the fields becom too wet to be prop
erly worked and cultivated by mechanical mans. During the remain
der of the year, the precipitation is not sufficient to meet the 
requirements for full crop production. To offset the normal short
ages of rainfall, 954 millimeters of irrigation water would be 
required. 

Under existing conditions in Ethiopia, farming operations 
are limited to an area that the farmr can cultivate with the tools 
and equipmnt available to him within his slender financial resources. 
It is recognized that, because of the lack of storage and transporta
tion facilities, there is little current market for farm products in 
excess of requirements for family consumption and small amounts 
exchanged locally. This results in farms of about three or four 
hectares in area and a standard of subsistence lower than is desir
able. The average annual farm incom is estimated to be about 
Eth$1'0 to Eth$300. The primary objective of the IEG in the devel
opment of her resources is an improvement of the standard of living 
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of her people and an improvement in the national economy by increas
ing production. The project has been designed to provide modern 
farms of about 17 hectares in area, each capable of producing more 
food for family consumption, improving housing, providing opportu
nity for education of children, and permitting the farmer to acquire 
an equity in the land and set aside a small savings for energencies
and old age. 

Farm products in excess of requiremants of the farm family
would be marketed to help support the increasing population with 
perhaps some products available for export to world markets. 

During the period of initial development, a training pro
gram would be necessary to acquaint the farners and the operators of 
the irrigation system with nodern practices and equipment. The 
project at ultimate development would include approximately 880 
individual farms . It is anticipated that many of the farmers would 
come from the agricultural college and schools. Few of the farners 
will have the financial resources required to meet initial costs. 
Therefore, it will be necessary for initial capital to be made 
available to them. 

The project can produce a wide variety of crops suitable 
to the climate and growing conditions. However, in order to present 
a more conservative view for the purpose of the economic analysis of 
the project, crops projected were mostly those commonly produced in 
Ethiopia and widely accepted in the Ethiopian diet. A few new crops 
were included for the export market and for gradual introduction 
into the Ethiopian diet and economy. 

The annual value of crops produced is estimated to be 
about Eth$8,932,000. Since there is no production from the area at 
the present time, this amount is considered as the gross agricul
tural benefit resulting from the developmnt of the project. Many 
intangible benefits will result, but no attempt has been made to 
place a monetary value on these. 

The project will provide 880 new, independent farms with a 
stable population of about 4,000 persons in the farm families. In 
addition, it is estimated that a labor force of 13,000 persons would 
be required, or 61,000 people including families. Thus, about 
65,000 persons would be supported directly by the agricultural sector 
of the project. 

The Finchaa hydroelectric power facilities would have an 
installed generating capacity of 80,000 kw. and would produce 
360,420,000 gross kw.-hr. annually to meet the expanding power 
requirements of thd Interconnected System with loads centered minly 
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at Addis Ababa. Power for the area is now produced by the Ethiopian 
Electric Light and Power Authority at plants on the Awash River. 
Two additional plants are planned by EELPA on the Awash, but even 
with these plants additional power will be required in 1971, either 
from a fourth Awash plant or from the Finchaa Project. 

The powerplant would include two impulse-type turbines 
operating under a net head of 467 meters. A 250-kiloater, 161-ky.
transmission line would be required to deliver power to the load 
centers and would tie into the existing EELPA facilities, thus 
forming an interconnected system. 

It is assued that initially the powerplant would be 
operated and the power marketed by the existing EELPA organization 
in cooperation with the Water Resources Departmnt. 

There is an adequate water supply for power and irrigation 
developments. 

Benefit-Cost Comparison 

Annual estimated irrigation benefits Etb$ 8,936,000 
Annual cost allocated to irrigation 2,006,000 

8,996,.000.
'.96000= 4.45 to 1.00, benefit to cost ratio

2,006,000 

Annual estimated power benefits Eth$16,400,000 
Annual cost allocated to power 5,367,000 

16,4oo.ooo = 3.06 to 1.00, benefit to cost ratio
5,367,000 

Total annual benefits Eth$25,336,000 
Total annual cost 7,373,000 

25.336,.000 = 3.44 to 1.00, benefit to cost ratio
7,373,000 

The investigation covered by this report must be considered 
as a limited reconnaissance lacking the detail that would be required 
for the developent of a definite plan upon which a project could be 
constructed, but adequate for the general plan and evaluation and for 
its intended purpose of assisting the Imperial Ethiopian Governmnt 
in the selection of projects worthy of further detailed investigation. 

It is recommended that the Imperial Ethiopian Government 
proceed with a further detailed study of the project. 
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CONCLUSIONS 

1. The climate in the project areas- is subtropical and well 
suited to the production of many crops and to the production of nnre 
than one crop each year. 

2. The soils are generally deep, friable, permeable, medium 
to fine textured latosols, and are well suited to irrigation-
particularly when properly fertilized. 

3. Land slopes are slightly excessive for optimum irrigation 
conditions and the slopes of the lands are the principal reasons for 
downgrading land. 

4. The moderately dense forest cover will need to be remved 
prior to irrigation, but the resulting wood should be useful for 
charcoal and firewood. 

5. Construction of project irrigation works will be quite 
expensive because of the many drainage crossings needed. 

6. Erosion hazards are fairly high and considerable care mist 
be used in irrigation application and water disposal to maintain a 
permanent irrigated agriculture. 

7. Regardless of the extent of system interconnections that 
would be possible by the year 1980, the Finchaa power facilities 
are required to be in service during the year 1974. The Neshe power 
facilities will be required in 1977 or 1978, with the output of both 
powerplants plus the four Awash plants providing for the needs of 
the Interconnected System through 1980 or 1981. 

The Finchaa and Neshe projects are multipurpose, but the 
potential hydroelectric power facilities are such that they can be 
developed in advance and independently of the irrigation facilities 
without being prejudicial to the interests of the irrigation features 
of the project. Hydroelectric powerplant requirements determine the 
maximum capacity of the water storage facilities and waterways so 
that advance construction of the hydroelectric facilities would Lot 
affect the later construction of the separate irrigation facilities 
downstream. If this is contemplated, the multiple-purpose nature of 
the projects mast not be lost sight of, and a part of the income 
from power revenues should be set aside for complete project develop
ment whenever that might occur. 

8. The Finchaa Project is attractive in another respect in that 
another electrically identical powerplant (Neshe) canbe constructed nearby 
with both powerplants connected to the Addis Ababa Complex by a 
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single, steel tower, transmission line carrying two circuits, or by 
a higher voltage line carrying only one circuit . (See SECTION V.) 

9. The sites are geologically suitable for the proposed dams,
powerplants, and appurtenant structures. 

RECOMENDATIONS 

1. A detailed land classification study should be made prior 
to construction. Among other things, this study should (1) delineate 
the topographic variables accurately (2) determine the needs for 
subsurface drainage construction; (35 separate and appraise produe
tivity potentials for the various types of soils; (4) ascertain a 
more exact cost of tree and brush clearing and land leveling; (5) 
study the erosiveness of the soils and determine the need for and 
cost of erosion control; (6) determine the type and quantity of 
fertilizer or soil amndments needed for maximum production; and 
(7) determine the method of irrigation best suited to the land and 
people. 

2. An experimental farm should be established early in the 
developent period to determine the best crops and agricultural 
practices to use. 

3. Future studies should include a study of the anticipated 
irrigation water quality and the effects that such water will have 
on the project soils. 

4. Any initial irrigation development should avoid developing 
the bottoms or lower side slopes of any deep drainageways because of 
the danger that these areas will become waterlogged when the adja
cent higher lands are irrigated. 

5. During preconstruction investigations the foundations for 
dams and other structures sould be explored by a core drilling program to 
establish the depths to and the permeability of the intervalley 
volcanic mterial. Potential borrow areas should be sampled and 
analyzed, and detailed geologic aps prepared for all of the struc
ture sites. 

6. Awash No. 4 should not be constructed following Awash 
No. 3, if at all possible; and, with this in mind, every effort 
should be made to expedite the engineering and economic feasibility 
studies for the Finchaa Project with the objective of having the 
power facilities in operation by the end of 1971 instead of during 
1974. By that tim, enough operating experience with the Koka 
reservoir and Awash River should have been accumulated to determine 
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whether Awash No. 4 should be constructed. If construction of Awash 
No. 4 is justified, this could be done after the Finchaa or Neshe 
project developmnt, because by then the hydroelectric powerplants 
will not all be in one river basin. 

7. Compilation of hydrological data must be expanded and 
continue uninterruptedly on the Finchaa, Neshe, and Amarti Rivers to 
provide firmer data upon which to base final project plans. 

8. It is recommended that topographic surveys be performed to 
about a 1-meter contour interval on the project area, and about a 
5-meter interval on the drainage area. Construction materials should 
be further investigated and ascertained. The construction cost esti
mates, especially as they apply to unit prices, should further be 
refined. 

9. Malaria and the tsetse fly are a hazard to the project and 
control measures should be introduced prior to project developent. 
Agricultural and economic studies should be further expanded and 
continued. 
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SECTION II - GENERAL DESCRIPTION
 

Basin Description 

The Finchaa River Sub-Basin is located in the south central 
portion of the Blue Nile River Basin. It is bounded on the south by 
the Great Gibe River Basin, on the north by the Abbay (Blue Nile) 
River, on the west by the Diddessa Sub-Basin, and on the east by the 
Guder drainage area. Roughly resembling an arrowhead in shape, the 
subbasin is distinguished by the Choren Swamp, a vast flat area 
lying on the plateau between the muntains and a precipitous escarp
ment. Situated at an elevation of 2210 meters (7250 feet) above sea 
level, the Chomen Swamp is fed by numarous small streams which head 
in the high bills (highest of which is at an elevation of 3000 meters 
or 9840 feet above sea level) and emerge at the northeastern end of 
the swamp as the Finchaa River. The gradient throughout the swamp 
is so flat that drainage systems are not well established, and during 
the rainy season and for a long period after the rains have ended, 
the area is essentially a large, shallow lake containing water grass, 
papyrus, reeds, and other water vegetation. Above the swamp, the 
slopes and rounded ridges are cultivated for raising grain crops. 

From the outlet, the Finchaa.River meanders generally in an 
easterly direction for about five kilometers, where, at the brink 
of the, plateau, it plunges over an escarpment in two prominent 
waterfalls, falling some 500 meters (1,640 feet) in two kilometers. 
Below the falls, the water then cascades for several kilometers 
through a steep canyon. Downstream from the steep canyon section, 
the stream gradient again flattens and the valley widens. Along the 
sides of this reach of the river gentle slopes are covered with deep 
soil, which potentially could be developed into an irrigation project. 
These slopes are covered with very tall grass and scattered trees 
and brush. Few, if any, people live in this area, perhaps because 
it is infested with tsetse flies and nsquitoes. There is only one 
important tributary to the Finchaa River--the Neshe, having its 
headwaters to the west of the lower valley. The Amerti River, a 
tributary of the Neshe, and the Neshe River drain an area composed 
typically of high mountains, steep slopes, and rough topography. 
The two rivers flow into long, narrow valleys with a slight gradient, 
forming narrow swampy areas, and then drop over the edge of the 
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escarpment to form the Neshe River, which in turn flows into the 
Finchaa near its confluence with the Blue Nile. 

Projects Area Description 

The area under consideration is the lower valley, bounded 
on the southwest and the east by a sandstone escarpment (in places, 
lava capped), on the north by rough breaks along the Blue Nile River 
canyon, and on the west in the lower portion of the valley by a low 
saddle forming a divide between the Finchaa Project area and the 
Amarti-Neshe Project area. It is situated about 1500 meters above 
sea level (500 meters below the escarpment) and is about 12 kilome
ters (7.5 miles) wide and 37 kilometers (23 miles) in length. The 
valley is fairly well covered with dense growth of tropical savannah 
woodland, interspersed with a very dense growth of tall grass. The 
stream bottoms of the tributaries support a dense growth of tall 
trees, which reach a height of 30 meters (100 feet). Shrubs and 
bushes are interspersed throughout the bottoms. The valley is unin
habited and uncultivated, probably due to the heat and the unfavor
able health conditions, as tsetse flies were observed and undoubtedly 
malaria is prevalent. 

The Finchaa River bisects the valley, and its many tribu
taries generally approach and enter the main stream at right angles 
to the south-north direction of the river's flow. The tributaries 
are entrenched from three to ten meters into the valley soil. These 
channels do not have precipitous side slopes as a rule but tend 
toward somewhat rolling topography. The higher lying land areas are 
fairly large, about 'WOhectares (1,00 acres), and the streams 
provide adequate outlets for surface runoff. The slopes on these 
areas are usually quite gentle and smooth in surface relief. Steep 
slopes and dissected rough lands occur at the head of the valley 
where the escarpment forms a canyon. 
Population 

The Finehaa valley is uncultivated and uninhabited,
but evidence of former cultivation is present. The climate 
is somewhat warmer than met highland Ethiopians prefer, but the 
area apparently was abandoned because of the historic mery and 
fear of potential recurrence of human and animal disease. The pres
ence of such inimical insects as the Anopheles malarial mosquito and 
the tsetse fly, which can transmit encephalitis or sleeping sickness, 
keep the valley empty of human habitation. Some paths and many game 
trails exist in the area, but there are no roads or buildings. 

Present Economy 

At present, the lower valley of the Finchaa, Amarti, and 
Neshe Rivers may be said to have no economy. The area is unpopulated; 
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it is neither farmed or grazed on a permanent or shifting basis; no 
important amount of wild products is gathered; and the amount of 
hunting, fishing, and trapping is negligible. 

Climate 

The climate in the lower valley, where the project develop
ment is contemplated, is warm and subtropical, favorable to the 
raising of a wide variety of crops, including such subtropical types 
as oil seeds, cereal crops, and coffee. Average annual precipita
tion is uncertain, but is estimated at 100 centiaters, the bulk 
falling in the rainy season--July through September. The average 
annual temperature will be about 22* Centigrade (720 Fahrenheit). 
Although frost is not expected, autumn nights tend to be cool, and 
strictly tropical crops probably will not do well. On the other 
hand, the lack of frost precludes raising those temperate deciduous 
crops that require freezing temperatures for dormancy. 

Table II-1 shows averages of July and January and annual 
records for temperature and precipitation at 16 stations in the Blue 
Nile Basin. Most of these stations are in the upland, more inhab
ited area, and none lies below the escarpent in the Finchaa Basin. 
Inspection of Tables 11-2, 11-3, and 11-4, which show monthly 
averages of temperature and monthly totals of precipitation at Ambo 
over the 1951 through 1961 period, may afford a basis for estimating 
how weather varies on the potential service area. It is recomended 
that a climatological station be established immdiately in the 
Finchaa area and that applicable records be taken regularly. 

By referring to climatic data, farm delivery requirement 
on the potential service area has been estimated as shown in 
Table 111-2. To these farm-delivery requirements, 20 percent has 
been added to allow for operational waste, and seepage losses were 
also provided for as mentioned within narratives for the Finchaa 
and the Amarti-Neshe project descriptions. 

Quality of Water 

Quality-of-water samples were taken throughout the annual 
fluctuation of flow at several widely spaced locations in the Blue 
Nile Basin. They all show good to excellent quality for irrigation 
purposes, primarily because nost of the bedrock in the upland area 
is basic, igneous material which does not produce deleterious amounts 
of salt, and also because the steep, fine grained, soil mantle pro
duces high percentages of surface runoff, so that there is a minimum 
exposure of subsurface flow to rocks which could produce significant 
amounts of dissolved salts in the total flow. Both the Finchaa and 
the Amarti-Neshe Projects fit this general description, and it is 
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therefore predictable that a more detailed sampling program would 
show the flows to be of good or excellent chemical quality for 
irrigation. 
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TABLE II-1 

CLIMATIC STATIONS IN OR NEAR ABBAY BASIN IN ETHIOPIA 

Temperature 
Eleva- in degrees centigrade Precipitation 

tion Average of in millimeters
Station in daily daily 

Meters maxima minima Average for 
Jan. July Jan. July Jan. July Year 

Addis Ababa 2,408 24 20 6.9 10.2 21.9 252.0 1,142.5
 
Ambo Ag. Col. 2, 130 27 22 10.9 12.0 18.4 246.8 1,075.3
 
Arjo 2, 565 - - - - 13.8 321.8 1,756.4
 
Asosa 1, 685a/ 31 23 14.0 14.8 0 281.6 1,253.0
 
Bahir Dar 1,802 26 24 8.9 13.4 0 309.2 1,051.8
 
Dangila 2, 107a/ 29 26 3.3 9.9 0.8 359.2 1,468.9
 
Debre Birhan 2,840 21 21 8.7 11.5 20.5 323.0 925.2
 
Debre Markos 2,313 24 18 7.4 9.8 20.8 331.0 1,416.3
 
Debre Tabor 2,945 26 23 5.8 8.0 7.2 518.3 1,714.9
 
Fiche 2,820 19 15 7.8 8.9 11.9 497.3 1,398.4
 
Galabat 765 - - - - 0 199.9 877.8
 
Gimbi 1, 988a/ 30 24 16.4 11.8 22.9 3 36.5 2,151.9
 
Gondar 2, 121 28 21 10.0 13.2 3.1 319.2 1,213.0
 
Jima Ag. Col. 1,701a/ 27 21 9.9 13.4 33.8 214.2 1,551.0
 
Kembolcha 1, 903 24 26 10.0 13.7 31.3 295.6 1,104.2
 
Lekkemt 2,005 24 20 10.8 -10.4 16.2 368.8 2,028.6
 
Mendi 1, 767a/ 26 22 12.9 13.8 7.8 296.3 1,763.1
 
Nejo 1,900 27 20 13.3 13.3 2.9 321.4 1,892.0
 

a/Elevation from C & GS benchmark; not identical with station. 
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TABLE [[-2 

TEMPERATURE AT AMBO AGRICULTURAL SCHOOL IN DEGREES CENTIGRADE 

YEAR JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. TOTAL MEAN 

Average of Daily Minima 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Total 

9.3 
11.9 
10.9 
9.8 

13.2 
12.1 
10.0 
10.0 
87.2 

12.7 
10.8 
11.1 
11.4 
10.0 

11.8 
11.5 
79.3 

13.4 
11.6 
13.5 
12.2 
13.4 
12.8 
11.9 
12.0 

100.8 

12.9 
13.0 
13.5 
12.5 
13.5 
12.9 
11.7 
11.5 

101.5 

12.3 
11.8 
11.8 
12.0 

12.5 
11.9 
10.0 
82.3 

11.8 
11.3 
11.3 
10.7 
12.4 
11.3 
10.7 

79.5 

11.9 
11.8 
12.1 
11.6 
13.0 
12.3 
11.6 

84.3 

11.7 
11.2 
11.9 
I.7 
12.5 
12.2 
11.8 

84.0 

1019 
11,6 
11.5 
11.0 
12.4 
11.4 
10,2 

79.0 

10.0 
10.4 
11.3 
11.5 
10.0 
11.3 
10.5 

75.0 

9.9 
10.4 

B.8 
11.9 

9.6 
9.4 

60.0 

10.0 
11.1 
9.5 

11.1 

10.1 

51.8 

136.8 
137.9 
137.2 
137.4 

11.4 
11.5 
11.4 
11.5 

H-
OD 

Average 10.9 11.3 12.6 12. 7 11. 8 11.4 12.0 12.0 11.3 10.7 10.0 10.4 137. 1 11.4 



TABLE 11-3 

YEAR JAN. FEB. MAR. 

TEMPERATURE AT AMBO AGRICULTURAL SCHOOL IN DEGREES CENTIGRADE 
Elevation 2, 130 meters 

APR. MAY JUND JULY AUG SEPT OCT. NOV DEC TOTAL 
I'ercent 
MEAN 

Average Daily Temperature 

10 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Total 

18.0 
18.8 
18.3 
18.8 
20.1 
20.6 
18.4 
18.3 

151.3 

20.3 
19.5 
19.5 
18.8 
18.5 

19.8 
19.2 

135.6 

20.4 
20.3 
21.1 
18.2 
21.2 

19.9 
19.8 

140.9 

20.5 
20.2 
19.9 
19.2 
20.9 

20.3 
18.8 

139.8 

19.8 
19.4 
19.2 
19.2 

19.2 
19.4 

116.2 

17.6 
17.7 
17.4 
17.8 

17.6 

88. 1 

16.8 
16.5 
16.4 
16.8 

16.9 

83.4 

16.7 
16.7 
16.5 
16.7 

17.1 

83.7 

16.5 
17.1 
17.3 
17.6 
19.2 

16.3 

104.0 

17.2 
17.6 
17.1 
19.2 
18.9 

18.2 

108.2 

17.6 
17.8 
16.2 
19.5 

18.2 

89.3 

17.9 
18.0 
17.5 
18.9 

72.3 

219 3 
219 6 
216.4 
220. 7 

1,312.8 

18.3 
18.3 
18.0 
18.4 

Average 18.9 19.4 20.1 20.0 19.4 17. 6 16.7 16. 7 17.3 18 0 17 9 18.1 220.1 18. 4 

Average of Daily Maxim a 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Total 

26.7 
25.6 
25.6 
27.7 
27.0 
29.0 

26.5 
188.1 

27.9 
28.2 
27.8 
26.2 
26.9 
30.1 
27.7 
26.9 

221.7 

27.4 
28.9 
28.7 
24.1 
29.0 

21.9 
27.5 

187.5 

28.1 
27.4 
26.2 
25.8 
28.3 

26.0 
161.8 

27.3 
27.0 
28. 5 
26.3 

26.5 
28.8 

162.4 

23. 3 
24.1 
23.4 
24.8 

24.4 

120.0 

21.7 
21.2 
20.6 
21.9 

22.2 

107.6 

21 6 
21.2 
21.1 
21.7 

22.3 

107.9 

22. 1 
22.5 
23. 1 
24.2 
26.0 

22.4 

140.3 

24.3 
24.8 
22.9 
26.9 
27.7 

126.6 

25.2 
25.2 
23.5 
27.0 
27.6 

128.5 

25.8 
24.8 
25.4 
26.7 
27.5 

130.2 

301.4 
300.9 
294.8 
303.3 

25. 1 
25.1 
24. 6 
25.3 

Average 26. 9 27. 7 26. 8 27.0 27.1 24.0 21.5 - 21.6 23.4 25.3 25. 7 26.0 303.0 25.3 



TABLE 11-4 

PRECIPITATION IN MILLIMETERS AT AMBO AGRICULTURAL SCHOOL 

YEAR JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT: NOV. DEC. TOTAL 

1951 
1952 

0.0 
0.0 

52.0 
15.0 

109.0 
40. 5 

42. 5 
116.0 

72. 0 
64.0 

200.5 
129.3 

200. 0 
211.2 

199.0 107.0 48, 0 2.0 31. 0 1,063.0 
576. 0 

1954 0.0 12.5 79.4 51.0 33.4 141.7 241.1 245.4 152.9 19.5 1.0 3. 5 981,4 
1955 
1956 

60.9 
11.2 

4. 9 
8.9 

25.3 
43.4 

0. 7 
92. 5 

44.0 
66.5 

174.7 
161.2 

352. 6 
173. 7 

229. 7 
286.2 

148.0 
125.1 

17. 2 
158. 8 

3.1 
2.2 

8.8 
7.4 

1,135. 9 
1,137.1 

1957 0.6 46. 6 196.3 101. 9 99.9 99.1 315.3 185. 2 82.2 0.0 0.8 8.5 1,136.4 
1958 
1959 
1960 

49. 5 
58. 0 
4.1 

0.0 
21.9 
60.4 

109.4 
40,5 
62.8 

101.2 
46.4 
90. 9 

19.3 
78. 9 

106.4 

195.8 
119.8 
167.9 

245.4 
231.8 
250.4 

187. 3 
304.2 
271.1 

74.3 
122.8 
140. 6 

29. 6 
47. 7 
1.1 

0.0 
29. 7 
0.0 

33.0 
18.5 

8.3 

1,044.8 
1,120.2 
1,164.0 

1961 0.1 6.9 84.3 38.5 30.1 159.9 
Total 184.4 229.1 790.9 747.6 614.5 1,390.0 2,221.5 1, 908. 1 952. 9 321. 9 38.8 119. 0 9,518.7 
Average 
1962 

18.4 
No record 

22.9 79.1 74.8 61.4 154.4 246.8 238. 5 119.1 40.2 4.8 14.9 1,075.3 



SECTION III - HYDROLOGY 

FINCHAA PROJECT 

Operation Study 

Finchaa Dam would be constructed on the Finchaa River at 
the Chomen Swamp outflow point, and power would be developed at the 
falls between the reservoir and the service area. During the irri
gation season, intervening tributaries would produce no divertible 
flow. The principal bydrographic problem is whether a loss or a 
gain in consumption will result from providing a reservoir where there 
is now a swamp. Rain falling on a water surface would ordinarily be 
expected to yield a higher percentage -of runoff than rain falling on 
land. However, the fact that records of the Finchaa and Abbay below 
Tana show relatively low yields per unit of drainage area suggests 
that present consumption is much greater on lake and swamp surfaces 
than for the land area (see Dwg. No. 6.0-BN-27). The Dabus may also 
be considered to have a low yield. Dabus is in the highest rainfall 
belt and would fall well above the curve, if swamp losses did not pull 
the yield down to normal. 

The boundary of Chomen Swamp recedes as the dry season pro-
grasses, and there may be 30 or 40 centimeters of soil moisture lost 
to evaporation and transpiration after the surface is unwatered. On 
most of the lake, grass or fronds extend through the water, even in 
September when content reaches maximum; and rainy season consumption 
is probably as great as, or greater than, it would be on a lake of the 
same area. In fact, grass may be expected to extend to much of the 
lake surface, even after a reservoir is constructed. But there will 
be some area where the water is too deep for grass to survive during 
the period of maximum content, and consumption in this area may 
decline as a consequence of building the reservoir. Not knowing what 
the net effect of all these factors will be, the operation study was 
made on the assumption that future annual consumption with a reservoir 
would equal past annual consumption without a reservoir. 
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Estimate of Available Flow 

There are four years of record at the damsite. Flow 
available during other years was estimated by a monthly correlation 
with the record of the Abbay River at Kese. A correlation made 
directly with the Abbay at Roseires record might have been prefer
able, but concurrent records were unavailable when the operation 
study was initiated. Because of regulation by the swamp, the 
Finchaa River probably should have been shown to.yield lesser flows 
in relation to Abbay flows, when monthly Abbay flows exceed six 
billion cubic meters. However, the difficulties of estimating 
losses in the swamp made it appear improbable that any considerable 
refinement could be secured. There is no question that the facili
ties as outlined will serve the 15,000-hectare Finchaa Project 
service area without shortage, and power yields during most periods 
will equal those shown in the study. If, after further study or 
with operating experience, it becomes apparent that a drought period 
could impair power production, additional water may be imported to 
maintain the yield. A canal above the escarpment, one or two kilo
meters in length, would be adequate for diverting Kontor Creek into 
Chomen Swamp at approximate longitude 3T20' E, latitude 90101 N. 
Also, the Amarti-Neshe Project studies show that the Neshe River 
will produce more flow than is required on that service area. 
Should additional records show Finchaa flow short and Neshe in sur
plus, the boundary between their service areas can be shifted south
ward.
 

Some additional yield could be secured by providing dug 
channels at the swamp inlets. However, if this is attempted, it 
should be done with caution. Perhaps one inlet could be canalized; 
then, after ten or twenty years, if the net result appeared advan
tageous, others could be canalized. The swamp appears to be on 
slopes adequate to maintain velocities of perhaps one meter per 
second in a channel. Many of the inlets have channels extending for 
some distance into the swamp; and, at the lower elevations, there 
are channels through the swamp in which velocities at times of maxi
mum content appear to reach about one meter per second. Although the 
swamp is on a grade, velocity over its remainder is retarded by the
 
grass. Possible effects of connecting each inlet channel with the
 
main outlet channel would be reduction in consumption by grass and
 
evaporation around the upper edges of the proposed reservoir; trans
portation of silt, which might otherwise be deposited in grass above
 
the high water line, into the reservoir; minor amounts of erosion in
 
and near the upper ends of the channels; less natural irrigation and
 
therefore lesser volume growth of grass near the edges of the swamp;
 
and a change, perhaps for the better, in species and quality of
 
grass in such areas.
 

Area-Capacity Relationships
 

The area-capacity curve (Dwg. No. 2.0-Fi-1) is based upon a 
minimum of data. The Finceaa Reservoir operation study (Table III-1) 
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vas made with a maximum content of 414.42 million cubic meters and 
a minimum content of 33.00 million cubic meters, or active capacity 
was 381.42 million cubic meters. Subsequently, plans for the dam 
(Dwg. No. OA-23-lOl) were laid out showing distribution of sediment 
expected during the first fifty years of operation, and capacities 
after 50 years of operation. The spillway crest was set at elevation 
2213.4 (capacity at 50 years, 431.3 million cubic meters), and the 
minimum operation level required to serve the project needs was put 
at elevation 2210.0 (capacity at fifty years, 31.2 million cubic 
meters'). Thus, with this dam, active capacity after fifty years of 
sedimentation is estimated as 400.1 million cubic meters (slightly 
greater than the 381.42 million cubic meters requirement shown by 
the operation study). After 100 years, the elevation of sediment 
at the dam is expected to be 2208.85 meters. 

Monthly Power Releases 

Releases were made in the operation study to produce

power under a level load curve. This release was just adequate
 
to meet irrigation requirements in the month of December with an 
excess in all other months. The average effective head is 467 
meters after allowing for average friction losses, and generation 
is 361 million kilowatt-hours yearly after allowing for an 80 percent 
average turbine-generator efficiency. 

Irrigated Area
 

Estimated farm delivery requirement, as shown in Table 
'III-2, is 0.954 meter (3.13 feet). Allowing 12 percent for canal 
seepage and 20 percent for operational waste, the operation study 
shows that, if the reservoir is constructed to the estimated dimen
sions, 15,000 hectares (37,064 acres) of land can be irrigated with 
no shortages. 

Spillway Design Flood
 

Ordinates of the maximum probable inflow flood are shown
 
on Table 111-3.
 

Flood Frequency 

Frequency of floods to be anticipated during construction
 
is shown on Table III-4.
 

Outlet Capacity 

Table III-1 shows a minimum content in July 1914, when
 
required release would have been 30.61 million cubic meters. The
 
forebay at the head of the penstock is adequate for peaking; and
 
outlet capacity should therefore be 11.4 cubic meters per second 
with water surface at the minimum operating level of 2210 meters, 
which is required to clear the 100-year sediment level and discharge
11.4 cubic meters per second. 
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AMARTI-NESHE PROJECT 

Operation Study 

Amarti yield will be diverted through a cut having an 
invert elevation of 2229 meters to the Neshe reservoir and outlet. 
Neshe floods will be diverted through the same cross channel to 
the Amarti spillway. 

As shown in the operation study, Table 111-5, minimum 
content is 165 million cubic meters and maximum is 751 million,
and the required active content after 50 years of sedimentation and 
above the minimum operating level is 586 million cubic meters 
(475,000 acre-feet).
 

Estimate of Available Flow 

On the basis of four current-meter measurements made on 
each stream in 1962, flows of the two streams have been estimated 
to total the amounts shown in column 2 of Table 111-5. Gages have 
since been established. Several years of record will be necessary 
to prepare an operation study adequate for use in final, detailed 
plans. 

Area-Capacity Relationships 

The combined area-capacity table for the two reservoirs 
as anticipated after 50 years of sedimentation is shown on Table 111-6,
 
sheet 5. Assuming a cross-channel invert elevation of 2229 meters,

each capacity item in this table includes 8.1 million cubic meters 
of inactive content in Amarti reservoir below elevation 2229. 

After 100 years of operation, sediment at Neshe dam is 
expected to have a surface elevation of 2184.3 meters (7166 feet). 

Elevation of sediment at Amerti dam and at the cross channel 
atIwr 100 years of operation is expected to be 2228.6 meters 
(7312 feet). 

Monthly Power Releases 

Canal water surface immediately above the penstock is 
expected to be 2205 meters. Jet nozzle elevation for the power 
release is estimated as 1625 meters. Average effective head is estimated 
to be 560 meters after allowing fbr an average penstock loss of 20 meters. 



TA2BLE IIS-1 Sheet 1 of 3 

RESERVOIR OPERATION STUDY 

FINCHAA RESERVOIR FINCHAA RIVER 

Min STORAGE Max ELEVATION Max STORAGE 

33, 000, 000 cu m 2,213.13 m 414,420,000 cum	 Net power head = 467 m 
(26.756 	ac-ft) (7, 261 it) (335, 970 ac-ft) 360, 480, 000 kw-hr per 

yr at 80% eff. 

FIRM YIELD 210,450,000 cu n per yr (irrig) 15, 000 hectares 
Max 354, 250, 000 cu m per yr (power) ( 37, 100 acres) 

r 

2~o 0 0t 

0 bn0W 00C 

0 0 0 0, 0 0 .0 u 

2 3 4 5 6 7 8 
414.42 

Oct. 30.08 30.61 99.00 20.81 9.27 68.92 0 414.42 
Nov. 29.14 29.65 54.70 28.24 0.90 25.56 0 414.42 
Dec. 30.08 30.61 29.50 30.08 0 0 -0.58 413.84 
Jan. 30.08 30.61 15.30 29.99 0.09 0 -14.78 399.06 
Feb. 28.14 28.63 8.80 26.99 1.15 0 -19.34 379.72 
Mar. 30.08 30.61 5.30 24.87 5.21 0 -24.88 354.84 
Apr. 
May 
June 

29.14 
30.08 
29.14 

29.65 
30.61 
29.65 

4.00 
2.90 
2.50 

25.64 
23.83 

0 

3.50 
6.25 

29.14 

0 
0 
0 

-25.14 
-27.18 
-26.64 

329.70 
302.52 
275.88 

July 
Aug.
Sept. 

30.08 
30.08 
29.14 

30.61 
30.61 
29.65 

13.90 
50.70 

102.00 

0 
0 
0 

30.08 
30.08 
29. 14 

0 
0 
0 

-16.18 
+20.62 
+72.86 

259.70 
280.32 
353. 18 

|1UTALS bb,2 3650 388.50 210.45 144.81 94.4 -612 -

Uct. 30,08 30.bi 70,U0 2U.81 9.Y7 U +39.92 dd. 1 
Nov. 29.14 29.65 31.00 28.24 0.90 0 +1.86 394.96 
Dec. 30.08 30.61 15.30 30.08 0 0 -14.78 380.18 

,jm ~ StT 90W Z&D u~ U. W) -rG 'nnr 35rz 
Feb. 27.13 27.61 5.20 26.99 0.14 0 -21.93 337.17 
Mar. 30.08 30.61 4.00 24.87 5.21 0 -26.08 311.09 
Apr. 29.14 29.65 3.80 25.64 3.50 0 -25.34 285.75 
May 30.08 30.61 3.00 23.83 6.25 0 -27.08 258.67 
June 29,14 29.65 5.80 0 29.14 0 -23.34 235.33 
July 30.08 30.61 4.30 0 30.08 0 -25.78 209.55 
Aug. 30.08 30.61 21.90 0 30.08 0 -8.18 201.37 
Sept. 29. 14 29.65 55.50 0 29. 14 0 +26.36 227.73 

ul'ALS 3bu.b 3 4 228 0 21U.5 143.80 0 1 4 -4 	 -12. 

Sept. 1962 
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Cd 
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1 

Oct. 30.08 
Nov. 29.14 
Dec. 30.08 
Jan. 30.08 
Feb. 27.13 
Mar. 30.08 
Apr. 29.14 
May 30.08 
June 29.14 
July 30.08 
Aug. 30.08 
Sept. 29.14 

TOUALS|354.2b 

. 

2 

30.61 
29.65 
30.61 
30.61 
27.61 
30.61 
29.65 
30.61 
29.65 
30.61 
30.61 
29.65 

4 

3 

52.00 
20.00 

7.00 
3.90 
2.30 
2.10 
2.30 
2.40 
2.30 
6.00 

49.00 
128.00 

0 

4 

20.81 
28.24 
30.08 
29.99 
26.99 
24.87 
25.64 
23.83 

0 
0 

0 
21U.4b | 

5 

9.27 
0.90 
0 
0.09 
0.14 
5.21 
3.50 
6.25 

29.14 
30.08 
30.08 
29.14 

143.45 -U 

6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 

+21.92 
-9.14 

-23.08 
-26.18 
-24.83 
-27.98 
-26.84 
-27.68 
-26.84 
-24.08 
+18.92 
+98.86 

6,b 

8 
227.73 
249.65 
240.51 
217.43 
191.25 
166.42 
138.44 
111.60 
83.92 
57.08 
33.00 
51.92 

150.78 
-

Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 

C May
June 
July 
Aug. 
Sept. 

-ULAL.rS 

JU.0 
29.14 
30.08 
30.08 
27.13 
30.08 
29.14 
30.08 
29.14 
30.08 
30.08 
29.14 
n r4 __ 

30.61 
29.65 
30.61 
30.61 
27.61 
30.61 
29.65 
30.61 
29.65 
30.61 
30.61 
29.65 

_.8 

85.3U 
71.00 
40.90 
16.30 
9.00 
5.00 
4.00 
2.40 
5.20 

12.00 
32.30 
66.30 
4. 

20.81 
28.24 
30.08 
29.99 
26.99 
24.87 
25.04 
23.83 

0 
0 
0 
0 

9.27 
0.90 
0 
0.09 
0.14 
5.21 
3.50 
6.25 

29.14 
30.08 
30.08 
29.14 

1.4U 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

+b2 
+41.86 
+10.82 
-13.78 
-18.13 
-25.08 
-25.14 
-27.68 
-23.94 
-18.08 
+2.22 
+37.16 

-4r 

20, 
247.86 
258.68 
244.90 
226.77 
201.69 
176.55 
148.87 
124.93 
106.85 
109.07 
146.23 

-

Sept. 1962 
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0 
0 

Co0 k 

00 

1 2 3 1 4b 8 

Nov. 29.14 29.65 57.50 28.24 0.90 0 +28.38 228.51 
Dec. 30.08 30.61 26.30 130,08 0 0 -3.78 224.73 
Jan. 30.08 30.61 13.50 29.99 0.09 0 -16.58 208.15 
Feb. 28.14 28.63 7.00 26.99 1.15 0 -21.14 187.01 
Mar. 30.08 30.61 4.00 24.87 5.21 0 -26.08 160.93 

e Apr. 
May 
Jue 

29.14 
30.08 
29.14 

29.65 
30.61 
29.65 

2.90 
2.40 
5.00 

25.64 
23.83 

0 

3.50 
6.25 

29.14 

0 
0 
0 

-26.24 
-27.68 
-24.14 

134.69 
107.01 
82.87 

July 
Aug. 
Sept. 

30.08 
30.08 
29.14 

30.61 
30.61 
29.65 

13.70 
61.00 

165.50 

0 
0 
0 

30.08 
30.08 
3.14 

0 
0 
0 

-16.38 
+30.92 

+136.36 

66.49 
97.41 

233.77 
IAl1 3bb.26, 361b.50- 442.80 210.45 144.81 0 +7b 

Uct. 30.08 30.61 12b.4U 20.81 9.25 0 +96.42 330.01 
Nov. 29.14 29.65 82.70 28.24 0.90 0 +53.56 383.75 
Dec. 30.08 30.61 39.40 30.08 0 +9.32 393.07 
Jan. 30.08 30.61 20.20 9.99 0.09 0 -9.88 383.19 
Feb. 27.13 27.61 11.00 26.99 0.14 0 -16.13 37.06 
Mar. 30.08 30.61 6.90 24.87 '5.21 0 -23.18 343.88 
ANpr. 

- May 
June 

29.14 
30.08 
29.14 

29.65 
30.61 
29.65 

5.00 
4.00 
6.00 

25.64 
23.8 

0 

3.50 
6.2 

29.14 

0 

0 

-24.14 
-25.08 
-23.14 

319.74 
293.66 
270.52 

July 
Aug. 

30.08 
30.08 

30.61 
30.61 

16.70 
67.00 

0 
0 

30.08 
30.08 

0 
0 

-13.38 
+36.92 

257.14 
294.06 

29.14
34. 

29.65 
360.42 

149.50 
|34.90 

0 
210.4 

29.14 
143.80 

0 +120.36 414.42 
-

Sept. 1962 
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TABLE 111-2 

COMPUTATION OF FINCHAA FARM DELIVERY REQUIREMENT 

Average monthly data (millimeters) 
Oct. Nov. I Dec. Jan. e M ar. Apr. May Total 

Consumptive use 
Util. rain (80%) 

Net C.U. 

98.0 
32.0 
66.0 

96.0 
6.4 

89.6 

101.0 
5.6 

95.4 

100.0 
4.8 

95.2 

92.0 111.0 
6.4 32. 0 

85.6 79.0 

111.0 
29. 6 
81.4 

'114.0 
38.4 
75.6 

823.0 
155.2 
667.8 

F. I. efficiency 
Water requirement 

.7 
94.3 

E 
128.0 1136. 3 1136. 0 1122. 3 1112. 8 116.3 

.7 
108.0 

.7 
954.0 

Elevation 1450 meters May 8, 1963 
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TABLE III-3
 

INFLOW DESIGN FLOOD--FINCHAA DAMSITE--BLUE NILE PROJECT
 

Q
Time cu m Time cu m 
hours per sec hours per see 

0 50.0 
6 305.0 126 277.2 

12 612.9 132 268.8 
18 951.2 138 260.7 
24 1,195.0 144 252.9 
30 383.8 150 245.4 
36 401.4 156 238.2 
42 406.0 162 231.2 
48 403.7 168 224.5 
54 397.3 174 218.0 
60 388.3 180 211.8 
66 378.0 186 205.8 
72 367.4 192 200.0 
78 356.6 198 194.4 
84 345.9 204 189.1 
90 335.0 210 184.0 
96 324.4 216 179.0 

102 314.2 222 174.2 
108 304.4 228 169.6 
114 295.0 234 165.2 
120 285.9 240 160.9* 

*Discharge may be extended byK6hr = 0. 963 

10-day volume = 279.7 million cu m or 226, 800 acre-feet 

(See Reclamation Instructions IV 6. 6 14C) Qt = Q. Kt 

Qt = discharge t days after Q. is measured 

K = daily depletion factor 
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TABLE III-4 - FLOOD FREQUENCY AT DAMSITES
 
FINCHAA AND AMARTI-NESHE PROJECTS
 

Momentary peak inflow in cu. m. / sec. 
expected to be exceeded once 

in 5, 10, 25, 50, and 100 years 
Reservoir (5) (10) (25) (50) (100) 

Finchaa (Fi-1) 	 53 53 54 54 54 

Amarti (AM-1) 200 230 280 310 340 
Neshe (ES-1) 240 290 330 380 410 
Amarti-Neshe combined 400 460 530 600 650 

Finehaa Diversion 
From frequency curve 
for record at gage 53 53 54 54 54 

Gage to diversion dam 
= 195 sq. Ims. 160 190 220 260 290 

Power release 11 11 11 11 11 
Total Finea, Diversion 224 254 285 325 355 

Neshe Diversion* 	 25 32 40 50 55 

* 	 Assume Neshe storage dam diverting the ieshe to the Amarti 
spillway and only the 22.5 square kilometers below it contrib
uting. Add 10 cubic meters per second to each item as power
 
release. 
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TABLE 111-5 
RESERVOIR OPERATION STUDY 	 Sheet 1 of 3 

NESHE AND AMARTI RESERVOIRS -NESHE AND AMARTI RIVERS Canal elev. 
at dam 2,208 m 

RESERVOIR Min STORAGE Max ELEVATION Max STORAGE Canal elev. 
(million cu meters) (million cu meters) at tunnel 2, 205 m 

NESHE 152.9 2, 233.98 m 674 Jet nozzle 
AMARTI 12.6 2,233.98 77 elevation 1, 625 m 

165.5 751 Av. head 
Total (134. 200 ac-ft) (609, 000ac-ft) losses 20 m 

Net gener-
FIRM YIELD 310, 000, 000 cu m per year 8, 490 hectares served ator head 560 m 

(251,000 ac-ft) (20, 979 acres) Gen. and 
turb. eff. 80% 

~-m . 0, 	 0-so 

Dec.2 . 0 O 4 '- 2 0 - 6 1. 
o 31. 0-'a5 4 30 	 00 .5Feb. 0 0 	 2 00.5 0Oct 329 5Q8 	 7 2 075 1.4 

751 
Oct. 32.9 54 48 0 27 27 0 751 11.44 
pNov.30.5 8 8 -4 25 0 -21 730 15.52 

-Dee. 32.9 0 1 46 -4 127 0 -31 699 16.53
 
Jan. 31.7 0 44 -3 26 0 -29 670 16.50
 
Feb. 30.5 0 42 -4 25 0 -29 641 14.83
 

SMar. 32.9 0 38 -4 27 0 -31 610 13.68
 
SApr. 30.5 0 37 -4 25 0 -29 581 14.11
 
-May 31.7 0 34 -3 26 0 -29 552 13.10
 

June 30.5 6 32 +1 25 0 -18 534 0
 
July 32.9 20 31 +1 27 0 -6 528 0
 
Aug. 31.7 54 32 +1 26 0 +29 557 0

S 30.5 104 37 0 25 0 +79 636 0
 

TO 'ALS 379.2 246 	 -23 311 27 -115 115.71 

Oct. 32.9 42 41 0 27 0 +15 651 11.44 
c 	 Nov. 30.5 6 40 -3 25 0 -22 629 15.52
 

Dec. 0 38 -3 27 0 -30 599 16.53
 
Jan. 31.7 0 35 -3 26 0 -29 570 16.50
 
Feb. 29.3 0 33 -3 24 0 -27 543 14.83
 

r 	 Mar. 32.9 0 31 -3 27 0 -30 513 13.68 
m 	 Apr. 30.5 0 31 -3 25 0 -28 485 14.11
 

May 31.7 0 30 -2 26 0 -28 457 13.10
 
June 30.5 4 29 +1 25 0 -20 437 0
 
July 32.9 12 29 +1 27 0 -14 423 0
 
Aug. 31.7 28 29 +1 26 0 +3 426 0
 
Sept. 30.5 54 29 0 25 0 +29 455 0
 

I'UTALS -7t. 146 	 -17 310 0 181 115.71 

Dec. 1962 
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00. 
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C 
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4bb 
Oct. 32.9 22 30 0 27 0 -5 450 11.44 
Nov. 30.5 2 29 -2 25 0 -25 425 15.52 
Dec. 32.9 0 28 -2 27 0 -29 396 16.53 
Jan. 31.7 0 28 -2 26 0 -28 368 16.50 
Feb. 29.3 0 27 -2 24 0 -26 342 14.83 
Mar 32.9 0 26 -3 27 0 -30 312 13.68 
Apr. 30.5 0 25 -2 25 0 -27 285 14.11 
May 31.7 0 23 -2 26 0 -28 257 13.10 
June 30.5 10 22 0 25 0 -15 242 0 
July 32.9 30 22 +1 27 0 +4 246 0 
Aug. 31.7 78 23 +1 26 0 +53 299 0 
Sept 30.5 

I-1U1 LS 1378._0 
152 27 0 

T7fIlI 
25 

3210 
0 +127 

__29T 

426 0 

Oct. 132, 9 60 29 0 271 0 +33 459 11. 44 
Nov. 30.5 8 30 -3 25 0 -20 439 15.52 
Dec. 32.9 0 29 -2 27 0 -29 410 16.53 
Jan. 31.7 0 28 -2 26 0 -28 382 16.50 
Feb. 29.3 0 27 -2 24 0 -26 356 14.83 
Mar 32.9 0 26 -3 27 0 -30 326 13.68 
Apr. 
May 
June 

30.5 
31.7 
30.5 

0 
0 
6 

25 
24 
23 

-2 
-2 
+1 

25 
26 
25 

0 
0 
0 

-27 
-28 
-18 

299 
271 
253 

14.11 
.13.10 

0 
July '32.9 20 22 +1 27 0 -6 247 0 
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TABLE 111-6 Sheet 1 of 5 

COMBINED AREA-CAPACITY TABLE AFTER 50 YEARS
 
NESHE-AMARTI RESERVOIR- -BLUE NILE PROJECT
 

Area Capacity 
Elevation (million (million 

(M) sq m) cu m) 

2234 46.9 731.4 
29 30.5 535.5 
25 28.1 434.7 
20 24.7 325.0 Note: The Amarti portions of 
15 20.7 231.7 the reservoir area and capacity 
10 16.8 155.6 below elevation 2229 (invert of 

5 13.4 98.7 cross channel) are unusable and 
2200 10.4 57.6 remain constant at 3.8 million 

95 7.8 29.7 sq m and 8. 1 million cu m, re
90 5.8 14.5 spectively, as the reservoir is 
85 4.2 8.3 drawn down below that elevation. 
83.6 3.8 8.1 

Sept. 26, 1963 
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TAB3LE III-6 Sheet 2 of 5 

NILE PROJECT50-YR. SEDIMENT DISTRIBUTION--AMARTI RESERVOIR (WITHOUT NESHE)--BLUE 

Area Increment Method 

Elevation 
(M) 

Original 
area 

(million 
sq in) 

Original 
capacity 
(million 

cu m) 

Ao 
(million 

sq ) 

Sediment 
volume 

(million 
cu m) 

50-year
revised 

Area Capacity 
(million (million 

sq in) cu in) 

2234 18.7 77.3 1.2 10.5 17.5 66.8 
33 16.5 60.6 1.2 9.3 15.3 51.3 
32 
31 

13.8 
10.7 

45.0 
29.5 

1.2 
1.2 

8.1 
6.9 

12.6 
9,5 

36.9 
22. 6 

30 7.6 19.0 1.2 5.7 6.4 13.3 
29 
28 

5.0 
4.0 

12.6 
7.7 

1.2 
1.2 

4.5 
3.3 

3.8 
-2.8 

8.1 
4.4 

27 3.0 3.9 1.2 2.1 1.8 1.8 
26 
25.6 

2.0 
1.2 

1.1 
0.4 

1.2 
1.2 

0.9 
0.4 

0.8 
0 

0.2 
0 

25 0 0 0 0 0 0 

Sept. 26, 1963 
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TAB3LE III-6 Sheet 3 of 5 

50 AND 100-YR. SEDIMENT AT DAM--AMARTI RESERVOIR--BLUE NILE PROJECT 

Type III Reservoir 

S = 10.5 million cu m (50 yrs.) 21.0 million cu m (100 yrs.) 

Assume maximum normal water surface at elevation 2234, then H = 9 

Elevation p V(ph) | b-V(ph) I ip i) h'p 

50 yrs. 

2225.5 0.056 0.3 10.2 9.0 1.133 
2226 0.111 1.1 9.4 18.0 0.522 
2227 0.222 3.9 6.6 27.0 0.244 
2225.25 0. 0278 0.1 10.4 4.5 2.31 

100 yrs. 

2225.5 0.056 0.3 20.7 9.0 2.30 
2226 0.111 1.1 19.9 18.0 1.106 
2227 0.222 3.9 17.1 27.0 0.633 
2227.5 0.278 5.7 15.3 31.5 0.486 
2228 0.333 7.7 13.3 36.0 0.370 
2229 0.444 12.6 8.4 45.0 0.187 

Sept. 26, 1963 
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TAB3LE III-6	 Sheet 4 of 5 

50-YR. SEDIMENT DISTRIBUTION--NESHE RESERVOIR (WITHOUT AMARTI)--BLUE NILE PROJECT 

Area Increment Method 

50-year 
Original Original Sediment revined 

Elevation area capacity Ao volume Area Capacity 
(M) 	 (minion (million (million (million (million (million 

so in) cu in) sq in) cu in) sq in) cu in) 

Flood pool 10.5 
2234 29.6 674.8 0.2 10.2 29.4 664.6 

29 26.9 535.6 0.z 9.2 26.7 527.4 
25 24.5 435.0 0.2 8.4 24.3 426.6 
20 21.1 324.3 0.2 7.4 20.9 316.9 
15 17.1 230.0 0.2 6.4 16.9 223.6 
10 13.2 152.9 0.2 5.4 13.0 147.5 
05 9.8 95.0 0.2 4.4 9.6 90.6 

2200 6.8 52.9 0.2 3.4 6.6 49.5 
95 4.2 24.0 0.2 2.4 4.0 21.6 
90 2.2 7.8 0.2 1.4 2.0 6.4 
85 0.6 0.6 0.2 0.4 0.4 0.2 
83.6 0.2 0.1 0.2 0.1 0 0 
83 0 0 0 0 0 0 

Sept. 26, 1963 
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TAB3LE III-6 Sheet 5 of 5 

50 AND 100 YR. SEDIMENT AT DAM--NESHE RESERVOIR--BLUE NILE PROJECT 

Type III Reservoir 

S = 10. 5 mllion cu m (50 yrs.) 21.0 million cu m (100 yrs.) 

Assume maximum normal water surface at elevation 2234, then H = 51 

Elevation p V (pp | Hp p 

50 yrs. 

2183.5 0.0098 0.04 10.46 8. 18 1.28 
2184 0.0196 0.2 10.3 16.3 0.632 
2185 0.0392 0.6 9.9 32.6 0.304 
2186 0.0588 1.4 9. 1 49.0 0. 186 

100 yrs. 

2184 0.0196 0.2 20.8 16.3 1.276 
2185 0.0392 0.6 20.4 32. 6 0. 626 
2186 0.0588 1.4 19.6 49.0 0.400 

September 26, 1963 



At 80 percent turbo-generator efficiency, the operation study shows 
that the plant can operate under a level load curve (i.e., with 
approximately the same average kilowatts of generation each month) 
with an annual generation of 378 million kilowatt-hours, while 
also serving the irrigation project. 

Irrivated Area 

Estimated farm delivery requirement for the Amarti-Neshe 
Project area is 0.954 meter (3.13 feet). This estimate is the same 
as for the Finchaa Project of similar elevation and location, shown 
in Table 111-2. Allowing 10 percent for canal seepage and 20 
percent for operational waste, the operation study shows that, if 
the reservoir is constructed and operated in accordance with the 
proposal, much more than 8,490 hectares (20,970 acres) could be 
irrigated with no shortages. 

Spillway Design Flood 

Table 111-7 shows ordinates of the estimated maximum 
probable reservoir inflow flood from the two drainage basins. Table 
111-8 shows ordinates of the maimum probable flood that could come 
down the Neshe and would have to be passed through the cross channel 
to be spilled at Amarti dam. 

Flood Freauency 

Table III-4 shows frequency of floods expected to be
 
encountered during construction at each of the damsites.
 

Outlet Capacitv 

In order to provide for peak operation of the Neshe plant 
at twice the average release (during months of low content), the 
outlet from Neshe reservoir to the power canal will require a 
capacity of 20 cubic meters per second (706 cubic feet per second) 
when water surface is at the minimum operating level of 2229 meters. 
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Basic ratios 

0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3. 
4.0 
4.5 
5.0 

Days 

q0Pq/qp 

0 
0.015 
0.075 
0.16 
0.28 
0.43 
0.60 
0.77 
0.89 
0.97 
1.00 
0.98 
0.92 
0.84 
0. 75 

0.66 
0. 56 

0.42 
0.32 
0.24 
0.18 
0.13 
0.098 
0.075 

0 6 

0.018 
0,009 
0.004 

arAugust (1932) av. 

TABLE 111-7
 

MAXIMUM PROBABLE FLOOD - NESHE-AMARTI (COMBINED) 
BLUE NILE PROJECT 

x0. 1 9 5
 T = 0. 749 ad - 554 x 106 x0 749 =42, 400
 

a drainage area in sq meters = 554 x 106
 

d - depth of runoff in meters = 0.195 

q flood peak in cu m per see = 1, 910
 

Design flood in cu m per see 
Time m Hydro- Base 

thousand sec. graph flowal Total Subtotal 

0 0 29 29
 
4 29 29 58
 
8 143 29 172 

13 306 29 335
 
17 535 29 564
 
21 821 29 850
 
25 1,146 29 1,175 + 

c 30 1,471 29 1,500 
It 34 1,700 29 1,729 o 

38 1,853 29 c1,882 -1 
42 1,910 29 & 1,939 + 
47 1,872 29 1,901 
51 1,757 29 1,786 
55 1,604 29 1,633 
59 1,.432 29 1,461 
64 1,261 29 1,290 
68 1,070 29 1,099 18, 839 

76 802 u 841
 
85 611 29 840 

93 458 29 487 x
 

d 102 344 29 m 373
 
' 110 248 29 c 277
 

119 187 29 216
 
127 143 29 172 3,460 

148 be bo 

* 170 34 29 63
 
191 17 29 ' 46
 
212 8 29 37 y 311 


2.45
 
say 2-1/2 days
 

= 78 million cu m 2,573,400 = 29 cu m per sec 

Million 
cu m 

C 

0 

80.07 

% 

29.15 

6.61 

115.83
 
say 116
 

Sept. 1963 
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TABLE 111-8 

MAXIMUM PROBABLE FLOOD - NESHE (WITHOUT AMARTI) 
BLUE NILE PROJECT 

T = 0. 749 ad = 0. 749 309 x 106 x 0. 207 = 38, 650 
qp 1,240 

a = drainage area in sq meters = 309 x 10 6 

d = depth of runoff in meters = 0. 207 

qp = flood peak in cu m per sec = 1, 240 

Design iood in cu m per see 
Basic ratios Time in Hydro- Base 

T/T q/qp thousand sec. graph flowa/ Total 

0 0 0 0 15 15 
0.1 0.015 4 19 15 34
 
0.2 0.075 8 93 15 108
 
0.3 0.16 12 198 15 213
 
0.4 0.28 15 347 15 362
 
0.5 0.43 19 533 15 548
 
0.6 0.60 23 744 15 759
 
0.7 0.77 27 955 15 970
 
0.8 0.89 31 1,104 15 1,119
 
0.9 0.97 35 1,203 15 1,218
 
1.0 1.00 39 1,240 15 1,255
 
1. 1 0. 98 42 1,215 15 1,230 
1.2 0. 92 46 1,141 15 1,156
 
1.3 0.84 50 1,042 15 1,057
 
1.4 0. 75 54 930 15 945
 
1.5 0. 66 58 818 15 833
 
1.6 0. 56 62 694 15 709
 
1.8 0.42 70 521 15 536
 
2.0 0.32 77 397 15 412
 
2.2 0.24 85 298 15 313
 
2.4 0.18 93 223 15 238
 
2. 6 0.13 101 161 15 176 
2.8 0.098 108 122 15 137
 
3. 0 0.075 116 93 15 108 
3. 5 0.036 135 45 15 60 
4.0 0. 018 155 22 15 37
 
4.5 0.009 174 11 15 26
 
5.0 0.004 193 5 15 20
 

a/August (1932) av. = 39 million cu m 2, 678, 400 = 15 cu m per sec. 

4&1.
 

Sept. 1963 
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SECTION IV - GEOLOGY 

General Geoloy of the Area 

The headwaters of the Finchaa drainage system originate 
from high volcanic mountains, composed mostly of basalt, which have 
been eroded into sharp, steep ridges and valleys. Volcanic plugs, 
ranging from dark colored basalt to light colored rhyolite, are 
common physiographic features in this mountainous area. 

Northward, at lower elevations the volcanic material 
feathers out on the wide, flat rolling plateau. In this northward 
or downstream direction, due to erosion and probably to the thinning 
of the volcanic lava flows, -the streams have cut through the volcanic 
materials into flat-lying, massive beds of adigrat sandstone, which 
constitute the principal rocks forming the lower part of the plateau. 

In the vicinity of the outlet of the swamp, the ridges are 
composed of sandstone, but in the valley or canyon the Finchaa River 
is flowing on an intervalley flow of basalt which was deposited 
within an older, previously eroded valley. It is believed that the 
intervalley filling of lava is younger than the "plateau" volcanies 
and probably originated in the vicinity of the volcanic plugs and 
cones upstream within the swamp area. It is this intervalley filling 
of volcanic rock, which is harder than the sandstone, which is 
responsible for the vertical waterfalls. It has also retarded 
erosion and entrenchment of the streams in the swamp, resulting in, 
the large, flat, poorly drained, land area on the high plateau. It 
is on the intervalley volcanic rock in the' canyon below the outlet 
of the swamp that dams and other engineering structures will be 
constructed to develop the project. 

The intervalley volcanic rock is hard and jointed, but it 
is not extremely porous like most other younger volcanic rock in the 
Blue Nile River Basin. Apparently it was deposited as a thick, 
massive flow, whereas most other younger volcanics were deposited 
in intermittent, thin flows that became scoriaceous and badly broken. 
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Geologic Reconnaissance 

Drawing No. 5.2-Fi-2, Finchaa and Amnarti-Neshe areas, 
covers the general geology in the project areas and at the structure 
sites. The map was constructed by tracing aerial photographs, after 
making field inspections on the ground and from helicopter flights. 
Auger holes were drilled to obtain samples of construction materials 
and they were analyzed by the Imperial Ethiopian Highway Authority 
laboratory. 

Seismoloev 

The country of Ethiopia is considered to be in an active 
seismic area due to the close association with the great rift system 
passing through Ethiopia. The Ethiopian plateau, of which the Blue 
Nile River Basin is a part, has been vertically uplifted many hundreds 
of meters, but it is remarkable that little disturbance or tectonic 
movements have occurred within the plateau area. 

No active faults are known to exist within close proximity 
to the Finchaa and Amarti-Neshe project area, and certainly not within 
the structure locations. While structures should be designed with 
margins of safety to withstand intensive earthquake shocks, no 
serious problems of a seismic nature are anticipated. 

Ground Water 

The Finchaa and Amarti-Neshe project areas are on well 
drained slopes underlain by sandstone. Sources of groundwater 
supplies for irrigation are not available. The relief and good 
drainage slopes do not suggest that salt accumulations and water
logging of lands will readily develop in the project areas if 
irrigation water is properly applied. 
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AMARTI-NESHE PROJECT (View Upstream) 



5 
~

-
\J

v)
r 

a 

1.
 

V-
c 

II
Ifl

 
1~

 
~w

i 

S o
 

V
N

\ 
'7 

" 



0 

30. 3O
,rW3rce 

32.00 1;4 

EXPLANATION 

Thn.,cs andoay - --- ---

Sub-boss hardwy4

fMpro'd rood
 
thagrowd road -=n.=-*
 

Vman ero 

fL"Arn nt" /0*.. 

SCALE OF KILOttETENS 

Caopd fr Ire50000?0JForcePredayr&, Aps 
rrs 78BI ubbol 780C (Cl.),789A (Debr. Mats,)

af7890f4dds Abehol. Revsad froohfdeld ad 
blteCrP rsCOrrnessence. 

-4,I 

.00 

tOl T tob a Ill srs tw~~ #In c Lome I 
At1 0111,I I 

BLUE BASINNILE 

FINCHAA, GUDER AND MUGER
 
SUB-BASINS
 

LOCATION MAP
 
Aj cmI.,. a - Bm. W -9" 0.. .tC D. .IV K.-INCUb 1Qr1kne CIM, 

cuICagp*VsbItIth fW K. MP*OnD * V..L - * 

,A~I arep 4.ses 2 0-8N-92 

30a303W0
S~o, 37. 



SECTION V - PLANS AND ESTIMATES 

Comprehensive Plan of Development 

The comprehensive developent of the Finehaa Sub-Basin 
(Dwg. No. 2.0-BN-92) would extend over a long period of years and 
includes the construction of three storage dams, two irrigation diver
sion dams, one power diversion dam, one power canal, two pressure 
tunnels, penstocks, two hydroelectric powerplants, main canals, 
distribution systems, and drainage canals. The plan envisions the 
developent of approximately 23,500 hectares of land for irrigation 
and generation of 160,000 kilowatts of hydroelectric power. 

The development plan for the Finchaa Sub-Basin is divided 
into two broad plans--the Finchaa Project and the Amarti-Neshe 
Project. Both projects would be essentially similar in scope and 
purpose--the developent of the land and water resources for irriga
tion and hydroelectric power production. The Finchaa Project appears 
to be the more economically attractive of the two because of its 
initial low investant, primarily due to the low cost in utilizing 
Chomen Swamp for storage. 

FINCHAA PROJECT 

Plan of Development 

The multipurpose development plan includes a storage dam, 
a power diversion dam, a power tunnel and penstocks, a powerplant, 
transmission facilities, an irrigation diversion dam, two main canals 
(one on each side of the river), and a distribution system and sur
face drains to provide irrigation for 15,000 hectares of land and 
80,000 kilowatts of power installation. 

Storage would be provided by the potential Finchaa 
Reservoir, made possible by constructing a low dam at the outlet of 
Chomen Swamp. From this storage, a continuous discharge would be 
made into the Finchaa River channel whence the flow would be diverted 
about five kilometers downstream by means of a diversion dam through 
a tunnel and penstocks for production of hydroelectric power. The 
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discharge from the powerplant would be made into the river channel 
below the escarpent and again diverted by another diversion dam into 
the two main canals to convey the water for irrigation purposes. 
These canals would roughly parallel the river, the canal on the east 
side being 56.7 kilometers in length and the one on the west side 
being 43.1 kilometers in length. 

Project Features 

The features of the multipurpose project plan are shown in 
general on Drawing No. 2.0-Fi-2 and are described in reconnaissance 
detail in the following paragraphs. Topography of the project area 
(Dwg. No. 2.0-Fi-9) *as compiled from stereoscopic projection 
(multiplex) to a scale of 1:20,000 with 20-meter contour intervals. 
Controls for the multiplex compilation consisted of (1) horizontal 
distances measured with tellurometer, third order, and (2) vertical 
control by trigonometric leveling, using in both cases first order 
triangulation stations established by the U. S. Coast and Geodetic 
Survey. Profile of the river is shown in Drawing No. 4.0-BN-74. 

Finchaa Dam and Reservoir 

Finchaa Dam. The proposed damsite would be near the out
let of the Chomn Swamp about five kilomters upstream from the 
Finchaa Falls. It would be a concrete-masonry dam with an ogee-type 
spillway at the center section. Diversion during construction would 
be accomplished by gap in the dam, the gap to be closed during the 
dry season and the floods routed through the completed outlet and 
spillway section. See Drawing No. OA-23-101 for plan, profile, and 
section of dam. 

Finhaa Dam Data 

Type masonry-ogee
 
Volum of concrete and masonry in dam 3,800 ca.m.
 
Elevation of spillway crest 2213.40 m.
 
Structural height 8.00 m.
 
Hydraulic height 7.23 m.
 
Iangth of crest 210 m.
 

Spillway. The design of the spillway was based on an
 
inflow design flood showing a peak inflow of 1,195 cubic mters per
 
second and a 10-day volume of 280 million cubic mters. In routing
 
the flood it was assumd that the reservoir would be at normal water
 
surface elevation 2213.40 mters at the beginning of the flood. The
 
spillway would discharge 70 cubic meters per second at maximim water
 
surface elevation 2214.23 meters.
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Spillway Data 

Spillway crest elevation 2213.40 m. 
Inflow design flood 1,195 cu. m. per see. 
Total flood volum, 10 days 280 million cu. m. 
Discharge at maximum w.s. elevation 'f cu. m. per see. 

Outlet Works. The outlet works would be located on the 
right abutmnt of the dam and would consist of two, 2.0- x 2.0-miter, 
slide gates with a capacity of 16 cubic meters per second at minimum. 
water surface elevation of 2210. Stop logs have been provided for 
closure of the gates if required in case of energencies or repairs 
to the slide gates. 

Outlet Works Data 

Sill elevation 2208 m. 
Discharge capacity (each)--nw.s. 23 eu. m. per see. 
Type of gate 2- x 2-r. slide gates 

Reservoir. The Finchaa Reservoir would be in the Chonen 
Swamp, the basin of which is covered with black clay of unknown 
depth. It may be as much as 10 meters in depth and is believed to be 
underlain by volcanic rock. This soil cover forms an excellent 
impermeable blanket, and seepage is not considered to be a serious 
factor. The reservoir at normal water surface elevation would 
impound 464 million cubic meters of water at initial storage, cover
ing an area of 188 square kilomters. Reservoir data are shown on 
Drawing No. 2.2-BN-1, and the area-capacity curve is shown on 
Drawing No. 2.0-Fi-i (see SECTION III), including sediment disposi
tion. 

Site Geology 

Finchaa Storage Dam. Geology at the damsites studied
within the Finchaa canyon between the falls and the outlet of the 
swamp indicates that the foundation rock is of hard basalt which is 
exposed along the stream channel and generally on the sides of the 
valley. The soil mantle is relatively thin, perhaps up to two nters 
thick in local areas. The volcanic bedrock is jointed but believed 
to be groutable to the point that excessive leakage from the reser
voir and beneath the dam can be prevented. Inasmuch as a relatively 
low dam will provide abundant storage and regulation, leakage is not 
considered to be a serious problem; however, a grout curtain under 
the dam at this storage site should be included in the design and 
cost estimates. Core trench excavation depth will average about two 
meters. A geologic section is shown on Drawing No. 4.0-Fi-5. 
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Finchas Power Diversion Dam. Since bedrock materials are 

exposed at the site, required cutoff trench excavations in the stream 

channel and on parts of the abutments should not exceed an average 

depth of two meters to remove loose rock, mud seams, tree roots, and 

other nongroutable material along the cutoff core of the dam. Only in 

local areas will stripping be required to remove vegetation, such as 

roots of brush and large trees in the dam foundation area. A concrete 

or masonry-rock structure is recommended at this location. A geologic 

section is shown on Drawing No. 4.O-Fi-9. 

Powerplant Site. The penstock tunnel will penetrate 

basaltic lava rock from the intake to the approximate base of the 

lower vertical waterfall, at which point the excavation will continue 

in friable sandstone to the powerplant location, where there are 

thick accumulations of talus, large boulders, and soil cover, probably 

up to 7.5 meters in depth. Beneath the talus debris the foundation 

for the powerplant is sandstone. 

Irrigation Diversion Damsite. The irrigation diversion 

damsite is located below the plateau downstream from the powerplant. 

The foundation for the dam will be Adigrat sandstode. Canals will 

be connon excavation in deep residual and slopewash soils over sand

stone bedrock. 

Construction Materials 

There is abundant, good, sandy clay for impervious earth 

materials near the damsite. These materials are deep, residual soils, 

weathered from sandstone, and cover the gently rolling ridges and 

slopes adjacent to the damsite. No natural concrete aggregates nor 

pervious alluvial embankment materials were observed, and it is doubt

ful that any exist within an economical haul distance of the damsite. 

However, the hard, volcanic rock adjacent to the damsite can be 

quarried for rockfill, riprap, or masonry and can be crushed for con

crete or mortar aggregate. 
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Access to Sites 

Access to the project would have to be improved--that is, 
the 135 kiloaters of trail from Gedo to the Finchaa damsite. This 
section of the road is considered for the purpose of this estimate 
as part of the national road system and therefore is not included as 
part of the project cost. However, access roads to the other project 
features would be necessary. 

1. Road from Finchaa Dam to power diversion dam, following 
edge of swampy ground--five kilometers. 

2. Road from power diversion dam over the escarpment to 
powerplant--20 kilometers. 

3. Road from powerplant to irrigation diversion dam, fol
lowing Finchaa River through rolling hills--five kilometers. 

Power Diversion Dam 

This structure is on the Finchaa River approximately 200 
meters upstream from the lip of the falls. The reservoir will store 
90,900 cubic mters above the minimm operating water surface eleva
tion. It would be a masonry overflow dam with a =r4mra height of 
about 7.5 meters above river bed. The crest length includes about 
40 meters for an ogee spillway section. The inlet structure for the 
power tunnel would be located on the right abutment and gated for 
eargency closure to the tunnel. See Drawing No. 0-23-101 for plan 
and section of dam. 

Power Dam Data 

Type msonry-ogee

Tolume of masonry 1,320 cu. m.
 
Normal water surface elevation 2200 m.
 
Spillway crest elevation 2200 m.
 
Structural height 7.5 m.
 
Hydraulic height 5.5 m.
 
Length of crest 114 m.
 

Power Tunnel and Penstocks 

The tunnel, starting at the inlet portal near the right 
abutent of the power diversion dam at elevation 2195.6 aeters, would 
be a pressure-type tunnel requiring reinforced concrete linings. It 
would be about 330 meters long, would be 2.2 aters in diameter, and 
would have a design capacity of 19 cubic meters per second. Te increased 
hydraulic head and the poor rock formations will require a welded 
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steel pipe to be encased in prolongation of the tunnel for a distance 
of 1,210 meters, thence under cut-and-cover section for another 320 
meters. Two penstocks, each having a diameter of 1.524 meters, 
would then be connected with butterfly valves above ground for a 
distance of 1,280 meters, terminating at the powerplant at elevation 
1715 meters. 

Tunnel Data 

Type pressure 
Length 330 m. 
Diamter 2.2 m. 
Design capacity 2/ 19 cu. m. per see. 

Welded Steel Pipe and Penstock Data 

Welded Steel 
Length 1,530 m. 
Diameter 2.2 m. 
Design capacity 19 cu. m. per see. 

Penstocks (two) 
length (each) 1,280 a. 
Diameter (each) 1.524 m. 

Poweraplant 

Drawing No. 4.0-BN-74 gives an indication of the river 
profile together with the elevations of the pertinent structures, 
including the powerplant. Conveyance of water from the forebay 
storage to the powerplant turbines would be by pressure tunnel and 
welded steel penstock. According to operation studies made 
(SECTION III), the annual gross generation would be 360,420,000 kw.-hr. 
for an adverse water supply period. Two generator units of 40 ar. 
each would be satisfactory, providing a total plant capacity of 80 ar. 
or 100 m.-a. at 0.8 power factor. 

Because of the high head, 467 miters (net), the two tur
bines will be of the impulse-type, each rated 55,725 metric hp.
(56,500 English hp.) and could be double-runner with a single jet 
per runer. Horizontal shaft, double-overhung, single-nozzle,
429-r.p.m. wheels would be adequate. The pitch diamter of the run
ner would be about 208 centimeters, and the jet diameter would be 
about 27 centimeters. The diamter of the nozzle pipe would be 
about 130 centimeters with the velocity of the water through the 

2/Designs permit meeting annual load factor at plant of 58%. 

50 



nozzle pipe inlet determined to be about 8.5 meters per second. The 
width of the wheel pit would be slightly over three meters, and the 
flow of water to the turbines would be controlled by a needle valve 
from governor action related to load demand. The governor action 
would also simultaneously operate a pressure regulator to by-pass 
water from the penstock, during load changes, around the turbine 
into the tailrace. Energy absorbers are required to dissipate water 
from the pressure regulators. Thus, there will be no sudden changes 
in the velocity of the water in the tunnel and penstocks due to load 
pick-up or rejection. 

The two generators would have individual step-up trans
formers, as shown by Drawing No. 4.0-Fi-, from 13.8-ky. generator 
voltage to 161-ky. transmission voltage, each transformer rated 
50,000 kv.-a. Generator units 1 and 2 will provide station service 
power, stepping from 13.8-k7. to 220-volt, three-phase, by mans of 
a 300-kv.-a. transformer connected to each unit, electrically inter
locked so that only one transformer is energized at one time. This 
source will also serve the caretakers' and operators' quarters. The 
switchyard is to be arranged so that future 45-ky. and 12.47-"k. 
lines can be terminated. 

Summarizing, the generators would have the following char
acteristies.
 

Speed 429 r.p.m. 
Number of poles 14 
Horizontal shaft, direct connected 
Voltage (wye connected) 13.8 ky. 
Frequency 50 cycles 
Power factor, variable, 0.8 thru unity, lag or lead 

Transmission Plant 

Transmission lines. Assuming that the Finchaa powerplant 
will be the first Blue Nile plant to serve the Addis Ababa Complex, 
followed next by the Neshe powerplant (30 km. from the Finchaa power
plant), a double-eircuit, steel tower, transmission line with one 
circuit installed initially and rated at 161 kv. would be constructed 
simultaneously with the Finchaa powerplant from the Dongi Substation, 1 
located on the escarpment above the powerplant, to Addis Ababa. Later, 
the second circuit would be installed on these existing towers when 
the Neshe powerplant is constructed, thus completing the double- 
circuit line. A 1.8-kiloneter, single-circuit, steel tower line 
would be required from the Finchaa switchyard to Dongi Substation. 

iMand after the lower section of Chomen Swamp, known as Dongi
 
Swamp to the local people.
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Prior to construction of Neshe, there will be about 249.8 km. 
of 161-ky. line, consisting of 1.8 kil6meters of single-circuit tower 
construction joining the 248 km. of double-circuit tower construction 
carrying one circuit. The junction point would be the future site 
of the Dongi Substation, required when Neshe is constructed. 

The transmission distance (airline) from Addis Ababa to 
the Finchaa powerplant would be about 170 kilometers (100 miles) and 
would cross some very rough and nearly inaccessible terrain. Access 
to a line along this route would be a serious problem and almost 
prohibitive in cost. For these reasons, the routing shown on Drawing 
No. 4.0-BN-1' (SECTION VII) -generally south along the east side of 
the swamp toward Gedo and thence along the main highway to Addis 
Ababa-may be the nost feasible at this tine, even though 240 kilo
meters (150 miles) in length. The latter route can presently be 
traveled all year from Addis Ababa to Gedo but only during the dry 
season from Gedo to the edge of the escarpment overlooking the power
plant below. 

The transmission line will provide satisfactory service 
using 954,000 circular mil ASOR conductor based upon USBR standards, 
although some utilities might consider that 795,000 circular mil 
would be adequate. Cost estimates here, however, are based upon 
using 954,000 circular mil ACSR. 

A 230-ky. line was avoided because at some of the altitudes 
the line will traverse, corona loss would require larger canductors 
resulting in higher cost. Also, the higher voltage was avoided for 
operational reasons, as the highest voltage used so far is 132 ky. 
The special problems associated with 230 kv. should be avoided at 
the present stage of electrification. 

Impregnated eucalyptus poles were considered for two 
separate 161-ky. lines, but they were decided against at this time 
for the following reasons: 

1. Lack of experience data concerning service lives of
 
these treated poles.
 

2. The annual prevalent practice of burning off the bush 
after the end of the rains may cause destruction of some of the 
wood-pole structures. 

Steel tower lines, although requiring greater initial investment, 
may have lower annual costs because of the higher OM&R for the wood
pole lines. Until the reliability of the treated eucalyptus poles
is dexonstrated by successfully resisting dry rot and termites, 
steel was the choice for this project. 
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Provisions have been made for future facilities to serve 
local loads, although it is believed that it will not be possible to 
serve rural areas for many years as it has been proven elsewhere 
that developing countries in early stages of electrification cannot 
afford rural electrification. Therefore, delivery of the entire net 
plant output will undoubtedly be utilized in the Addis Ababa Complex, 
or possibly in addition at som of the larger urban centers within 
transmission distance. (These two cases have been studied; see 
SECTION VII.) 

Concerning a long-range development program to provide 
electrinity for the Chowen Swamp area, a 45-kv. line around the north 
and west sides of the swamp, serving Shambo, Haratu, and Gedo, may 
eventually be justified. The distance is 110 km. (66 miles). Ulti
mately, with increased loads, a 161/45-ky. substation can be installed 
at Gedo, completing a loop. The same substation could supply 
Lekkemt at 45-kv. 

Substation. By 1971, EELPA will have constructed the 
Sebeta (Sabata) and Gafarsa Substation No. 1 west of Addis Ababa as 
part of a basic plan to provide a 132-ky. ring bus around the city. 
(See Dwg. No. 4.0-Et-14, SECTION VII.) The 161-k7. lines from the 
Finchaa Sub-Basin powerplants can either terminate in 161- and 
.132-ky. additions to Gafarsa Substation No. 1 or in a separate sub
station which can eventually be expanded to include 230-ky. in the 
future. Since there might be an advantage in having another sub
station as part of the ring bus extension located to the north or 
northeast of the center of the city, a separate substation identi
fied as Gafarsa No. 2 has been used for estimating purposes, as shown 
by Drawing No. 4.0-BN-174 with the 1980 system shown on Drawing 
No. 4.0-Et-15 (SECTION VII). 

The substation will be of the outdoor type with controls 
and service equipment located indoors. One control house and one 
combination service building-warehouse will be necessary. A double
bus, single-breaker schene with one transfer breaker per voltage 
section is used, but the latter breaker is installed only when war
ranted. Connections are made according to Amrican practice, which 
uses one main and one auxiliary bus whereas the European practice 
uses two main buses. Construction costs of both arrangements are 
about equal and both types have advantages. Since costs are about 
equal, the American practice is used here, as a major purpose of. 
designs at this reconnaissance stage is to arrive at approximate 
estimates of cost. Ultimately, when these facilities are investi
gated and designed for final construction, such designs may well 
follow European practice. These conditions also apply to powerplant 
switchyards. Standard A.S.A. electrical symbols are used as por
trayed by Drawing No. 4.0-BN-23. 
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The terminal facilities required in the receiving-end sub
station, Gafarsa No. 2, for the first 161-ky. line (from Finchaa 
powerplant) will consist of a 161-ky. line bay, transformerbay, 
161/132-ky. autotransformer bay, 
bays) as explained by Note 1 on 
facilities have been designated 

and three 
Drawing No. 
as Stage 01. 

132-ky. 
4.0-BN

bays 
-174. 

(two-line 
These 

Irrigation Diversion Dam 

The irrigation diversion damsite would be located on the 
Finchaa River approximately 11 kilometers downstream from the power
plant. There would be no significant amount of storage in the 
diversion reservoir. Headworks for two radial gates would be pro
vided, one for the East Main Canal designed to discharge 10.5 cubic 
meters per second, the other for a flow of 8.5 cubic meters per 
second with a sluiceway for each headworks for sediment dis
position. The ogee-type spillway envisioned for this dam is esti
mated to be 210 meters in length. 

Irriantion Diversion Dam Data 

Volume of masonry 2,650 cu. m. 
Maximum water surface elevation 1602.25 m. 
Normal water surface elevation 1600.5 m. 
Structural height 3.5 m. 
Elevation at top of dam 1602.6 m. 
Maximm flood discharge 900 cu. m. per see. 
Crest length 292 m. 

Main Canals 

Two main canals starting from the outlet works of the 
diversion dam on each side of the river have been planned for the 
project to convey water by gravity to serve as much as possible of 
the lands determined to be arable. The location would traverse 
rolling hills and cross many ravines and draws which will require 
suitable structures to accommodate the high flows of the rainy 
season. The proposed route would be for the nost part in the fairly 
deep soils of the valley, but short reaches mdght possibly be in 
sandstone where soil cover is thin or entirely absent . No problem 
should be encountered from constructing the canal as an open, unlined 
section. Clearing will be a definite problem, present vegetation 
varying from dense growths of large trees in many areas to scat
tered trees with tall grasses. Structures such as bridges, culverts, 
wasteways, turnouts, siphons, checks, and drops would have to be 
provided as required. The cost of these structures has been esti
mated, using the Upper Guder Project as a prototype, on the assump
tion that it closely approximates the structure requirements for the 
Finchaa Project. 
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NOTES 181-KV POWERPLANTS 

I Finchac foclities (Stage 0O) limited to YS, Y6, KYSA, 
FINCHAA NESHE 

IV, V2, W3. 
2. Neshe facilities (Stage 02) to be added include Y4, 

3 
Y2, KY3A, W4, W5. 

Some reactive control facilities are Indicated on basis 
that by 1990 duping peak load periods 50MVAR 
will be needed assuming little if any support from 
Awash plants. 

Y7 YO

-4, 
YS Y4 YJ Y2 VI 

REACTIVE CONTROL FACILITIES 

X3 X2 XI LL1J 

T-

KYBA :fa INTERLOC4K A KY3A 

ISKV 
STATION SERVICE - "----------S, SYNCHRONOUSCONESERS S,

30- 25,OOOKVA EACH W3 W2 WIW4w, 
0//13-to-20=O/26,667/33,DV CR . 3

161GRO ~Y9-3GD/7-IS5KV~~ 
GROUNNO 

t-
OCMARTMENT RESAURAESOF WATER 
IMPfAL ETHOPIANOOVERNMENT 

MINISTRY WORMS COMMNiCATIONSOF PUBLIC . 

BLUE NILE RIVER BASIN 

RECONNAISSANCE ESTIMATES
 
GAFARSA SUBSTATION NO. 2
 

SWITCHING DIAGRAM

GAFARSA NO. I GAFARSA NO / RING BUS STAGES 01 AND 02 

13-KV LINES EAST suserstm..c...A .. 
E M ---TRACE. 

C;ECKEHI.C ._C ___APROV E 

APPROXIMATE ELEVATION 2560METERS A....**melOn, ,Es4.0-BN-174 



East Main Canal The East Main Canal would originate at 
the discharge end of the outlet works on the right abutent of the 
irrigation diversion dam. It would extend in a northerly direction 
for a distance of approximately 56.7 kilometers and would have an 
initial capacity of 10.2 cubic meters per second. This canal would 
convey water by gravity to serve approximately 8,000 hectares of 
irrigable lands. 

East Main Canal Data 

length 56.7 km. 
Type unlined 
Initial capacity 10.2 cu. m. per see. 
Initial water surface elevation 1600 m. 

West Main Canal. The West Main Canal would extend from the 
discharge end of the outlet works, on the left abutment of the irri
gation diversion dam. It would proceed in a northerly direction for 
a distance of approximately 43.1 kilometers and would have an ini
tial capacity of 8.5 cubic meters per second. The canal would convey 
water by gravity to serve approximately 7,000 heetares of irrigable 
land on the west side of the Finchaa River. 

West Main Canal Data 

Length 43.1 km. 
Type unlined 
Initial capacity 8.5 ou. m. per see. 
Initial water surface elevation 1600 m. 

Distribution System and Drains 

Distribution System. The irrigable lands occur on broad
topped ridges varying in width from 300 to 1,000 meters with slopes 
of one to two percent, lending themselves readily to water-spreading 
with a mdnimum expense of land leveling, increasing in slope on the 
sides of the ridges up to 12 percent. Distribution of water to the 
lands with the steeper gradients will be more difficult and costly 
to develop than those on the plateaus, with particular attention 
necessary for the prevention of erosion. The distribution system 
for the 15,000 hectares of irrigable lands is envisioned as an open,
unlined canal with sufficient capacity to meet the peak demand of 
any lateral service area during the period of maximun-demand. The 
distribution system has been planned on the basis that the applica
tion of water for the area would be on a continuous 24-hour operation 
when required, based on a rotation system of irrigation. Included 
in the cost estimate are farm turnouts that would be provided for 
about every 17 hectares of land, with metal slide gate and meter-type 
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masuring devices leading to a concrete pipe. Other structures 
required would include drops, checks, culverts, and farm crossings. 
Costs for the distribution system were computed on a cost per 
hectare basis derived from semidetailed studies perfored on the 
Upper Birr Project. The estimated cost of Eth$330 per hectare was 
used, which excludes contingencies, engineering, and general expense. 

Drains. Costs have been estimated for construction of sur
face drainage to be provided for removal of irrigation waste and 
excess precipitation falling on the irrigable lands. The erosiveness 
of the soils and the fast slope of the lands are such that without 
proper drainage the erosion would develop nuarous, deep, vertically 
walled drainageways that would wash away the soil resources. The 
natural drainage channels would be used for outlet purposes wherever 
practicable and would be protected and improved wherever necessary 
or desirable. Based upon the Upper Birr Project, where semidetailed 
studies were performed, the cost per hectare was estimated to be 
Eth$120 on the assumption that the natural drainage channels were 
more numerous than those of the prototype, and excluding contingen
cies, engineering, and general expense. 

Estimates for subsurface drainage requirements were not 
possible because- of lack of data. Further studies to determine the 
requirements and feasibility of subsurface drains would include 
existing water table behaviour, any subsurface obstructions such as 
dikes that would impound water, an evaluation of present vegetation 
for evidence of wet areas, and suitable pump-in tests to determine 
the in-place permability. It is emphasized that if subsurface 
drainage is found necessary, the cost would add a significant amount 
to the total project cost. 

Service Facilities 

Housing and administrative buildings will be required by 
governent personnel to administer and oversee that the construction 
of the features follows the contract specifications and later to 
house operation and maintenance personnel. Cost generally asso
ciated with this item includes camps, construction roads and trails, 
utility systems, transportation equipment, and cost of temporary 
plant used during construction. The estimates for this item, in the 
absence of local data, were based on United States Bureau of Reclama
tion practices mdified to local requirements. Generally, cost per 
square mter was employed, using prices prevailing in Addis Ababa 
for construction of the various buildings estimated to be required. 

Estimates of Construction Cost 

The total construction cost for the multipurpose Finches
 
Project is estimated at Eth$86,127,000 on the basis of January 1961
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN-ETHIOPIA
 

ADDIS ABABA, ETHIOPIA
 

Project FINCHAA4--M tipl-purpoe 

Dole of Estimate November 1963 Currency in terms of Ethiopian Dollors 

Jamsry 1961Pnces as of. (US 100 = Eth 2.501) 
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RECONNAISSANCE ESTIMATE 

BLUE NILE RIVER BASIN-ETHIOPIA 

ADDIS ABABA, ETHIOPIA 
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RECONNAISSANCE ESTIMATE 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDIS ABABA, ETHIOPIA 
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prices as itemized with unit prices in Table V-1. Electrical facili
tie s, such as the powerplant and transmission plant, were derived 
from curves based on U. S. Bureau of Reclamation practices and. design 
modified to local conditions. Table V-2 sumarizes estimated costs 
for the various features and includes the estimated allocated cost 
for the joint-use facilities and the cost of contingencies, engineer
ing, and general expense. 

Plan Selection and Alternatives 

On the basis of preliminary studies, the plan as selected 
appeared to be the sst feasible economically. The natural falls 
favored production of hydroelectric power, and the water releases 
were oriented in this direction rather than toward irrigating mre 
land. The plan as finally selected represents an optimm balance 
between irrigation and power development. 

- Alternative damsites were investigated for storage and 
power diversion. One plan briefly studied included using only one 
dam for both storage and power diversion, located approximately mid
way between the falls and the outlet of the swamp. Rough estimates 
indicated that the combination of the higher dam to store the equiva
leat amount of water, due to the river slope and the additional 
length of tunnel for power development, would be more expensive than 
the two low dams selected. 

Visual geological examination of the site precluded the 
employment of a vertical shaft tunnel and an underground powerplant, 
which would have been the most economical and desirable solution. 
Drilling will be required for final determination of plan to evalu
ate the rook formation. The location of both the tunnel and the 
penstocks in the selected plan appears to be the more economical 
alternative. 

A higher location of the canals in the project land area
 
was considered, but it was found that locating the canals to serve
 
all of the land classified would mean high construction cost and
 
excessive maintenance problems, since such location would place the
 
canals near the escarpment on steep talus slopes. Some small amount
 
of pumping could be done to reach areas above the gravity canal, but
 
these would be only small scattered areas and were not considered in
 
this study.
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TABLE V-2 - ESPIMATED CONSTRUCTION COST SUMMARY 
FINCHAA PROJECT 

In thousands of EthioDian dol) ars 
Total 

Feature Total Joint-use irri- Total 
construe- Irri- gation power 
tion cost ower gation features features 

Finchaa Dam and Reservoir 682 371 311 311 371 

Power Diversion Dam 210 - --- - 210 

Power Tunnel and Penstocks 32,948 --- -- -- 32,948 

lbwerplant 11,015 -- -- -- 11,015 

Transmission Plant 21,004 -- -- -- 21,004 

Irrigation Diversion Dam 545 - - 545 --

East Main Canal 3,031 -- -- 3,031 --

West Main Canal 1,989 - 1,989 --

Distribution System 7,734 -- -- 7,734 -

Drains 2,813 - - 2,813 -

Access Roads 1,813 986 827 827 986 

ermanent Camp Facilities 2,343 1,275 1,068 1,068 1,275 

Subtotal 86,127 2,632 2,206 18,318 67,809 

Development Cost j 5,325 -- -- 5,325 --

Total Construction Cost 91,452 2,632 2,206 23,643 67,809
 

1/See SECTION VIII for details. 
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AMARTI-NESHE PROJECT 

Plan of Development 

The developmnt plan for the mltipurpose Amarti-Neshe 
Project includes two storap dams, a power canal and tunnel, penstocks, 
powerplant, transmission facilities, irrigation diversion dam, two 
main canals, a distribution system, and drainage canals to provide 
irrigation for 8,490 hectares of land and 80,000 kilowatts of power 
installation. 

Storage requiremnts for the project are to be provided by 
utilizing the Amarti and Neshe River Basins, connected by an open
ditch channel through a narrow saddle that separates the two basins. 
The Amarti River channel is almst 42 meters higher in elevation 
than that of the Neshe and water would be impounded by a low masonry 
dam that will also serve as a spillway for both reservoirs. 

Discharges would be made from the outlet works in the 
Neshe Dam into a power canal, then to a tunnel and penstocks for pro
duction of hydroelectric power. The powerplant would discharge into 
the Neshe River channel and irrigation water would be diverted by a 
diversion dam into two main canals for conveyance to the distribution 
system and farmers' headgates. 

The features of the multipurpose project plan are shown in 
plan on Drawing No. 2.0-Fi-6 and are described in reconnaissance 
detail in the following paragraphs. Topography of the area was 
developed in the same mnner as on the Finchan Project area. 

Project Features 

Amarti-Neshe Dams and Reservoirs 

Neshe Dam. The Neshe Dam would be located about 1.3 kilo
meters upstream from the lip of the falls on the Neshe River. It 
would be an earth-rookfill dam having a structural height of 60 meters 
and a crest length of 1,100 meters. Diversion during construction 
would be accomplished through a gap in the dam, the gap to be closed 
during the dry season following the completion of the outlet conduit. 
See Drawing No. OA-23-91 for plan, section, and profile of the Neshe 
and Amarti Dams. 
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Neshe Dam Data 

Type earth-rockfill 
Earth embankment, volume 2,300,000 cu. m. 
Rock embankment, volume 3,100,000 cu. m. 
Elevation of crest 2243'm. 
Freeboard 2.41 m. 
Structural height 6o m. 
Hydraulic height 57.59 m. 
Length of crest 1,100 m. 
Width of crest 10 m. 

Amarti Dam Spillway. By construction of an equalizing
 
channel, the two reservoirs in effect will become one and for hydraulic
 
purposes will be treated as one. The Amarti Dam is planned to serve
 
as a spillway for passing the flood flows for the combined reservoir.
 
Located about five kilometers south of the Neshe Dam and on the Amarti
 
River upstream from the falls, the dam would have a concrete-masonry
 
overflow section abutting a complacted earthfill dike. The spillway 
section would be 250 meters long with the total earth dike section on 
both ends of-the spillway being 335 meters long. In routing the 
flood, it was assumed that the reservoir would be full to normal water 
surface elevation of 2236 meters. With the design inflow flood indi
cating a peak discharge of 1,939 cubic meters per second and a 2.5-day 
volume of 116 million cubic meters, the spillway at maximum water 
surface elevation of 2237.59 meters will discharge 962 cubic meters 
per second over the ogee concrete crest.
 

Amarti Dam Spillway Data
 

Type concrete-masonry and earth embankment
 
Top of dam 2240 m.
 
Spillway crest elevation 2236 m.
 
Inflow design flood 1,939 cu. m. per see.
 
Volume of concrete and masonry
 

in embankment 53,000 cu. m. 
Volume of earth in embankment 170,000 cu. m. 
Structural height 15 m. 
Hydraulic height 12.59 m. 
length of spillway crest 250 m. 
Discharge at maximum w.s. elevation 962 cu. m. per see. 

Neshe Dam Outlet Works. The outlet works would be located
 
on the left abutment of the Neshe Dam. It would consist of an intake
 
structure; a 3.05-meter, horseshoe, concrete conduit under pressure to
 
the gate chamber where a 1.53- by 1.53-meter slide gate is provided 
for emergency control; and a 1.73-diameter steel outlet pipe from the 
gate chamber to release water through two metal slide gates discharging 
into a stilling basin. 
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Outlet Works Data
 

Sill elevation 2205 m. 
Capacity at w.s. elev. 2214.89 20 cu. m. per see. 
Type of gate slide gates 

Reservoirs. Both the Amarti and the Neshe Basins are 
covered with clay, forming an excellent impermeable blanket. Seepage 
is not considered a serious problem. The wide, flat-bottomed, grass
land valleys are underlain by a thin flow of younger basaltic lava 
which has prevented rapid downward erosion. The reservoir at normal 
water surface elevation would impound 847 million cubic meters of 
water covering an area of 53 square kilometers. Reservoir data are 
shown on Drawings Nos. 2.2-BN-3 and -4; the area-capacity curve is 
shown on Drawing No. 2.0-Fi-14, including sediment disposition. 

Site Geology 

Amarti-Neshe Damsites. The upstream drainage 
area and source of the water supply for the Amarti-Neshe projects
 
originates on the high plateau of Adigrat sandstone capped by vol
eanic rock. On the lower portion of the plateau only isolated rem
nants of the volcanic materials remain. Younger volcanic rock 
occupies the lower portion of previously eroded stream channels and, 
being harder than the sandstone, maintains vertical waterfalls at 
the brink of the plateau, thus retarding downward erosion on the 
plateau. The plateau streams meander through gently sloping grass
land meadows with poorly defined stream channels. Exposures of 
basalt at the waterfalls range from three to ten meters thick, but 
it is anticipated that at the proposed dam axis upstream the basalt 
cover may be mach thinner. Due to the soil cover and the heavy 
growth of swamp grass, the intervalley flow of basalt is not exposed. 
The ridges forming the abutments for the proposed dams are composed 
of sandstone. 

The plateau breaks sharply several hundred meters below to 
gently sloping project lands that could be supplied with water for 
irrigation after its passage through the hydroelectric powerplant. 
Reservoir storage would be provided on the plateau by constructing 
dams on both the Amarti and the Neshe Rivers. The reservoirs would 
be operated as a single unit by excavating an interconnecting channel 
between the two reservoirs; thus, only one spillway would be required, 
probably at the Amarti Dam. The interconnecting channel is in sand
stone, and no doubt most of the excavated material can be used as 
borrow material for constructing the Neshe earthfill dam. The Amatti 
Dam would probably be a concrete or masonry structure in order to 
provide a weir type spillway over the dam. 
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The power canal would be in sandstone, as would the tunnel, 
and penstock leading to the Neshe powerplant located at the base of 
the plateau. The foundation material for the Neshe powerplant is 
sandstone. No difficult foundation problems are anticipated. 

The small diversion dam to be located downstream from the 
Neshe poverplant would be founded on sandstone. From this diversion 
dam, a North Main Canal and a South Main Canal would transport water 
to project lands located on both sides of the river. Most of the 
project land is of deep alluvial and slopewash soil underlain by 
sandstone, except that there is metamorphic rock in the lower por
tion of the project area. 

The damsites on the Neshe and Amarti Rivers are very 
similar, and geologic conditions are essentially identical. The 
wide, flat bottomed, grassland valleys are underlain by a thin flow 
of "younger" basaltic lava which has prevented rapid downward 
erosion. The stream meanders over the grassy meadow in a shallow, 
hardly recognizable, stream channel on a clayey soil blanket. Only 
at the falls at the brink of the plateau is the basalt exposed. At 
the falls, the basalt is up to ten meters thick. The clay blanket 
is estimated to be from two to five meters thick at the damsites. 
Beneath the clay blanket the abutments are Adigrat sandstone. 

A core drill exploration program would be required to 
determine excavation depths to the volcanic rock in order to obtain 
a satisfactory foundation for a concrete or masonry dam. The need 
for a grout curtain should be anticipated. However, the clay 
blanket should alleviate excessive leakage from the reservoir. 

The cutoff trench for the earthfill dam should extend into 
the volcanic rock, and a grout curtain is needed along the cutoff 
trench to assure against leakage. 

For reconnaissance designs, cutoff excavations are esti
mated at an average depth of five meters for both the stream channel 
section and the abutments. 

Construction Materials 

Impervious construction materials are available on the
 
slopes and ridges near the damaites and from the interconnecting
 
channel excavations. Riprap and rockfill can be obtained. from the
 
intervalley basaltic lava upstream or downstream from the damsites.
 
Volcanic material can also be crushed for concrete aggregate.
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The geology is shown on General Geology Reconnaissance Map
No. 14, Drawing No. 5.2-Fi-2 (SECTION IV). Geologic sections for the 
Neshe and Amarti damsites are shown on Drawings Nos. 2.0-Fi-7 and 
2.0-Fi-8. The general plan of the Amarti-Neshe Project is shown on 
Drawing No. 2.0-Fi-6.
 

Access to Sites 

Access to the potential damsites will have to traverse 
rolling country from the Finchaa River road crossing. This will 
require construction of an access road for a distance of approxi
mately 12 kilometers with one major river crossing, that of the 
Amarti River. Access to the powerplant could be made from the pro
posed Finchaa access road and would require building a road 35 
kilometers in length through hilly country. This same road would 
serve as an access to the project lands. 

Power Canal 

The power canal conveys the water from the Neshe Dam to 
the forebay at the tunnel, which in turn supplies the powerplant 
through penstocks. The canal is about six kilometers long and 'is 
designed to supply water to the tunnel at approximately 20 cubic 
meters per second. Masonry lining for the canal has been provided 
for. Some forebay storage is necessary, but, due to the fact that 
the forebay is located close to the edge of the escarpment, the size 
of the pool may be restricted. With the canal capacity at 20 cubic 
meters per second, about 5,500 cubic meters of forebay storage to 
meet daily regulation requirements are indicated. This will require
scheduling water releases to the canal from the outlet works to meet 
anticipated load requirements. Water surface elevations in the 
canal would be held nearly constant with all but minor fluctuations 
avoided. 

Power Tunnel and Penstocks 

The tunnel would be pressure type to withstand the high
head. At the beginning, it would be reinforced-concrete lined, but 
it would require an encased steel pipe at the lower end. It would 
be about 433 meters long with a diameter of 2.40 meters. 

Two welded steel penstocks would be required at the outlet 
end of the tunnel with butterfly valves for emergency controls. The 
penstocks would be 1.52 meters in diameter and 1,467 meters long.
The thickness would vary from 27 millimeters at the beginning to 
about 50 millimeters near the end. 
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Tunnel Data
 

Type 
length 
Diameter 

pressure 
433 m. 

2.40 m. 
Design capacity 18.2 cu. M. per see. 

Penstock Data 

Type (2 each) welded steel 
Length (each) 1,467 m. 
Diameter (each) 
Design capacity (each) 1/ 9.1 cu. 

1.52 m. 
m. per see. 

Poweralant 

Conveyance of water from the forebay to the powerplant 
turbines would be by pressure tunnel and welded steel penstock. 
According to operation studies made (SECTION III), the annual gross 
generation would be 378,000,000 kilowatt-hours for an adverse water 
supply period. Two generator units of 40 me. each would be satis
factory, providing a total plant capacity of 80 mw. or 100 m.-a. 
at 0.8 power factor. 

Due to the high head, 560 meters (net), the two turbines 
will be of the impulse-type, each rated 55,725 metric hp. (56,500 
English hp.), and could be double-runner with a single jet per runner, 
all very similar to the Finchas powerplant installation. Horizontal 
shaft, double-overhung, single-nozzle, 375-r.p.m. wheels would be 
adequate. The flow of water to the turbines would be controlled by 
a needle valve from governor action related to load demand, and the 
governor would also simltaneously operate a pressure regulator to 
by-pass water from the penstock, during load surges, to the tailrace. 
Energy absorbers are required to dissipate water from the pressure 
regulators. 

The two generators would have individual step-up trans
formers, as shown by Drawing No. 4.0-BN-87, from 13.8-ky. generator 
voltage to 161-kv. transmission voltage, each transformer rated 
50,000 kv.-a. Certain powerplant components have been made identical 
with the Finchaa powerplant so as to ease the operation and mainte
nance problems and to reduce the investment in spare parts. The 
switchyard arrangement is identical to that shown for the Finchaa 
powerplant. 

,/Peaking capacity has been included in these facilities. They are 
adequate to supply water to the powerplant, permitting the generators 
to meet expected normal load requirements initially, with future use 
for possible peaking operation. 
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Summarizing, th
acteristics shown below. 

e generators would have the general char-

Speed 
Number of poles 
Horizontal shaft, 
Voltage, wye conn
Frequency 

direct connect
ected 

ed 

375 r.p.m. 
16 

13.8 Ev. 
50 cycles 

Power factor, variable, 0.8 thru unity, lag or lead 

Transmission Plant 

Transmission Lines. See the discussion for the Finchaa 
powerplant. A single-circuit, steel tower, 954-M ACSR conductor, 
transmission line will be required from Neshe powerplant to the site 
of the Dongi Substation on the escarpent very near the Finchaa power 
diversion dam above the Finchaa powerplant (Dwgs. Nos. 2.0-Fi-2 and 
-6), a distance of about 32 kilometers. From the Dongi Substation 
to Addis Ababa it will be necessary to install only the three, 954-1M 
ASCR conductors on one side of the existing double-circuit steel tower 
line. 

Substations. The Dongi Substation (see Dwg. No. 2.0-Fi-2) 
will initially be a switching station so as to provide for som flexi
bility in operation and maintenance, However, it will not be 
required until the Neshe power facilities are constructed, and at 
that time the single-circuit 161-ky. line (32 km.) from Neshe and 
the 161-ky. single-circuit line (1.8 km.) from Finchaa will termi
nate at the Dongi Substation. Also terminating at the Dongi Substa
tion will be the 248-km., 161-kv., double-eircuit line to Addis 
Ababa, as previously discussed. Prior to the construction of Neshe 
there will be about 249.8 km. of 161-k7. line, consisting of 1.8 km. 
of single-circuit tower construction and 248 km. of double-circuit 
tower construction carrying one circuit, in operation. 

Stage 02 in the receiving-end substation at Addis Ababa 
to provide proper terminal facilities for the second 161-ky trans
mission circuit from Neshe will be needed. See discussions on sub
stations, Finchaa Project. Stage 02 in Gafarsa Substation No. 2 is 
shown on Drawing No. 4.0-BN-174 and will consist of a line bay and 
a transfer bay in the 161-ky. yard as well as a second 161/132-kv. 
autotransformer bank, KY3A, to parallel the, first autotransformer 
bank, KY5A. In addition, another 132-k7. line bay position and a 
132-ky. transfer bay are necessary, all as explained by Note 2 on 
'Drawing No. 4.0-BN-174. 
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The reactive control facilities, consisting essentially 
of two synchronous condensers, may not be required at the time the 
Neshe facilities are placed into operation, all depending upon the 
reactive support obtained from the Awash plants. However, with both 
plants delivering full output on peak to the Addis Ababa area, and 
receiving no reactive support at the receiving-end terminal, the 
synchronous condenser installation will be required. For light load 
conditions, either shunt reactors or synchronous condensers operated 
lagging may be needed. Synchronous condenser installations made 
early enough could provide for the light load requirements initially 
and also provide for the heavy load reactive support later. During 
the feasibility stage of investigations more data will be available 
regarding the Awash machine characteristics and load characteristics, 
including the reactive problem at principal load centers. For this 
study, the added cost of the synchronous condensers will be included, 
recognizing that an installation of the size shown may or may not be 
required, depending upon the factors noted above. 

Irritation Diversion Dam 

The dam would be located a short distance upstream from 
the confluence of the Amarti and Neshe Rivers. It would divert the
 
flows from the discharges of the powerplant into the two main canals
 
for irrigation purposes. Because the flood flows are passed through
 
the Amarti Dam spillway and thence into the Amarti River, the possible 
flood flows at the diversion dam were found to be negligible. The 
diversion dam is envisioned as an overflow, masonry-conrete dam with 
suitable outlet and sluice works provided. 

Irrigation Diversion Dam Data 

Volume of masonry 1,850 cu. M. 
Normal water surface elevation 1,501.5 m. 
Structural height 5.0 M. 
Crest length of spillway 60.0 M. 
Length of dam 83.0 m. 

Main Canals 

Since they are part of the larger Finchaa valley, the 
descriptive narrative included in the Finchaa Project would apply. 
Two main canals are also planned for this project to convey the water 
to the land. 

South Main Canal. The South Main Canal would extend in an 
easterly direction for about 39 kilomters. It would originate at the 
discharge end of the outlet works on the right abutment of the diver
sion dam. The canal would be open and unlined, with an initial 
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capacity of f1.65 cubic mters per second. It would traverse in
xmrable draws and ravines, requiring suitable structures to accom
iedate the high flows of the rainy reason. Canal excavation will 
not present any major problems, but rock will probably be encoun
tered in a few isolated reaches. The canal is designed to serve by 
gravity 6,360 hectares of irrigable lands. 

South Main Canal Data 

length 39 km. 
Type unlined 
Initial capacity 11.65 ou. m. per see. 
Initial w.s. elevation 1500 m. 

North Main Canal. The North Main Canal would extend in a 
northerly direction for about 29.4 kilometers. It would originate 
at the discharge end of the outlet works on the left abutmnt of the 
diversion dam. The canal would have an initial capacity of 3.5 cubic 
mters per second designed to serve approximately 2,130 heetares of 
land. 

North Main Canal Data 

length 29.4 km. 
Type unlined 
Initial capacity 3,.5 eu. m. per see. 
Initial w.s. elevation 1500 m. 

Distribution System and Drains 

The distribution system and surface drainage requirements
 
are similar to those of the Finchaa Project, and costs of these
 
items have been estimated at Eth$330 and Eth$120 per hectare,
 
respectively, excluding contingencies, engineering, and general
 
expense. 

Service Facilities 

Service facilities will be required for construction and
 
later for operation and maintenance of the project features. Cost
 
for this item has been estimated on the same basis as for Finchaa
 
Project.
 

Estimates- of Construction Cost 

The construction cost for the multipurpose Aimrti-Neshe Proj
ect is estimated at Eth$123,020,000 on the basis of January 1961 prices
 
as itemized with unit prices on Table V-3. Electrical facilities,
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such as the powerplant and transmission plant, were derived from 
curves based on U. S. Bureau of Reclamntion practices and design 
nodified to local conditions. Table V-4 sumarizes estimates for 

the various features and includes the estiated allocated cost for 
the joint-use facilities and the cost for contingencies, engineering,
and general expense. 

Plan Selection and Alternatives 

The plan of development proposed, f.2 in the case of the 
Finohaa Project, was to utilize to its maximim the power head avail
able, with irrigation as a secondary objective, inasmuch as hydro
logic studies indicated that there was an abundance of water for 
irrigation. 

Alternative plans studied included a plan to divert the 
Amarti River into the Chonen Swamp. However, the cost of the larger 
out to divert the stream and the fact that the Neshe River could not 
be utilized, since the stream is 35 mters lower than the Amarti,
made the plan unattractive. 

A plan was considered to produce power from the Amarti Dam 
and Reservoir rather than from the Neshe, due to the slightly higher 
head available. However, because of the difference in elevation of 
the two reservoirs, it was found that much of the Neshe storage 
would be inactive. 

Operation studies indicate that the two reservoirs will 
produce approxiately twice the amunt of water required for irriga
tion for the 8,490 bectares of land. Further land classification 
studies will be needed to determine if additional land can be mde 
available. 

Similar geological conditions as those applying to the
 
Finchaa Project precluded the employment of an underground power
plant. The plan selected under these circumstances appeared to be
 
the most economical and feasible.
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4 rwafpAn ruhbl paved waterway .64.2,2 . q.n 993.,980
 

tni for structure, common 720 m 4,00 
Lrrv v.tion for structure, rock 1 460 
r Eenyafe for wasteway channel, some rock 1,tQQ3,90 6,300 

A rvri-t, structural in. . 0n 21.840
 
Concrete, in slabs It 1 0'00 -rO
 

.n fGr,,,ted rnbble pawed waterway 16 14.0 2100 
11 Rnnforcement steel kgsCi.4CO A9900 

t
T ."'ndAl a no n nqi holytI

4 , 2,00 x 2,00 meter 4 non kg& 5950 22,000
 
- Pp0 x 6.40 meter kgn 551 40,50


'I..w~whne., 1u , miae, metal work nkn5,
 

14 Fenre. 2 meter chainlink with 3 m gate ItoI- 'a_7 11
 
Auhtotn1l
 

ggrtt-.Power Canal 2.sch no 

T ACnete lined preasure __ 

tur-,- 43 aetern long. diameter. 2.40 
rntaIPT,.. 15 3on 2 53 00 

1 ,eterst mar. head, 200 meters
 
r1 Peertion. tunnel ;"IA< .. 198,0 424,230
 

Z Coneret. in tunnel lining 23t -I 2i8,0r 171-740
 
n**l rppagi Lump su-s L.S asn
 

-J:- -zifr-re +too 120,30 -k45 1.12 l;4.746
 
--5 Tm ved atgel nine 16-4 3. 74.167
 

A rlouftinr and ,Ainage Lump sum -goo
 

- Fel atn . Unw hnnel I _ 957__00
 
;:nineering and General Expense (15- %) I N 0
 

..Total sat, conet. coot -- Power Tunnel _ _e nor
 

TaTpPTATTON CANATS -- Unlined 22,797201 g.3 00C 

c-n, in.4 innal and laterals over (1,99590) (1,994,00C) 

-parter. 11.65 to 24 _ten
 
. an arena Uton. common $oJ ;e .. 82 261.82(
 

. nnl arrav tipn, rock us ....&nn .284.00
 
~Compartn embankment 01 -Ou - gn.s 89.781
 

owne~ir, I.- 539,00Memeno
 
_it 2::::L%:: valuen and misc, metalwork T... JZ2.70_ 

flfhr.- iannoun work T.m -um T_ ___ 

e's~t"eleie 3i ,T02 
Coatinvencies (25%i 119,08I
 
W4e1A Cost -- South Main Canal
 

- innerin iad General Exense (25.%)
 
,, .+ ..ant.. nt -- AqSth Main Cana 1.994,
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Project AMARTI-NMH--Multiple-purpose 

November 1963Date of Estimate 

Prices 	as of. January 1961 

QUANTITY 

w 	 ITEM 

AMOUNT 

AMARTI Dam--Earthfill; max. height, 12 meters;
 
crest length, 375 meters. DNg. No. 0A-23-91
 
Joint-use. 

1 Diversion and care of river Lump sum6 
2 Excavation, stripping borrow pits _9,400 
3 Exavation, all classes. dam foundation - 2,000 

Excavation, rock, for -nt can 400 
% Excavation, common, in borrow areas and 

transportation to embankment 190.000 
6 	 Earthfill in embankment 170.000 

Riray on upstream sloe of embankment 12,000 
Bedding for riprap on embankment 6,000 

9 Pressure grating. all work and material Lump su 
10 Purnishi and constructing 20 cm cone. DiI 

toe drains ith open Joints 00 

Spiflvay--Concrete ogee orest 250 mters 
long. Capacity, 962 m/see. 

11 Excavation, all classes, open cut 1305,000 
12 Concrete--inlet and crest walls 1,650 

Masonry--crest structure 
16 Conorete--Stillinag basin 1.10 

15 Reinforcement Z ,0 
16 Minor items , misc. metalwork, etc. Lump sum 

Subtotal 
onatijnerinrleA 5+d( 

Field cost--Amarti Dam 

Engineering and General Expense (20-%) 

Total est. const. aost--Amarti Dam1
 

IREIMATION DIVERSION DA--Stone maonry dame
 
- -with 60 meter oee spillway; crest length,
 

83 meters; mx. height, 5 mater 
1 Diversion and care of river L s 
2 Ecavation. comn for veir and structures 2.500 
.,j Excavation, rock for reir end structures 1.000 
4 Meanary in veir and abutents 1.850 
S. Concrete in headvorks and sluicevays 95 
6 Pressure grouting foundations 83 
7 Gates, Rate hoists. handrails and etc. Lump sum 

Subtotal 
Contingencies (25t%) 
Field cost--Irr. Diversion Dam 

Engineering and General Expense (20%) 
Total est. conat. cost--Irr. Diversion Dam 

Currency in terms of Ethiopian Dollars 

(U.S. £ [00 = Eth 3 2.50) 

MATERIAL AND FIELD TOTAL 

LABOR CONSTRUCTION 
1= UNITCOST COST COS COST 

Lump sum 41 000 
10,222.800 12,267.000 

m 1.1 10.810 
mi 1.91 

80.0( 
81.900
32,000 

m3 2.75 522,500 
a1 0.61 110,500 
15 11.01 132,0 

15,.0 90,000 
L 183,000 

m1m 21.0{ 6,300 

m 
m, 

.2, 
210.M0 

341,2U 
3w_,500 

m3 TO.O 2,15,000_ 
a 10.C 214500 
kg 3.- 000 

Lum=sum 63 o.500 
8,178.260 
2.044,540 

1092_._00 
2 

233,400 2600 
mp sum 8500 

mr 
-m 

_1. 
. 0000 

-

mi 70.0 129,500 
m 7 210. 1995 
la 83.0C 6889 

Lump sum 9,000 
16 

46,616 -
233,400 
46..600 

2 0 
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Project AMARTI-NEBE--ultiple-purpose 

Date of Estimate November 1963 Currency in terms of Ethiopian Dollars, 

Prices as of. January 1961 (U.S S 100= Eth S 2.50) 

0 EQUIPMENTz QUANTITY MATERIAL AND FIELD TOTAL 

ITEM LABOR CONSTRUCTION 

AMOUNT UNST COST COST COST 

AMARTI-NESEE-4tltiple-prpose _ _.. .. 100.762.400 123,020,000 

Joint-use features _,000) (_7 5 (97.2 9.000 
Power features 5 .45617,9)627,000 
Irrigation features 7.48,5995) 4 000) 

t2SHE DM--arthfill: max. height, 60 meters:
 
crest length, 1150 eters; spilvay at
 
Amarti Dan. Drg. No. OA-23-91. Joint-use. . 33,222,200 39,867,000 

1 Diversion and care of river Lump sum Lump sum $2,0 
2 Excavation, stripping borro pits 130,000 m3 1.15 149,50C 
3 Excavation, all clases, dam foundation 570,000 i 1.95 1,111,1500
 
4 Excavation, rock, for orout cap 1.400 m5 80.00 112.O00
 
5 Excavation. comon, in borrow areas
 

and transportation to embankment 2,600.000 m5 2.75 7,150,000
 
6 Earthfil in dan ebankment 2,00,00 mi .6- iJ 4 5,0oo
 
7 Rookfill in dan embankment I
 

(transportation of 6 km and placing) 3,100,000 m5 0.50 1,550,ooo
 
- Riprap on upstream elope of embankment 1O.1000 m 11.00 1,210,000
 

troutina. all work M
9 Pressure and material T--Llalm - T,.mu sq..000
 
1T Purnishin, and constructing 20 cm cone.
 

nine toe drains with onen iints 400 l T.00 8.400
 
-11- Punishing and constructing '0 am gone.
 

pipe toe drains with oven joints 650 la . 24,050
 
12 Access road, 2 lane gravel. Amarti D= to .
 

Nlesh. DMm. Ptt terrain. -5-- km 7,__100 _.00 

13 Bridge across Amarti River below da= 3,300 m2 270.DO 19000 

Equalizing Channel--Open cut; length, 935 
meters; b -60_meters;_ax. cut, 61 ieters
 

14 Excavation eomanon I on0a 0,82 apOcon
 
15 Excavation roelk 1 0 000 m3 650 9,7350 mO
 

Outlet Works--Capacity. 20 m3 /sec* 1 .71
 
dia, steel nre in 1,05 m. horne shoe
 
oanvhit
 

16 Ryenvwntin 01 lanen p ent .... . O5D.0 . _.25- 178,750
 
1k nt--intee st ture m0 8,100
 
1 Concrete--conduit 1,810 m 160.00 289,600I
 
19 Concete--gate chamber 165 mr 210.00 i t,650
 
20 Conrete.--.nhtruture control hou,,e -550,00 4P.790
 
21 Concrete--suerstructure control house 30 m 9.00 6,00
 
2p Onete-stilltng basin 340 m f150.0ffT (M
 
23. Reinfarres mnt 270-000 kg_ .70 1.00 (M
 
P4 Trashrsrnk .uim nam - .,mn anm 10.00w
 
p2 S Ia T.-mpm - n num PRO 000
 

. 9t.al mnt~af pipe T-m - - 1m7 aumRO
 
27 MinorrhAniel 5 av'+rh'al it'am. Tmp - - -mp anm 
 17

2& Minor item.a mi+e metalvark. at. Tumpc na 7n o
 

Subtotal -_ _r? _ 
Contingencies (254 6,644.400 
Field Cost--Neahe Dam 13,222.200 

Engineering and General Expense (20.4) _,800 6,-_ 

Total eat. conat. cot--Nehe Di - 3986non
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Project _AARI-NES--Mltiple-purose 

Dote of Estimate November1963 - Currency in terms of Ethiopian Dollars 

Prices as of__ Januar _1 i .. (U S S 100 = Eth 2 2.50) 

o 	 EQUIPMENT 
z 	 QUANTITY MATERIAL AND FIELD TOTAL 

IJ ITEM LABOR CONSTRUCTION 
-L UNITCOTCSAMOUNT UNSY COST COST COST 

TRP:TrAPTCny CANAC .. uln ed -r-n inne.Al 

North HeM Cnn -- Tenyh \ Oh I4 lrr, 	 (782-OOTAS (.n0 nn)
3
cabacity. 3.5 to 2.1 1e,


1 Canal excavation, common .. RIAnj naAA 120 R0r
 
2 Canal arnvetion ,-k 1e e, A-0 4n Ron 

3- Compaeting kms..n 400 I.t 0.$ ,S4a0 
. Structures T=,.,=. I 2 O
9 Gat--. hain*2 . e1 -- -e-.1--- Lup mm - - - t e

6 Concrete nipe Jap.aua-..... - L o -3- c4 
7 Other mi ... 11Onewan xyv Tawp Tm3 .

Subtotal
 
Contingencies (2 5 1%) 99o
 
Field Cost -- North Main Canl 


Engineerine and General ERpense (2541 { 	 TAl 2nn9I Total et. corl cent--. fleel n ,.,1 - go an 	 ___ 

TTRPATTON nTTPPTITT'T evZ y Fql - Itnli-An 3,502100 4 77
 
open latern' yfe fon R ton ,.tn---r
 
on both sides of the Neshe River.
 

1 Di cli-,h,,nn, eyre-.. neved by thy. c".) n--s-h_ ' Main Canal. Net h6eern 	 ,360 Jha 33.00 .0fls& on (2,A2 50n ?900a 
-Cntingencion ( 	 - .. _1 .. . ____700 

Field Coat -- Served by 9 Main -. 2 TR --


Ennieerin d Anelp.an.pl e 42.-v-) ...- 655.500 .
 
Total est. coast, cost -- Served by S M.0
 

2 Ti i-ibutionenyntom i-nd hyth ,ArTh
Main Canal. Net het.n ,.130 -ha 4 o 0 0ann s f.98oooS79 41:0) 

Cnntingenr-oe ('%1 _ _175.700 

Field Cost -- Served by N. Main RA 4,,,, 
- n.inering vd Afnpri pnaig (P1 ) I1Q _ _A 

I Total eat. coet cnat-- CorA hy N W4. 1 Ono nn 

PRAINAGE SYSTIM -- Opn Inte drains for 1.485.800 1,857 000 
8490 net hectares of irriented land

1 Drains for lands served by 1he South hi n 
ICanal. Net Iatarea . Arn an16n An han (18T0T,0001 (1 9Ano)o)

Continaencie ( ) 1Ps Ann 
Field Cont -- DrainEs _ManO 1_. 113 ,nn.-

Enineering and Gn-al Pwpan*n 1- 1_ __78 000
 
Total est. come. eot-- rrins en_ 9- ufv 1 391 Ano
 

2 	 Drains for la,, erved by the .,-th Mnf_ _ 

Canal, Net henta e r 14o.oo 298.200 (37280n) Th5-6,ooo$ 

c ntinrrences s m 	 _ I ... J E'+_ I-o < > 

Enrinnering and rln 7n-l Pv..nse (2 5Z%  or -nn__I Totalot. connat. cnat -- _Drad for -.- Ma 

b-n 

F-
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AMARTI-NESEE--Multiple-purpose
 

November 1963
Date of Estimate.	 Currency in terms of Ethiopton Dollors 

January 1961
Prices as of.	 (U.S. S LOO0= Eth. 5 2.50) 

o 
z 

ITEM 

Punwel.Rfti'- -uydro 

1 Powerplant structure end improvements, 
masonry and reinforced concete. 

Waterways 
2 Penstocks: welded steel, 2-1.524 meters I.D.. 

16 to 48 miltieters thick. Two each. 
1467 meters long,*iers and ancborages, 
and 2-1.68 mnbutterfly valves with cont 

3 Tailrace excavation, 	 commo 

4 Turbines and Generators--Two units, 50,000 
kpa. 13.2'k0.8_pf._50 cycle generators, 
and 56,500 English h,, 175 rpm, 560 meter 

I head. impulse-type horizontal turbles. 

, Accessory electrical eauionent--All eqnip
mnt required for control and protection 

of generators, and station service power. 

6 Miscellaneous equioaent--Eouimnt required 
for general station use. 

7 Access road--To lane, crushed rock, from 

Irrigation Div. Dam to Powerplant. 


Contineices (254 


Engineering end General Expense (25*_ ) 
. Items 1 through 7 

'TRANSMISSION LINE, SWlTCHYARDS. AND SUB-
STATIONS 

1 Neshe Svitchyard--Located near Neshe
 
Towerplant. 


Sigurle breaker line bay- 161 ky, 1,200 
ampere, complete. 
.Singlebay, I61 ky, switch installation, 
only, 1,200 ampere, complete. 

Three-rbase transformers, 50,000 k.a, 
13.2-99/161 kv, installation complete, 
two required. 

Engineering and General Expense (25%) 

2 Transmission line--Neshe Svtchar, to 
_Tu riSubstation. 161 kv sinale-circuit 

I steel tower with one overhead around wire 
qlnr three g 4 1M ACR conrluctors. 

Roughl tyain, mytclb rn 
Average terrain little clearing 

Engineering and General Expense T20)2 

3 Transmisslon line--161 kw Dongi Substation 
to Gafarea Substation No. 2 near Addis 
Ababa. Stringing second circuit on 
towers included in Fineas estimate to 
complete double-circuit line. 

Furnish and install three 954 1CMAf'R
conductors. 

Engineering and General Enpese O10.. 

EQUIPMENTQUANTITY MATERIAL AND 

LABOR 
AMOUNT CNIT 

_________ ~ COST COTOT 

Lump sum -Lumrp s= 1,980,000 

.8 	 Lump sum ump sum 20,219,800 
Lump sun _ Lump sum 162,500 

Lump sum up su 5,280,000 

Lump sum Lup sum 1,210,000 

... 
Lump sum ums 7,000 

I 	 I
3.5 	 km 0,000.00 140,000 

35,000 

Lump sum mp sum .30000 

Lump sum us asun 100,000 

.umpa am.. am 1-,41,000 

8 
a42I 

11p 
k 

0-000,00
2,000.00 

400,000 
1,008,000 

218- km %300.0 3,224,000 

FIELD 

29,797,300 


(1,980,000 

(5,280,000 

(1,210,000 

(T70,000 

(175.000 

12,093,000 

(1.83.000 

(3,224.000 

TOTAL 

CONSTRUCTION 
COST 

37.247,000 

4 00 

14.563,000 

(458.000 

00 

( 	 2,000; 

Ih 
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AMARTYI-HSE--Mutiple-purposeProject 

I 	 . ' Estimate November 1963 Currency in terms of Ethiopian Dollars 

January 1961- -,ces as of.	 (U.S SI 00 = Eth £ 2 50) 

I t 
EQUIPMENT TOTAL 

QUANTITY MATERIAL AND FIELD 
LABOR CONSTRUCTION

ITEM 
!- UNIT	 COST COST 

AMOUNT z COSTCOST 

_______________________________________ I I-A. I I + 
RANSISSION Lfsa, SWITCurARDS, AND SUB-


STATINS (Continued)
 

k Gafarsa Substation No. 2--St 02 near
 
Addis Ababa),100,000 iva, 16112 Ev.
 
(See Drg. 4.Q-ss-174)
 

Bay Y4	 LeoL~ssum T1uars mm I 20 000 
Bay Y2 4m sum , 	 0 00 
Bay W4 tap sum Trn am 24D0000
 
Bay W5
 L., 

m 	 2 000
Reactive control faeflities, complete, Lmo sum 1,750.,000

Autotransformer KI3A and appurtenances Tramn nm 1 600 000
 

Subtotal
 

(I Inr etirt'Engineering and General Expense (25tf%)

5 fongi Substation, 161-kr witching between
 
Neshe and Fincha transmission lines. Two
 
single circuits inj one double-icia it
 

f1 o aNal161 kr out.
 

Four single breaker line bays, 161 kv .
 
complete. - p
 T.mran a.m 

Irv rrrflEngineering and General Expense (25+%) I -~~I iiiMIBCELLANEQUS JONT-USE FEATURES 

1 Access road from Flnchaa Project road to.......- .
 
Aarti Irrigation Diversion Dam. Rolling
 

, terrain. 35
 it. hmnncc. 1.60 .000
 
2 Aeqess road from Shanbo-Finchaa River ..

crossing to Amnrti Dm. Rolling terrain. _3_In 1400or-i 680 000
 

3. Permanent camps, including offices, ctag	 Ii 

and 	housing. Upper and Lover camps. _ itn snum
 
Subtotal
 
Contingencies (25%) I.
 
Field cost--Misc. Joint-Use Features
 

1.co.C:anflgineering and General Expense (25!%1
 
Total eat. coast. cost--joint-ue features
 

---. 4
1---

- --- ~-

I----
Swxt 

--	 -.. ---- I..-- -~ 

. -------------

---.------.-- ~~~1~---------------- ___ 

1~	 *1-
-S-	 A . 

--- 1 --

A-
K 

*1*
4-- 

6 _____________ 
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-
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TABIE V-4 - ESTIMATE CONSTRUCTION COST SUMJRY
 
AMARTI-NESE IRO.ECT
 

in t usands of Ethio ian dollars 
Total 

Feature Total oint-use irri- Total 
construe- Irri- gation power 
tion cost Power nation features features 

Nesha Dam and Reservoir 39,867 30,140 9,727 9,727 30,140 

Amarti Dam and Reservoir 12,267 9,274 2,993 2,993 9,274 

Power Canal 2,213 -- -- - 2,213 

Power Tunnel 2,251 -- -- -- 2,251 

Powerplant and Penstocks 37,247 --- -- -- 37,247 

Transmission Plant 14,563 --- -- -- 14,563 

Irrigation Diversion Dam 280 -- - 280 -

South Main Canal 1,994 - -- 1,994 -

North Main Canal 979 -- - 979 -

Distribution System 4,377 - - 4,377 -

Drains 1,857 - -- 1,857 -

Access Roads 2,938 2,221 717 717 2,221 

Permanent Camp Facilities 2,187 1,653 534 534 1,653 

Subtotal 123,020 43,288 13,971 23,458 99,562 

Development Cost 1 3,014 - - 3,014 -

Total Construction Cost 126,034 43,288 13,971 23,472 99,562 

1/See SECTION VIII for details. 
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SECTION VI - IRRIGATION DEVELOPMENT 

FINCHAA PROJECT 

Introduction 

The lands at the lower end of the Finhas valley west of 
the river were initially classified and evaluated on the assumption 
that they would be served in the same manner as the remainder of 
the project from a gravity diversion at the upper end of the 
Finhasa valley. Subsequent studies show that this area can be more 
economically served from water stored in a reservoir on the Neshe 
River. This reservoir would be located on the plateau area west of 
the Finchaa valley. Because an important tributary to the Neshe 
River, known as the Amarti River, flows from the plateau and empties 
into the Neshe below the escarpment, this portion of the original 
Finchaa River Project is considered a part of the Amarti-Neshe 
Project. Lands in the Amarti-Neshe valleys, as well as those near 
the Finchaa River, are included in the Amarti-Neshe Project. Due to 
the close integration of the Finchaa Project and the Amarti-Neshe 
Project plans and the possibilities of irrigation service from 
either of two sources on some lands, the land resource data are 
consolidated into a single presentation. That portion of the Amarti-
Neshe Project situated in the Amarti-Neshe valleys was only classi
fied by aerial observation, and the data are projected primarily 
from the information available from the Finehaa valley; therefore, 
the accuracy of classification of this area is lower, than that of 
the Finchaa valley. The Finchaa Project area is about twice as 
large as that of the Amarti-Neshe. Separable data on the estimated 
'irrigable acreages for both projects will be presented. 

General Description 

location and Extent 

The Finchaa Basin occupies an upland valley position in
 
the eastern portion of Wellegga Province near the center of the Blue
 
Nile Basin. The Finchaa River rises in the mountains which lie
 
to the north of the Addis Ababa-liekkent highway between the Guder
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River drainage and the village of Baco. The tributaries flow gener
ally northward into the Chomen Swamp, a vast flat area on the 
plateau lying between the mountains and the precipitous escarpment 
forming the northern limit of the plateau. The river leaves the 
swamp and plunges abruptly over the escarpment, which is several 
hundred meters high. It then flows through the Finchaa valley and 
tumbles downward through some rough terrain to its confluence with 
the Blue Nile River. 

The Finchaa valley lies in a box-like canyon about 12 
kilometers wide and 37 kilometers long. It is bounded on the south, 
east, and west sides by high, nearly vertical escarpments at the 
edge of the relatively flat upland plateau approximately 750 meters 
(2500 feet) above the valley floor. Low hills near the lower end 
of the valley form the western boundary, which separates the Finchas 
and the Amarti-Neshe drainageways. 

The Finchaa and Amarti-Neshe River valleys are contiguous 
with each other and are located within the general boundaries of 
latitude 90 35 minutes to 9* 55 minutes North and longitude 37* 15 
minutes to 37' 28 minutes East. 

Physiography
 

The Finchaa valley slopes to the northward at an average 
rate of slightly less than one percent, and the land areas on either 
side of the river slope to the center at an average rate of about 
two percent. The project lands are dissected by many tributary chan
nels varying in depth from shallow swales to vertical cuts of 20 
meters or more. The stage of erosion indicates a young or very early 
maturity type of topographic surface. 

Although no data are available on the Amarti-Neshe valleys, 
it is probable that these valleys are ancient alluvial depositions 
overlying metamorphic rock. These valleys have a dendritic type 
erosional pattern similar to the Finches valley. 

Transportation and Habitation 

Both the Finchaa and the Amarti-Neshe River valleys are 
uninhabited and uncultivated. There are a few foot and game trails, 
but no roads exist. The nearest all-weather market road is at Gedo, 
approximately 60 kilometers from the upper end of the Finchaa valley. 
The escarpment which virtually surrounds the Finchaa valley is about 
750 meters high and will create a problem in any attempt to construct 
a road from the plateau to the valley. The plateau areas .adjoining 
the Finchas and the Amarti-Neshe River valleys are inhabited, and 
much of this area is cultivated. 
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Present and Potential Land Use 

The vegetative cover over the project areas consists of a 
fairly dense growth of tropical savannah woodland, typified by acacia, 
fig, and other varieties of deciduous trees and shrubs, interspersed
 
with a very dense growth of tall grass. With the exception of trees
 
growing in the stream bottoms, which often reach a height of about
 
30 meters (100 feet), the usual trees on arable land attain a maximum
 
height of about 9 meters (30 feet) and a maximum diameter of about 
1/2 meter (20 inches). An occasional area of grass occurs, occupying 
a rather flat or lowland position, but these areas comprise a small 
percentage of the total area. Seasonal burning of the grass is 
practiced. 

A large variety of crops could be grown because of the 
long growing season. However, the cool nights limit the production 
of some crops. The most likely crops under irrigation would include 
coffee, corn, sorghum, field beans, tobacco, peppers, castor beans, 
flax, and other oilseeds. Some subtropical fruits could be grown 
if desired.
 

Tsetse flies and mosquitos are common throughout these 
valleys, and it is probable that malaria would be a problem requiring 
attention for the successful operation of an irrigation project. 

Proiect Lands 

joogravby and land Development 

As previously indicated, the Finche and the Amarti-Neshe 
River valleys are dissected by their respective river channels and 
each valley has numerous, well incised tributary channels. The 
tributaries are usually entrenched into the valley soils from 2 to 15 
meters or more. 

Irrigation development will be faced with several problems 
associated with the present land use and topography. Clearing the 
land of brush and trees will be a prerequisite to any type of irri
gation development. Based on prices for clearing in the United States 
and Africa, the estimated average clearing costs will be about Eth$230 
per hectare. It seems likely that much of the wood could be used for 
household purposes, such as fuel, charcoal, and brush fences. 

The slope of the valley is greater than would be desired 
for control of erosion, but it lends itself readily to water spreading 
with minimal expense for land leveling. Only a small portion of the 
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land has slopes less than 1 percent. It is estimated that leveling 
costs for minimal land development would be about Eth$125 per hectare. 

The arable lands occur on the ridges and side slopes of a 
valley plane dissected by a well entrenched dendritic type immature 
drainage pattern. The tops of the ridges generally vary in width 
from 300 to 1,000 meters, and are usually from 1 to 2 percent in 
slope. On both sides of these ridges the land increases in slope 
to the bottom of the drainages. Side drainage from each ridge creates 
problems for water distribution. A substantial portion of the 
arable land area has slopes of 2 to 8 percent and there is also a 
considerable acreage of land with slopes 8 to 12 percent. Because 
of the subreconnaissance nature of the classification and the scale 
of the base maps, a considerable acreage of nonarable topography 
in and immediately adjacent to the drainageway was included in the 
arable delineations. More refined classifications will exclude 
most drainageway as nonarable. Further study is needed to determine 
the maximum slopes permissible for irrigation under the local 
conditions. Erosion hazards may require that lands with steep slopes 
be declared not suitable for irrigation. Slopes up to 12 percent 
were included as arable in this classification.
 

Although the slope of the land and the erosive nature of 
the soil are best suited to irrigation by sprinkler procedures and 
there is sufficient natural slope to develop gravity pressure for
 
this type of system, engineering and other considerations indicate 
that a simple, gravity type, irrigation system, utilizing contour 
ditches, will be most practical at this stage. The gravity method 
is a good first step to more refined irrigation system. Basin type 
irrigation with adequate drop structures to control surface wastes 
from rain and irrigation may be considered as an-ultimate goal. 

Disposal of rain and irrigation wastes could be an important 
problem in this project. Although there are a great number of
 
natural wasteways, the erodibility of the soils and the steep slope 
of the lands are such that without proper wasteways the erosion could 
develop numerous, deep, vertical walled drainageways that would wash 
away the soil resources and increase the costs for operating and 
maintaining the project.
 

Although most of the tributary drainages are well incised, 
it is possible that drainage waters emanating from the adjacent 
plateau areas could damage canals or other irrigation facilities 
during periods of unusually.high runoff unless care is taken to assure 
that irrigation facilities are designed to accommodate such floods. 
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Natural surface drainage facilities are generally excellent 
to excessive. Excess surface waters will quickly find a natural 
drainage channel for return to the river. However, as indicated 
in the foregoing discussion of the topography, such surface wastes 
could cause serious erosion problems unless suitable erosion control 
drop structures or well grassed drainageways are provided. This 
erosion problem could result in a substantial land development cost 
in areas where erosion hazards are worst. In some of the larger 
tracts, the surface wastes can perhaps be kept on the ridges for 
reuse to minimize this problem. 

Because of the slope and generally permeable nature of the 
soil in association with the numerous, deeply entrenched, naura. drains, 
adeqhate control of a water table under irrigation appears feasible. 
However, the underlying basalt in the project area is believed to 
be less fractured and less permeable than that which occurs in the 
high plateau areas, so very little percolation through the basalt 
can be anticipated. Prior to construction, detailed drainage studies 
should be made. This should include a study of the existing water 
table behavior, a study to determine if-any dikes occur that would 
impound ground water, an evaluation of present vegetation for evidence 
of wet areas, and suitable pump-in tests to determine the in-place 
permeability. Studies on the need for and location of erosion control 
structures in present drainageways are also needed. 

The red latosols occupy the bulk of the project areas. 
These soils are typical of those developed under well-drained 
conditions in tropical or subtropical areas. They have a deep and 
generally freely drained profile. The clay fraction usually has a 
high percent of kaolinite and lesser amounts of illite clay minerals. 
They have a low cation exchange capacity, low base saturation, and 
considerable acidity. A common characteristic of these soils is a 
high phosphate fixation. 

Although the latosols are low in plant nutrients, they 
have physical properties well suited to irrigation. They are normally 
well aerated and they can be cultivated over a wide range of moisture 
conditions. The soil textures are usually clay. However, the 
nonexpanding type minerals in these soils result in a physical 
condition about like a loam soil with expanding type clay minerals. 
Soil crusting is not common. 
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Mulching of latosols is usually advocated for maximum 
production. Such mulches as banana leaves or elephant grass can be 
used to cover the soil where the growing crops are not grown to 
improve productivity. This treatment tends to reduce the soil 
temperatures, reduce evaporation, and maintain a favorable soil 
structure. This treatment should be a goal for future management 
of the project soils under irrigation. 

Grumusols occupy a small percentage of the Finchaa and 
Amarti-Neshe valleys. These soils have quite different properties 
than the latosols. The obvious difference is that grumusols are 
black as compared to the red color of the latosols. For this reason, 
these two soils are often called "black" or "red" when discussing 
tropical or subtropical soils. 

The grumusols are composed of swelling-type clay minerals 
such as beidellite or montmorillonite. Therefore, these soils crack 
badly at the surface when drying. Grumusols usually develop in a 
warm humid climate where there is a large supply of calcium carbonate 
or where subsurface drainage conditions are restricted. They are 
usually neutral to alkaline in' reaction and are relatively low in 
organic matter, even though their color is nearly black. When moistened, 
the clay swells and the soil becomes sticky, plastic, and almost 
impervious. Low productivity is usually due to these adverse 
physical features rather than to the inherent fertility or lack of 
it. Grumusol soils are rich in lime, but are usually low in 
phosphorous and nitrogen. They are usually more susceptible to 
erosion than the latosols, but both soils erode rather easily. 

It seems probable that the soil materials in these project 
areas were deposited in the valleys from the high plateau areas at 
an early stage of geology following the volcanic eruption that resulted 
in the basalt flow. Although the soils are mostly latosols and 
generally fine textured, there are considerable variations within 
the soils locally. 

Near the escarpments on either side of the Finchaa valley, 
the soils are strongly influenced by the high, massive sandstone 
formations. Soils tend to be coarser near these escarpments and in 
the upper half of the project than they are near the river or in the 
lower half. Although a few sandy loam or coarser soils exist near 
the escarpment, the predominant surface textures are sandy clay loam, 
clay loam, and light clay. Below 45 em the subsoil textures are 
clays in most instances. The soils are all quite erosive and great 
care will be needed to prevent deep headcuts and ravines from devel
oping. 
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A typical latosol profile consists of 15 am of dark 
reddish-brown, nonsaline, noncalcareous sandy clay loam, with a pH 
of about 5.2. From 15-45 cm is dark red clay which has a pH of 
near 6.0. Red friable clay having a mildly acid reaction occurs 
below 45 em to bedrock. The profile has a feeling of much lighter 
texture than the clay textural description, because the clays are 
nonsticky. These soils are friable, very permeable, and well 
suited for irrigation. 

Sandstone cobbles occur on the surface of some soils,
particularly in the upper part of the Finchaa valley and also near 
the escarpments. Basalt cobbles also occasionally occur in some 
soils, but are not believed to be any hindrance to irrigation 
development. 

In the lower half of the Finchaa valley and in the 
Amarti-Neshe Project, the soils are mixtures of latosols and 
grumusols with a large predominance of latosols. The soil textures 
in these areas tend to be finer throughout the profile than in the 
upper part of the Finchaa valley, and the soils are all less friable 
and permeable than the soils in the upper basin. The grumusol 
soils crack when dry, and are quite sticky when wet. Permeability 
is low in such soils and greater skill will be needed in farming 
than in the latosol soils. Trees do not grow well in the grumusol 
soils, and these soils usually have only a grass cover under present 
conditions. 

land Classification 

The subreconnaissance land classification of the Finchaa 
Basin was accomplished during the rainy season by use of helicopter,
because of the inaccessibility of the valley by other forms of trans
portation. The mapping was done on 1:50,000 contact aerial photographs. 
Traverses were spaced at about 1 kilometer intervals and landings were 
made wherever possible. Owing to the dense forest cover, the only 
treeless spaces available for landings were the small areas of black 
soil or an occasional gravel bar on the Finchaa River. From these 
landings it was necessary to travel through the dense underbrush 
and tall grass on foot to appraise the various soil conditions. 
Under these conditions, most of the land appraisals necessarily had 
to be done from the helicopter without the benefit of soil borings 
and careful morphological studies. It is recognized that there will 
likely be a considerable reduction in acreage suitable for irrigation 
when detailed studies are made. Although it is believed that most 
soil conditions are reasonably favorable for irrigation, topographical 
conditions are less favorable. Detailed studies will eliminate some 
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rough lands--particularly drainageways--which are presently not 
separated as nonarable. Because of the rough nature of the 
classification and the inability to study the variations of the 
land class determinating factors, only two arable land classes 
were delineated. These were Classes 2 and 3. Detailed studies 
may show that considerable Class 1 land exists. The standards 
used in classifying these lands are shown in Table VI-1. 

Class 2 lands within the project areas consist of deep, 
friable, permeable, well drained, latosol soils. Slopes are usually 
in the range of 1-3 percent, but a few areas of slopes to 7 percent 
are included. Nearly all of these lands are covered with grass, 
brush, and trees which must be removed prior to irrigation. A small 
amount of rock removal will also be needed on some lands. After they 
are developed for irrigation, Class 2 lands will be capable of growing 
any climatically adapted crop if properly managed. These soils are 
inherently low in fertilility and will require commercial or animal 
fertilizer if full production is to be achieved. The Class 2 lands 
represent 67 percent of the arable land, and are placed in this 
class mainly because of topographic deficiencies. 

Class 3 lands generally are the lands which occupy the
 
side slopes of the numerous drainageways, but also include some
 
rougher, rolling type topography, some stony lands, and the areas
 
of grwmusol soils which were observed. The greater portion of
 
Class 3 lands has a slope ranging from 5 to 12 percent. These
 
lands generally have more and larger trees than the Class 2 lands,
 
will be more difficult to farm,and will be less productive. Although
 
most-of the soils are latosols and are well adapted to diversified
 
crop production, the steeper slopes and greater danger of erosion
 
are such that these lands require better management than the Class 2
 
lands. Mbre grass and close growing crops and fewer cultivated
 
crops should be used on these lands than on the Class 2 lands.
 
Class 3 lands occur on 33 percent of the arable area. It can be
 
anticipated that a portion of these lands will be classified as
 
nonarable in a detailed study.
 

Class 6 lands include some excessively stony lands, the 
steeper and rougher drainageways, and other complex, rough topography. 
These lands total approximately 10 percent of the gross area classified. 

The results of the classification are set forth in Table VI-2, 
and the location of the lands is shown on Drawings No. 7.1-Fi-3 
and 2.0-Fi-13.
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TABLE VI-1 

SUBRECONNAISSANCE LAND CLASSIFICATION STANDARDS--BLUE NILE BASIN 

Lana characteristics 

Soils 

Texture 

Minimum depth (cm) 
to bedrock 
to volcanic 

tuff 
to clean sand, 

gravel, or 
cobble 

Topography 

Permissible slope 
Uniform 
Nonuniform 

Surface leveling 

Clearing of rocks 

or vegetation 


Drainage 

Anticipated cost 

Class 1--Arable 
Sandy loam to 
friable, very 
permeable non-
plastic clay 

150 
120 

90 

0- 3.0% 

Smoothing 

only 


Low cost 

Low 

Class 2--Arable 
Loamy sand to 
friable, perme-
able nonplastic 
clay 

105 
90 

60 

3.1 	- 7.0% 
0 - 3.0% 

Moderate 
grading 

Moderate 
cost 

Moderate 

Class 3--Arable Class b--rionarable 
Loamy sand to 
plastic, slowly Sand and 
permeable clay gravel 

75 <15 
60 <60 

45 < 45 

7.1 - 12.0% >12.0% 
3.1 - 7.0% > 7.0% 

Heavy Very heavy 
grading grading 

High cost Very high
 
coat
 

Moderate High 
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TABLE VI-2 

ARABLE AND IRRIGABLE AREAS--FINCHAA AND AMARTI-NESHE PROJECTS 

Land class areas 
Project Land 

type 1 2 
(hectares) 

3 'Totals 

Finchaa Total arable -- 14, 954 7, 566 22, 520 

Arable below 13, 460 6, 644 20, 104 
canal --

Irrigable -- 10, 000 5,000 15, 000a/ 

Amarti-
Neshe Total arable -- 7, 967 3, 696 11, 663 

Arable below 7,800 3, 520 11, 320 
anal --

Irrigable -- 5,771 2,719 8, 490a/ 

a/Based on estimate that 75 percent of arable land below canal will be irrigable. 

80
 



1), 

CLS 6r~,.:41 . -I., ... *u'.. I.., ISO 

. N~ioNEXPLANAr7w , o- 4e;sA/ ArfY P LAN ssesOLO oCA SSE 
d.11*'1, ,4 PLn 411 -' *1 4. I 

.. a rh CLASSJ ARA LEf r. 
FAR N, ..... ..... I*.-

S ot dy pe o e tu - ets i -r - - s- 4 m h s ,t 4% 
--v.15 ol'-dl. 

flNCSRAILSUB"Aull 
ECONNArNC LAND CLASIICATIC14'C', 

INCHAA RIVER AREA -. 9n loll o r ., tr > .. * ** * 
.. .- 44 te i 71.F. 3 

4"ft~ A N NILsPRF eE 



I-. 

EXptANrIONrBUNDAR 

=2- CLA 

LuJ 
-- I 

-J 

co 

......... 
"AJCCESSDAO 

IN 
SOAlt.. 

OtE
OIlE 

NO/ 

rora r acuse nearassCnlee 

rawa 

n~~DM,-3I 

et. 

AA 0 

< 
TADULArON OF LAND CLASsES 

IAssrID ss 'roC 

'/L** *" n/ s 
PHaOss3 5,7ROLr NA)4s 

N6RTH AfA/iy CA 

S 'r PENS 

oe 

psL 
L 

FINCHAA SI-OASIN 

AMARTI*NESHEPROJECT(MULTINtPOSE) 
.COOJNAISANCELAND CLASSIFICATION 

AND GENERAL PLAN 



AMricultural Economics 

Agricultural Conditions before Project Development 

At present the Finchaa valley, including the sites of the 
proposed Finchaa and Amarti-Neshe Projects, is uninhabited, unculti
vated, and ungrazed. Therefore agricultural production in the area 
can be said to be nil. All returns from future project developnent 
are considered to be increases to the economy, because no pre-project 
income exists. 

Agricultural Conditions after Project Development 

Anticipated Croningg Pattern during Irrigation Season. The 
Finchaa valley, with its low elevation and mild climate, is considered 
suitable for growing a wide variety of crops. Frost is not a danger,
and many subtropical and temperate crops should do well there. How
ever, the area is thought to lie too low, and to be too warm, for 
the optimum growth of some of the staples of the Ethiopian diet. 
These include barley, chick peas, lentils, noog, and teff. 

The crops that are anticipated reflect both the dietary 
patterns of the Ethiopian population, and the concept of commercial 
production for the market. Same of the traditional staples--corn,
sorghum, field beans, flax seed and mustard, coffee and peppers-
are included, both for use by the project population and for shiient 
to the central market. And such crops as tobacco, castor beans, and 
sunflower are projected for both central marketing and export. 

One new crop, buckwheat (Fagopyrum esculentum), appears 
in the projection on a small scale. It is a cereal-like grain which 
produces a head that can be hulled and ground for flour. Bread 
made from this flour does not rise, but instead forms a type of 
pancake or a flat bread similar to the teff or sorghum "injerra" 
much favored by Ethiopians. 

In a test held at the agricultural high school at Jima, 
flat bread prepared from buckwheat was found palatable by Ethiopians 
who ate it. Since no teff is projected for the Finchaa area, buck
wheat may be a partial substitute. The crop appears adaptable for 
Finchaa conditions and should yield well. 

Corn (maize) and sorghum are two traditional grains grown 
in Ethiopia, and in many parts of the world. In Ethiopia, corn (Zea 
mays) is roasted or cooked in stew, or "wat", but generally not 
ground for flour. The varieties grown on the project should be 
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selected for suitability for grinding, to introduce this use on a 
larger scale. Sorghum (Sorgumi vu.gare) is an indigenas grain used for 
"injerra," for local beer or "tulla", and roasted. It-is a staple of the 
Ethiopian diet, eiten frequently in many areas. Haricot beans, also 
called field or navy beans (Phaseolus vulgaris), which resemble small 
lima beans, are eaten in "wat"; as fresh vegetables; are ground and 
cooked as a type of porridge; or are roasted. Small quantities are 
exported for cattle and poultry feed. Peppers (Capsicum annuum and 
C. frutescens) are a hot species used both as vegetables and as 
spice. The mature pods are ground and mixed with a combination of 
other spices and used to flavor the "wat"; cooked whole or in sections 
in the "wat"; or consumed fresh as a green vegetable. They are eaten 
daily by the bulk of the population. Mstard (Brassica nigra) and 
flaxseed (Linum usitatissimum) are two edible oilseeds that are 
projected for the irrigation season. Both are thought to be indig
enous to Ethiopia. The seeds are crushed on the dish in which 
"injerra' is cooked; added to "injerra" in the dough stage; added 
to "wat"; used as a salad oil; and manufactured into soap. Flaxseed 
is also eaten with spices and taken with water for therapeutic 
purposes. Small amounts of both oils are exported. Coffee 
(Coffea arabica), supposedly indigenous, is the leading export crop 
of Ethiopia, and has many domestic uses. The beans are ground to 
produce the beverage or eaten as cakes; and the skin of the berries 
is used as a vegetable. 

Ethiopian coffee intended for export is subject to quality 
control by the Ethiopian Coffee Board. Fincha coffee that is grown, 
picked, and handled under controlled conditions should be higher in 
quality than the coffee grown and harvested under the usual "wild", 
or coffee forest conditions, and should find a place in both the 
domestic and the export markets. 

Crops suggested entirely for commercial usage, with no 
consumption on the project before processing, include tobacco,
 
castor beans, and sunflower. Tobacco (Nicotiana tabacam),variety 
Oriental or Turkish tobacco, has been grown in Ethiopia for several 
centuries. It is produced on a small scale at the present time, 
but the demand for cigarettes and other tobacco products is expanding. 
Tobacco products are manufactured by the Imperial Tobacco Monopoly, 
which presumably would be the outlet for Finchaa leaf. The Oriental 
variety is better adapted to Blue Nile elevations than the Virginia 
variety, also grown in Ethiopia. It has smaller leaves, is highly 
aromatic, and burns quite easily. 

The castor bean (Ricinus communis), a plant indigenous to 
Ethiopia, yields a nonedible, poisonous oil that is used to lubricate 
jet engines and has usage in the textile, leather, and cosmetic 
industries. The Finchas crop is intended for export, but if specialized 
industry develops in Ethiopia some portion of the crop may eventually 
be used at home. 
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Sunflower (Helianthus annus> yields an edible oil that is 
little known in Ethiopia at the present time, but has many uses 
overseas. The oil is used in salads, for cooking, as a butter 
substitute in its solid form, for soap, and as an industrial lubricant. 
The oilmeal is a valuable cattle feed and a nitrogenous fertilizer,
and the whole seed may be consumed by human beings or fed to poultry. 

Data on the yield of crops adapted to irrigated conditions 
in Ethiopia are not readily available. Measures of yield and units 
of land are seldom known or reducible to a common denominator. 
Irrigation, as practiced by the average Ethiopian farmer, is an 
operation which produces a few staple crops and a very limited number 
of specialty food crops. Observation and survey data indicate 
that monetary returns under present irrigation do not greatly exceed 
nonirrigated returns, because of many limiting factors. These 
include poor distribution of available irrigation water, dependence 
upon streams with variable flows, a low level of fertility, a low 
rate of germination due to poor seed, uneven covering of the seed, 
an uneven and often low plant population, inefficient cultivation, 
and other negating factors. Therefore, it is not possible to project 
future yields on the basis of present subsistence irrigation data. 

As a basis for estimating crop yields, data were gathered 
from a wide variety of sources. Estimates were prepared from existing 
secondary data, which were sparse in detail, and checked 
with agronomic advisers and agricultural research technicians. 
Primary yield figures were gathered wherever possible. Most 
were obtained at the Azienda Agricola in Wello, at the Wonji sugar 
estate in Shewa, the experimental station at Bishoftu, and from 
projected figures for the Metahara plantation on the Awash River. 

To adapt these scattered figures to expected Blue Mile 
conditions under project development, the influence of climate was 
considered most important. The factors which constitute climate, 
particularly temperature minima and maxima, and frost probability 
are considered in this report to be functions of elevation. As 
elevations increase, the daily minimum and maximum temperatures 
decrease. Frost may occur at the higher elevations within the range 
of irrigation response. Observations made in the Blue Nile Basin 
give support to the theory that the time required for plant maturity 
increases with elevation, and generally that yields are depressed 
in direct relation to increased elevation. This relationship, 
believed to exist between crop yields and elevation, has been 
arithmetically applied to future project areas. 

Blue Nile proposed project areas have been placed into 
elevation categories. The lowest category covers the range from 
600 to 700 meters, the second from 700 to 1500 meters, the third 
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from 1800 to 2000 meters, and the highest covers areas above 2000 
meters. No projects are planned below 600 meters, between 1500 
and 1800 meters, or above 2200 meters. 

The relationship of yield to elevation is plotted in a 
direct progression. Each successively higher elevation category 
shows a yield reduction of 15 percent each lower category an 
increase or 15 percent. The Finchaa area lies at 1500 meters, 
and the second highest group of yield is applied. 

In this analysis no distinction is made for yields on 
different land classes. Many variables are encountered, and more 
reliable data must be available before a supportable estimate can 
be made for a distinction of this type. Since the data on irrigated 
crop yields are so scanty, it does not appear prudent to refine the 
estimates further. A more detailed study, however, may justify dif
ferentiation of yields by land classification. 

It is recognized that many of the factors influencing 
crop yield need testing on experimental fields before more refined 
predictions are possible. Indigenous crops may respond successfully 
to irrigation, but imported varieties may respond even better. 
Alternative crops will be developed largely by test and experimenta
tion. Fertility levels, frequency and amount of irrigation, and 
level of soil acidity are oiily a few of the factors related to irriga
tion and mechanization which need testing and which may appreciably 
modify preliminary yield expectations. Furthermore, the length of 
day and the hours of sunshine per day may alter the expected response 
of imported crops. 

The assumption has been made that the irrigation season 
would commence in October and extend to June. Although this period 
provides a growing season longer than most crops will require, only 
one planting of each crop is projected for this study. This is done 
to avoid overstatement of expected monetary returns. But, during 
actual operations, particularly some years after operations have com
menced, replanting with short-season crops would probably follow 
harvest of the first crops. 

The responsibility for a second crop is left to the project. 
If the cropping pattern is followed, monetary benefits should equal 
those projected. But if a second planting is made, fuller utilization 
of the land should result in higher cash returns than are projected. 

Anticiated Cropping Pattern during Nonirrigation Season. 
A second group of crop projections is necessary to determine the 
response of crops produced without irrigation on Blue Nile Basin 



projects. For cropping purposes there are two seasons in the Blue 
Nile Basin areas--the irrigated season, which extends roughly from 
October 15 to June 1; and the rainy or nonirrigated season, which 
covers the rest of the year. During the irrigation season many 
mechanical practices can be introduced and the amount of water 
applied to the land strictly regulated. During the rainy season, 
however, the precipitation falling on the fields is uncontrollable, 
daytime temperatures are lower, the sun shines fewer hours per day, 
and yields are understandably lower than levels expected in the 
irrigation season. 

Physical difficulties are also greater in this season. 
The concentrated heavy rainfall frequently prohibits the use of 
tractors and other mechanical equipment while muddy fields increase 
maintenance costs. Therefore, the combination of poor returns, 
higher operating costs, and difficulty of access to fields places 
many operations out of the question in this season. 

The best solution nay be to utilize the land approxinately 
in the way it is used under pre-project conditions in Ethiopia. This 
is preferable to keeping it fallow for four and one-half months of 
each year. The fields should be plowed and disked by tractors before 
the onset of the heavy rains, and sown in short-season, fast-maturing 
crops, such as certain grains, pulses, and oil seeds. These should 
be cultivated by band, mature, and be harvested before the land is 
plowed for the major irrigation season operations. In addition to 
fuller utilization of the land, a certain amount of food would be 
produced, and farmers would be utilized on a year-round basis. 

A possible detrimental effect of rainy season farming. is 
damage to the soil tilth caused by working the soil when it is wet 
or puddled. However, the reddish latosols, which predominate in 
the Finchaa valley, are much lighter and less plastic than the dark 
gray clays which abound in many other project areas, and would pre
sent less of a problem in this respect. Any soil damage that does 
occur should be assessed against the value of the foodstuffs produced 
during the rainy season. 

The list of crops suggested for the Finchaa rainy season 
is confined to corn, millet, haricot beans, and mustard. These crops 
are all well known and accepted in the basic diet. Coffee, which 
is projected for five percent of the area, is a perennial crop that 
may require some cultivation during the rains, but should not be 
considered an off-season crop. 
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All crops projected for the rainy season, except millet, 
are described earlier. African millet or dagussa (Eleusine coracana) 
is a grain indigenous to Ethiopia and is used on a small scale for 
"injerra", cereal cakes, roasting, and "wat". It is included to 
supplement the production of irrigated cereals. 

Nonirrigated crop yields are based largely on known yields 
recorded in sample surveys conducted in Shewa, Wellegga, and Gojjam 
Provinces. Figures are adjusted by elevation in the same manner as 
the irrigated crop yields. However, although the nonirrigated crop 
yields are much lower than irrigated yields, they are projected 
higher than those presently realized in Ethiopia, to allow for the 
effects of management, fertilizer, lime, and superior seed. 

In the nonirrigation season, 75 percent of the land is 
expected to be cultivated, compared to 95 percent in the irrigation 
season. This will allow for some late harvest of irrigated crops, 
and for the minority of farmers who would prefer to regard the rainy 
season as a period of unpaid vacation. 

Crop Prices. Prices of the crops that will be produced on 
the Finchaa Project are based upon Addis Ababa or central market, 
wholesale prices, reduced to reflect the distance from the project 
area to the central market. Addis Ababa prices for the various com
modities, collected for the 1956-1960 period, are essentially the 
prices paid to the primary producer, plus the cost of hauling. For 
project purposes a standard reduction factor of Eth$0.80 per 100 
kilograms per 100 kilometers of distance is used. This factor was 
constructed from hauling rates used in Ethiopia in the recent period. 

Although a lower rate is found in some parts of the Empire, 
hauling to the Fincha area will probably always be expensive due to 
natural topographic conditions. Produce must move up a steep incline 
onto the escarpment before it can reach the main road at Gedo. 

Prices applicable to the Finchaa Project are listed in 
Table VI-3. Since the area lies approximately 300 kilometers from 
Addis Ababa, central market prices are reduced by Eth$2.kO per 100 
kilograms. It is assumed that all of the produce sold off the 
project will be transported to the central market, although it is 
possible that some yet-unknown quantity will reach other markets 
for distribution. 
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TABLE VI-3, WHOLSALE PRICES IN ADDIS ABABA AND IN THE FINCHAA AREA 

Comodity 
Addis Ababa 
Eth$/100 kg. 

Finchaa area 
Eth$/100 kg. 

Buckwheat 
Corn 
Millet (dagussa) 
Sorghum 

12.00 
12.58 
12.30 
16.10 

9.60 
10.18 
9.90 

13.70 

Haricot (field)beans 18.92 16.52 

Flaxseed 
Mistard 

23.54 
20.15 

21.14 
17.75 

Castor beans 29.02 26.62
 
Sunflower 28.00 25.60
 

Coffee 164.24 161.84
 
Peppers (berberi) 58.33 55.93
 
Tobacco (Oriental) 117.00 114.60
 

/ The price for buckwheat is conjectural; no buckwheat is grown in 
Ethiopia today. The prices for cereals, beans, oilseeds, and coffee 
include hulling but not cleaning. Pepper and tobacco prices are 
those for the dry fruit and the dry leaf, respectively. 

Summary Sheets. Tables VI-4 and VI-5 are designed to show 
the agriculture of the Finchaa Project in terms of crop production 
and of the gross income to be realized from the sale of crops. 
Table VI-4 shows the returns on the basis of an average 100 hectares, 
Table VI-5 on a full project, 15,000-hectare basis. 

The first portion of each table is intended to show the 
pattern of cropping, crop yields, crop prices, and income for the 
area under present conditions. The area is uninhabited and has no 
present agriculture, therefore only the price column is used, 
because crop prices are applicable for future as well as present 
conditions. 

The remainder of the tables shows expected conditions under 
irrigation development. Hectares of each crop, yield per hectare, 
total crop production, and monetary returns for crops sold are listed. 
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The total monetary return for the irrigation and nonirri
gation seasons is the gross crop income for the area. Since there 
is no present agricultural income, total future income is considered 
to be incremental to development of the project. 

Under operating conditions the average size of farm in the 
project area will be 17 hectares (see SECTION II, Administration and 
Operation). The average farmer will be farming sixteen hectares 
during the irrigation season, and using one hectare for the farmstead, 
farm roads, and woodlot. During the nonirrigation season fifteen 
percent of the land is expected to lie fallow, so that at this time 
the average farmer will be cultivating thirteen hectares. 

Consumption of Crops. The production of crops in the 
Finchaa area after project development, shown in kilograms, may 
also be expressed in nutritional terms. The content of the average 
Ethiopian diet is known, and is stated to be low in calories, 1/ and 
inadequate in vitamin A and ascorbic acid. 2 Improvement of the 
diet of project residents will be one of the real benefits of develop
ing the Finchas area. It is assumed that sufficient food will be 
available for project residenta;beyond that, a surplus will be 
available for sale in the domestic and export markets of Ethiopia. 

An average daily intake of 2,900 calories per person is 
thought to be sufficient, considering the type of work, the climate, 
and the height and weight of the population. Approximately 85 percent 
of this requirement will be met by project foodstuffs; the remainder, 
which is contributed by false banana, onions, potatoes, cabbage, 
sugar, minor spices, vegetables and fruit, and meat and livestock 
products, is not scheduled for immediate inclusion in the cropping 
pattern (see Livestock and Alternative Crops). Therefore, about 
2,460 calories per day would originate on the project and the 
balance of 440 calories per day from other sources. This would 
assure a diet that is adequate in quantity, and possibly also better 
balanced. Yearly project consumption of calories under ultimate condi
tions would be 2,460per person multipliedby65,000 people by 365 days 
per year, or 58,400,000,000 calories. The remainder produced, 
some 84,463,000,000 calories, will be available for sale. 

/ "The average dietary intake is approximately 2,500 calories. 
It can be estimated that there may be an average calorie deficit 
of up to 400 calories per person daily." General Review 2f Health 
and Medical Problems in Ethiopia, Weh-Pin Chang, World Health 
Organization 
2/ Ethiopia Nutrition Survey, A report by the Interdepartmental 
Committee on Nutrition for National Defense, September 1959, p. 40. 
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CONDITIONS E 

7 

CROP 
PATTERN 

Buckwheat 

Corn 

Millet (dagussa) 

Sorghum 

CROP 

DISTRIBUTION 
ho 

-

YI ELD 
Kg/ho 

- PRODUCTIWN 
K,g 

Haricot beans 

Flaxseed 

Mistard-

Castor beans 

Sunflower 

Coffee 

Peppers 

Tobacco (Oriental) 

Subtotal, Crops 

Fallow 

Subtotal, Caltivated area -

Noncultivated irrigable land 100.0 

Total area 100.0 

This project area is-uninhabited at present. 
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TABLE Vi-4 .	 Sumnary of Parm Icome for Estimating Benefits by UE 
Finchan Project, Ethiopia, on a 100-heetare Basis 

ORE PROJECT 	 FUTURE CONDITIONS, IRRIGATION S 

ICE RECEIVED 

ER 100Kg 

Eth. 9 

9.60 

10.18 

9.90 

13.70 

INCOME 

Eth.S 

16.52 

21.14 

17.75 

26.62 

25.60 

-

161.84 

55.93 
114.6o 

CROP 

DISTRIBUTION 

ha 

5 


15 

20 

10 

5 


5 


10 


10 

5 
5 

95 


95 


100 

YIELD 

Kg /ha 

2,000 


3,175 


2,980 

1,780 


1,000 


1,170 

2,000 


1,800 


960 
920 


2,000 

L 

1 
PRODUCTION 

Kg 

10,000 

kT,625 

1 

59,600 

17,800 

I

5,000 

5,850 

29,000 


18,000 

Q.,800 

4,600 


16,000 

SHIPMENT VALUE OF 

TO CENTRAL SHIPMENTTO 

MARKET 

Kg 

7,500 

41,825 

-1 

CENTRAL MARKET 

Eth.S 

$r 720 

4j258 

36,100 4-,946 

17,800 2,941
 

5,000 1;05T 

5,850 r4038 

20,000 5 324 

18,000 608 

4 0oo 6635 
2,100 7 175
 

10,000 r1;460 

,41162 

4 162 

44,162
 

liq(4 



--

--

--

Estimating Benefits by Use of the Gross Crop Inese Method, 
on a 100-hectare Basis 

ONS, IRRIGATION SEASON FUTURE CONDITI 

SHIPMENT 

TO CENTRAL 

MAR KET 

Kg 

T,500 
41,825 

36,oo 

17,800 

5,000 

5,*850 

20,000 
18,000 

kt100 

2,100 

10,000 


VALUE OF 

SHIPMENT TO 

CENTRAL MARKET 

Eth Z 

$ 720 
4,258 

-

4,946 

2,941 

1,057 


1,038 


5,324 

4,608 

6.635 

1,175 

.n,46o 


44,162 


4.162 

",162 

A '1 

LOCAL 

CONSUMPTION 


Kg 


2,500 
5,800 

-

23,500 

7{00 
2,500 

-

VALUE OF LOCAL 

CONSUMPTION 

Eth. 


$ 240 

590 

-

3'219 

-

_ 

1,133 

1,398 

-

6;580 

6080 

6 580 


CROP 

DISTRIBUTION 

ho 

30 

25 
-

10 

-

10 


t T 
-

80 

95 

o100
 

YIELD 

Kg/ho 

1,180 

975 

950
 

. ' 

700
 



NOITIONS, NONIRRIGATION SEASON 

LD 

ha 

80 

75 
-. 

PRODUCTION 
K-

35,400 

t24,375 

--

LOCAL 

CONSUMPTION' 
^ Kg 

- ' 
35,400 

24,375 

VALUEOFLOCAL 

CONSUMPTION 
Eth.9 

$ 
3,64 

2;13 

-

-

TOTAL 

INCOME 
Eth. 

$r 960 
8,452 

2-413 

8165 

INCREMENTAL 

INCOME 
th. $$ 

960 
t ;8,452 

- 2;413 

8,165 

50 .9j0o 9,500 1;7569 k,510 o510 

too T 000 

-

7,000 r,242 

I'1,057 
2,280 

1;04057 
2 

- - 5 324 324 

68 t68 

,;573 
1,460 

t 
1 

57OO3 
l.460 

8828 -o t 5§0 o70 

- 8" 28- o- o 

_ _ _aa a9s±wo Lais 

-1'
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CONDITIONS BEFORE PROJECT
 

CROP PRICE RECEIVED 

CROP DISTRIBUTION YI ELD PRODUCTION PER 10O Kg INCOMI 

PATTERN ha Kg/ha Kg Eth.% Eth.9 

Buckwheat * 9.60 

Corn 10.18 

Millet (dagussa) 9.90.. 
sorghum 13.70 -

Haricot beans 16.52 

Flaxseed 21.14 

M)stard . - 17.75 

%astorbeans - 26.62 
Sunflower - 25.60 

Coffee -161.84. 

Peppers - 55.93 

Tobacco (Oriental) 114.60 

Subtotal, Crops -

Fallow - -

Subtotal, Cultivated area - -

Noncultivated irrigable land 15,000 

Total area 15,000 

Ig This project area is uninhabited at present. cq(t 



TABLE VI-5 	 Summary of Farm Income for Estimating Benefits by Use of the Gross Crop Ino 

Finohan Project-,Etbiopia, on a Full Prject, 15.000-hectare Basis 

FUTURE CONOITIONS, IRRIGATION SEASON 

SHIPMENT VALUE OF 

CRO P TO CENTRAL SHIPMENT TO LOCAL VALUEOF LOCA 

DISTRIBUTION YIELD PRODUCTION MARKET CENTRALMARKET CONSUMPTION CONSUMPTIOI 

ho 

750 

Kg / ho 

2,000 

Kg 

1,500,000 

Kg 

1,125,000 * 
Eth.g 

108,000 

Kg 

375,000 

Eth.0 

$ 36,000 

2,250 3,175 7,143,750 6,272,750 638,565 871,000 88,669 

3,000 2,980 8,940,000 5,415,000 741,855 3,525,000 482,925 

1,500 1,780 2,670,000 2,670,000 

750 1,000 750,000 750,000 158,550 -

750 1,170 877,500 877,500 155,756 -

1,500 2,000 3,000,000 3,000,000 798,600 -

1,500 1,800 2,700,000 2,ooooo 691,200

750 960 720,000 615,000 995,316 105,000 169,932 

750 920 690,000 315,000 176,179 375,000 209,937 

750 2,000 1,500,000 1,500,000 1,719,000 - -

14,250 6,624,105 987,463 

14,250 6,624,105 987,463 

750 

15,000 6,624,105 98T,463 



t'ethod, 

FUTURE CONDI.TIONS, NONIRRIGATION SEASON 

CROP LOCAL VALUEOFLOCAL 

DISTRIBUTION YIELD PRODUCTION CONSUlMPTION CONSUMPTION 
ha Kq/ha Kg Kg Eth.$ 

4,500 1,180 5,310,000 5,310,000 5k0,558 

3,750 975 3,656,250 3,656,250 361,969 

1,500 950 1,425,000 i,45,000 235,410 

1,500 700 1,050,000 1,050,000 186,375 

750 

12,000 1,324,312 

2,250 

14,250 1,324,312 

750 

15,000 1,324,312 



- 2~4U 

--a' 
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Minor amounts of meat and animal products might be produced
locally by project residents, and garden plots around the homes 
should be encouraged. Furthermore, tests conducted on the experimental 
farm might determine that certain vegetables and fruits are suitable 
for eventual inclusion in the cropping pattern. 

Certain crops proposed for the project, including castor 
beans, coffee, and tobacco are either nonedible or have a very low 
caloric value. All production of these crops, although not expressible 
in nutritional terms, must nevertheless be considered net additions 
to the agricultural economy. 

Table VI-6 shows the production and consumption of calories 
on the Finehaa Project. 

Alternative Crops 
In the future, as the industrial economy

of the country develops and the cities enlarge, cash crops will 
be in greater demand. The Finchaa Project should gradually turn to 
those crops which it is best able to produce, and should gradually 
eliminate those less adaptable and those grown primarily for 
subsistence. Other project areas, for example, may eventually 
produce all of the sorghum or haricot beans now projected for 
Finchaa, leaving a greater proportion of the cropland available for 
such high-value crops as peppers, coffee, or tobacco. In the future 
the project area may assume a stronger cash position, shipping the 
large bulk of its production to the cash markets, and purchasing 
most of its food requirements from other areas farther from the 
central market or less climatically adapted to production of 
specialty crops. 

There are many alternative crops that may replace some of 
the crops suggested. Some of these, however, are less adapted to 
the Finchaa area, while others might not be as financially remunerative 
or less ace eptable in the Ethiopian diet. Still others may have 
export possibilities but are unknown today in Ethiopia. Time and 
experience may allow some of these crops a place within the cropping 
pattern. 

Grains. Four grains are projected for the Finchaa area; 
buckwheat, corn, sorghum, and African millet or dagussa. The grains 
are the largest group of crops projected, and are intended partly for 
production of food for the project population, and partly as surplus 
to ship off the project. Grains may diminish in importance as 
the economy -grows and demand for coffee, peppers, castor beans, and 
tobacco increases. 
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TABIE VI-6 - PRODUCTION AND DISPOSITION OF CROPS, EXPRESSED IN TERMS OF CAILORIES 

Irrigation Season 

I Shipnent to local 

Crop Calories Production, Production, Central Market, Consumption, 
per kg. kg. Calories Calories Calories 

Buckwheat 2,757 2,625,000 7,237,125,000 6,203,250,000 1,033,875,000 

Corn 3,500 7,143,750 25,003,125,000 21,954,625,000 3,048,500,000 
Sorghum 3,620 8,940,000 32,362,800,000 19,602,300,000 12,760,500,000 
Haricot beans 3,430 2,670,000 9,158,100,000 9,158,100,000 -
Flaxseed 4,720 750,000 3,540,000,000 3,540,000,000 -
Mustard 4,600 877,500 4,036,500,000 4,036,500,000 -
Sunflower 5,120 3,705,000 18,969,600,000 18,969,600,000 -
Peppers 3,170 690,000 2.,187,300.000 998,550.000 1,188,750,000 

I'D 18,031,625,0000 Subtotal, irrigation season 102,494,550,000 84,462,925,000 

Nonirrigation Season 

Shipment to local 
Crop Calories Production, Production, Central Market, Consumption, 

per kg. kg. Calories Calories Calories 

Corn 3,500 5,310,000 18,585,000,000 - 18,585,000,000 
Millet 3,300 3,656,250 12,065,625,000 - 12,065,625,000 
Haricot beans 3,430 1,425,000 4,887,750,000 - 4,887,750,000 
Mustard 4,600 1,050,000 4,830,000,000 - 4.8t0000.000 

Subtotal, nonirrigation season 40,368,375.000 - 40.368,375,000 

Total, irrigation plus nonirrigation season 142,862.925,000 84,462,925,000 58.400.000000 

2/ Excluding castor beans, coffee, and tobacco. 



The grains selected are adapted to the Finchsa climate, 
are well accepted in Ethiopian homes and markets, and form an 
important part of the diet. Only one new cereal, buckwheat, is 
included. Alternatives include rice, buckwheat, and baltuk. 

Rice (Oryza sativa) can be grown up to 1500 meters on 
irrigated lands, and will thrive on tight, puddled soils. Rice, 
however, is unknown in the Ethiopian diet, except for some foreign 
and Moslem groups. Furthermore, rice grown in Blue Nile areas 
cannot compete on the present world market with Asian, European,
and American rice. 

Baltuk or pearl millet (Pennesetam glaucum) is a minor 
indigenous Ethiopian crop. It will grow in the Finchaa area, but 
does not appear to enjoy as much favor as other grains. Among 
lowland populations it is more popular. 

Cool weather cereals which will not return their best 
yields in this area include teff (Eragrostis abyssinrea), barley 
(Horedeum spp.), oats (Avena sativa), wheat (Triticum spp.), and 
rye (Secale cereale). Oats and rye would encounter severe marketing 
difficulties as well. 

Pulses. The only pulse included in the cropping pattern 
is the haricot, navy, or field bean (Phaseolus vulgaris). If this 
crop should not prove successful in the Finchaa or if the area under 
pulses is expanded, horse beans, field peas, or mung beans might be 
considered. 

Horse beans (Faba vulgaris) are a well-liked indigenous 
crop, with a good export market. They do not command as high a 
price as haricot beans, however. 

Field peas (Pisum sativum) are an important indigenous 
food crop, but may be at the borderline of their tolerance for heat 
in the Finchaa. If planted immediately in the fall, they may 
mature a crop without lose caused by warm weather. Their most 
promising use may be as a nonirrigated crop in the rainy season. 

Mung beans (Phaseolus aureus) are more tolerant of heat. 
This crop is not known in Ethiopia today, although efforts to 
introduce them have been made. Mung beans can be used directly 
for food or crushed for oil. 

Other indigenous pulses, including chick peas (Cicer 
arietinum); fenugreek (Trigonella foenum-graecum); and lentils 
(Lens esculenta) probably would find the Finchaa valley too warm. 
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Ota il5es The cropping pattern lists flaxseed (Linum
usitatissimum) mustard (Brassica nigra), sunflower (Helianthus 
annus), and castor beans (Ricinis communis). Flaxseed and mustard 
are basic oilseeds in Ethiopia, widely grown and consumed. Sunflower 
is not a common source of vegetable oil in the Ethiopian diet, but 
an oil-bearing plant intended primarily for export, with possibilities 
for gradual introduction into the local diet. Castor beans, although 
presumed indigenous to Ethiopia, are not edible and find little use 
in the country. They are intended entirely for export, and for such 
specialized industries as may develop in Ethiopia in the future. 
Among future possibilities rape, sesame, safflower, soybeans, and 
peanuts are the most promising for the Finehaa area. 

Rape or rapeseed (Brassica napus) is produced at scattered 
locations in the Ethiopian highlands. The crushed seeds yield an edi
ble oil, and the young leaves are consumed as a minor leafy vegetable. 
Rape may also be used for pasture and for poultry green feed. Since 
rape prefers a cool climate, the Finchas valley may be sonewhat low 
and warm for optimum development, but a crop planted in the fall 
may yield well. 

Sesame (Sesamum indicum) is grown in the Blue Nile Basin
 
as a minor oilseed. It is considered a promising crop for warm
 
temperate regions. Sesame oil is used for cooking and soap, sesame
 
oilmeal for poultry and livestock feed, and sesame seeds are sprinkled
 
on breads and pastries. The crop may have strong export possibilities.
 

Safflower or saffron (Carthamus tinctorius), not to be
 
confused with wars, or bastard saffron (Crocus sativus), is a minor
 
indigenous oilseed grown in the highlands for a cooking oil and soap.

On the world market, it is a drying industrial oil for varnishes
 
and soap. Formerly it was best known as a source for dye.
 

Soybeans (Glycine hispida) are cultivated on a very minor
 
scale in Ethiopia at the present time. The crop is adaptable to
 
Finehasa area climatic conditions. Soybeans may be used for meal,
 
oil, as green beans, and as dry beans. Both the meal and the oil
 

'have a great many edible and nonedible uses. 

Peanuts or groundnuts (Arachis bypogaea) are botanically 
a pulse but are regarded as an oil seed because of the wide variety 
of products made from the oil. The climate of the Finchaa is probably 
quite suitable for peanut cultivation, but peanuts should be grown 
only on the loose, well drained soils if the tubers are to set properly. 
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Noog or nigerseed (Guizota abyssinica) is the most important 
indigenous Ethiopian oilseed. The Finchaa area probably lies too low 
for commercial production of this crop, however. Another problem is 
the tendency to shattering of the seed, since this crop has not been 
improved for machine harvest. 

Sugar crops. Sugar cane (Saccharim officinarium) can 
probably be grown well in the Finchsa area. It will thrive in a 
warm climate under irrigation, particularly where several dry months 
occur during ripening. It will grow on a variety of soils, including 
heavy clays and loans. Furthermore, sugar is accepted in the Ethiopian 
diet and the consumption is increasing. 

Sugar cane, however, is excluded from the cropping projection 
of the Finchaa and other Blue Nile project areas. At present the entire 
commercial production is grown by a Datch plantation at Wonji, near 
Addis Ababa. This plantation supplies domestic requirements and 
manufactures sugar candy to create an even larger market. A monopoly,
awarded to this firm, prohibits competitive commercial plantings a 
certain number of kilometers around Wonji. 

Sugar beets (Beta altissima) are not strictly adapted to 
the Finchaa area, because of particular heat and water requirements. 
If a sugar crop is desired after the project has become established, 
the respective merits of cane and beets should be re-examined. 

Vegetables. Vegetables are not greatly enjoyed in 
Ethiopia. Vegetable consumption by most people is quite low,
although certain varieties are cooked in "wat" others are eaten 
raw, and still others are liked by certain urban groups. Only the 
red pepper, which is as much a spice as a vegetable, is consumed to 
a large extent. 

Other known vegetables include onions, potatoes, cabbage, 
pumpkins, and squash. A coarse member of the cole group, locally 
called "gomen"', and some mustard, rape, and cress leaves are eaten 
as salad, and small quantities of wild asparagus and mushrooms are 
gathered. But over-all vegetable consumption, as measured by roups
interested in Ethiopian nutritional patterns, is very low. A A 
serious factor affecting the choice of vegetables, in addition to 
adaptability and yield, is, therefore, the degree of acceptance in 
the marketplace.
 

I/ The Ethiopia Nutrition Survey mentions that vegetables, exclusive
 
of pulses and peppers, supply only 2.6 percent of the daily caloric
 
intake. The Planning Board claims 3.8 percent, and the Lia Survey 
only 0.7 percent. 

93 



Many vegetables are culturally adapted to the Finchas area 
because the valley has a mild climate and irrigation water will be 
supplied. The project management might decide, once the operations 
are established and a certain amount of financial loss is allowable, 
to try small plantings on the experimental farm. If this were 
successful and the crops were marketable, then the farmers might 
consider their propagation. However, garden plantings by private 
farmers should be encouraged to supplement the diet. 

Initial harvest of "exotic" vegetables (those little known 
in Ethiopia but well accepted elsewhere) could be sold in the foreign 
markets in Addis Ababa and elsewhere. Gradually these may become 
accepted throughout the population, a circumstance that has come 
about in the case of such crops as lettuce, carrots, cauliflower,
and fresh snap beans. 

Soil conditions are important when vegetables are grown. 
Most varieties require a well-drained soil, and will yield poorly 
on a tight clay. The Finchaa area latosols, with good drainage 
and low plasticity, are suitable for many types. Future vegetable 
production might become important here, assuming acceptance by the 
Ethiopian population. 

The growing season for most vegetables is so short that 
there are actually two seasons per irrigation season. This is very 
significant in regard to heat tolerances. Fall months are generally 
the cooler and spring months warmer. Therefore, the short-season 
cool weather crops could be sown at the start of the irrigation 
season; the heat-loving short-season crops in January and February. 

Cool season possibilities: 

Root crops: Beet (Beta vulgaris ), carrot (Daucus 
carota), 
rutabaga 

leek (Allium porrum), radish (Raphanus sativus),
(Brassica napobrassica), and turnip (Brassica napa). 

Salad crops: Endive and escarole (Cichorium 
endiva) fennel (Foeniculum vulgare), garden cress (Lepidium 
sativuin lettuce (Lactuca sativa), parsley (Petroselinum 
hortense$, spinach (Spinacea oleracea), Swiss chard (Beta 
vulgaris, var. ciola), upland cress (Barbarea vulgaris), and 
water cress (Nasturium aquaticum). 

Pulses: Garden peas (Pisum sativum, var. macrocarpon). 
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Cole crsa: Broccoli (Brassica oleracea, var. 
Italica), cabbage (B. oleracea, var. capitata), cauliflower 
(B. oleracea, var. botrytus), Chinese cabbage (B.pekinesis), 
collards (B. oleracea, var. acephala), and kale (B.caulorapa). 

Warm season possibilities:
 

Salad crons: Celery (Apium graveolens).
 

Pulses: Lima beans (Phaseolus limensis), and snap 
beans (Phaseolus vulgaris, var. humilus). 

Solanaceous crops: Eggplant (Solanum melogena), 
sweet peppers (Capsicum frutensens, var. grossum), and 
tomato (Lycopersicon esculentum). 

Other: Cucumbers and melons (Cucumis species), 
okra (Hibiscus esculentus), pumpkin and squash (Cucurbita 
species), and sweet corn (Zea mays, var. sacoharata). 

Crops that require excessive time for propagation or
 
impose excessively high costs of production include artichoke,
 
asparagus, horseradish, mushrooms, rhubarb, sweet potatoes, and
 
watermelons. Onions and potatoes, now grown in Ethiopia, should 
not be considered for the Finchaa. Onions (Allium cepa) are 
adversely affected by temperatures in excess of 210 0. (70' F.). 
Potatoes (Solanum tuberosum) will not set tubers above 290 C. 
(840 F.). Since higher temperatures are expected, neither of these 
crops is suitable. 

Fruit, Berries, and Nuts. Fruit production in the Finesa. 
area is subject to greater restrictions than vegetable growing. The 
per capita consumption of fruit is even lower than vegetables, and 
is largely confined to foreign groups, upper income urban Ethiopians, 
and certain lowland groups. Transportation difficulties, perishability 
of the products, and a lack of processing facilities would discourage 
a large export market. Fruit production is generally a long-term 
project, requiring years before crops can be harvested. And the 
Finchan area has certain climatic features which render it unsuitable 
for many popular types of fruit. 

Fruit. Climnai of the Finchaa valley, and actually of imch 
of the Blue Nile Basin, is a severe limiting feature. The lack of 
a pronounced winter season precludes all possibility of temperate 
trees which require dormancy or rest, and aggregate of heat units is 
insufficient for maturation af many tropical crops, which would tend to 
reduce yields. The best solutions are the subtropical plants which 
will fruit without dormancy or will enter dormancy without freezing 
temperatures. Furthermore, the effect of the long summer rainy 
season on subtropical crops should be considered, particularly on 
imported varieties.
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For this reason, propagation of such popular temperate zone 
fruits as apples, cherries, pears, nectarines, and peaches should not 
be attempted. Also no plantings of bananas, papaya, dates, bread
fruit, mango, pineapple, or other tropical crops should be made. 
Although bananas are seen even higher in elevation than the Finchaa 
valley, production is uncertain and yields are low. Furthermore, 

some subtropical crops which will tolerate some cool weather, including 
citrus and olives, probably would not yield well here. 

Nevertheless, a few fruit crops may be successfully grown 
in the Finchaa area. Some are known in Ethiopia, but most are not. 
The European grape (Vitus vinifera) is one of these. Grapes are 
one of the few fruits consumed in Ethiopia in a variety of forms. 
The crucial factor concerning vitriculture is the cold and heat 
requirement. Some varieties of V. vinifera will undergo rest in 
the absence of freezing temperatures, and still mature a crop. 
Therefore selection of the proper variety is paramount. Grapes are 
now being grown in scattered Blue Nile areas. 

The fig (Ficus carica) will tolerate a cool dormancy 
period, so should not suffer from lack of low temperatures during 
its annual cycle. However, fruiting is retarded both by cool nights 
and by temperatures below 38. C. (100. F.) in certain seasons. 

The litchee or lychee (Litchee chinensis) has been grown 
in China for centuries along rice paddies and canals to hold the 
banks in place. The tree is perfectly adapted to tropical uplands. 
It will neither fruit in hot humid climates nor tolerate heavy frost. 
It may also be grown as an orchard tree. The edible portion is a 
fruit which when dried is called "litchee nut." 

Litchee requires a perfectly drained soil, and will 
produce a full crop in seven or eight years. Since the fruit is 
unknown in Ethiopia, and in view of the long period needed to produce 
the crop, it may be planted as an ornament or near the project 
waterways rather than as a commercial crop. If so, it should be 
evaluated against the eucalyptus, which will produce firewood and 
make a more rapid growth and which can also be planted along 
waterways. 

The longan or Dragon's eye (Euphoria longan) is a hardy
 
relative of the litchee. This tree may be best utilized in the higher
 
Blue Nile project elevations, where frost is more probable. The
 
fruit is similar to the litchee and the tree has ornamental possi
bilities, as well as being suitable for planting along waterways.
 

The loquat (Eriobotrya japonica) is a member of the rose
 
family that is adapted to tropical highlands. It thrives in cool
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subtropical climates, preferably above 1000 meters, where there is
 
freedom from hard frost and extreme heat. It requires a well-drained
 
clay for best growth, and the fruits are eaten fresh or preserved. 

The cherimoya and the ilama (Anona spp.) are related to 
the genus soursop, the custard apple, and the sugar apple. These 
last three are tender, but the cherimoya and ilama thrive in 
tropical uplands on perfectly drained soils. The fruits may be 
eaten fresh, or crushed and mixed with liquids as a sherbet. 

The Japanese persimmon or kaki (Diospyros kaki) will 
thrive above 1000 meters in the tropics. It must have a well
drained soil. The fruits are consumed fresh or dry. 

None of the important citrus fruits (Citrus app.),
including the orange, grapefruit, lime, lemon, and citron, is 
suitable for commercial propagation in the Ethiopian highlands. 
Fruiting is retarded by cool temperatures, and the trees prefer a 
sandy soil with good drainage. However, there are some minor 
species that have somewhat different requirements. The mandarin or 
tangerine (Citrus reticulata) will grow up to 1500 meters in the 
tropics. The kumquat (Fortunella species) and the trifoliate orange 
(Poncirus trifoliate). will grow even higher. However, the Blue 
Nile Basin does not show promise as a citrus growing area, and citrus 
production probably should be confined to certain lowland areas -of 
Ethiopia. 

The tree tomato (Solanum betaceum) is a perennial tree
 
related to the common or vine tomato, which produces a tomato-like
 
fruit. It is a hardy plant that requires cool nights, and should
 
grow well in highland tropical areas, such as the Finabaa. Since
 
there already has been some small degree of acceptance of tomatoes
 
in Ethiopia, this crop may be of use. the naranjilla (Solanum
 
quitonse) is another relative of the tomato that is found in the
 
tropical highlands of South America. The fruits may be consumed
 
fresh or used for juice or preserves.
 

Berries. In view of the very smnalI consumption of berries 
of any type in Ethiopia, and the difficulties of growing the common 
varieties in a subtropical climate, berry propagation in the Finchaa 
valley should not be considered now. Furthermore, berry crops are 
noted for perishability, and require either immediate transportation 
to market, or local preserving facilities. 

Strawberries (Fragaria chiloensis) require either freezing 
temperatures during the rest period, or high daytime temperatures 
if a variety which does not require rest is chosen. Length of day 
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is important for heavy yields, and nearby marketing or processing
 
facilities are essential. Although crops can be produced in the
 
Blue Nile Basin, yields are not high, and markets are not extensively
 
developed.
 

Bramble berries, and the Youngberry, Boysenberry, and 

Loganberry, all Rubus species, which include the red, black, and 

purple raspberry, the blackberry, and the dewberry, require a 

dormancy period with cool temperatures. 

The currant (Ribis spp.), gooseberry (Ribis uva-crisca), 
blueberry (Vaccinium spp.), and cranberry (Vaccinium spp.) are 
nonbramble berries which require much more rigorous winter tempera
tures than the Finchaa area provides. 

Nuts. Few species of nuts are adapted to commercial 
planting in highland Ethiopia. Many of the major species of tropical 
origin do not thrive in subtropical or temperate areas. They require 
high daytime temperatures, warm nights, and absolute freedom from 
cold weather or frost. Cool nighttime temperatures during the 
budding and blossoming period are injurious to the reproductive 
parts of the plant. The temperate zone nuts, on the other hand, 
require a dormancy period, which would not be provided by the Finchaa 
area. Furthermore, the strangeness of these crops would be a 
marketing handicap, and the years required to produce a crop an 
additional disadvantage. 

The Ecuador, Bolivia, and Colombia walnuts (Juglans honorei, 
J. boliviana, and J. colombiensis), found in highland South America,
 
are slight possibilities. The mu-yu-shu, or mu-yu-oil nut, a
 
relative to the tung nut, is adapted to the tropical highlands.
 
The oil resembles tung oil and is used as a dryer for paints and
 
varnishes. 

Probably no nut plantings should be considered for the 
Finchaa area. However, the project area may be examined for indigenous 
nuts, as well as for otler useful plants. 

Fibers. No fiber crops are projected for the Finchaa area.
 
Flarseed, used for fiber elsewhere, is included only for production
 
of seed. Experiments with fiber flax in 1951 and 1952 indicated
 
that it could be grown in the Ethiopian highlands, but this was never 
implemented. Commercial equipment for reducing the flax to fiber 
is not available in the country. Flax is a variety of L. usitatissimum. 
The stems are straighter and longer, with fewer branches. Only small 
amounts of seed, of low oil content, are borne.
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Ramie (Boehmeria nivea) is a.subtropical fiber presently 
found in scattered sections of the Blue Nile highlands. New Zealand 
flax (Phormium tenax) is a hardy relative of sisal that can be grown 
only in the subtropics. Hemp, or true hemp (cannabus sativa), is a 
temperate zone plant that produces the raw material for fiber, but 
also is the source of the drug marijuana, hashish, or bhang. Hemp 
might be avoided for this reason. Cabuya (Furcraea cabuya), another 
hardy relative of sisal, is a Central American plant grown up to 
1800 meters. 

Many other fibers grown elsewhere require tropical
 
conditions for best growth. Among these are Manila hemp (Musa
 
textiles); dum palm (Phytelephas macrocarpa), found in lowland
 
Eritrea; jute (Corchoris species); kapok (Eriodendron anfractuosum);
 
kenaf (Hibiscus species); sanseviera or bowstring hemp (Sansevieria
 
species); Yucatan sisal or henequen (Agave fourcroydes); and sisal
 
(Agave sisalana). Sisal, however, appears to have a certain tolerance
 
for cooler climates, since it is cultivated in Kenya at 1500 meters. 

Cotton (Gossypium species), the major world vegetable fiber, 
prefers an elevation in Ethiopia not greater than 1000 meters. Although 
perennial forms may be seen much higher, yields are extremely low by 
commercial standards, maturity is delayed by cool weather, and losses 
by disease and insects are increased by late maturity. At present, 
cotton growing schemes are being conducted in several lowland 
Ethiopian areas. 

False banana (Musa ensete) deserves special mention. It 
is an indigenous relative of the true banana, and has been cultivated 
in Ethiopia for centuries. The greatest use is the starchy pseudostem 
as a dietary staple, and the pseudostem and leaves yield a fibrous 
strand. At one time false banana was an important highland crop, 
but with the shift of population the plant has been pushed farther 
south. Growth is better in the lower, warmer areas. 

Stimulants and Snices. Coffee,tobacco, and hot peppers
 
are projected for the Finchaa area. However, there are many 
possible alternatives.
 

That or chat (Catha edulis) is a perennial indigenous 
shrub cultivated in many parts of Ethiopia. The leaves and young 
twigs are chewed for a stimulating effect. Possible detrimental 
effects are suffered by the user, and That is a habit-forming narcotic. 
Several neighboring countries have banned the import of Ethiopian 
That, and the That trade is frowned upon by the World Health Organi
zation. Therefore, no khat is projected for the Fineas or any other 
Blue Nile project.
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Tea (Thea sinensis) is a subtropical shrub with doubtful 
application for the Finchaa valley. The long cloudy summer, the 
spring rains, and nighttime temperatures below 13 C. (55* F.) would 
reduce yields. Tea also requires a processing plant nearby to receive 
the leaves, or else a more distant plant with air service to the 
project. 

Gesho or buckthorn (Rhamnus prinoides), a substitute for 
hops, is used in brewing beer. It is a small perennial shrub found 
wild in the Ethiopian highlands. 

Peppers are the only spice included in the cropping 
projection. )&ny spices, however, are consumed in the Ethiopian 
diet, and some of these might be included if more data were available 
regarding their production, growth, and yields. However, the 
scantiness of information, the small scale, and the simple methods 
of cultivation make the response of any given spice to modern, 
irrigated farming impossible to predict. Therefore, spices now 
important in the diet should be tested on the project experimental 
farm before field plantings are considered. Important Ethiopian spices 
include anise (Pimpinelle anisum); black cumen (Nigella sativa), 
caraway (Carum carvi), cardamon (Elettaria cardamonium), coriander 
(Coriandrum sativum) dill (Anethum graveolens), lemongrass 
(Andropogon citratus , marjoram or oregano (Origanum marjorana), 
and tumeric (Curcuma longa). 

Ethiopia uses a great variety of spices, including many
 
not mentioned above, but her production does not suffice for her
 
needs. Net spice imports have increased yearly, and in 1960/61 were 
Eth$609,000. Therefore the marketability of accepted spices is
 
assured, in contrast to future plantings of fruit, vegetables, or nuts.
 

Care must be taken to insure that the spices tested on
 
the experimental farm are adapted to subtropical conditions. Spices 
adapted only to tropical conditions include black and white pepper, 
cloves, ginger, nutmeg or mace, and pimento.
 

Medicinal and Essential Oil Plants. A large number of
 
potentially valuable plants whose oily exudations or secretions 
are used for medicine, perfumes, flavoring, or lubrication are
 
found in Ethiopia, either cultivated or in the natural state. Here 
again the cultivation is small and data are lacking. These plants 
are utilized in their crude state, but the finished products of 
many are imported into Ethiopia in more expensive, compounded forms. 
Accordingly some may deserve testing, for consideration in future 
cropping patterns. 
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The best known medicinal plants found in Ethiopia today 
are foxglove (Digitalis species), the source of digitalis; saffron 
(Crocus sativus); senna (Cassia species); thorn apple (Datura 
stratomium); and wild rose or hip (Rosa canina). A drug not grown 
in Ethiopia but an important cash crop in highland Kenya is pyrethum 
(Chrysanthenum species). 

Essential oil plants found in highland Ethiopia, many of 
which have pharmaceutical, food processing, or industrial usage 
include peppermint, spearmint, and pennyroyal (Mentha piperita,
M. crispa, and M. virdiris); and thyme (Thymus species). The oil 
of the Ethiopian eucalyptus (Eucalyptus globulus) is used abroad 
but is not extracted in Ethiopia. 

any common Ethiopian plants produce useful oils in their 
leaves, stems, or blossoms, including the carnation, daffodil, elder, 
geranium, heliotrope, honeysuckle, iris, lavender, lilac, lily, 
narcissus, patchouli, rosemary, sweet pea, tuberose, violet, and 
wall flower. Most of these are common temperate zone flowers. 

Before commercial planting of essential oil plants is 
made on the Finchaa or other projects, the establishment of a
 
rendering or extracting plant must be considered, or else export 
possibilities studied.
 

Firewood. Apersistentproblem in Ethiopiahas always been 
the procurement of an adequate supply of firewood. The eucalyptus, 
since its introduction, has been a partial solution; where it is 
planted the available supply of firewood is always increased. The 
Finchaa Project will face the problem of fuel for cooking and heating. 
If electric power is not suitable for domestic use in the Finchaa 
area, and since fossil fuels are expensive in Ethiopia, the 
eucalyptus may be the answer here, too. 

No land is specifically allotted to coppices of trees. 
However, five percent of the irrigable land is projected for the 
farm house and lot, farm roads, and ditches. A portion of this 
might be planted in eucalyptus, to supply fuel after the wood and 
vegetative debris cleared from new lands has been exhausted. Several 
years are required before firewood can be harvested economically 
from coppices. 

Another possibility is the planting of trees along portions 
of the irrigation canals. Species mentioned earlier include the
 
litchee, longan, and loquat. Other possibilities, either along the
 
waterways or in coppices, are the newly introduced pines, cypresses,
 
and Australian acacia. This question should be considered in detail
 
in the final Finchaa study, in cooperation with the Ethiopian Forestry
 
Association.
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Livestock
 

The integration of livestock with irrigated farming in the
 
Finchaa Project area poses a set of problems that are probably best
 
avoided in the beginning years of project operations. The inclusion
 
of livestock means careful attention to breeding programs, disease
 
control and eradication, maintenance of grain and forage supplies,
 
and development of markets for profitable turnover of livestock and
 
products. These problems are not always solved successfully under
 
conditions where quality stock is produced, markets are established,
 
heavy per capita meat consumption exists, adequate transportation
 
facilities are available, fodder reserves are ample, and where
 
diseases and pests have been brought under control. 'But in Ethiopia,
 
major problems exist in each of these phases of the livestock produc
tion and marketing cycle. Mbreover, enormous areas outside the Blue 
Nile Basin could be developed for livestock production on a nonirri
gated basis. Portions of the Awash valley and of the vast semiarid 
area southeast or south of Addis Ababa can produce livestock on an 
extensive basis. Some of these areas are served by rail transport 
both to Addis Ababa and to the port of Djibouti on the Red Sea. 
Therefore consideration of livestock has been excluded on a commercial 
basis from the Finchaa and the other Blue Nile irrigation projects,
 
for the immediate present. 

This need not mean that livestock must be entirely absent 
from the project area. The Ethiopian farmer is accustomed to having 
a few head of livestock on hand, and he counts his wealth partly in 
animals. It is recommended that the project population be allowed 
to keep some livestock as personal possessions, partly as a concession 
to their conservative outlook, and partly because there will always 
be some waste areas, such as nonarable land, land along fence 
rows, irrigation ditches and canals, and in villages, where cattle, 
sheep, or goats can be grazed at no cost to the project. Furthermore, 
the milk and meat produced would be nutritious supplements to the . 
basic foodstuffs the project will raise. The number of head must be 
supervised to prevent overgrazing of the available pasturage. Rules 
concerning ownership per family should be formulated in advance of 
project operations. 

Land Settlement 

At the present moment, the Finchaa valley is uninhabited. 
With the commencement of project operations as much as 640 hectares
 
will be immediately developed, and population settled on this land.
 
This will require about 608 farmers and workers, excluding managerial 
and service personnel, and excluding the irrigable land required 
for farm houses, roads, and woodlots. Applying the average family 
size of 4.7 members, approximately 2,800 people can move into the 
Finchaa Project area and find land and work. 
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Under ultimate development, the entire 15,000 hectares of 
irrigable land should be occupied. This will offer settlement
 
opportunities to over 65,000 farm people (see SECTION IX), plus
 
others required for management, operation and maintenance, and
 
extension. In addition, many service workers will be drawn into
 
the area.
 

AMARTI-NESHE PROJECT 

The land classification and agricultural economics of the 
Amarti-Neshe Project are essentially the same as the Finchaa Project. 
The Amarti-Neshe Project is smaller, however, so crop production
 
will be less. Therefore only the summary sheets,which reflect the 
differences in size, are shown separately. The discussion of 
agricultural conditions before project development, agricultural 
conditions after agricultural development, and land settlement
 
would be covered under the Finchaa Project. 

Tables VI-7 and VI-8 are designed to show the agriculture 
of the Amarti-Neshe Project in terms of crop production and of gross 
income to be realized by the project from the sale of crops. Table VI-7 
shows the production on the basis of 100.heetares, and Table VI-8 
on a full project, 8,490-heetare basis. These tables are identical 
to the Finchaa Project sumary sheets in all but one respect. Total 
gross crop income for the Finchaa is $8,932,130; for the Amarti-Neshe 
it is $5,061,975.
 

The consumption of food will follow a similar pattern for 
the Amarti-Neshe as the Finchaa Project. Total yearly production of 
calories will be approximately 81,000,000,000; of this, 33,000,000,000 
will be consumed on the project and the remainder sold. 
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CONDITIONS BEFORE PROJECT
 

CROP PRICE RECEIVED 

CROP DISTRIBUTION YI ELD PRODUCTION PER 100 Kg INCOME 
PATTERN ha Kg/ho Kg Eth. $ Eth.9 

Buckwheat 9.6o__9. 

Corn - 10.18 
Lllet (dagussa) 9.90 

Sorghum 13.70 

Haricot beans - 16.52 

Flaxseed 21.14 

Mustard __.75 -

Castor beans - 26.62 

Sunflower 25.60 

Coffee 161.84 

Peppers 55.93 

Tobacco (Oriental) - 114.60 

Subtotal, Crops -

Fallow - __________ 

Subtotal, Cultivated area -

Noneutivated irrigable land 8,490 

Total area 8,490 

This project area is uninhabited at present. I 



TABLE VI-7 T.LSuV- ary of Farm Income for Estimating Benefits by Use of the GrosCn nc 
hAmrti-Neshe Project, Ethiopia, on a Full Project, 8,190-heetare Basis 

CROP 

DISTRIBUI iON 

ha 

425 

1,275 

FUTURE CONDITIONS, IRRIGATION SEASON 

SHIPMENT VALUE OF 

TO CENTRAL SHIPMENT TO LOCAL 

YIELD PRODUCTION MARKET CENTRALMARKET CONSUMPTION 
Kg/ha Kg Kg Eth.0 Kg 

2,000 850,000 6.750 61,130 213,250 

3,175 4,048,125 3,550,940 361,485 L97,185 

VALUEOFLOC. 

CONSUMPTIC 

Eth.% 

20,470 

50,610 

1,700 2,980 5,066,000 3,070,850 420,705 1,995,150 273,335 

850 1,780 1,513,000 1,513,000 249,950 - -

425 

425 

1,000 

1,170 

425,000 

497,250 

425,000 

497,250 
89,845 
88,260 

-
-

-

850 

850 

2,000 

1,800 

1,700,000 

1,530,000 

1,700,000 

1,530,000 

452,5o40 

391,680 

-

-

425 

425 
425 

960 

920 
2,000 

Wo8,ooo 

391,000 

850,000 

348,090 

178,290 
850,ooo 

563,350 

99,720 
974,100 

59,910 

212,710 

-

96,960 

118,970 

8,075 3,752,765 560,345 

8,075 3,752,765 560,345 

8,490 3,752,765 560,345 



e Method, 

FUTURE CONDITIONS, NONIRRIGATION SEASON 

CROP LOCAL VALUE OF LOCA 

DISTRIBUTION YIELD PRODUCTION CONSUMPTION CONSUMPTIOI 

ho Kg/ho Kg Kg Eth.0 

2,550 i,180 3,009,000 3,oo9,ooo 5,315 
2,120 975 2,067,000 2,o67,000 204,635 

850 950 807,500 807,500 133,400 

850 700 595,000 595,000 105,6io 

425 

6,795 748,960 

/ 

1,280 

8,070 748,96o 

415 

8,490 748,960 



TOTAL INCREMENTAL 

INCOME INCOME 

Eth.Z Eth. $ 

81,600 81,600 
. f717, 1o 7, 410 

204,635 2o4,635 
694,040 4,oho 

383,350 383,35O 

89.8-45..
193,870 193,87o 

452,540 452,540 

391,680 91,680 

660,310. 660,310 

9740100 om n 

5.062.070 5.062.070 

-I 

/ 

5,062,070 5,062,070 

/ 

5.062.070 5.o62.oTo 

I ji 
1ilc
 



CONDITIONS BEFORE PROJECT
 

CROP PRICE RECEIVED 

CROP DISTRIBUTION YI ELD PRODUCTION PER 100 Kg INCOME 

PATTERN ha Kg/ho Kg Eth % Eth.S 

iBuckwbeat - 9.60 

Corn 10.18 

Millet (daguasa) - 9.90 
Sorghum - 13.70 

Earicot beans 16.52 

Flarseed 21.14 

Mtstard 17.75 

Castor beans 26.62 
Sunflower 25.60 

Coffee - 161.84 

Peppers , - 55.93 
Tobacco (Oriental) - 114.60 

Subtotal, Crops -

Fallow -

Subtotal, Cultivated area -

Noincultivated irrigable land 100.0 

Total area 100.0 

1/ This project are%is uninhabited at present. j* 



TABLE VI-8 Sumary Of Farm Income for Estimatin nefits b Use of e Gross r Income 
Amarti-Neshe Project, Ethiopia, on a lO-hectare Basis 

FUTURE CONDITIONS , IRRIGATION SEASON 

SHIPMENT VALUE OF 

CROP TO CENTRAL SHIPMENT TO LOCAL VALUE OF LOCAL 

DISTRIBUTION YIELD PRODUCTION MAR KET CENTRAL MARKET CONSUMPTION CONSUMPTION. 
ha Kg/ha K-g Kg Eth S Kg Eth.% 

5 2,000 10,000 7,500 $ 720 2,500 $ 240 

15 3,175 47,625 41,825 4,258 5,800 590 

I
20 2,980 59,600 36,100 4,946 23,500 3,219 

10 1,780 11,800 17,800 2,941 - -

5 1,000 5,000 5,000 1,057 - -

5 1,170 p,850 5,850 1,038 - -

10 2,000 20,000 20,000 5,324 - -

10 1,800 18,000 18,000 4,608 - -

5 960 ,80oo-,635 700 -1213 
5 920 4,600 2,100 1,175 2,500 1,398 

5 2,000 10,000 10,000 11,460 - -

95 4,162 6,580 

95 44,162 . 6,580 

5 

100 44,162 6,580 

1 



/
 

/,4S
 



-A 

EASON
 

VALUEOFLOCAL 

CONSUMPTION 

Eth.$ 

$ -
3,604. 

2,413 
-

TOTAL 

INCOME 

Eth,$%Eth. 

$ 960 
8,452 

2,413 
8,165 

INCREMENTAL 

INCOME 

$ 

$ 960 
8,452 

2,413 
8,165 

1,569 4,510 4,510 

-

1,242 

1,057 
2,280 

1,057 
2,280 

-4,608 

5,324 

--
5,324 

,608-g 

-

- 7 7687;768 
2,573 

1,460 
2, 73 

11,46o 

8,828 59.570 59.570 

8,828 59,570 59,570 

I 

8,828 59,570 59,570
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Assab is located nearly at sea level, and its precipita
tion is less than 250 m per year. It has a hot climate with the 
average maximum around 280 C and the average minimum probably around 
20. C. 

Population 

A ccaplete census has never been taken of the country. 
See SECTION II, General Description. A recent census was taken in 
Addis Ababa and is reflected in Table VII-1. 

TABLE VII-1 - ESTIMATED 1961 POPULATION BY CITIES 

City or Town Population 

Dessie 35,000 
Dire Dawa 40,000 
Jima 35,000 
Agere Hiywet (Ambo) 10,000 
Assab 9,000 
lekkemt 25,000 
Addis Ababa 450,000 

The Blue Nile River Basin (portions of it lie in seven 
provinces) was estimated to have a population of about 4,870,000 
(see Table VII-2). 

TABIE VII-2 - POPUIATION FOR BIDE NILE RIVER BASIN 
BY PROVINCES IN THE BASIN--1961 

Population 
Province (millions) 

Wellegga 1.27 
Goijam 1.18 
Shewa 1.09 
Wello 0.64 
Begemidir 0.45 
Ilubabor 0.15 
Kefa 0.09 

Total 4.87 
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By comparison, the estimates by provinces for Ethiopia 
as a whole are shown in Table VII-3. 

The size of the present population in the Finchan and 
Amarti-Neshe project areas is negligible. 

The fastest growing area in the Empire appears to be 
Addis Ababa, but for the country as a whole, it is believed that 
the trend in estimated annual population growth may be as shown on 
Drawing No. 4.0-BN-39. 

TABLE VII-3 - 1961 POPULATION ESTIMATES--ETHIOPIA 

Province 
Population 
(millions) 

Tigre 2.59 
Wello 2.46 
Shewa (w/o Addis Ababa) 2.18 
Wellegga 1.73 
Sidamo 1.87 
Begemidir 1.77 
Harar 1.28 
Gojjam 1.18 
Arusi .91 
Ilubabor .88 
Kefa .73 
Gema Gofa .47 
Bale .29 
Eritrea 1.16 

Provinces 19.80 
Addis Ababa .45 

Total Empire 20.25 

Occuoations of Labor 

Some sources place the portion of the population under 
15 years of age at 35 percent in Ethiopia. The population portion 
over 60 was taken at eight percent. O this basis, the assumed 
portion of population of working age in Ethiopia (15 to 60 years
of age) amounts to about 57 percent. If the upper limit of 60 years 
were dropped to 56 years--in other words, the working age would be 
from 15 to 56 years--the percentage of people of working age would 
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drop to 54.5. Table VII-4 provides some information on the age 
structure in Ethiopia as compared with several other countries. 

TABIE VII-4 - ESTIMA&TED AGE STRUCTURE IN ETHIOPIA CCMPARED
 
WITH DATA FOR SCE OTHER COUNTRIES I/
 

Percentage Percentage Percentage Percentage 
of of of working of working 

population population population population 
Country below 15 yrs over 60 yrs 15 - 60 yrs 15 - 55 yrs 

Ethiopia 35 8 57 54.52!
 
Ghana 36.6 5.4 58
 
Southern
 

Rhodesia 27.4 8.7 63.9
 
Turkey 39.6 6.2 54.2
 
England 15.5 11.8 71.7
 
U.S.A. 20.1 11.7 69.2 

I/From United Nations Demographic Yearbook, 1951.
 
g/The population between 55 and 60 years is assumed to be 3.5
 
percent.
 

Considering the country as a whole, over 90 percent of 
the population is engaged in agricultural pursuits. The other 10 
percent can be considered as supplying the labor needs of govern
ment, comercial and industrial enterprises, and various miscella
neous categories. In the 10 percent group would fall the labor 
employed in urban areas. By far the largest urban area, of course, 
is Addis Ababa, and according to the Ministry of Commerce and 
Industry, in 1960 there were about 60,500 persons gainfully employed 
in the city. Percentagewise, this labor force was distributed as 
follows: 

Domestic service 24.75 percent 
Civil service (Government) 21.50 
Commerce 17.25 
Manufacture 15.00 

Drawing No. 4.0-BN-40 gives an indication of those employed 
in various types of industries in the 13 provinces, and perhaps 75 
percent of those shown are located in the Addis Ababa Complex. In 
the Blue Nile River Basin, as shown by examining Drawings No. 7.2-BN-1 
and 4.0-BN-29, the predominantly agricultural areas having the 
greatest population density occur along the northern and northeastern 
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sides of Lake Tana, along the Bahir Dar-Addis Ababa highway, and 
along the inside loop of the Blue Nile River on the highlands. 
Many of these agricultural areas, which are located in the heavy 
population zone, are nearly saturated now, relative to the number 
of people that the land can support with a decent standard of 
living. Therefore, it is reasonable to expect that while the 
heavily populated areas will remain substantially static, new areas 
will have to be opened up for agricultural purposes and the devel
opnent of new industry will be required to provide jobs for the 
remaining excess population. 

Regarding the future labor force in Ethiopia, some general 
conclusions can be reached. Based upon a 1960 population of about 
20,000,000 in the Empire, including Eritrea, the population will 
probably double to 40,000,000 by the year 2000. As stated before,
the present labor force is 90 percent engaged in the agricultural 
industry. With the trend toward urbanization and correlary devel
opment of industry that is anticipated by the year 2000, some 
authorities conservatively estimate that 65 to 70 percent of the 
population will, at that time, be engaged in agricultural activities. 
This means that the present 10 percent of nonagricultural occupations 
will increase to at least 30 to 35 percent by the year 2000. On 
this basis, the rate of increase for nonagricultural jobs would 
average around 150,000 to 170,000 jobs per year. On the other hand, 
the rate of increase in agricultural jobs would be about 500,000 
per year. The opening up of new lands to farmers by appropriate 
redistribution, by controlling diseases and other problems in certain 
undeveloped locations, and by providing water and power from multi
purpose projects in still other areas will generally take care of 
the anticipated annual rate of increase in agricultural fields. 
But the rate of increase in the nonagricultural fields will have 
to be provided for in industry, and industry needs electric power 
in abundant and economical quantities. It is apparent that a 
reservoir of labor is available for industrial expansion. 

Natural Resources 

Ethiopia's greatest resource is its land, which is and
 
can be used for agricultural purposes. Using the F.A.0. figures on
 
percentage distribution, the land-use estimates in Table VII-5 are
 
derived.
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TABLE VII-5 - LAND-USE AREAS 

F.A.0. I/ Hectares 
estimates using F.A.O. 

Land use (vercent) percentages 

Permanent meadows and 
pastures 49.59 60,499,800 

Cultivated 9.70 1,834,O00 
Potentially productive 7.30 8,906,000 
Forested 3.56 4,331,000 
Wasteland 29.85 36,429,200 
Totals 100.00 1222,000,000 

1/As reported in Ethiopian Observer Volume V, No. 2. 

The irrigable areas of the Finchaa and Amarti-Neshe 
Projects total 23,490 hectares and would eventually supply agricul
tural products for industrial processing, probably in Addis Ababa. 
This would be an example of "potentially productive" land placed 
into production and represents two potential power load possibilities-
need for electricity by the new project farmers and need for elec
tricity at Addis Ababa, for example, to process certain agricultural 
commodities. 

There are good natural forest areas within reach of the 
Jima and Addis Ababa Caplex load centers. The internal lumber 
market,* shows a present annual capacity of 40,000 cubic meters. 
With the rate of annual increased requirements being about 15 per
cent, the market requirements would be about 70,000 cubic meters 
within five years. At present, there are 22 major sawmills, and 
to meet the rising demand for wood products this number would have 
to be gradually enlarged, which factor must be considered in the 
power market analysis, as electricity is an econenical source of 
energy for operating these mills. (At present, there is only one 
large mill, that at Ambo, in the Blue Nile River Basin.) There is 
now only one plywood factory, at Addis Ababa, and in order to meet 
the immediate needs of the country, two or three more such veneer 
mills will be required, processing about 50,000 cubic meters of 
veneer logs per year. Bamboo thickets cover several thousand 

*Includes all imports as well as domestic production, whereas data 
included under "Development of Electric Energy Useh refer only to 
internal development, the only pertinent segment that concerns 
electri .energy requirements. 
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hectares which may be within econaical transportation distance of 
Jima, Addis Ababa, and Lekkemt. Bamboo is useful for the manufac
ture of paper and related products. Tannin is available from same 
of the species of trees and is needed for the processing of hides, 
important to the leather industry centered mainly in Addis Ababa. 

Until 1962, no commercial mining except for some gold had 
been developed within the Blue Nile River Basin. In late 1962, 
preparatory steps were being taken for mining limestone for a cement 
mill being constructed in the Addis Ababa Complex (at Akaki). In 
Eritrea there are deposits of the following minerals: 

Sodium chloride 
Sylvite) potassium salts 

Magnesium chloride 
Sulphur 

.Iron ore (hematite) 

Some can be brought within econanical reach of Assab by canpletion 
of future highway programs. 

Several large lakes within Ethiopia contain different 
varieties of fish, sane of which are of very poor quality. The 
inland fishing industry is very poorly developed at present, but 
the sea fisheries are better, principally at Assab and Massawa. 
Some inland lakes and rivers do not contain large quantities of 
fish because of the high sodium content of the water. Commercial 
fishing in other fresh water lakes and rivers, such as Lake Tana, 
lake Langano, Lake Awasa, Lake Abaya (Margharita), Lake Rudolph,
the Awash River, and others, could contribute much to an enlargement 
of the food supply for the population as a whole. With this and 
the export market in mind, the second five-year plan proposes to 
start considerably extending fishing as a branch of the national 
econany. Studies will be made during this period to obtain as much 
information as possible regarding the quantity and species of fish 
in the coastal water near the Assab and Massawa areas. Also, 
similar studies will be conducted concerning lake waters along the 
Mojo-Awasa route. 

Principal Econamic Activities 

Government planners hope to change Ethiopia fran a predomi
nantly subsistence agricultural economy to an up-to-date, efficient, 
agricultural-industrial one by the year 1982. To achieve this, it 
is hoped to maintain a rate of ecanomic growth of about four or 
five percent per year on an average. The Gross National Product 
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and corresponding rate of growth are shown by Table VII-6 for the 
20 years in the future. Over 12 billion Ethiopian dollars (total 
from government and private sources) will have to be invested over 
the next 20 years, as indicated by Table VII-7, according to the 
Office of the Planning Board, in order to achieve these goals. If 
this is the objective, it can only be achieved by a corresponding 
rapid acceleration in the enstruction of facilities to provide 
electrical energy to the principal industrial load centers. Per
haps 80 percent of this industrial development will occur in the 
Addis Ababa-Nazret area of the Addis Ababa Comples for several 
reasons. 

Agriculture. Although there will be a substantial shift 
toward more industrialization within 20 years, agriculture has 
traditionally been the foundation of the Ethiopian economy, and the 
livelihood of perhaps 90 percent of the country's population is 
derived from basic farming activities or from the processing and 
exchange of farm produced crops and goods. Table VII-8 indicates 
the forecast trend in the export of certain agricultural products,
which is an indication of a trend in anticipated future agricul
tural production. 

TABIE VII-6 - GROSS DGL0STIC PRODUCT ESTIMATES
 
OVER THE 20-YEAR PERIOD 1
 

Gross 
domestic product Rate 

(in million Eth$, Index of 
Periods 1961 prices) amber growth 

1958-1962 2,130 100 3.2 
1963-1967 2,632 124 4.3 
1968-1W2 3,310 155 4.7 
1973-1977 4,270 200 5.2 
1978-1982 5,650 265 5.8 

1/Second Five Year Development Plan. 
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TABLE VII-7 - ESTMATED INVES1nENT DURING A 20-EAR PERIOD 1 

Five year 
Total investment Index number 

Five year 
plan 

investment 
(million Eths) 

as percent 
of total 

(First Plan 
= 100) 

Second 1,696 13.4 202 
Third 2,420 19.1 288 
Fourth 3,516 27.7 419 
Fifth 5,050 39.8 601 

Total 12,682 100.0 

i/Second Five Year Development Plan. 

TABLE VII-8 - FORECAST TREND IN EXPORT OF CERTAIN
 
AGRICULTURAL PRODUCTS I
 

1962 In million Eths. prices 
1962 Index 

Produce (Actual) 1967 1963-67 (1962 = 100) 

Coffee 99.6 135.0 601.0 135 
Hides and skins 22.7 28.7 125.0 126 
Pulses 17.0 18.9 90.0 11 
Oilseeds 14.9 21.2 96.0 142 
Chat 10.2 11.0 54.0 107 
Fruits and vegetables 4.7 6.2 27.0 131 
Other 13.3 16.0 78.0 118 

Total, 182.4 237.0 1,071.0 

Vseoand Five Year Development Plan. 
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Industry. Industrial activity in Ethiopia is confined 
primarily to processing agricultural commodities, producing foods 
and beverages, manufacturing same items for domestic consumption-
tobacco products, footwear and leather products, and producing 
mineral products--cement, bricks, salt, and others. Drawings 
Nos. 4.0-BN-30, 4.0-BN-31, and 4.0-BN-32 show gross industrial pro
duction camparisons over a three- or four-year period. 

Table VII-9 summarizes industry in the 13 provinces, 
exclusive of Eritrea, for the year ending September 10, 1961. A 
study of Table VII-10 will indicate that for the 11-year period,
1951 to 1961, inclusive, the volume of industrial production for 
all of Ethiopia, excluding Eritrea, increased over 4.5 times, and 
in the same period the production of electricity increased more 
than five times. During the period 1956 through 1961 (six years), 
the total manufacturing output of Eritrea increased by about 1.4 
times, and that of the remaining 13 provinces more than 1.8 times 
during the same period. The total for the Empire of Ethiopia 
during the same period--that is, from 1956 through 1961--showed an 
increase in the output of manufacturing industries amounting to 
1.7 times. 

During the same six-year period, the output of electricity 
increased as follows: 

Eritrea 1.6 times
 
Thirteen provinces 2.4 times
 

Total Ethiopia 2.2 times 

During the period 1963-1967, the government planners foresee that 
the total output of the manufacturing industry would, on the whole, 
be tripled. Production of the more important industrial products 
is forecast in Table VII-11. Table VII-12 shows that before 1963, 
the investment in the forecast manufacturing industry was only about 
six percent. By 1967, this will have reached 19 or 20 percent 
annually and will probably hold to that figure for same time in the 
future. A tabulation of 103 new industrial projects to be completed 
and 18 more reconstructed during the period 1963-1967 is shown in 
Table VII-13. Of those to be completed, about 94 will actually go 
into operation within the same period as shown by Table VII-14. 

The emphasis being put on industrial development will 
require a corresponding increase in the availability of electricity 
supplies for supporting the increased industrial output. Some 
government planners foresee. a 340 percent increase in the amount of 
electricity used for industrial purposes, using the year 1962 as a 
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TABLE VII-9 - SUMMARY OF INDUSTRY IN THE 13 PROVINCES (YEAR ENDED SEPT. 10, 1961)
 

Number of 
establish- In thousands of Ethiopian dollars 

ments in Purchase Value of Capital Value of 
aoration of fixed expendi- roduction 

Industrial Group 1960 1961 materials as ture Gross Net 

Food products 21 14,810 50,195 10,270 25,630 9,445 
Flour, macaroni, biscuits 8 5,010 4,689 44 6,170 960 
Edible oils and products 10 3,912 2,396 61 4,984 851 
Sugar, tonato canning 2 5,882 41,610 10,065 13,816 7s017?/ 
Slaughter and preparation of meats 6 1,500 100 660 617 

Beverages 20 1,931 5,796 450 5,643 3,448 
Alcohol, beer, liquors 6 549 3,036 235 3,062 2,362 
Wines 7 1,023 1,003 33 1,569 489 
Soft drinks and carbonated water 7 359 1,757 182 1,012 597 

Tobacco manufactures 1 758 1,376 66 3,448 2s672 
Textiles 8 18,569 15,868 2,934 32,722 13,053 

Spinning, weaving, and finishing 3 16,400 14,095 2,825 28,232 10,941 
Knitting mills, etc. '3 70 49 295 221 
Cordage, sacks, rope, and twine 2 2,099 1,724 109 4,195 1,891 

Leather tanning and footwear 2/ 5 2,713 2,170 236 4,692 1,880 
Sawmills, plywood, etc. 6 389 1,041 668 1,798 1,304
Furniture and fixtures 4/ 3 1,012 485 52 1,660 633 
Printing and publishing / 6 937 732 74 1,938 931 
Chemicals and chemical products 192 715 165 606 392 
Nonmetallic mineral products 3 304 1,880 84 3,477 2,906 

Bricks 2 147 7 409 318 
Cement 1 304 1,733 77 3,068 588 

Mscellaneouis manufactures 4 126 518 510 194 60 
Total manufactures 77 80 41,741 80,776 15,509 81.801 
Electricity 1L 15 1,124 51,100 3,700 
Total industry (ezel. mining, construe

tion, coffee and grain cleaning) I 90 95 42,865 131,876 19,209 87.934 41,412 
Source: Central Statistical Office. 

Ljlncludes plant and machinery, vehicles, land, and buildings. 
/.Excludes an estimated E$5 million of sugar cane grown on plantations of the industrial concern. 
/Excludes small shoemakers and shoe repairers. 

4/Ecludes small carpentry shops.
2/Excludes Berhanena Selam Printing Press in Addis Ababa. 
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TABLE VII-10 - INDEX OF ECON C TREND OF INDUSTRIAL PRODUCTIC (1955 = 100) 

the Empire of Ethicola. 1956 thrug 1961 ___________
____________________For 

The 1 Erit Total E is 

Industrial group 1515715S1 'l15b'55'59' ''1156157'15 59216 '61 

Manufacturing 
Foods 109 128 132 146 162 158 84 69 92 77 132 89 103 113 122 129 155 141 

Beverages and tobacco 114 114 122 154 179 216 108 fl2 117 107 103 106 113 114 121 142 160 189 
243 112 121 124 133 185 231Textiles 112 128 115 123 185 22 - 100 152 164 183 

Leather goods 151 168 168 162 182 193) 
91 115 93 100 128) 83 80 87 55 89 122 112 103 113 94 112 135Building materials, etc. 117 


62 56 69 70)
Miscellaneous 84 69 

Total Manufacturing 112 124 124 134 165 183 92 102 124 110 145 141 107 119 124 128 160 173 
Electricity
 

(both public utility and 
industrial firms) 15 133 145 165 190 240 101 110 117 125 142 163 11 125 135 155 178 215 

Total Mfg. and Elea. 112 123 123 134 13181 93 103 122 111 142 139 10Y7 118 123 128 158 171 

--4
 

For the 13 Province of E through 1961 (1950 --1oo) 
' '56 '57 '58 '59 '60 '61Industrial group 5 '51 '5 '53 '54 '55 

Manufacturing 
223 242 286 295 31 361 352Foods 104 100 119 137 

Beverages and tobacco 121 152 188 204 199 227 2 243 306 356 430 
485 731 895Textiles 72 197 267 313 395 444 587 452 

113 191 197 206 213 322 357 358 346 388 411Leather goods 
Building materials, etc. 102 100 114 156 221 259 201 254 205 220 283 

134 111 100 90 11 113Miscellaneous 2 13 11 126 136 161 

Total Manufacturing 101 133 163 187 249 280 308308 333 410 455 
Electricity- ' 

(both'public utility pnd 
105 19 142 167 183 210 241 265 371 428 538industrial firm) 

Total Mfg. and flee. 101 130 161 184 235 263 288 29 314 1 82 2 15 
Source: ent'59 Statistical Office. 

LeIorth Eritrea load center. 
2PrmarilymAdi Ababaecplex. 



TABIE VII-ll - 1967 PRODUCTION GOAL FOR SELECTED
 
INDUSTRIAL PRODUCTS j
 

Artiole I 

Meat (frozen) 

Meat (canned) 

Sugar 

Salt 

Edible oil 

Flour 

Macaroni 

Beer 

Wine 

Cigarettes 

Cottan fabrics 

Rayon fabrics 

Gunny bags 

Shoes (leather) 

Shoes (canvas, rubber) 

Timber 

Plywood 

Furniture 

Matches 

Glass bottles 

Cement 

Bricks 

Mosaics j 

Unit 

metric ton 

metric ton 

metric ton 

metric ton 

metric ton 

metric ton 

metric ton 

hectoliter 

hectoliter 

1,000 

1,000 sq m. 

1,000 sq m 

1,000 

pr 

pr 

cu m 

cu m 

Eth$ 1,000 

1,000 

1,000 

metric ton 

1,000 

sq m 

Actual 
1957 19622 

683 

1,290 

16,181 

132,292 

4,350 

23,000 

2,700 

41,780 

12,900 

252,000 

5,000 

1,700 

203,000 

16,300 

350 

11,800 

3,800 

26,860 

5,670 

30.000 

5,500 

1,000 

38,000 

158,000 

4,800 

24,000 

2,800 

67,000 

18,600 

370,000 

21,500 

2,800 

248,000 

12,500 

1,200 

450 

16,000 

7,500 

29,000 

8,000 

65.000 

Vsecond Five Year Development Plan. 
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Forecast 
97 

35,000 

7,000 

60,000 

275,000 

12,000 

51,000 

3,100 

85,000 

30,000 

500,000 

74,000 

6,000 

6,000 

2,150,000 

1,300,000 

20,000 

3,000 

1,300 

25,000 

14,000 

210,000 

30,000 

95.000 
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TABLE VII-12 - INVESTMENT IN MANUFACTURING INDUSTRY BY YEARS1/ 

Investment As percent 
Year (Eth$1,000) of total 

Before 1963 25,560 6.0 
1963 35,795 8.4 
1964 57,445 13.5 
1965 65,255 15.3 
1966 74,795 17.6 
1967 85,175 20.0 

After 1%? 81,925 19.2 

Total 425,950 100.0 

TABLE VII-13 - NUMMER OF INDUSTRIAL PRWE CTS TO BE 
CONSTRUCTED--1963-1967:t 

Breakdowi 
Completed or New 

Branch of Industry Total reconstructed projects 

Food 29 3 26 
Beverages 3 1 2 
Tobacco manufacturing 2 1 1 
Textiles 15 6 9 
Leather and shoes 9 1 8 
Wood 3 3 
Building and nonmetal 16 

--
3 13 

Printing and publishing 2 1 1 
Chemicals 22 1 21 
Metals, production and 

fabrication, and elec
trical manufacturing 16 1 15 

Other 4 

Total 121 18 103 

TABLE VII-14 - INDUSTRIAL PROJECTS TO BE PUT INTO OPERATION--1963-1967i/ 

Year Number of projects 
1963 3 
1964 19 
1965 15 
1966 24 
1967 33 
Total 94 

1/Second Five Year Developnent Plan. 
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base. This increase would be for the period 1963-1967, inclusive. 
Until 1967 and perhaps a few years later, industrial production 
will primarily be geared to meeting consumer demands, although a 
start will be made in heavier industries, such as steel. A nucleus 
for the steel industry already exists, with the inauguration of a 
small Akaki steel mill in 1963, which depends primarily upon 
electricity for its energy requirements 

Trade. Ethiopia is primarily an importer of manufactured 
goods and an exporter of agricultural canodities. In value, 
cotton textiles represent the largest single import item, and coffee 
constitutes more than half of all exports. This is shown by 
Drawings Nos. 4.0-DN-33, -37, and -43. The second major import in 
value is manufactured items, such as iron, steel, machinery, and 
tools, which have shown a steadily increasing trend in recent years; 
this same increase is also reflected in the increased import of 
vehicles, aircraft, and railway accessories. To a lesser degree, 
certain food items, such as drink and tobacco, have also been 
imported at increasing levels for the past few years. Next to 
coffee, hides and skins assume second place in export value, 
although the value of exported pulses has recently shown a marked 
increase. 

As shown by Drawing No. 4.0-BN-36, the value of imports 
has consistently exceeded the value of exports during the period 
1959 through 1961, and it will also be seen that the value of exports 
has increased by 2.67 times and the value of imports more than three 
times during the decade 1950 to 1960. 

The principal commercial cities in Ethiopia, in order of 
importance, are Addis Ababa, Asmara, and Dire Dawa. Dire Deaw is. 
halfway between Addis Ababa and Djibouti, French Somaliland, and 
is the major town on the Addis Ababa-Djibouti railway. Addis Ababa 
is the focal point for both the distribution of imports and the 
collection of coffee, hides and skins, and other products for export. 
For this reason, all the principal firms engaged in foreign trade 
have their head offices in Addis Ababa. 

The metric system is used in trade, but in local agricul
tural areas local units are used. 

Govenment planners expect that foreign trade will con
stitute the third most important sector of the national economy, 
exceeded only by industrial and agricultural output. They recognize 
that, unless an accelerated sound foreign trade program is developed, 
the goals set for the agricultural and industrial expansion probably 
cannot be achieved. In the five-year period 1957 to 1962, inclusive, 
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the geographical distribution of foreign trade was rather uneven. 
Of the total Ethiopian imports in a one-year period (1959-1960), 
Western Europe supplied 43.1 percent; the United States, 15 percent; 
Japan, 13.1 percent; Eastern Europe, 7.0 percent; India, 6.0 per
cent; and all African countries, 2.3 percent. The export pattern 
for the same period showed 26.6 percent of exports going to Western 
Europe; 38.1 percent to the United States; Eastern Europe, 3.1 
percent; Japan, 2.6 percent; all African countries, 6.9 percent; 
and India, 1.0 percent. Export forecasts for the period 1962 to 
1967 are for an increase from Eth$194.9 million to Eth$327 
million, or about 60 percent, an average annual rate of increase 
of f1 percent. Imports may grow faster, and these have been fore
cast at Eth$419.2 million for 1967 as compared with Eth$234.2 
million in 1962, a total increase of 79 percent or an average annual 
increase of 12.3 percent for the period. Exports will rely prin
cipally upon traditional agricultural products, but it is expected 
that an important start will be made on the export of new industrial 
products as well as those from the mining industry. Table V11-15 
shows the trend in anticipated exports by various basic economic 
sectors. From this table, it is evident that the largest increase 
will occur in the export of industrial products, followed by mining. 
Table VII-16 shows where, within the manufacturing industries, the 
expected increases in large exports will take place. 

Mining. Mineral production has remained rather static 
in the past several years, but exploration and developnent invest
ments have continued at an increasing rate with the largest invest
ment being made in the Dallol potash reserves where an American 
firm is developing the salt deposits. Mineral production for the 
past few years has been limited primarily to gold, platinum, lime
stone for cement manufacture, sodium' chloride (salt , quartz sand, 
and a little manganese ore. In the period 1963 to 1967, substantial 
quantities of iron ore and potash are scheduled for production. 
Both of these deposits are in eastern Ethiopia, the potash near 
Dallol and the iron ore deposits to the northeast near the seacoast 
village of Mersa Fatma. Table VII-17 shows the proposed increases 
by years in mineral production to 1967. Table VII-18 shows the 
gross value of mineral production in dollars anticipated as a result 
of mineral production estimates given in Table VII-17. 

At present, most oil exploration activities are centered 
on the east coast of Ethiopia in the Eritrean coastal zone and 
adjacent islands. Another oil exploration area being actively 
investigated is in ti Ogaden. A small amount of platinum mining 
activity is under way at Yubdo, with gold mining operations centered 
mainly in the Adola area. 
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TABLE VII-15 - FORECAST TREND IN EXPORTS BY SECTORS11
 
(IN MILONS OF ETI OPIAN DOLLARS)
 

Actual ForecastIndex 
percent 

Sector 1962 Percent 1967 Percent 1963-1967 1962 = 100 

Agriculture 182.4 93.6 237.0 72.3 1,071.0 129 

Industry 10.2 5.2 80.0 24.2 185.5 784 

Miming 2.0 1.0 10.0 3.0 38.1 500 

Handicrafts 0,31 0.2 0.7 0.5 2.3 233 

Total 194.9 100.0 327.7 100.0 1,296.9 

TABLE VII-16 - FORECAST TREND IN EXPORT OF INDUSTRIAL PRODUCTS!/ 
(IN MUINS OF ETHIOPIAN DOIARS) 

Basic branches Actual For ecast 
of manu- 1963 

facturing industry 1962 1967 -1967 

Food 9.6 62.5 159.9 

leather and shoes -- 9.0 10.1 

Building and nonmetal 0.1 3.2 4.1 

Chemicals -- 3.3 4.4 

Other 0.5 2.0 7.0 

Total 10.2 80.0 185.5 

I/SecondFive Year Development Plan. 

122
 



TABLE VI-17 - SCHEDULED MINERAL PRODUCTION, BY ERS (1963-1967)1/
 

Mineral Unit 1963 1964 1965 1966 1967 

Gold, 
concentrate kg. 800 1,000 1,200 1,200 1,200 

Platinum, 
concentrate kg. 10 15 15 15 15 

Iron ore metric ton -- -- -- -- 200,000 
Manganese ore metric ton 2,000 2,000 2,000 2,000 2,000 
Potash metric ton -- 150,000 300,000 300,000 300,000 
Salt metric ton 25,000 25,000 25,000 25,000 25,000 
Quartz sand metric ton 2,000 2,000 2,000 10,000 12,000 
Clays metric ton -- -- -- -- 5,000 
Asbestos metric ton -- -- 500 1,000 1,000 

TABLE VII-18 - FORECAST GROSS VAIE OF MINERAL PRODUCTIGR 

Gross value Index number 
Year (Eth$1,000) (1963 = 100) 

1963 2,730 100 
1964 7,435 272 
1965 12,285 450 
1966 12,740 465 
1967 16,935 620 

1]Secand Five Year Development Plan. 
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The Imperial Ethiopian Government follows the basic 
policy of developing its mineral resources to the greatest extent 
its somewhat limited means permit, and at the same time to allow 
private persons and companies, both Ethiopian and foreign, to 
participate in exploration and exploitation. The Government also 
encourages the development of mineral resources to the greatest 
extent possible to obtain raw materials for the developnent of 
heavy industry, because considerable emphasis is being put on indus
trial developnent. 

Since the greater part of Ethiopia, especially in the 
southwest, is largely unexplored insofar as mineral reconnaissance 
is concerned, the I.E.G. believes that the possibility of obtaining 
favorable results from a stepped-up investigations program is good, 
and this optimism is reflected in Tables VII-17 and VII-18. 

Transportation and Communications. Two principal railroads 
are now in operation, the Addis Ababa-Djibouti Railroad and the 
Agordat-Massawa Railway. Both are diesel and diesel-electric 
operated. The Agordat-Massawa Railway is under the Jurisdiction 
of the Ropeway Administration in Eritrea, while the Addis Ababa-
Djibouti Railroad is operated by the Chemin de Fer Franco-Ethiopian, 
owned jointly by Ethiopia and France. The Massawa railway is 
950-m. track gage and is about 306 kilometers long, while the 
Djibouti railroad has 1,000-nm. track gage and is 781 kilaneters 
in length. The latter handed about 44 percent of the total 
Ethiopian imports in 1959.1/ The Agordat-Massawa Railway serves 
the extreme northern portion of the country and Asmara, second 
largest city; the Addis Ababa-Djibouti Railroad serves the largest 
city, Addis Ababa, and the central portion of the country. The 
two are not connected. The total transport on both railroads in 
1961 was 463,000 tons of freight and 700,000 passengers. 

During the decade 1950-1960, more than 4,000 kilometers 
of automobile roads were opened to traffic, and traffic increased 
by more then 130 percent, with the number of registered motor 
vehicles increasing five times. The construction and maintenance 
of highways are of vital importance to any country, because adequate 
roads accelerate the econanic developnent in the areas they serve. 
They are also important for national defense, and they will provide 
a means to consolidate the outlying regions in the Empire. 

There are two main seaports with modern facilities--

Assab and Massawa, both an the Red Sea and connected to the inland

2Table 1(g) from Ethiopian Economic Review No. 2. June 1960. 
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area by good roads. Port traffic for a nine-year period at the 
port of Assab is shown by Table VII-19. A recently completed 
modernization program has improved port facilities. 

Ethiopian Airlines, with head offices in Addis Ababa, 
provides internal air service throughout the Empire to same 20 or 
more airports. In addition, regular international services are 
provided to other places in Africa, Asia, and Europe. 

Inland water transport is very small, being limited 
primarily to Lake Tana and to the Baro River. The latter, in the 
southwestern part of the country, has as its principal port the 
town of Gambela. From there, small boats sail down the river as 
far as its mouth on the White Nile near the town of Malakala in the 
Sudan and continue along the White Nile. Thus, part of the Ethiopian 
foreign trade is carried on with the Sudan over the Baro River. 
Snall harbors and lighthouses for day and night traffic on Lake 
Tana have been built. For the future, opening of traffic associated 
with the development of fishing in Lake Abaya is a possibility. 

At one time, posts, telegraph, and telephones were under 
the Post, Telegraph, and Telephones Ministry, but in 1952 the 
telecammunications were separated and established as a self
supporting public agency under the Imperial Board of Telecommuni
cations. This organization provides the country with telephone,
telegraph, and broadcasting facilities. Between 1955 and 1959, 
the urban telephone traffic in Addis Ababa increased 3.3 times. 
During the same period, the interurban traffic in the whole of 
Ethiopia increased about 1.7 times, the number of outgoing inter
national calls about doubled, and incoming international calls 
nearly tripled. In 1953, the number of telephone instruments in 
Ethiopia was slightly over 4,500, but at the end of 1959 there were 
about 11,000 telephones in the country./ Radio broadcasting 
stations provide the primary link with the outside world. The 
major towns throughout the country have post offices and airmail 
service available where regular stops are made by Ethiopian Airlines. 

City traffic in Addis Ababa has increased tremendously, 
as will be noted from the fact that in 1961, 49 buses had to trans
port same 12 million passengers while traveling 2.2 million vehicle
kilometers. Streets are being widened preparatory to the introduction 
of trolley bus transportation. City traffic increased four times 
during the period 1957-1961. 

1/From Ethiopian Trade Journal December 1960. 
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TABIE VII-19 - PORT ASSAB TRAFFIC--1952-1960
 

Entry of ships Passengers Goods Turnover 
Net (nurber) (Metric tons)

registered Disem- Goods Goods 
Year No. tornage barked Boarded loaded unloaded 

1952 205 173,259 443 428 57,842 17,241 

1953 286 327,382 380 242 49,256 21,952 

1954 412 426,972 498 361 106,372 46,059 

1955 396 493,419 378 250 89,331 49,333 

1956 405 505,562 388 334 82,680 53,510 

1957 504 576,647 390 501 98,327 70,461 

1958 605 973,944 409 327 90,106 69,237 

1959 552 956,079 532 453 94,301 76,857 

1960 487 871,690 625 534 84,000 91,000 
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During the period 1963-1967, further development of trans
port and comunications is expected to average about 7.1 percent 
anlnuaflly. The rate of growth of transport and comunications will 
therefore be about twice as large as the rate of development of the 
whole econay, which has been estimated at an average of four or 
five percent annually. 

Road construction will continue so that new regions can 
be opened for development. In addition to the rehabilitation and 
betterment of existing railways, large-scale studies concerning 
the possible construction of new railway lines will be undertaken. 
Table VII-20 indicates the planned amount of investment during the 
period 1963-1967 for various segments of the transport and comu
nications. In addition to completing about 409 kilaneters of roads 
under construction in 1962, about 800 kilaneters of new main roads 
and about 1,000 kilaneters of feeder roads are forecast. Studies 
and designs will be initiated to expand the existing railway network 
to include links fran Nasret to Dilla, fran Agordat to Tessenei,
and fran Awash to Tendaho to Assab. Additional post offices will 
be opened throughout the country, and the postal services will 
introduce their own means of transportation. 

Tourism. In 1960, a little less than 4,000 tourists 
visited Ethiopia, but during 1962 it was estimated that tourists 
arrived on the average of from 100 to 150 per week. Tourists are 
beginning to realize that Ethiopia has more relies than any other 
African country except Egypt and that the tourist season lasts 
practically the year around, as there are varieties of climate in 
the country. Even so, modern tourism is at the initial stage of 
developnent. Such advantages as pleasant climate, natural scenery, 
mineral hot springs, historical monuments, and hunting all offer 
great possibilities for the developnent of planned tourism. It is 
planned during the 1962-1967 period to open a number of tourist 
information centers in several foreign countries and to restore 
same of the historical monuments that have deteriorated in recent 
years, as well as to provide facilities in selected locations in 
the Empire to attract the attention of foreign tourists. Hotel 
accmmodations are being expanded in Addis Ababa and in sane out
lying cities, such as Bahir Dar. In the Blue Nile River Basin, 
many opportunities are available for attracting tourists, but at 
present tourist activity is limited primarily to the Bahir Dar area 
near the Tis Isat Falls and to the Blue Nile gorge on the Addis 
Ababa-Debre Markos highway. A vast reservoir of natural game and 
scenic attractions exists in the upper Dabus Swamp area which could 
be developed into a veritable tourist paradise. The Ethiopian 
Tourist Organization was very recently established to facilitate 
the handling of tourists and the promotion of the tourist industry. 
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TABLE VII-20 - PIANED INVES'TMMNTS IN THE PERIOD 1963-19671/
 

1963-1967 As 
Branches (planned) percent Index number,
 

of transportation thousands of ratio 1963-1967
 
and communication of Eth$ total 1958-1962
 

Transportation:.
 

Railways 10,000 3.2 143
 

Roads 155,600 49.2 122
 

Water 24,163 7.6 90
 

Air 89.153 28.2 187
 

Subtotal 284,916 90.1 131
 

Caummication:
 

Posts 5,000 1.6 --


Teleeamunications 26,500 8.3 265
 

Subtotal 31,500 9.9 315
 

Total 316,416 100.0 139
 

1/Second Five Year Developnent Plan. 
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In summary, tourism is only beginning to be developed 
but offers a potential of being a major industry in the acquisition 
of badly needed foreign exchange. To provide for tourism, modern 
facilities will be required which will develop a gradually increasing 
demand for electric power and energy to serve these facilities. For 
example, hotels will be needed, and construction of these alone by 
various interests during the period 1963-1967 is estimated to require 
approximately Eth$19,000,000, with most of this capital invested in 
Addis Ababa. 

Income 

The per capita annual income was estimated to have been 
Eth$89 in 1955 but by 1961 the per capita income was about Eth$97. 
Income in the rural areas, where some 90 percent of the population 
live, is much lower than for the urbanized areas. The large popu
lation of Addis Ababa, where the income is higher than in outlying 
areas of the country as a whole, brings the per capita income 
average up for the country. Per capita income during the period 
1955-1961 increased at a rate of about 1.12 percent per year for 
the country as a whole. A sample survey of rural areas conducted 
in four general agricultural sections of the country gave these per 
capita estimates of income for the year 1960-61. 

Ambo-Guder Eth$40 
Sululta-Chancho 65 
Lekkemt-Sire 50 
Bure-Jiga 37 

It was found that in the rural areas about 4.7 people per family 
were the average, while in the urban areas the number of people per 
family was 3.7--in only one specific sample area surveyed. 

The upward trend of future per capita income probably will 
not greatly exceed the 1.12 percent experienced in the period 1955
1961. The upward trend in the real capita income probably will lie 
between one and two percent per annum. By the year 2000, the per 
capita income may reach Eth$175 per year. The Eth$175 figure will 
be based upon a two percent per annum increase in real income. The 
gross national product, however, may increase at a rate of around 
four or five percent during the greater part of this period. 

Employment and wages and salaries paid by the manufacturing 
industry in Ethiopia during 1961 are shown in Table VII-21. 
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TABLE VII-21 - DMPLOYMENT TOTALS, MANUFACTURINGE INDUSTRY, ATL ETHIOPIA--19611-


Annual wages and 
Total salaries paid (Eth$)? 

Industrial group 
nmnber of 

employees2 Total 
Average 

per employee 

Foods (meats, grains, 
sugar, canning, edible 
oils, and byproducts) 10,031 6,412,000 631 

Beverages (alcohol, beer, 
liquor, wine, soft 
drinks, and carbonated 
water) 1,194 1,143,000 999 

Tobacco manufactures 436 406,000 931 

Textiles (spinning, weaving,
finishing, knitting, sacks, 
cordage, rope, and twine) 9,675 5,757,000 595 

Footwear and leather 
tanning 990 905,000 914 

Sawmills, planing mills, 
and plywood 1,458 569,000 390 

Furniture and fixtures 627 449,000 716 

Printing and publishing 
(excl. Berhanena Selem 
Printing Press in Addis 
Ababa) 465 504,000 1,083 

Chemicals and chemical 
products (inel. oxygen, 
carbon dioxide, matches) 514 135,000 263 

Nonmetallic mineral products 
(brick -and cement) 1,039 1,107,000 846 

Miscellaneous manufactures 300 

1/Bsed upon data from Statistical Office, Ministry of Commerce and 
Industry, Addis Ababa. 

WAbout 75 percent located in Addis Ababa Complex.
 
2/Includes 4,600 nonfactory sugar cane and tomato plantation workers 

and same 400 forest woodcutters, but excludes same 5,000 women 
handpickers employed in the coffee cleaning industry. 
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Development of Electric Energy Use 

The long-term economic development of the country will 
result in a constant increase in electric power requirements and 
wifl thus also require a long-term planning program for the devel
opment of electric power to keep pace with needs. The Second Five 
Year Developnent Plan recomends that priority be given to further 
expansion of the hydroelectric system of the Awash and Blue Nile 
Rivers and further recommends the preparation of studies for 
possible interconnection of individual systems, creating a larger 
interconnected complex. 

Two broad fields of use have been forecast in Ethiopia-
use for the requirements of the national economy and use by the 
population and municipalities. The national economy requirements 
would presumably include (1) commerce and industry, including 
government enterprise; and (2) transport and communication as well' 
as irrigation and municipal water. The public consumption and 
illumination of towns would include (1) farm, residential (urban), 
and government buildings; (2) public streets and highway lighting; 
and (3) other sales to public authorities. 

Based upon a forecast in the Second Five Year Development 
Plan, total production of electricity would be divided as shown in 
Table VII-22. 

TABLE VII-22 - USE OF ELECTRIC POWER PRODUCTION BY SEGMENTS 

1962 1967 
Segment (%) (%) 

National economy 42.5 58.5 

Public consumption and 
illumination of towns 40.0 23.0 

Transmission and dis
tribution losses, plus 
plant use 17.5 18.5 

From Table VII-22 it is apparent that emphasis is and will continue 
to be upon improving the national economy segment and, within this 
segment, development of commerce and industry will require the bulk 
of the electrical power and energy produced. More specifically, 
the Second Five Year Development Plan (July 7, 1962 to July 6, 1967) 
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states that it is not possible to determine precisely the level of 
electric power production because production will depend upon 
completion of large industrial projects. However, the plan does 
define some instances where industrial development will occur. 

During the period 1962-1967, government planners have 
scheduled an expenditure of Eth$353,400,000 for new industrial 
projects, while the remaining Eth$72,500,000 are to be used for 
completing projects under construction at the beginning of the 
1962-1967 period and for the reconstruction of sane existing facto
ries. Oat of 121 projects, 18 are being reconstructed or completed,
and 103 new industrial projects are planned. 

National Economy 

No attemt is made in every instance to separate by individual load 
centers specifically the various commercial and industrial devel
opments foreseen in the future as discussed in the ensuing para
graphs, although general consideration of these loads by location 
is made in the final load analysis presented in subsequent sections. 
Information as to specific locations for some of the proposed 
industrial plants was not obtainable, but it can generally be 
concluded that of those scheduled for the 13 provinces most of the 
load in this sector will fall within the Addis Ababa Coaplex. 

Food Processing. Statistics are not available as to the 
amount of power and energy used in the food industry at the 
beginning of the Second Five Year Development Plan. Also, the 
specific capacity of every planned project was not always obtainable. 
However, it is. known that 26 new food industrial processing projects 
are to be started and three existing plants reconstructed. The 
over-all rate of growth in this industry will be significant and 
will undoubtedly increase substantially with each successive five
year plan, as this industry will depend almost exclusively upon 
agriculture, which contributes 70 percent of the national income 
and employs 90 percent of the people. 

Meat. The Second Five Year Development Plan forecasts 
the erection of several slaughterhouses in cattle raising regions 
and, after these establishments are placed in operation, the annual 
processing of more than 600,000 head of livestock. This would 
represent an increase of 600 percent in the production of processed 
meats by the end of 1967. The products of these new slaughter
houses will be frozen and canned meat intended primarily for export 
to foreign markets. To accomplish this, it will be necessary to 
fatten about 350,000 head of cattle and about 400,000 head of small 
livestock. This will be carried out by the large scale specialized 
fams which will be established during the period 1962-1967. 
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The total production of meat and meat products forecast 
in 1967, compared with 1957 and 1962, is as follows: 

Metric tons 
1957 1962 1967 

Meat (frozen) 683 5,500 35,000 
Meat (canned) 1, 100 7,000 

Total 1,973 6,500 42,000 

The source of livestock is no problem, because Ethiopia is classed 
among the countries of the world with the most numerous livestock 
in relation to the population. Disease control and measures for 
livestock improvement on a wide scale are planned by the Government. 

To process 600,000 head of. livestock per year (1967) 
would require about 18,000,000 kw.-hr. of energy with a maximum 
demand of about 6,000 kw., operated on a one eight-hour shift per 
day average. The power and energy requirement will, of course, 
depend upon the degree of electrification of the processing plants. 

Although livestock is plentiful in certain areas of the 
Blue Nile River Basin, the bulk of the livestock is raised outside 
the basin, particularly to the south of Addis Ababa. Likely loca
tions for processing plants are in Addis Ababa, Dire Dawa, Nazret, 
and Shashamane, all within the Addis Ababa Complex. 

Dairy. Agriculture as a whole is expected to keep its 
pace of growth faster than the growth of population in order to 
supply adequate food for domestic consumption and more products 
for the processing industry and for export. One of those foods 
which is to be increased in quantity.and quality is milk . Its 
main use will be to improve the diet of the population. 

Provisions are made in the Second Five Year Development 
Plan for milk and dairy processing plants, but all locations were. 
not obtainable. Plants totaling about 1,000 metric tons of anual 
capacity in Addis Ababa may possibly develop toward the end of the 
period. If this does, the annual energy requirement, 75,000 kw.-br., 
would be very small, requiring a maximum demand of not more than 
about 50 kw. 

Dairy products processing plants will develop more 
rapidly in the future, when the health conditions of cattle improve 
as a result of the control of livestock diseases and the improvement 
of quality through selective breeding. 
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Fruit and Vegetables. A small vegetable canning industry 
exists in Ethiopia, but vegetables are limited in the diet of people 
in many parts of Ethiopia. In order to improve the nutrition of the 
people, emphasis is being put on increasing the production of fruits 
and vegetables in the government's planning activities as evident in 
the Second Five Year Development Plan. For supplying the canning 
industry and larger towns, vegetable and fruit production is planned 
on a broader scale on large farms. 

Present Ethiopian canned vegetable products are of good 
quality, and demand for them will undoubtedly increase in the future. 
During the next few years it is anticipated that at least one large 
fruit and vegetable canning plant may be established. A conservative 
annual energy requirement of 290,000 kw.-hr. with a maximin demand 
of 100 kw. is estimated by 1970, with increases after that date. 
This is based upon government planners' recommendations that during 
1967 scme 2,000 tons of quality fruit and vegetable products will 
be raised, largely on big farms. 

The Ethiopian climate will pezmit growing certain varie
ties of fruit on a much greater scale than now. Very little of a 
fruit canning industry exists at this time. In a few locations, 
fruit is raised and sold in the larger towns. These fruits include 
citrus crops, bananas, grapes, papayas, peaches, and others. 

Fish. The existing fishing industry is small and is gen
erally limited to the Red Sea area, although fish are found in many 
of the inland lakes and could be developed into a thriving industry. 
With this in mind, the government planners have estimated that about 
10,000 tons of fish products will be processed in the 'new plants to 
be erected on the Red Sea and on the lakes. In addition to supplying 
domestic needs, considerable quantities of fish products will be 
exported. Initially, the Red Sea fish processing plants will prob
ably be established in Assab and Massawa. Each of these plants may 
require 250,000 kw.-hr. per year at about 80 kw. maximun demand. 
Initial production is estimated to begin during the period 1967-1970. 
Also, pending the results of studies of the inland lakes south of 
Mo.Jo, it may be possible to erect a fish processing plant for drying 
and canning the better varieties of fish and processing the inferior 
varieties into fish meal and oil. This plant may require an 
investment of Eth$2,000,000, and for that size plant the initial 
energy requirement will be 250,000 kw.-hr. per year, with a maximum 
demand of 80 kw., and substantial increases are possible later. 

Sugar. Sugar production in prior years, compared with
 
the government planning goal in 1967, is as follows.
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Metric tons 
1957 1962 1967 

Sugar 16,181 38,000 60,000 

In 1967, 6o,ooo tons of sugar cane will be produced. Sugar pro
duction in the past has not depended to any extent upon external 
electrical energy sources because processing plants have generally
supplied their own energy. This was due partially to the lack of 
external electrical power sources. Also, the inherent nature of 
sugar processing requires steam, and a portion of this was utilized 
for conversion to electrical energy where required. However,
government planners anticipate that during the period 1967 to 1972 
a large sugar factory will be erected, the size of which has not 
been precisely determined. There is some indication that it might
be capable of producing 30,000 tons of sugar per year, and on this 
basis the total annual energy requirement would be about 14,600,000
kw.-hr. with a maximum demand of about 4,000 kw. indicated. Part 
or all of this energy may be supplied from external sources. Sugar
production will steadily increase in the future. 

Confectionery. Practically all confectionery items are 
imported, but a small chocolate and candy factory is under way and 
others will undoubtedly follow because the major ingredients, 
sugar and oils (shortening), are available in Ethiopia. It is 
estimated that the first plant in Addis Ababa will require 135,000
kw.-hz' per year, having a maximum demand of 47 kw. This is but a 
modest beginning, and this industry win expand considerably in 
the future. 

Oil Pressing and Margarine. The production of edible 
oils in Ethiopia during 1957 and 1962, as compared with the planning
goal in 1967, is shown below. 

Metric tons 
1957 1962 1967 

Edible oil 4,350 4,800 12,000 

The production of oil seeds will increase from 351,000 metric tans 
in 1961 to 424,000 metric tons in 1967, or an increase of 73,000 
metric tons (20 percent). However, of the 73,000 tons, 40,000 will 
be used by existing and planned industries, including cottage and 
handicraft industries, by 1967. Conversion to edible oil will be 
in the amounts indicated above, which will require additional oil 
seed pressing mills. Construction of additional pressing mills is 
planned. Before 1970, it is likely that a 6,000-ton per year mill 
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to supply processed oil for a margarine plant, the first in Ethiopia,
will be established in Addis Ababa. The annual energy requirement for 
sucb a mill will be quite small, something on the order of 290,000 kw.-hr. 
per year with a maximum demand of about 100 kw. This would be merely
the forerunner of similar plants that may be established in the 
future with substantial energy requirements foreseen. 

Beverages. This category includes the producticn of wines,
liquors, alcohol, soft drinks, and tej, the latter a local, popular 
wine using honey as a base. Production, past and future, of 
principal beverage items is as follows. 

Hectoliters 
1957 1962 1967 

Beer 41,780 67,000 100,000 
Wine 12,900 18,600 85,000-100,000 

The government planners foresee an increased production in 1967 of 
85,000 to 100,000 hectoliters of wine. Substantial increases in 
soft drinks, alcohol, and tej are also forecast. One new brewery 
will be established by 1967 to provide for the increase in beer 
production. Also, there is same indication that a small whiskey 
distillery may develop during this period. While annual energy and 
power requirements will initially be very small, these industries 
form the nucleus for the start of a promising industry in Ethiopia 
with substantial power requirements in the future. 

Initially, the small distillery would not use much more 
than 60,000 kw.-hr. per year at a maximum demand of 20 kw. To 
increase the production of beer in the amount indicated by government 
planners, modem brewing principles would call for an annual energy 
requirement of 3,285,000 kw.-hr. with a maximm demand of 400 kw. 

Miscellaneous. The production of certain other food items 
is to be stimulated, according to government planners, and this 
applies particularly to such items as flour, powdered coffee,
macaroni, and eggs. Ethiopia had been an exporter of wheat until 
quite recently, when it began to import small quantities of wheat 
to provide for the needs of the increasing population. In 1957 
and 1962, flour and macaroni were processed in the amounts shown 
below. 

Metric tons 
1957 1962 

Flour 23,000 24,000 
Macaroni 2,700 2,800 
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For 1967, the goal is 51,000 tons of flour and 3,100 tons of 
macaroni, representing increases of over 100 percent for flour and 
about 10 percent for macaroni. Flour milling will require addi
tional power and energy, with requirements for 1967 amounting to 
3,100,000 kw.-hr. with a maximum demand of 700 kw. Some six flour 
mills are planned. 

A new factory for the production of powdered coffee is 
to be constructed during the 1962-1967 period, to have an annual 
capacity of 3,000 tons; in the year 1967 it will produce 1,500 tons 
of powdered coffee for export. 

Textiles and Wearing Apparel. The per capita consumption 
of cotton textiles in 1961 was estimated at 2.3 square meters, with 
the estimated consumption to reach 4.3 square meters (88-percent 
increase) by 1967. The consumption of cotton in 1967 will be 24,000 
tons, according to government planners. In different terminology, 
the gross value of the total textile industry production in 1961 
was Eth$39,000,000, and the gross value in 1967 is forecast at 
Eth$88,860,000, or an increase of 128 percent. The bulk of the 
textile industry production will therefore be in cotton textiles. 
The estimated production of cotton fabrics will increase from 21.5 
million square meters in 1962 to 74 million square meters in 1967. 
A new rayon factory of 1,500-ton capacity is to be completed in 
1964. The increased production of cotton and synthetic fabrics is 
intended to satisfy the domestic needs. Cottage industries will 
increase and will require cotton yarn, the production of which will 
be increased. Along with this, the manufacture of such final goods 
in the textile industry as blankets, hosiery, and knitted wear is 
also being planned. 

A new woolen products factory is planned that will 
produce about 270,000 blankets a year in addition to other goods, 
thus reducing the need to import these items. Using basic domestic 
raw materials, primarily flax, another factory will be constructed 
to produce 500 tons of flax products (linen and oil) yearly. The 
erection of a factory to produce 100,000 umbrellas yearly will also 
be accomplished by the end of 1966. A factory for processing musa 
(a fiber plant) with an annual capacity of 1,000 tons is to be 
built by the same target date. The output from this factory will 
be added to other sources to increase production of sacks and rope 
from 2.8 to 6.0 million pieces, in part from another new factory 
having an annual capacity of 2,000 tons. The erection of a ready
to-wear clothes factory is also planned, which will supply the 
immediate needs of military and civilian demands. 

In summary, there will be nine new textile factories
 
developed by the end of 1967 with six existing ones completed or
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reconstructed. This trend may continue in the future in order to. 
provide the basic needs of the expanding population, and the 
requirement for electricity will thus increase greatly. 

Existing leather and shoe factories, with tariff pro
tection from external imports, will be able to produce about 1,000 
tons of leather and 650,000 pairs of leather shoes in 1967. The 
erection of the new slaughterhouses will make available an increased 
quantity of hides and hence considerably increase the production of 
leather and shoes. Government planners expect to establish several 
new leather and shoe factories with a total capacity of 8,000 tons 
of leather and five million pairs of shoes to be produced. Produc
tion will exceed national demand, so export is contemplated. To 
meet the demand of the domestic market for low-priced footwear,
the erection of a canvas and rubber shoe factory has been planned 
with a production of about 1,300,000 pairs in 1967. All told, one 
leather and shoe factory will be completed and eight new ones 
started by the end of 1967. By that year, 2,150,000 pairs of 
leather shoes will be produced annually. 

Forestry Products. In 1962 about 12,500 cubic meters of 
lumber were produced from domestic timber, and this is expected to 
rise to 20,000 cubic meters by 1967. A new sawmill will be con
structed, but it will not in all probability be driven by electric 
motors. In 1962, about 1,200 cubic meters of plywood were manufac
tured, and by the end of 1967, this is expected to increase to 
3,000 cubic meters. 

Increased production of furniture and other final wood 
products will occur as a result of the construction of a new 
furniture factory which is planned by 1965. Three new, wood 
products industrial projects are to be established by 1970, includ
ing the sawmill and furniture factory already noted, plus a new, 
10,000-ton annual capacity mill. 

There are good prospects for a substantial increase in 
production from this industry in the future as special emphasis 
will be placed upon afforestation and preservation of existing 
forests, During the period 1962-1967, feasibility studies using 
some existing forest products for paper pulp, tannin, and resin 
will be completed and, if prospects are favorable, industrial 
projects will be started. 

Factories which are needed and will probably eventually 
be constructed include, in addition to those cited, plants special
izing in the manufacture of cardboard boxes and paper containers 
and of prefabricated buildings. 
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The electrical powei load requirements in this field 
alone will be significant as industrialization progresses, and 
these loads are included in the totals shown in subsequent charts 
and graphs. 

Chemicals and Related Items. A chemical industry, as 
such, barely existed in Ethiopia as late as 1961. However, the 
discovery of same basic minerals and the damestic demand for chemi
cals now imported, have led government planners to forecast a very 
intensive developnent of the chemical industry, beginning with the 
period 1962-1967 and continuing into the future. The new capacities 
of this industry are to be based mainly upon domestic raw materials 
for the production of pulp for paper and viscose, caustic soda,
sulphuric acid, carbon bisulfide, pharmaceutical products, soap,
glass, leather tanning material, and others. 

As Ethiopia is badly in need of a nucleus for a chemical 
industry, a logical site for early establishment of plants to 
provide the basis for the industry may be in the vicinity of Assab. 
(The only large oil refinery in Ethiopia will be located there.) 
Whether this will be the location finally selected is impossible 
to forecast; however, the availability of salt (sodium chloride) 
in abundance and the availability of sylvite and carnallite 
(potassium salts) as well as other salts in the Danakil area 
(vicinity of Dallol) will pi'ovide same of the raw materials. Pro
duction will be initiated at the rate of 300,000 tons per annum. 
This includes the building of a new, deep water port and a new, 
97-kilcmeter (58-mile) road. 

About 200,000 metric tons of salt are produced annually 
from sea water, and most of this is exported. About 20,000 tons 
of rook salt are also produced for the local markets. 

Table VII-23 indicates the chemical plants which could 
be developed at Assab, assuming adequate elec
trical power at reasonable rates becames available. (Assab may be 
the logical site because of a good road to the interior of Ethiopia 
and the proposed location of an oil refinery there. Adequate 
supplies of nonsaline water are questionable, however.) 
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TABLE VII-23 - CHEMICAL PLANTS POSSIBLE
 
OF DEVELOPMENT NEAR ASSAB
 

Maximum Annual Energy 
demand requirement 

Plant (kw.) (kw.-hr.) 

Caustic soda; and 
Salt electrolysis 

and chlorine 3,770 33,000,000 

Sulphur extraction 60 470,000 

Potassium fertilizer 195 800,000 

Nitric acid and 
fertilizer 40 1 50,000 

Large quantities of salt (NaCl) are available as rock salt in the 
Danakil area or from sea water by evaporation. Electrolysis of 
NaCl will produce caustic soda (NaOH), an essential basic chemical 
for a diversified industry. Chlorine and hydrogen are also released 
in this process. Chlorine can be liquified and transported. 
Hydrogen gas can be used to produce ammonia and hydrochloric acid, 
both essential industrial chemicals. 

Fused salts at high temperatures, free from water, can 
also be decomposed. Fused salt is electrolyzed to produce metallic 
sodium at a very low cost to be used in the preparation of a number 
of other chemicals which could not otherwise be processed, including 
sodium peroxide and sodamide, essential for any chemical industry. 
A host of important derivatives of metallic sodium can be developed, 
only one of which is described here. 

Sodamide is made by the action of dry ammonia on metallic 
sodium. It is used for the synthesis of indigo and in other organic 
reactions. Vhen heated with carbon, sodamide is changed to sodium 
cyanide, in great demand for electroplating, in fumigation, in the 
extraction of gold, silver, zinc, and lead from ores, and in a 
mixture with sodium chloride and sodium carbonate for case-hardening 
of steel. 

The direct synthetic ammonia process passes pure nitrogen 
and hydrogen over a catalyst under pressure and at high temperature. 
By catalytic oxidation, ammonia is easily changed into nitric acid 
and this in turn into nitrates (fertilizers). 
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Crude carnallite, such as is available around Dallol, can 
be refined to potassium chloride by treating the crushed ore with 
a hot solution of magnesium chloride. Two grades of potassium 
chloride (KCL), one for higher grade chemical uses and one for 
fertilizer, can be produced. Some sylvite is also available, as 
is potassium- chloride (KCL) in a crude, natural state. These have 
important uses in making liquid and soft soaps, in photography and 
medicine, in explosives, and in glass making . 

Chemically pure hydrochloric acid can be produced by 
burning electrolytically produced chlorine in excess hydrogen. 

Magnesium chloride is available in a natural state 18 
kilometers southwest of Dallol. Magnesium can be made by the 
electrolysis of fused anhydrous magnesium chloride in an electrolitic 
cell containing potassium chloride. 

In the Dallol area, sulphur minerals have been found from 
which sulphur can be extracted. Its most important use is in the 
manufacture of sulphuric acid, essential to any chemical industry. 
It is also necessary for possible future industries, such as the 
manufacture of paper, matches, gunpowder, insecticides, fertilizers, 
and vulcanizing (rubber industry). 

Thus, the five plants that have been described are all
 
closely related and require only modest amounts of electricity,
 
except for those using the electrolysis processes. The processes
 
described are not all covered by the five plants listed, so other
 
plants could be added when Justified. If all processes mentioned
 
were to be developed, the electrical energy requirement would
 
easily triple, with the ultimate requirement depending upon the
 
demand for the products.
 

In 1962 the gross value of production of the chemical
 
industry was estimated at Eth$950,000 as contrasted with a forecast
 
production in 1967 of Eth$36,100,000, or an increase of 38 times.
 
To indicate the degree of emphasis being placed upon this industry,
 
it was noted that government planners forecast a total investment
 
of Eth$51,050,000 in this segment during the period 1963-1967 as
 
compared with Eth$740,000 for the previous five-year period, or an
 
increase of 690-fold.
 

According to government planners, the chemical industry
 
will expand by 21 new plants during the period 1963-1967 (Table
 
VII-13). Early emphasis seems to be directed toward supporting
 
synthetic fiber plants and pulp mills with the necessary raw mate
rials. Production of wood pulp will be initiated to support a
 
new 8,500-ton capacity paper factory and a 12,000-ton viscose
 



factory. These factories will need chemicals, and to supply their 
needs a caustic soda factory (12,000 tons), a carbon bisulfide 
factory (6,000 tons), and a sulphuric acid factory (20,000 tons) 
will be required. Availability of domestic raw materials will 
justify the erection of a 6,000-ton soap factory. Two tanning 
material factories will be established, having a total annual out
put of 2,000 tons. Source of raw material is domestic trees, and 
the output from the factories will be used primarily in the domestic 
leather industry. Deposits of quartz sands will be used to increase 
the output of existing glass factories as well as a basis for 
erecting a new glass factory with an annual output of one million 
square meters. (In 1957 the output of glass bottles was 3,800,000; 
in 1962, 7,500,000; and in 1967, the forecast is 14,000,000 bottles, 
an increase of 1.87 times.) 

All pharmaceutical products are imported, but during the 
period 1962-1967, government planners expect that a pharmaceutical 
factory will be constructed. In addition, a plastic product 
factory and a tire plant are to be constructed. Near 1966, a start 
will be made on one of these factories: fertilizer plant, .paint 
plant, pharmaceutical plant No. 2, soap factory No. 2, lubricating 
oil plant (expansion of the then existing refinery), or PVC plant 
(polyvinyl chlorides). 

By 1967 or shortly thereafter, the industrial power 
requirements will be significant and will be supplied primarily 
from hydroelectric sources. Some industrial plants, such as the 
sugar factories, may not initially depend upon electricity from an 
external source, but at present the most economical source of 
energy in Ethiopia is hydroelectric power and it probably will remain 
so in the future. 

Although complete proposed production infomation for
 
every factory is unknown at this time, an estimate .of future power
 
and energy requirements is included in the totals shown in sub
sequent charts and graphs.
 

Petroleum. There was no oil produced in Ethiopia in
 
1962, but oil exploration continued on the Red Sea coast, including
 
the islands, with same favorable results obtained which would
 
warrant a drilling program. In the eastern area of Ogaden, explo
ration by the Gewerkschaft Elwerath Oil Company continued with the
 
results unknown in 1962. Construction planning has started on an
 
oil refinery at Assab with a capacity to handle about 500,000 tons
 
yearly. This will be increased (doubled) if domestic crude oil
 
is discovered, and the addition of a lubricating oil plant is
 
planned later.
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The power requirements of the Assab refinery will be sub
stantial, with a 2,000-kw. load and an annual requirement of more 
than 11,650,000 kw.-hr. Maximum development may require 5,000 kw. 
and 40,000,000 kw.-hr. annually. 

Establishing the refinery at Assab would favor the loca
tion there of the chemical plants previously described. 

Mineral Products 

Mining. All mineral rights in the country are under the 
control of the Imperial Ethiopian Government, which operates two 
gold mines and a platinum mine. Concessions are granted by the 
Government on a profit-sharing basis, and perhaps two of the more 
important concessions granted in recent years are those to the 
Ralph M. Parsons Company and the Gewerkschaft Elwerath Oil Company 
(see "Petroleum"). The Ralph M. Parsons Company, a U.S. firm,
has a concession to mine potash at Dallol, 95 kilometers (56 miles) 
south of the Red Sea port of Mersa Fatma. The concession was 
amended to include other minerals. Ore bodies of sylvite, carnallite, 
and other salts have been discovered, and production will be at the 
rate of 300,000 tons per annum. 

The Societa Saline di Massaua and the Societe des Salines 
d'Assab each produce about 100,000 metric tons of salt annually 
from sea water. 

A small amount of manganese ore is exported from a 
deposit at Enkefella, 18 kilometers southwest of Dallol. 

If a proposed barter arrangement with Krupp Industries, 
West Gezmany, is consummated, 300,000 tons of 60-percent iron ore 
(hematite and magnetite) will be exported annually fran Agometta, 
30 kilometers southwest of Massawa. 

Many other minerals have been found in Ethiopia, but most 
have not been in sufficient quantity to justify much commercial 
exploitation. These include copper, lead, mica, vermiculites, 
gypsum, alabaster, pumice, magnetite, phosphates, tale, graphite,
and precious stones. 

Predictions are that future electric power requirements 
in the mining industry will remain low but should show some increase 
by 1966. A small hydroelectric plant has been constructed by the 
IEG to serve one mining area, and until the interconnected trans
mission system is extended from its present location, this will be 
the pattern followed to meet future mining loads. 
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Cement and Cement Products. The Ethiopian Cement Corpo
ration, a state-owned firm, quarries clay and Jurassic limestone 
at Dire Dawa to product portland cement. Production in 1959-1961 
has been from 25,000 to 30,000 tons. A new cement factory was 
started in 1962 in Addis Ababa, capable of producing 70,000 metric 
tons of cement per year from limestone deposits discovered by U.S. 
Bureau of Reclamation geologists in the Mager canyon about 45 
kilometers north of the city. The erection of another cement 
factory, costing about Eth$15,000,000 and probably located in the 
Massawa area, is foreseen in 1965. It would have an annual output 
of 150,000 metric tons, primarily for export. In addition, a new 
factory for asbestos-cement products will be established, probably 
in or near Addis Ababa. The estimated power and energy requirements 
are shown in Table VII-24. 

TABLE VII-24. POWER AND ENERGY REQUIRMENTS 
FOR PROPOSED CEMENT FACTORIES 

Plant Place 
Requirements 

ky. kw.-hr. 

Cement 
(70,000 metric tons) Addis Ababa 1,400 11,000,000 

Cement 
(150,000 metric tons) Massawa 2,500 20,000,000 

Cement products Addis Ababa 100 210,000 

By 1967, the total output of cement plants will have reached 
210,000 tons with the full production, probably 250,000 tons, of 
the three primary plants to be realized shortly thereafter. Long 
range plans also include a cement factory at Bahir Dar. 

Bricks. In 1957, 5,670,000 bricks were produced, which 
increased to 8,000,000 in 1962. Total production is forecast to 
reach 30,000,000 by 1967. This will be accomplished by the erection 
of new brickyards, total capacity of which will be 20,000,000 bricks 
annually. Electric power requirements will be limited to motor 
loads, the main heat source being nonelectrical. During the period 
1967-1970, it is planned to construct a refractory materials plant 
to meet the needs of the metallurgical and other industries. 
Modern technique requires the use of electric furnaces to produce 
high quality refractories, such as will be required for boiler 
linings and locomotives, open hearth steel furnaces, heat-treating 
furnaces, and the glass and ceramic industry. 
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Lime. Lime factories are proposed which will produce 
5,000 metric tons annually. Suitable limestone deposits exist in 
many areas of the Empire. Electric power requirements will be for 
motor loads, and if a rotary kiln is used the amount of power 
required will be about 550,000 kw.-br. per year (70 kw.) by the 
end of 1967, if the goals of the Second Five Year Development Plan 
are realized. 

Porcelain. During the period 1967-1970, a porcelain' 
factory will be established to manufacture porcelain items for 
electrical products, primarily insulators of all types and porcelain 
parts for switches, receptacles, and fixtures. The capacity of the 
factory has not been fixed. Kaolin clays have been located by 
USBR geologists in or near the Giamma canyon, not far from Addis 
Ababa. A tunnel kiln will probably be used, and fuel is generally 
oil, coal, gas, or even electricity. At present, Ethiopia would 
have to import these fuels, except for electricity. Considering 
the small plant required initially, electricity may be used and 
would require 4,000,000 kw.-hr. annually at 450 kw. for three-shift 
operation to produce 500 metric tons of porcelain products per year. 
A total of 13 new plants will be erected or started during the 
period 1962-1967, devoted to producing mineral products for the 
building and nonmetal industries. 

Iran and Steel. Except for the iron ore deposit in 
Eritrea Province, a dcestic commercial supply of iron ore was not 
known to exist in inland Ethiopia as of 1962, but government 
planners are confident that a comprehensive prospecting program 
will reveal iron ore deposits in the future; thus they are hopeful 
that before the end of the five-year period 1962-1967 a steel 
plant with a forecast capacity of 80,000 metric tons output will 
be built. This, together with the Akaki Iron Works, completed in 
1962 with an annual output of about 20,000 metric tons (using 
scrap iron), should be sufficient to start a metal and electric 
products industry which win serve the basic needs of the country. 
On this basis, these plants may be erected by 1%7: 

Agricultural Machine and Tool Factory 
Metal Processing Plant 
Metal Construction Plant 
Household Appliance Plant 
Tractor and Motor Car Assembly Plant 
Aluminumware Factory 
Electro Installations Factory 
Electric Light Bulb Factory 
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By 1967, the following additional plants may be started: 

Metal Processing Plant No. 2 
Shipyard 
Electric Motor Factory 
Electric Wire and Cable Factory 
Ship Repair Plants 
Autcmobile Battery Factory 
Steel Mill (discussed above) 

All told, 15 new factories will be completed or started 
by the end of 1967 in this particularly industrial segment, and 
all will have substantial electrical power and energy requirements 
which will steadily increase in the future. Maximum power and 
energy requirements for these 15 new factories, when canpleted, 
cannot be definitely determined at this time, as plant output was 
not established in all cases in 1962. However, using data avail
able, the maximum requirements are estimated in Table VII-25. 

Miscellaneous 

Tobacco. In 1957, about 252,000,000 cigarettes were pro
duced, and in 1962 this increased to 370,000,000 with the proposed 
production in 1967 to reach 500,000,000. This will be accomplished 
by constructing one additional factory, probably to be started very 
late in the plan. Small motor loads are anticipated. 

Printing and Publishing. Existing plants are to be 
expanded and one new plant of larger capacity is to be constructed 
by 1967. Snall motor and sone minor heating loads will develop, 
perhaps 50 kw. and 450,000 kw.-br. 

Other (Transport and Communications). This sector of 
the economy includes railways, road transport, air transport, water 
transport, city traffic, postal system, and radio and telephone 
communication facilities. Electricity requirements for these facili
ties up to this time have been limited to control of city traffic, 
airports, harbors, and the radio-telephone communication facilities 
and, in total, have been rather modest. 

A ship repair plant at either Massawa or Assab is likely 
with the gradual development of the Imperial Ethiopian Navy. An 
estimate of annual energy requirements is about 470,000 kw.-hr. with 
a maximum demand of 225 kw., using a one shift per day operation. 

The Addis Ababa International Airport, going into initial
 
operation in 1963, will have a demand of 800 kw. and will require
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TABLE VII-25 - ESTIMATED POWER REQUIREMEINTS FOR FACTORIES
 
PLANNED BY 1967
 

PrMaximum 
Plant kw. -br. kw. demand 

Steel Plant, 80,000 tons 32,000,000 3,650 

Agricultural Machine Tool Factory 845,000 3001J 

Metal Processing Plant 4,000,000 6002/ 

Metal Construction Plant 260,000 40V 

Household Appliance Plant 260,000 90 

Tractor Assembly Plant 580,000 22525 

Ship Repair Plants 1,000,000 450 4 

Aluminunware Factory 200,000 757J 

Automobile Battery Factory 200,000 658 

Electro Installations Factory 200,000 65 

Electric Light Bulb Factory 200,000 65 

Metal Processing Plant No. 2 8,000,000 1,200 2 
Shipyard 6,000,000 750 

Electric Motor Factory 440,000 150 If 

Electric Wire and Cable Factory 600,000 375 11) 

Estimated Capacities: 

1/0utpat 2,500 tons, 3 shifts.
 
j~oIling mill, 18,000 tons, 3 shifts.
 
1Structural steel, 600 tons, 3 shifts.
 
iIron cooking utensils, 400,000 pieces annually, 120 hp., one 

shift.
 
2/Eth$2,000,000 investment assumed, 1 shift.
 
E/T plants (Massawa and Assab), 1 shift.
 
7jluininum cooking utensils, 300,000 items annually, 1 shift.
 
SJAnnually 12,000 units, using 4,000 gallons oil per year in 

addition.
 
2/Rolling mill, 36,000 tons.
 
1 /Aamua1Y 3,000 motors of 1/6 to 10 hp., 200 hp. connected load.
 
11/Copper wire, 120 tons annually, 500 hp. connected load. 
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about 3,500,000 kw.-hr. annually. The new LWF radio station will 
require 600 kw. and 2,500,000 kw.-hr. -annually and will begin full 
scale broadcasts in 1963. I.B.T.E. radio station will require 
600 kw. and 2,500,000 kw.-hr. and will begin broadcasting during 
the period 1963-1967. 

The rate of growth of this sector is forecast to average 
over seven percent annually during the period 1962-1967, as compared 
with the total econamy increase of four or five percent. The 
emphasis of this sector is in anticipation of the expanded industrial 
production, volume of trade, and marketable agricultural products. 

The present railway transport is carried by two narrow
gage railroads--the Djibouti-Addis Ababa railway and the Massawa
Asmara-Agordat railway in Eritrea, both of which have been discussed 
in an earlier section. Government planners during the period 1962
1967 will prepare studies and designs to construct new railraods-
Nasret-Dilla, Agordat-Tessenei, and Awash-Tendaho-Assab. Railway 
electrification requires a high traffic density in order to justify 
the installation, as the initial investment required is high. 
Therefore, the imnediate prospects for electrification are very 
unlikely. However, from the long range viewpoint, electrification 
of some road sections is a possibility. This will be particularly 
true if the major source of energy in the Empire continues to be 
water power. The Awash-Tendaho-Assab road may become a principal 
transportation artery in the Empire and may eventually be electrified. 

In Addis Ababa, planners have made a study of the city 
traffic problem with the recommendation that trolley bus transpor
tation in combination with autobus be installed, and this project 
would be initiated in the period 1963-1967. The trolley buses 
would be driven by electric motors, and this selection was made on 
the basis of the configuration of the terrain in the city and an:
abundance of electric power, as well as the growing demand for city 
transport. The introduction of trolley buses was thus justified. 
on econanic grounds by the planners. Specific data are not avail
able as to the number of trolley buses to be placed in operation, 
but estimates can be made based upon several factors, including 
the number of autobuses now being used. A substantial amount of 
electric energy will be required. 

Emphasis is being placed upon lake and river transporta
tion. In 1962, the only water transport was on Lake Tana and on
 
the Baro River and that only partially developed. Inland water
 
transportation facilities are to be expanded in the future with
 
special emphasis placed upon Lake Tana to provide for the rapid
 
development of Bahir Dar and other settlements along the lake.
 
Opening of traffic on Lake Abaya (Lake Margharita) is planned in
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connection with the fishing industry scheduled there. Electric 
power needs will be limited to navigation (lighthouses), dockside, 
and maintenance requirements and will be very modest for several 
years.
 

The expansion of the postal system and telecommunications 
facilities will not require substantial amounts of electricity, 
since it will be limited to the needs of the new buildings required, 
with minor amounts for the telephone system. 

Domestic airports throughout the Empire are to be improved 
to accommodate all types of propeller-driven and small jet aircraft. 
With two or three exceptions, the domestic airports in 1962 were 
mainly grass strips to accommodate DC-3 or C-4 cargo planes. 
Government planners foresee an improvement of these airport facili
ties, and it is not unlikely that many within the next 15 or 20 
years will have modern facilities, including night lighting. Demand 
should reach 2,000 kw. and energy requirements approach 9,000,000 
kw.-hr. per year. 

Public Consumption and Illumination 

The south Eritrea load area, except for Assab, is sparsely 
settled, and there will be a negligible amount of energy sold in 
rural areas. Residential load for Assab will increase when and if a 
small industrial complex becomes firmly established around that town. 
The industrial load will become noticeable beginning in 1965 with the 
initial production from the Assab oil refinery and will become 
prominent by 1975 if the nucleus of a chemical industry is developed 
there. Also, the tourist industry in Ethiopia will develop in the 
future, and Assab will share in this, thus affecting power loads. 
The pleasant beaches, warm water, and continual ocean breeze will 
offset to some degree the high summertime temperatures. 

A good estimate of Assab's population is not available, 
but a figure of 9,000 (1962) has been given. Considering the popula
tion increase that should result from increased port activities and 
a newly established petro-chemical industry, the loads have been 
estimated as shown in Table VII-47 (see "Estimated Future Need for 
Additional Generator Capacity--1964 -1967"). 

The Addis Ababa load center complex contains the heart
 
of the Ethiopian industrial empire. It is here that present
 
industrial developments are concentrated and probably most future
 
development will be here also. Because of its size and political
 
importance, Addis Ababa has good prospects for continued growth
 
in population and as a source of labor for industry.
 

This is the main electrical load center and far exceeds 
anything else in the country. The 450,000 population of Addis Ababa 
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in 1962 compares with the next largest city of Asmara, which has 
an estimated population of -100,000. These two probably will not 
be served from a common, interconnected, electrical system in the 
foreseeable future. 

Addis Ababa has the bulk of the foreign population, whose 
per capita use of electricity will range from 50 to 250 kilowatt
hours per month, making use of all types of electrical appliances. 

Institutions of higher learning established in Addis 
Ababa continue to attract young people, and the continued migration 
of people from the traditional agricultural areas to this city 
indicates that the population will experience a continued and sub
stantial growth in the future. This, along with the per capita 
income in Addis Ababa (higher than that of the rest of the country), 
will mean a continuing increase in demand for electrical power to 
serve residential areas and also to supply the needs of many 
government buildings. Residential building construction has devel
oped at a very rapid rate in comparison to commercial building 
construction. In 1961, nearly 90 percent of the construction was 
for residential needs, as shown by Drawing No. 4.0-BN-35. 

An ambitious program of street and highway illumination 
in this area has greatly increased the demand for electricity for 
this purpose, but the total energy used is not separated from other 
use categories. 

Sales of electricity to farms are negligible. Most farms 
are subsistence type enterprises with a very few devoted to truck 
farming, supplying vegetables to the Addis Ababa markets which in 
turn sell most of this to the foreign population. Plantation type 
operations afford little opportunity for electrical service now, 
but in the future may offer a possible outlet for power generated 
by Blue Nile River Basin powerplants. 

Combined annual use of electricity by residential and 
government buildings and by public street lighting and other public 
authorities (schools) should develop in the future as shown on 
Table VII-35 (see "Losses"). 

Other provincial load areas in or adjacent to the Blue 
Nile River Basin under Case B include Dessie, Lekkemt, Jima, and 
Agere Hiywet (Ambo). Same of these areas have been mentioned as 
possible sites for certain types of industrial establishments. For 
the most part, with the possible exception of Dessie, these areas 
will depend almost entirely upon the surrounding agricultural 
economy. The future potential demands for electricity for rural 
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use adjacent to these centers will be very limited and will be used 
only by plantation type farms, if they should develop. 

The potential demand for electricity in the public con
sumption and illumination category will be limited to residential 
and government buildings and to public streets and security lighting. 
As the standard of living is raised, the demand for electricity by 
the residents of these towns will increase but initially will be 
limited primarily to lighting loads. Sales to public authorities, 
such as schools, will also increase as more schools are introduced 
in these outlying areas. The nature of the loads will result in a 
generally low annual load factor, even in the foreseeable future. 
A breakdown of loads by classifications follows in a subsequent 
section.
 

Present Electric Rates
 

Generally, Ethiopia can be divided into two principal 
electric rates areas. The largest is the 13 provinces and the 
southern part of Eritrea, served principally by the Ethiopian 
Electric Light and Power Authority (EELPA). The other is the north 
Eritrea section, served principally by the Societa' Elettrica Dell' 
Africa Orientale (SEDAO). 

The Blue Nile River Basin and adjacent areas fall within 
the marketing area of the EELPA, and as such the rate schedule of 
that authority will be of primary interest. Electric rates 
recently underwent a substantial reduction with the advent of the 
Koka Project hydroelectric power, which made a large block of more 
economical hydroelectric energy available for the first time in 
Ethiopia. Several small thermal and hydro units are operated in 
and adjacent to the Blue Nile River Basin. The reduction in rate 
throughout the area served by the EELPA resulted in subsidizing 
the higher unit cost of power generated at same of the smaller 
thermal and hydro units . In this way, the lower rates throughout 
the system encouraged greater use of electricity, and sales of 
electricity have increased greatly with the advent of the Koka 
power. As shown by Table V11-26, the present rates (1962) call for 
15 cents per kilowatt-hour for the first 100 kilowatt-hours per 
month and 10 cents per kilowatt-hour for all use in excess of that 
during the same period. This is for the General Tariff classification, 
which includes residential service. 

Cost of Electricity and Other Energy Sources 

The cost of electricity can be considered in three general
 
categories: (1) large hydroelectric installations (Koka);
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TABLE VII-26 - TARIFF IN FORCE,.ETHIOPIA ELECTRIC 
LIGHT AND POWER AUTHORITY 

Tariff 	classification Sales price
 

General tariff:
 

For the first 100 kw.-hr. per month 15 cents/kw.-hr.
 
For all consumption exceeding 100 kw.-hr. 10 cents/kw.-hr.
 
per month
 

Commercial and industrial tariff: 

Fixed charge per kw. of maximum demand per Eth$5.00 
month given by the maximum demand meter 

For the first 1,000 kw.-hr. per month 10 cents/kw.-hr.
For all consumption over 1,000 kw.-hr. 5 cents/kw.-hr. 

per month 

Off-peak tariff: 

For all off-peak energy 	 5 cents/kw.-hr. 

Service charge: 

Single-phase per month 	 Eth$1.00 
Three-phase per month 	 Eth$5.00
 

Special tariff: 

Range Percent reduction on total -rice 
of monthly Normal Off-peak non

kw.-hr, consumption consumers seasonal consumers 

100,000-400,000 5 10 
400,000-700,000 10 20 

700,000-1,000,000 15 30 
above 1,000,000 20 40 

Note: 	 Consumers under off-peak tariff have to sign special agree
ment with the EELPA, and each single case will have to be 
considered prior to approval. 
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(2) steam-electric generation (Addis Ababa); and (3) small isolated 
thermal installation (Bahir Dar). I 

(1) "By imposing an interest of 5 percent on the capital 
to be used for construction of the project, and amortization 
over 30 years for machinery, etc., and over 50 years for civil 
structures, and by calculating normal maintenance costs, the 
price for electricity prbduced at Koka and delivered in Addis 
Ababa and Dire Dawa will be about 2.15 cents per kw.-hr.,
provided an average of about 110 million kw.-hr. are delivered 
per year." Koka Hydroelectric Project, Imperial Ethiopian 
Government, December 1958. 

(2) The Addis Ababa steam plant has a generator output of 
5,000 kw. at site and has a maximum energy production of about 
21,900,000 kw.-hr. with a load factor of about 50 percent. 

The specific production costs at the plant vary from 
about 5.6 cents per kw.-hr. for full production to almost 1 
cents for one-quarter production, as indicated by Table VII-27. 

TABLE VII-27 - SPECIFIC PRODUCTION COSTS, 
ADDIS ABABA STEAM PLANT 

In Ethpian cents Der kilowatt-hour 
Million 

kw.-br./ r Fuel 
lub, 
oil 

IPer-
sonnel 

Mainten-
ance 

Deprecia
tion Total 

5.0 
10.0 
15.0 
20.0 
21.9 

7.68 
6.53 
5.63 
5.10 
4.85 

0.012 
0.006 
0.005 
0.004 
0.003 

1.20 
0.60 
0.40 
0.30 
0.27 

0.60 
0.30 
0.20 
0.15 
0.14 

1.448 
0.724 
0.483 
0.362 
0.330 

10.940 
8.160 
6.718 
5.916 
5.593 

(3) The Bahir Dar diesel electric plant is typical of a 
smal thermal plant serving a village area, and the total output 
of the station at the site is rated at 96 kw. with a load factor 
of about 40 percent. The maximum energy to be produced per year
is about 336,000 kw.-hr. It was noted that the production cost 
per kw.-hr. ranged from almost 14 cents at full plant output to 
about 41 cents per kw.-hr. when loaded to about one-seventh of 
its maximum. I
 

1 Dessie and Jima costs would be slightly less. 
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Other energy sources include firewood, charcoal,
petroleum products, and coal. Coal is an insignificant part of 
the total fuel sources used and can be neglected as a source of 
energy. An indication of the use made of different types. of 
energy sources, by industry, can be obtained by comparing the 
costs of energy used by various segments of industry, as shown 
on Table VII-28. 

TABLE VII-28 - CCMPARISON OF ENERGY COSTS IN 1958 
BY SEGMENTS OF INDUSTRY 

Energy Costs 

Electricity from public 
utility services Eth$l,146,000 

Petroleum products 2,030,000 

Charcoal 239,000 

Firewood 239,000 

Total Etb$3r714,000 

Fuel oil used to fire the boilers of the Addis Ababa 
steam plant cost Eth$128 per metric ton, f .o.b. Addis Ababa, while 
diesel oil delivered to Bahir Dar for operating the diesel electric 
plants there cost Eth$308 per metric ton, f.o.b. Behir Dar. The 
Eth$299,000 expenditure for firewood was for the purchase of some 
50,000 cubic meters, which would represent a cost of about Eth$6.00 
per cubic meter. This was purchased by the manufacturing industries 
in 1958. During the same year, 4,000 metric tons of charcoal were 
purchased for Eth$239,000, representing same Eth$60 per ton. In 
1958, the manufacturing industries used some 6,018 metric tons of 
petroleum products, consisting mainly of diesel and furnace oils, 
and this was valued at Eth$1,343,000. This was used mainly for 
generation of electric power for industry's own use. On the 
average then, this would have cost Eth$223 per metric ton. The 
Eth$6.00 per metric ton for firewood, as quoted fron one source 
and as noted above, appears to be very low. Large quantities of 
firewood purchased by the USAID Mission in 1962 were about Eth$9.50 
per cubic meter. This was in Addis Ababa. In other locations, 
such as Dire Dawa and arar, Eth$2.90 per 100 kilograms was quoted, 
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which would amount to around Eth$14 per cubic meter. This, 
however, is for smaller lots. In a five-year period, 1958-1962,
the cost of wood has increased 1.6 times in the Addis Ababa area. 

The following Table VII-29 indicates that the most eco
nomical fuels are wood, charcoal, furnace oil, and diesel oil in 
the order indicated. 

TABLE VII-29 - ENERGY COST OTHER THAN ELECTRICITY 

Cost B.t.u. 
Fuel B.tu./k. Ethd/k. for 1 (Eth) 

Wood 15,400 2.9 5,310 
Charcoal 
Furnace oil 

28,160 
40,700 

6.0 
12.8 

4,693 
3,180 

Diesel oil 41,250 30.8 1,340 

The average cost of electricity from the utility serving 
the central provinces in 1962 was about eight cents per kw.-hr. 
(one kw.-br. equals 3,413 B.t.u.). The number of B.t.u. per 
Ethiopian cent was 427. This, of course, is not in any way compar
able with the last column in Table VII-29, as the conversion 
factors for combustion efficiency, handling costs, and other 
expenses associated with a commercial plant handling these fuels 
have all been omitted. Assuming the use of furnace oil for a steam
electric generating plant, and diesel oil in a diesel-electric 
plant, it was found that for a small type installation the cost of 
generating one kw.-br. using furnace oil fuel, was Eth9.2$, and 
the cost per kw.-br. using diesel oil was EthlO.4$. For a large 
hypothetical oil-fired steam-electric generating plant located near 
Akaki, the cost of production is slightly less than Eth5% per kw.-hr. 

Diesel and furnace oils are imported items, whereas -wood 
and charcoal are available locally. With the increasing demand, 
however, cost of local fuel has increased correspondingly over the 
past five years, with no indication that this trend will be changed. 
Generally, electricity, even at the present rates, is competitive 
with other forms of energy when considered from the industrial 
viewpoint. For domestic use, the low income groups will find wood 
and charcoal more economical than electricity for some time to 
come, although this win gradually change with time as the rates 
are lowered and the per capita income raised. For those in the 
higher income category, the other alternative to electricity is 
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bottled gas; and, in this comparison, electricity at present rates
 
is competitive with gas for residential and small commercial
 
purposes.
 

Firewood is not always available. Charcoal is shipped
into those areas where wood is not readily available, and the price 
varies considerably, being directly influenced by transportation 
costs. Fuel oil and diesel oil and related petroleum products have 
prices influenced by transportation costs that vary in different 
parts of the Empire. 

A high percentage of the village and rural population 
depends upon cow dung for domestic fuel requirements. If this type 
of fuel were not available, the demand for charcoal and wood would 
greatly increase, driving the price upward practically out of reach 
of the lower income groups. As living standards and per capita 
income increase in the future, the lower income village and rural 
groups will turn to other traditional fuels, such as petroleum 
products, wood and charcoal, and electricity. The prices of wood 
and charcoal will continue to increase in the future, but the cost 
of electricity should actually decrease. The world trend in use 
and price of petroleum products has had a tendency to rise, partly 
because these products are a convenient taxation vehicle. Therefore, 
the conclusion is reached that electricity from hydroelectric 
sources offers the most stable, long-range energy source, both as 
to supply and as to price. 

Past, Present, and Estimated 
Future Power Requirements 

An insight into the magnitude and degree of electrification 
of a country is helpful when considering some aspect of the power 
supply problem. Ethiopia has about the lowest per capita electrical 
energy production in Africa--about 3 kw.-hr. per capita in 1954. 
In 1961 this had doubled to about 6 kw.-hr. and by 1965 should again 
double to about 12 kw.-hr. This corresponded to something over 100 
kw.-hr. per capita for Africa as a whole in 1954 and about 500 k.-hr. 
per capita for the world. In 1961 Africa produced 157 kw.-br. per 
capita, and the world average was 766 kw.-br. Drawing No. 4.0-BN-79 
illustrates this trend and shows the production for Ethiopia 
increasing over 1 times to around 70 kw.-hr. per capita by 1980. 
Drawing No. 4.0-BN-151 shows the world power data for 1961 for the 
more advanced countries, led by Norway, Canada, Sweden, and the 
United States in that order. 
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System 	Conditions Considered for this Study
 

The heart of Ethiopia's industry--its main load area-
is the Addis Ababa Complex (63.9 percent of total national production 
for load in 1962). This is the fastest growing area, where the 
supplier may be hard pressed to construct new facilities rapidly 
enough to meet the growing load demand. The Finchaa Sub-Basin 
potential hydroelectric facilities are conveniently located adjacent
 
to this load area and can be considered as potential production
 
facilities to meet future load requirements.
 

In this study, two conditions are considered--Case A and
 
Case B--with the first condition, Case A, considering that there 
will be no major interconnections during the period of review, and 
with Case B assuming interconnections as follows: 

1974: 	 Lekkemt 
Agere Hiywet (Ambo) 
Jima 

1977: 	 Dessie 
Assab 

This particular study extends through 1980. 

Existinr Power Systems 

Powerlants. The present interconnected system (Addis 
Ababa Complex) has five powerplants, some of which are maintained 
as reserve capacity as noted from Table VII-30. The 1961 (existing) 
Interconnected System servi the Addis Ababa Complex is as shown 
by Drawing No. 4.0-Et-13. 

By far the greatest source of energy at present is Koka 
hydro which is served by a reservoir on the Awash River having a 
capacity of 1,500 million cu. m. Utilizing a head of 32 to 40 
meters, the installed capacity consists of three generators, each 
rated at 18,000 kv.-a., or 54,000 kv.-a. total. The rated capacity 
at full load is 45 mw., but this includes one generator as a 
"spare." At the lowest reservoir level, the firm plant capacity, 
based upon two units, is regarded as 23 mw. as noted in Table VII-30.
 
Koka powerplant may also be considered as "Awash No. 1." Drawing
 
No. 4.0-BN-170 shows the Koka location.
 

/Unchanged in 1963 except for loads. 
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TABLE VII-30 - 1961 INTERCONNECTED SYSTOJA--ADDIS ABABA
 
COMPLEX (CASES A AND B)&
 

Production capability 
(millions of k..-hr.) 

Installed Firm Good Average Adverse 
capacity capacity water water water 

Name and tye (ky.-a) (kw.3 years years years 

Koka Hydro 54,000 23,000 120 110 90 
Aba Samuel Hydro 8,250 4,750 27 23 18 
Ourso Hydro 525 250 2 2 2 
Addis Ababa Ste1 6,250 (5,000) 0 10 30 
Alemaya Diese2/ 2,910 2,000 1 5 10 

Total 71,935 30,000 150 150 150 

1/ Based upon January 1962 "Report--Past Activities and 
Future Programme," EELPA. 

2/ Normally maintained as reserves in good water years; possible 
operation as shown in average and adverse water years. 

Aba Samuel hydroelectric powerplant is about 35 km. 
south of Addis Ababa on the Acachi (Akaki) River, a tributary to the 
Awash. This was initially installed during the Italian Occupation 
in 1939. There are five generating units operating at 95 meters 
head (different sizes) providing a total rated capacity of 8,250 
k-a. or 6,600 kw. The reservoir has a storage capability of 60 
million cu.m. Firm capability has been established as 4,750 kw. 

The Ourso hydroelectric powerplant is 30 km. west of 
Dire Dawa and is served from a natural spring with .no reservoir, 
having only forebay storage for a little regulation. It is rated 
at 525 kv.-a. with a head of 175 meters.
 

The Addis Ababa steam powerplant consists of one condensing 
steam turbine operating at a pressure of 29 kg. per sq. cm. at 425 C. 
and one 6,250-ky.-a. generator. It went into initial operation in 
1957 and has been in standby since the early or middle part of 1960 
with the advent of Koka power. 

The Alemaya diesel powerplant is about 30 km. south of 
Dire Dawa. Three sets are installed with a total capacity of 
2,910 kv-a. It began operation in 1958 parallel with Ourso. It 
went into reserve status at the beginning of 1961 when Koka power was 
made available to this area over the 132-ky. transmission line. 
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Several isolated systems are operated, including Jima,
Dessie, Agere Hiywet (Ambo), and Assab, with characteristics as 
indicated on Table VII-31. 

TABLE VII-31 - 1963 ISOLATED SYSTEMS (CASE B)1/ 

Installed Production 
capacity Firm capability 
kv.-a. capacity (1,000 k.-hr.) 

Location Diesel Hydro (Jw.) Diesel Hlvdro 

Lekkemt 3002/ -- -- --

Jima 1,125 170 600 2,400 300 
Dessie 1,125 -- 600 2,400 --

Agere Hiywet (Ambo) -- 210 100 -- 350 
Assab 1,3752/ -- -- -- --

R. I P tnMA" iitDaed primarily upon anuary epor --a cv es 
and Future Programme," EELPA. 

g/ 150 kw. in 1962 and 150 kw. in 1963. 
/ 1,000 kw. added in 1963. 

Transmission Lines. For the Interconnected System (summarized 
by Table VII-32), there were 418 km. of 132-ky. lines, 62 km. of 
45-ky. lines, and 97 km. of 15-ky. lines--all steel tower except for 
the 15-ky., some of which is steel pole. Since 1961 some impregnated 
wood-pole 15-ky. lines have been constructed. 

TABLE VII-32 - 1961 INTERCONNECTED SYSTEM-ADDIS ABABA 
COMPLEX (CASES A AND B) 

Voltage Length Conductors Capacity 
Location (ky.) (km.) _mm Type (kw,)

Koka-Addis Ababa 132 81 3 x 150 ACSR 40,000 
Koka-Dire Da 131 337 3 x 150 ACSR 10,000 
Koka-Nare2,I 15 12 3 x 53 ACSR 1,000 
Koka-Mojol' 15 17 3 x 53 ACSR 1,000 
Aba Samuel-Akaki 45 17 3 x 22 Cu 5,000 
Akaki-Addis Ababa 45 15 3 x 45 Cu 5,000 
Akaki-Debre Zeytl/ 15 23 3 x 53 ACSR 500 
Ourso-Dire Dawa 15 30 3 x 12 Cu 250 
Alemaya-Dire Dawa 
Alemaya-ararl/ 

45 
15 

30 
15 

3 z 
3 x 

22 
22 

Ci 
Cu 

2,500
750 

/ Constructed for 45 ky. 
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The 132-ky. lines are operated with the neutral grounded by Petersen 1/
coils, while the 15- and 45-ky. lines have isolated neutrals. 

Substations. There are three main high voltage substations
 
in the Interconnected System totaling 39,100 kw. capacity as shown 
by Table VII-33. 

TABLE VII-53 - 1961 INTERCONNECTED SYSTEM--
ADDIS ABABA COMPLEK 

Location 
Ratio 
(ky.) 

Rating 
(ky.-a.) 

Capacity 
(kw.) 

Addis Ababa 132/15 2 x 22,000 18,000 
45/15 4 x 1,500 5,000 

Akaki (Acachi) 45/15 1 x 1,500) 1,700 
1 x 630) 

Dire Dawa 132/15 2 x 15,000 12,000 
45/15 1 x 3,000 2,400 

Past, Present, and Future Reauirements
 

Load Centers. For both Cases A and B, the principal load 
center will be the Addis Ababa Complex. For Case B additional small 
load centers would be interconnected at specified future dates with 
the Addis Ababa Complex--those at Lekkemt, Agere Hiywet (Ambo),
Jima, Dessie, and Assab. This does not imply that other load centers 
do not exist; rather, it indicates only that this study is concerned 
with those load centers likely to be served by the Finchaa Basin 
hydroelectric powerplants within a 20-year period. The Case A and 
Case B load centers are as indicated by Drawings Nos. 4.0-BN-169 and 
4.0-BN-171, respectively. 

Peaks and Monthly Distribution of Energy. The heaviest 
load in the Addis Ababa Complex (and for that matter, in Ethiopia) 
is the city of Addis Ababa, and the daily load diagrams for heavy 
and light load conditions are indicated by Drawing No. 4.0-Et-4. 
These diagrams do not necessarily imply that the heaviest and lightest 
loads occurred on the days indicated but are merely examples of a 
heavy condition and a light condition. 

Two peaks seem to occur during the year--August and December-
but not consistently so for several reasons. The year's peak seems 
to occur during the coldest part of the year, which is usually in 

1/ Ground-fault neutralizers. 
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December. However, most of the precipitation occurring during the 
June 15 to September 15 rainy season falls in August, and in a "wet" 
year the coolness and dampness resulting from cloud cover at those 
high altitudes can also produce a high demand. Drawing No. 4.0-Et-5 
indicates that for one particular period the kw.peaks occurred in the 
fall (November-December). However, in 1961-62 Drawing No. 4.0-BN-77 
shows that the greatest monthly energy requirement occurred in August. 
This was a particularly "wet" year. For purposes of the Blue Nile 
studies,./ the monthly distribution of the annual energy requirements 
was taken to be as shown by Drawing No. 4.0-BN-78, which shows the 
maximum requirement falling in December, and August demand as next 
heavier. This would apply to conditions as they may exist in 1980. 
It should be understood that there has been an insufficient operating 
period for the Interconnected System to establish a definite pattern 
at this time. 

For weekly heavy load duration and peak percent curves, 
see Drawing No. 4.0-BM-118. 

Past and Estimated Future Trends of Enerty Requirements. 
A study of the past trend in energy requirements will be meaningless 
prior to 1960, as the tariff structure and availability of adequate 
supplies influenced a slower rate of growth than would otherwise 
have been the situation. In 1960, with the advent of Koka hydro
electric power and the revised tariff structure reflecting lower 
rates, the annual trend of energy requirements was upward. 

A summary of past production of electrical energy by years 
from 1943 through 1962 is given in Table VII-34. In 1960, 99.99 per
cent of the total production by EELPA was for the Addis Ababa Complex 
(Interconnected System), whereas in 1961 the figure was 99.55 percent. 
Other production was in and for the isolated systems. These 
figures do not include the north Eritrea systems nor the industrial 
plants which have generating capacity for their own use. 

j 	Operation studies prepared for the Finchan Sub-Basin facilities 
assumed a constant monthly requirement equaling about 8.33 per
cent of the annual. This was done before definite data were 
obtained, which were not available following at least a year's 
operation of the Interconnected System starting in mid-1960. 
Other projects studied later use the distribution as shown by 
Drawing No. 4.0-BN-78. 
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TABLE VII-34 - PAST TRENDS OF ENERGY REQUIREMENTS 
(EXCLUDING ERITREA AND PRODUCTION 
BY INDUSTRIAL FIRMS) 

Interconnected and Isolated Systems
 
For year Production Percent 
ended (in millions kw.-hr.) annual 

Sept. 10 Rydro Thermal Total increase Remarks 

1943 5.923 1.882 7.805 -

1944 6.574 1.587 8.161 4.5 Source: EELPA as 
1945 7.857 1.545 9.402 15.2 reported in Ethiopian 
1946 
1947 

10.057 
11.692 

1.324 
1.330 

11.376 
13.024 

20.0 
14.4 

Economic Review, 
Nos. 5 and 6. 

1948 12.628 1.651 14.279 9.6 
1949 13.658 2.106 15.764 10.3 
1950 14.012 2.868 16.878 7.0 
1951 15.259 3.295 18.554 9.9 
1952 16.608 4.003 20.611 11.0 
1953 19.548 4.486 24.034 16.6 
1954 22.578 4.187 26.745 11.3 
1955 25.980 5.359 31.339 17.1 
1956 25.115 7.954 33.070 5.5 
1957 31.217 5.595 36.812 11.3 
1958 25.740 14.971 40.719 10.6 
1959 27.768 19.333 47.101 15.7 
1960 46.744 8.689 55.433 17.7 Koka on line. 
1961 68.106 6.316 74.422 34.3 
1962 -- -- 96.500 29.7 

The electrical energy produced for the Addis Ababa Complex 
(EELPA) as a percent of the total production in the Empire was 
approximately as follows: 

1957 50.2 percent
 
1958 51.5
 
1959 53.2
 
1960 54.4
 
1961 59.6
 
1962 63.9
 

The remainder of the production was by industrial firms for their own 
use and in north Eritrea, principally by SEDAO in the Massawa-Asmara 
area. 

To forecast the future trend of energy requirements for the 
Addis Ababa Complex, the best source for the period through 1971 is 

162
 



1951 1952 1953 
(1958-59) (1959-60) (1960-61) 

Average Peak Average Peak Average Peak 

CATION Load 
In 

KW 

Load 
in 

KW 

Load 
Factor 

Power 
Factor 

Load 
in 

KW 

Load 
In 

KW 

Load 
Factor 

Power 
Factor 

Load 
in 

KW 

Load 
In 
KW. 

Load 
Factor 

Power 
Factor 

Peak demand 
In KW 

10200 
ABABA 4113 8000 0.514 0.84 6002 9300 0.538 087 5200 10200 0.510 0.885 on Hider 1953 
ONLY) 4(Nov 1960) 

DAWA 
a 

JAR 
366 1230 0298 452 1300 0.348 

71700 
731 1700 0.430 on Tahsas 1953 

(Dec 1960) 

320 

RETH 175 257 0.680 0.80 184 300 0.613 0.86 157 320 0.491 on Hidar 1953 
(Nov. 1960) 

365 

MA 

;SIE 

86 

55 

195 

135 

0.441 

0.407 

104 

59 

305 

270 

0.341 

01218 

105 

97 

365 

360 

0.288 

0.269 

on Meskerm 1953 
(Sept. 1960) 

360 
on Tabsos 1953 

(Dec 1960) 

150 

NOTES: 

I Data from Ethloplan'Electric Light
and Power Authority. 

2. Dates are according to Ethiopian 
calendar with pcrenthetical entry 
in equivalent Gregorian calendar. 

DAR 37 100 0.37 40 140 0.286 52.5 150 0350 on Thsasl953 
(Dec. 1960) Port of Addis Ababa Complex. 

92 
HIYWET 276 65 0425 28 92 0 304 32 85 0376 on Guenbot 1952 

(May 1960) 

BIRHAN 31 75 0413 35 75 0.467 35 75 0.467 75 KW 

64 

3ALEMVI 14 43 0.326 23 64 0.359 on Hidar 1953 
(Nov,.1960) 

34 

MAR KOS 12.7 30 0423 16.4 34 0.482 on Thkemte 1953 DEPARTMENTOF WATER RESOURCES 
IMPERIAL THIOPAN GOVFANMeNT 

(Oct. 19 60) 
. 

MINISTRY Of FUSLIC WORKS & COMMUNICATIONS 

BLUE NILE RIVER BASIN 

JIGA 22 4 36 0 622 23.6 38 0.621 an 
38 

Tahsas 1953 LOAD CHARACTERISTICS 
(oc. 1960) 008 PRINCIPAL CITIES-ETHIOPIA 

3 DAR 
10 32 0.313 on 

32 
Meskerm 1953 
(Sept. 1960) OE, A=8- R 

(EXCLUSIVE 
DRAWN lp, 
TAACEoA N MA, 
CIECKEOZ 04.A 4 

OF ERITREA) 
SUMITIWA~34r 

REcOMMEN2or 
4
M 

APPROVED 

AddisAc Mar 2s, 1ss 4.0-Et-5 
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MJ 

t961-62 LOAD CHARACTERISTICS
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the EELPA, which has indicated that the annual growth rate will 
be 22 percent through 1966 and will taper off to 17 percent by 
1971. This is for the general, industrial, and commercial require
ments but does not consider certain possible off-peak sales. Annual 
increases resulting from total production meeting off-peak as well 
as general requirements would be modified as follows: 

1963 29.4 percent 
1964 0 
1965 13.6 
1966 44.0 
1967 16.7 
1968 19.0 
1969 20.0 
1970 16.7 
1971 14.3 

By 1980, the growth rate may still be around 10 percent, but will
 
taper off significantly after that year. These higher rates in the 
earlier years have to be maintained if the objectives of the
 
successive five-year plans are to be approached or reached.
 

Losses. Actual losses for the Interconnected System 
(Addis Ababa Complex) from 1957 through 1961 have been reported as 
followa/ and as further indicated in Table VII-35. 

Millions of kw. -hr. Percent 
Year Production Sales Losses Losses 

1957 35.5 25.3 10.2 29
 

1958 39.1 27.5 11.6 30
 

1959 45.0 33.5 11.5 34 

1960 51.6 41.0 10.6 21
 

1961 60.3 50.2 10.1 17*
 

* 	Year of interconnection to Koka. 
Includes some transmission losses. 

;/ Source, EELPA, January 1962 Report. 
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TABLE VII-35 - ENERGY AND DEMAND AT LOAD CENTER--ADDIS
 
ABABA COMPLEK (CASES A AND B) 

Millions of kw.-hr. at Per- Peak 
high-voltage side of cent Peak demand 

receiving-end substation annual demand kw. 
Customer load (kw.) (rounded) 

Year loads Losses Total factor at load at load 

1957 25.3 10.2 35.5 50 8,105 8,100 
1958 27.5 11.6 39.1 51 8,752 8,800 
1959 33.5 11.5 45.0 51.4 10,000 10,000 
1960 41.0 10.6 51.6 53.8 10,949 11,000 
1961 50.2 8.5 58.7 51.0 13,139 13,100 
1962 75.0 7.9 82.9 53.8 17,591 17,600 
1963 95.0 12.2 107.2 54.6 22,413 22,400 
1964 95.0 12.2 107.2 54.6 22,413 22,400 
1965 
1966 

110.0 
155.0 

11.8 
20.5 

121.8 
175.5 

54.9 
58.7 

25,326 
34,130 

25,300 
34,100 

1967 185.0 20.0 205.0 57.1 40,984 41,000 
1968 
1969 
1970 

220.0 
260.0 
305.0 

23.7 
32.3 
36.3 

243.7 
292.3 
341.3 

57.1 
57.1 
57.1 

48,721 
58,437 
68,233 

49,000 
58,400 
68,200 

1971 350.0 40.0 390.0 57.1 77,969 78,000 
1972 399.0 45.6 444.6 57 89,041 89,000 
1973 450.0 54.4 504.4 57 101,017 101,000 
1974 513.0 58.4 571.4 58 112,462 112,500 
1975 578.0 65.6 643.6 58 126,673 126,700 
1976 648.0 73.6 721.6 58 142,025 142,000 
1977 726.0 83.2 809.2 58 159,266 159,300 
1978 807.0 92.0 899.0 58 176,940 177,000 
1979 894.0 101.6 995.6 59 192,632 192,700 
1980 985.0 112.0 1,097.0 59 212,251 212,300 

164
 



Estimated losses for the same system through 1971 were 
as follows. 1] 

1962 12 percent 
1963 14 
1964 14 
1965 12 
1966 14 
1967 12 
1968 12 
1969 13 
1970 13 
1971 13 

It should be understood that loss figures include meter errors and 
some system usage. 

Losses for the isolated systems, which will be intercon
nected with the Addis Ababa Complex in the late 1970's as assumed 
for Case B in this study, will be somewhat higher; but, since the 
percent of the total production serving these added loads will be 
very small in comparison with the Addis Ababa Complex itself, the 
effect upon total system losses will be small. Tables VII-36, 
VII-37, VII-38, VII-39, and VII-40 show those losses. 

Energy and Demand at Load Centers 

Addis Ababa Complex. The energy and demand for the Addis
 
Ababa Complex (Interconnected System) as seen from the 161-kr. side 
of a proposed substation near Addis Ababa are shown by Table VII-35, 
which indicates loads, losses, annual load factors, and peak demand. 
This is true for both Cases A and B.
 

Table VII-41 shows the breakdown of sales by the two major 
classes used. This applies to Case A only. Table VII-42 indicates 

the peak demand at load and at the powerplant for Case A only. 

/ 	Source, EEILPA, January 1962 Report. (Includes transmission 
losses, whereas Table VII-35 does not.) 
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Agere Hivwet (Ambo). Case B only. Table VII-36 indicates 
the conditions at load, historical through 1960 and projected after 
that date. Total customer loads distributed by classes are shown 
on Table VII-43. 

For this particular study, the connection of this isolated
 
load to the Interconnected System was assumed to occur at the end
 
of 1973. 

Lekkent (Case B only). Table VII-37 shows anticipated 
conditions beginning in 1963 through 1980 with Lekkemt being served 
by its own isolated diesel-electric system until connection with the 
Interconnected System is made in 1974. Total customer loads 
distributed by classes were estimated as shown on Table VII-44. 

Jima (Case B only). Historial data through 1961 are shown 
on Table VII-38 with load forecasts from 1961 through 1980. As 
indicated in a prior section, Jima is served by its own isolated 
system, consisting of both hydro and diesel. Connection to the 
Interconnected System was assumed to occur in 1974. As is the 
situation with some of the other isolated systems, other facilities,

such as larger hydroelectric systems, can be installed to serve an 
isolated system initially but can be connected later with the main 
Interconnected System when it expands. This possibility exists at 
Jima, where a larger plant on the Great Gibe River could be installed 
to carry the Jima load until interconnection was accomplished. 
Whether this is done or not is immaterial insofar as this particular 
study is concerned, except that when interconnection is made, 
all load is assumed to be carried by the Interconnected System 
with diesel sets moved elsewhere and the hydroelectric installations 
maintained for reserve or emergency use. 

Total customer loads distributed by classes were as shown
 
on Table VII-45.
 

Dessie (Case B only). Historical data from 1957 through 
1960 are indicated with the projections going to 1980. Table VII-39 
shows customer loads, losses, load factor, and peak demand by years 
for this load center with the tie to the Interconnected System 
occurring in 1977. Sales by classes of energy are as indicated in
 
Table VII-46. 

South Eritrea (Assab), Case B only. The EELPA acquired
 
the existing electric supply and distribution facilities from a
 
private operator in 1962, and EELPA forecasts the production and
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TABLE VII-36 - ENERGY AND DEMAND AT LOAD CENTER--
AGERE HIYWET (AMO), CASE B 

Thousands of kw.-hr. at 
high-voltage side of Per
receivire-end substation cent Peak 

Load Load annual demand 
Customer center center load (kw.) 

Year loads losses total factor at load Remarks 

1957 137 64 201 30 76 
1958 161 87 248 35 81 
1959 212 95 307 43 82 
1960 242 65 307 35 100 
1961 312 55 367 37 113 
1962 367 70 437 38 131 
1963 432 88 520 39 152 
1964 509 104 613 41 171 ca 
1965 605 123 723 43 192 
1966 702 143 845 44 219 
1967 
1968 

820 
959 

168 
197 

988 
1,156 

45 
45 

251 
293 

o 

1969 1,123 230 1,353 45 343 
1970 1,314 269 1,583 45 402 
1971 1,497 307 1,804 45 458 
1972 1,707 350 2,057 45 522 
1973 1.941 398 2.339 46 580 Inter
1974 2,198 383 2,581 46 641 connect 
1975 2,477 432 2,909 47 707 
1976 2,779 485 3,264 47 793 rd 
1977 
1978 

3,251 
3,641 

568 
636 

3,819 
4,277 

47 
47 

928 
1,039 

1 a 
( 0 ( 

1979 4,030 704 4,734 48 1,126 
1980 4,441 776 5,217 48 1,241 to 
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TABLE VII-37 - ENERGY AND DEMAND AT LOAD CENTER--

LEfKKEM (CASE B) 

Thousands of kw.-hr. at 
high-voltage side of Per

receivir-end substation cent Peak 
Load Load annual demand 

Customer center center load (kw.) 
Year loads losses total factor at load Remarks 

1962 280 70 350 25 160 
1963 454 106 560 30 213 a 
1964 781 171 952 35 311 
1965 1,264 259 1,522 36 483 
1966 1,897 388 2,285 37 705 
1967 2,655 544 3,199 38 961 1 
1968 3,586 734 4,320 39 1,264 a 
1969 4,661 955 5,616 40 1,603 0 
1970 6,059 1,241 7,300 40 2,083 H 
1971 7,574 1,551 9,125 41 2,541 
1972 9,088 1,862 10,950 41 3,049 
1973 10.9071 2.233 13..140 42 3.571 Inter
1974 12,979 2,267 15,246 43 4,047 connect 
1975 14,879 2,599 17,378 43 4,613 
1976 17,408 3,041 20,449 43 5,429 
1977 20,192 3,528 23,720 43 6,197 1 a 
1978 23,473 4,091 27,514 43 7,304 p + 
1979 26,936 4,705 31,641 43 8,400 0 
1980 30,707 5,364 36,071 44 9,358 a 
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TABLE VII-38 - ENERGY AND DEMAND AT LOAD CENTER--
JIMA (CASE B) 

Thousands of kw.-hr. at 
high-voltage side of Per

receiving-end substation cent Peak 
Load Ioad annual demand 

Customer center center load (kw.) 
Year loads losses total factor at load Remarks 

1957 325 153 478 25 218 
1958 358 192 550 25 251 
1959 412 185 597 44 155 
1960 643 271 914 34 306 
1961 1,167 206 1,373 29 540 E 

1962 1,517 267 1,784 32 636 
1963 .1,896 334 2,230 34 749 
1964 2,351 414 2,765 36 877 0 
1965 2,891 510 3,401 38 1,022 
1966 3,527 622 4,149 40 1,184 
1967 
1968 

4,267 
5,121 

753 
903 

5,020 
6,024 

42 
45 

1,364 
1,528 

0 
4 

1969 6,093 1,075 7,168 45 1,818 
1970 7,190 1,268 8,458 45 2,145 
1971 8,412 1,484 9,896 45 2,510 
1972 9,943 1,707 11,650 45 2,955 
1973 10.930 1,2-9 12-859 46 13.191 Inter
1974 12,132 1,784 13,916 46 3,453 connect 
1975 13,224 1,945 15,169 46 3,764 
1976 14,293 2,092 16,385 46 4,066 
1977 15,425 2,268 17,693 46 4,391 rS4 

1978 16,505 2,427 18,932 47 4,598 .- 0 
1979 
1980 

17,660' 
18,896 

2,597 
2,778 

20,257 
21,674 

47 
47 

4,920 
5,264 

HC30 a 
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TABLE VII-39 - ENERGY AND DEMAND AT LOAD CENTER--
DESSIE (CASE B) 

Thousands of kw.-hr. at
 
high-voltage side of Per
receivin-end substation cent Peak
 

Load load annual demand 
Customer center center load (kw.)

Year loads losses total factor' at load Remarks 

1957 161 76 237 25 108 
1958 166 89 255 25 116 
1959 206 93 299 41 83
1960 370 98 468 22 243
1961 762 134 896 26 393 
1962 1,487 305 1,792 30 682 
1963 2,603 533 3,136 33 1,085 9 
1964 4,165 853 5,018 35 1,637 Q 

1965 5,831 1,194 7,025 37 2,167 
1966 7,580 1,553 9,133 40 2,606 m 
1967 9,400 1,925 11,325 43 3,007 
1968 11,656 2,387 14,043 44 3,643 0 
1969 13,986 2,865 16,851 45 4,275 
1970 16,783 3,438 20,221 46 5,018 (
1971 20,140 4,125 24,265 46 6,022 
1972 23,967 4,908 28,875 46 7,166 
1973 28,520 5,841 34,361 46 8,527 
1974 33,652 6,893 40,545 46 10,062 
1975 39,710 8,133 47,843 46 11,873 
1976 46,460 9.516 55.976 46 13.891 Inter
1977 54,359 9,496 63,855 47 15,509 eo mut 
1978 63,056 11,016 74,072 47 17,991 L + 
1979 73,145 12,779 85,924 47 20,870 D 
1980 84,117 14,695 98,812 47 24,000 - R 

H OnV3 
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TABLE VII-40 - ENERGY AND DEAND AT IDAD CENTER--

SOUTH ERITREA (CASE B) 

Thousands of kw.-hr. at 
high-voltage side of Per

receiving-end substation cent Peak 
Load Load annual demand 

Customer center center load (kw.)
 
Year loads losses total factor at load Remarks
 

1959 1,200 500 1,700 33 588 
1960 1,380 460 1,840 40 525 
1961 1,500 480 1,980 45 502 
1962 1,700 430 2,130 52 468 
1963 2,410 570 2,980 59 577 
1964 3,130 740 3,870 60 736 , 
1965 4,050 950 5,000 55 1,038 M 
1966 5,260 1,240 6,500 50 1,484 A 
1967 6,850 1,600 8,450 48 2,009 3 
1968 15,250 3,350 18,600 65 3,267 
1969 22,900 4,200 27,100 65 4,759 $ 
1970 22,940 5,040 27,980 64 4,991 0 
1971 30,340 6,660 37,000 65 6,498 a 
1972 38,540 8,460 47,000 65 8,254 
1973 46,030 9,430 55,460 64 9,892 
1974 53,400 10,930 64,330 62 11,845 
1975 61,930 12,690 74,620 60 14,197 
1976 72.080 13 730 85.810 59 16.603 Inter
1977 82,890 13,330 96,220 58 18,938 connect 
1978 96,600 15,530 112,130 60 21,333 'g 
1979 102,480 16,470 118,950 62 21,901 g 
1980 114,780 18,450 133,230 62 24,530 

0 
a) 
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Year 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 


TABLE VII-41 

National 
economy 


10.3 
11.5 
14.4 
18.0 
22.6 
34.0 
43.5 
43.9 
51.3 
72.8 
87.7 


105.1 
125.3 
148.2 
171.5 

197.1 

224.1 

257.5 

292.5 

330.0 

373.0 

418.0 

467.0 

518.0 


- SALES BY CLASSES--ADDIS 
ABABA COMPLEX (CASE A) 

In millions of kw.-hr. 
Public 

consumption
 

15.0 
16.o 
19.1 
23.0 
27.6 
41.0 
51.5 
51.1 
58.7 
82.2 
97.3
 

114.9 
134.7 
156.8 
178.5
 
201.9
 
225.9
 
255.5
 
285.5
 
318.0
 
353.0
 
389.0
 
427.0
 
467.0
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TABLE VII-42 

Peak 
demand 

at load 
Year (kw.) 

1961 13,139 
1962 17,591 
1963 22,413 
1964 22,413 
1965 25,326 
1966 34,130 
1967 40,984 
1968 48,721 
1969 58,437 
1970 68,233 
1971 77,969 
1972 89,041 
1973 101,017 
1974 112,462 
1975 126,673 
1976 142,025 
1977 159,266 
1978 176,940 
1979 192,632 
1980 212,251 
1981 232,799 

- ESTIMATED PEAK DEMAND--INTERCONNECTED 
SYSTEM, ADDIS ABABA COMPLEX (CASE A) 

Transmission Peak Peak 
losses at demand at demand at 

peak demand powerplant powerplant 
(N (kw.) kw. (rounded) 

731 13,870 13,900
 
959 18,550 18,600
 

1,279 23,692 23,700
 
1,279 23,692 23,700
 
1,462 26,788 26,800
 
2,055 36,185 36,200
 
2,283 43,267 43,300
 
2,877 51,598 51,600
 
3,516 61,953 62,000
 
3,973 72,206 72,200
 
4,566 82,535 82,600
 
5,205 94,246 94,300
 
6,210 107,227 107,300
 
6,667 119,129 119,100
 
7,466 134,139 134,100
 
8,400 150,425 150,400
 
9,500 168,766 169,000 

10,500 187,440 187,500 
U,600 204,232 204,000 
12,785 225,036 225,000 
14,155 246,954 247,000
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TABLE VII-43 - SALES BY CLASSES--AGERE 
HIYWET (AMBO), CASE B 

In 
National 

Year economy 

1957 34 

1958 40 

1959 53 

1960 62 

1961 82 

1962 98 

1963 118 

1964 143 

1965 172 

1966 205 

1967 244 

1968 292 

1969 348 

1970 415 

1971 482 

1972 559 

1973 648 

1974 747 

1975 857 

1976 978 

1977 1,163 

1978 1,325 

1979 1,491 

1980 1,670 


thousands of kw.-hr. 
Total 

consumpticn Total 

103 137
 
121 161
 
159 212
 
180 242
 
230 312
 
269 367
 
314 432
 
366 509
 
428 600
 
497 702
 
576 820
 
667 959
 
775 1,123
 
899 1,314
 

1,015 1,497 
1,148 1,707 
1,293 1,941 
1,451 2,198
 
1,620 2,477
 
1,801 2,779
 
2,088 3,251
 
2,316 3,641
 
2,539 4,030
 
2,771 4,441
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TABLE vII-44 - SALES BY CLASSES--I2KKEMT 

In 
National 

Year economy 

1963 114 
1964 198 
1965 326 
1966 497 
1967 706 
1968 968 
1969 1,277 
1970 1,684 
1971 2,136 
1972 2,599 
1973 3,163 
1974 3,816 
1975 ,434 
1976 5,257 
1977 6,063 
1978 7,261 
1979 8,458 
1980 9,765 

(CASE B)
 

thousands of kv.-hr. 
Public 

consumption Total 

340 454 
583 781 
938 1,264 

1,hoo 1,897 
1,949 2,655 
2,618 3,586
 
3,384 4,661 
4,373 6,059
 
5,438 7,574
 
6,489 9,088
 
7,744 10,907
 
9,163 12,979
 

10,445 14,879
 
12,151 17,4o8
 
13,752 19,815
 
16,162 23,423
 
18,478 26,936
 
20,819 30,707
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TABLE VII-45 - SALES 

In 
National 

Year economy 

1957 81 
1958 89 
1959 103 
1960 161 
1961 296 
1962 391 
1963 497 
196, 625 
196> 780 
1966 966 
1967 1,186 
1968 1,444 
1969 1,742 
1970 2,085 
1971 2,473 
1972 2,963 
1973 3,300 
1974 3,712 
1975 4,099 
1976 4,488 
1977 4,095 
1978 5,315 
1979 5,757 
1980 6,235 

BY CLASSES--JIMA 

thousands of kw. 
Public 

consumption 

244 
269 

309 
482 

1,463 
1,126 
1,399 
1,726 
2,111 
2,561 
3,081 
3,677 
4,351 
5,105 
5,939 

6,980 
7,630 
8,420 
9,125 
9,805 

10,520 
11,190 
11,903 
12,661 

(CASE B) 

- r. 

Total 

325 
358 
412 
643 

1,167 
1,517 
1,896 
2,351 
2,891 
3,527 
4,267 
5,121 
6,093 
7,190 
8,412 
9,943 

10,930 
12,132 
13,224 
14,293 
15,425 
16,505 
17,660 
18,896 
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TABLE VII-46 - SALES BY CLASSES--DESSIE (CASE B)
 

In thousands of kw.- r. 
National Public 

Year economy consumotion Total 

1957 40 121 161 
1958 41 125 166 
1959 52 154 206 
1960 92 278 370 
1961 194 568 762 
1962 384 1,103 1,487 
1963 682 1,921 2,603 
1964 1,108 3,057 4,165 
1965 1,574 4,257 5,831 
1966 2,077 5,503 7,580 
1967 
1968 

2,613 
3,287 

6,787 
8,369 

9,400 
11,656 

1969 4,000 9,986 13,986 
1970 4,867 11,916 16,783 
1971 
1972 

5,921 
7,142 

14,219 
16,825 

20,140 
23,967 

1973 8,613 19,907 28,520 
1974 10,298 23,354 33,652 
1975 12,310 27,400 39,710 
1976 14,588 31,872 46,460 
1977 17,286 37,073 54,359 
1978 20,304 42,752 63,056 
1979 23,845 49,300 73,145 
1980 27,759 56,358 84,117 
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sales as follows through 1971, using an increase of 30 percent for 
five years and 20 percent for the last five. 

Thousands of kw.-hr. 
Year Sales Losses Production 

1962 5,000 1,000 6,000 
1963 7,500 1,500 9,000 
1964 9,500 1,500 11,000 
1965 12-,000 2,000 14,000 
1966 16,000 4,000 20,000 
1967 21,000 4,000 25,000 
1968 26,000 5,000 31,000 
1969 32,000 5,000 37,000 
1970 39,000 5,000 44,000 
1971 47,000 6,000 53,000 

Studies using Table VII-40 were prepared prior to the 
availability of this information; and, although in general it uses 
about the same rate of initial growth, the base loads for 1959-1961 
are considerably lower. However, both estimates would approach 
about the same values at the assumed date of connection in 1977 to 
the Interconnected System, so there is no appreciable effect upon 
the objective of this particular study. 

Sales by classes of energy are as shown on Table VII-47.
 

Sumnary
 

Tables VII-35, VII-41, and VII-48 summarize the estimated 
future requirements by showing the peak demand at load centers, 
diversity factor, peak demand of the interconnected load, transmission 
losses at peak demand, and the peak demand at the Finchaa Sub-Basin 
powerplants. (Tables VII-35 and VII-41 indicate conditions for 
Case A, and Table VII-48 for Case B.) 

Estimated Future Need for Additional 
Generator Canacitv--196t-1967 

Table VII-30 gives the firm kilowatt capacity of the 
existing Interconnected System (Addis Ababa Complex) as 30,000 kw., 
including the Alemaya diesel but not the Addis Ababa steam plant. 
Keeping Alemaya (2,000 kw.) in reserve (because of its higher 
operating cost) leaves 28,000 kw. of firm capacity. 
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TABLE VII-47 -


In 
National 

Year economy 

1962 1,190 
1963 1,570 
1964 1,880 
1965 2,030 
1966 2,100 
1967 2,400 
1968 10,680 
1969 16,030 
1970 15,600 
1971 21,240 
1972 26,980 
1973 31,300 
1974 35,240 
1975 37,160 
1976 41,810 
1977 45,590 
1978 57,960 
1979 63,170 
1980 72,310 

SALES BY CIASSES--SOUTH 
ERITREA (CASE B) 

thousands of kw.-br. 
Public 

consumtion Total 

510 1,700 
840 2,410 

1,250 3,130 
2,020 4,050
 
3,160 5,260
 
4,450 6,850
 
4,570 15,250
 
6,870 22,900
 
7,360 22,940
 
9,100 30,340
 

11,560 38,540
 
14,730 46,030
 
18,160- 53,400
 
24,770 61,930
 
30,270 72,080
 
37,300 82,890
 
38,640 96,600
 
39,310 102,480
 
42,470 114,780
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TABLE VII-48 - ESTIMATED PEAK DEMAND--INTERCONNECTED SYSTEM (CASE B) 

Kilowat ;s 
Peak Trans- Peak Peak 

Peak Demand at Iod Centers demand of mission demand demand 

Year 
Addis 
Ababa 

Agere 
Hiywet 
(Amboj Lekkemt .Jim Dessic 

South 
Eritre 
(Assab Sum 

Diver-
sity 

factor 

inter-
connected 

load 

losses 
at peak 
demand 

at 
power-
plant 

per
plan 

(rounded) 
1957 
1958 
1959 

8,105 
8,752 

10,000 

8,105 
8,752 

10,000 

8,105 
8,752 

10,000 
1960 
1961 
1962 

10,949 
13,139 
17,591 

10,949 
13,139 
17,591 

10,949 
13,139 
17,591 

731 
959 

13,870 
18,550 

13,900 
18,600 

1963 22,413 22,413 22,413 1,279 23,692 23,700 
1964 
1965 
1966 

22,413 
25,326 
34,130 

22,413 
25,326 
34,130 

22,413 
25,326 
34,130 

1,279 
1,462 
2,055 

23,692 
26,788 
36,185 

23,700 
26,800 
36,200 

1967 
1968 
1969 
1970 
1971 

40,984 
48,721 
58,437 
68,233 
77,969 

40,984 
48,721 
58,437 
68,233 
77,969 

40,984 
48,721 
58,437 
68,233 
77,969 

2,283 
2,877 
3,516 
3,973 
4,566 

43,267 
51,598 
61,953 
72,206 
82,535 

43,300 
51,600 
62,000 
72,200 
82,600 

1972 
1973 
1974 
1975 
1976 
1977 
1978 

89,041 
101,017 
112,462 
126,673 
142,025 
159,266 
176,940 

641 
707 
793 
928 

1,039 

4,047 
4,613 
5,429 
6,197 
7,304 

3,453 
3,764 
4,066 
4,391 
4,598 

15,509 
17,991 

89,041 
101,017 
120,603 
135,757 
152,313 

18,938 205,229 
21,333 229,205 

1.05 
1.06 
1.06 
1.15 
1.15 

89,041 
101,017 
114,860 
128,073 
143,692 
179,460 
199,309 

5,205 
6,210 
6,704 
7,529 
8,447 

10,346 
11,542 

94,,246 
107,227 
121,564 
135,601 
152,139 
18$,806 
210,851 

94,300 
107,300 
121,600 
135,600 
152,100 
188,800 
210,900 

1979 
1980 

192,632 
212,251 

1,126 
1,241 

8,400 
9,358 

4,920 
5,264 

20,870 
24,000 

21,901 249,849 
24,530 276,644 

1.15 
1.15 

217,260 
240,560 

12,747 
13,995 

230,007 
254,555 

230,000 
255,000 



There are several industrial plants generating for their 
own use, and the annual generated energy is indicated on Drawing 
No. 4.0-BN-148. These plants are not operated so as to contribute 
any support to the Interconnected System, and percentagewise they 
will ultimately represent only a small part of the total energy 
generated.
 

Table VII-49 gives an indication of the adequacy of the
 
present power supply through 1967.
 

TABLE VII-49 - DEPENDABLE SYSTEM CAPACITY TO MEET PEAK DEMAND 
VERSUS SYSTEM COINCIDENTAL PEAK DEMAND AT 
PLANT--1964-1967 (CASE A OR B)
 

Kilowatts 

Year 

Dependable 
system 

capacitv 

System 
coincidental 
neak demand 

Surplus (+) 
or 

deficit (-) 

1964 28,000 23,700 +4,300

1965 28,000 26,800 +1,200 
1966 28,000 36,200 -8,200 
1967 28,000 43,300 -15,300 

By the end of 1965, only a small surplus capacity will 
exist (1,200 kw.) using the three dependable low cost hydro sources. 
However, if the Addis Ababa steam plant and the Alemaya diesel were 
used, an additional 7,000 kw. of dependable capacity would become 
available, changing the 1965 surplus of 1,200 kw. to a surplus of
8,200 kw. and the 1966 deficit of 8,200 kw. to a deficit of 1,200 kw. 
Therefore, even with all available resources in operation, new 
generation will be required by the end of 1965. 

Power Facilities Planned 
or Under Consideration-1964-1967 

The EELPA is planning the construction of two medium-head 
bydroelectric developments of 37 mw. each, ]mown as Awash No. 2 and 
Awash No. 3. (The first development on the Awash River was Koka.) 
These two will be located on the Awash River about 120 km. southeast 
of Addis Ababa. The main water regulation will be supplied by the 
Koka reservoir, but smaller dams will be necessary at each plant 
for sufficient forebay storage to provide minimum regulation to meet 
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the hourly load curve. In addition to the dam and the required 
intake structure for the power facilities, each installation will 
have a five-meter pressure tunnel, surge tank, valve chamber, two 
penstocks of three-meter diameter, a powerhouse for two Francis 
turbines with necessary service facilities, and an open-air switch 
yard. The effective head of each development is to be approximately 
60 meters, and the distance between the intake and the powerhouse 
will be 2,000 meters for Awash No. 2 and 900 meters for Awash No. 3. 
Designs have been completed, and it appears that construction of 
Awash No. 2 will start in early 1964, with two years to complete. 
Construction of Awash No. 3 will follow immediately. On this basis, 
Awash No. 2 may be energized at the end of 1965 and Awash No. 3 by 
the end of 1967. 

Estimated Future Deficiency 
in Power Sunnlv--1968-1980 

If the objectives of the second and subsequent five-year 
development plans for the Empire are to be approached or reached,
wherein the present agricultural economy is to be successfully 
transformed into an agricultural-industrial one by 1982, the need 
for energy to meet industrial as well as residential and commercial 
requirements will be substantial. 

Table VII-49 indicates that the first deficiency in system 
capability would occur in 1966, meaning that additional generating 
capacity would be required by the end of 1965. By that time, Awash 
No. 2 would be placed in operation, followed by Awash No. 3 at the 
end of 1967. Considering the capability of these installations, 
Tables VII-50 and VII-51 summarize the anticipated system conditions 
anticipated through 1980 for Cases A and B, respectively. 

Under both Cases A and B, new generating facilities should 
go on the line in 1974 so as to insure adequate capability for load 
and reserves. This presupposes that the fourth and last Awash plant 
would have been placed in operation in 1971. 

Finchaa Sub-Basin as a Source in Meeting 
Future Deficiencies in Power Supply 

As described in a previous section, the Finchaa Sub-Basin 
has two, high-head, hydroelectric powerplant possibilities--one on 
the Finchaa River and the other on the Neshe River. Each has the 
capability of meeting a peak demand of about 80 mw. during an adverse 
water year. They are located within 30 kilometers airline distance 
of each other. The most economical power will come from the Finchaa 
powerplant, and it probably would be developed first. 
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TABLE VII-50 - DEPENDABLE SYSTEM CAPACITY TO MEET PEAK DEMAND
 
VERSUS SYSTEM COINCIDENTAL PEAK DEMAND AT 
PLANT--1968-1980 (CASE A)
 

Depend-
System 

coinci
able dental 

system peak 
capacity demand 

Year (h) (kw.) 

1966 65,000 36,200 
1967 65,000 43,300 
1968 102,000 51,600 
1969 102,000 62,000 
1970 102,000 72,200 
1971 139,000 82,600 
1972 139,000 94,300 
1973 139,000 107,300 
1974 139,000 119,100 
1975 139,000 134,100 
1976 139,000 150,400 
1977 139,000 169,000 
1978 139,000 187,500 
1979 139,000 204,000 
1980 139,000 225,000 
1981 139,000 247,000 

Surplus (+) 
or 

deficit (-) 
(kw.) 

+28,800 

+21,700
 
+50,400 

+40,000
 
+29,800
 
+56,400 

+44,700
 
+31,700
 
+19,900
 
+4,900
 

-11,400
 
-30,000 
-48,500
 
-65,000
 
-86,000 

-108,000 

Remarks
 

37-mw. Awash No. 2 added
 

37-mw. Awash No. 3 added
 

37-mn. Awash No. 4 added
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TABLE VII-51 - DEPENDABLE SYSTEM CAPACITY TO MEET PEAK DEMAND
 
VERSUS SYSTEM COINCIDENTAL 

PLANT--1968-1980 (CASE B)
 

Depend-

able 

system 

capacity 

Year (f, . 

1966 65,000 
1967 65,000 
1968 102,000 
1969 102,000 
1970 102,000 
1971 139,000 
1972 139,000 
1973 139,000 
1974 139,000 
1975 139,000 
1976 139,000 
1977 139,000 
1978 139,000 
1979 139,000 
1980 139,000 


PEAK DEMAND AT 

37-mw. Awash No. 2 added
 

37-mw. Awash No. 3 added
 

37-mw. Awash No. 4 added 

System
 
coinci
dental 

peak 


demand 

(kw.)-

36,200 

43,300 

51,600 

62,000 
72,800 

82,600 

94,300 

107,300 

121,600 

135,600 

152,100 

188,800 
210,900 
230,000 
255,000 


Surplus (+) 
or 

deficit (-) 
1k.) 

+28,800 

+21,700
 
+50,400 

+40,000 
+29,800
 
+56,400 

+44,700
 
+31,700
 
+17,400 
+3,400
 

-13,100
 
-49,800 
-71,900 
-91,000 
-116,000
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The Awash River has advantages in that it is generally 
closer to the principal load centers, but the development of the 
three or four hydroelectric installations there will depend primarily 
upon the Koka reservoir for regulation. Whether Awash No. 4 is 
developed or not would depend somewhat upon the time that it would 
take to bring the Finchaa plant into production. 

In this study, it is assumed that the Finchaa plant would 
not be brought into production during the year 1971. Assuming. 
three years for construction, final construction would have to 
begin in 1968. Allowing at least two to three years for feasibility 
studies, another year for final design, and possibly a year at 
least for slippage, work would have to start immediately on the 
feasibility surveys and studies. While it might be possible to get 
Finchaa into production during 1971, the extra time allowed by 
constructing Awash No. 4 has been used. 

It should be recognized that constructing four hydro
electric powerplants cascaded on one river (Awash), regulated by 
one reservoir and constituting 95 percent of the utility electrical 
energy source for the heart of the Empire, may not be the most 
desirable situation. This is especially true when one considers 
leakage problems associated with the one reservoir and the yet 
unknown consequences of reservoir sedimentation and evaporation at 
Koka. Therefore, every effort should be made to develop other hydro
electric facilities as soon as possible in another river basin 
conveniently located near Addis Ababa. The Finchan Sub-Basin power
plants offer a good solution to the problem, and at the same time 
the other aspects of the multiple-purpose projects will be highly 
beneficial to the economy. 

Therefore, if possible, consideration should be given to 
expediting preconstruction activities on the Finchaa Sub-Basin so 
that the Finchaa power facilities can be placed into operation when 
needed following Awash No. 3. However, this may not be possible 
and, as explained, Awash No. 4 may be required. 

Future deficiencies in the power supply for both Cases A 
and B can be met by the Finchan Sub-Basin powerplants, together 
with the four Awash plants, for some time into the future, perhaps 
to the year 1980 or 1981 even at an optimistic rate of load growth. 
This is illustrated by Tables VII-52 and VII-53 for Cases A and B, 
respectively. The Interconnected System, as it will appear (Case A 
or B) in 1971, is shown on Drawing No. 4.0-Et-14. 
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TABLE VII-52
 

Depend-
able 

system 
capacity 

Year (kw(E.) 

1966 65,000 
1967 65,000 
1968 102,000 
1969 102,000 
1970 102,000 
1971 139,000 

1972 139,000 

1973 139,000 

1974 219,000 

1975 219,000 

1976 219,000 

1977 219,000 

1978 299,000 
1979 299,000 

1980 299,000 

1981 299,000 


- ESTIMATED FUTURE NEEDS FOR ADDITIONAL 
CAPACITY USING FINCHAA SUB-BASIN 
FACILITIES--1968-1980 (CASE A) 

System
 
coinci
dental 
peak 

demand 

36,200 
43,300 
51,600 

62,000 

72,200 

82,600 

94,300 

107,300 

119,100 

134,100 

150,400 

169,000 

187,500 
204,000 

225,000 

247,000 


Surplus (+) 
or 

deficit (-) 
(kw). 

+28,800 
+21,700
 
+50,400 

+40,000
 
+29,800
 
+56,400 

+44,700 
+31,700
 
+99,900 

+84,900
 
+68,600
 
+50,000
 

+fl1, 500 
+95,000
 
+74,000
 
+52,000
 

New 
generating 
facilities 

37-aw. Awash No. 2 added 

37-mw. Awash No. 3 added 

37-mw. Awash No. 4 added 

80-mw. Finchaa added 

80-a. Neshe added
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TABLE VII-53 

Depend-
able 

system 
capacity 

Year (kw.) 

1966 65,000 
1967 65,000 
1968 102,000 
1969 102,000 
1970 102,000 
1971 139,000 
1972 139,000 
1973 139,000 
1974 219,000 
1975 219,000 
1976 219,000 
1977 219,000 
1978 299,000 
1979 299,000 
1980 299,000 

- ESTIMATED FUTURE NEEDS FOR ADDITIONAL 
CAPACITY USING FINCHAA SUB-BASIN 
FACILITIES--1968-1980 (CASE B) 

System 
coinci
dental Surplus (+) 
peak or New 

demand Aeficit (-) generating 
(kw.) (kw.) facilities 

36,200 +28,800 37-mw. Awash No. 2 added 
43,300 +21,700 
51,600 +50,400 37-mw. Awash No. 3 added 
62,000 +40,000 
72,200 +29,800 
82,600 +56,400 37-mw. Awash No. 4 added 
94,300 +44,700
 

107,300 +31,700
 
121,600 +97,400 80-mw. Finchaa added
 
135,600 +83,400 
152,100 +66,900 
188,800 +30,200 
210,900 +88,100 80-mw. Neshe added 
230,000 +69,000 
255,000 +44,000 
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probable single-line diagram of the Interconnected System as it 
may exist in 1980, Case A only. 

Estimated Power Costs 
of Alternative Sources 

Direct power benefits as discussed in SECTION VIII can be 
measured by the lesser of two figures--the estimated cost of the 
most economical alternative source of equivalent power likely to be 
developed in the market area in the absence of either of the projects 
in the Finchas Sub-Basin, or the estimated value of power to the 
users in cases where an alternative to Finchaa Sub-Basin plants may 
not exist or where alternative costs would exceed the maximum rates 
at which the power could be marketed. The alternative source most 
likely to be developed is an oil-fired, steam-electric powerplant 
located near the principal load center, Addis Ababa. The estimated 
power costs of alternative sources are obtained first for the Finchas 
powerplant and second for the Neshe powerplant. 

Although the installed capacity may be the same (80 mw.) 
for both the Finchaa and Neshe plants, the Neshe plant is capable 
of slightly greater annual energy generation than is the Finchaa. 

Finchaa Hydroelectric Powerlant and Related Facilities 

Eauivalent Steam Plant at Akaki--Size and Description of 
Facilities. The Finches powerplant can deliver to the Addis Ababa 
load center a maximum of 343,692,000 kw.-hr. in an adverse water 
year, allowing for losses and system use. For an equivalent steam
electric plant located on the Aba Samuel Reservoir near Akaki 
(see Dwg. No. 4.0-BN-85) to deliver the same amount of energy to
 
the same area as the Finchaa hydro, the Akaki steam plant would have
 
to be capable of generating 365,436,000 kw.-hr. (gross) per year. 
This considers delivery at the same voltage, considers all losses, 
and,also considers the much larger (five percent of gross) plant 
requirements for own use. The equivalent steam plant capacity would 
be 83.4 mw. The following characteristics were assumed. 

Millions of B.t.u. per hour = 433 

Superheat temperature = 9500 F. 

Operating pressure = 1,360 p.s.i.g. 

Steam Plant and Related Facility Construction Costs. Using 
steam plant boiler and generating facility cost curves developed 
for Ethiopia, the following costs were arrived at. 
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Boiler Plant Eth$6,500,00C 
Generating facilities 25.000,000 

Subtotal Eth$31,500,000
(Eth$394/kw. or US$158/kw.) 

Spur railroad, 7 km. long 441,000 
Access road, 2-lane, gravel, 7 Im. 464,000
Switchyard cost at steam plant 3,769,000 
Transmission lines, 2 each, 132-ky., 28 3m. 2,352,000 
Receiving-end substation (switching only) 1,218,000 

Total Eth$39,744,000 

Annual DOeration and Maintenance Costs. Fuel costs (furnace 
oil) will be substantial, as this is an imported item. The fuel has 
been assumed to have 40,700 B.t.u./kg. and costs Eth$128/metric ton, 
based upon fuel costs for the Addis Ababa steam plant. A total of 
93,292 metric tons of fuel oil would be required per year, costing 
Eth$11,941,376. The following costs were arrived at. 

Fuel costs Eth$11,941,376 
OM including lubrication oils 1,200,000 
Road and railroad 11,000 
Transmission lines and substation 35,000 

Annual Fixed Costs. The present government-owned authority, 
EELPA, pays a substantial tax each year to governmental units. The 
amount used here is not intended to reflect the same tax rate but 
is used for both the hydro facilities and their alternatives.
 

Taxes and insurance Eth$124,427 
Replacement reserve, all facilities 697,569 
Amortization 2,394,763 

Annual replacement costs were computed on the basis of five 
percent for 50 years, using service lives estimated to reflect 
conditions in Ethiopia. This included a service life of 25 years 
for the steam plant. 

Amortization was based upon a five percent interest rate
 
at 50 years and also included amortizing the cost of interest during
 
construction, amounting to Eth$3,974,400. 
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Summary of Annual Costs. All annual costs can be summarized
 
as shown below.
 

Operation, Maintenance, and Replacement 
Fuel costs 
O&M steam plant, lines, substations 
Road and railroad maintenance 
Replacement reserve 

Etb$11,941,376 
1,235,000 

11,000 
697,569 

Subtotal Eth$13, 884,945 

Amortization 2,394,763 

Other (taxes and insurance) 124,427 

Total steam alternative 
rounded to 

Eth$16,404,135 
Eth$16,400,000 

Cost of Alternative Enerrr. Cost of energy at the same 
load point as that from Finchaa hydroplant is as follows: 

Eth$16,400.000 = Etb4.77%/kw.-hr. (USL.91/kw.-hr.)
343,692,000 kw.-br./yr 

(Note: Eth4.72$/kw-hr. at busbar, steam plant.) 

Neshe Hydroelectric Powerplant and Related Facilities 

Eauivalent Steam Plant at Akaki (Acachi). Neshe facilities 
from the Finchaa Sub-Basin will follow some time after completion of 
the Finchea powerplant. Its alternative source at load center is 
also a steam plant located at Akaki, as shown by Drawing No. 4.0-BN-85. 

Size and Description of Facilities. The Neshe powerplant 
can deliver to the Addis Ababa load center a maximum of 360,457,000 
kw.-hr. in an adverse water year, allowing for losses and system use. 
To deliver the same amount of energy to the same area as the Neshe 
powerplant, the Akaki steam plant would have to be capable of 
generating 383,263,000 kw.-hr. (gross) per year. This also considers 
delivery at the same voltage, considers all losses, and considers the 
larger plant requirements needed by steam electric powerplants (five 
percent of gross) for its own use. 

The equivalent steam plant capacity would be 87.5 mw.,
and the plant would have the following assumed characteristics. 
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Millions of B.t.u. per hr. = 455 
Superheat temperature = 9500 F. 
Operating pressure = 1,360 p.s.i.g. 

Steam Plant and Related Facility Construction Costs. The 
following costs have been arrived at. 

Boiler plant Eth$6,800,000 
Generating facilities 26.000.000 

Subtotal Eth$32,800,000 
(Eth$375/kw. or US$150/kw.) 

Spur railroad, 7 km. long 441,000 
Access road, 2-lane, gravel, 7 km. 464,000
Switchyard cost at steam plant 3,769,000 
Transmission lines, 2 each, 132 kv., 28 km. 2,352,000 
Receiving-end substation (switching only) 1,218,000 

Total Eth$41,044,000 

Annual Operation and Maintenance Costs. The same assumptions
 
regarding fuel were made here as were used for the Finchaa Project
 
study. However, a total of 97.,957 metric tons would be required per
 
year, costing Eth$12,538,500.
 

Annual operation and maintenance costs are estimated as
 
follows. 

Fuel Eth$12,538,500 
OM including lubrication oils 1,200,000 
Road and railroad 11,000 
Transmission lines and substation 35,000 

Annual Fixed Costs. Costs falling into this category were 
estimated as shown below. 

Taxes and insurance Eth$128,976 
Replacement reserve, all facilities 724,869 
Amortization 2,473,094 

Summarv of Annual Costs. Total annual costs can be 
summarized as shown in the following tabulation. 

Operation, maintenance, and replacement
 
Fuel costs Eth$12,538,500 
O&M steamplant, lines, substations 1,235,000 
Road and railroad maintenance 11,000 
Replacement reserve 724,869 

Subtotal Eth$14,509,369
 
Amortization 2,473,094
 
Other (taxes and insurance) 128-976 

Total steam alternative Etb$17,111,439 
I rounded to Eth$17,110,000 
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Cost of Alternative Energy. The cost of energy at the 
same load point as that from the Neshe hydroelectric powerplant is 
shown below. 

Eth$17,flO, 0 
lv.h./yr = Ethb.75j/kw.-br. (Usl.90$/kw.-br.)360,457,000 

(Note: Ethk.70/kw.-hr. at busbar, steam plant.) 

Summary 

The average cost of steam electric generating stations in 
the United States in 1960 was US$152.50 per installed kilowatt of 
capacity, 2 exclusive of svitchyard. The busbar energy cost 
averaged USO.69$ per kilowatt-hour for all stations. This compares 
with the steam alternative for the Finchaa powerplant as follows: 

Cost of installed capacity US$158/ky. 
Cost of energy at busbar US$.0189/kw. -hr. 

The cost of energy from Akaki steam plant would range from 1.4 to 
about 2.0 times that in the United States, while the cost per 
installed kilowatt is comparable, based upon a European plant 
installed at Akaki. The high energy cost is largely attributed 
to higher fuel costs. 

Electrical World, 12th Steam Station Cost Survey, Oct. 2, 1961. 
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SECTION Vill - ECONOMIC ANALYSIS 

FINCHAA PROJECT 

Benefits 

Irrigation. Annual irrigation benefits of the Finchas 
Project are expected to be Eth$8,936,000 under full development 
conditions. The gross crop method of analysis shows the the 
Finchaa Project has an expected annual post-project income of 
Zth$595.70 per hectare. There is no pre-project income, so the 
increased income arising from project development is the same 
Eth$595.70. Applied to the full project, the gross income is 
approximately Eth$8,936,000 annually. 

This figure represents the gross value of crops expected 
to be produced in a single year under full development, assuming 
the stated crops, prices, and yields. Farm costs have not been 
deducted from this gross return, due to the lack of reliable and 
valid data. Consequently, the Eth$8,936,000 figure exceeds the 
net return to irrigation. It includes the direct benefits, which 
apply to the project area, and the indirect benefits, which apply 
to the economy outside the project. 

Benefits from irrigation arise at the farm or project 
level, but are' not confined there. Any farm expense, whether labor, 
supplies, or machine operation, represents farm costs, but creates 
a monetary benefit to the supplier of the. goods or service. Bene
fits are widespread, since the purchase of a single item may involve 
not only the local retailer and wholesaler, but possibly a jobber 
and importer. Sales of farm products create a similar type of 
chain reaction. 

To measure these indirect benefits, as well as the direct
 
benefits where farm costs can neither be measured nor predicted
 
accurately, the "gross crop income" method is used. Gross returns
 
are computed for farming operations, under full development condi
tions, and represent the value of the irrigation project to the
 
country as a whole. They are compared to the annual equivalent
 
costs of the irrigation project, in a benefit-cost ratio.
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Project labor will receive a large share of the benefits, 
since field labor, excluding farmers, will be required at the prob
able rate of one man per hectare. Benefits accruing to the dealers 
who handle, process, and market the crops, and to those who supply 
goods and services needed on the project, make up another large 
component. And still another monetary benefit will be the profits 
to farmers and to the project. 

Many nonmonetary benefits will arise as a result of project 
development. The improvements in housing and diet, in sanitary and 
medical facilities, the increased opportunity to educate the 
children, the beginning of a rural land market, and the chance to 
acquire and practice new skills are important. But most important 
will be the creation of a class of independent, capable, comercial 
farmers. This is the final goal of the Finchaa Project and is 
probably the greatest single benefit that will be attributed to 
irrigation project development in Ethiopia. 

No precise measurement of tax benefits to the national 
treasury is presented, but the pattern of levying taxes on agricul
tural projects in Ethiopia is well established. Therefore, a portion 
of the gross income would be paid in taxes each year. The amount 
could be known only after operations had commenced and governmental 
policy regarding land taxes and tithes, health and education taxes, 
and taxation of wages and private income had crystallized. 

The effect of the investment on the Ethiopian economy should 
not be overlooked. Although plans regarding the source and amount of 
foreign and local capital are not yet formulated, certainly a major 
part of the capital would be of foreign origin. Construction of the 
multiple-purpose Finchea Project will exceed Eth$91,OOOOOO; the 
effect of a sm of this magnitude on the Ethiopian economy will be 
enormous. 

Both the positive and the negative effects of this input of 
capital must be considered. Positive effects can take the form of 
increased demand and employment; negative effects, the form of infla
tion or the withholding of scarce physical resources from other 
segments of the economy during the construction period. 

For any irrigation project there is a period between the 
initiation of development of project lands and full project develop
ment. This period, called a "lag," is of uncertain duration for the 
Finchaa Project, or indeed for any irrigation project in Ethiopia. 
Many questions regarding the rate of growth remain unanswered. But 
until full benefits are realized, the project cannot produce 
Eth$8,936000 in gross crop value annually. 
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To offset the period before full project benefits are 
realized, a conservative approach is used for crop yields and land 
utilization. Yield figures are based upon similar irrigated areas 
and adjusted for the Finchaa valley. But they have not been projected 
upward for the future. Since comercial crops are constantly being 
improved, new varieties developed, and better techniques adapted, it 
is reasonable to assum that yields would be higher in the future. 
This is especially true because an experimental farm is planned for 
every irrigation project. If yields increase, monetary returns 
would be higher. 

The cropping pattern projects only one planting of each 
crop per irrigation season. This also understates future incom, 
since fuller utilization of project lands is probable after opera
tions have becom well established. 

Consequently, ultimate crop incom my well exceed the 
Eth$8,932,000 figure. This would tend to offset the early period when 
less than full returns were realized. It is probably more justifi
able to assume that incom greater tb Eth$8,932000 willbe achieved 
toward the end of the development period, to balance or offset the 
early years when less was realized, than it is to attempt to predict 
the duration and the extent of -he lag. 

The contribution of the Finhans Project to the gross 
national economy of Ethiopia should be considered. The G.N.P. of 
Ethiopia is expected to reach Eth$2,400,000,O0 ./ by 1964. Under 
ultimate development the Finchaa Project should contribute 
Eth$25,336,000 yearly. Although the figures are not strictly com
parable due to the lag in development and the techniques of comput
ing irrigation and power benefits, still a contribution of this size 
would be significant to the agricultural, agricultural processing, 
electric power, and the manufacturing sectors of the economy. 

Power. Two broad categories of power benefits are used:
 
direct, and indirect and intangible. Direct power benefits are.
 
evaluated in monetary terms and comprise the only category used in
 
this study to evaluate benefits when comparing with costs to arrive
 
at a benefit-oost ratio. Indirect and intangible benefits, although
 
very important, have not been evaluated in monetary terms in this
 
study and hence are not included in the total annual monetary bene
fit used to compare with costs.
 

Direct power benefits are the values placed on the sup
plies of electric power and energy delivered at wholesale prices to 
muicipalities, federal agencies, or privately owned public utilities. 
For this study, it could be the value placed on delivery to the EEIPA at 
Addis Ababa. 

1/USlD/thiopia, 1962. 
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In principle, the value or benefit of this service is the 
market price that EELFA would pay for designated amounts of particu
lar classes of power and energy at specific times and points of 
delivery. In practice, direct power benefits are measured by the 
lesser of two figures--the estimated cost of the most economical 
alternative source of equivalent power likely to be developed in the 
market area in the absence of the project, or the estimated value of 
power to the users in cases where an alternative to IEG project 
development may not exist or where alternative costs would exceed 
the maximum rates at which the power could be marketed. For this 
study, it was determined that the alternative source of equivalent 
power would be an oil-fired steam plant located near Addis Ababa at 
Akaki. (See SECTION VII.) Direct power benefits by this method are 
estimated at Eth$16,400,000 annually. Power benefits may be realized 
at downstream powerplants as a result of planned water releases 
upstream. In this study, there are no existing downstream plants, 
but these may develop in the future. 

Indirect and intangible power benefits, although not 
measured in monetary terms, occur by virtue of the existence and 
operation of the project features. For the Finehaa Sub-Basin Projects, 
these intangible benefits are as follows: 

1. Effectuation of greater dependability and continuity of 
power service through the integration and coordination of Finebaa 
Sub-Basin powerplants with the Awash powerplants. 

2. Contribution to effective industrial, commercial, and 
urban development to help achieve the national goal of transform
ing the present agricultural economy to an agricultural-industrial 
economy by 1982. 

3.- The raking available of larger blocks of power useful 
in a national emargeney, and so contributory to national security. 

4. Conservation of foreign exchange by reduction of the 
need for importation of fossil fuels. 

Some indirect benefits resulting from the construction of
 
the Finehaa Sub-Basin Projects are as follows:
 

1. Sedimentation control. In the future, other reservoirs 
may be constructed downstream on the Blue Nile River, and in some 
small measure the Finchaa Project reservoirs will contribute 
toward the prolongation of the useful lives of downstream reser
voirs, resulting in the extension of the power and other benefits 
that they may provide. 
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2. Fish and wildlife conservation. Ultimately, the reser
voirs, when planted with the proper species, may provide a good 
source of fish to supplement the diets of the local people or 
even produce enough to warrant commercial development. The 
existing swamps produce no fish at present. 

Of the indirect and intangible benefits, the contribution 
of the projects toward developing the industrial, commercial, and 
urban segments of the economy nay be considered the nost important. 
In a country which has no local supply of oil, coal, or other eco
nomical source of energy in commercial quantities, the necessity to 
import large quantities of fuel provides a deterrent to large scale 
development.. Not only is imported fuel costly to use, but the import 
expenses can place a severe load on the economy which has to provide 
sufficient exports to meet the bill. 

Ethiopia, with the establishment of the Koka dam and with 
continued additions to the hydroelectric power supply, Including the 
Finchaa and Amarti-Neshe facilities, will solve the industrial fuel 
problem by providing for its own domestic source of power. It has 
or can obtain the other means of industrial production--labor, 
materials, and enterprise--although the latter is perhaps in short 
supply now. 

Diversification of the economy, placing greater emphasis 
on industrialization, can form a basis for permanent improvement of 
living standards, in turn resulting in better health, education, and 
per capita income. The stimuli to industrialization provided by 
ample hydroelectric supplies are three: 

1. By reducing initial costs of power intallations and 
the total cost of providing power during the lifetime of any 
particular industrial concern. 

2. By providing sufficient quantities of power, as and 
when required. 

3. By providing flexibility in use of electricity as 
opposed to other forms of power. 

The beneficial effects of industrialization as they apply 
to Ethiopia may be summarized as follows: 

1. Greater use is made of Ethiopia's own resources so that 
a higher proportion of the final value of the country' s products 
can be retained in the country, reducing imports. 
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2. A new class of artisans will be created which, in
 
turn, necessitates and brings about a gradual improvement in
 
educational standards. The new conditions of working and
 
earning encourage the raising of living standards by giving
 
the people incentives to own material things.
 

Costs 

Construction. Construction costs for the multiple-purpose 
Finchaa Project, excluding land development costs, are Eth$86,127,000. 
These include Eth$16,112,000 for the irrigation facilities, 
Eth$65,177,000 for the power facilities, and Eth$4,838,000 for the 
joint-use facilities. Iand development costs are Eth$5,325,000 and 
bring total construction and development costs to Eth$91,452,Oo. 
Construction costs are amortized over a fifty-year period at five 
percent interest. 

Interest during Construction. Interest during the con
struction period is an economic cost of the Finchaa Project. It 
represents the cost of borrowing the funds required during the four
or five-year period of construction, preceding the fifty-year period 
of project operations. Benefits are calculated for the fifty years 
following construction, but the cost of borrowing the money before 
benefits are realized must be included to make the ratio of benefits 
to costs as complete as possible. 

Simple interest is charged on monies borrowed to construct 
the project, and is amortized over the fifty-year period of analysis 
at five percent. Five years are required to construct the irriga
tion facilities, four years for the power and joint-use facilities. 

Total interest during construction is Eth$9,015,500 
(Eth$9,016,000). This includes Eth$2,014O,000 for irrigation, 
Eth$6,517,700 for power, and Et14483,800 for the joint-use facilities. 

Development Costs. Iand development constitutes two 
factors--land clearing and land leveling. The Finchaa Project area 
lies in the tropical savannah classification of Ethiopian forest 
and supports a heavy growth on the land. Clearing costs are 
expected to approximate Eth$230 per hectare, or Eth$3,450,000 for 
the entire project. 

The land is moderately gentle to rolling, and leveling 
costs are expected to be Eth$125 per hectare, or Eth$1,875,000 for 
the project. Therefore, total land development costs should be 
Eth$5,325,000 for the project, or Eth$292,000 per year when amortized 
over the fifty-year period of analysis at five percent interest. 
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Operation, Maintenance, and Replacement Costs. Personnel 
expenses for operation, maintenance, and replacement of the Fineba 
Project are expected to be about Eth$255,000 per year. Costs for 
equipment, supply, and general expenses should average Eth$285,000. 
Therefore, yearly costs for the irrigation function of the Finchaa 
Project should be Eth$540,OO0 annually. In addition, Eth$48,ooo 
will be required yearly for operation, maintenance, and replacement 
of the portion of the joint-use facilities allocated to irrigation. 
Total costs then would be Eth$588,000 per year. 

Other Costs. In addition to the construction, interest 
during construction, land development, and operation, maintenance, 
and replacement costs, still other costs exist for which no account-
Ing is made in this reconnaissance study. These include the costs 
of constructing roads from the nearest highway into the project 
area, eradicating the present and potential diseases which make 
human life hazardous in the valley, acquiring the lands for project 
use, and the costs which are associated with land settlement. 

A highway exists from Addis Ababa through the village of 
Gedo, the closest point to the Finchaa Project area. A trail north 
from Gedo to the hamlets of Shambo and Haratu is not usable for 
heavy hauling, nor does it extend to the Finchas valley. 

Although access roads are planned as costs of the project, 
these will cover only the distance from the edge of the escarpment 
to the lower end of the project. Therefore, a road is required from 
Gedo to the escarpment edge, a distance of same 60 to 70 kilometers. 
The construction, which would involve considerable cost to the govern
ment, would probably be delegated to the Imperial Highway Authority. 

At present the valley is uninhabited; this is thought to 
be because animal and human diseases make the area unsafe for life 
and livelihood. Cattle diseases are less important, because stock 
will be kept only on a small scale (see "Livestock"). Nevertheless, 
animal health should be considered by the Ministry of Agriculture. 
Human disease is a paramount problem. The Anopheles mosquito and 
the Glossina tsetse fly make vector control necessary. And equally 
important is the danger of bilharziasis, a disease which does not now 
exist in the Finchas valley. Bilharziasis or schistomiasis is a 
water-borne sickness which tends to follow the introduction of irri
gation in Africa. The disease is caused by a group of blood flukes 
(Schistosoma species) and is carried by certain fresh-water snails 
(Bulinus or Physopsis species). Control of the snails is essential, 
and they appear to thrive in such shallow watery areas as irrigation 
canals and ditches. Costs of combating bilharziasis, other water
borne diseases; and injurious insects may be high for irrigation 
projects. .Cooperation with the Ministry of Health is essential. 
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No costs have been assigned for the acquisition of project 
lands. Inasmuch as the Finchas valley is unoccupied, no major 
expenses should be involved, although the local people living in the 
Chomen Swamp may claim ownership of. the land. 

Settlement costs and social and technical services are not 
included. A permanent camp is planned, but this is not intended to 
house farmers or laborers. Costs involved in moving people into the 
area and providing them the necessities until they can become self
supporting will require consideration in a detailed study. The cost 
of educating the children, providing sanitation systems and other 
social overhead services, and paying the agricultural, engineering, 
and health education specialists should be considered later. Each 
of these costs, whether for road construction, disease control, or 
acquiring and settling land, is real and must be considered when a 
final evaluation of the Finchaa Project is made. The sum of all 
costs should be measured against expected benefits to develop a more 
refined benefit-cost ratio, and to present precise financial data 
when a project loan is requested. 

Annual Cost Equivalents. To determine the ratio of bene
fits to cost for the multiple-purpose Finchan Project, annual equiva
lent costs are compared to annual benefits. Table VIII-1 summarizes 
the costs on a fifty-year and an annual equivalent, at five percent 
interest. All figures are shown in thousands of Ethiopian dollars. 

Benefit-Cost Analysis 

Annual benefits from the Finchas Project, under full develop
ment conditions, are Eth$25,336,OO0. Annual equivalent costs are 
Eth$7,373,000, assuming a fifty-year period of analysis and a five 
percent rate of interest. 

On this basis, the ratio of benefits to cost for the Finchaa 
Project is: 

Eth&5,336,000 = 3.44 to 1.00 
Eth$ 7P373:000 

The following cost allocation discussion allocates the joint 
costs, in order to determine separate benefit-cost ratios for irriga
tion and power. 
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TABIE VIII-1 - SUIARY OF COSTS AND ANNUAL COST EQUIVALENTS
 
FINCHAA PROJECT 

Interest 
Construe- during 

Feature tion Construe-
cost tion 

Irrigation
 

Diversion dam 545 68 
East Main Canal 3,031 379 
West Main Canal 1,989 249 
Distribution and 10,547 1,318 

drainage system 
Land development 5,325 -

Subtotal, 21,437 2,014 

irrigation
 

Pbwer 

Diversion dam 210 21 
Powerplant 11,015 1,102 
Power tunnel 32,948 3,295 
Transmission 21,004 2,100 


lines, etc.
 

Subtotal, 65,177 6,518 
power 

Joint facilities 

Finehaa Dam and 682 68 
Reservoir 

Access roads 1,812 181 
Permanent camp 2,344 235 

Subtotal, 4,838 484 
Joint facilities 

Total 91,452 9,016 

(ETH$1,000) 

Capital inerest 
costs and

Amiortize-
tion 

Annual 

OM&R Total 

613 
3,410 
2,238 

f1,865 

5,325 

23,451 1,285 540 1,825 

231 
12,117 
36,243 
23,104 

71,695 3,927 1,224 5,151 

750 

1,993 
2,579 

5,322 291 106 397 

100,468 5,503 1,870 7,373 
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Cost Allocation. There are two separate functions of the 
multiple-purpose FinchaaProject--irrigation and power. Some physical 
facilities are constructed specifically to serve irrigation, others 
specifically to serve power. Several, including the Finchaa Dam, the 
access road, and the permanent camp, are joint facilities constructed 
to serve both functions. The total costs of irrigation and power, 
therefore, are the cost of the facilities constructed specifically 
for that function, plus a portion of the costs of the joint facilities. 

The Alternative Justifiable Expenditure mthod of cost 
allocation allocates costs of multiple-purpose projects according to 
a maximn allocation, a minimum allocation, and a sharing of joint 
costs. The maximum allocation, called the justifiable expenditure, 
is the highest cost that can be assigned to a function. This figure 
is the lesser of either the benefits expected to arise from construe
tion and operation of the project, or of the costs of obtaining the 
same amount of benefit from the mst likely alternative built in the 
absence of the project. The minimum allocation is the lowest cost 
which can be assigned to a function. It is the specific cost, or 
the cost which would be incurred only for irr.iZation 
or only for pow e r. Specific costs include such facili
ties as the irrigation diversion dam, the powerplant, or the power 

tunnel. The joint costs are for facilities which are constructed to 
serve both functions, such as the Finehaa Dam or the access roads. 

The allocation for irrigation or power is less than the 
maximum allocation but greater than the mininmm allocation. It 
consists of the specific costs for each function, plus a sharing of 
the joint costs. 

For the Finchaa Project, the costs of building the most 
likely alternative for both irrigation and power are less than the 
expected benefits which will arise from construction and operation 
of the project. The alternative costs, therefore, are the justifi
able expenditure. The specific costs of irrigation are subtracted 
from the justifiable expenditure of irrigation; the sam is done for 
power. The remainders are called the remaining justifiable expendi
ture. They are added together, and divided proportionally between 
irrigation and power. 

Joint costs are then allocated to irrigation and power by 
these percentages, and added to the specific costs of each function. 
Therefore, total allocated costs of irrigation and of power are the 
sum of the specific costs of each function, plus a share of the 
joint costs. 

Table VIII-2 lists specific and joint costs of the Finchaa 
Project, and Table VIII-3 allocates costs according to the Alternative 
Justifiable Method. 
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TABIE VIII-2 - SPECIFIC AND JOINT COSTS OF THE FINCHAA PROJECT 
(Eth$1,000) 

Interest Present 
Item Construction during 

Construction 
Annual 

OM&R 
worth 
Oa&R 

Total 

Specific costs 
Irrigation 
Power 

21,437 1 
65,177 

2,014 2/ 
6,518 

(540) 
(1,224)2/ 

9,858 
22,345 

33,309 
94,040 

Joint costs 4,838 484 (106) 1,935 7,257 

Total 91,452 9,016 (1,80) 34,138 134,606 

0/Construction Eth$16,112 
Developnmnt 5,325 

21,437 

/Interest during construction is not applied on development costs. 

3/Operation, maintenance, and replacemnt Eth$1,126 
Taxes and insurance 

1,224 
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TABLE VIII-3 - ALLOCATION OF COSTS OF THE FINCHAA PROJECT,
 
BY USE OF THE ALTERNATIVE JUS1IFIABLE METHOD (ETH$1,000)
 

Item 	 Irrigation Power Total 

Costs to be allocated 	 134,606 

1. 	 Annual benefits 8,936 16,400 25,336 
Benefits capitalized 163,135 299,397 462,532
 

2. Alternative costs 37.742 99,326 137,068 
Construction 24,322 1/ 68,672 92,994 
Interest during 2,375 6,867 9,242 
construction g/ 

OMER 11,045 23,787 34,832 
(Annual OM&R) (605) (1,303) (1,908) 

3. 	 Justifiable expenditure 37,742 99,326 137,068 

4. Specifie costs 3,309 94,040 127.349 
Construction 21,437 J/ 65,177 86,614 
Interest during 2,014 6,518 8,532 
construction a 

OM& 9,858 22,345 32,203 
(Annual OM&R) (540) (1,224) (1,764) 

5. Remaining justifiable 4,433 5,286 9,719 
expenditure 

6. 	 Percentage distribution 45.6 54.4 100.0 

7. 	 Allocated oint costs 202 3948 7.257 
Construction 2,206 2,632 4,838 
Interest during construction 221 263 484 
OM&R 882 1,053 1,935 
(Annual Ou&a) 	 (48) (58) (106) 

8. 	 Total allocated costs 36618 97.9 134,606 
Construction 23,643 67,809 91,452 
Interest during construction 2,235 6,781 9,016 
OMw 	 10,740 23,398 34,138
 
(Annual Ow&) 	 (588) (1,282) (1,8?0) 

lJInxludes land developmnt costs of Eth$5,325
 
2Mo interest during construction is charged on land development costs.
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Benefit-Cost Analysis. Irrigation. Annual irrigation bene
fits are Eth$8,936,000 and total costs allocated to irrigation are
 
Eth$36,618,000. Table VIII-4 reduces irrigation costs to an annual
 
equivalent basis, and indicates that annual costs chargeable to
 
irrigation are Eth$2,006,000.
 

TABLE VIII-4 - SUMARY OF IRRIGATION COSTS, FINCHAA PROJECT (ETH$1,000) 

Interest Annual 
Construe- during Capital Interest 

Feature tion Construe- costs Am fizan 012e Total 
tion tion 

East Main Canal 3,031 379 3,410 
West Main Canal 1,989 249 2,238 
Distribution and 10,547 1,318 11,865 

drainage system 
Service facilities 1,895 190 2,085 

Subtotal, 17,462 2,136 19,598 1,074 577 1,65T 
canal system 

Finchaa Dam and 311 31 342 10
 
Reservoir 

Irrigation diversion 545 68 613 1 
dam 

Subtotal, 856 99 955 52 U 63 
diversion and 
storage system 

Land developent 5,325 - 5,325 292 - 292 

Total 23,643 2,235 25,878 1,418 588 2,00
 

On this basis, the ratio of benefits to costs for irrigation

is:
 

EthS8.936,000 
= 4.45 to 1.00Eth$2,006,000
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Benefit-Cost Analysis, Power. Annual power benefits are 
Eth$16,400,O0o and total costs allocated to power are Eth$97,988,000 
Table VIII-5 reduces power costs to an annual equivalent basis, and 
indicates that annual costs chargeable to power are Eth$5,367,000. 

TABLE VIII-5 - SUMARY OF POWER COSTS, FINCHAA PROJECT (Eth$1,000) 

Feature 


Power diversion dam 

Powerplant 

Power tunnel 


Subtotal, power 

generation
 

Transmission plant 
Service facilities 


Subtotal, trans-

mission and
 

Interest 
Construe- during Capital 

tion Construe- costs 


n 


210 1 21 231 
11015 1,102 12,117 
32,948 3,295 36,243
 

44,173 4,418 48,591 


21,004 2,100 23,104
 
2,261 226 2,487
 

23,265 2,326 25,591 


service facilities 

Finchaa Dam and 
Reservoir 

371 37 408 

Total 67,809 6,781 74,590 

Annual 
Interest 
Amonza- OMlR 
tionon 

Total 

2,662 704 3,366 

1,401 565 1,966 

22 13 35 

4,085 1,282 5,367 

On this basis, the ratio of benefits to costs for power is: 

Eth$16.400.000 = 3.06 to 1.00
 
Eth$ 5,367,000
 

208
 



AMARTI-NESHE PROJECT 

Benefits 

Irrigation. Annual irrigation benefits of the Amarti-

Neshe Project are expected to be Etht5,o62,000 under full development 
conditions. The gross crop income method of analysis shows that the 

Amarti-Neshe Project has an expected post-project income of Eth$595.70 

per hectare. There is no pre-project income, so the increased income 
arising from project development is the same Eth$595.70 per hectare. 
Applied to the full project, gross crop income is approximately 

Eth$5,060,ooannually. 

This gross income, or gross annual benefit arising fran 
irrigation, will produce a similar reaction on the Ethiopian economy 
as the irrigation benefit from the Finchaa Project. However, the 
extent of the reaction will be less, since the gross benefit is 

smaller for the Amarti-Neshe Project. 

Power. The same general statements made for the Finchaa 
Project apply here. The direct power benefit was arrived at in the 

same manner--i.e., using the alternative cost principle based upon 
a steam electric poverplant located near Addis Ababa. (See SECTION 
VII.) Direct power benefits by this method are estimated at 

Eth$17, 110,000 annually. 

The indirect and intangible power benefits to which no 
monetary value has been assigned are as outlined for the Finchan 

Project. 

Costs 

Construction. Construction costs for the proposed multiple

purpose Amarti-Neshe Project, excluding land development costs, are 

Et3$123,020,000. These include Eth$9,487,000 for the irrigation 

facilities, Eth$56,274,oo0 for the power facilities, and 
Eth$57,259,000 for the joint-use facilities. land development costs 
of Eth$3,014,000 bring total construction and development costs to 

Eth$126,034,000. Construction costs are amortized over a fifty-year 
period at five percent interest. 
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Interest during Construction. Interest during the con

struction period for the Amarti-Neshe Project is Eth$12,539,175 
(Eth$12,539,000). This includes Eth$1,185,875 for irrigation, 
Eth$5,627,lDOo for power, and Etb$5,725,900 for the joint-use 

facilities. Interest during construction is amortized over a 
fifty-year period at five percent interest. 

Development Costs. The Amarti-Neshe Project lies in the 

tropical savannah classification of lowland Ethiopian forest, and 

the vegetative growth on the project area is of sufficient thickness 

to classify the clearing costs as "heavy". Clearing costs are 

expected to approximate Eth$230 per hectare, or Eth$1,952,700 for 

the entire 8,1490-heetare project. 

The Amarti-Neshe Project area is gentle to rolling and 

falls into the "moderate" category of leveling. This category 

carries a charge of Eth$125 per hectare, or Eth$1,06l,250. 

Total clearing and leveling charges, collectively called 

development costs, are Eth$3,013,950 (Eth$3,014,000). Annual 

charges, determined by using the five-percent, fifty-year period 

factor, are Eth$165,000. 

Operation, Maintenance, and Replacement Costs. Personnel 

costs required to operate and maintain the distribution and storage 

system of the 8,490-hectare Amarti-Neshe Project should be 

Eth$173,000 yearly. Costs for equipment, supplies, and general 

expenses will be approximately Eth$178,000 annually, for a total of 

Eth$351,000. In addition, Eth$31,000 will be required annually for 

operation, maintenance, and replacement of the portion of the joint

use facilities allocated to irrigation. Total costs then would be 

Eth$382,000 per year. 

Other Costs. The same type of additional costs expected in
 

the Finchaa area will apply to the Amarti-Neshe area. The costs of
 

combating diseases, settling people in this new area, and social and
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technical services will be substantial for this area, as they will be 
for the Finchaa. However, there will be no need to construct a road 
from Gedo, since this will be done for the Finchaa Project. Further
more, unit costs of other factors may be cheaper, due to experience 
gained when developing the Finchaa. 

Annual Cost Equivalents. To determine the ratio of benefits 
to costs of the multiple-purpose Amarti-Neshe Project, the annual equiva
lent costs are compared to annual benefits. Table VIII-6 summarizes 
the costs on a fifty-year and on an annual equivalent basis, at five per
cent interest.
 

TABLE VIII-6 - SUMMARY OF COSTS AND ANNUAL COST EQUIVALENTS-
AMARTI-NESHE PROJECT (ETH$1,000)
 

Interest Annual 
Feature Construe- during con- Capital Interestl 

tion costs struction Costs and amor- OM&R Total 
tization 

Irriantion 

Diversion dam 280 35 315 
South Main Canal 1,994 249 2,243 
North Main Canal 979 123 1,102 
Distribution and 6,234 779 7,013 

Drainage System 
Land Development 3,014 - 3,014 
Subtotalirrigation 12,501 1,186 13,687 750 351 1,101 

Powerplant 37,247 3,725 40,972 
Power tunnel 2,251 225 2,476 
Power canal 
Transmission 

2,213 
14,563 

221 
1,456 

2,434 
16,019 

lines, etc. 
Subtotal, power 56,274 5,627 61,901 3,391 1,244 4,635 

Joint Facilities 

Amarti dam and 12,267 1,227 13,494 
reservoir 

Neshe dam and 39,867 3,987 43,854 
reservoir 

Access roads 2,938 294 3,232 
Permanent camp 2,187 218 2-405 
Subtotal, joint 57,259 5,726 62,985 3,450 129 3,579 
facilities I I I I I 
Total 126,034 12,539 138,573 7,591 1,724 9,315 
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Benefit-Cost Analysis 

Annual benefits from the Amarti-Neshe 
Project under full development conditions are Eth$22,172,000. Annual
 
equivalent costs are Eth$9,315,000, assuming a fifty-year period of
 
analysis and a five-percent rate of interest. On this basis, the
 
ratio of benefits to costs for the Amarti-Neshe Project is: 

Eth$22,172,000 = 2.38 to 1.00 
Eth$ 9,315,000 

The following cost allocation discussion allocates the joint 
costs, in order to arrive at separate benefit-cost ratios for 
irrigation and for power. 

Cost Allocation. The Alternate Justifiable Expenditure 
method of cost allocation is used to allocate joint costs of the 
Amarti-Neshe Project between irrigation and power. Table VIII-7 
lists the specific and joint costs of the project, and Table VIII-8 
allocates costs according to this method. 

TABLE VIII-7 - SPECIFIC AND JOINT COSTS OF THE 
AMARTI-NEHE PROJECT (E$1,000) 

Interest Annual Present 
Item Construction during 

Construction 
OMCR Worth, 

QM&R Total 

Specific Costs 
Irrigation 12,501-" 1,1862/ (351) 6,408 20,095 
Power 56,274 5,627 (1,244)2/ 22,710 84,611 

Joint Costs 57,259 5,726 (129) 2,355 65,340 

Total 126,034 12,539 (1,724) 31,473 170,046 

1/ Construction $9,487 
Development 3.014 

12,501
 
2/ Interest during construction is not applied on development costs 

'2/Operation, maintenance, and replacement $1,160 
Taxes and insurance 84 

1,244 
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TABLE VIII-8 - ALLOCATION OF COSTS OF THE AMARTI-NESHE PROJECT
 
BY USE OF TE ALTERNATIVE JUSTIFIABLE METHOD (ETH$1,0o)
 

Item Irrigation Power Total 

Costs to be allocated 170,046 

1. Annual benefits 5,062 17,110 22,172 
Benefits capitalized 92,411 312,359 404,770 

2. Alternative costs 45 148,225 188,817 
Construction 29,2761 112,345 141,621 
Interest during constructionW 3,283 11,235 14,518 
O&R 8,033 24,645 32,678 
(Annual OM&R) (440) (1,350) (1,790) 

3. Justifiable expenditure 40,592 148,225 188,817 

4. 	Specific costs 20,095 81.611 104.706 
Construction 12,5011/ 56,274 68,775 
Interest during constructiond 1,186 5,627 6,813 
Ca&R 6,408 22,710 29,118 
(Annual CM&R) (351) (1,244) (1,595) 

5. 	Remaining justifiable expenditure 20,497 63,614 84,ll
 

6. 	Percentage distribution 24.4 75.6 100.00 

7. 	Allocated Joint costs 15,943 42322 65,3C4 
Construction 13,971 43,288 57,259 
Interest during construction 1,397 4,329 5,726 
CM&R 575 1,780 2,355
(Annual OM&R) (31) (98) (129) 

8. 	Total allocated costs 36,038 13.4008 170,046 
Construction 26,472 99,562 126,034 
Interest during construction 2,583 9,956 12,539 
am 6,983 24,490 31,473 
(Annual CMAR) 	 (382) (1,342) (1,724) 

i/ Includes land development costs of $3,014. 
2/ No interest during construction is charged on land development 

costs. 
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Benefit-Cost Analysis, Irritation. Annual irrigation
 
benefits are Eth$5,062,000, and total costs allocated to irrigation
 
are Eth$36,038,000. Table VIII-9 reduces irrigation costs to an
 
annual equivalent basis and indicates that total annual costs
 
chargeable to irrigation are Eth$1,974,000.
 

TABLE VIII-9 - SUMAARY OF IRRIGATION COSTS-
AMARTI-NESHE PROJECT (ETH$1,000) 

Interest Annual 
Feature Construc- during con- Capital Interest 

tion costs struction Costs and amor- OM&R Total 

South Main Canal 1,994 249 2,243 
North Main Canal 979 123 1,102 
Distribution and 6,234 779 7,013 

Drainage System 
Service Facilities 1,250 125 1,375 

Subtotal, Canal 10,457 1,276 11,733 643 375 1,018
 
System 

Amarti Dam and 2,993 299 3,292
 
Reservoir
 

Neshe Dam and 9,728 973 10,701
 
Reservoir
 

Irrigation 280 35 315
 
Diversion Dam
 

Subtotal, Diver- 13,001 1,307 14,30a 784 7 791 
sion and Storage 
System I 

Land Development 3,014 - 3,014 165 - 165 

Total 26,472 2,583 29,055 1,592 382 1,974
 

On this basis, the ratio of benefits to costs for irrigation
 
is:
 

Eth$5.062.000
 = 2.56 to 1.00
Eth$1,974,000
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Benefit-Cost Analysis. Power. Annual power benefits are 
Eth$17,110,000 and total costs allocated to power are Eth$134,008,000. 
Table VIII-10 reduces power costs to an annual equivalent basis, and 
indicates that annual costs chargeable to power are Eth$7,341,000. 

TABLE VIII-10 - SUMMARY OF POWER COSTS--AMARTI-NESHE 
PROJECT, (ETH$1,000) 

Interest al 
Feature Construc- during con- Capital Interest 

tion costs struction Costs and amor- OM&R Total 
tization 

Power canal 
Powerplant 
Power tunnel 

2,213 
37,247 
2,251 

221 
3,725 

225 

2,434 
40,972 
2,476 

Subtotal, power 
generation 

41,711 4,171 45,882 2,513 731 3,244 

Transmission plant 14,563 1,456 16,019
 
Service facilities 3,875 388 4,263
 

Subtotal, trans- 18,438 1,844 20,282 1,111 590 1,701
 
mission and
 
service
 
facilities
 

Amarti Dam and 9,274 927 10,201 
Reservoir 

Neshe Dam and 30,139 3,014 33,153 
Reservoir 

Subtotal, storage 39,413 3,941 43,354 2,375 21 2,396 
system 

Total 99,562 9,956 109,518 5,999 1,342 7,341
 

On this basis, the ratio of benefits to costs is:
 

Eth$17.110,000 = 2.33 to 1.00 
Eth$ 7,341,000 
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SECTION IX - ADMINISTRATION AND OPERATION 

Governmental and Administrative
 
Organization
 

Administrative organizations responsible for the develop
ment of natural resources vary between nations, depending upon the 
objectives, laws, governmental policies, and availability of skills 
and financial supports. Responsibilities are frequently divided 
among several agencies. The need for a central organization to 
establish and apply uniform treatment to all sectors of developent 
and to coordinate the multiple uses and demnds upon resources is 
recognized. 

Resource development, however, is so complex that its
effects may reach to every unit of governmental organization, and 
all agencies of governmnt will share an interest, some to a greater 
extent than others. Therefore, the agency that mst administer the 
program should be so constituted as to recognize and consider the 
requirements and the responsibilities of other agencies of government. 

Initially, the Water Resources Department, an established 
agency under the direction of the Ministry of Public Works and Com
mnication, could becom the agency to administer the program. It 
could probably better serve the needs of the Nation if it were an 
autonomous agency operating under the broad direction of a board 
consisting of representatives from the ministries and agencies of 
the Government sharing major interest in this field. The primary 
purposes of the Water Resources -Department or any succeeding agency 
should be to conserve and safeguard the land and water -resources, 
promote orderly economic development of these resources, protect 
existing rights, provide for equitable distribution and allocation 
of water between the various uses, and guide the development of 
projects to the greatest beneficial use for the enjoymnt of the 
people of the Nation. 

Since the role to be played by the Water Resources Depart
ment in the development of land and water resources projects has not 
as yet been clearly defined and since no determination has been made 
regarding the methods of financing projects or repaying of the costs 
of construction, it would seem desirable for the Imperial Ethiopian 
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Governmnt initially to appoint an expert committee on resource 
development. The committee should consist of representatives of the 
various ministries and agencies, including represention from the 
Water Resources Department, supported by experienced consultants if 
required. It would review and study existing legislation and cus
toms relating to the utilization of land and water resources and the 
responsibilities of the various governmental agencies in- this field. 
This committee should recommnd legislation as required to provide 
the authority for a centralized agency for the developent of the 
Nation's land and water resources through the construction, opera
tion, and maintenance of hydroelectric, irrigation, and related 
projects. 

The committee should recomend: 

1. A charter for the centralized agency, setting forth the 
objectives, authority, and responsibility. 

2. A water code insuring adequate control and regulation 
of the use of water for power, agriculture, industry, and munici
pal and domstic supply. 

3. A plan to consolidate and/or coordinate the activities 
of the various agencies now operating in this field. 

4. A plan for financing the costs of projects and retire
mnt of obligations. 

The development of the basic organizational principles 
would then support the gradual developent of an organizational 
structure for the agency and for specific projects similar to that 
discussed and illustrated in subsequent paragraphs. 

Consideration should be given to the possible advantages 
of consolidating or merging existing agencies whose functions my 
overlap as the program for resource developent gains monmntum. The 
Surveys and Mapping Division of the Water Resources Departant and 
the Mapping and Geography Institute might well be consolidated into 
one Geodetic Survey and Mapping Agency. The Ethiopian Electric 
Light and Power Authority and the Water Resources Department have a 
comon purpose, except that the Water Resources Departant must 
consider multiple-purpose projects. The two could be consolidated 
under a comon board of directors with the forer becoming the Power 
Division of the new organization. The existing Water Resources 
Departant organization could becom the Engineering, Irrigation, 
and Development Divisions, and the Administrative Divisions of the 
two agencies could combine under the new central organization. These 
consolidations would reduce the cost of administration; recognize the 
value of an existing, well trained, and successfully operating power 

'301
 



unit; and provide for more efficient management as the organization 
grows to meet the expanding needs of multiple-purpose projects. 

Agricultural Operations 

National Goals 

The ultimate goal of agricultural development in Ethiopia 
is the more efficient use of the natural resources of the Nation to 
bring about greater production of agricultural products, improve the 
national economy, and create additional employment opportunities for 
the national labor force. At the same time, such development should 
also establish a system which will permit the emergence of a class 
of farmers who can successfully own and operate commercial farms 
and make independent mnagerial and cultural decisions. Such farmers 
would hold title to their lands, enjoy the benefits of a higher 
standard of living, and have a voice in the conduct of affairs of 
their commnity. 

This goal, which appears to be most advantageous both to 
the farmer and to the Nation in higher production of agricultural 
goods and in a stable land owning class of independent farmers, is 
not one that can be attained easily or quickly. A proper framework 
of legislation providing for land ownership and tenure and for an 
equitable system of taxation and other reforms is necessary. Equally 
important is the development of the aptitudes and abilities, as well 
as the incentive and ambition, of the individual farmer. 

Few farmers under the existing situation have the ability 
to operate a mdern irrigated farm successfully without considerable 
assistance and guidance. The Ethiopian farmer of today is a sub
sistence producer, using antiquated tools and implements and raising 
those crops which will met the immediate needs of his family. 
Storage facilities are poor; machinery and commercial fertilizers 
are unavailable; and the lack of roads and other transport facilities 
generally limits the area of marketing to the production area. The 
average Ethiopian family has an income of Eth$170 to Eth$300 per 
year ._ This income, to which the rural Ethiopian has become 
accustomed, provides the bare necessities of life. Under these con
ditions, the farmer contributes only a small amunt to the national 
economy, compared to his potential contribution if agricultural 
efforts were are efficiently organized. 

Farm Family Income Objective 

A stronger economy can be created if the farmer can acquire 
sufficient land and productive facilities to provide an adequate 

1/Sample surveys made by Water Resources Department personnel in.
 
Shewa, Wellegga, and Gojjam Provinces in 1960 and 1961.
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standard of living. The far's income level should enable him to 
pay for his farm over a period of years, provide adequate housing, 
educate his children, and put aside in savings an amount sufficient 
to meet emergencies and provide the necessities in later life when 
he is no longer able to perform productive labor. 

Annual farm income must be increased to meet these objee
tives. Studies of potential production from farms under an irriga
tion development in the Finchaa valley indicate that, under full 

development, an average farm size would be 17 hectares (42 acres). 
Thus the Finchaa Project with an ultimate size of 15,000 heetares 
would be divided into 880 farm units. This number of units would 
provide farming opportunities for 880 families directly and, when 
laborers and their families are included, agricultural livelihood 
for about 65,000 people. It would also create off-farm employrant 
opportunities for at least that many more. 

The 17-heetare size would be sufficient to provide an 
adequate standard of living for the farm family, pay farm expenses,
and provide a contingency factor for energencies, capital savings, 
and a small fund for future taxation. This is based upon the land 
utilization pattern, crop prices, and yields outlined in Tables VI-4 
and VI-7, SECTION VI. The improved level of living includes a bet
ter house, a more plentiful and varied diet, and proper edical and 
educational facilities. Estimates of income requirements to achieve 
these family living allowances are of a reconnaissance nature, based 
largely on surveys taken in Ethiopia in recent years, and are shown 
in Table IX-1. 

TABLE IX-1 - CASH REQUIREMENT PER FAILY 

Amount 
Itemmer year 

(Eth$)
 

Housing 30 
Food 470 
Beverages 151 
Clothing 222 
Utilities 226
 
Education 100
 
Health, religion, and entertainment 57
 
Sundries 106
 

Total 1,362 
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The Eth$1,362, plus the contingency, capital savings, and 
taxation factors, would be provided by the average 17-hectare farm 
unit. 

Develoomnt lbriod 

Since it is recognized that today there are few Ethiopian 
farers who have the financial resources and the experience and 
knowledge of mdern irrigated farming to permit them to assum full 
responsibility for imediately successful anageant and operation 
of project farms, a development period mst be allowed. During this 
period, the farmers would require financial assistance in the form 
of long-term, low-interest loans; intensive technical assistance in 
agricultural practices; guidance in farm layout and operation and 
direction of field labor; and initially, som degree of anagement 
of their over-all operation. Also during this development period, 
the responsibilities for management and operation would gradually 
be shifted to the farmers as they demnstrate ability to initiate 
and execute appropriate managerial and operational decisions. 

The physical characteristics of the Finchaa Project are 
such that the irrigation development can proceed by stages over a 
period of years. The initial stage on the Finchaa should include 
about 20 farms with development to be accelerated yearly, assuming 
satisfactory results, until the project is in full operation. With 
effective management, adequate technical guidance and assistance, 
acceptance of responsibility, and emergence of initiative on the 
part of the farmr, a 10- to 15-year development period may be ade
quate. 

Settler Selection and Assistance 

The selection of farers, particularly in the early period, 
is of vital importance to the success of the project. Farmers should 
be willing to learn the procedures of modern farming or should have 
the educational background which would qualify them technically. 
They must be cooperative and willing workers. The College of Agri
culture and the agricultural schools at Jima and Ambo should be 
excellent sources of candidates. 

During the development period, the necessary clearing, land 
leveling, and farm unit layout should be scheduled to assure the 
proper expansion of cultivated land. A staff of technical experts 
provided by the Extension Service of the Ministry of Agricul
ture and other agencies, to guide and assist farmers during this 
period, should include the following: 
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Agronomist 
Marketing Specialist-
Field Operations Coordinator 
Irrigation Engineer 
Farm Equipment Specialist 
Health and Sanitation Advisor 
Education Advisor 
Home Economist 

Training Farm 

In addition to the privately operated farms, a training 
farm approach offers possibilities for successful development. A 
number of eventual farm units could be combined and initially oper
ated by the Manager of Agriculture (discussed in a subsequent para
graph) and his assistants. Ethiopian farers would be employed in 
a temporary category of hired potential farmers. As they acquire 
competence and demnstrate a willingness to own and operate farm 
units, portions of this training farm area could be released from 
central management and placed under private control. 

In this process, the selection of farmers is less critical 
because poor candidates could be removed in the early stages of 
operation before they were placed on private farms. Failure of a 
hired farmer would be less expensive in terms of time, financial 
support, extension service backing, and social capital than the 
failure of an independent farmr. 

A training farm of approximately 340 hectares should be 
operated in this maimer. This is equal in area to 20 independent 
farms. An operation of this magnitude would increase farm production, 
augnant the number of aen qualified to enter independent farming, and 
provide a gage to masure the relative success of the independent 
operations. 

Drawing No. 7.2-Fi-1 shows the preliminary farm layout of 
the Finehaa Project. 

Experimental Farm 

The imediate establishmnt of a small experimental farm 
of several hectares in the Finchaa Project to test crops, cultural 
practices, machinery use, fertilizer and lim requirements, and 
insect, disease, and weed control is necessary. Such a unit should 
have permanent status and should constantly test new crops, varieties, 
and practices as well as provide a continuous check upon the older 
selections. Initially, this unit should confine its recommndations 
to crops selected in the cropping pattern but should, in the course 
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of time, test the "exotic" or introduced crops which may become 
important in the future. An agronomist who is responsible to the, 
Manager of Agriculture should direct this operation. 

Manager of Agriculture 

The Manager of Agriculture should supervise all Finchaa 
Project field operations. He must be well acquainted with all phases
of commercial agriculture and modern irrigation and should possess 
proven ability to direct and encourage personnel. Ideally, he 
should be recruited from a successful irrigated plantation or farm 
with a good record of accomplishment and production. The salary paid
should be sufficient to attract well-qualified personnel and should 
be supplemented by a share of profits for greater incentive. Since 
there are few large-scale irrigated farms in Ethiopia, it is possible
that the first Finchaa Project Manager of Agriculture may be a 
foreign national. Later his position can be filled by an Ethiopian
with the required technical background and well qualified by training 
on the job. Years of irrigation and commercial crop production and a 
knowledge of the myriad diverse factors producing successful opera
tion are required on the part of such a manager if the project is to 
be successful. 

The Manager of Agriculture should exercise full control 
over the training farm and a certain degree of regulation, decreas
ing with tim, over the independent farmers. He should have the 
permanent functions of operating the experimental farm, developing 
the raw land, and operating and maintaining the irrigation storage
and distribution system. 

This manager with his staff of assistants should receive 
advisory service from the Agricultural Development Commission (dis
cussed in a subsequent paragraph). He also requires staff assist
ance from technical specialists who are expert in various fields of 
agriculture, health, and education. These positions should concen
trate their efforts upon the farmers but should not neglect the 
workers on the training farm, especially those nearing the stage of 
independent operations. 

All personnel who perform direct service to the project,
whether in the form of guidance, technical direction, operation of 
the distribution facilities, or management, should live at the 
project. This point is essential to avoid absentee direction. 
Absentee ownership of farms is also to be avoided . It is entirely 
possible that certain farmers may become successful enough to place
their lands under a foreman and live in the city, but this should 
not be permitted. Every effort is necessary to denonstrate to the 
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farers that this is their project and not the property of absentee 
owners residing in the capital or elsewhere. 

Agricultural Developmnt Comission 

The concept of comnercial irrigated farming is relatively 
new in Ethiopia, and consequently few farmers have had opportunity 
to gain experience in the field of modern agriculture. Partially to 
offset this situation, it is thought advisable to utilize the services 
of an Agricultural Development Comission at the project level, which 
would serve in an advisory capacity as the irrigation projects came 
into operation. A single commission should be created for the Finchaa 
Project and should be expanded to include responsibility for other 
projects as they develop in the imediate vicinity. 

Ideally, the appointments for the Agricultural Developent
Comission should be mde from agencies interested in resource 
development who could offer technical advice when so requested. The 
Ministry of Agriculture, the Ministry of National Community Develop
ment, the Ministry of Public Health, and the College of Agriculture
could provide much needed technical support. Each commission should 
include representation from the project in the presence of at least 
one farmnr familiar with local problems who can suggest solutions 
from the viewpoint of the project residents. 

Future Studies 

In any future study of the Finchaa Project the proposals 
which concern management should be further considered. The quali
fications, duties, and salaries of the Manager of Agriculture, the 
technical experts, and the service personnel should be established. 
The appointment of mmbers of the Agricultural Development Commission 
and their terms of office should be considered. And the processes 
for the selection of project farmers should be formulated. The over
all personnel factor, of vital importance to project operations,
should be studied thoroughly and recomendations made after careful 
consideration. Many other facets, which are only briefly mentioned 
in this section, should also receive careful attention. 

Electric Power Operations 

Central Organization 

The present Ethiopian Electric Light and Power Authority
is a well established and operated organization, and its charter 
states: 
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"The purpose of the Authority is to engage in the
 
business of producing, transmitting, distributing and
 
selling electrical energy to the public in Ethiopia and
 
to carry on any other lawful business incidental or
 
appropriate hereto which is calculated directly or indi
rectly to promote the interest of the Authority to
 
enhance the value of its properties." /
 

Paragraph 4 of the saw charter also states: 

"..... the Authority shall have the powers: (f) to
 
establish rates, charges, rules and regulations for the
 
sale of its services and electrical energy." l/
 

The charter thus implies that EELPA is a major agency in 
producing, transmitting, and marketing electrical energy in Ethiopia 
(excluding existing concession areas in Eritrea), and therefore any 
discussion of the future role that the Water Resources Departient or 
any succeeding agency may have in this field would have to recognze 
this already established fact. A developing country cannot ini
tially afford two separate governmental organizations competitively 
engaged in the public utility business, requiring som duplication 
of engineers, other specialists, and resultant costs, where such 
qualified personnel are in very short supply. 

Phase I Operations. The present EELPA organization chart 
is shown by Drawing No. 4.0-BN-175. While the desirable objective 
may be in having only one autonomous governmntal agency involved in 
the power generation, transmission, and marketing field, this can 
still be accomplished by EELPA and the Water Resources Department 
operating under the Phase I arrangement as shown by Drawing 
No. 4.0-BN-176. Phase I operations are also adaptable to any pri
vate power utility, should such com into existence in the future. 

Under Phase I, EELPA becoms in effect the Power Division 
and is directly responsible for power operations, maintenance, and 
marketing. A comnnon Board of Directors for both Water Resources and 
EELPA will provide for proper coordination where multiple-purpose 
projects are involved, but considerable responsibility is placed in 
the hands of the Board of Directors. The Assistant Manager (Pbwer) 
for Multiple-Purpose Projects provides the necessary direct liaison 
between the managerial levels of the two agencies. Also, it is 
through this level that power planning activities of both agencies 
are coordinated. If EELPA assumes the operation, maintenance, and 
marketing responsibilities, then it should participate in the power 
planning activities. 

!/General Notice No. 213 of 1956, Charter. 
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Enacting laws as recomended by the Governmnt Comittee 
could establish the concept of multiple-purpose projects requiring 
that a part of power revenues returned to the Federal Treasury be 
used in financing or retiring indebtedness incurred in the construc
tion of multiple-purpose projects. At the same time, a reasonable 
return mat be allowed the power operating agency. Establishing the 
details of such arrangeants is beyond the scope of those reconnais
sance investigations requiring average rate and repayment studies 
which in turn require considerably are detail and information than 
currently available. 

The present charter for EELPA specifies the following item 
regarding taxation. 

"9. Taxation-The Authority shall be subject to
 
all taxes and custom duties levied by the Imperial
 
Ethiopian Government including Federal Taxes, and such
 
local and mnicipal taxes as shall be approved by the
 
Imperial Ethiopian Governmnt ." /
 

If the taxation obligation remains in its present form, 
then this will have a definite effect upon the rate of return 
required for any power operating agency from operation of the power 
facilities of multiple-purpose projects. The over-all effect will 
be to require higher rates than would otherwise be necessary. A 
reduction in tax obligations only on power generated from governmnt
owned, water resource, mltiple-purpose projects resulting in lower 
cost power may provide an added inducement for EELPA to participate 
as a partner under Phase I operations. 

While it is possible for Phase I operations to continue 
indefinitely, a final step resulting in complete consolidation of 
the two agencies would be ast desirable to afford greater economy 
and efficiency as has been the result in a number of other developing 
countries. 

Phase II Operations. Under Phase II, both agencies would
 
be combined as one autonomus agency. For convenience, it is referred
 
to here as the Ethiopian 1ower and Water Resources Agency (EPWRL),

and in effect the former EELPA becoms the Pbwer Division of the new
 
agency and the Water Resources Department becoms the Engineering,
 
Irrigation, and Development Divisions with the Administrative
 
Division made up from the combined agencies. The new EP&WRA would
 
be under a Board of Directors as shown on Drawing No. 4.0-BN-177,
 
but administered by a General Manager. The Power Division would
 
have four branches -- Marketing, Plamning, Operation and Maintenance,
 
and Dispatching. The functions of each branch would be as described
 
below.
 

iGeneral Notice No. 213 of 1956, Charter. 
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Marketing: This branch would be responsible for negotiat
ing power sales contracts, reading meters, billing, and collection. 
It would also gather statistics and have available at all times a 
breakdowh of sales by classes of loads--residential, rural, commerce, 
industry, street and highway lighting, transportation, and other. 
Such data would be available for use by the Planning Branch. 

Planning: load forecasting, feasibility studies for system 
additions, rate and repayment studies for the power aspects of 
multiple-purpose development, and technical power studies are among 
the duties of this branch. 

Operation and Maintenance: This branch might have three 
sections--Production, Transmission-Distribution Plant, and Inspection 
and Training. On multiple-purpose projects, technical guidance . 
(operation and maintenance) would be given the Project Power Branch, 
but the latter is administratively under the Project Director for 
the project. The Transmission-Distribution Plant Section would be 
responsible for maintenance of all transmission and distribution 
lines as well as substations and related equipment. It would also 
operate the wood-pole treating plants. In order to maintain an 
adequate supply of trained personnel, the Inspection and Training 
Section could teach linemen, powerplant operators, meter installers, 
laboratory technicians (transformer oil breakdown tests, meter 
testing, etc.), electricians, and inspectors. The latter would be 
for inspection of customers' premises as well as the agency's own 
facilities. This section would also be responsible for maintaining 
an adequate electrical wiring code and enforcing its provisions as 
well as providing maintenance for all communication facilities. 

System Operations: This branch might also have three
 
sections--Dispatching, Power Scheduling, and Technical Analysis.
 
Initially, this branch's activities would be limited because of the
 
simple nature of the system, but it would become more active as more
 
generating stations and loads are added. In any event, its activi
ties would be limited to the Interconnected System. The Dispatching
 
Section would be responsible for meeting load requirements and
 
schedules as well as for controlling all switching and clearances.
 
The Power Scheduling Section would be responsible for developing
 
system-wide scheduling on a day-to-day basis, consistent with
 
scheduled water releases. The Technical Analysis Section would be
 
responsible for system operation at maxiimm efficiency. Emergency
 
switching programs and studies regarding system control (relays,
 
etc.) would be the responsibility of this section.
 

Close liaison between the System Operations Branch and the 
Hydrology Branch under the Development Division would be required 
regarding reservoir operations. All reservoir operation studies 
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forecasting reservoir releases for appropriate advance periods should 
be made by Reservoir Operations, Hydro ogy Branch, under the Develop
ment Division. This information would be given to the System 
Operations Branch, Power Division as veil as to each individual 
Project Director where multiple-purpose projects are in operation. 
The Project Director through his Projects Water Supply Coordination 
Branch (Drawing No. .0-BN-177), would be finally responsible for 
implementing instructions received from Reservoir Operations. Draw
ing No. 4.0-BN-177 shows the Project Director and staff arrangement 
for a multiple-purpose project. For single-purpose power projects 
only, there would be no irrigation and therefore the Projects Water 
Supply Coordination Branch would not be concerned. Reservoir Opera
tions supply the data to System Operations and to the Project 
Director. 

Project Power Operations 

Each project or convenient combination of projects, such 
as the Finchaa and the Amarti-Neshe, would be headed by a Project 
Director. Under the director is the Projects Power Branch, consist
ing of a power Manager heading two sections, an Operation Section 
and a Maintenance Section. These two operate the powerplants, taking 
hourly instructions from the Dispatching Branch, Central Office, and 
maintain the powerplant and appurtenant works. The function of the 
Projects Water Supply Coordination Branch has'already been discussed. 

For single-purpose power projects, the Power Director 
would have only two groups under him, one Operation and the other 
Maintenance, with the same responsibilities as before except that 
activities would not be restricted to the powerplant and appurten-. 
ances but would apply to all features of the project, including the 
storage facilities. 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION
 
WASHINGTON 25, D. C.
 

IN REPLY 
REFER TO: 220 JA46 1964 

Mr. Stephen Christmas
 
Officer-in-Charge
 
Horn of Africa
 
Department of State
 
Agency for International Development
 
Washington, D. C. 20523
 

Dear Mr. Christmas: 

In accordance with your request of October 4, 1963, we have 
prepared an advance reconnaissance report for the Finchaa Project 
in the Blue Nile River Basin in Ethiopia. It will be noted that 
the report also contains information on the Amarti-Neshe Project 
in the same river basin. 

'Duringthe early stages of the Blue Nile investigation program,
 
the Finchaa and the Amarti-Neshe were considered as one project
 
with the water supply for the project lands coming from the
 
Finchaa River. Project data, particularly geology and land
 
classification, were prepared on the basis of a single project.
 
Later it was found that the water supply from the Finchaa River
 
was not adequate to irrigate all of the project lands and that
 
the Amarti and Neshe Rivers offered good possibilities for the
 
development of hydroelectric power. The plan was then separated
 
into the two projects.
 

Since the ultimate development of the Finchaa River Basin will
 
include both projects and since the data are interrelated, it
 
appeared advisable to report on both projects. The proje'ts will
 
also be covered in the forthcoming Blue Nile Report.
 

The reconnaissance investigation and evaluation of the Finchaa
 
Project at this stage indicate its economic feasibility. However,
 
further detailed surveys and analysis are necessary before a
 
final determination of feasibility can be made.
 

For the purpose of the economic evaluation of the irrigation
 
project, we have used farms averaging about 17 hectares (40 acres)
 
in size. This is consistent with our understanding that the
 
objectives of the Imperial Ethiopian Government are to improve
 



the national economy and raise the standard of living of the
 
.Ethiopian people. The 17-hectare farm would support these
 
improvements, while smaller farms would tend to perpetuate the
 
present subsistence operation. 

'Duringthe past few years, the IEG has developed several projects
 
--Wonji sugar, Koka powerplant, Zula dam, Tendaho, and others
 
--somewhat independently, with only limited, if any, coordination.
 
For initial development, this is not serious. However, as the
 
development is accelerated and the demands upon Ethiopian
 
resources increase, this lack of coordination could have serious
 
effects. Therefore, it is recommended that the IEG give con
sideration to the establishment of a central agency to administer
 
and coordinate the long-range development program.
 

From an engineering standpoint, the Finchaa Project appears to
 
be feasible.
 

The economic success of the Finchaa Project is dependent upon
 
the Etiiopian people, who must plan and direct the development,
 
and upon those who will operate the facilities and the farms. If
 
they accept this responsibility with a sincere desire for success
 
and if they apply their talents with vigor and enthusiasmit can
 
be a successful venture. The resources are there. It is up to
 
the Ethiopian people to develop and use them wisely.
 

Sincerely yours,
 

C3ssioner 



TRANSLITERATION 

Certain inconsistencies in the spelling of nams may be 
noted on maps and drawings and in the text. Because of the diffi
culty in transliterating Arabic, Ambaric, Galla, and Italian into 
exact English equivalents, some variation of spellings and even in 
names occurs in the basic maps and drawings. It will be noted,
however, that the phonetic pronunciation of names is similar regard
less of spelling, except in the rare situation where an entirely dif
ferent English nameis used because of long established convention. 
An example of the latter is the name for the principal river, Blue 
Nile, which in Ambaric is known as Abbay (Abbai). 
often referred to as Addis Abeba. Other examples 

Addis Ababa is 
are as follows: 

Lekkemt 
Acachi 
Jima 
Langano 
Shashamane 

Neketti 
Akaki 
Jimma, Gima 
Langana 
Shashamana 

Shewa Shoa 

In western and northwestern Ethiopia, local usage of Arabic 
words for streams and muntains is usually retained. For example, 
"Jebel" denotes mountain and "Khor" identifies a watercourse. In 
addition, the English ne or abbreviation sometimes precedes the 
Arabic term, as with "Mt, Jebel Kir." 

Local usage sometimes requires different names along dif
ferent lengths of the same river. For example, the Guder River is 
known as Tacur, Bello, and Guder. 

Wherever possible, a consistent spelling has been used for
 
identical places in this report.
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SJWARY 

The Finohaa River Sub-Basin occupies an area of 3,500 
square kilometers south of the Blue Nile in Wellegga Province. The 
Finchaa and its two main tributaries rise in large swamps on the 
high plateau and drop over a sharp escarpment into the deeply eroded 
lower Finchaa valley, which contains the lands considered in the 
development of a multipurpose power and irrigation project in this 
area. Physically, the project is divided into two parts--the Finchaa 
and the Amarti-Neshe. The Finchaa would utilize water supply from 
the Finchaa River, as it emerges from the Chosen Swamp, for power 
and for irrigation of lands upstream from the area that is drained 
by the Amarti and Neshe Rivers. The Amarti-Neshe Project would 
utilize the water from these rivers to develop power and to irrigate 
lands downstream from those to be irrigated from the Finchaa. 

'This report is primarily concerned with the Finehaa Project 
but, because of the proximity of the two projects and the interrela
tionship of data as collected, both projects are discussed in this 
volume. Only the Finchaa is discussed in this sumary. 

The Finohaa Project works would include a storage dam, a 
power diversion dam, a tunnel and penstocks to carry the water to a 
powerplant in the lower valley, a diversion dam for irrigation, and 
canals and laterals to irrigate about 15,000 hectares of land. 

Project construction costs are estimated to be as follows. 

Finchas Dam Eth$ 682,000 
Iower Diversion Dam 210,000 
Tunnel and Penstocks 32,948,000 
Powerplant 11,0157000 
Transmission Plant 21,004,000 
Irrigation Diversion Dam 545,000 
Canals, laterals, and Drains 15-567,000 
Access Roads and Service Facilities 4,156,000 

Total Eth$86 ,127,000 
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The project lands lie at an elevation of about 1500 meters. 
The soils are well suited to irrigation developmnt and are capable 
of producing sustained high yields. The topography of the area is 
lightly rolling with general slopes toward the Finchaa River which 
flows northward through the center of the wide valley. The soils 
contain no salts that would be harmful to growing plants, and it is 
not anticipated that any serious problems in subsurface drainage 
would develop if irrigation water is properly applied and normal 
precautions are taken. Excess surface water would be carried away 
by the existing drainage channels and by drains constructed for this 
purpose. 

The project area, at the present tim, is uninhabited and 
uncultivated, although the highlands on the plateau surrounding the 
area are populated and extensively farmed. The project lands are 
covered with low-growing trees, bush, and tall grass that would be 
removed as the project is developed. Land leveling and clearing 
costs are estimated to be Eth$5,325,000. 

The' limate of the project area is typical of this part of 
Africa with temperatures ranging from 6* C. to 390 0. (430 F. to 
1020 F.). The days are warm and the nights cool, although frosts do 
not occur. The rainfall in the area is about 1,000 millimeters 
annually, with the following general distribution by months. 

.Jan Feb Mar~ AD? jav Jurn Ju~l .Ag. Se Oct Nov Dec a 

17.1 21.3 73.6 69.6 57.1 143.6 229.4 221.7 110.8 37.4 4.5 13.9 1,000.0 

During the period from June through September, there is an over
abundance of precipitation and the fields become too wet to be prop
erly worked and cultivated by mechanical mans. During the remain
der of the year, the precipitation is not sufficient to met the 
requirements for full crop production. To offset the normal- short
ages of rainfall, 954 millimaters of irrigation water would be 
required.
 

Under existing conditions in Ethiopia, farming operations 
are limited to an area that the farmer can cultivate with the tools 
and equipment available to him within his slender financial resources. 
It is recognized that, because of the lack of storage and transporta
tion facilities, there is little current market for farm products in 
excess of requirements for family consumption and small amounts 
exchanged locally. This results in farms of about three or four 
hectares in area and a standard of subsistence lower than is desir
able. The average annual farm income is estimated to be about 
Eth$170 to Eth$300. The primary objective of the IEG in the devel
opment of her resources is an improvement of the standard of living 
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of her people and an improvement in the national economy by increas
ing production. The project has been designed to provide mdern 
farms of about 17 hectares in area, each capable of producing more 
food for family consumption, improving housing, providing opportu
nity for education of children, and permitting the farner to acquire 
an equity in the land and set aside a small savings for emergencies
and old age. 

Farm products in excess of requirements of the farm family
would be marketed to help support the increasing population with 
perhaps some products available for export to world markets. 

During the period of initial development, a training pro
gram would be necessary to acquaint the farmers and the operators of 
the irrigation system with mdern practices and equipment. The 
project at ultimate development would include approximately 880 
individual farms. It is anticipated that many of the farmers would 
come from the agricultural college and schools. Few of the farmers 
will have the financial resources required to meet initial costs. 
Therefore, it will be necessary for initial capital to b'e made 
available to them. 

The project can produce a wide variety of crops suitable 
to the climate and growing conditions. However, in order to present 
a more conservative view for the purpose of the economic analysis of 
the project, crops projected were mostly those cononly produced in 
Ethiopia and widely accepted in the Ethiopian diet. A few new crops 
were included for the export market and for gradual introduction 
into the Ethiopian diet and economy. ' 

The annual value of crops produced is estimated to be 
about Eth$8,932,000. Since there is no production from the area at 
the present time, this amount is considered as the gross agricul
tural benefit resulting from the development of the project. Many 
intangible benefits will result, but no attempt has been made to 
place a monetary value on these. 

The project will provide 880 new, independent farms with a 
stable population of about 4,000 persons in the farm families. In 
addition, it is estimated that a labor force of 13,000 persons would 
be required, or 61,000 people including families. Thus, about 
65,000 persons would be supported directly by the agricultural sector 
of the project. 

The Finchaa hydroelectric power facilities would have an 
installed generating capacity of 80,000 kw. and would produce 
360,420,000 gross kw.-hr. annually to meet the expanding power 
requirements of the Interconnected System with loads centered mainly 
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at Addis Ababa. Power for the area is now produced by the Ethiopian 
Electric Light and Pbwer Authority at plants on the Awash River. 
Two additional plants are planned by EELPA on the Awash, but even 
with these plants additional power will be required in 1971, either 
from a fourth Awash plant or from the Finohaa Project. 

The powerplant would include two impulse-type turbines 
operating under a net head of 467 meters. A 250-kiloneter, 161-kv. 
transmission line would be required to deliver power to the load 
centers and would tie into the existing EELPA facilities, thus 
forming an interconnected system. 

It is assumed that initially the powerplant would be 
operated and the power marketed by the existing EELPA organization 
in cooperation with the Water Resources Department. 

There is an adequate water supply for power and irrigation 
developments. 

Benefit-Cost Comparison 

Annual estimated irrigation benefits Etb$ 8,936,000
 
Annual cost allocated to irrigation 2,006,000
 

8,936,000 
ratio2,006.000 = 4.45 to 1.00, benefit to cost 

Annual estimated power benefits Eth$16,400,000
 
Annual cost allocated to power 5,367,000
 

16,400,000 = 3.06 to 1.00, benefit to cost ratio 
5,367,000
 

Total annual benefits Eth$25,336,000
 
Total annual cost 7,373,000
 

25.336,000 = 1.00,3.44 to benefit to cost ratio
7,373,000 

The investigation covered by this report must be considered 
as a limited reconnaissance lacking the detail that would be required 
for the development of a definite plan upon which a project could be 
constructed, but adequate for the general plan and evaluation and for 
its intended purpose of assisting the Imperial Ethiopian Government * 
in the selection of projects worthy of further detailed investigation. 

It is recommended that the Imperial Ethiopian Government 
proceed with a further detailed study of the project. 
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CONCLUSIONS 

1. The climate in the project areas is subtropical and well 
suited to the production of many crops and to the production of more 
than one crop each year. 

2. The soils are generally deep, friable, permeable, medium 
to fine textured latosols, and are well suited to irrigation-
particularly when.properly fertilized. 

3. Land slopes are slightly excessive for optimum irrigation 
conditions and the slopes of the lands are the principal reasons for 
downgrading land. 

4. The moderately dense forest cover will need to be removed 
prior to irrigation, but the resulting wood should be useful for 
charcoal and firewood. 

5. Construction of project irrigation works will be quite 
expensive because of the many drainage crossings needed. 

6. Erosion hazards are fairly high and considerable care must 
be used in irrigation application and water disposal to maintain a 
permanent irrigated agriculture. 

7. Regardless of the extent of system interconnections that 
would be possible by the year 1980, the Finohaa power facilities 
are required to be in service during the year 1974. The Neshe power 
facilities will be required in 1977 or 1978, with the output of both 
powerplants plus the four Awash plants providing for the needs of 
the Interconnected System through 1980 or 1981. 

The Finchaa and Neshe projects are multipurpose, but the 
potential hydroelectric power facilities are such that they can be 
developed in advance and independently of the irrigation facilities 
without being prejudicial to the interests of the irrigation features 
of the project. Hydroelectric powerplant requirements determine the 
maximum capacity of the water storage facilities and waterways so 
that advance construction of the hydroelectric facilities would not
affect the later construction of the separate irrigation facilities 
downstream. If this is contemplated, the multiple-purpose nature of 
the projects must not be lost sight of, and a part of the income 
from power revenues should be set aside for complete project develop
ment whenever that might occur. 

8. The Finchaa Project is attractive in another respect in that 
another electrically identical pwerplant (Neshe) canbe constructed nearby 
with both powerplants connected to the Addis Ababa Complex by a 
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single, steel tower, transmission line carrying two cireuits,,or by 
a higher voltage line carrying only one circuit . (See SECTION V.) 

9. The sites are geologically suitable for the proposed dams,
powerplants, and appurtenant structures. 

RECOMMENDATIONS 

1. A detailed land classification study should be made prior 
to construction. Among other things, this study should (1) delineate 
the topographic variables accurately- (2) determine the needs for 
subsurface drainage construction; (35 separate and appraise produc
tivity potentials for the various types of soils; (4) ascertain a 
mre exact cost of tree and brush clearing and land leveling; (5) 
study the erosiveness of the soils and determine the need for and 
cost of erosion control; (6) determine the type and quantity of 
fertilizer or soil amendments needed for maximum production; and 
(7) determine the method of irrigation best suited to the land and 
people. 

2. An experimental farm should be established early in the 
development period to determine the best crops and agricultural 
practices to use. 

3. Future studies should include a study of the anticipated 
irrigation water quality and the effects that such water will have 
on the project soils. 

4. Any initial irrigation development should avoid developing 
the bottoms or lower side slopes of any deep drainageways because of 
the danger that these areas will become waterlogged when the adja
cent higher lands are irrigated. 

5. During preconstruction investigations the foundations for 
dams and other structures should be explored by a dore drlling program to 
establish the depths to and the permeability of the intervalley 
volcanic material. Potential borrow areas should be sampled and 
analyzed, and detailed geologic naps prepared for all of the struc
ture sites. 

6. Awash No. 4 should not be constructed following Awash 
No. 3, if at all possible; and, with this in mind, every effort' 
should be made to expedite the engineering-and economic feasibility 
studies for the Finchaa Project with the objective of having the 
power facilities in operation by the end of 1971 instead of during 
1974. By that time, enough operating experience with the Koka 
reservoir and Awash River should have been accumulated to determine 
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whether Awash No. 4 should be constructed. If construction of Awash 
No. 4 is justified, this could be done after the Finchaa or Neshe 
project development, because by-then the hydroelectric powerplants 
will not all be in one river basin. 

7. Compilation of hydrological data mist be expanded and 
continue uninterruptedly on the Finchaa, Neshe, and Amarti Rivers to 
provide finer data upon which to base final project plans. 

8. It is recommended that topographic surveys be performed to 
about a 1-meter contour interval on the project area, and about a 
5-meter interval on the drainage area. Construction materials should 
be further investigated and ascertained. The construction cost esti
mates, especially as they apply to unit prices, should further be 
refined. 

9. Malaria and the tsetse fly are a hazard to the project and 
control measures should be introduced prior to project development. 
Agricultural and economic studies should be further expanded and 
continued. 
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SECTION II - GENERAL DESCRIPTION
 

Basin Descrirtion 

The Finchaa River Sub-Basin is located in the south central 
portion of the Blue Nile River Basin. It is bounded on the south by 
the Great Gibe River Basin, on the north by the Abbay (Blue Nile) 
River, on the west by the Diddessa Sub-Basin, and on the east by the 
Guder drainage area. Roughly resembling an arrowhead in shape, the 
subbasin is distinguished by the Chomen Swamp, a vast flat area 
lying on the plateau between the mountains and a precipitous escarp
ment. Situated at an elevation of 2210 meters (7250 feet) above sea 
level, the Chomen Swamp is fed by numerous small streams which head 
in the high hills (highest of which is at an elevation of 3000 meters 
or 9840 feet above sea level) and energe at the northeastern end of 
the swamp as the Finchaa River. The gradient throughout the swamp 
is so flat that drainage systems are not well established, and during 
the rainy season and for a long period after the rains have ended, 
the area is essentially a large, shallow lake containing, water grass, 
papyrus, reeds, and other water vegetation. Above the swamp, the 
slopes and rounded ridges are cultivated for raising grain crops. 

From the outlet, the Finchaa River neanders generally in an 
easterly direction for about five kilometers, where, at the brink 
of the plateau, it plunges over an escarpment in two prominent 
waterfalls, falling some 500 meters (1,640 feet) in two kiloneters. 
Below the falls, the water then cascades for several kilometers 
through a steep canyon. Downstream from the steep canyon section, 
the stream gradient again flattens and the valley widens. Along the 
sides of this reach of the river gentle slopes are covered with deep 
soil, which potentially could be developed into an irrigation project. 
These slopes are covered with very tall grass and scattered trees 
and brush. tFew, if any, people live in this area, perhaps because 
it is infested with tsetse flies and mosquitoes. There is only one 
important tributary to the Finchaa River--the Neshe, having its 
headwaters to the west of the lower valley. The Anarti River, a 
tributary of the Neshe, and the Neshe River drain an area composed 
typically of high mountains, steep slopes, and rough topography. 
The two rivers flow into long, narrow valleys with a slight gradient, 
forming narrow swampy areas, and then drop over the edge of the 
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escarpnent to form the Neshe River, which in turn flows into the 
Finchaa near its confluence with the Blue Nile. 

Projects Area Description 

The area under consideration is the lower valley, bounded 
on the southwest and the east by a sandstone escarpnent (in places,
lava capped), on the north by rough breaks along the Blue Nile River 
canyon, and on the west in the lower portion of the valley by a low 
saddle forming a divide between the Finchaa Project area and the 
Amarti-Neshe Project area. It is situated about 1500 meters above 
sea level (500 meters below the escarpment) and is about 12 kilome
ters (7.5 miles) wide and 37 kilometers (23 miles) in length. The 
valley is fairly well covered with dense growth of tropical savannah 
woodland, interspersed with a very dense growth of tall grass. The 
stream bottoms of the tributaries support a dense growth of tall 
trees, which reach a height of 30 meters (100 feet). Sbrubs and 
bushes are interspersed throughout the bottoms. The valley is unin
habited and uncultivated, probably due to the heat and the unfavor
able health conditions, as tsetse flies were observed and undoubtedly 
malaria is prevalent. 

The Finchaa River bisects the valley, and its many tribu
taries generally approach and enter the main stream at right -angles 
to the south-north direction of the river's flow. The tributaries 
are entrenched fm three to ten meters into the valley soil. These 
channels do not have precipitous side slopes as a rule but tend 
toward somewhat rolling topography. The higher lying land areas are 
fairly large, about 500 hectares (1,500 acres), and the streams 
provide adequate outlets for surface runoff. The slopes on these ' 
areas are usually quite gentle and smooth in surface relief, Steep 
slopes and dissected rough lands occur at the head of the valley 
where the escarpment forms a canyon. 
Population 

The Finchaa valley is uncultivated and uninhabited,
but evidence of former cultivation is present. The climate 
is somewhat warmer than most highland Ethiopians prefer, but the
area apparently was abandoned because of the historic memory and 
fear of potential recurrence of human and animal disease. The pres
ence of such inimical insects as the Anopheles malarial mosquito and, 
the tsetse fly, which can transmit encephalitis or sleeping sickness, 
keep the valley empty of human habitation. Some paths and many game 
trails exist in the area, but there are no roads or buildings. 

Present Econox 

At present, the lower valley of the Finchaa, Amarti, and 
Neshe Rivers may be said to have no economy. The area is unpopulated; 
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it is neither farmed or grazed on a permanent or shifting basis; no 
important amunt of wild products is gathered; and the amunt of 
hunting, fishing, and trapping is negligible. 

Climate 

The climate in the lower valley, where the project develop
ment is contemplated, is warm and subtropical, favorable to the 
raising of a wide variety of crops, including such subtropical types 
as oil seeds, cereal crops, and coffee. Average annual precipita
tion is uncertain, but is estimated at 100 centimeters, the bulk 
falling in the rainy season--July through September. The average 
annual temperature will be about 22* Centigrade (72' Fahrenheit). 
Although frost is not expected, autumn nights tend to be cool, and 
strictly tropical crops probably will not do well. On the other 
hand, the lack of frost precludes raising those temperate deciduous 
crops that require freezing temperatures for dormancy. 

Table 11-1 shows averages of July and January and annual 
records for temperature and precipitation at 16 stations in the Blue 
Nile Basin. Most of these stations are in the upland, more inhab
ited area, and none lies below the escarpment in the Finchaa Basin. 
Inspection of Tables 11-2, 11-3, and 11-4, which show monthly 
averages of temperature and monthly totals of precipitation at Ambo 
over the 1951 through 1961 period, may afford a basis for estimating 
how weather varies on the potential service area. It is recommended 
that a climatological station be established imnediately in the 
Finchaa area and that applicable records be taken regularly. 

By referring to climatic data, farm delivery requirement 
on the potential service area has been estimated as shown in 
Table 111-2. To these farm-delivery requirements, 20 percent has 
been added to allow for operational waste, and seepage losses were 
also provided for as mentioned within narratives for the Finchaa 
and the Amarti-Neshe project descriptions. 

Quality of Water 

Quality-of-water samples were taken throughout the annual 
fluctuation of flow at several widely spaced locations in the Blue 
Nile Basin. They all show good tQ excellent quality for irrigation 
purposes, primarily because most of the bedrock in the upland area 
is basic, igneous material which does not produce deleterious annunts 
of salt, and also because the steep, fine grained, soil mantle pro
duces high percentages of surface runoff, so that there is a minimum 
exposure of subsurface flow to rocks which could produce significant 
amounts of dissolved salts in the total flow. Both the Finchaa and 
the Amarti-Neshe Projects fit this general description, and it is 
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therefore predictable that a -more detailed sampling program would 
show the flows to be of good or excellent chemical quality for 
irrigation. 
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TABLE II-1 

CLIMATIC STATIONS IN OR NEAR ABBAY BASIN IN ETHIOPIA 

Temperature 
Eleva- in degrees centigrade Precipitation 

of in millimetersStation tion Average
in daily daily 

Meters maxima minima Average for 
Jan. July Jan. July Jan. July Year 

Addis Ababa 2,408 24 20 6. 9 10.2 21.9 252.0 1,142.5
 
Ambo Ag. Col. 2, 130 27 22 10. 9 12.0 18.4 246.8 1, 075. 3
 
Arjo 2,565 - - - - 13.8 321.8 1,756.4
 
Asosa 1,665a/ 31 23 14.0 14.8 0 281.6 1,253.0
 
Bahir Dar 1, 802 26 24 8.9 13.4 0 309.2 1,051.8
 
Dangila 2, 107a/ 29 26 3.3 9.9 0.8 359.2 1,468.9
 
Debre Birhan 2,840 21 21 8.7 11.5 20.5 323. 0 925.2
 
Debre Markos 2,313 24 18 7.4 9.8 20.8 331. 0 1,416.3
 
Debre Tabor 2,945 26 23 5.8 8.0 7.2 518.3 1,714.9
 
Fiche 2,820 19 15 7.8 8.9 11.9 497.3 1,398.4
 
Galabat 765 - - - - 0 199.9 877.8
 
Gimbi 1,988a/ 30 24 16.4 11.8 22.9 3,36. 5 2,151.9
 
Gondar 2,121 28 21 10,0 13.2 3.1 319,2 1,213.0
 
JimaAg. Col. 1,701a/ 27 21 9.9 13.4 33.8 214.2 1,551.0
 
Kembolcha 1, 908 24 26 10.0 13.7 31.3 295. 6 1,104.2
 
Lekkemt 2,005 24 20 10.8 -10.4 16.2 368.8 2,028.6
 
Mendi 1,767a/ 26 22 12.9 13.8 7.8 296.3 1,763.1
 
Nejo 1,900 27 20 13.3 13.3 2.9 321.4 1,892.0
 

a/Elevation from C & GS benchmark; not identical with station. 
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TABLE 11-2 

TEMPERATURE AT AMnO AGRICULTURAL SCHOOL IN DEGREES CENTIGRADE 

YEAR JAN. FEB. MAR. APR. MAY JUNE JUTLY AUG. SEPT. OCT. NOV. DEC. TOTAL 
Percent 
MEAN 

Average of Daily Mmima 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Total 

9.3 
11.9 
10.9 

9. 8 
13.2 
12.1 
10.0 
10.0 
87.2 

12.'7 
10.8 
11.1 
11; 4 
10.0 

11.8 
11.6 
79.3 

13.4 
.11.6 
13.5 
12. 2 
13.4 
12.8 
11.9 
12.0 

100.8 

12.9 
13,0 
13.5 
12. 5 
13.5 
12.9 
11.7 
11.5 

101.5 

12.3 
11.8 
11.8 
12.0O 

12.5 
11.9 
10.0 
82.3 

11.8 
11.3 
11.3 
10. 7 
12.4 
11.3 
10.7 

79.5 

11.9 
11.8 
12,1 
11. 6 
13.0 
12.3 
11. 6 

84.3 

11.7 
11.2 
11, 9 
11. 7 
12.5 
12.2 
11. 8 

84.0 

.10.9 
11.6 
11.5 
11.0O 
12.4 
11.4 
10.2 

79,0 

10.0 
10. 4' 
11.3 
11. 5 
10.0 
11.3 
10.5 

75.0 

9.9 
10.4 

8.8 
11, 9 

9.6 
9.4 

60.0 

10.0 
11.1 
9.5 

11. 1 

10.1 

51.8 

136.8 
137.9 
137.2 
137. 4 

11.4 
11.5 
11.4 
11. 5 

HJ 
Average 10.9 11,3 112, 6 12,7 11.8 11.4 12.0 12.0 11.3 10.7 10.0 10.4 137.1 11.4 
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TABLE 11-3 

TEMPERATURE AT AIVIBO AGRICULTURAL. SCHOOL IN DEGREES CENTIGRADE 
Elevation 2, 130 meters 

Percent 
YEAR JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT OCT. NOV. DEC. TOTAL MEAN 

Average Daily Temperature 

1954 18.0 20.3 20.4 20.5 19.8 17.6 19.8 16.7 16.5 17.3 17.6 17.9 219.3 18.3 
1955 18.8 19.5 20.3 20.2 19.4 17.7 16. 5 16.7 17.1 17.6 17.8 18.0 219 6 18.3 
1956 18.3 19.5 21.1 19.0 19.2 17.4 1.4 16.5 17.3 17.1 16.2 17.5 216.4 18.0 
1957 18.8 18.8 18.2 19.2 19.2 17.8 16.8 16.7 17.6 19,2 19, 5 18. 9 220.7 18.4 
1958 20.1 18.5 21.2 20.9 19.2 18.9 
1959 20.8 
1900 18.4 19.8 19,9 20.3 19.2 17.6 16.9 17.1 16.3 18. 2 18.2 
1961 18. 3 19.2 19.8 18. 8 19.4 
Total 151.3 135. 6 140. 9 139.8 116.2 88.1 88.4 63.7 104.0 108.2 89.3 72.3 1,312.8 

Average 18.9 19.4 20.1 20.0 19.4 17. 6 1G. 7 16 7 17.3 18.0 17.9 18.1 220.1 18 4 

Average of Daily Maxima 

1954 26.7 27.9 27.4 28.1 27.3 23.3 21.7 21. 6 22,1 24.3 25.2 25.8 301.4 25.1 
1955 25.6 28.2 28.9 27.4 27.0 24.1 2112 21.2 22.5 24.8 25.2 24.8 300,9 25.1 
1956 25.6 27.8 28.7 26.2 26.5 23.4 20.6 21.1 23.1 22.9 23.5 25.4 294.8 24.6 
1957 27.7 28.2 24.1 25.8 26.3 24.8 21.9 21.7 24.2 26.9 27.0 28.7 303.3 25.3 
1958 27.0 26.9 29.0 28.3 26,0 27.7 27,6 27.5 
1959 29.0 30.1 
1960 27.7 21. 9 26.5 24.4 22.2 22.3 22.4 
1961 26.5 26.9 27.5 26.0 28.8 
Total 188.1 221.7 187.5 161.8 162.4 120.0 107.6 107.9 140.3 126.6 128.5 130.2 

Average 26.9 27.7 26. 8 27.0 27.1 24.0 21.5 21.6 23.4 25.3 25. 7 26.0 303.0 25.3 



TABLE 11-4 

PRECIPITATION IN MILLIMETERS AT AMBO AGRICULTURAL SCHOOL 

YEAR JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. TOTAL 

0o 

1951 
1952 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Total 

Average 
1962 

0. 0 52.0 
0.0 15.0 
0.0 12.5 

60.9 4. 9 
11,2 8,9 
0. 6 46.6 

49. 5 0.0 
58.0 21.9 
4.1 60.4 
0.1 6.9 

184.4 229.1 

18. 4 22.9 
No record 

109.0 
40. 5 
79.4 
25.3 
48.4 

196.3 
109.4 
40. 5 
62.8 
84. 3 

790. 9 

79,1 

42.5 
116. 0 

51,0 
66.7 
92.5 

101.9 
101.2 

46.4 
90.9 
38. 5 

747.6 

74,8 

72.0 
64.0 
33.4 
44.0 
66.5 
99.9 
19.3 
78. 9 

106.4 
30. 1 

614.5 

61.4 

200.5 
129.3 
141.7 
174.7 
161.2 

99.1 
195,8 
119.8 
167. 9 

1,390.0 

154,4 

200.0 
211.2 
241.1 
352.6 
173.7 
315.3 
245,4 
231.8 
250.4 

2,221.5 

246.8 

199.0 

245.4 
229.'7 
286.2 
185.2 
187. 3 
304.2 
271.1 

1,908.1 

238. 5 

107.0 

152.9 
148. 0 
125.1 
82.2 
74.3 

122.8 
140.6 

952. 9 

119.1 

48.40 

19.5 
17.2 

158.8 
0.0 

29.6 
47.7 

1. 1 

321.9 

40.2 

2.0 

1.0 
3.1 
2.2 
0.8 
0.0 

29.7 
0.0 

38.8 

4.8 

31.0 

3.5 
8.8 
7.4 
8.5 

33.0 
18,6 

8.3 

119.0 

14,9 

1,063.0 
576. 0 
981.4 

1,135, 9 
1,137,1 
1,136.4 
1,044.8 
1,120.2 
1,164.0 

159. 9 
9,518.7 

1,075.3 
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SECTION III - HYDROLOGY 

FINCHAA PROJECT 

DOeration Study 

Finche Dam would be constructed on the Finchaa River at 
the Chomen Swamp outflow point, and power would be developed at the 
falls between the reservoir and the service area. During the irri
gation season, intervening tributaries would produce no divertible 
flow. The principal hydrographic problem is whether a loss or a 
gain in consumption will result from providing a reservoir where there 
is now a swamp. Rain falling on a water surface would ordinarily be 
expected to yield a higher percentage of runoff than rain falling on 
land. However, the fact that records of the Finchaa and Abbey below 
Tana show relatively low yields per unit of drainage area suggests 
that present consumption is much greater on lake and swamp surfaces 
than for the land area (see Dwg. No. 6.0-BN-27). The Dabus may also 
be considered to have a low yield. Dabus is in the highest rainfall 
belt and would fall well above the curve, if swamp losses did not pull 
the yield down to normal. 

The boundary of Chomen Swamp recedes as the dry season pro
gresses, and there may be 30 or 40 centimeters of soil moisture lost 
to evaporation and transpiration after the surface is unwatered. On 
most of the lake, grass or fronds extend through the water, even in 
September when content reaches maimnum; and rainy season consumption 
is probably as great as, or greater than, it would be on a lake of the 
same area. In fact, grass may be expected to extend to much of the 
lake surface, even after a reservoir is constructed. But there will 
be some area where the water is too deep for grass to survive during 
the period of maximum content, and consumption in this area may 
decline as a consequence of building the reservoir. Not knowing what 
the net effect of all these factors will be, the operation study was 
made on the assumption that future annual consumption with a reservoir 
would equal past annual consumption without a reservoir.
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Estimate of Available Flow
 

There are four years of record at the damsite. Flow 
available during other years was estimated by a monthly correlation 
with the record of the Abbay River at Kese. A correlation made
 
directly with the Abbay at Roseires record might have been prefer
able, but concurrent records were unavailable when the operation
 
study was initiated. Because of regulation by the swamp, the
 
Finchaa River probably should have been shown to yield lesser flows
 
in relation to Abbay flows, when monthly Abbay flows exceed six
 
billion cubic meters. However, the difficulties of estimating
 
losses in the swamp made it appear improbable that any considerable
 
refinement could be secured. There is no question that the facili
ties as outlined will serve the 15,000-heetare Finchaa Project
 
service area without shortage, and power yields during most periods
 
will equal those shown in the study. If, after further study or
 
with operating experience, it becomes apparent that a drought period
 
could impair power production, additional water may be imported to 
maintain the yield. A canal above the escarpment, one or two kilo
meters in length, would be adequate for diverting Kontor Creek into 
Chomen Swamp at approximate longitude 37'20' E, latitude 9010' N. 
Also, the Amarti-Neshe Project studies show that the Neshe River 
will produce more flow than is required on that service area.
 
Should additional records show Finchaa flow short and Neshe in sur
plus, the boundary between their service areas can be shifted south
ward.
 

Some additional yield could be secured by providing dug 
channels at the swamp inlets. However, if this is attempted, it 
should be done with caution. Perhaps one inlet could be canalized; 
then, after ten or twenty years, if the net result appeared advan
tageous, others could be canalized. The swamp appears to be on 
slopes adequate to maintain velocities of perhaps one meter per 
second in a channel. Many of the inlets have channels extending for 
some distance into the swamp; and, at the lower elevations, there 
are channels through the swamp in which velocities at times of maxi

.mum content appear to reach about one meter per second. Although the 
swamp is on-a grade, velocity over its remainder is retarded by the
 
grass. Possible effects ofoonnecting each inlet channel with the 
main outlet channel would be reduction in consumption by grass and 
evaporation around the upper edges of the proposed reservoir; trans
-portation of silt, which might otherwise be deposited in grass above 
the high water line, into the reservoir; minor amounts of erosion in 
,and near the upper ends of the channels; less natural irrigation and 
therefore lesser volume growth of grass near the edges of the swamp; 
and a change, perhaps for the better, in species and quality of 
grass in such areas. 

Area-capacity Relationships 

The area-capacity curve (Dwg. No. 2.0-Fi-1) is based upon a 
minimum of data. The Finchaa Reservoir operation study (Table III-1) 
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was made with a maximum content of 414.42 million cubic meters and
 
a minimum content of 33.00 million cubic meters, or active capacity
 
was 381.42 millioncubic meters. Subsequently, plans for the dam
 
(Dwg. No. OA-23-101) were laid out showing distribution of sediment
 
expected during the first fifty years of operation, and capacities
 
after 50 years of operation. The spillway crest was set at elevation
 
2213.4 (capacity at 50 years, 431.3 million cubic meters),and the
 
minimum operation level required to serve the project needs was put 
at elevation 2210.0 (capacity at fifty years, 31.2 million cubic 
meters). Thus, with this dam, active capacity after fifty years of 
sedimentation is estimated as 400.1 million cubic meters (slightly 
greater than the 381.42 million cubic meters requirement shown by 
the operation study). After 100 years, the elevation of sediment 
at the dam is expected to be 2208.85 meters. 

Monthly Power Releases 

Releases were made in the operation study to produce

power under a level load curve. This release was just adequate

to meet irrigation requirements in the month of December with an 
excess in all other months. The average effective head is 467 
meters after allowing for average friction losses, and generation 
is 361 million kilowatt-hours yearly after allowing for an 80 percent 
average turbine-generator efficiency. 

Irrigated Area
 

Estimated farm delivery requirement, as shown in Table 
III-2, is 0.954 meter (3.13 feet). Allowing 12 percent for canal 
seepage and 20 percent for operational waste, the operation study 
shows that, if the reservoir is constructed to the estimated dimen
sions, 15,000 hectares (37,064 acres) of land can be irrigated with 
no shortages. 

Spillway Design Flood 

Ordinates of the maximum probable inflow flood are shown 
on Table 111-3. 

Flood Frequency 

Frequency of floods to be anticipated during construction 
is shown on Table IiI-k. 

Outlet Capacity 

Table III-1 shows a minimum content in July 1914, when 
required release would have been 30.61 million cubic meters. The 
forebay at the head of the penstock is adequate for peaking; and
outlet capacity should therefore be 11.4 cubic meters per second 
with water surface at the minimum operating level of 2210 meters,
which is required to clear the 100-year sediment level and discharge
11.4 cubic meters per second. 
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AMARTI-NESHE PROJECT 

Operation Study 

Amarti yield will be diverted through a cut having an 
invert elevation of 2229 meters to the Neshe reservoir and outlet. 
Neshe floods will be diverted through the same cross channel to 
the Amarti spillway. 

As shown in the operation study, Table 111-5, minimum 
content is 165 million cubic meters and maximum is 751 million, 
and the required active content after 50 years of sedimentation and 
above the minimum operating level is 586 million cubic meters 
(475,000 acre-feet). 

Estimate of Available Flow 

On the basis of four current-meter measurements made on 
each stream in 1962, flows of the two streams have been estimated 
to total the amounts shown in column 2 of Table 111-5. Gages have 
since been established. Several years of record will be necessary
 
to -prepare an operation study adequate for use in finaldetailed
 
plans.
 

Area-Canacity Relationships
 

The combined area-capacity table for-the two reservoirs
 
as anticipated after 50 years of sedimentation is shown on Table 111-6,
 
sheet 5. Assuming a cross-channel invert elevation of 2229 meters,

each capacity item in this table includes 8.1 million cubic meters 
of inactive content in Amarti reservoir below elevation 2229.
 

After 100 years of operation, sediment at Neshe dam is 
expected to have a surface elevation of 2184.3 meters (7166 feet). 

Elevation of sediment at Amarti dam and at the cross channel 
aft'r 100 years of operation is expected to be 2228.6 meters 
(7312 feet). 

tnthly Power Releases
 

Canal water surface immediately above the penstock is 
expected to be 2205 meters. Jet nozzle elevation for the power 
release is estimated as 1625 meters. Average effective head is estimated 
to be 560 mters after allowing fbr an average penstock loss of 20 meters. 
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TAB3LE II-1 Sheet 1 of 3 

RESERVOIR OPERATION STUDY 

FINCHAA RESERVOIR FINCHAA RIVER 

Min STORAGE Max ELEVATION Max STORAGE 

33, 000, 000 Cu m 2, 213.13 m 414, 420, 000 cu n Net power head = 467 m 
(26, 756 ac-ft) (7. 261 ft) (335, 970 ac-ft)	 360, 480, 000 kw-hr per 

yr at 80% eff. 

FIRM YIELD 210, 450, 000 cu m per yr (irrig) 15, 000 hectares 
Max 354, 250, 000 cu m per yr (power) ( 37, 100 acres) 

r 
0I 

to 05w( 

0 oo, Id 'tECoo 0'1 

-4 1 C 2 3 4 5 6 7 8 
_________4114. 42 

-Oct. 30. 08 30. 61 99. 00 20. 81 9. 27 68. 92 0 414. 42 
, Nov. 

Dec. 
29.14 
30.08 

20.65 
30.61 

54.70 
29.50 

28.24 
30. 08 

0.90 
0 

25.56 
0 

0 
-0.58 

414. 42 
413. 84 

Jan 300 30.61 15. 30 2 0.09 0 -14.78 306 
Feb, 28.14 28.63 8.80 26,99 1.15 0 -19.34 379.72 
Mar. 30.08 30.61 5.20 24.87 5.21 0 -24.88 354.84 
NoApr. 
May 

29.14 
30.08 

29.65 
30.61 

4.00 
2.90 

25.64 
23.83 

3.50 
6. 25 

0 
0 

-25. 14 
-27.18 

329.70 
302.52 

June 29. 14 29. 65 2. 50 0 29. 14 0 -28.684 275. 88 
July 30.08 30.61 13.90 0 30.08 0 -16.18 259.70 
Aug.
Sept. 

30.08 
29.14 

30.61 
29. 65 

50.70 
102.00 

0 
0 

30.08 
29. 14 

0 
0 

+20.62 
+72. 86 

280. 32 
353. 18 

TUTALS 355.26 361.50 388.50 210.4 144.81 94.48 -61.24 -

Nov. 29.14 29.65 31.00 28.24 0.90. . 86 394. 98
 
Dec. 30.08 30.61 15.30 30.08 0 0 -14. 78 380. 18
 
Jan 300 30.61 U.70 099 U.U8 0 -20.62 280.3U
 

Feb. 27. 13 27. 61 5. 20 28. 99 0. 14 0 -21. 93 337. 17 
Mar. 30.08 30.61 4.00 24.87 5.21 0 -26.08 311.09 
Apr. 29.14 29.65 3.80 25.64 3. 50 0 -25.34 285. 75 
May 30.08 30.61 3.00 23.83 6.25 0 -27.08 258. 7 
June 29.14 29.65 5.80 0 29. 14 0 -23.34 235.33 
July 30.08 30.61 4.30 0 30.08 0 -25.78 209.55 
Aug. 30.08 30.61 21.90 0 30.08 0 -8. 18 201.87 
Sept. 29.14 29.65 55.50 0 29.14 0 +26.36 237.73 

1T.ALS 3b4. 251 360.42 1228.80 1210. 4b 1 143.80UU -12b.4 -

Sept. 1962 
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Sheet 2 of 3 

o

o, 0 0. 
00 

U)0 Oo ) 0 4$1 
1 2 3 4 5 6 7 8 

227.73 
Oct. 30.08 30.61 52.00 20.81 9.27 0 +21.92 249.65 
Nov. 29.14 29.65 20.00 28.24 0.90 0 -9.14 240.51 
Dec. 30.08 30.61 7.00 30.08 0 0 -23.08 217.43 
Jan. 30.08 30.61 3.90 29.99 0.09 0 -26.18 191.25 
Feb. 27.13 27,61 2.30 26,99 0.14 0 -24.83 166.42 
Mar. 30.08 30.61 2.10 24.87 5.21 0 -27.98 138.44 
Apr.
1May 

29.14 
30,08 

29.65 
30.61 

2.30 
2.40 

25.64 
23.83 

3.50 
0.25 

0 
0 

-26.84 
-27.68 

111.60 
83.92 

June 29.14 29.65 2.30 0 29.14 0 -26.84 57.08 
July 30.08 30.61 6.00 0 30.08 0 -24.08 33.00 

'Aug. 30.08 30.61 49.00 30.08 0 +18.02 51.92 
Sept. 29.14 

i'TALS 354.25 
29.65 

360.48 
128.00 
2. 

0 
T0210.45 

29.14 
144 

0 
r 

+98.86 
-',r 

150.78 
-

Oct. 30.Ub 30.61 85.30 2U.81 9.27 0 +5.22 206.00 
Nov. 29.14 29.65 71.00 28.24 0.90 0 +41.86 247.86 
Dec. 30.08 - 30,61 40.90 30.08 0 0 +10.82 258.68 
Jan. 30.08 30.61 16.30 29.99 0.09 0 -13.78 244.90 
Peb. 27.13 27.61 9.00 26,.99 0.14 0 -18.13 226.77 
Mar. 30.08 30.61 5.00 24.87 5.21 0 -25.08 201.69 
Apr. 29.14 29.65 4.00 25.64 3.50 0 -25.14 176.55 
IMay 
June 

30.08 
29.14 

30.61 
29.65 

2.40 
5.20 

23.83 
0 

6.25 
29.14 

0 
0 

-27.68 
-23.94 

148.87 
124.93 

July 30.08 30.61 12.00 0 30.08 0 -18.08 106.85 
Aug. 30.08 30.61 32.30 0 30.08 0 +2.22 109.07 
Sept. 
VULLS 

29.14 
42b 

29.65 
60.48 

66.30
~34070 

0 
215.4b 

29.14 
1 8 

0 +37.16 
-4.bb 

146.23 
-

Sept. 1962 
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Sheet 3 of 3 

Dc 0 320 C300" 2. 

0)0 me 0 'O 0 O 0.0 

.Oct. 30.08 SO. 61 84.00 20.81 9.27 0 +53. 92 200.15 
SNov. 29.14 29.65 57.50 28.24 0.90 0 +28.36 228.51 

Dec. 30.08 20.61 26.30 30.08 0 0 -3.78 224.73 
Jan. 30.08 30.61 13.50 29.99 0.09 0 -16.58 208.15 
Feb. 28.14 28.63 7.00 26.99 1.15 0 -21.14 187.01 
Mar. 30.00 30.61 4.00 24.87 5.21 0 -26.08 160.93 

o Apr. 29.14 29.65 2.90 25.64 3.50 0 -26.24 134.69 
IMay 30.08 30.61 2.40 23.83 6.25 0 -27.68 107.01 
June 29.14 29.65 5.00 0 29.14 0 -24.14 82.87 
July 30.08 30.61 13.70 0 30.08 0 -16.38 66.49 
Aug. 
Sept, 

OA 

30.08 
29.14 

35.26 

30.61 
29.65 

3 0 

61.00 
165.50 
442.80 

0 
0 

210.4b 

30.08 
29.14 
T44.T0 

0 
0 

+30.92 
+136.36 

+7 

97.41 
233.77 

-

c Oct. U3U.61 126.50 2U.81 9.27 0 +96.42 33U.19 
Nov. 29.14 29.65 82.70 28.24 0.90 0 +53.56 383.75 
Dec. 30.08 30.61 39.40 30.08 0 0 +9.32 393.07 
Jan. 30.08 30.61 20.20 29.99 0.09 0 -9.88 383.19 
Feb. 27.13 27.61 11.00 26.99 0.14 0 -16.13 367.06 
Mar. 30.08 30.61 6.90 24.87 5.21 0 -23.18 343.88 
Apr. 29.14 29.65 5.00 25.64 3.50 0 -24.14 319.74 

m May 30.08 30.61 4.00 23.83 6.25 0 -26.08 293.66 
June 29,14 29.65 6,00 0 29.14 0 -23.14 270.52 
July 30.08 30.61 16.70 0 30.08 0 -13.38 257.14 
Aug. 30.08 30.61 67.00 0 30.08 0 436.92 294.06 
Sept. 
TUTAS mb4.2 

29.65 
360.42 

149.50 0 29.14 
r4. 

0 
p 

4120.36 
+Ulb 

414.42 

Sept. 1962 
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TABLE 111-2 

COMPUTATION OF FINCHAA FARM DELIVERY REQUIREMENT 

Average monthly data (millimeters) 
Oct. . Nov. ec. an. Feb. ar. | Apr. May Total 

Consumptive use 
Util. rain(801o) 

Net C.U. 
F. I. efficiency 
Water requirement 

98.0 
32.0 
66.0 
.7 EE 

94.3 

96.0 
6.4 

89.6 

128.0 

101.0 100.0 92.0 111.0 111,0 
5.6 4.8 6.4 32.0 29.6 

95.4 95.2 85.6 79.0 81.4 

136. 3 1136.0 1122. 3 1112. 8 1116.3 

114.0 
38.4 
75.6 
.7 

108.0 

823.0 
155.2 
667.8 

.7 
954.0 

Elevation 1450 meters May 8, 1963 
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TABLE III-3 

INFLOW DESIGN FLOOD--FINCHAA DAMSITE--BLUE NILE PROJECT 

Q, Q
Time cu m Time cu m 
hours per sec hours per sec 

0 50.0 
6 305. 0 126 277. 

12 612.9 132 268. 
18 951.2 138 260. 
24 1, 195. 0 144 252. 
30 383.8 150 245. 
36 401.4 156 238. 
42 406. 0 162 231. 
48 403.7 168 224. 
54 397.3 174 218. 
60 388.3 180 211. 
66 378.0 186 205. 
72 367.4 192 200. 
78 356. 6 198 194. 
84 345.9 204 189. 
90 335. 0 210 184. 
96 324.4 216 179. 

102 314.2 222 174. 
108 304.4 228 169. 
114 295. 0 234 165. 
120 285. 9 240 160. 

*Discharge may be extended by K6hr = 0. 963 

10-day volume = 279.7 million cu m or 226, 800 acre-feet 

(See Reclamation Instructions IV 6. 6 14C) Qt = Qo Kt 

Qt discharge t days after Q. is measured 

K = daily depletion factor 
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TABLE III-4 - FLOOD FREQuENCY AT DAMSITES
 
FINCAA AID AMARTI-NESHE PROJECTS
 

Momentary peak inflow in cu. m. see. 
expected to be exceeded once 

in- 5, 10, 25, 50, and 100 years 
Reservoir (5) (10) (25) (50) (100) 

Fincbaa (ri-1) 	 53 53 54 5+ 54 

Amarti (AM-1) 200 230 280 310 340 
Neshe (as-1) 240 290 330 380 410 
Amarti-Neshe combined 400 460 530 600 650 

Finchaa Diversion 
From frequency curve 
for record at gage 53 53 54 54 54 

Gage to diversion dam 
= 195 sq. bms. 

-

i6o 190 220 260 290 
Power release 11 11 11 11 11 
Total Finchaa Diversion 224 254 285 325 355 

Neshe Diversion* 	 25 32 h0 50 55
 

* 	 Assume N6she storage dam diverting the Neshe to the Amarti
 
spillway and only the 22.5 square kilometers below it contrib
uting. Add 10 cubic meters per second to each item as power
 
release.
 

30
 



TABLE 111-5 
RESERVOIR OPERATION STUDY Sheet 1 of 3 

NESHE AND AMARTI RESERVOIRS--NESHE AND AMARTI RIVERS Canal elev. 
at dam 2,208 m 

RESERVOIR Min STORAGE Max ELEVATION Max STORAGE Canal elev. 

NESHE 
(million cu meters) 

152.9 2, 233.98 m 
(milhon cu meters) 

674 
at tunnel 

Jet nozzle 
2, 205 m 

AMARTI 12.6 2,233.98 77 elevation 1, 625 n 
165.5 751 Av. head 

Total (134, 200 ac-ft) (809, 000ac-ft) losses '20 n 

FIRM YIELD 310, 000, 000 cu m per year 8, 490 hectares served 
Net gener

ator head 560 m 
(251, 000 ac-ft) (20,979 acres) Gen. and 

turb. eff. 80% 

F 3 0 4 0 - 64 1 
0.5 0 7 -4 2 0 -29 58 14.11 

Oct 32Z 54 4-2r7 0 75 14 
Je 30.5 6 32e M r55 

Dec r2. 0 46-070 -3 9 65 
Jan 31. 0 4-3 2 0 -2 60 1.0 

Nov.30. 8 48 +1-4 0 252 005 -1 73 

751 
Oct.Mar 32932.9 540 3448 0 2727 0 -1 0 0 13611.4427 751 

o Nov. 30.5 8 48 -4 25 0 -21 730 15.52
Ma 31.7 0 34 -3 26 0w2 55 131Dec. 32.9 0 46 -4 27 0 -31 699 16.53 

Jan. 31.7 0 44 -3 26 0 -29 670 16.50 
Feb. 30.5 0 42 -4 25 0 -29 641 14.83 
Mar. 32.9 0 38 -4 27 0 -31 610 13.68 
Apr. 30.5 0 37 -4 25 0 -29 581 14.11 
May 31.7 0 34 -3 26 0 -29 552 13.10 
June 30.5 6 32 +1 25 0 -18 534 0 
July 32.9 20 31 +1 27 0 -6 528 0 
Aug. 31.7 54 32 +1 26 0 +29 557 0 
Sept. 30.5 104 37 0 25 0 +79 636 0 

.TALS 379.2 246 -23 311 2 181 115.71 

c Oct. 32.9 42 41 0 27 0 +15 651 11.44 
SNov. 30.5 6 40 -3 25 0 -22 629 15,52 

Dec. 0 38 -3 27 0 -30 599 16.53 
Jan. 31.7 0 35 -3 26 0 -29 570 16.50 
Feb. 29.3 0 33 -3 24 0 -27 543 14.83 

ccMar. 32.9 0 31 -3 27 0 -30 513 13.68 
SApr. 30.5 0 31 -3 25 0 -28 485 14.11 
-May 31.7 0 30 -2 26 0 -28 457 13.10 

June 30.5 4 29 +1 25 0 -20 437 0 
July 32.9 12 29 +1 27 0 -14 423 0 
Aug. 31.7 28 29 +1 26 0 +3 426 0 
Sept. 30.51 54 29 -- 0 25 0 +29 455 0 

717 L6 76.0 146 PF 3C 0 1F __ 157 

Dec. 1962 
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8 65 
1.0 

1. 6 

Oct. 
Nov. 
De . 
Jan. 
Feb. 
Mar 
Apr. 
May 
June 
July 
Aug. 
Sept. 

32.9 
30.5 
32,9 
31.7 
29.3 
32.9 
30.5 
31.7 
30.5 
32.9 
31.7 
30.5 

22 
2 
0 
0 
0 
0 
0 
0 

10 
30 
78 

152 

30 
29 
28 
28 
27 
2 
25 
23 
22 
22 
23 
27 

0 
-2 
-2 
-2 
-2 
-3 
-2 
-2 

0 
-3 
+1 

0 

27 
25 
27 
26 
24 
27 
25 
26 
25 
27 
26 
25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-5 
-25 
-29 
-28 
-26 
-30 
-27 
-28 
-15 

+4 
+5 

+127 

450 
425 
296 

68 
342 
312 
285 
257 
242 
246 
299 
426 

11.44 
15.52 
16.53 
16.50 
14.83 
13.68 
14.11 
13.10 

0 
0 
0 
0 

ITOUTALS378. 0 

SNo-v. 30.5 
Dec. 32.9 
Jan. 31.7 
Feb. 29. 3 
Mar, 32.9 
Apr. 30.5 

SMay 31.7 
SJune 30.5 

July 39 
Aug. 31.7 
Set 30,5
_fl W 

294 

8 
0 
0o 
0 
0' 
0 
0 
6 

20 
52 

100 
46 I 

30 
29 
28 
N7 
26 
25 
24 
23-
22 
23 
25 

i 

18 

-3 
-2 

-2 
--2 
-3 
-2 
-2 
+1 
+1 
+1 

0 

17 

25 
27 
26 
24 
27 
25 
26 
25 
27 
26 
2 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-20 
-29 
-28 
-26 
-30 
-27 
-28 
-18 

-6 
+27 
7 

-177 

439 
410 
382 
356 
326 
299 
271 
253 
247 
274 

4 

1115,71 

15.52 
16.53 
16.50 
14. 83 
13.68 
14.11 
13.10 

0 
0 
0 

1157 

Dec. 1962 
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46 
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42 

11.44 
15.52
16.53 

16.50 
14.83 
13.68 
14.11 
13.10 
0 
0 
0 
0 

115.71 

Dec. 1962 
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TABLE 111-6 Sheet 1 of 5 

- COMBlINED AREA-CAPACITY TABLE AFTER 50 YEARS
 
NESHE-AMARTI RESERVOIR--BLUE NILE PROJECT
 

Area Capacity 
Elevation (million (million 

- (M) sq m) cu rn) 

2234 46.9 731.4 
29 30.5 535.5
 
25 28.1 434.7
 
20 24.7 325. 0 Note: The Amarti portions of
 
15 20.7 231.7 -tHeeservoirarea and capacity

10 16. 8 155. 6 below elevation 2229 (invert of
 

5 13.4 98.7 cross channel) are unusable and
 
2200 10.4 57.6 remain constant at 3.8 million
 

95 7.8 29.7 sq m and 8. I million cu m, re
90 5. 8 14. 5 spectively, as the reservoir is 
85 4.2 8. 3 drawn down below that elevation. 
83.6 3.8 8.1 

Sept. 26, 1963 

34.
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TABLE 111-6 Sheet 2 of 5 

50-YR. SEDIMENT DISTRIBUTION--AMARTI RESERVOIR (WITHOUT NESHE)--BLUE NILE PROJECT 

Area Increment Method 

Elevation 
Original 

area 
Original 
capacity Ao 

Sediment 
volume Area 

50-year
revised 

Capacity 
(M) (million (million (million (million (million (million 

sq m) cu m) sq m) cu m) sq m) cu in) 

2234 18.7 77.3 1.2 10.5 17.5 66.8 
33 16.5 60.6 1.2 9.3 15.3 51.3 
32 13.8 45.0 1.2 8.1 12.6 36.9 
31 10.7 29.5 1.2 6.9 9.5 22.6 
30 7.6 19.0 1.2 5.7 6.4 13.3 
29 5.0 12.6 1.2 4.5 3.8 8.1 
28 4.0 7.7 1.2 3.3 2.8 4.4 
27 3.0 3.9 1.2 2.1 1.8 1.8 
26 2.0 1.1 1.2 0.9 0.8 0.2 
25.6 1.2 0.4- 1.2 0.4 0 0 
25 0 0 0 0 0 0 

Sept. 26, 1963 
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TAB3LE III-6 Sheet 3 of 5 

50 AND 100-YR.. SEDIMENT AT DAM--AMARTI RESERVOIR--BLUE NILE PROJECT 

Type III Reservoir 

S = 10.5 million cu m (5u yrs.) 21.0 million cu m (100 yrs.) 

Assume maximum normal water surface at elevation 2234, then I = 9 

Elevation p V(ph) I S-V(pi) | A(pH) I h'p 

50 yrs. 

2225.5 0.056 0.3 10.2 9.0 1.133 
2226 0.111 1.1 9.4 18.0 0.522 
2227 0,222 3,9 6.6 27.0 0.244 
2225.25 0.0278 0.1 10.4 4.5 2.31 

100 yrs. 

2225.5 0.056 0.3 20.7 9.0 2.30 
2226 0.111 1.1 19.9 18.0 1.108 
2227 0.222 3.9 17.1 27.0 0.633 
2227.5 0.278 5.7 15.3 31.5 0.486
2228 0.333 7.7 13.3 36.0 0.370 
2229 0.444 12.6 8.4 45.0 0.187 

Sept. 26, 1963 

_11 
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TAB3LE III-6	 Sheet 4 of 5 

50-YR. SEDIMENT DISTRIBUTION- -NESHE RESERVOIR (WITHOUT AMARTI)--BLUE NILE PROJECT 

Area Increment Method 

50-year 
Original Original Sediment revised 

Elevation area capacity Ao volume Area Capacity 
(M) 	 (million (million (million (million (million (million 

sq in) cu in) sq in) cu n) sq n) cu n) 

Flood pool 10.5 
2234 29.6 674.8 0.2 10.2 29.4 664.6 

29 26.9 536.6 0.z 9.2 26.7 527.4 
25 24.5 435.0 0.2 8.4 24.3 426.6 
20 21.1 324.3 0.2 7.4 20.9 316.9 
15 17.1 230.0 0.2 6.4 16.9 223.6 
10 13.2 152.9 0.2 5.4 13.0 147.5 
05 9.8 95.0 0.2 4.4 9.6 90.6 

2200 6.8 52.9 0.2 3.4 6.6 49.5 
95 4.2 24.0 0.2 2.4 4.0 21.6 
90 2.2 7.8 0.2 1.4 . 2.0 6.4 
85 0.6 0.6 0.2 0.4 0.4 0.2 
83.6 0.2 0.1 0.2 0.1 0 0 
83 0 0 0 0 0 0 

-	 Sept. 26, 1963 
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TABLE III-6 Sheet 5 of 5 

50 AND 100 YR. SEDIMENT AT DAM--NESHE RESERVOIR--BLUE NILE PROJECT 

Type, M Reservoir 

S = 10. 5 million cu m (50 yrs.) 21. 0 million cu m (100 yrs.) 

Assume maximum normal water surface at elevation 2234, then H = 51 

Elevation I p _ . V_(ph) - I S-Viph) I HA(pH) I h'p 

50 yrs. 

2183.5 0.0098 0. 04 10.46 8.16 1. 28 
2184 0.0196 0. 2 10.3 16. 3 b. 632 
2185 0.0392 0. 6 9. 9 32. 6 0.304 
2186 0.0588 1. 4 9.1 49. 0 0. 186 

100 yrs. 

2184 0.0196 0.2 20.8 16.3 1.276 
2185 0.0392 0.6 20.4 32.6 0.626 
2186 0.0588 1.4 19.6 49.0 0.400 

September 26, 1963 

'9, 

(
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At 80 percent turbo-generator efficiency, the operation study shows 
that the plant can operate under a level load curve (i.e., with 
approximately the same average kilowatts of generation each month) 
with an annual generation of 378 million kilowatt-hours, while 
also serving the irrigation project. 

Irrigated Area 

Estimated farm delivery requirement for the Amarti-Neshe 
Project area is 0.954 meter (3.13 feet). This estimate is the same 
as for the Finchaa Project of similar elevation and location, shown 
in Table 111-2. Allowing 10 percent for canal seepage and 20 
percent for operational waste, the operation study shows that, if 
the reservoir is constructed and operated in accordance with the 
proposal, much more than 8,490 hectares (20,970 acres) could be 
irrigated with no shortages. 

Spillwav Design Flood 

Table 111-7 shows ordinates of the estimated maximum 
probable reservoir inflow flood from the two drainage basins. Table 
III-8 shows ordinates of the maximum probable-flood that could come 
down the Neshe and would have to be passed through the cross channel 
to be spilled at Amarti dam. 

Flood Freauency 

Table III-4 shows frequency of floods expected to be
 
encountered during construction at each of the damsites.
 

Outlet Canacity 

In order to provide for peak operation of the Neshe plant 
at twice the average release (during months of low content), the 
outlet from Neshe reservoir to the power canal will require a
 
capacity of 20 cubic meters per second (706 cubic feet per second)
 
when water surface is at the minimum operating level of 2229 meters.
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TABLE III-7 

MAXIMUM PROBABLE FLOOD - NESHE-AMARTI (COMBINED)
 
BLUE NILE PROJECT
 

5 - 1 6d .9Tp = 0. 749	 ad . 554 x 106 0. 195 x 0, 749 = 42, 400 
qp 1, 310 

a = drainage area in sq meters = 554 x 106 

d = depth of runoff in meters = 0. 195 

q = flood peak in cu m per see = 1, 910 

Design flood in cu m per see 
Basic ratios Time in Hydro- Base Million 

thousand see.1/ 2p -q ]qp graph flowPJ Total- Subtotal cu nm 
t lI 

0 0	 0 0 29 29 
0.1 0.015	 4 29 29 58 
0. 2 0. 075	 8 143 29 172 

U,0. 3 0.16 13 308 29 335	 0In 
0. 4 0.28	 17 535 29 564 Co Co 

0.5 0.43	 21 821 29 850 Co 

0. 6 0. 60	 x* U, 25 1,146 29 1,175
0. 7 0. 77 Co 30 29	 0)

1,471	 1, 500 02~ Co
0. 8 0.89	 34 1, 700 29 "' 1, 729 0) Co 

0. 9	 o co0. 97	 38 1, 853 29 1, 882 
-f V., -41.0 1.00	 42 1,910 29 0 1, 939 + I

1. 1 0.98	 47 1, 872 29 1, 901 * 0) 

1. 2 0.92 51 1,757 29 1, 786	 
0, 

1. 3 0.84	 55 1, 604 29 1, 633
1. 4 0. 75	 59 1,432 29	 1, 461
1. 5 0. 66	 64 1,261 29 1, 290
1. 6 0, 56 68 1.070 29 1 099 839181. 88.42 U2 as 
2.0 0.32 2 85 611 29 640	 

31t 

2.2 0.24 	 93 458 29 487 
2.4 0.18 " 102 344 29 373 
2.6 0.13 " 110 248 29 c 277 
2.8 0.098 . O. 119 18? .29 216 
3.0 0.075 127 143 29 	 172 329. 15 

5 A 03 - *r. -rr 
1480 4u

4. 0 0. 018 Co 170	 34 29 636	 $14. 5 0. 009 -4 191	 17 29 46 
5. 0 0. 004 212 8 37	 6.29	 61 

Days	 2.45 115. 83 
say 2-1/2 days say 116 

a/August (1832) av. 	= 78 million cn m 2, 673, 400 = 29 cu m per see 

Sept. 1963 

40
 



TABLE 111-8 

MAXIMUM PROBABLE FLOOD - NESHE (WITHOUT AMARTI) 
BLUE NILE PROJECT 

ad = 0. 749 309 x 106 x 0. 207T = 0. 749 = 38, 650 
p qp 1,240 

a = drainage area in sq meters = 309 x 10 6 

d = depth of runoff in meters = 0. 207 

q, = flood peak in cu m per sec = 1, 240 

Design flood in cu m per see 
Basic ratios Time in Hydro- Base 

T/TP qjqp thousand sec. graph flowa/ Total 

0 0 0 0 15 15 
0.1 0.015 4 19 15 34 
0.2 0.075 8 93 15 108 
0.3 0.18 12 198 15 213 
0.4 0.28 15 347 15 362 
0. 5 0.43 19 533 15 548 
0. 6 0. 60 23 744 15 759 
0. 7 0. 77 27 955 15 970 
0. 8 0. 89 31 1,104 15 1,119 
0. 9 0. 97 35 1,203 15 1,218 
1.0 1. 00 39 1,240 15 1,255 
1. 1 0. 98 42 1,215 15 1,230 
1.2 0. 92 46 1,141 15 1,156 
1. 3 0.84 50 1,042 15 1,057 
1.4 0. 75 54 930 15 945 
1. 5 0. 66 58 818 15 833 
1. 6 0. 56 62 694 15 709 
1. 8 0.42 70 521 15 536 
2.0 0.32 77 397 15 412 
2.2 0.24 85 298 15 313 
2.4 0. 18 93 223 15 238 
2. 6 0. 13 101 161 15 176 
2. 8 0. 098 108 122 15 137 
3. 0 0. 075 116 93 15 108 
3. 5 0. 036 135 45 15 60 
4. 0 0. 018 155 22 15 37 
4. 5 0, 009 174 11 15 26 
5.0 0.004 193 5 15 20 

a/August (1932) av. = 39 million cu m 2, 678, 400 = 15 cu m per sec. 

Sept. 1963 
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SECTION IV - GEOLOGY 

General Geology of the Area 

The headwaters of the Finchas drainage system originate 
from high volcanic mountains, composed mostly of basalt, which have 
been eroded into sharp, steep ridges and valleys. Volcanic plugs, 
ranging from dark colored basalt to light colored rhyolite, are 
common physiographic features in this mountainous area. 

Northward, at lower elevations the volcanic material 
feathers out on the wide, flat rolling plateau. In this northward 
or downstream direction, due to erosion and probably to the thinning 
of the volcanic lava flows, the streams have cut through the volcanic 
materials into flat-lying, massive beds of adigrat sandstone, which 
constitute the principal rocks forming the lower part of the plateau. 

In the vicinity of the outlet of the swamp, the ridges are 
composed of sandstone, but in the valley or canyon the Finchaa River 
is flowing on an intervalley flow of basalt which was deposited 
within an older, previously eroded valley. It is believed that the 
intervalley filling of lava is younger than the "plateau" voleanics 
and probably originated in the vicinity of the volcanic plugs and 
cones upstream within the swamp area. It is this intervalley filling 
of volcanic rock, which is 'harder than the sandstone, which is 
responsible for the vertical waterfalls. It has also retarded 
erosion and entrenchment of the streams in the swamp, resulting in, 
the large, flat, poorly drained, land area on the high plateau. It 
is on the intervalley volcanic rock in the canyon below the outlet 
of the swamp that dams and other engineering structures will be 
constructed to develop the project. 

The intervalley volcanic rock is hard and jointed, but it 
is not extremely porous like most other younger volcanic rock in the 
Blue Nile River Basin. Apparently it was deposited as a thick, 
massive flow,, whereas most other younger volcanics were deposited 
in intermittent, thin flows that became scoriaceous and badly broken. 
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Geolozie Reconnaissance 

Drawing No. 5.2-Fi-2, Finchaa and Amarti-Neshe areas, 
covers the general geology in the project areas and at the structure 
sites. The map was constructed by tracing aerial photographs, after 
making field inspections on the ground and from helicopter flights. 
Auger holes were drilled to obtain samples of construction materials 
and they were analyzed by the Imperial Ethiopian Highway Authority 
Laboratory. 

Seismoloev 

The country of Ethiopia is considered to be in an active 
seismic area due to the close association with the great rift system 
passing through Ethiopia. The Ethiopian plateau, of which the Blue 
Nile River Basin is a part, has been vertically uplifted many hundreds 
of meters, but it is remarkable that little disturbance or tectonic 
movements have occurred within the plateau area. 

No active faults are known to exist within close proximity 
to the .Finchaa and Amarti-Neshe project area, and certainly not within 
the structure locations. While structures should be designed with 
margins of safety to withstand intensive earthquake shocks, no 
serious problems of a seismic nature are anticipated. 

Ground Water 

The Finchaa and Amarti-Neshe project areas are on well 
drained slopes underlain by sandstone. Sources of groundwater 
supplies for irrigation are not available. The relief and good 
drainage slopes do not suggest that salt accumulations and water
logging of lands will readily develop in the project areas if 
irrigation water is properly applied. 
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AMARTI-NESHE PROJECT (View Upstream) 
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SECTION V - PLANS AND ESTIMATES 

Comprehensive Plan of levelopment 

The comprehensive development of the Fincha Sub-Basin 
(Dwg. No. 2.0-BN-92) would extend over a long period of years and 
includes the construction of three storage dams, two irrigation diver
sion dams, one power diversion dam, one power canal, two pressure 
tunnels, penstocks, two hydroelectric powerplants, main canals, 
distribution systems, and drainage canals. The plan envisions the 
development of approximately 23,500 hectares of land for irrigation 
and generation of 160,000 kilowatts of hydroelectric power. 

The development plan for the Finchan Sub-Basin is divided 
into two broad plans--the Finchaa Project and the Amarti-Neshe 
Project. Both projects would be essentially similar in scope and 
purpose--the development of the land and water resources for irriga
tion and hydroelectric power production. The Finchaa Project appears 
to be the more economically attractive of the two because of its 
initial low investaent, primarily due to the low cost in utilizing 
Chomen Swamp for storage. 

FINCHAA PROJECT -

Plan of Development 

The multipurpose development plan includes a storage dam, 
a power diversion dam, a power tunnel and penstocks, a powerplant,
transmission facilities,, an irrigation diversion dam, two main canals 
(one on each side of the river), and a distribution system and sur
face drains to provide irrigation for 15,000 hectares of land and 
80,000 kilowatts of power installation. 

Storage would be provided by the potential Firichaa 
Reservoir, made possible by constructing a low dam at the-outlet of 
Chomen Swamp. From this storage, a continuous discharge would be 
made into the Finchaa River channel whence the flow would be diverted 
about five kilometers downstream by means of a diversion dam through 
a tunnel and penstocks for production of hydroelectric power. The 
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discharge from the powerplant would be made into the river channel 
below the escarpment and again diverted by another diversion dam into 
the two main canals to convey the water for irrigation purposes. 
These canals would roughly parallel the river, the canal on the east 
side being 56.7 kilometers in length and the one on the west side 
being 43.1 kilometers in length. 

Project Features 

The features of the multipurpose project plan are shown in 
general on Drawing No. 2.0-Fi-2 and are described in reconnaissance 
detail in the following paragraphs. Topography of the project area 
(Dwg. No. 2.0-Fi-9) was compiled from stereoscopic projection 
(multiplex) to a scale of 1:20,000 with 20-nter contour intervals. 
Controls for the multiplex compilation consisted of (1) horizontal 
distances measured with tellurometer, third order, and (2) vertical 
control by trigonomstric leveling, using in both cases first order 
triangulation stations established by the U. S. Coast and Geodetic 
Survey. Profile of the river is shown in Drawing No. .4.0-BN-74. 

Finchaa Dam and Reservoir 

Finchaa Dam. The proposed damsite would be near the out
let of the Chown Swamp about five kilometers upstream from the 
Finchaa Falls. It would be a concrete-masonry dam with an ogee-type 
spillway at the center section., Diversion during construction would 
be accomplished by gap in- the dam, the gap to be closed during the 
dry season and the floods routed through the completed outlet and 
spillway section. See Drawing No. OA-23-101 for plan, profile, and 
section of dam. 

Finchaa Dam Data 

Type masonry-ogee
 
Volum of concrete and masonry in dam 3,800 cu..
 
Elevation of spillway crest 2213.40 m.
 
Structural height 8.00 m.
 
Hydraulic height 7.23 m. 
length of crest 210 m. 

Spillway. The design of the spillway was based on an 
inflow design flood showing a peak inflow of 1,195 cubic mters per 
second and a 10-day volume of 220 million cubic mters, In routing 
the flood it was assumed that the reservoir would be at normal water 
surface elevation 2213.40 meters at the beginning of the flood. The 
spillway would discbarge 70 cubic meters per second at maximum water 
surface elevation 2214.23 meters. 
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FINCHAA DAMSITE FI-1- LOOKING DOWNSTREAM
 



FINCHAA FALLS FI-2 FOREBAY DAMSITE 
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Spillway Data 

Spillway crest elevation 2213.40 M. 
Inflow design flood 1,195 ou. m. per see. 
Total flood volume, 10 days 280 million eu. m. 
Discharge at naximum w.s. elevation 70 cu. m. per see. 

Outlet Works. The outlet works would be located on the 
right abutnent of the dam and would consist of two, 2.0- x 2.0-neter, 
slide gates with a capacity of 16 cubic meters per second at minimum 
water surface elevation of 2210. Stop logs have been provided for 
closure of the gates if required in case of emrgencies or repairs 
to the slide gates. 

Outlet Works Data 

Sill elevation 2208 m. 
Discharge capacity (each)--n.w.s. 23 cu. m. per see. 
Type of gate 2- x 2-m. slide gates 

, Reservoir. The Finchaa Reservoir would be in the Chomen 
Swamp, the basin of which is covered with black clay of unknown 
depth. It may be as much as 10 meters in depth and is believed to be 
underlain by volcanic rock. This soil cover forms an excellent 
impermeable blanket, and seepage is not considered to be a serious 
factor. The reservoir at normal water surface elevation would 
impound 464 million cubic neters of water at initial storage, cover
ing an area of 188 square kilometers. Reservoir data are shown on 
Drawing No. 2.2-BN-l, and the area-capacity curve is shown on 
Drawing No. 2.0-Fi-1 (see SECTION III), including sediment disposi
tion. 

Site Geology 

Finchaa Storage Dam. Geology at the damsites studied 
within the Fincbaa canyon between the falls and the outlet of the 
swamp indicates that the foundation rock is of hard basalt which is 
exposed along the stream channel and generally on the sides of the 
valley. The soil mantle is relatively thin, perhaps up to two meters 
thick in local areas. The volcanic bedrock is jointed but believed 
to be groutable to the point that excessive leakage from the reser
voir and beneath the dam can be prevented. Inasmuch as a relatively 
low dam will provide abundant storage and regulation, leakage is not 
considered to be a serious problem; however, a grout curtain under 
the dam at this storage site should be included in the design and 
cost estimates. Core trench excavation depth will average about two 
mters. A geologic section is shown on Drawing No. 4.0-Fi-5. 
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Finchaa Power Diversion Dam. Since bedrock materials are 

exposed at the site, required cutoff trench excavations in the stream 

channel and on parts of the abutments should not exceed an average 

depth of two meters to remove loose rock, mud seams, tree roots, and 

other nongroutable material along the cutoff core of the dam. Only in 

local areas will stripping be required to remove vegetation, such as 

roots of brush and large trees in the dam foundation area. A concrete 

or masonry-rock structure is recommended at this location. A geologic 

section is shown on Drawing No. 4.0-Fi-9. 

Powerplant Site. The penstock tunnel will penetrate
 

basaltic lava rock' from the intake to the approximate base of the 

lower vertical waterfall, at which point the excavation will continue 

in friable sandstone to the powerplant location, where there are 

thick accumulations of talus, large boulders, and soil cover, probably 

up to 7.5 meters in depth. Beneath the talus debris the foundation 

for the powerplant is sandstone. 

Irrigation Diversion Damsite. The, irrigation diversion

damsite is located below the plateau downstream from the powerplant. 

The foundation for the dam will be Adigrat sandstode. Canals will 

be common excavation in deep residual and slopevash soils over sand

stone bedrock. 

Construction Materials 

There is abundant, good, sandy clay for impervious earth 

materials near the damsite. These materials are deep, residual soils,
 

weathered from sandstone, and cover the gently rolling ridges and 

slopes adjacent to the damsite. No natural concrete aggregates nor 

pervious alluvial embankment materials were observed, and it is doubt

ful that any exist within an economical haul distance of the damsite. 

However, the hard, volcanic rock adjacent to the damsite can be 

quarried for rockfill, riprap, or masonry and can be crushed for con

crete or mortar aggregate. 
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TWTTAA DAM a RESERVOIR 

CONTROL 

ITEM a ALLOCATION OF 

STORAGE CAPACITY 

POINTS 

DIAGRAM 
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AREA CAPACITY DATA 
(with sediment distributed) 
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(METERS) 

INITIAL AREA 

(SO. METERS

106) 

CAPACITY (CUBIC METERS- 106) 

INITIAL WITH 50-YR. SEDIMENT 

INCREMENT TOTAL INCREMENT TOTAL 

TOP OF DAM 

MAXIMUM W.S. 

NORMAL W.S 

2215.00 

2214.23 

2213.40 

251.4 

188.00 
216.9 

680.9 

46t.0 
216.9 

648.2 

431.3 

419.3 4oo. 

MINIMUM 
OPERATING W.S. 
LIP OF LOWEST 
OUTLET* 
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220.00 

56.65 
2208.0056.601.5 3 ' 

44.7 
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Access to Sites
 

Access to the project would have to be improved--that is, 
the 135 kilometers of trail from Gedo to the Finchas damsite. This 
section of the road is considered for the purpose of this estimate 
as part of the national road system and therefore is not included as 
part of the project cost. However, access roads to the other project 
features would be necessary. 

1. Road from Finchaa Dam to power diversion dam, following 
edge of swampy ground--five kilometers. 

2. Road from power diversion dam over the escarpment to 
powerplant--20 kilometers.
 

3. Road from powerplant to irrigation diversion dam, fol
lowing Finchaa River through rolling hills--five kilometers, 

Power Diversion Dam 

This structure is on the Finchaa River approximately 200 
meters upstream from the lip of the falls. The reservoir will store 
90,900 cubic meters above the minimum operating water surface eleva
tion. It would be a masonry overflow dam with a maximum height of 
about 7.5 meters above river bed. The crest length includes about 
40 meters for an ogee spillway section. The inlet structure for the 
power tunnel would be located on the right abutment and gated for 
emergency closure to the tunnel. See Drawing No. OA-23-101 for plan 
and section of dam. 

Power Dam Data 

Type masonry-ogee
 
Volume of masonry 1,320 ou. m.
 
Normal water surface elevation 2200 m.
 
Spillway crest elevation 2200 m.
 
Structural height 7.5 m.
 
Hydraulic height 5.5 m.
 
Length of crest 114 m.
 

Power Tunnel and Penstocks 

The tunnel, starting at the inlet portal near the right 
abutment of the power diversion dam at elevation 2195.6 meters, would 
be a pressure-type tunnel requiring reinforced concrete linings. It 
would be about 330 meters long, would be 2.2 meters in diameter, and 
would have a design capacity of 19 cubic meters per second. The increased 
hydraulic head and the poor rock formations will require a welded 
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steel pipe to be encased in prolongation of the tunnel for a distance 
of 1,210 meters, thence under cut-and-cover section for another 320 
mters. Two penstocks, each having a diameter of 1.524 meters, 
would then be connected with butterfly valves above ground for a 
distance of 1,280 mters, terminating at the powerplant at elevation 
1715 meters. 

Tunnel Data 

Type pressure r
 
Length 330 m.
 
Diameter 2.2 m.
 
Design capacity 19 cu. m. per see.
 

Welded Steel Pipe and Penstock Data 

Welded Steel 
length 1,530 m. 
Diamter 2.2 m. 
Design capacity 19 cu. m. per see. 

Penstocks (two) 
Length (each) 1,280 m. 
Diameter (each) 1.524'm. 

Powerplant 

Drawing No. 4.0-BN-74 gives an indication of the river 
profile together with the elevations of the pertinent structures, 
including the powerplant. Conveyance of water from the forebay 
storage to the powerplant turbines would be by pressure tunnel and 
welded steel penstook. According to operation studies made 

(SECTION III), the annual gross generation would be 360,420,000 kw.-hr. 
for an adverse water supply period. Two generator units of 40 ar. 
each would be satisfactory, providing a total plant capacity of 80 mw. 
or 100 m.-a. at 0.8 power factor. 

Because of the high head, 467 meters (net), the two tur
bines will be of the impulse-type, each rated 55,725 metric hp.
(56,500 English hp.) and could be double-runner with a single jet 
per runner, Horizontal shaft, double-overhung, single-nozzle, 
429-r.p.m. wheels would be adequate. The pitch diameter of the run
ner would be about 208 centimeters, and the jet diameter would be 
about 27 centimeters. The diameter of the nozzle pipe would be 
about 130 centimeters with the velocity of the water through the 

I/Designs permit meeting annual load factor at plant of 58%. 
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nozzle pipe inlet determined to be about 8.5 aters per second. The 
width of the wheel pit would be slightly over three mters, and the 
flow of water to the turbines would be controlled by a needle valve 
from governor action related to load demand. The governor action 
would also simultaneously operate a pressure regulator to by-pass 
water from the penstock, during load changes, around the turbine 
into the tailrace. Energy absorbers are required to dissipate water 
from the pressure regulators. Thus, there will be no sudden changes 
in the velocity of the water in the tunnel and penstocks due to load 
piek-up or rejection. 

The two generators would have individual step-up trans
formers, as shown by Drawing No. 4.0-Fi-8, from 13.8-ky. generator 
voltage to 161-ky. transmission voltage, each transformer rated 
50,000 kv.-a. Generator units 1 and 2 will provide station service 
power, stepping from 13.8-ky. to 220-volt, three-phase, by mans of 
a 300-kv.-a. transformer connected to each unit, electrically inter
locked so that only one transformer is energized at one time. This 
source will also serve the caretakers' and operators' quarters. The 
switchyard is to be arranged so that future 45-ky. and 12.47-ky. 
lines can be terminated. 

Summarising, the generators would have the following char
acteristics. 

Speed 429 r.p.m. 
Number of poles 1-4 
Horizontal shaft, direct connected 
Voltage (wye connected) 13.8 k1. 
Frequency 50 cycles 
Power factor, variable, 0.8 thru unity, lag or lead 

Transmission Plant 

Transmission Lines. Assuming that the Finchaa powerplant 
will be the first Blue Nile plant to serve the Addis Ababa Complex, 
followed next by the Neshe powerplant (30 km. from the Finchaa power
plant), a double-circuit, steel tower, transmission line with one 
circuit installed initially and rated at 161 ky. would be constructed 
simltaneously with the Fincbaa powerplant from the Dongi Substation, 1 
located on the escarpment above the powerplant, to Addis Ababa. Later, 
the second circuit would be installed on these existing towers when 
the Neshe powerplant is constructed, thus completing the double
circuit line. A 1.8-kilomater, single-circuit, steel tower line 
would be required from the Finchaa switchyard to Dongi Substation. 

!Mand after the lower section of Chomen Swamp, known as Dongi
Swamp to the local people. 
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Prior to construction of Neshe, there'-will be about 249.8 km. 
of 161-ky. line, consisting of 1.8 Jil6meters of single-circuit tower 
construction joining the 248 km. of double-circuit tower construction 
carrying one circuit. The junction point would be the future site 
of the-Dongi Substation, required when Neshe is constructed. 

The transmission distance (airline) from Addis Ababa to 
the Finchaa powerplant would be about 1?0 kilometers (100 miles) and 
would cross some very rough and nearly inaccessible terrain. Access 
to a line along this route would be a serious problem and almost 
prohibitive in cost. For these reasons, the routing shown on Drawing 
No. 4.0-BN-170 (SECTION VII) -- generally south along the east side of 
the swamp toward Gedo and thence along the main highway to Addis 
Ababa--may be the most feasible at this time, even though 240 kilo
meters (150 miles) in length. The latter route can presently be 
traveled all year from Addis Ababa to Gedo but only during the dry 
season from Gedo to the edge of the escarpment overlooking the power
plant below. 

The transmission line will provide satisfactory service 
using 954,000 circular mil ASOR conductor based upon USBR standards, 
although some utilities might consider that 795,000 circular mil 
would be adequate. Cost estimates here, however, are based upon 
using 954,000 ciroular mi ACM. 

A 230-ky. line was avoided because at some of the altitudes 
the line will traverse, corona loss would require larger conductors 
resulting in higher cost. Also, the higher voltage was avoided for 
operational reasons, as the highest voltage used so far is 132 kv. 
The special problems associated with 230 ky. should be avoided at 
the present stage of electrification. 

Impregnated eucalyptus poles were considered for two 
separate 161-k7. lines, but they were decided against at this time 
for the following' reasons: 

1. Lack of experience data concerning service lives of
 
these treated poles.
 

2. The annual prevalent practice of burning off the bush 
after the end of the rains may cause destruction of some of the 
wood-pole structures. 

Steel tower lines, although requiring greater initial investment, 
may have lower annual costs because of the higher OM&R for the wood
pole lines. Until the reliability of the treated eucalyptus poles 
is demonstrated by successfully resisting dry rot and termites, 
steel was the choice for this project. 
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Provisions have been made for future facilities to serve 
local loads, although it is believed that it will not be possible to 
serve rural areas for many years as it has been proven elsewhere 
that developing countries in early stages of electrification cannot 
afford rural electrification. Therefore, delivery of the entire net 
plant output will undoubtedly be utilized in the Addis Ababa Complex, 
or possibly in addition at some of the larger urban centers within 
transmission distance. (These two cases have been studied; see 
SECTION VII.) 

Concerning a long-range development program to provide 
electricity for the Chowen Swamp area, a 45-ky. line around the north 
and west sides of the swamp, serving Shambo, Haratu, and Gedo, may 
eventually be justified. The distance is 110 km. (66 miles). Ulti
mately, with increased loads, a 161/45-lw. substation can be installed 
at G-edo, completing a loop. The same substation could supply 
Lekkemt at 45-ky. 

Substation. By 1971, EELPA will have constructed the 
Sebeta (Sabata) and Gafarsa Substation No. 1 west of Addis Ababa as 
part of a basic plan to provide a 132-ky. ring bus around the city. 
(See Dwg, No, 4.O-Et-14, SECTION VII,) The 161-ky. lines from the 
Finchaa Sub-Basin powerplants can either terminate in 161- and 
132-k. additions to Gafarsa Substation No. I or in a separate sub
station which can eventually be expanded to include 230-ky. in the 
future. Since there might be an advantage in having another sub
station as part of the ring bus extension located to the north or 
northeast of the center of the city, a separate substation identi
fied as Gafarsa No. 2 has been used for estimating purposes, as shown 
by Drawing No. 4.0-BN-174 with the 1980 system shown on Drawing 
No. 4.0-Et-15 (SECTION VII). 

The substation will be of the outdoor type with controls 
and service equipment located indoors. One control house and one 
combination service building-warehouse will be necessary. A double
bus, single-breaker scheme with one transfer breaker per voltage 
section is used, but the latter breaker is installed only when war
ranted. Connections are made according to American practice, which 
uses one main and one auxiliary bus whereas the European practice 
uses two main buses. Construction costs of both arrangea-nts are 
about equal and both types have advantages. Since costs are about 
equal, the American practice is used here, as a major purpose of 
designs at this reconnaissance stage is to arrive at approximate 
estimates of cost. Ultimately, when these facilities are investi
gated and designed for final construction, such designs may well 
follow European practice. These conditions also apply to powerplant 
switchyards. Standard A.S.A. electrical symbols are used as por
trayed by Drawing No. 4.0-BN-23. 
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The terminal facilities required in the receiving-end sub
station, Gafarsa No. 2, for the first 161-kv. line (from Finchaa 
powerplant) will consist of a 161-k7. line bay, transformer bay,
161/132-kv. autotransformer bay, and three 132-ky. bays (two-line 
bays) as explained by Note 1 on Drawing No. 4.0-BN-174. These 
facilities have been designated as Stage 01. 

Irriation Diversion Dam 

The irrigation diversion damsite would be located on the 
Finchaa River approximately 11 kilometers downstream from the power
plant. There would be no significant amunt of storage in the 
diversion reservoir. Headworks for two radial gates would be pro
vided, one for the East Main Canal designed to discharge 10.5 cubic 
meters per second, the other for a flow of 8.5 cubic meters per 
second with a sluiceway for each headworks for sediment dis
position. The ogee-type spillway envisioned for this dam is &sti
mated to be 210 meters in length. 

Irrigation Diversion Dam Data 

Volum of masonry 2,650 cu. m.
 
Maximum water surface elevation 1602.25 m.
 
Normal water surface elevation 1600.5 m.
 
Structural height 3.5 m.
 
Elevation at top of dam 1602.6 m.
 
Maximum flood discharge 900 cu. m. per see.
 
Crest length 292 m.
 

Main Canals 

Two main canals starting from the outlet works of the 
diversion dam on each side of the river have been planned for the 
project to convey water by gravity to serve as much as possible of 
the lands determined to be arable. The location would traverse 
rolling hills and cross many ravines and draws which will require 
suitable structures to accommodate the high flows of the rainy 
season. The proposed route would be for the most part in the fairly 
deep soils of the valley, but short reaches might possibly be in 
sandstone where soil cover is thin or entirely absent. No problem 
should be encountered from constructing the canal as an open, unlined 
section. Clearingwill be a definite problem, present vegetation 
varying from dense growths of large trees in many areas to scat
tered trees with tall grasses. Structures such as bridges, culverts, 
wasteways, turnouts, siphons, checks, and drops would have to be 
provided as required. The cost of these structures has been esti
mated, using the Upper Guder Project as a prototype, on the assump
tion that it closely approximates the structure requirements for the 
Finchaa Project. 

54
 



Capacitor potential device Power transformer-4F 
A4 

T Y/1 3$, Wye grounded connection 

Bushing potential device 

A 3 4, Delta connection 

Lightning arrester 
3$, Zigzag connection 

---I - Capacitor 

Auto transformerI Ground. (earth) connection 

f H Potential transformer 
Fused disconnecting switch 

t Current transformer, wound type 

Interrupter switch 

Current transformer, bushing type 

Carrier current Wave trap 

Disconnecting switch, gong operated 
Disconnecting switch, 
hook-stick operated 

Horn gap airbreak switch, gong operated 

Disconnecting switch, motor operated Synchronous condenser0 
Oil circuit breaker 

Air circuit breaker, manually operated 

Withdrawal contact 

Fuse Base upon A.S.A. Graphical symbolsft 

1-- Resistor 

ETH-US CDOP PROG. FOR THE STUD. OF WATER R. 

Generator IN COLLABORATION WITH 

4 
U.S. DEPT OF ST U.S DEPT'OF INT 
AGENCY FORINT.DEV BUR OF RECL 
DEPT OF WATER RES. IMAPETH GOVERNMENTCable pothead MIN.OF PUB WORKS a COMM 

BLUE NILE RIVER BASIN 
Electrical connection RECONNAISSANCE DESIGNS 

-DEVICE DESIGNATIONS - SYMBOLS 
FOR SWITCHNG DIAGRAMS 

No qonnection DRAWN.9CP....SUBMITTED..air-s 
TR AGED-ahrXChristosRECOMMENDED- &WX.. 
CHECKEDt-_t. - APPROVED.. CE.-.-- _ 
SAA Mar.14 -1962 ( I C) 
ETR Mar. 5-1954 (EC) I 40-BN-23 



NOTES 1el- 4v. POWERPLANTS 

I Finchaa facilities (Stage 01) limited to Y5, Y6, KY5A, 
.FINOHAA NESHIE 

WI, W2, W3. 
2. Neshe facilities (Stage 02) to be added include Y4, 

3. 
Y2, KY3A, W4, W5. 

Some reactive control facilities are Indicated on basis v7 ve v5 Y4 I II 
that by 1980 during peak load periods 50MVAR 
will be needed assuming little if any support from 4 
Awash plants. 

REACTIVE CONTROL FACILITIES 

X3 X
2 

XI[ 

KYBA A INTERLOCK A KY3A 

S SYNCGHRONOLScONorESERS S2 STATION SERVICE 
3@-25,OOOKVA EACH W5 W4 wJ w2 wb 

GROUNDING 
TRA SFORMERS 

II 
3-re0- 20,000/26,667/3M,333 - 6,000/4,000/10,000KvA 
AI GO Y/93-32 GORD.Y/76-ISKV. 

O~EATMTETOF WATERRESORCES 

IMPERIALETIROPIANADVMERET 

MEISTRYOFA ULICWORKS& COMMUNIcATIONS 

3BLUENILE RIVER BASIN 

RECONNAISSANCE ESTIMATES 
GAFARSA SUBSTATION NO. 2 

GAFARSA NO. I GAFARSA NO. / 

132-KV LINES 

RING BUS 
EAS 

s 

SWITCHING DIAGRAM 
.I~ STAGES 01 AND 02 

DRAWN _LX suBMIn.cU .
NTRACED. WJAE_ SECOMMENDE..WL-

- C .ECKED.k -.. - APPROvED_C. E.B 

APPROXIMATE ELEVATION 2560 METERS KIaPRNamURISm O4.0-BN-174 



East Main Canal. The East Main Canal would originate at 
the discharge end of the outlet works on the right abutment of the 
irrigation diversion dam. It would extend in a northerly direction 
for a distance of approximately 56.7 kilometers and would have an 
initial capacity of 10.2 cubic nters per second. This canal would 
convey water by gravity to serve approximately 8,000 hectares of 
irrigable lands. 

East Main Canal Data 

Length 
Type 
Initial capacity 
Initial water surface elevation 

10.2 cu. 

56.7 km. 
unlined 

m. per see. 
1600 m. 

West Main Canal. The West Main Canal would extend from the 
discharge end of the outlet works, on the left abutent of the irri
gation diversion dam. It would proceed in a northerly direction for 
a distance of approximately 43.1 kilometers and would have an ini
tial capacity of 8.5 cubic mters per second. The canal would convey 
water by gravity to serve approximately 7,000 hectares of irrigable 
land on the west side of the Finchaa River. 

West Main Canal Data 

Length 43.1 km. 
Type unlined 
Initial capacity 8.5 cu. m. per see. 
Initial water surface elevation 1600 m. 

Distribution System and Drains 

Distribution System. The irrigable lands ocur on broad
topped ridges varying in width from 300 to 1,000 meters with slopes 
of one to two percent, lending themselves readily to water-spreading 
with a minimum expense of land leveling, increasing in slope on the 
sides of the ridges up to 12 percent. Distribution of water to the 
lands with the steeper gradients will be more difficult and costly 
to develop than those on the plateaus, with particular attention 
necessary for the prevention of erosion. The distribution system
for the 15,000 hectares of irrigable lands is envisioned as an open,
unlined canal with sufficient capacity to met the peak demand of 
any lateral service area during the period of maximum demand. The 
distribution system has been planned on the basis that the applica
tion of water for the 'area would be on a continuous 24-hour operation 
when required, based on a rotation system of irrigation. Included 
in the cost estimate are farm turnouts that would be provided for 
about every 17 hectares of land, with metal slide gate and meter-type 
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measuring devices leading to a concrete pipe. Other structures 
required would include drops, checks, culverts, and farm crossings. 
Costs for the distribution system were computed on a cost per 
hectare basis derived from semidetailed studies performed on the 
Upper Birr Project. The estimated cost of Eth$330 per hectare was 
used, which excludes contingencies, engineering, and general expense. 

Drains. Costs have been estimated for construction of sur
face drainage to be provided for removal of irrigation waste and 
excess precipitation falling on the irrigable lands. The erosiveness 
of the soils and the fast slope of the lands are such that without 
proper drainage the erosion would develop numerous, deep, vertically 
walled drainageways that would wash away the soil resources. The 
natural drainage channels would be used for outlet purposes wherever 
practicable and would be protected and improved wherever necessary 
or desirable. Based upon the Upper Birr Project, where semidetailed 
studies were performed, the cost per hectare was estimated to be 
Eth$120 on the assumption that the natural drainage channels were 
more numerous than those of the prototype, and excluding contingen
cies, engineering, and general expense. 

Estimates for subsurface drainage requirements were not 
possible because of lack of data. Further studies to determine the
requirements and feasibility of subsurface drains would include 
existing water table behaviour, any subsurface obstructions such as 
dikes that would impound water, an evaluation of present vegetation 
for evidence of wet areas, and suitable pump-in tests to determine 
the in-place permeability. It is emphasized that if subsurface 
drainage is found necessary, the cost would add a significant amount 
to the total project cost. 

Service Facilities 

Housing and administrative buildings will be required by 
governmnt personnel to administer and oversee that the construction 
of the features follows the contract specifications and later to 
house operation and maintenance personnel. Cost generally asso
ciated with this item includes camps, construction roads and trails, 
utility systems, transportation equipment, and cost of temporary 
plant used during construction. The estimates for this item, in the 
absence of local data, were based on United States Bureau of Reclama
tion practices modified to local requirements. Generally, cost per 
square meter was employed, using prices prevailing in Addis Ababa 
for construction of the various buildings estimated to be required. 

Estimates of Construction Cost 

The total construction cost for the multipurpose Finchaa 
Project is estimated at Eth$86,127,000 on the basis of January 1961 
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RECONNAISSANCE ESTIMATE
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN- ETHIOPIA
 

ADDIS ABABA, ETHIOPIA
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prices as itemized with unit prices in Table V-1. Electrical facili
tie s, such as the powerplant and transmission plant, were derived 
from curves based on U. S. Bureau of Reelamation practices and design 
modified to local conditions. Table V-2 summarizes estimated costs 
for the various features and includes the estimated allocated cost 
for the joint-use facilities and the cost of contingencies, engineer
ing, and general expense. 

Plan Selection and Alternatives 

On the basis of preliminary studies, the plan as selected 
appeared to be the most feasible economically. The natural falls 
favored production of bydroelectrie power, and the water releases 
were oriented in this direction rather than toward irrigating more 
land. The plan as finally selected represents an optimum balance 
between irrigation and power development. 

, Alternative damsites were investigated for storage and 
power diversion. One plan briefly studied included using only one 
dam for both storage and power diversion, located approximately mid
way between the falls and the outlet of the swamp. Rough estimates 
indicated that the combination of the higher dam to store the equiva
lent amount of water, due to the river slope and the additional 
length of tunnel for power development, would be more expensive than 
the two low dams selected. 

Visual geological examination of the site precluded the 
employment of a vertical shaft tunnel and an underground powerplant, 
which would have been the most economical and desirable solution. 
Drilling will be required for final determination of plan to evalu-, 
ate the rook formation. The location of both the tunnel and the 
penstocks in the selected plan appears to be the more economical 
alternative. 

A higher location of the canals in the project land area 
was considered, but it was found that locating the canals to serve 
all of the land classified would man high construction cost and 
excessive maintenance problems, since such location would place the 
canals near the escarpment on steep talus slopes. Some small amEunt 
of pumping could be done to reach areas above the gravity canal, but 
these would be only small scattered areas and were not considered in 
this study. 
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TABLE V-2 - ESTIMTED CONSTRUCTION COST SUMARY 
FINCHAA PROJECT 

In thousands of Ethiovian dollars k 

Total 
Feature Total Joint-use irri- Total 

construe- Irri- gation power 
tion cost Iower Iation features features 

Finohaa Dam and Reservoir 682 371' 311 311 371 

Power Diversion Dam 210 --- --- --- 210 

Power Tunnel and Penstocks 32,948 --- --- --- 32,948 

1%werplant 11,015 -- --- --- 11,015 

Transmission Plant 21,004 --- 21,004 

Irrigation Diversion Dam 545 -- -- 545 --

East Main Canal 3,031 -- --- 3,031 -

West Main Canal 1,989 -- -- 1,989 --

Distribution System 7,734 - 7,:734 ---

Drains 2,813 -- -- 2,813 ---

Access Roads 1,813 986 827 827 986 

1ermanent Camp Facilities 2,343 1,275 1,068 1,068 1,275 

Subtotal 86,127 2,632. 2,206 18,318 67,809 

Development Cost / 325 --- --- 5,325 

Total Construction Cost. 91,452 2,632 2,206 23,643 67,809

I/See SECTION VIII for details. 
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AMARTI-NESHE PROJECT 

Plan of Development 

The developent plan for the multipurpose Amarti-Neshe 
Project includes two storage dams, a power canal and tunnel, penstocks,
powerplant, transmission facilities, irrigation diversion dam, two 
main canals, a distribution system, and drainage canals to provide 
irrigation for 8,490 hectares of land and 80,000 kilowatts of power 
installation. 

Storage requirements for the project are to be provided by 
utilizing the Amarti and Neshe River Basins, connected by an open
ditch channel through a narrow saddle that separates the two basins. 
The Anarti River channel is almost 42 meters higher in elevation 
than that of the Neshe and water would be impounded by a low masonry 
dam that will also serve as a spillway for both reservoirs. 

Discharges would be made from the outlet works in the 
Neshe Dam into a power canal, then to a tunnel and penstocks for pro
duction of hydroelectric power. The powerplant would discharge into 
the Neshe River channel and irrigation water would be diverted by a 
diversion dam into two main canals for conveyance to the distribution 
system and farmers' headgates. 

The features of the multipurpose project plan are shown in 
plan on Drawing No. 2.0-Fi-6 and are described in reconnaissance 
detail in the following paragraphs. Topography of the area was 
developed in the same manner as on the Finchaa Project area. 

Project Features
 

Amarti-Neshe Dams and Reservoirs 

Neshe Dam. The Neshe Dam would be located about 1.3 kilo
mters upstream from the -lipof the falls on the Neshe River. It 
would be an earth-rookfill dam having a structural height of 60 meters 
and a crest length of 1,100 meters. Diversion during construction 
would be accomplished through a gap in the dam, the gap to be closed 
during the dry season following the completion of the outlet conduit. 
See Drawing No. OA-23-91 for plan, section, and profile of the Neshe 
and Amnxti Dams. 
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Neshe Dam Data 

Type earth-rockfill 
Earth embankment, volume 2,300,000 cu. m. 
Rock embankment, volume 3,100,000 cu. m. 
Elevation of crest 2243 m. 
Freeboard 2.41 m. 
Structural height 6o m. 
Hydraulic height 57-59 m. 
Length of crest 1,100 i. ALI 

Width of crest 10 M. 

Amarti Dam Spillway. By construction of an equalizing 
channel, the two reservoirs in effect will become one and for hydraulic 
purposes will be treated as one. The Amarti Dam is planned to serve 
as a spillway for passing the flood flows for the combined reservoir. 
Located about five kilometers south of the Neshe Dam and on the Amarti 
River upstream from the falls, the dam would have a concrete-masonry 
overflow section abutting a complacted earthfill dike. The spillway 
section would be 250 meters long with the total earth dike section on 
both ends of'the spillway being 335 meters long. In routing the 
flood, it was assumed that the reservoir would be full to normal water 
surface elevation of 2236 meters. With the design inflow flood indi
cating a peak discharge of 1,939 cubic meters per second and a 2.5-day 
volume of 116 million cubic meters, the spillway at maximum water 
surface elevation of 2237.59 meters will discharge 962 cubic meters 
per second over the.ogee concrete crest. 

Amarti Dam Spillway Data
 

Type concre te-masonry and earth embankment 
Top of dam 2240 m. 
Spillway crest elevation 2236 m. 
Inflow design flood 1,939 cu. m. per see. 
Volume of concrete and masonry


in embankment 53,000 cu. m. 
Volume of earth in embankment 170,000 cu. m. 
Structural height 15 M. 
Hydraulic height 12.59 m. 
length of spillway crest 250 m. 
Discharge at maximum v.s. elevation 962 cu. m. per see. 

Neshe Dam Outlet Works. The outlet works would be located 
on the left abutment of the Neshe Dam. It would consist of an intake 
structure; a 3.05-meter, horseshoe, concrete conduit under pressure to 
the gate chamber where a 1.53- by 1.53-meter slide gate is provided 
for emergency control; and a 1.73-diameter steel outlet pipe from the 
gate chamber to release water through two metal slide gates discharging 
into a stilling basin. 
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Outlet Works Data
 

Sill elevation 2205 m. 
Capacity at w.s. elev. 2214.89 20 cu. m. per see. 
Type of gate slide gates 

Reservoirs. Both the Amarti and the Neshe Basins are 
covered with clay, forming an excellent impermeable blanket. Seepage 
is not considered a serious problem. The wide, flat-bottomed, grass
land valleys are underlain by a thin flow of younger basaltic lava 
which has prevented rapid downward erosion. The reservoir at normal 
water surface elevation would impound 847 million cubic meters of 
water covering an area of 53 square kilometers. Reservoir data are 
shown on Drawings Nos. 2,2-BN-3 and -4; the area-capacity curve is 
shown on Drawing No. 2.0-Fi-14, including sediment disposition. 

Site Geology 

Amarti-Neshe Damsites. The upstream drainage 
area and source of the water supply for the Amarti-Neshe projects 
originates on the high plateau of Adigrat sandstone capped by vol
canic rock. On the lower portion of the plateau only isolated rem
nants of the volcanic materials remain. Younger volcanic rook 
occupies the lower portion of previously eroded stream channels and, 
being harder than the sandstone, maintains vertical waterfalls at 
the brink of the plateau, thus retarding downward erosion on the 
plateau. The plateau streams meander through gently sloping grass
land meadows with poorly defined stream channels. Exposures of 
basalt at the waterfalls range from three to ten meters thick, but 
it is anticipated that at the proposed dam axis upstream the basalt 
cover may be much thinner. Due to the soil cover and the heavy 
growth of swamp grass, the intervalley flow of basalt is not exposed. 
The ridges forming the abutments for the proposed dams are composed 
of sandstone. 

The plateau breaks sharply several hundred meters below to 
gently sloping project lands that could be supplied with water for 
irrigation after its passage through the hydroelectric powerplant. 
Reservoir storage would be provided on the plateau by constructing 
dams on both the Aarti and the Neshe Rivers. The reservoirs would 
be operated as a single unit by excavating an interconnecting channel 
between the two reservoirs; thus, only one spillway would be required, 
probably at the Amarti Dam. The interconnecting channel is in sand
stone, and no doubt most of the excavated material can be used as 
borrow material for constructing the Neshe earthfill dam. The Auarti 
Dam would probably be a concrete or masonry structure in order to 
provide a weir type spillway over the dam. 
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The power canal would be in sandstone, as would the tunnel 
and penstock leading to the Neshe powerplant located at the base of 
the plateau. The foundation material for the Neshe powerplant is 
sandstone. No difficult foundation problems are anticipated. 

The small diversion dam to be located downstream from the 
Neshe powerplant would be founded on sandstone. From this diversion 
dam, a North Main Canal and a South Main Canal would transport water 
to project lands located on both sides of the river. Most of the
 
project land is of deep alluvial and slopewash soil underlain by
 
sandstone, except that there is metamorphic rock in the lover por
tion of the project area.
 

The damsites on the Neshe and Amarti Rivers are very 
similar, and geologic conditions are essentially identical. The 
wide, flat bottomed, grassland valleys are underlain by a thin flow 
of "younger" basaltic lava which has prevented rapid downward 
erosion. The stream meanders over the grassy meadow in a shallow, 
hardly recognizable, stream channel on a-clayey soil blanket. Only 
at the falls at the brink of the plateau is the basalt exposed. At 
the falls, the basalt is up to ten meters thick. The clay blanket 
is estimated to be from two to five meters thick at the damsites. 
Beneath the clay blanket the abutments are Adigrat sandstone. 

A core drill exploration program would be required to 
determine- excavation depths to the volcanic rock in order to obtain 
a satisfactory foundation for a concrete or masonry dam. The need 
for a grout curtain should be anticipated. However, the clay 
blanket should alleviate excessive leakage from the reservoir. 

The cutoff trench for the earthfill dam should extend into 
the volcanic rock, and a grout curtain is needed along the cutoff 
trench to assure against leakage. 

For reconnaissance designs, cutoff excavations are esti
mated at an average depth of five meters for both the stream channel 
section and the abutments. -

Construction Materials 

Impervious construction materials are available on the 
slopes and ridges near the damsites and from the interconnecting 
channel excavations. Riprap and rockfill can be obtained from the 
intervalley basaltic lava upstream or downstream from the damsites. 
Volcanic material can also be crushed for concrete aggregate. 
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Ns (w/o Amarti) DAM 8 RESERVOIR 

CONTROL POINTS 

AREA CAPACITY DATA 
(with dediment distributed) 

INITIAL AREA CAPACITY (CUBIC METERS - 106) 

ITEM I ALLOCATION OF DIAGRAM ELEVATION (SQ.METERS- INITIAL WITH 50-YR. SEDIMENT 

STORAGE CAPACITY OF DAM (METERS) 106) INCREMENT TOTAL INCREMENT TOTAL 

TOP OF DAM 

MAXIMUM W.S. 

NORMAL W.S. 

FREEBOARD 

FLOOD 
SURCHARGE 

2243.00 

2240.59 

2236.00 

32.7 

30.6 
143.8 

878.9 

735.1 
143.8 

868.4 

724.6 

ACTIVE 
CAPACITY 

507.0 502.9 

MINIMUM 
OPERATING W.S. 
LIP OF LOWEST 
OUTLET* 

INACTIVE 
CAPACITY 

2214.89 

2205.00 

17.0 

9. 
133.1 

______95.0 

228.1 

131-1 

221.7 
6 

90.6__________ 

DEAD 
STORAGE 
AND 
SILT 

95.0 90.6 

STREAM BED 2183.00 0 0 0 

*100-YEAR SEDIMENT OF M3 WILL TAKE 2184.3 METERS ELEVATION AT THE DAM. 
2.2-BN -3 
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AMARTI DAM & RESERVOIR 

AREA CAPACITY DATA 
(with sediment distributed) 

CONTROL POINTS INITIAL AREA CAPACITY (CUBIC METERS - 106) 

ITEM B ALLOCATION OF DIAGRAM ELEVATION (SQ.METERS- INITIAL WITH 50-YR. SEDIMENT 

STORAGE CAPACITY OF DAM (METERS) 106) INCREMENT TOTAL INGREMENTJ TOTAL 

2240.O0TOP OF DAM 
FREEBOARD
 

MAXIMUM W.S. 2237.59 25.0 142.9 132.4 
FLOOD 30.4 30.4 
SURCHARGE 2236.00 22.8 112.5 102.0NORMAL W.S. 

99.9 93.9ACTIVE 
CAPACITY 

MINIMUM 2229.00 5.0 1 12.6 8.1 
OPERATING W.S. INACTIVE 0 0

CAPACITYLIP OF LOWEST 2229.00 5.0 ______ 12.6 ______ 8.1___ 

OUTLET* 

12.6DEAD 
STORAGE 
AND 
SILT 

STREAM BED AL 1 2225.00 1 0 0 0 

*100-YEAR SEDIMENT OF M3 WILL TAKE 2228.6 METERS ELEVATION AT THE DAM. 
2.2- BN-4 
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The geology is shown on General Geology Reconnaissance Map 
No. 14, Drawing No. 5.2-Fi-2 (SECTION IV). Geologic sections for the 
Neshe and Amarti damsites are shown on Drawings Nos. 2.0-Fi-7 and 
2.0-Fi-8. The general plan of the Amarti-Neshe Project is shown on 
Drawing No. 2.0-Fi-6. 

Access to Sites
 

Access to the potential damsites will have to traverse 
rolling country from the Finchaa River road crossing. This will 
require construction of an access road for a distance of approxi
mately 12 kilometers with one major river crossing, that of the 
Amarti River. Access to the powerplant could be made from the pro
posed Finchaa access road and would require building a road 35 
kilometers in length through hilly country. This same road would 
serve as an access to the project lands. 

Power Canal 

The power canal conveys the water from the Neshe Dam to 
the forebay at the tunnel, which in turn supplies the powerplant 
through penstocks. The canal is about six kilometers long and is 
designed to supply water to the tunnel at approximately 20 cubic 
meters per second. Masonry lining for the canal has been provided 
for. Some forebay storage is necessary, but, due to the fact that 
the forebay is located close to the edge of the escarpment, the size
 
of the pool may be restricted. With the canal capacity at 20 cubic
 
meters per second, about 5,500 cubic meters of forebay storage to 
meet daily regulation requirements are indicated. This will require 
scheduling water releases to the canal from the outlet works to meet 
anticipated load requirements. Water surface elevations in the 
canal would be hild nearly constant with all but minor fluctuations 
avoided. 

Power Tunnel and Penstocks 

The tunnel would be pressure type to withstand the high 
head. At the beginning, it would be reinforced-concrete lined, but 
it would require an encased steel pipe at the lower end. It would 
be about 433 meters long with a diameter of 2.40 meters. 

Two welded steel penstocks would be required at the outlet 
end of the tunnel with butterfly valves for emergency controls. The 
penstocks would be 1.52 meters in diameter and 1,467 meters long. 
The thickness would vary from 27 millimeters at the beginning to 
about 50 millimeters near the end. 
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Tunnel Data 

Type pressure 
Length 433 m. 
Diamter 
Design capacity V 18.2 cu. m. 

2.40 m. 
per see. 

Penstock Data 

Type (2 each) welded steel 
Length (each) 1,467 m. 
Dianter (each) 
Design capacity (each) V 

1.52 m. 
9.1 cu. m. per see. 

Poweralant 

Conveyance of water from the forebay to the powerplant 
turbines would be by pressure tunnel and welded steel penstock, 
According to operation studies made (SECTION III), the annual gross 
generation would be 378,000,000 kilowatt-hours for an adverse water 
supply period. Two generator units of 40 mw. each would be satis
factory, providing a total plant capacity of 80 mw. or 100 mv.-a. 
at 0.8 power factor. 

Due to the high head, 560 meters (net), the two turbines 
will be of the impulse-type, each rated 55,725 netric hp. (56,500 
English hp.), and could be double-runner with a single jet per runner, 
all very similar to the Finchaa- powerplant installation. Horizontal 
shaft, double-overhung, single-nozzle, 375-r.p.m. wheels would be 
adequate. The flow of water to the turbines would be controlled by 
a needle valve from governor actioi related to load demand, and the 
governor would also simultaneously operate a pressure regulator to 
by-pass water from the penstock, during load surges, to the tailrace. 
Energy absorbers are required to dissipate water from the pressure 
regulators.
 

The two generators would have individual step-up trans
forers, as shown by Drawing No. 4.0-BN-87, from 13.8-k7. generator 
voltage to 161-kv. transmission voltage, each transformer rated 
50,000 kv.-a. Certain powerplant components have been made identical 
with the Finchaa powerplant so as to ease the operation and mainte
nance problems and to reduce the investaent in spare parts. The 
switehyard arrangement is identical to that shown for the Finchaa 
powerplant.
 

1/Peaking capacity has been included in these facilities. They are 
adequate to supply water to the powerplant, permitting the generators 
to meet expected normal load requirements initially, with future use 
for possible peaking operation. 
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Summarizing, the generators would have the general char
acteristics shown below. 

Speed 375 r.p.m. 
Number of poles 16 
Horizontal shaft, direct connected 
Voltage, wye connected 13.8 kv. 
Frequency 50 cycles 
Power factor, variable, 0.8 thru unity, lag or lead 

Transmission Plant 

Transmission Lines. See the discussion for the Finchaa 
powerplant. A single-eireuit, steel tower, 954-ICM AOSR conductor, 
transmission line will be required from Neshe powerplant to the site 
of the Dongi Substation on the escearpment very near the Finchaa power 
diversion dam above the Finchaa powerplant (Dwgs.Nos. 2,0-Fi-2 and 
-6), a distance of about 32 kilometers. From the Dongi Substation 
to Addis Ababa it will be necessary to install only the three, 954-4CM 
ASCR conductors on one side of the existing double-circuit steel tower 
line. 

Substations. The Dongi Substation (see Dwg. No. 2.0-Fi-2) 
will initially be a switching station so as to provide for sone flexi
bility in operation and maintenance. However, it will not be 
required until the Neshe power facilities are constructed, and at 
that time the single-circuit 161-kv. line (32 km.) from Neshe and 
the 161-kv. single-circuit line (1.8 km.) from Finchaa will termi
nate at the Dongi Substation. Also terminating at the Dongi Substa
tion will be the 248-km., 161-kv., double-circuit line to Addis 
Ababa, as previously discussed. Prior to the construction of Neshe 
there will be about, 249.8 km. of 161-kv. line, consisting of 1.8 km. 
of single-circuittower construction and 248 km. of double-circuit 
tower construction carrying one circuit, in operation. 

Stage 02 in the receiving-end substation at Addis Ababa 
to provide proper terminal facilities for the second 161-ky trans
mission circuit from Neshe will be needed. See discussions on sub
stations, Finchaa Project. Stage 02 in Gafarsa Substation No. 2 is 
shown on Drawing No. 4.0-BN-174 and will consist of a line bay and 
a transfer bay in the 161-ky. yard as well as a second 161/132-kv. 
autotransformer bank, KY3A, to parallel the first autotransforer 
bank, KY5A. In addition, another 132-ky. line bay position and a 
132-ky. transfer bay are necessary, all as explained by Note 2 on 
Drawing No. 4.0-BN-174. 

65
 



The reactive control facilities, consisting essentially 
of two synchronous condensers, may not be required at the time the 
Neshe facilities are placed into operation, all depending upon the 
reactive support obtained from the Awash plants. However, with both 
plants delivering full output on peak to the Addis Ababa area, and 
receiving no reactive support at the receiving-end terminal, the 
synchronous condenser installation will be required. For light load 
conditions, either shunt reactors or synchronous condensers operated 
lagging may be needed. 'Synchronous condenser installations made 
early enough could provide for the light load requirements initially 
and also provide for the heavy load reactive support later. During 
the feasibility stage of investigations more data will be available 
regarding the Awash machine characteristics and load characteristics, 
including the reactive problem at principal load centers. For this 
study, the added cost of the synchronous condensers will be included, 
recognizing that an installation of the size shown may or may not be 
required, depending upon the factors noted above. 

Irriaation Diversion Dam 

The dam would be located a short distance upstream from 
the confluence of the Amarti and Neshe Rivers. It would divert the 
flows from the discharges of the powerplant into the two main canals 
for irrigation purposes. Because the flood flows are passed through 
the Aarti Dam spillway and thence into the Amarti River, the possible 
flood flows at the diversion dam were found to be negligible. The 
diversion dam is envisioned as an overflow, masonry-concrete dam with 
suitable outlet and sluice works provided. 

Irrigation Diversion Dam Data 

Volume of masonry 
Normal water surface elevation 
Structural height 
Crest length of spillway 
Length of dam 

1,850 cu. m. 
1,501.5 m. 

5.0 M. 
60.0 m. 
83.0 m. 

Main Canals 

Since they are part of the larger Fi
descriptive narrative included in the Finchaa 

nchaa valley, 
Project would 

the 
apply. 

Two main canals are also planned for this project to convey the water 
to the land. 

South Main Canal. The South Main Canal would extend in an 
easterly direction for about 39 kilometers. It would originate at the 
discharge end of the outlet works on the right abutment of the diver
sion dam. The canal would be open and unlined, 'with an initial 
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capacity of 11.65 cubic meters per second. It would traverse inmu-
Drable draws and ravines, requiring suitable structures to accom
mdate the high flows of the rainy reason. Canal excavation will 
not present any major problems, but rock will probably be eneoun
tered in a few isolated reaches. The canal is designed to serve by 
gravity 6,360 hectares of irrigable lands. 

South Main Canal Data 

Length 39 km.
 
Type unlined
 
Initial capacity 11.65 cu. m. per see.
 
Initial w.e. elevation 1500 m.
 

North Main Canal. The North Main Canal would extend in a 
northerly direction for about 29.4 kilometers. It would originate 
at the discharge end of the outlet works on the left abutment of the 
diversion dam. The canal would have an initial capacity of 3'.5 cubic 
meters per second designed to serve approximately 2,130 hectares of
 
land.
 

North Main Canal Data 

Length 29.4 km. 
Type unlined 
Initial capacity 3.5 cu. m. per see. 
Initial w.s. elevation 1500 m. 

Distribution System and Drains 

The distribution system and surface drainage requirements 
are similar to those of the Finesaa Project, and costs of these 
items have been estimated at Eth$330 and Eth$120 per hectare, 
respectively, excluding contingencies, engineering, and general 
expense.
 

Service Facilities
 

Service facilities will be required for construction and 
later for operation and maintenance of the project features. Cost 
for this item has been estimated on the sam basis as for Finchaa 
Project. 

Estimates of Construction Cost 

The construction cost for the multipurpose Amarti-Neshe Proj
ect is estimated at Eth$123,020,000 on the basis of January 1961 prices 
as itemized with unit prices on Table V-3. Electrical facilities, 
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such as the powerplant and transmission plant, were derived from 
curves based on U. S. Bureau of Reclamtion practices and design 
modified to local conditions. Table V-4 summarises estimates for 
the various features and includes the estimated allocated cost for 
the joint-use facilities and the cost for contingencies, engineering, 
and general expense. 

Plan Selection and Alternatives 

The plan of developnent proposed, az in the ease of the 
Finchan Project, was to utilize to its maximum the power head avail
able, with irrigation as a secondary objective, inasmuch as hydro
logic studies indicated that -there was an abundance of water for 
irrigation. 

Alternative plans studied included a plan to divert the 
Amarti River into the Chonn Swamp. However, the cost of the larger 
out to divert the stream and the fact that the Neshe River could not 
be utilized, since the stream is 35 meters lower than the Amarti, 
made the plan unattractive. 

A plan was considered to produce power from the Amarti Dam 
and Reservoir rather than from the Neshe, due to the slightly higher 
head available. - However, because of the difference in elevation of 
the two reservoirs, it was found that mach of the Neshe storage 
would be inactive. 

Operation studies indicate that the two reservoirs will 
produce approximately twice the amount of water required for irriga
tion for the 8,490 hectares of land. Further land classification 
studies will be needed to determine if additional land can be made 
available. 

- Similar geological conditions as those applying to the 
Finchaa Project precluded the employment of an underground power
plant. The plan selected under these circumstances appeared to be 
the most economical and feasible. 
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RECONNAISSANCE ESTIMATE 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDIS ABABA, ETHIOPIA 

Project AMARTI-NESHE--MUltiple-purpose 

Date of Esirmote November 1963 Currency in lerms of Ethiopian Dollars 

Prices as of .- (U. S. S1.00 = Eth. S 2.50) 

z EQUIPMENTQUANTITY MATERIAL AND FIELD TOTAL 

ITEM LABOR CONSTRUCTION 
AMONTUNIT COST COSTAMOUNT orSh COSTn an non 

- PWEv AAT Time anwae 
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN-ETHIOPIA
 

ADDIS ABABA, ETHIOPIA
 

Project M4ArI-NM-Nultiple-purpose 

November 1963Date of Estimate Currency in terms of Ethiopion Dollars 

Prices as of. January 1961 (U.S. S 1.00 = Eth. S2.50) 

EQUIPMENT 
QUANTITY MATERIAL AND FIELD TOTAL 

CONSTRUCTION 
AN COST COST 

ITEMLAOR 

AMARTI Dea--Earthfill; mxlu.heigh22 mes 
se37 meters. TDrg. No. OA231 

Joint-use. 10,222,800 12,267,000
1 Diversion and care of river Lump sum LuP um 41 000
 
2 Excavation. stripping borrow pite 9 1.15 100
 
3 Exavation. all classes, dam foundation 42.000 i,9 1 

U Excavation, rook, for grout car _ _ 400 80o0C 32.000
 
5 Ecavation, common, in borrow areas and
 

transportation toembankment 10 0 m. 2500
 
6 atthfill in embankment 170,000 m 0.6 110,500
 
7 ra on u stream elo of embanent 12000 mt 11.OE 132000


8 Bedding for riorsa on embankmaent 60015,0 90000

9 Prssue aoutinr all wormkandl material oumLump Lupsm 13000
 

10 Furnishing and constructing 20 cm cone. pip
 
toe drains with open Joints 100 Im 21.0C 6, 300
 

Spillway--Conete a ee crest 250 meters
 
long. Capacity, 9o2 a/sec.


11 Exavation, all classes, open cut 1030 mit 3.25 341,250
 
12 Concrete--inlet and crest walls 5 M 210 3 0
 
13 Masory--orest structure 36,900 a 0OC 2,583.000
 
14 Conarete--Btilling basin 1.300 M3 150.0 2145,0
 
15 Reinforcement _ 7 G 3.00 877,000
 
16 Minor items , mise, setalwork, etc. Lu en Lump sum 633,500
 

Subtotal 

8 846 

- contingencies 2o;%) 2 It,54 0
 
Pield cost-Amart ri.,ppp800
am 

i. ineering_and Gnl ensr(20 ure ) 2.04 200 
Total est. const. coust-Arti Dam _12,267,000
 

IRRIGATION DIVERSION DAM--Stone.msonr dama 
with 60 meter aee spillvan erest length, 
83 mters; ax. beight, 5 mters__230 2000 

1 Divseralon and are of river Lump eum Lump su ,00
 
2 Ravation. cosmon for weir and structures 2,500 mJ 1._ 4,67,
 

EExcavation, rock for veir and structures 1,000 M 8.0C 8,000
 
4 Maeovi ver butments 1,850 m 70.0 129,500
 
L Concrete in headvorks and sluiceeavs 95 m5 210. 9950
 
6 Pressure grouting foundations 83 1m a3*:0C 6,889
 
7 Gates. gate hoists, handrails and etc. - mp sum Lupa aum 9,000)
 

sa t.Milal l186.714 ---. _,-
Contingencies 25- 46, 
Field cost--Irr. Diversion am 233,400 

Engineering and General Expense (20 4
 
Total est. counst. cost--Irr. Diversion Dm2 0
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN-ETHIOPIA
 

ADDIS ABABA, ETHIOPIA
 

Projecl AMLARTI-EfB--MultiPle-purpose 

Date of Estimate November 1963	 Currency in terms of Ethiopion DOelars 

Prices as of January 1961	 (U.S 2 1,00 =Eth. 2 2.501 

; 	 EQUIPMENT 
TOTALQUANTITY MATERIAL AND FIELD 

ITEM LABOR CONSTRUCTION 

AMOUNT U COST COST COST 

AMARTI-NEMHE--Altiple-purpose 	 100.762.400 123,020,000 

Joint-use features (47 55 000) 2 
Power features 5 17,900 (56,2700
Irrigation features (7,599,500) (9,487,000) 

N iBE DM--Barthfill max. height, 60 meters:
 
crest length, 1150 meters; spillway at
 
Amerti Dam. Dr. No. A-23-91. Joint-use. __ 33g 222200 9
 

1 Diversion and care of river Laur sum Lumpam 52.000
 
2 Excavation stripin borrow vits 130,000 m3 1.15 149,500
 
_3_ Excavation, all classes, dam foundation 570.000 m5 1,95 1.111,500


4 Eeavation., rok, for grout oap 1400 mr 80.00 112.000
 
5 Excavation. co~t.in borrowr areas
 

and transportation to embanbient , 0 m 2.75 7,150,000
 
6 larthfll in dame OeMbkent 2,100,000 mr 0.69 1,49500
 

7 Rockfill in dam embankment
 
(transportation of b km and plaing) 3,100,000 0.50 1,550,000
 

t Rivrap 0n upstream sloe of embankeznt 11,0.000 mJ 11.00 1.210,000
 
9 Pressure arouting. all wrk and material Tn.i a - Tampmon 89..000
 

10 Furniabine and.constrnating 2O cm nonc.
 
i.ne toe drains rith omen joints m 1m 100 P 8.00
 

_1 1 peihin d a.tuor a Oc oe ______ ____ ______ ___________
 

pipe toe drains with open joints 650 In .00 24.00 _
 

12 Access road. 2 lane gravel, Amarti Dam to
 
Nashsb Date. 1lat terrain. ..... 5 km 7.O00 15,0
2


13 Bridge across Amarti River below date 3,300 m 270.00 891,000 

Equalizing Channel--Open aut; length, 935 I 
mters; b = 60 meters; max. cut, 61 meter5 

16_ Prr-avat-ion omon 1,00 0 mr .0. Ap Ap_____00
19 1vwito golo 1 D,000 m3 6,50 9,790,000 

Outlet WorkA--Caaicitv. 20 m3/ase 1.73 m
 
dia. steel ihe in to0 e.. horse shoe
 

1. 	 aenraton. al i annsn rin,,t . 000 h3 q.p9 17S 7S0
 
17- flnsprsni--,i~ntr strmatap me 180..00 _.00
 

1 Concrete--conduit 1. 10 m 160.00 29600 
19 Concrete--gate chamber 165 m 210.00 34,650 
20 Onrete=--Anh,,tnet,,' oontrol linnie . 085..2B m .. 15ft0. 00 li275&0 
2L. - annrte--aneran fire 5orih b i l ian 2o me - ... ].0*. 1 . ____0___ 

P Inmrete - -atil4ginn basin 40 m 15 w0 51 0 
21 Rainforennm + . 70 000 kg. 100 70O 
P4 Prnnlralm Tmn sm - mp sum 10 no 
25 Alice te's fmpsap.n."ansmn 

PA mfem an91sn pen Tunn, sin sumnm 7 0
 

P7 Minar nr l Rr ctrhpn itcm .... n-p.-1 -1S-1Tm- .T 1 .' n
 
P8 Minor i+s min. metalwnr stn ..Isann - unm 7C0 0
m 

Subtotal.o47an
 
Contingencies (2+4 _ 

Field Cost--Neshe Dam 33,222, 00
 

Engineering and General E 2xpeens -2019. 6.644.800
 
Total eat. conot. 9ost--Mlfeshe Tha_ 
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN- ETHIOPIA
 

ADD(S ABABA, ETHIOPIA
 

ProjectAIE -NE -

Date of Estimnoe November163-- Currency in terms of Ethiopian Dollars 

Prices as of -.- anuanr 1961 (U.S. SI 00 E r. 3 250) 

0 
z 

QUANTITY 
EQUIPMENT 
MATERIAL AND FIELD TOTAL 

L.A 
H 

AMOUNT 

LAOR 
UNIT COST 
COST CS 

COST 
CONSTRUCTION 

COST 

N h i - - T 
Canal excavation. common &.O -f.A.19n ______ 

. Canal ercavan+pa npI o m &0 k.o r____ 

St ru ctuAes 

9 thorrrt pp0 -In...re 
Subtotal 
Contingencies 12 
Field Cost -- Nort I 

Engineerine and Gol1p G2 
Total eat, Nrn'+. et-._ortnh5Ma rnal 

0n bath s. Of the NAhn 
__w__, 

4 4 
flin tr 5,,+,,e -y sa=r a-wed b 

1 
th- an -__-_ 

Man Caal, Net bart.e22 

Euritte in n ian -_noT Enae_. ,( 
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDIS ABABA, ETHIOPIA 

Project AMARTI-NESE-Multiple-purpose 

Date of Estimate November 1963 Currency in terms of Ethiopian Dollars 

Prices as of January 1961 (U. S. 8 LOO = Eth S 2.50) 

0 
z QUANTITY 

EQUIPMENT
MATERIAL AND FIELD TOTAL 

ITEM-
LABOR

UNTT 
CONSTRUCTION 

AMOUNT COST COSTCOST 

POtwhArt.--Hydro 1 29,797,300 37,2 7.000 

1 Poverplant structure and ivproenents,
WAZonry and reinforced concrete. Lump sum ump sum 1.960,000 (1.980.000 

Watef'vane (20,382.30 
2 'nntcke: welded steel. -1.524 mters Y.... 

16 to 48 millimeters thick. Two each. 
1467 meters long, piers and anchorages, 
and 2-1.68 m butterfly valves with controL Lump Busm 20,219,800 

3 Tailrace excavation. common Lump sum - uap sui 162.500 

4 Turbines snd Generators--Two units. 90.000 
kva. 13.2 ky. D.8 Pf. 50 cycle generators. 
and 56,500 Eglish h, 375 rm, 560 meter 
bead, impulse-tne horizontal turbines. Lump sum (.umpeum 5.280,000 (5,280,000 

Accessor electrical equiPnent--All eoui-i 
unt reoired for control and protection 

of penerators. and station service pover. Lump on c.m sum 1.210.000 1.210.000 

6 iscaflans e ci ml-.Iiaui nt requred 
for gneral station use. Lumn sum oau sum 770,000 (TO.o0 

Access road--Two lane crushed rock. from 
Irrigation Div. Pan to Powerlarnt. *m 10,000,00 140,000 (175,000 

Contingecies (254f 35,000 

_Engineering and General Expense (2_P_ 
Items 1 through 7 

TRANSMlSION LINES swTI'HYARDS AND SUB
12_093.0.. 145630000
STATIONS 


1 Nesbe Switchyard--Located near Neshe 
I terevlant. . . , (1.8o1.000 

...se. nineba. ky 1, 200 

te. Lumn sum -Luan sum 300.000cngle 

Sisle bay . 161 kv. switch instllation 

ol 1.200 am re co lets. sum sum 100,000 
ee hase trans ormers 50000 kva 

1-.2 9 161- 8 installatiOn- n etee
woLum summ sum 11,000 

46 OEaiseeri ard Geneal ns 

Donri Substation. 161 kv ainrle-ir cuit 
steel tower with one overhead around wire 

10000
and three 954 MNo4AnSF c1nductors. 
4Ronl terasin, mch_ learnn.o 

Averane terrain little clearing PL m L,00.00 1.008.000 

Engineering and General Epne (20-} 22 000 

Transission line--161. kv Dui Bubstation 
to Gafarsa. Substation No. 2 near Ais 
Ababa. Stringi second circuit on 
towers included in Finchas estimate to ______ 

complete double-circuit line. 
Fuiah and install three 4 MM ACgR 

km 000.00ondaors28 Ge224,00 

snieerng and General Expense (10.% ___22,000 _____ 
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RECONNAISSANCE ESTIMATE
 

BLUE NILE RIVER BASIN- ETHIOPIA
 

ADDIS ABABA, ETHIOPIA
 

AMARTINESE--Multiple-purposeProjezi. 

' - Eslimate.	 November 1963 Currency in terms of Ethioplan Dollars 

January 1961- 'ces as of.	 (U S. s 1.00 = Eth. £ 2 50) 

QUANTITY 
EQUIPMENT 
MATERIAL AND FIELD TOTAL 

ITEM 
AMOUNT 2 

I 

LABOR 
UNIT 
COST COST COST 

CONSTRUCTION 
COST 

ThANSmISeoN LIMs SWTCaTrm AMn SUB-
STATIONS (Continued) 

4 Gafarea Substation No. 2--Stage 02 (near 
Addle Ababa),100,000 k a 161 132 kv. 
(see Dg. o.0--1t 

Bay Yk 
ay Y2 

Bay Wk 
Bay W5 
Reactive control raolities, complete. 
Autotrnsforer Kn3A and appurtenances_ 

I 
Lum sum 
Lum=sum 
Lump sum 
LIM sum 
Lump esm 
T1mrrn nm 

I I 11 
T. lum90,00 
Lume..sut 
Lavn fl 
Luap sum 

Tasmn num 

290,oc 
250,000 

1.250,000 
1i.600.00 

(4. o.ool 

Subtotal 

algineering and General kix 

5 ten 
ssion 

aongi Substatonn 161-ki s 
Nash. and Finches transmi 

betwen... 
lines. Twr 

I11 .. 108 or 

suble circuit 

7 1(16161 1 
single circuits intone d 
161 kv out. 

Four single breaker line ba 
complete. 

00k0 

Engineering and General Erpense (25717 fi 
(f0 on 

MISCELLANIEUS JOINT-UBE FEATURES	 i.100 .000| 

1 Access road from Finche Project road t0 ... 
Amarti IrrigationDiversion Dam. Rolling . 
terrain. 

2 Aegess road from Shanbo-Finchan River.--
crossing to Amati Dem. Bolling terrain. 400,00Q

40m00. n 48_hnano3. Permanent campa, Including offical, shove _s___ 

and housing. Upper and Lover camps. _ Tw 
Subtotal . 
Contingencies (25+) 
Field cost--Misc. Joint-Use Patures 

Eagineering and General Expense (25$	 17i25 _.0 _ 
Total eat. conet cot--joint-use features 

-- 1 
* -.----- U--S---Vt--

i7771 ~~.71
----------------	 --- ____-. 
---------------. *~~~1~ ~.-. 

*. ~.1 

S_________---------1------

i~i-..-

<LII . -- **..---	 A------H--- 1-------
LA)Si 
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TABIE V-4 - ESPIMATED CONSTRUCTION COST SUWMY 
AMARTI-NESIE PROJECT 

In t1ousands of Ethio >ian dollE rs 
Total 

Feature Total Joint-use irri-, Total 
construe-
tion cost Power 

Irri-
gation 

gation 
features 

power 
features 

Nesha Dan and Reservoir 39,867 30,140 9,727 9,727 30,140 

Amarti Dam and Reservoir 12,267 9,274 2,993 2,993 9,274 

Power Canal 2,213 --- --- --- 2,213 

Power Tunnel 2,251 -- --- --- 2,251 

Powerplant and Penstocks 37,247 --- --- --- 37,247 

Transmission Plant 14,563 --- -- -- 14,563 

Irrigation Diversion Dam 280 --- --- 280 -

South Main Canal 1,994 --- --- 1,994 --

North Main Canal 979 --- --- 979 ---

Distribution System 4,377 -- --- 4,377 

Drains 1,857 --- --- 1,857 --

Access Roads 2,938 2,221 717 717 2,221 

Permanent Camp Facilities 2,187 1,653 534 534 1,653 

Subtotal 12,020 43,288 13,971 23,458 99,562 

Development Cost 1/ 3,014 --- --- 3,014 --

Total Construction Cost 126,034 43,288 13,971 23,472 99,562 

I/See SECTION VIII for details. 
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SECTION VI - IRRIGATION DEVELOPMENT
 

FINCHAA PROJECT 

Introduction 

The lands at the lower end of the Finchaa valley west of 
the river were initially classified and evaluated on the assumption 
that they would be served in the same manner as the remainder of 
the project from a gravity diversion at the upper end of the 
Finehas valley. Subsequent studies show that this area can be more 
economically served from water stored in a reservoir on the Neshe 
River. This reservoir would be located on the plateau area vest of 
the Finchaa valley. Because an important tributary to the Neshe 
River, known as the Amarti River, flows from the plateau and empties 
into the Neshe below the escarpment, this portion of the original 
Finchaa River Project is considered a part of the Amarti-Neshe 
Project. Lands in the Amarti-Neshe valleys, as well as those near 
the Finchaa River, are included in the Amarti-Neshe Project. Due to 
the close integration of the Finchaa Project and the Amarti-Neshe 
Project plans and the possibilities of irrigation service from 
either of two sources on some lands, the land resource data are 
consolidated into a single presentation. That portion of the Amarti-
Neshe Project situated in the Amarti-Neshe valleys was only classi
fied by aerial observation, and the data are projected primarily 
from the information available from the Finchaa valley; therefore, 
the accuracy of classification of this area is lower- than that of 
the Finchaa valley. The Finchaa Project area is about twice as 
large as that of the Amarti-Neshe. Separable data on the estimated 
irrigable acreages for both projects will be presented. 

General Description 

Location and Extent 

The Finchaa Basin occupies an upland valley position in 
the eastern portion of Wellegga Province near the center of the Plue 
Rile Basin. The Finchaa River rises in the mountains which lie
 
to the north of the Addis Ababa-Lekkemt highway between the Guder
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River drainage and the village of Baco. The tributaries flow gener
ally northward into the Chomen Swamp, a vast flat area on the 
plateau lying between the mountains and the precipitous escarpment 
forming the northern limit of the plateau. The river leaves the 
swamp and plunges abruptly over the escarpment, which is several 
hundred meters high. It then flows through the Finchaa valley and 
tumbles downward through some rough terrain to its confluence with 
the Blue Nile River. 

The Finchaa valley lies in a box-like canyon about 12 
kilometers wide and 37 kilometers long. It is bounded on the south, 
east, and west sides by high, nearly vertical escarpments at the 
edge of the relatively flat upland plateau approximately 750 meters 
(2500 feet) above the valley floor. Low hills near the lower end 
of the valley form the western boundary, which separates the Finebaa 
and the Amarti-Neshe drainagevays. 

The Finchaa and Amarti-Neshe River valleys are contiguous 
with each other and are located within the general boundaries of 
latitude 9. 35 minutes to 9* 55 minutes North and longitude 37* 15 
minutes to 370 28 minutes East. 

Physiography 

The Finehas valley slopes to the northward at an average 
rate of slightly less than one percent, and the land areas on either 
side of the river slope to the center at an average rate of about 
two percent. The project lands are dissected by many tributary chan
nels varying in depth from shallow swales to vertical cuts of 20 
meters or more. The stage of erosion indicates a young or very early 
maturity type of topographic surface. 

Although no data are available on the Amarti-Neshe valleys, 
it is probable that these valleys are ancient alluvial depositions 
overlying metamorphic rock. These valleys have a dendritic type 
erosional pattern similar to the Finchas valley. 

Transportation and Habitation
 

Both the Finchaa and the Amarti-Neshe River valleys are 
uninhabited and uncultivated. There are a few foot and game trails, 
but no roads exist. The nearest all-weather market road is at Gedo, 
approximately 60 kilometers from the upper end of the Finchaa valley. 
The escarpment which virtually surrounds the Finchaa valley is about 
750 meters high and will create a problem in any attempt to construct 
a road from the plateau to the valley. The plateau areas adjoining 
the Finchaa and the Amarti-Neshe River valleys are inhabited, and 
much of this area is cultivated. 
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Present and Potential land Use 

The vegetative cover over the project areas consists of a 
fairly dense growth of tropical savannah woodland, typified by acacia, 
fig, and other varieties of deciduous trees and shrubs, interspersed 
with a very dense growth of tall grass. With the exception of trees
 
growing in the stream bottoms, which often reach a height of about
 
30 meters (100 feet), the usual trees on arable land attain a maximum
 
height of about 9 meters (30 feet) and a maximum diameter of about
 
1/2 meter (20 inches). An occasional area of grass occurs, occupying
 
a rather flat or lowland position, but these areas comprise a small
 
percentage of the total area. Seasonal burning of the grass is
 
practiced.
 

A large variety of crops could be grown because of the
 
long growing season. However, the cool nights limit the production 
of some crops. The most likely crops under irrigation would include 
coffee, corn, sorghum, field beans, tobacco, peppers, castor beans,
flax, and other oilseeds. Some subtropical fruits could be grown 
if desired.
 

Tsetse flies and mosquitos are common throughout these 
valleys, and it is probable that malaria would be a problem requiring 
attention for the successful operation of an irrigation project. 

Project lands
 

Tonoravy and Land Develonment 

As previously indicated, the Finchas and the Amarti-Neshe 
River valleys are dissected by their respective river channels and 
each valley has numerous,well incised tributary channels. The 
tributaries are usually entrenched into the valley soils from 2 to 15 
meters or more. 

Irrigation development will be faced with several problems 
associated with the present land use and topography. Clearing the 
land of brush and trees will be a prerequisite to any type of irri
gation development. Based on prices for clearing in the United States 
and Africa, the estimated average clearing costs will be about Eth$230 
per hectare. It seems likely that much of the wood could be used for 
household purposes, such as fuel, charcoal, and brush fences. 

The slope of the valley is greater than would be desired 
for control of erosion, but it lends itself readily to water spreading 
with minimal expense for land leveling. Only a small portion of the 
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land has slopes less than 1 percent. It is estimated that leveling 
costs for minimal land development would be about Eth$125 per hectare. 

The arable lands occur on the ridges and side slopes of a 
valley plane dissected by a well entrenched dendritic type immature 
drainage pattern. The tops of the ridges generally vary in width 
from 300 to 1,000 meters, and are usually from 1 to 2 percent in 
slope. On both sides of these ridges the land increases in slope 
to the bottom of the drainages. Side drainage from each ridge creates 
problems for water distribution. A substantial portion of the
 
arable land area has slopes of 2 to 8 percent and there is also a 
considerable acreage of land with slopes 8 to 12 percent. Because 
of the subreconnaissance nature of the classification and the scale 
of the base maps, a considerable acreage of nonarable topography 
in and immediately adjacent to the drainageway was included in the 
arable delineations. More refined classifications will exclude 
most drainageway as nonarable. Further study is needed to determine 
the maximum slopes permissible for irrigation under the local 
conditions, Erosion hazards may require that lands with steep slopes 
be declared not suitable for irrigation. Slopes up to 12 percent 
were included as arable in this classification. 

Although the slope of the land and the erosive nature of 
the soil are best suited to irrigation by sprinkler procedures and 
there is sufficient natural slope to develop gravity pressure for 
this type of system, engineering and other considerations indicate 
that a simple, gravity type, irrigation system, utilizing contour 
ditches, will be most practical at this stage. The gravity method 
is a good first step to more refined irrigation system. Basin type 
irrigation with adequate drop structures to control surface wastes 
from rain and irrigation may be considered as an ultimate goal. 

Disposal of rain and irrigation wastes could be an important 
problem in this project. Although there are a great number of 
natural wasteways, the erodibility of the soils and the steep slope 
of the lands are such that without proper wasteways the erosion could 
develop numerous, deep, vertical walled drainageways that would wash 
away the soil resources and increase the costs for operating and 
maintaining the project. 

Although most of the tributary drainages are well incised, 
it is possible that drainage waters emanating from the adjacent 
plateau areas could damage canals or other irrigation facilities 
during periods of unusually high runoff unless care is taken to assure 
that irrigation facilities are designed to accommodate such floods. 
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Drainage
 

Natural surface drainage facilities are generally excellent 
to excessive. Excess surface waters will quickly find a natural 
drainage channel for return to the river. However, as indicated 
in the foregoing discussion of the topography, such surface wastes 
could cause serious erosion problems unless suitable erosion control 
drop structures or well grassed drainageways are provided. This 
erosion problem could result in a substantial land development cost 
in areas where erosion hazards are worst. In some of the larger
 
tracts, the surface wastes can perhaps be kept on the ridges for
 
reuse to minimize this problem.
 

Because of the slope and generally permeable nature of the
 
soil in association with the numerous, deeply entrenched, natural drains, 
adequate control of a water table under irrigation appears feasible. 
However, the underlying basalt in the project area is believed to 
be less fractured and less permeable than that which occurs in the 
high plateau areas, so very little percolation through the basalt 
can be anticipated. Prior to construction, detailed drainage studies 
should be made. This should include a study of the existing water 
table behavior, a study to determine if-any dikes occur that would 
impound ground water, an evaluation of present vegetation for evidence 
of wet areas, and suitable pump-in tests to determine the in-place 
permeability. Studies on the need for and location of erosion control
 
structures in present drainageways are also needed.
 

soils 

The red latosols occupy the bulk of the project areas. 
These soils are typical of those developed under well-drained 
conditions in tropical or subtropical areas. They have a deep and 
generally freely drained profile. The clay fraction usually has a 
high percent of kaolinite and lesser amounts of illitb clay minerals. 
They have a low cation exchange capacity, low base saturation, and 
considerable acidity. A common characteristic of these soils is a 
high phosphate fixation. 

Although the latosols are low in plant nutrients, they
 
have physical properties well suited to irrigation. They are normally 
well aerated and they can be cultivated over a wide range of moisture 
conditions. The soil textures are usually clay. However, the 
nonexpanding type minerals in these soils result in a physical 
condition about like a loam soil with expanding type clay minerals. 
Soil crusting is not connon. 
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Mulching of latosols is usually advocated for maximum 
production. Such mulches as banana leaves or elephant grass can be 
used to cover the soil where the growing crops are not grown to 
improve productivity. This treatment tends to reduce the soil 
temperatures, reduce evaporation, and maintain a favorable soil 
structure. This treatment should be a goal for future management 
of the project soils under irrigation.
 

Grumusols occupy a small percentage of the Finchan and
 
Amarti-Neshe valleys. These soils have quite different properties
 
than the latosols. The obvious difference is that grumusols are
 
black as compared to the red color of the latosols, For this reason,
 
these two soils are often called "black" or "red" when discussing
 
tropical or subtropical soils.
 

The grumusols are composed of swelling-type clay minerals 
such as beidellite or montmorillonite. Therefore, these soils crack 
badly at the surface when drying. Grumusols usually develop in a 
warm humid climate where there is a large supply of calcium carbonate 
or where subsurface drainage conditions are restricted. They are 
usually neutral to alkaline in reaction and are relatively low in 
organic matter, even though their color is nearly black. When moistened, 
the clay swells and the soil becomes sticky, plastic, and almost 
impervious. Low productivity is usually due to these adverse 
physical features rather than to the inherent fertility or lack of 
it. Grumusol soils are rich in lime, but are usually low in 
phosphorous and nitrogen. They are usually more susceptible to 
erosion than the latosols, but both soils erode rather easily. 

It seems probable that the soil materials in these project
 
areas were deposited in the valleys from the high plateau areas at
 
an early stage of geology following the volcanic eruption that resulted
 
in the basalt flow. Although the soils are mostly latosols and
 
generally fine textured, there are considerable variations within 
the soils locally. 

Near the escarpments on either side of the Finchaa valley, 
the soils are strongly influenced by the high, massive sandstone 
formations. Soils tend to be coarser near these escarpments and in 
the upper half of the project than they are near the river or in the 
lower half. Although a few sandy loam or coarser soils exist near 
the escarpment, the predominant surface textures are sandy clay loam, 
clay loam, and light clay. Below 45 cm the subsoil textures are 
clays in most instances. The soils are all quite erosive and great 
care will be needed to prevent deep headcuts and ravines from devel
oping. 
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A typical latosol profile consists of 15 cm of dark
 
reddish-brown, nonsaline, noncalcareous sandy clay loam, with a pH
 
of about 5.2. From 15-45 am is dark red clay which has a pH of
 
near 6.0. Red friable clay having a mildly acid reaction occurs
 
below 45 cm to bedrock. The profile has a feeling of much lighter
 
texture than the clay textural description, because the clays are
 
nonsticky. These soils are friable, very permeable, and well
 
suited for irrigation.
 

Sandstone cobbles occur on the surface of some soils,
particularly in the upper part of the Finchan valley and also near 
the escarpments. Basalt cobbles also occasionally occur in some 
soils, but are not believed to be any hindrance to irrigation 
development. 

In the lower half of the Finchaa valley and in the 
Amarti-Neshe Project, the soils are mixtures of latosols and 
grumusols with a large predominance of latosols. The soil textures 
in these areas tend to be finer throughout the profile than in the 
upper part of the Finchaa valley, and the soils are all less friable 
and permeable than the soils in the upper basin. The grumusol 
soils crack when dry, and are quite sticky when wet. Permeability 
is low in such soils and greater skill will be needed in farming 
than in the latosol soils. Trees do not grow well in the grumusol 
soils, and these soils usually have only a grass cover under present 
conditions. 

Land Classification
 

The subreconnaissance land classification of the Finchaa
 
Basin was accomplished during the rainy season by use of helicopter,
because of the inaccessibility of the valley by other forms of trans
portation. The mapping was done on 1:50,000 contact aerial photographs. 
Traverses were spaced at about 1 kilometer intervals and landings were 
made wherever possible. Owing to the dense forest cover, the only 
treeless spaces available for landings were the small areas -of black 
soil or an occasional gravel bar on the Finchaa River. From these 
landings it was necessary to travel through the dense underbrush 
and tall grass on foot to appraise the various soil conditions. 
Under these conditions, most of the land appraisals necessarily had 
to be done from the helicopter without the benefit of soil borings 
and careful morphological studies. It is recognized that there will 
likely be a considerable reduction in acreage suitable for irrigation 
when detailed studies are made. Although it is believed that most 
soil conditions are reasonably favorable for irrigation, topographical 
conditions are less favorable. Detailed studies will eliminate some 
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rough lands--particularly drainageways--which are presently not 
separated as nonarable. Because of the rough nature of the 
classification and the inability to study the variations of the 
land class determinating factors, only two arable land classes 
were delineated. These were Classes 2 and 3. Detailed sti.xdies 
may show that considerable Class 1 land exists. The standards 
used in classifying these lands are shown in Table VI-1. 

Class 2 lands within the project areas consist of deep, 
friable, permeable, well drained, latosol soils. Slopes are usually 
in the range of 1-3 percent, but a few areas of slopes to 7 percent 
are included. Nearly all of these lands are covered with grass, 
brush, and trees which must be removed prior to irrigation. A small 
amount of rock removal will also be needed on some lands. After they
 
are developed for irrigation, Class 2 lands will be capable of growing 
any climatically adapted crop if properly managed.. These soils are 
inherently low in fertilility and will require commercial or animal 
fertilizer if full production is to be achieved. The Class 2 lands 
represent 67 percent of the arable land, and are placed in this 
class mainly because of topographic deficiencies. 

Class 3 lands generally are the lands which occupy the 
side slopes of the numerous drainageways, but also include some
 
rougher, rolling type topography, some stony lands, and the areas 
of grumusol soils which were observed. The greater portion of 
Class 3 lands has a slope ranging from 5 to 12 percent. These 
lands generally have more and larger trees than the Class 2 lands, 
will be more difficult to farm, and will be less productive. Although 
most of the soils are latosols and are well adapted to diversified 
crop-produetion, the steeper slopes and greater danger of erosion 
are such that these lands require better management than the Class 2 
lands. More grass and close growing crops and fewer cultivated 
crops should be used on these lands than on the Class 2 lands. 
Class 3 lands occur on 33 percent of the arable area. It can be 
anticipated that a portion of these lands will be classified as 
nonarable in a detailed study. 

Class 6 lands include some excessively stony lands, the 
steeper and rougher drainageways, and other complex, rough topography. 
These lands total approximately 10 percent of the gross area classified. 

The results of the classification are set forth in Table VI-2, 
and the location of the lands is shown on Drawings No. 7.1-Fi-3 
and 2.0-Fi-13. 
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TABlLE VI-1 

5UBECONNAISSANCE LAND CLASSIFICATION STANDARDS--BLUE NILE BASIN 

Land characteristics Class 1--Arable Class 2--Arable Class 3--Arable Class 6--Nonarable 

Soils 
SJandly loam to 
friable, very 

Loamy sand t-o 
friable, perme-

L_]oam~y sand to 
plastic, slowly Sand and 

Texture 
permeable non-
plastic clay 

able nonplastic 
clay 

permeable clay gravel 

Minimum depth (cm) 
to bedrock 150 105 75 <1S 
to volcanic 120 90 60 <60 

tuff 
to clean sand, 90 60 45 <45 

gravel, or 
cobble 

Topography 

Permissible slope 
Uniform 0- 3.0% 3.1 - 7.0% 7.1 - 12.0% >12.0% 
Nonuniform - 0 - 3.0% 3.1 - 7.0% > 7. 0. 

Surface leveling Smoothing Moderate Heavy Very heavy 
only grading grading grading 

Clearing of rocks Low cost Moderate High cost Very high 
or vegetation cost cost 

Drainage 

Anticipated cost Low Moderate Moderate High 
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TABLE VI-2 

ARABLE AND IRRIGABLE AREAS--FINCHAA AND AMARTI-NESHE PROJECTS 

Land class areas 
Project Land 

type I 1 
(hectares)

3 Totals 

Finchaa Total arable -- 14, 954 7, 566 22, 520 

Arable below 13, 460 6, 644 20, 104 
canal - -

Irrigable -- 10, 000 5, 000 15, 000aI 

Amarti-
Neshe Total arable -- 7,967 3,696 11,663 

Arable below 7,800 3,520 11, 320 
anal 

Irrigable -- 5,771 2,719 8, 490al 

a/Based on estimate that 75 percent of arable land below canal will be irrigable. 
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Agrricultural Economics 

Agricultural Conditions before Project Development 

At present the Finchaa valley, including the sites of the 
proposed Finchaa and Amarti-Neshe Projects, is uninhabited, unculti
vated, and ungrazed. Therefore agricultural production in the area 
can be said to be nil. All returns from future project development 
are considered to be increases to the economy, because no pre-project 
income exists. 

Agricultural Conditions after Project Development 

Anticipated Crouping Pattern during Irrigation Season. The 
Fincha valley, with its low elevation and mild' climate, is considered 
suitable for growing a wide variety of crops. Frost is not a danger, 
and many subtropical and temperate crops should do well there, How
ever, the area is thought to lie too low, and to be too warm, for 
the optimum growth of some of the staples of the Ethiopian diet. 
These include barley, chick peas, lentils, noog, and teff.
 

The crops that are anticipated reflect both the dietary 
patterns of the Ethiopian population, and the concept of commercial 
production for the market. Some of the traditional staples--corn, 
sorghum, field beans, flax seed and mustard, coffee and peppers-
are included, both for use by the project population and for shipment 
to the central market. And such crops as tobacco, castor beans, and 
sunflower are projected for both central marketing and export. 

One new crop, buckwheat (Fag opyrum esculentum), appears 
in the projection on a small scale. It is a cereal-like grain which 
produces a head that can be hulled and ground for flour. Bread 
made from this flour does not rise, but instead forms a type of 
pancake or a flat bread similar to the teff or sorghum "injerra" 
much favored by Ethiopians. 

In a test held at the agricultural high school at Jima, 
flat bread prepared from buckwheat was found palatable by Ethiopians 
who ate it. Since no teff is projected for the Finchaa area, buck
wheat may be a partial substitute. The crop appears adaptable for 
Finchas conditions and should yield well. 

Corn (maize) and sorghum are two traditional grains grown 
in Ethiopia, and in many parts of the world. In Ethiopiacorn (Zea 
mays) is roasted or cooked in stew, or "wat", but generally not 
ground for flour. The varieties grown on the project should be 



selected for suitability for grinding, to introduce this use on a 
larger scale. Sorghum (Sorghum vulgare) is an indigenous grain used for 
injerra," for local beer or "tullan, and roasted. It is a staple of the 

Ethiopian diet, eaten frequently in many areas. Haricot beans, also 
called field or navy beans (Phaseolus vulgaris), which resemble small 
lima beans, are eaten in "wat"; as fresh vegetables; are ground and 
cooked as a type of porridge; or are roasted. Small quantities are 
exported for cattle and poultry feed. Peppers (Capsicum annuum and 
C. frutescens) are a hot species used both as vegetables and as 
spice. The mature pods are ground and mixed with a combination of 
other spices and used to flavor the "wat"; cooked whole or in sections 
in the "wat"; or consumed fresh as a green vegetable. They are eaten 
daily by the bulk of the population. Mustard (Brassica nigra) and 
flaxseed (Linum usitatissimum) are two edible oilseeds that are 
projected for the irrigation season. Both are thought to be indig
enous to Ethiopia. The seeds are crushed on the dish in which 
"injerra" is cooked; added to "injerra" in the dough stage; added 
to "wat"; used as a salad oil; and manufactured into soap. 'Flaxseed 
is also eaten with spices and taken with water for therapeutic 
purposes. Small amounts of both oils are exported. Coffee 
(Coffea arabica), supposedly indigenous, is the leading export crop 
of Ethiopia, and has many domestic uses. The beans are ground to 
produce the beverage or eaten as cakes; and the skin of the berries 
is used as a vegetable. 

Ethiopian coffee intended for export is subject to quality 
control by the Ethiopian Coffee Board. Finchaa coffee that is grown,
picked, and handled under controlled conditions should be higher in 
quality than the coffee grown and harvested under the usual "wild", 
or coffee forest conditions, and should find a place in both the 
domestic and the export markets. 

Crops suggested entirely for commercial usage, with no 
consumption on the project before processing, include tobacco,
 
castor beans, and sunflower. Tobacco (Nicotiana tabaoam),variety 
Oriental or Turkish tobacco, has been grown in Ethiopia for several 
centuries. It is produced on a small scale at the present time, 
but the demand for cigarettes and other tobacco products is expanding. 
Tobacco products are manufactured by the Imperial Tobacco Monopoly, 
which presumably would be the outlet for Finchaa leaf. The Oriental 
variety is better adapted to Blue Nile elevations than the Virginia 
variety, also grown in Ethiopia. It has smaller leaves, is highly 
aromatic, and burns quite easily. 

The castor bean (Ricinus communis), a plant indigenous to 
Ethiopia, yields a nonedible, poisonous oil that is used to lubricate 
jet engines and has usage in the textile, leather, and cosmetic
 
industries. The Finehas crop is intended for export, but if specialized 
industry develops in Ethiopia some portion of the crop may eventually 
be used at home. 

82
 

1-3:0
 



Sunflower (Helianthus annus> yields an edible oil that is 
little known in Ethiopia at the present time, but has many uses 
overseas. The oil is used in salads, for cooking, as a butter 
substitute in its solid form, for soap, and as an industrial lubricant. 
The oilmeal is a valuable cattle feed and a nitrogenous fertilizer, 
and the whole seed may be consumed by human beings or fed to poultry. 

Data on the yield of crops adapted to irrigated conditions
 
in Ethiopia are not readily available. Measures of yield and units 
of land are seldom known or reducible to a common denominator. 
Irrigation, as practiced by the average Ethiopian farmer, is an 
operation which produces a few staple crops and a very limited number 
of specialty food crops. Observation and survey data indicate 
that monetary returns under present irrigation do not greatly exceed 
nonirrigated returns, because of many limiting factors. These 
include poor distribution of available irrigation water, dependence 
upon streams with variable flows, a low level of fertility, a low 
rate of germination due to poor seed, uneven covering of the seed, 
an uneven and often low plant populationinefficient cultivation,
 
and other negating factors. Therefore, it is not possible to project
 
future yields on the basis of present subsistence irrigation data.
 

As a basis for estimating crop yields, data were gathered 
from a wide variety of sources. Estimates were prepared from existing 
secondary data, which were sparse in detail, and checked 
with agronomic advisers and agricultural research technicians. 
Primary yield figures were gathered wherever possible. Most 
were obtained at the Azienda Agricola in Wello, at the Wonji sugar 
estate in Shewa, the experimental station at Bishoftu, and from 
projected figures for the Metahara plantation on the Awash River. 

To adapt these scattered figures to expected Blue Nile 
conditions under project development, the influence of climate was
 
considered most important. The factors which constitute climate,
particularly temperature minima and maxima, and frost probability 
are considered in this report to be functions of elevation. As 
elevations increase, the daily minimum and maximum temperatures 
decrease. Frost may occur at the higher elevations within the range 
of irrigation response. Observations made in the Blue Nile Basin 
give support to the theory that the time required for plant maturity 
increases with elevation, and generally that yields are depressed 
in direct relation to increased elevation. This relationship,
believed to exist between crop yields and elevation, has been 
arithmetically applied to future project areas. 

Blue Nile proposed project areas have been placed into
 
elevation categories. The lowest category covers the range from
 
600 to 700 meters, the second from 700 to 1500 meters, the third
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from 1800 to 2000 meters, and the highest covers areas above 2000 
meters. No projects are planned below 600 meters, between 1500 
and 1800 meters, or above 2200 meters. 

The relationship of yield to elevation is plotted in a 
direct progression. Each successively higher elevation category 
shows a yield reduction of 15 percent, each lower category an 
increase of 15 percent. The Finchaa area lies at 1500 meters, 
and the second highest group of yield is applied.
 

In this analysis no distinction is made for yields on
 
different land classes. Many variables are encountered, and more 
reliable data must be available before a supportable estimate can 
be made for a distinction of this type. Since the data on irrigated 
crop yields are so scanty, it does not appear prudent to refine the 
estimates further. A more detailed study, however, may justify dif
ferentiation of yields by land classification. 

It is recognized that many of the factors influencing 
crop yield need testing on experimental fields before more refined 
predictions are possible. Indigenous crops may respond successfully 
to irrigation, but imported varieties may respond even better. 
Alternative crops will be developed largely by test and experimenta
tion. Fertility levels, frequency and amount of irrigation, and 
level of soil acidity are only a few of the factors related to irriga
tion and mechanization which need testing and which may appreciably
modify preliminary yield expectations. Furthermore, the length of 
day and the hours of sunshine per day may alter the expected response 
of imported crops. 

The assumption has been made that the irrigation season 
would commence in October and extend to June. Although this period
provides a growing season longer than most crops will require, only 
one planting of each crop is projected for this study. This is done 
to avoid overstatement of expected monetary returns. But, during
actual operations, particularly some years after operations have com
menced, replanting with short-season crops would probably follow 
harvest of the first crops. 

The responsibility for a second crop is left to the project.
If the cropping pattern is followed, monetary benefits should equal
those projected. But if a second planting is made, fuller utilization 
of the land should result in higher cash returns than are projected. 

Anticipated Cropping Pattern during Nonirrigation Season. 
A second group of crop projections is necessary to determine the 
response of crops produced without irrigation on Blue Nile Basin 
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projects. For cropping purposes there are two seasons in the Blue 
Nile Basin areas--the irrigated season, which extends roughly from 
October 15 to June 1; and the rainy or nonirrigated season, which 
covers the rest of the year. During the irrigation season many 
mechanical practices can be introduced and the amount of water 
applied to the land strictly regulated. During the rainy season, 
however, the precipitation falling on the fields is uncontrollable, 
daytime temperatures are lower, the sun shines fewer hours per day, 
and yields are understandably lower than levels expected in the 
irrigation season. 

Physical difficulties are also greater in, this season. 
The concentrated heavy rainfall frequently prohibits the use of 
tractors and other mechanical equipment while muddy fields increase 
maintenance costs. Therefore, the combination of poor returns, 
higher operating costs, and difficulty of access to fields places 
many operations out of the question in this season. 

The best solution may be to utilize the land approxinately 
in the way it is used under pre-project conditions in Ethiopia. This 
is preferable to keeping it fallow for four and one-half months of 
each year. The fields should be plowed and disked by tractors before 
the onset of the heavy rains, and sown in short-season, fast-maturing 
crops, such as certain grains, pulses, and oil seeds. These should 
be cultivated by hand, mature, and be harvested before the land is 
plowed for the major irrigation season operations. In addition to 
fuller utilization of the land, a certain amount of food would be 
produced, and farmers would be utilized on a year-round basis. 

A possible detrimental effect of rainy season farming is 
damage to the soil tilth caused by working the soil when it is wet 
or puddled. However, the reddish latosols, which predominate in 
the Finchaa valley, are much lighter and less plastic than the dark 
gray clays which abound in many other project areas, and would pre
sent less of a problem in this respect. Any soil damage that does 
occur should be assessed against the value of the foodstuffs produced 
during the rainy season. 

The list of crops suggested for the Finchaa rainy season 
is confined to corn, millet, haricot beans, and mustard. These crops 
are all well known and accepted in the basic diet. Coffee, which 
is projected for five percent of the area, is a perennial crop that 
may require some cultivation during the rains, but should not be -

considered an off-season crop.
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All crops projected for the rainy season, except millet, 
are described earlier. African millet or dagussa (Eleusine coracana) 
is a grain Indigenous to Ethiopia and is used on a small scale for 
"injerra", cereal cakes, roasting, and "wat". It is included to 
supplement the production of irrigated cereals. 

Nonirrigated crop yields are based largely on known yields 
recorded in sample surveys conducted in Shewa, Wellegga, and Gojjam 
Provinces. Figures are adjusted by elevation in the same manner as 
the irrigated crop yields. However, although the nonirrigated crop 
yields are much lower than irrigated yields, they are projected 
higher than those presently realized in Ethiopia, to allow for the 
effects of management, fertilizer, lime, and superior seed. 

In the nonirrigation season, 75 percent of the land is 
expected to be cultivated, compared to 95 percent in the irrigation 
season. This will allow for some late harvest of irrigated crops, 
and for the minority of farmers who would prefer to regard the rainy 
season as a period of unpaid vacation. 

Crop Prices. Prices of the crops that will be produced on 
the Finchaa Project are based upon Addis Ababa or central market, 
wholesale prices, reduced to reflect the distance from the project 
area to the central market. Addis Ababa prices for the various com
modities, collected for the 1956-1960 period, are essentially the 
prices paid to the primary producer, plus the cost of hauling. For 
project purposes a standard reduction factor of Eth$0.80 per 100 
kilograms per 100 kilometers of distance is used. This factor was 
constructed from hauling rates used in Ethiopia in the recent period. 

Although a lower rate is found in some parts of the Empire, 
hauling to the Finchaa area will probably always be expensive due to 
natural topographic conditions. Produce must move up a steep incline 
onto the escarpment before it can reach the main road at Gedo. 

Prices applicable to the Finchaa Project are listed in 
Table VI-3. Since the area lies approximately 300 kilometers from 
Addis Ababa, central market prices are reduced by Eth$2.0 per 100 
kilograms. It is assumed that all of the produce sold off the 
Project will be transported to the central market, although it is 
possible that some yet-unknown quantity will reach other markets 
for distribution. 
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TABE VI-3, WHOLESALE PRICES IN ADDIS ABABA AND IN THE FINCHAA AREA 

Addis Ababa Finchan area 
Commodity Eth$/100 kg. Eth$/100 kg. 

Buckwheat 12.00 9.60 
Corn 12.58 10.18 
Millet (dagussa) 12.30 9.90 
Sorghum 16.10 13.70 

Haricot (field)beans 18.92 16.52
 

Flaxseed 23.54 21.14
 
Mustard 20.15 17.75
 

Castor beans 29.02 26.62
 
Sunflower 28.00 25.60
 

Coffee 164.24 161.84 
Peppers (berberi) - 58.33 55.93 
Tobacco (Oriental) 117.00 114.60 

j/ The price for buckwheat is conjectural; no buckwheat is grown in
 
Ethiopia today. The prices for cereals, beans, oilseeds, and coffee
 
include hulling but not cleaning. Pepper and tobacco prices are
 
those for the dry fruit and the dry leaf, respectively.
 

Summary Sheets. Tables VI-4 and VI-5 are designed to show 
the agriculture of the Finchaa Project in terms of crop production 
and of the gross income to be realized from the sale of crops. 
Table VI-4 shows the returns on the basis of an average 100 hectares, 
Table VI-5 on a full project, 15,000-heetare basis.
 

The first portion of each table is intended to show the 
pattern of cropping, crop yields, crop prices, and income for the 
area under present conditions. The area is uninhabited and has no 
present agriculture, therefore only the price column is used, 
because crop prices are applicable for future as well as present 
conditions. 

The remainder of the tables shows expected conditions under 
irrigation development. Heetares of each crop, yield per hectare, 
total crop production, and monetary returns for crops sold are listed. 
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The total monetary return for the irrigation and nonirri
gation seasons is the gross crop income for the area. Since there 
is no present agricultural income, total future income is considered 
to be incremental to development of the project. 

Under operating conditions the average size of farm in the 
project area will be 17 hectares (see SECTION IX,_Administration and 
Operation). The average farmer will be farming sixteen hectares 
during the irrigation season, and using one hectare for the farmstead,
 
farm roads, and woodlot. During the nonirrigation season fifteen
 
percent of the land is expected to lie fallow, so that at this time
 
the average farmer will be cultivating thirteen hectares.
 

Consumption of Crops. The production of crops in the 
.Finchaaarea after project development, shown in kilograms, may 
also be expressed in nutritional terms. The content of the average 
Ethiopian diet is known, and is stated to be low in calories, 2/ and 
inadequate in vitamin A and ascorbic acid. 2/ Improvement of the 
diet of project residents will be one of the real benefits of develop
ing the Finchaa area. It is assumed that sufficient food will be
 
available for project residenta;beyond that, a surplus will be 
available for sale in the domestic and export markets of Ethiopia.
 

An average daily intake of 2,900 calories per person is
 
thought to be sufficient, considering the type of work, the climate,
 
and the height and weight of the population. Approximately 85 percent
 
of this requirement will be met by project foodstuffs; the remainder,
 
which is contributed by false banana, onions, potatoes, cabbage, 
sugar, minor spices, vegetables and fruit, and neat and livestock 
products, is not scheduled for immediate inclusion in the cropping 
pattern (see Livestock and Alternative Crops). Therefore, about 
2,460 calories per day would originate on the project and the 
balance of 440 calories per day from other sources. This would 
assure a diet that is adequate in quantity, and possibly also better 
balanced. Yearly project consumption of calories under ultimate'condi
tions would be 2,460per person multiplied by 65,000 people by 365 days 
per year, or 58,400,000,000 calories. The remainder produced,
 
some 84,463,000,000 calories, will be available for sale.
 

/ "The average dietary intake is approximately 2,500 calories. 
It can be estimated that there may be an average calorie deficit 
of up to 400 calories per person daily." General Review of Health 
and Medical Problems in Ethiopia, Weh-Pin Chang, World Health 
Organization 
2/ Ethiopia Nutrition Survey, A report by the Interdepartmental 
Committee on Nutrition for National Defense, September 1959, p. 40. 
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Minor amounts of meat and animal products might be produced 
locally by project residents, and garden plots around the homes 
should be encouraged. Furthermore, tests conducted on the experimental 
farm might determine that certain vegetables and fruits are suitable 
for eventual inclusion in the cropping pattern.
 

Certain crops proposed for the project, including castor 
beans, coffee, and tobacco are either nonedible or have a very low 
caloric value. All production of these crops, although not expressible 
in nutritional terms, must nevertheless be considered net additions 
to the agricultural economy. 

Table VI-6 shows the production and consumption of calories 
on the Finchaa Project. 

Alternative Crops 
In the future, as the industrial economy 

of the country develops and the cities enlarge, cash crops will 
be in greater demand. The Finhas Project should gradually turn to 
those crops which it is best able to produce, and should gradually 
eliminate those less adaptable and those grown primarily for 
subsistence. Other project areas, for example, may eventually 
produce all of the sorghum or haricot beans now projected for 
Finchea, leaving a greater proportion of the cropland available for 
such high-value crops as peppers, coffee, or tobacco. In the future 
the project area may assume a stronger cash position, shipping the 
large bulk of its production to the cash markets, and purchasing 
most of its food requirements from other areas farther from the 
central market or less climatically adapted to production of
 
specialty crops. 

There are many alternative crops that may replace some of 
the crops suggested. Some of these, however, are less adapted to 
the Finchas area, while others might not be as financially remunerative 
or less acceptable in the Ethiopian diet. Still others may have 
export possibilities but are unknown today in Ethiopia. Tine and 
experience may allow some of these crops a place within the cropping 
pattern. 

Grains. Four grains are projected for tb% Finchas area; 
buckwheat, corn, sorghum, and African millet or dagussa. The grains 
are the largest group of crops projected, and are intended partly for 
production of food for the project population, and partly as surplus 
to ship off the project. Grains may diminish in importance as 
the economy grows and demand for coffee, peppers, castor beans, and 
tobacco increases. 
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Crop 

TABIE vI-6 

Calories 
p.er kg4. 

- PRODUCTION AND DISPOSITION OF CROPS, 

Irrigation Season 

Production, Production, 
ke. Calories 

EXPRESSED IN TERMS 

Shipment to 
Central Market, 

Calories 

OF CALORIES. 

Local 
Consumption,

Calories 

Buckwheat 
Corn 
Sorghum 
Haricot beans 
Flaxseed 
Mustard 
Sunflower 
Peppers 

2,757 
3,500 
3,620 
3,430 
4,720 
4,600 
0,120 
3,170 

2,625,000 
7,143,750 
8,940,000 
2,670,000 

750,000 
877,500 

3,705,000 
690,000 

7,237,125,000 
25,003,125,000 
32,362,800,000 
9,158,100,000 
3,540,000,000 
4,036,500,000 
18,969,600,000 
2.,187,300-000 

6,203,250,000 
21,954,625,000 
19,602,300,000 
9,158,100,000 
3,540,000,000 
4,036,500,000 
18,969,600,000 

998.550.000 

1,033,875,000 
3,048,500,000 
12,760,500,000 

1,188,750,000 

0 Subtotal, irrigation season 102,494,550,000 84,462,925,000 18,031,625,000 

Nonirrigation Season 

Crop Calories 
Per kg. 

Production, 
]g 

Production, 
Calories 

Shipment to 
Central Market, 

Calories 

local 
Consumption, 
Calories 

Corn 
Millet 
Haricot beans 
Mustard 

3,500 
3,300 
3,430 
4,600 

5,310,000 
3,656,250 
1,425,000 
1,050,000 

18,585,000,000 
12,065,625,000 
4,887,750,000 
4,830,000,000 -

18,585,000,000 
12,065,625,000 
4,887,7507000 
4.830.000.000 

Subtotal, nonirrigation season 400368,375,000 - - 40.,368,.175.,000 

Total, irrigation plus nonirrigation season 142.862.925.000 84.,462.925,000 58.400.000.000 

& Excluding castor beans, coffee, and tobacco. 
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The grains selected are adapted to the Finchaa climate, 
are well accepted in Ethiopian homes and markets, and form an 
important part of the diet. Only one new cereal,, buckwheat, is 
included. Alternatives include rice, buckwheat, and baltuk. 

Rice (Oryza sativa) can be grown up to 1500 meters on 
irrigated lands, and will thrive on tight, puddled soils. Rice, 
however, is unknown in the Ethiopian diet, except for some foreign 
and Moslem groups. Furthermore, rice grown in Blue Nile areas 
cannot compete on the present world market with Asian, European, 
and American rice. 

Baltuk or pearl millet (Pennesetum glaucum) is a minor 
indigenous Ethiopian crop. It will grow in the Finchaa area, but 
does not appear to enjoy as much favor as other grains. Among 
lowland populations it is more popular. 

Cool weather cereals which will not return their best 
yields in this area include teff (Eragrostis abyssinrea), barley 
(Horedeum spp.), oats (Avena sativa), wheat (Triticum spp.), and 
rye (Secale cereale). Oats and rye would encounter severe marketing 
difficulties as well. 

Pulses. The only pulse included in the cropping pattern 
is the haricot, navy, or field bean (Phaseolus vulgaris). If this 
crop should not prove successful in the Finchaa or if the area under 
pulses is expanded, horse beans, field peas, or mung beans might be 
considered. 

Horse beans (Faba vulgaris) are a well-liked indigenous
 
crop, with a good export market. They do not command as high a 
price as haricot beans, however. 

Field peas (Pisum sativum) are an important indigenous 
food crop, but may be at the borderline of their tolerance, for heat 
in the Fincbaa. If planted immediately in the fall, they may 
mature a crop without loss caused by warm weather. Their most 
promising use may be as a nonirrigated crop in the rainy season. 

Mung beans (Phaseolus aureus) are more tolerant of heat. 
This crop is not known in Ethiopia today, although efforts to 
introduce them have been made. Mung beans can be used directly 
for food or crushed for oil. 

Other indigenous pulses, including chick peas (Gicer 
arietinum); fenugreek (Trigonella foenum-graecum); and lentils 
(Lens eseulenta) probably would find the Finohaa valley too warm. 
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Oilseeds. The cropping pattern lists flaxseed (Linum 
usitatissimum), mustard (Brassica nigra), sunflower (Helianthus 
annus), and castor beans (Ricinis communis). Flaxseed and mustard 
are basic oilseeds in Ethiopia, widely grown and consumed. Sunflower 
is not a common source of vegetable oil in the Ethiopian diet, but 
an oil-bearing plant intended primarily for export, with possibilities 
for gradual introduction into the local diet. Castor beans, although 
presumed indigenous to Ethiopia, are not edible and find little use 
in the country. They are intended entirely for export, and for such 
specialised industries as may develop in Ethiopia in the future. 
Among future possibilities rage, sesame, safflower, soybeans, and 
peanuts are the most promising for the Finchesa area. 

Rape or rapeseed (Brassica napus) is produced at scattered
 
locations-in the Ethiopian highlands. The crushed seeds yield an edi
ble oil, and the young leaves are consumed as a minor leafy vegetable. 
Rape may also be used for pasture and for poultry green feed. Since 
rape prefers a cool climate, the Finchaa valley may be somewhat low
 
and warm for optimum development, but a crop planted in the fall
 
may yield well.
 

Sesame (Sesamum indicum) is grown in the Blue Nile Basin 
as a minor oilseed. It is considered a promising crop for warm 
temperate regions. Sesame oil is used for cooking and soap, sesame 
oilmeal for poultry and livestock feed, and sesame seeds are sprinkled 
on breads and pastries. The crop may have strong export possibilities. 

Safflower or saffron (Carthamus tinctorius), not to be 
confused with wars, or bastard saffron (Crocus sativus), is a minor 
indigenous oilseed grown in the highlands for a cooking oil and soap. 
On the world market, it is a drying industrial oil for varnishes 
and soap. Formerly it was best known as a source for dye. 

Soybeans (Glycine hispida) are cultivated on a very minor 
scale in Ethiopia at the present time. The crop is adaptable to 
Finesa area climatic conditions. Soybeans may be used for meal, 
oil, as green beans, and as dry beans. Both the meal and the oil 
have a great many edible and nonedible uses.
 

Peanuts or groundnuts (Arachis bypogaea) are botanically 
a pulse but are regarded as an oil seed because of the wide variety 
of products made from the oil. The climate of the Finchaa is probably
 
quite suitable for peanut cultivation, but peanuts should be grown
 
only on the loose, well drained soils if the tubers are to set properly.
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Noog or nigerseed (Guizota abyssinica) is the most important 
indigenous Ethiopian oilseed. The Finchaa area probably lies too low 
for commercial'production of this crop, however. Another problem is 
the tendency to shattering of the seed, since this crop has not been 
improved for machine harvest. 

Sgar crops. Sugar cane (Sacoharum officinarium) can 
probably be grown well in the Finchaa area. It will thrive in a 
warm climate under irrigation, particularly where several dry months 
occur during ripening. It will grow on a variety of soils, including 
heavy clays and loams. Furthermore, sugar is accepted in the Ethiopian 
diet and the consumption is increasing. 

Sugar cane, however, is excluded from the cropping projection 
of the Finchaa and other Blue Nile project areas. At present the entire 
commercial production is grown by a Dutch plantation at Wonji, near 
Addis Ababa. This plantation supplies domestic requirements and 
manufactures sugar candy to create an even larger market. A monopoly, 
awarded to this firm, prohibits competitive commercial plantings a 
certain number of kilometers around Wonji. 

Sugar beets (Beta altissima) are not strictly adapted to 
the Finchaa area, because of particular heat and water requirements. 
If a sugar crop is desired after the project has become established, 
the respective merits of cane and beets should be re-examined. 

Vegetables. Vegetables are not greatly enjoyed in 
Ethiopia. Vegetable consumption by most people is quite low, 
although certain varieties are cooked in "wat", others are eaten 
raw, and still others are liked by certain urban groups. Only the 
red pepper, which is as much a spice as a vegetable, is consumed to 
a large extent.
 

Other known vegetables include onions, potatoes, cabbage, 
pumpkins, and squash. A coarse member of the cole group, locally 
called "gomen", and some mustard, rape, and cress leaves are eaten 
as salad, and small quantities of wild asparagus and mushrooms are 
gathered. But over-all vegetable consumption, as measured brgroups 
interested in Ethiopian nutritional patterns, is very low. = A 
serious factor affecting the choice of vegetables, in addition to 
adaptability and yield, is, -therefore, the degree of aceeptance in 
the marketplace.
 

I/ The Ethiopia Nutrition Survey mentions that vegetables, exclusive 
of pulses and peppers, supply only 2.6 percent of the daily caloric
 
intake. The Planning Board claims 3.8 percent, and the Limu Survey 
only 0.7 percent.
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Many vegetables are culturally adapted to the Finchaa area 
because the valley has a mild climate and irrigation water will be 
supplied. The project management might decide, once the operations 
are established and a certain amount of financial loss is allowable, 
to try small plantings on the experimental farm. If this were 
successful and the crops were marketable, thei the farmers might 
consider their propagation. However, garden plantings by private 
farmers should be encouraged to supplement the diet. 

Initial harvest of "exotic" vegetables (those little known 
in Ethiopia but well accepted elsewhere) could be sold in the foreign 
markets in Addis Ababa and elsewhere. Gradually these may become 
accepted throughout the population, a circumstance that has come 
about in the case of such crops as lettuce, carrots, cauliflower, 
and fresh snap beans. 

Soil conditions are important when vegetables are grown. 
Most varieties require a well-drained soil, and will yield poorly 
on a tight clay. The Finehas area latosols, with good drainage 
and low plasticity, are suitable for many types. Future vegetable 
production might become important here, assuming acceptance by the 
Ethiopian population. 

The growing season for most vegetables is so short that 
there are actually two seasons per irrigation season. This is very 
significant in regard to heat tolerances. Fall months are generally 
the cooler and spring months warmer. Therefore, the short-season 
cool weather crops could be sown at the start of the irrigation 
season; the heat-loving short-season crops in January and February. 

Cool season possibilities: 

Rootgro-u Beet (Beta vulgaris ), carrot (Daucus 
earota), leek (Allium porrum), radish (Raphanus sativus), 
rutabaga (Brassica napobrassica), and turnip (Brassica naps). 

Salad crons: Endive and escarole (Cichorium 
endiva) fennel (Foeniculum vulgare), garden cress (Lepidium 
sativumS lettuce (Lactuca sativa), parsley (Petroselinum 
hortensbi, spinach (Spinacea oleracea), Swiss chard (Beta 
vulgaris, var. cicla), upland cress (Barbarea vulgaris), and 
water cress (Nasturim aquaticum). 

Pulses: Garden peas (Pisum sativum, var. macrocarpon). 
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Cole crope: Broccoli (Brassica oleracea, var. 
Italica), cabbage (B. oleracea, var. capitata), cauliflower 
(B. oleracea, var. botrytus), Chinese cabbage (B. pekinesis),
 
collards (B. oleracea, var. acephala), and kale (B. caulorapa).
 

Warm season possibilities:
 

Salad crops: Celery (Apium graveolens).
 

Pulses: Lima beans (Phaseolus limensis), and. snap 
beans (Phaseolus vulgaris, var. humilus). 

Solanaceous crops: Eggplant (Solanum melogena)-, 
sweet peppers (Capsicum frutensens, var. grossum), and 
tomato (Lycopersicon esculentum). 

Other: Cucumbers and melons (Gucumis species), 
okra (Hibiscus esculentus), pumpkin and squash (Cucurbita 
species), and sweet corn (Zea mays, var. saceharata). 

Crops that require excessive time for propagation or 
impose excessively high costs of production include artichoke, 
asparagus, horseradish, mushrooms, rhubarb, sweet potatoes, and 
watermelons. Onions and potatoes, now grown in Ethiopia, should 
not be considered for the Finchaa. Onions (Allium cepa) are 
adversely affected by temperatures in excess of 21. C. (70 F.). 
Potatoes (Solanum tuberosum) will not set tubers above 290 C. 
(84 F.). Since higher temperatures are expected, neither of these 
crops is suitable. 

Fruit, Berries, and Nuts. Fruit production in the Finchaa 
area is subject to greater restrictions than vegetable growing. The 
per capita consumption of fruit is even lower than vegetables, and 
is largely confined to foreign groups, upper income urban Ethiopians, 
and certain lowland groups. Transportation difficulties, perishability 
of the products, and a lack of processing facilities would discourage 
a large export market. Fruit production is generally a long-term 
project, requiring years before crops can be harvested. And the 
Finchaa area has certain climatic features which render it unsuitable 
for many popular types of fruit. 

Fruit. Climate of the Finchaa valley, and actually of much 
of the Blue Nile Basin, is a severe limiting feature. The lack of 
a pronounced winter season precludes all possibility of temperate 
trees which require dormancy or rest, and aggregate of heat units is 
insufficient for maturation of many tropical crops, which would tend to 
reduce yields. The best solutions are the subtropical plants which 
will fruit without dormancy or will enter dormancy without freezing 
temperatures. Furthermore, the effect of the long summer rainy 
season on subtropical crops should be considered, particularly on 
imported varieties. 
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For this reason, propagation of such popular temperate zone 
fruits as apples, cherries, pears, nectarines, and peaches should not 
be attempted. Also no plantings of bananas, papaya, dates, bread
fruit, mango, pineapple, or other tropical crops should be made. 
Although bananas are seen even higher in elevation than the Finohea 
valley, production is uncertain and yields are low. Furthermore, 

some subtropical crops which will tolerate some cool weather, including 
citrus and olives, probably would not yield well here. 

Nevertheless, a few fruit crops may be successfully grown 
in the Finchaa area. Some are known in Ethiopia, but most are not. 
The European grape (Vitus vinifera) is one of these. Grapes are 
one of the few fruits consumed in Ethiopia in a variety of forms. 
The crucial factor concerning vitriculture is the cold and heat 
requirement. Some varieties of V. vinifera will undergo rest in 
the absence of freezing temperatures, and still mature a crop. 
Therefore selection of the proper variety is paramount. Grapes are 
now being grown in scattered Blue Nile areas. 

The fig (Fious carica) will tolerate a cool dormancy
 
period, so should not suffer from lack of low temperatures during 
its annual cycle. However, fruiting is retarded both by cool nights 
and by temperatures below 380 C. (1000 F.) in certain seasons. 

The litchee or lychee (Litchee chinensis) has been grown 
in China for centuries along rice paddies and canals to hold the 
banks in place. The tree is perfectly adapted to tropical uplands. 
It will neither fruit in hot humid climates nor tolerate heavy frost. 
It may also be grown as an orchard tree. The edible portion is a 
fruit which when dried is called "litchee nut." 

Litchee requires a perfectly drained soil, and will 
produce a full crop in seven or eight years. Since the fruit is 
unknown in Ethiopia, and in view of the long period needed to produce 
the crop, it may be planted as an ornament or near the project 
waterways rather than as a commercial crop. If so, it should be 
evaluated against the eucalyptus, which will produce firewood and 
make a more rapid growth and which can also be planted along 
waterways. 

The longan or Dragon's eye (Euphoria longan) is a hardy 
relative of the litchee. This tree may be best utilized in the higher 
Blue Nile project elevations, where frost is more probable. The 
fruit is similar to the litchee and the tree has ornamental possi
bilities, as well as being suitable for planting along waterways. 

The loquat (Eriobotrya japonica) is a member of the rose 
family that is adapted to tropical highlands. It thrives in cool 
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subtropical climates, preferably above 1000 meters, where there is
 
freedomfrom hard frost and extreme heat. -It requires a well-drained
 
clay for best growth, and the fruits are eaten fresh or preserved. 

The cherimoya and the ilama (Anona spp.) are related to 
the genus soursop, the custard apple, and the sugar apple. These 
last three are tender, but the cherimoya and ilama thrive in 
tropical uplands on perfectly drained soils. The fruits may be 
eaten fresh, or crushed and mixed with liquids as a sherbet. 

The Japanese persimmon or kaki (Diospyros kaki) will 
thrive above 1000 meters in the tropics. It must have a well
drained soil. The fruits are consumed fresh or dry. 

None of the important citrus fruits (Citrus app.),
including the orange, grapefruit, lime, lemon, and citron, is 
suitable for commercial propagation in the Ethiopian highlands. 
Fruiting is retarded by cool temperatures, -and the trees prefer a 
sandy soil with good drainage. However, there are some minor 
species that have somewhat different requirements. The mandarin or 
tangerine (Citrus reticulata) will grow up to 1500 meters in the 
tropics. The kumquat (Fortunella species) and the trifoliate orange 
(Poneirus trifoliate) will grow even higher. However, the Blue 
Nile Basin does not show promise as a citrus growing area, and citrus 
production probably should be confined to certain lowland areas of 
Ethiopia. 

The tree tomato (Solanum betaceum) is a perennial tree 
related to the common or vine tomato, which produces a tomato-like 
fruit. It is a hardy plant that requires cool nights, and should 
grow well in highland tropical areas, such as the Finchan. Since 
there already has been some small degree of acceptance of tomatoes 
in Ethiopia, this crop may be of use. The naranjilla (Solanum 
quitonse) is another relative of the tomato that is found in the 
tropical highlands of South America. The fruits may be consumed 
fresh or used for juice or preserves. 

Berries. In view of the very small consumption of berries 
of any type in Ethiopia, and the difficulties of growing the common 
varieties in a subtropical climate, berry propagation in the Finchaa 
valley should not be considered now. Furthermore, berry crops are 
noted for perishability, and require either immediate transportation 
to market, or local preserving facilities. , 

Strawberries (Fragaria chiloensis) require either freezing 
temperatures during the rest period, or high daytime temperatures 
if a variety which does not require rest is chosen. Length of day 
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is important for heavy yields, and nearby marketing or processing
 
facilities are essential. Although crops can be produced in the
 
Blue Nile Basin, yields are not high, and markets are not extensively
 
developed.
 

Bramble berries, and the Youngberry, Boysenberry, and 

Loganberry, all Rubus species, which include the red, black, and 

purple raspberry, the blackberry, and the dewberry, require a 

dormancy period with cool temperatures. 

The currant (Ribis spp.), gooseberry (Ribis uva-crisea), 
blueberry (Vaccinium spp.), and cranberry (Vaccinium spp.) are 
nonbramble berries which require much more rigorous winter tempera
tures than the Finchaa area provides. 

Nuts. Few species of nuts are adapted to commercial
 
planting in highland Ethiopia. Many of the major species of tropical
 
origin do not thrive in subtropical or temperate areas. They require
 
high daytime temperatures, warm nights, and absolute freedom from
 
cold weather or frost. Cool nighttime temperatures during the 
budding and blossoming period are injurious to the reproductive 
parts of the plant. The temperate zone nuts, on the other hand, 
require a dormancy period, which would not be provided by the Finchaa 
area. Furthermore, the strangeness of these crops would be a 
marketing handicap, and the years required to produce a crop an 
additional disadvantage. 

The Ecuador, Bolivia, and Colombia walnuts (Juglans honorei,
 
J. boliviana, azid J. colombiensis), found in highland South America,
 
are slight possibilities. The mu-yu-shu, or mu-yu-oil nut, a
 
relative to the tung nut, is adapted to the tropical highlands.
 
The oil resembles tung oil and is used as a dryer for paints and 
varnishes.
 

Probably no nut plantings should be considered for the 
Finchas area. However, the project area may be examined for indigenous 
nuts, as well as for other useful plants. 

Fibers. No fiber crops are projected for the Finchan area. 
Flaxseed, used for fiber elsewhere, is included only for production
 
of seed. Experiments with fiber flax in 1951 and 1952 indicated
 
that it could be grown in the Ethiopian highlands, but this was never 
implemented. Commercial equipment for reducing the flax to fiber 
is not available in the country. Flax is a variety of L. usitatissimum.
 
The stems are straighter and longer, with fewer branches. Only small
 
amounts of seed, of low oil content, are borne.
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Baie (Boebmeria nivea) is a-subtropical fiber presently 
found in scattered sections of the Blue Nile highlands. New Zealand 
flax (Phormium tenax) is a hardy relative of sisal that can be grown 
only in the subtropics. Hemp, or true hemp (cannabus sativa), is a 
temperate zone plant that produces the raw material for fiber, but 
also is the source of the drug marijuana, hashish, or bhan. Hemp 
might be avoided for this reason. Cabuya (Furcraea cabuya), another 
hardy relative of sisal, is a Central American plant grown up to 
1800 meters. 

Many other fibers grown elsewhere require tropical 
conditions for best growth. Among these are Manila hemp (Musa 
textiles); dum palm (Phytelephas macrocarpa), found in lowland
 
Eritrea; jute (Corchoris species); kapok (Eriodendron anfractuosum);
 
kenaf (Hibiscus species); sanseviera or bowstring hemp (Sansevieria
 
species); Yucatan sisal or henequen (Agave foureroydes); and sisal
 
(Agave sisalana). Sisal, however, appears to have a certain tolerance 
for cooler climates, since it is cultivated in Kenya at 1500 meters. 

Cotton (Gossypium species), the major world vegetable fiber, 
prefers an-elevation in Ethiopia not greater than 1000 meters. Although 
perennial forms may be see much higher, yields are extremely low by 
commercial standards, maturity is delayed by cool weather, and losses 
by disease and insects are increased by late maturity. At present, 
cotton growing schemes are being conducted in several lowland 
Ethiopian areas. 

False banana (Musa ensete) deserves special mention. It 
is an indigenous relative of the true banana, and has been cultivated 
in Ethiopia for centuries, The greatest use is the starchy pseudostem 
as a dietary staple, and the pseudostem and leaves yield a fibrous 
strand. At one time false banana was an important highland crop, 
but with the shift of population the plant has been pushed farther 
south. Growth is better in the lower, warmer areas. 

Stimulants and Snices. Coffeetobacco, and hot peppers 
are projected for the Finchaa area. However, there are many
 
possible alternatives. 

Khat or chat (Catha edulis) is a perennial indigenous 
shrub cultivated in many parts of Ethiopia. The leaves and young 
twigs are chewed for a stimulating effect. Possible detrimental 
effects are suffered by the user, and khat is a habit-forming narcotic. 
Several neighboring countries have banned the import of Ethiopian 
khat, and the khat trade is frowned upon by the World Health Organi
zation. Therefore, no khat is projected for the Finchaa or any other 
Blue Nile project. 
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Tea (Thea sinensis) is a subtropical shrub with doubtful 
application for the Finchaa valley. The long cloudy summer, the 
spring rains, and nighttime temperatures below 130 C. (550 F.) would 
reduce yields. Tea also requires a processing plant nearby to receive 
the leaves, or else a more distant plant with air service to the 
project. 

Gesho or buckthorn (haumms prinoides), a substitute for 
hops, is used in brewing beer. It is a small perennial shrub found 
wild in the Ethiopian highlands. 

Peppers are the only spice included in the cropping 
projection. Many spices, however, are'consumed in the Ethiopian
 
diet, and some of these might be included if more data were available
 
regarding their production, growth, and yields. However, the
 
scantiness of information, the small scale, and the simple methods
 
of cultivation make the response of any given spice to modern,
 
irrigated farming impossible to predict. Therefore, spices now 
important in the diet should be tested on the project experimental
 
farm before field plantings are considered. Important Ethiopian spices
 
include anise (Pimpinelle anisum); black cumen (igella sativa), 
caraway (Carum carvi), cardamon (Elettaria cardamonium), coriander 
(Coriandrum sativum) dill (Anethum graveolens), lemongrass 
(Andropogon citratus , marjoram or oregano (Origanum marjorana), 
and tumeric (Curcuma longa). 

Ethiopia uses a great variety of spices, including many
 
not mentioned above, but her production does not suffice for her
 
needs. Net spice imports have increased yearly, and in 1960/61were 
Eth$609,000. Therefore the marketability of accepted spices is
 
assured, in contrast to future plantings of fruit, vegetables, or nuts.
 

Care must be taken to insure that the spices tested on
 
the experimental farm are adapted to subtropical conditions. Spices
 
adapted only to tropical conditions include black and white pepper,

cloves, ginger, nutmeg or mace, and pimento.
 

Medicinal and Essential Oil Plants. A large number of
 
potentially valuable plants whose oily exudations or secretions
 
are used for medicine, perfumes, flavoring, or lubrication are
 
found in Ethiopia, either cultivated or in the natural state. Here
 
again the cultivation is small and data are lacking. These plants
 
are utilized in their crude state, but the finished products of
 
many are imported into Ethiopia in more expensive, compounded forms.
 
Accordingly some may deserve testing, for consideration in future 
cropping patterns. 
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The best known medicinal plants found in Ethiopia today 
are foxglove (Digitalis species), the source of digitalis; saffron 
(Crocus sativus); senna (Cassia species); thorn apple (fDatura 
stratomium); and wild rose or hip (Rosa canina). A drug not grown 
in Ethiopia but an important cash crop in highland Kenya is pyrethum 
(Chrysanthenum species). 

Essential oil plants found in highland Ethiopia, many of 
which have pharmaceutical, food processing, or industrial usage
 
include peppermint, spearmint, and pennyroyal (MAentha piperita,

M. crispa, and M. virdiris); and thyme (Thymus species). The oil 
of the Ethiopian eucalyptus (Eucalyptus globuls)is used abroad 
but is not extracted in Ethiopia. 

Many common Ethiopian plants produce useful oils in their
 
leaves, stems, or blossoms, including the carnation, daffodil, elder,
 
geranium, heliotrope, honeysuckle, iris, lavender, lilac, lily,

narcissus, patchouli, rosemary, sweet pea, tuberose, violet, and
 
wall flower. Ibst of these are common temperate zone flowers.
 

Before commercial planting of essential oil plants is
 
made on the Finchaa or other projects, the establishment of a
 
rendering or extracting plant must be considered, or else export
 
possibilities studied.
 

Firewood. Apersistentproblem in Ethiopiahas always been 
the procurement of an adequate supply of firewood. The eucalyptus,
 
since its introduction, has been a partial solution; where it is
 
planted the available supply of firewood is always increased. The
 
Finchas Project will face the problem of fuel for cooking and heating.
 
If electric power is not suitable for domestic use in the Finchaa
 
area, and since fossil fuels are expensive in Ethiopia, the
 
eucalyptus may be the answer here, too.
 

No land is specifically allotted to coppices of trees. 
However, five percent of the irrigable land is projected for the 
farm house and lot, farm roads, and ditches. A portion of this 
might be planted in eucalyptus, to supply fuel after the wood and 
vegetative debris cleared from new lands has been exhausted. Several 
years are required before firewood can be harvested economically
 
from coppices.
 

Another possibility is the planting of trees along portions
 
of the irrigation canals. Species mentioned earlier include the
 
litchee, longan, and loquat. Other possibilities, either along the
 
waterways or in coppices, are the newly introduced pines, cypresses,

and Australian acacia. This question should be considered in detail
 
in the final Finchaa study, in cooperation with the Ethiopian Forestry
 
Association.
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Livestock
 

The integration of livestock with irrigated farming in the
 
Finchaa Project area poses a set of problems that are probably best
 
avoided in the beginning years of project operations. The inclusion
 
of livestock means careful attention to breeding programs, disease
 
control and eradication, maintenance of grain and forage supplies,
 
and development of markets for profitable turnover of livestock and
 
products. These problems are not always solved successfully under
 
conditions where quality stock is produced, markets are established, 

heavy per capita meat consumption exists, adequate transportation
 
facilities are available, fodder reserves are ample, and where 
diseases and pests have been brought under control. But in Ethiopia,

major problems exist in each of these phases of the livestock produc
tion and marketing cycle. Moreover, enormous areas outside the Blue
 
Nile Basin could be developed for livestock production on a nonirri
gated basis. Portions of the Awash valley and of the vast semiarid 
area southeast or south of Addis Ababa can produce livestock on an 
extensive basis. Some of these areas are served by rail transport 
both to Addis Ababa and to the port of Djibouti on the Red Sea. 
Therefore consideration of livestock has been excluded on a commercial 
basis from the -Finchaa and the other Blue Nile irrigation projects, 
for the immediate present. 

This need not mean that livestock must be entirely absent
 
from the project area. The Ethiopian farmer is accustomed to having
 
a few head of livestock on hand, and he counts his wealth partly in
 
animals. It is recommended that the project population be allowed
 
to keep some livestock as personal possessions, partly as a concession
 
to their conservative outlook, and partly because there will always
 
be some waste areas, such as nonarable land, land along fence 
rows, irrigation ditches and canals, and in villages, where cattle, 
sheep, or goats can be grazed at no cost to the project. Furthermore, 
the milk and meat produced would be nutritious supplements to the 
basic foodstuffs the project will raise. The number of head must be 
supervised to prevent overgrazing of the available pasturage. Rules 
concerning ownership per family should be formulated in advance of 
project operations. 

Land Settlement 

At the present moment, the Finchaa valley is uninhabited. 
With the commencement of project operations as much as 640 hectares 
will be immediately developed, and population settled on this land. 
This will require about 608 farmers and workers, excluding managerial 
and service personnel, and excluding the irrigable land required 
for farm houses, roads, and woodlots. Applying the average family
 
size of 4.7 members, approximately 2,800 people can move into the
 
Finchaa Project area and find land and work.
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Under ultimate development, the entire 15,000 hectares of
 
irrigable land should be occupied. This will offer settlement
 
opportunities to-over 65,000 farm people (see SECTION IX), plus
 
others re4uired for management, operation and maintenance, and
 
extension. In addition, many service workers will be drawn into
 
the area.
 

AMARTI-NESHE PROJECT 

e The land classification and agricultural economics of the 
Amarti-Neshe Project are essentially the same as the Finchaa Project. 
The Amarti-Neshe Project is smaller, however, so crop production 
will be less. Therefore only the summary sheets,which reflect the 
differences in size, are shown separately. The discussion of 
agricultural conditions before project development, agricultural 
conditions after agricultural development, and land settlement 
would be covered under the Finchaa Project. 

Tables VI-7 and VI-8 are designed to show the agriculture 
of the Amarti-Neshe Project in terms of crop production and of gross 
income to be realized by the project from the sale of crops. Table VI-7 
shows the production on the basis of 100 hectares, and Table V1-8 
on a full project, 8,490-hectare basis. These tables are identical 
to the Finchaa Project summary sheets in all but one respect. Total 
gross crop income for the Finchaa is $8,932,130; for the Amarti-Neshe 
it is $5,061,975. 

The consumption of food will follow a similar pattern for 
the Amarti-Neshe as the Finches Project. Total yearly production of 
calories will be approximately 81,000,000,000; of this, 33,000,000,000 
will be consumed on the project and the remainder sold. 

103
 



TABLVT-1 Sjnxy o f Etimt Bnefis by Uso the Groes Crop I:cos- latta, 

CONDITIONS BEFORE PROJECT FUTURE CONDITIONS, IRRIGATION SEASON FUTURE CONDITIONS, NONIRRIGATION SEASON 

VM UE OF I 
vacuEo-~cALCROAPYt 2,10 LOCAL T TAL 

SRIPEhR I IPRODUTIONI MARKE1 CONSUMPTIO ONHSUMPT;IN CONSUPTION0COVUMPTO 
ERICO ['08 

DISRIBUTION YED YIELD 

Po KIthe K/ha 1, Pg Kg Ka . Eh. 

VT 000 213,250 23,470 
10.18 0,215 1- V - 491±185 V 50610 1,180 3,ook000_ 

41k0 77 lATE> 40k
20t6395f|WhEt (UwEa) 9.90 975 2,067,000 2,067,000 20,635 209,63 

0co~ 13.70 _ I 980 5,066000 3,070,850 2 1,995,150 075.335 

807~5(0 

1,00 

F1~EE0,d 21.14 445 425,000 42,00 89,8045 845

8991004 booc 850 - 1 7,51, 1513000 049,9909 850 950 87,00 1 00 194350 

16 C2 
50.4,06 2.75 425 1,170 497,250 897.850 BR.060 850 700595990 - 595,000 1560 

m4. 
49,0 0

~,tE, NEEPW | .62 850 2,000 L,7lo,no 1,70,000 

~fl29er 850 31,68,0 391,60 
r1,000

9.600 _ _ 2- 

081.04 163,as
425. 

1,00 _219,71,o 118,'Y7o 
65 

55.93 ~~74,0994 2,000 

.6R07o
50btotaT, OTT. 0,07 I 9.750.785 560,945 

0,,btAtaA, OoTtl,.t.d 

415 

3,752,765 748,96 

Wco,,fltOn04A OVE.IOStT, 1~M 415 

560,345 8,4908,490 8,1190 

I I 
ft OtTo project ox,. is ,afrt4bOt,,E ,t p50oxst. lff !,Il b 



VI$TALE -Sofa I Er t nADE . Rt-

CONDITIONS BEFORE PROJECT FUTURE CONDITIONS, IRRIGATION SEASON FUTURE CONDITIONS. NONIRRIGATION SEASON 

VL1,ENOO .OOOEI'NO, ~ ~ ~ IPME6NT 
C T HP o A VAUEf LOCAL LOPCAL VALLEOF'Loc&L

CROPJ 
. 

INRMEW 
PIER aDs TR sytluTIO RR EL PRocETIRN MAR.EERLMET Tc NUMlo co uPT * YIELD PRoncTrom CoMSU TIONConsuuPRIoN 

PTTERN a ,g EI E 1. 1 nK - Is . th no Et.. Kg/ha Kg g Eh$ 

Dckw0t - 9.60 5 2,7 1co ooc 7,5co $ 780 E2,500 $ s, $ 60h e 
317 7,625 ,825 4,2558 9,800 530. 1,180 35,400 35,400 3,604 8,U58 

tlODt (E teusD.) -9 90 97 24,375 234,75 2,l3 8,oC52 2,413 
- 13 70D 1,380 59,600 36,100 4,946 I 3 500 3,214 8,165 

1018 

Ilaricot eans , 16.2 . 15 780 1',800 87,80 2,941 950 ,5. 3,500 1,56 4,510 

10 

2,00 ,38 7- 7, - 7, - 0 IR 

10 
_9100 

1R
2

161.84 960 4,800 6,635 7.768
700 

55-93 5 920 4,600 2,300 1 1,175 2,,oo 3.5735
114.60 2,000 10,800 10,000 11,460 

baceoOrtl 


-8 828 _ _9570
 

SuP 1cutvaedara .5 
44160 6 580 59.570-55 

__5 
SncUtiated irrigble land 

ii 
100 4162 6,580 8,82 93,570

,/ T1. proJet are- is uniNbehited at preset. 
$4 



CLA4CK SEZA 

X c 
US 

LOCATION4MAP 
-

'-Uo-

c 

a's.r.~~ nr' 

I , Lr 

SegMEd 

I A 

y1 

S14~~ .S Rj 

ARA BI 

.qu 

,dSYRIA-

IRAN 

sor!o 

N, 

'V 

wAlEN 

02 T 
L THI 

MA 

OA TO 

C. 

AB R I e A',OF10O o 

EXPLANATION 

-o-t 0 

EN Marn dry 

Pur M -w aIM iy 

.. .... 

'-2SI. BI 

XwEam AAS A --

MAP OF ETHIOPIA 
SHOWING 

ELECTRIC POWERLOAD CENTER 
ADDIS ABABA COMPLEX 

UGANDAN Y K E E 



Assab is located nearly at sea level, and its precipita
tion is less than 250 mm per year. It has a hot climate with the 
average maximum around 28* C and the average minimum probably around 
200C. 

Population 

A complete census has never been taken of the country. 
See SECTION II, General Description. A recent census was taken in 
Addis Ababa and is reflected in Table VII-1. 

TABLE VII-1 - ESTIMATED 1961 POPULATION BY CITIES 

City or Town Population 

Dessie 35,000 
Dire Dawa 40,000 
Tima 35,000 
Agere Hiywet (Ambo) 10,000 
Assab,. 9,000 
Lekkemt 25,000 
Addis Ababa 450,000 

The Blue Nile River Basin (portions of it lie in seven 
provinces) was estimated to have a population of about 4,870,000 
(see Table VII-2). 

TABLE VII-2 - POPULATION FOR BLUE NILE RIVER BASIN 
BY PROVINCES IN THE BASIN--1961 

Population 
Province (milions) 

Wellegga 1.27 
Gojjam 1.18 
Shews 1.09 
Wello 0.64 
Begemidir 0.45 
Ilubabor 0.15 
Kefa 0.09 

Total 4.87 
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I 

By comparison, the estimates by provinces for Ethiopia 
as a whole are shown in Table VII-3. 

The size of the present population in the Finchaa and
 
Amarti-Neshe project areas is negligible.
 

The fastest growing area in the Empire appears to be 
Addis Ababa, but for the country as a whole, it is believed that 
the trend in estimated annual population growth may be as shown on 
Drawing No. 4.0-BN-39. 

TABLE VII-3 - 1961 POPULATION ESTIMATES--ETHIOPIA 

Population 
Province (millions) 

Tigre 2.59 
Wello 2.46 
Shewa (w/oAddis Ababa) 2.18 
Wellegga 1.73 
Sidamo 1.87 
Begemidir 1.77 
Harar 1.28 
Gojjam 1.18 
Arusi .91 
Ilubabor .88 
Kefa .73 
Gema Gofa .47 
Bale .29 
Eritrea 1,46 

Provinces 19.80 

Addis Abata .45 
Total Empire 20.25 

Occupations of Labor
 

Some sources place the portion of the population under 
15 years of age at 35 percent in Ethiopia. The population portion 
over 60 was taken at eight percent. On this basis, the assumed 
portion of population of working age in Ethiopia (15 to 60 years 
of age) amounts to about 57 percent. If the upper limit of 60 years 
were dropped to 56 years--in other words, the working age would be 
from 15 to 56 years--the percentage of people of working age would 
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drop to 54.5. Table VII-4 provides some information on the age 
structure in Ethiopia as compared with several other countries. 

TABIE VII-4 - ESTIMATED AGE STRUCTURE IN ETHIOPIA C(MPARED 
WITH DATA FOR S(E OTHER COUNTRIES 1/ 

Percentage 'Percentage Percentage Percentage 
of of of working of working 

population population population population 
Country below 15 yrs over 60 yrs 15 - 60 yrs 15 - 55 yrs 

Ethiopia 35 8 57 54.5?/
 
Ghana 36.6 5.4 58 -


Southern
 
Rhodesia 27.4 8.7 63.9 -


Turkey 39.6 6.2 54.2 -


England 15.5 11.8 71.7 -

U.S.A. 20.1 11.7 69.2 

1froa United Nations Demographic Yearbook, 1951. 
2The population between 55 and 60 years is assumed to be 3.5
 
percent.
 

Considering the country as a whole, over 90 percent of 
the population is engaged in agricultural pursuits. The other 10 
percent can be considered as supplying the labor needs of govern
ment, commercial and industrial enterprises, and various miscella
neous categories. In the 10 percent group would fall the labor 
employed in urban areas. By far the largest urban area, of course, 
is Addis Ababa, and according to the Ministry of Commerce and 
Industry, in 1960 there were about 60,500 persons gainfully employed 
in the city. Percentagewise, this labor force was distributed as 
follows:
 

Domestic service 24.75 percent 
Civil service (Government) 21.50 
Commerce 17.25 
Manufacture 15.00 

Drawing No. 4.0-BN-40 gives an indication of those employed 
in various types of industries in the 13 provinces, and perhaps 75 
percent of those shown are located in the Addis Ababa Complex. In 
the Blue Nile River Basin, as shown by examining Drawings No. 7.2-BN-1 
and 4.0-BN-29, the predominantly agricultural areas having the 
greatest population density occur along the northern and northeastern 
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-sides of lake Tana, along the Bahir Dar-Addis Ababa highway, and 
along the inside loop of the Blue Nile River on the highlands. 
Many of these agricultural areas, which are located in the heavy 
population zone, are nearly saturated now, relative to the number 
of people that the land can support with a decent standard of P 
living. Therefore, it is reasonable to expect that while the 
heavily populated areas will remain substantially static, new areas 
will have to be opened up for agricultural purposes and the devel
opment of new industry will be required to provide jobs for the 
remaining excess population. 

Regarding the future labor force in Ethiopia, same general
 
conclusions can be reached. Based upon a 1960 population of about
 
20,000,000 in the Empire, including Eritrea, the population will
 
probably double to 40,000,000 by the year 2000. As stated before,
 
the present labor force is 90 percent engaged in the agricultural
 
industry. With the trend toward urbanization and correlary devel
opment of industry that is anticipated by the year 2000, some
 
authorities conservatively estimate that 65 to 70 percent of the
 
population will, at that time, be engaged in agricultural activities.
 
This means that the present 10 percent of nonagricultural occupations
 
will increase to at least 30 to 35 percent by the year 2000. On
 
this basis, the rate of increase for nonagricultural jobs would
 
average around 150,000 to 170,000 jobs per year. On the other hand,
 
the rate of increase in agricultural jobs would be about 500,000
 
per year. The opening up of new lands to farmers by appropriate
 
redistribution, by controlling diseases and other problems in certain
 
undeveloped locations, and by providing water and power from multi
purpose projects in still other areas will generally take care of
 
the anticipated annual rate of increase in agricultural fields.
 
But the rate of increase in the nonagricultural fields will have
 
to be provided for in industry, and industry needs electric power
 
in abundant and economical quantities. It is apparent that a
 
reservoir of labor is available for industrial expansion.
 

Natural Resources 

Ethiopia's greatest resource is its land, which is and
 
can be used for agricultural purposes. Using the F.A.0. figures on
 
percentage distribution, the land-use estimates in Table VII-5 are
 
derived.
 

110
 



annn 

7000 ooI 

600 

4 

SAWM/LLS

& WOOD WORK S *
 

70M
 

FOOWEAR? &8 
1000 - .FATHER-Aw Gs 

800- R/RG / 

600 CEMENT & BRICKS 

500 
'~J / ______ 

400 

300 
157 1958 1959 1960 196/ 1962 

FOR YEARS ENDING SEPTEMBER /0 
DEPARTMENT Of WATER RESOURCES
 
IMPERIAL ETHIOPIAN GOVERNMENT
 

MINISTRY OF PUBLIC WORKS & COMMUNICATIONS
 

BLUE NILE RIVER BASIN 
NOTES ELECTRIC POWER LOAD ANALYSIS 

I. Source: Ethiopion Economic Review 1-5 
EMPLOYMENT
2.ExcfAv'es:Smaller miscellaneous 

MANUFACTURING INDUSTRIESIndustries 
0 0u DRAWN C.L CURTI - SUBMITTED 0.4-C.3.Excludes: Eritrea- /3 Provinces only TRACED fASRfESH4M.. RECOMMENDED P. W K. 

CHECKED .-. G APPROVED .. C 

ATiaa JUNE I,[962 4-0-BN-40 



.0 

IS9 Ar 8 31oN l a7 l 
rNOlInfl~iSoG ONV AIISN3 NO1Vinde d 2Vnf ma 



LAND UTILIZATION
 
BLUE NILE RIVER BASIN
 

j;44 

;IL
 

I oBc-l..I
I .
 



TABLE VII-5 - LAND-USE AREAS
 

F.A.0. 1/ Hectares 
estimates using F.A.0. 

Land use (percent) percentages 

Permanent meadows and 
pastures 49.59 60,499,800 

Cultivated 9.70 11,834,000 
Potentially productive 7.30 8,906,000 
Forested 3.56 4,331,000 
Wasteland 29.85 36.429,200 
Totals 100.00 122,000,000 

i/As reported in Ethiopian Observer Volume V, No. 2. 

The irrigable areas of the Finchas and Amarti-Neshe 
Projects total 23,490 hectares and would eventually supply agricul
tural products for industrial processing, probably in Addis Ababa. 
This would be an example of "potentially productive" land placed 
into production and represents two potential power load possibilities-
need for electricity by the new project farmers and need for elec
tricity at Addis Ababa, for example, to process certain agricultural 
commodities. 

There are good natural forest areas within reach of the 
Jima and Addis Ababa Complex load centers. The internal lumber 
market,* shows a present amual capacity of 40,000 cubic meters. 
With the rate of annual increased requirements being about 15 per
cent, the market requirements would be about 70,000 cubic meters 
within five years. At present, there are 22 major sawmills, and 
to meet the rising demand for wood products this number would have 
to be gradually enlarged, which factor must be considered in the 
power market analysis, as electricity is an economical source of 
energy for operating these mills. (At present, there is only one 
large mill, that at Ambo, in the Blue Nile River Basin.) There is 
now only one plywood factory, at Addis Ababa, and in order to meet 
the immediate needs of the country, two or three more such veneer 
mills will be required, processing about 50,000 cubic meters of 
veneer logs per year. Bamboo thickets cover several thousand 

*Includes all imports as well as domestic production, whereas data 
included under "Development of Electric Energy Use" refer only to 
internal development, the only pertinent segment that concerns 
electric .energy requirements. 
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hectares which may be within economical transportation distance of 
Jima, Addis Ababa, and Lekkemt. Bamboo is useful for the manufac
ture of paper and related products. Tannin is available from some 
of the species of trees and is needed for the processing of hides, 
important to the leather industry centered mainly in Addis Ababa. 

Until 1962, no commercial mining except for same gold had 
been developed within the Blue Nile River Basin. In late 1962, 
preparatory steps were being taken for mining limestone for a cement 
mill being constructed in the Addis Ababa Complex (at Akaki). In 
Eritrea there are deposits of the following minerals: 

Sodium chloride 
Sylvite )Sylvte )potassium salts
Canaallite)
 
Magnesium chloride
 
Sulphur
 
Iron ore (hematite)
 

Some can be brought within economical reach of Assab by completion 
of future highway programs. 

Several large lakes within Ethiopia contain different 
varieties of fish, some of which are of very poor quality. The 
inland fishing industry is very poorly developed at present, but 
the sea fisheries are better, principally at Assab and Massawa. 
Some inland lakes and rivers do not contain large quantities of 
fish because of the high sodium content of the water. Commercial 
fishing in other fresh water lakes and rivers, such as Lake Tana, 
lake Langano, Lake Awasa, lake Abaya (Margharita), Lake Rudolph, 
the Awash River, and others, could contribute much to an enlargement 
of the food supply for the population as a whole. With this and 
the export market in mind, the second five-year plan proposes to 
start considerably extending fishing as a branch of the national 
economy. Studies will be made during this period to obtain as much 
information as possible regarding the quantity and species of fish 
in the coastal water near the Assab and Massava areas. Also,
similar studies will be conducted concerning lake waters along the 
Mojo-Awasa route. 

Principal Economic Activities 

Government planners hope to change Ethiopia from a predomi
nantly subsistence agricultural economy to an up-to-date, efficient, 
agricultural-industrial one by the year 1982. To achieve this, it 
is hoped to maintain a rate of economic growth of about four or 
five percent per year on an average. The Gross National Product 
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and corresponding rate of growth are shown by Table VII-6 for the 
20 years in the future. Over 12 billion Ethiopian dollars (total 
from government and private sources) will have to be invested over 
the next 20 .years, as indicated by Table VII-7, according to the 
Office of the Planning Board, in order to achieve these goals. If 
this is the objective, it can only be achieved by a corresponding 
rapid acceleration in the construction of facilities to provide 
electrical energy to the principal industrial load centers. Per
haps 80 percent of this industrial development will occur in the 
Addis Ababa-Nazret area of the Addis Ababa Camplex for several 
reasons. 

Agriculture. Although there will be a substantial shift 
toward more industrialisation within 20 years, agriculture has 
traditionally been the foundation of the Ethiopian economy, and the 
livelihood of perhaps 90 percent of the countryt s population is 
derived from basic farming activities or from the processing and 
exchange of farm produced crops and goods. Table VII-8 indicates 
the forecast trend in the export of certain agricultural products, 
which is an indication of a trend in anticipated future agricul
tural production. 

TABLE VII-6 - GROSS DfVIESTIC PRODUCT ESTIMATES 
OVER THE 20-YEAR PERIOD 1J 

Gross 
domestic product Rate 

(in million Etb$, Index Of 
Periods 1961 prices) number growth 

1958-1962 2,130 100 3.2 
1963-1967 2,632 124 4.3 
1968-1972 3,310 155 4.7 
197-1977 4,270 200 5.2 
1978-1982 5,650 265 5.8
 

1)second Five Year Development Plan. 
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TABIE VII-7 - ESTIMATED INVESlMENT DURING A 20-YEAR PERIOD 1J 

Five year 
Total investment Index number 

Five year investment as percent (First Plan 
plan (million Etb$) of total 100) 

Second 1,696 13.4 202 
Third 2,420 19.1 288 
Fourth 3,516 27.7 419 
Fifth 5,050 39.8 601 

Total 12,682 100.0 

1/second Five Year Development Plan. 

TABLE VII-S - FORECAST TRIND IN EX0T OF CERTAIN
 
AGRICULTURAL PRODUCTS I
 

In million Eth$, 1962 prices 
1962 1 Index 

Produce (Actual) 1967 19-67 (1962 = 100) 

Coffee 99.6 135.0 601.0 135 
Hides and skins 22.7 28.7 125.0 126 
Pulses 17.0 18.9 90.0 111 
Oilseeds 14.9 21.2 96.0 142 
Chat 10.2 11.0 54.0 107 
Fruits and vegetables 4.7 6.2 27.0 131 
Other 13.3 16.0 78.0 118 

Total 182.4 237.0 1,071.0
 

1/Second Five Year Developmnt Plan.
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Industry. Industrial activity in Ethiopia is confined 
primarily to processing agricultural commodities, producing foods 
and beverages, manufacturing some items for domestic consumption-
tobacco products, footwear and leather-products, and producing 
mineral products--cement, bricks, salt, and others. Drawings 
Nos. 4.O-BN-30, 4.0-BN-31, and 4.0-BN-32 show gross industrial pro
duction comparisons over a three- or four-year period. 

Table VII-9 summarizes industry in the 13 provinces, 
4 	 exclusive of Eritrea, for the year ending September 10, 1961. A 

study of Table VII-10 will indicate that for the 11-year period, 
1951 to 1961, inclusive, the volume of industrial production for 
all of Ethiopia, excluding Eritrea, increased over 4.5 times, and 
in the same period the production of electricity increased more 
than five times. During the period 1956 through 1961 (six years), 
the total manufacturing output of Eritrea increased by about 1.4 
times, and that of the remaining 13 provinces more than 1.8 times 
during the same period. The total for the Empire of Ethiopia 
during the same period--that is, from 1956 through 1961--showed an 
increase in the output of manufacturing industries amounting to 
1.7 times. 

During the same six-year period, the output of electricity 
increased as follows: 

Eritrea 1.6 times 
Thirteen provinces 2.4 times 

Total Ethiopia 2.2 times 

During the 	period 1963-1967, the government planners foresee that 
the total output of the manufacturing industry would, on the whole,
be tripled. Production of the more important industrial products 
is forecast in Table VII-11. Table VII-12 shows that before 1963, 
the investment in the forecast manufacturing industry was only about 
six percent. By 1967, this will have reached 19 or 20 percent 
annually and will probably hold to that figure for some time in the 
future. A 	tabulation of 103 new industrial projects to be completed 
and 18 more reconstructed during the period 1963-1967 is shown in 
Table VII-13. Of those to be completed, about 94 will actually go 
into operation within the same period as shown by Table VII-14. 

The emphasis being put on industrial development will 
require a corresponding increase in the availability of electricity 
supplies for supporting the increased industrial output. Some 
government planners foresee a 340 percent increase in the amount of 
electricity used for industrial purposes, using the year 1962 as a
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TABLE VII-9 - SUMMARY OF INDUSTRY IN THE 13 PROVINCES (YEAR ENDED SEPT. 10, 1961) 

Number of 
establish- In thousands of Ethiopian dollars 
ments in Purchase Value of Capital Value of 

opration of fixed expendi- roduction 
Industrial Group 1960 1961 materials assetsl/ ture Gross Net 

Food products	 22 14,810 50,195 10,270 25,630 9,445
Flour, macaroni, biscuits 5,010 4,689 44 6,170 960 
Edible oils and products 11 3,912	 61 851,2,396	 4,984
Sugar, tomato canning	 5,8822	 41,610 10,065 13,816 7,0172/
Slaughter and preparation of meats - 6	 100 660 6171,500

Beverages 20' 1,931 5,796 450 5,643 3,448
Alcohol, beer, liquors 6 549 3,036 235 3,062 2,362
Wines	 7 1,023 1,003 33 1,569 489 
Soft drinks and carbonated water 7 359 1,757 182 1,012 597 

Tobacco manufactures 1 758 1,376 66 3,448 2,672
Textiles 9 18,569 15,668 2,934 32,722 13,053 

H 
oH	 

Spinning, weaving, and finishing 4 16,400 14,095 2,825 28,232 10,941
Knitting mills, etc. 3 70 49	 295 221 
Cordage, sacks, rope, and twine 2 2,099 1,724 109 4,195 1,891

Leather tanning and footwear 2/ 5 2,713 2,170 236 4,692 1,880
Sawmills, plywood, etc.	 7 389 1,041 668 1,798 1,304
Furniture and fixtures &	 3 1,012 485 52 6331,660 
Printing and publishing 5/	 6 937 732 74 9311,938
Chemicals and chemical products 192 715 165 606 392 
Nonmetallic mineral products 3 304 1,880 84 3,477 2,906

Bricks	 2 7147	 409 318 
Cement	 1 77 588304 1,733	 3,068 

Viscellaneous manufactures A 126 518 510 60 
Total manufactures 177 80 41.741 80.7761 15.509 mSor, 5e0 81, Office2
Electricity 13 151 1,124 51,100 3706 
Total industry (exel. mining, construe

tion, coffee and grain cleaning) | 90 95 42,865 131.876 19.209 8±.93A1J1 
Source: Central'Sta-tistical Office.
 

/.Includes plant and machinery, vehicles, land, and buildings. 
/Excludes an estimated E$5 million of sugar cane grown on plantations of the industrial concern. 

2/Excludes small shoemakers and shoe repairers. 
4/Excludes small carpentry shops. 

/?Excludes Berhanena Selam Printing Press in Addis Ababa. 
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TABLE VII-10 - INDEX OF ECONOAIC TREND OF INDUSTRIAL PRODUCTION (1955 = 100) 

____________________For the imbpire of Ethiopia. 1936 through 1961 ___________ 

The 13 Provinces Eritrea Provine 1 Total, Ethiopia 
Industrial group F56 ' '58 '59 '60 '61 '56 '57 '5r' 

Manufacturing 
Foods 109 128 132 146 162 158 84 69 92 77 132 89 103 113 122 129 155 141 
Beverages and tobacco 114 114 122 154 179 216 108 112 117 107 103 106 113 114 121 142 160 189 
Textiles 112 128 115 123 185 22? - 100 152 164 183 243 112 121 124 133 185 231 
Leather goods 151 168 168 162 182 193 
Building materials, etc. 117 91 115 93 100 128) 83 80 87 55 89 122 112 103 113 94 112 135 
Miscellaneous 84 69 62 56 69 70) 1956 hrough1961 

Total Manufacturing 112 124 124 134 165 183 92 102 124 110 145 141 107 119 124 128 160 173 
Electricity 

(both public utility and 
industrial firms) 115 133 145 165 190 240 101 110 117 125 142 163 110 125 135 155 178 215 

Total Mg. and Elec. 112 12 1231 34 163 181 93 103 122 164 142 139 107 118 123 128 158 171 
I-J
 
H
 

For the 13 Provinces, 1951 through 1961 (1950 8911) 2/ 
Industrial gro2 1'515 153 154 15 1 15 1 159 160 '61 

Manufacturing 
Foods 104 100 119 13 223 242 286 295 325 361 352 
Beverages and tobacco 121 152 188 204 199 227 211 243 306 356 430 
Textiles 72 197 267 313 395 444 507 452 485 731 895 
Leather goods 113 191 197 206 213 322 357 358 346 388 411 
Building materials, etc. 102 100 114 156 221 259 201 254 205 220 283 
Miscellaneous 113 112 126 136 161 134 111 100 .90 111 113 

Total Manufacturingk 101 133 163 187 249 280 308 308 333 410 455 
Electricity 

(both public utility and
 
industrial firms) 105 119 142 167 183 210 243 265 371 428 538 

Total Mfg. and Elec. 101 130 161 184 235 263 288 290 314 382 425 
Source: Central Statistical Office. 

1JNorth Eritrea load center. 
2JPrimarily Addis Ababa complex. 



TABiE VII11-	 - 1967 PRODUCTION GOAL FOR SEIECTED 
INDUSTRIAL PRODUCTS Al 

Actual Forecast 
' Article Unit 1957 1 1962 1 1967 

Meat (frozen) metric ton 683 5,500 35,000 

,Meat (canned) metric ton 1,290 1 000 7,000 

Sugar metric ton 16,181 38,000 60,000 

Salt metric ton 132,292 158,000 275,000 

Edible oil metric ton 4,350 4,800 12,000 

Flour metric ton 23,000 24,000 51,000 

Macaroni metric ton 2,700 2,800 3,100 

Beer hectoliter 41,780 67,000 85,000 

Wine hectoliter 12,900 18,600 30,000 

Cigarettes 1,000 252,000 370,000 500,000 

Cotton fabrics 1,000 sq m 5,000 21,500 74,000 

Rayon fabrics 1,000 sq m 6,000 

Gunny bags 1,000 1,700 2,800 6,000 

Shoes (leather) pr 203,000 248,000 2,150,000 

Shoes (canvas, rubber) pr 1,300,000 

Timber cu m 16,300 12,500 20,000 

Plywood cu M 1,200 3,000 

Furniture Eth$ 1,000 350 450 1,300 

Matches 1,000 11,800 16,000 25,000 

Glass bottles 1,000 3,800 7,500 14,000 

Cement metric ton 26,860 29,000 210,000 

Brieks 1,000 5,670 8,000 30,000 

Mosaics so m 30,000 65.000 95,000 

4/Second Five Year Development Plan. 
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TABLE VII-12 	- INVESTMENT IN MANUFACTURING INDUSTRY BY YEARS/ 

Investment As percent 
Year .(Eth$1,000) of total 

Before 1963 25,560 6.0 
1963 35,795 8.4 
1964 57,445 13.5 
1965 65,255 15.3 
1966 74,795 17.6 
1967 85,175 20.0 

After 1967 81.925 19.2 

Total 425,950 100.0 

TABIE VII-13 	 - NUMBER OF INDUSTRIAL PROJECTS TO BE 
CONSTRUCTED--1963-19671/ 

Breakdown 
Completed or New 

Branch of Industry Total reconstructed projects 

Food 29 3 26 
Beverages 3 1 2 
Tobacco manufacturing 2 1 1 
Textiles 15 6 9 
Leather and shoes 9 1 8 
Wood 3 -- 3 
Building and nonmetal 16 3 13 
Printing and publishing 2 1 1 
Chemicals 22 1 21 
Metals, production and 

fabrication, and elec
trical manufacturing 16 1 15 

Other 4 - 4 II 

Total 121 18 103 

TABLE VII-14 - INDUSTRIAL PROJECTS TO BE PUT INTO OPERATION--1963-19671/ 

Year Number of projects 
196.3 3 
1964 19 
1965 15 
1966 24 
1967 33 
Total 	 94 

1)Second Five Year Development Plan. 
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base. This increase would be for the period 1963-1967, inclusive. 
Until 1967 and perhaps a few years later, industrial production 
will primarily be geared to meeting consumer demands, although a 
start will be made in heavier industries, such as steel. A nucleus 
for the steel industry already exists, with the inauguration of a 
small Akaki steel mill in 1963, which depends primarily upon 
electricity for its energy requirements 

Trade. Ethiopia is primarily an importer of manufactured 
goods and an exporter of agricultural commodities. In value, 
cotton textiles represent the largest single import item, and coffee 
constitutes more than half of all exports. This is shown by 
Drawings Nos. 4.0-BN-33, -37, and -43. The second major import in 
value is manufactured items, such as iron, steel, machinery, and , 
tools, which have shown a steadily increasing trend in recent years; 
this same increase is also reflected in the increased import of 
vehicles, aircraft, and railway accessories. To a lesser degree, 
certain food items, such as drink and tobacco, have also been 
imported at increasing levels for the past few years. Next to 
coffee, hides and skins assume second place in export value, 
although the value of exported pulses has recently shown a marked 
increase. 

As shown by Drawing No. 4.0-BN-36, the value of imports 
has consistently exceeded the value of exports during the period 
1959 through 1961, and it will also be seen that the value of exports 
has increased by 2.67 times and the value of imports more than three 
times during the decade 1950 to 1960. 

The principal commercial cities in Ethiopia, in order of 
importance, are Addis Ababa, Asmara, and Dire Dawa. Dire Dawa is 
halfway between Addis Ababa and Djibouti, French Somaliland, and 
is the major town on the Addis Ababa-Djibouti railway. Addis Ababa 
is the focal point for both the distribution of imports and the 
collection of coffee, hides and skins, and other products for export. 
For this reason, all the principal firms engaged in foreign trade 
have their head offices in Addis Ababa. 

The metric system is used in trade, but in local agricul
tural areas local units are used. 

Government planners expect that foreign trade will con
stitute the third most important sector of the national economy, 
exceeded only by industrial and agricultural output. They recognize 
that, unless an accelerated sound foreign trade program is developed, 
the goals set for the agricultural and industrial expansion probably 
cannot be achieved. In the five-year period 1957 to 1962, inclusive, 
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the geographical distribution of foreign trade was rather uneven. 
Of the total Ethiopian imports in a one-year period (1959-1960), 
Western Europe supplied 43.1 percent; the United States, 15 percent; 
Japan, 13.1 percent; Eastern Europe, 7.0 percent; India, 6.0 per
cent; and all African countries, 2.3 percent. The export pattern 
for the same period showed 26.6 percent of exports going to Western 
Europe; 38.1 percent to the United States; Eastern Europe, 3.1 
percent; Japan, 2.6 percent; all African countries, 6.9-percent; 
and India, 1.0 percent. Export forecasts for the period 1962 to 
1967 are for an increase from Eth$194.9 million to Eth$327 
million, or about 60 percent, an average annual rate of increase 
of 11 percent. Imports may grow faster, and these have been fore
cast at Eth$j19.2 million for 1967 as compared with Eth$234.2 
million in 1962, a total increase of 79 percent or an average annual 
increase of 12.3 percent for the period. Exports will rely prin
cipally upon traditional agricultural products, but it is expected 
that an important start will be made on the export of new industrial 
products as well as those from the mining industry. Table VII-15 
shows the trend in anticipated exports by various basic economic 
sectors. From this table, it is evident that the largest increase 
will occur in the export of industrial products, followed by mining. 
Table VII-16 shows -where, within the manufacturing industries, the 
expected increases in large exports will take place. 

Mining. Mineral production has remained rather static 
in the past several years, but exploration and development invest
ments have continued at an increasing rate with the largest invest
ment being made in the Dallol potash reserves where an American 
firm is developing the salt deposits. Mineral production for the 
past few years has been limited primarily to gold, platinum, lime
stone for cement manufacture, sodium chloride (salt), quartz sand, 
and a little manganese ore. In the period 1963 to 1967, substantial 
quantities of iron ore and potash are scheduled for production. 
Both of these deposits are in eastern Ethiopia, the potash near 
Dallol and the iron ore deposits to the northeast near the seacoast 
village of Mersa Fatma. Table VII-17 shows the proposed increases 
by years in mineral production to 1967. Table VII-18 shows the. 
gross value of mineral production in dollars anticipated as a result 
of mineral production estimates given in Table VII-17. 

At present, most oil exploration activities are centered 
on the east coast of Ethiopia in the Eritrean coastal zone and 
adjacent islands. Another oil exploration area being actively 
investigated is in the Ogaden. A small amount of platinum mining 
activity is under way at Yubdo, with gold mining operations centered 
mainly in the Adola area. 
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TABLE VII-15 - FORECAST TREND IN EXPORTS BY SECTORS!/
 
(IN MILIONS OF ETHIOPIAN DOLIARS)
 

IndexForecastActual 
I I.percent
 

Sector 1962 Percent 1967 Percent 1963-1967 1962 = 100 

Agriculture 182.4 93.6 237.0 72.3 1,071.0 129 

Industry 10.2 5.2 80.0 24.2 185.5 784 -V. 

Mining 2.0 1.0 10.0 3.0 38.1 500 

Handicrafts 0.3 0.2 0.7 0.5 2.3 

Total 194.9 100.01 327.7 100.0 1,296.9 

TABLE VII-16 - FORECAST TREND IN EXPORT OF INDUSTRIAL PRODUCTS/
 
(IN ALLIONS OF ETHIOPIAN DOLLARS)
 

Basic branches Actual Forecast
 
of manu- 1963
 

facturing industry 1962 1967 -1967
 

Food 9.6 62.5 159.9
 

Leather and shoes -- 9.0 10.1
 

Building and nonmetal 0.1 3.2 4.1 

Chemicals -- 3.3 4.4 

Other 0.5 2.0 7.0 A 

Total 10.2 80.0 185.5 

18econd Five Year Development Plan. 

122
 



TABIE VII-17 - SCHEDULED MINERAL PRODUCTION, BY )EARS (1963-1967)2!
 

A 
Mineral Unit 1963 1964 1965 1966 1967 

Gold, 
concentrate kg. 800 1,000 1,200 1,200 1,200 

Platinum, 
concentrate kg. 10 15 15 15 15-

Iron ore metric ton -- -- -- -- 200,000 
Manganese ore metric ton 2,000 2,000 2,000 2,000 2,000 
Potash metric ton -- 150,000 300,000 300,000 300,000 
Salt metric ton 25,000 25,000 25,000 25,000 25,000 
Quartz sand metric ton 2,000 2,000 2,000 10,000 12,000 
Clays metric ton -- -- -- -- 5,000 
Asbestos metric ton -- -- 500 1,000 1,000 

TABLE VII-18 - FORECAST GROSS VALUE OF MINERAL PRODUCTIONIJ 

Gross value Index number 
Year (Eth$1.000) (1963 = 100) 

1963. 2,730 100 
1964 7,435 272 
1965 12,285 45Q 
1966 12,740 465 
1967 16,935 620 

1jSecond Five Year Development Plan.
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The Imperial Ethiopian Government follows the basic 
policy of developing its mineral resources to the greatest extent 
its somewhat limited means permit, and at the same time to allow 
private persons and companies, both Ethiopian and foreign, to 
participate in exploration and exploitation. The Government also 
encourages the development of mineral resources to the greatest 
extent possible to obtain raw materials for the development of 
heavy industry, because considerable emphasis is being put on indus
trial development. 

Since the greater part of Ethiopia, especially in the 7 
southwest, is largely unexplored insofar as mineral reconnaissance 
is concerned, the I.E.G. believes that the possibility of obtaining 
favorable results from a stepped-up investigations program is good, 
and this optimism is reflected in Tables VII-17 and VII-18. 

Transportation and Communications. Two principal railroads 
are now in operation, the Addis Ababa-Djibouti Railroad and the 
Agordat-Massawa Railway. Both are diesel and diesel-electric 
operated. The Agordat-Massawa Railway is under the jurisdiction 
of the Ropeway Administration in Eritrea, while the Addis Ababa-
Djibouti Railroad is operated by the Chemin de Fer Franco-Ethiopian, 
owned jointly by Ethiopia and France. The Massawa railway is 
950-m. track gage and is abot 306 kilometers long, while the 
Djibouti railroad has 1,000-mm. track gage and is 781 kilometers 
in length. The latter handed about 44 percent of the total 
Ethiopian imports in 1959.1 The Agordat-Massawa Railway serves 
the extreme northern portion of the country and Asmara, second 
largest city; the Addis Ababa-Djibouti Railroad serves the largest 
city, Addis Ababa, and the central portion of the country. The 
two are not connected. The total transport on both railroads in 
1961 was 463,000 tons of freight and 700,000 passengers. 

During the decade 1950-1960, more than 4,000 kilometers 
of automobile roads were opened to traffic, and traffic increased 
by more than 130 percent; with the number of registered motor 
vehicles increasing five times. The construction and maintenance 
of highways are of vital importance to any country, because adequate 
roads accelerate the economic development in the areas they serve. 
They are also important for national defense, and they will provide 4 
a means to consolidate the outlying regions in the Empire. 

There are two main seaports with modern facilities--
Assat and Massawa, both on the Red Sea and connected to the inland 

1/Table 1(g) from Ethiopian Economic Review No 2 June 1960. 



area by good roads. Port traffic for a nine-year period at the 
port of Assab is shown by Table VII-19. A recently completed 
modernization program has improved port facilities. 

Ethiopian Airlines, with head offices in Addis Ababa, 
provides internal air service throughout the Empire to some 20 or 
more airports. In addition, regular international services are 
provided to other places in Africa, Asia, and Europe. 

Inland water transport is very small, being limited 
primarily to lake Tana and to the Baro River. The latter, in the 
southwestern part of the country, has as its principal port the 
town of Gambela. From there, small boats sail down the river as 
far as its mouth on the White Nile near the town of Malakala in the 
Sudan and continue along the White Nile. Thus, part of the Ethiopian 
foreign trade is carried on with the Sudan over the Baro River. 
Small harbors and lighthouses for day and night traffic on Lake 
Tana have been built. For the future, opening of traffic associated 
with the development of fishing in Lake Abaya is a possibility. 

At one time, posts, telegraph, and telephones were under 
the Post, Telegraph, and Telephones Ministry, but in 1952 the 
telecommunications were separated and established as a self
supporting public agency under the Imperial Board of Telecommuni
cations. This organization provides the country with telephone,
telegraph, and broadcasting facilities. Between 1955 and 1959, 
the urban telephone traffic in Addis Ababa increased 3.3 times. 
During the same period, the interurban traffic in the whole of 
Ethiopia increased about 1.7 times, the number of outgoing inter
national calls about doubled, and incoming international calls 
nearly tripled. In 1953, the number of telephone instruments in 
Ethiopia was slightly over 4,500, but at the end of 1959 there were 
about 11,000 telephones in the country.i/ Radio broadcasting 
stations provide the primary link with the outside world. The 
major towns throughout the country have post offices and airmail 
service available where regular stops are made by Ethiopian Airlines. 

City traffic in Addis Ababa has increased tremendously, 
as will be noted from the fact that in 1961, 49 buses had to trans 
port some 12 million passengers while traveling 2.2 million vehicle
kilometers. Streets are being widened preparatory to the introduction 
of trolley bus transportation. City traffic increased four times 
during the period 1957-1961. 

I/From Ethiopian Trade Journal, December 1960. 
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TABLE VII-19 - PORT ASSAB TRAFFIC--1952-1960
 

Year 

Entry of ships 
Net 

registered 
No. tonnage 

Passengers 
(mmber) 

Disem-
barked Boarded 

Goods Turnover 
(metric tons) 

Goods Goods 
loaded unloaded 

& 

1952 205 173,259 443 428 57,842 17,241 

1953 286 327 ,382 380 242 49,256 21,952 

1954 412 426,972 498 361 106,372 46,059 

1955 396 493,419 378 250 89,331 49,333 

1956 405 505,562 388 334 82,680 53,510 

1957 504 576,647 390 501 98,327 70,461 

1958 605 973,944 409 327 90,106 69,237 

1959 552 956,079 532 453 94,301 76,857 

1960 487 871,690 625 534 84,000 91,000 
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During the period 1963-1967, further development of trans
port and communications is expected to average about 7.1 percent 
annually. The rate of growth of transport and communications will 
therefore be about twice as large as the rate of development of the 
whole economy, which has been estimated at an average of four or 
five percent annually. 

Road construction will continue so that new regions can 
be opened for development. In addition to the rehabilitation and 
betterment of existing railways, large-scale studies concerning 
the possible construction of new railway lines will be undertaken. 
Table VII-20 indicates the planned amount of investment during the 
period 1963-1967 for various segments of the transport and camu
nications. In addition to completing about 409 kilometers of roads 
under construction in 1962, about 800 kilometers of new main roads 
and about 1,000 kilaneters of feeder roads are forecast. Studies 
and designs will be initiated to expand the existing railway network 
to include links fran Nazret to Dilla, from Agordat to Tessenei, 
and from Awash to Tendaho to Assab. Additional post offices will 
be opened throughout the country, and the postal services will 
introduce their own means of transportation. 

Tourism. In 1960, a little less than 4,000 tourists 
visited Ethiopia, but during 1962 it was estimated that tourists 
arrived on the average of from 100 to 150 per week. Tourists are 
beginning to realize that Ethiopia has more relies than any other 
African country except Egypt and that the tourist season lasts 
practically the year around, as there are varieties of climate in 
the country. Even so, modern tourism is at the initial stage of 
developnent. Such advantages as pleasant climate, natural scenery, 
mineral hot springs, historical monuments, and hunting all offer 
great possibilities for the development of planned tourism. It is 
planned during the 1962-1967 period to open a number of tourist 
information centers in several foreign countries and to restore 
some of the historical monuments that have deteriorated in recent 
years, as well as to provide facilities in selected locations in 
the Empire to attract the attention of foreign tourists. Hotel 
accommodations are being expanded in Addis Ababa and in some out
lying cities, such as Bahir Dar. In the Blue Nile River Basin, 
many opportunities are available for attracting tourists, but at 
present tourist activity is limited primarily to the Bahir Dar area 
near the Tis Isat Falls and to the Blue Nile gorge on the Addis 
Ababa-Debre Markos highway. A vast reservoir of natural game and 
scenic attractions exists in the upper Dabus Swamp area which could 
be developed into a veritable tourist paradise. The Ethiopian 
Tourist Organization was very recently established to facilitate 
the handling of tourists and the promotion of the tourist industry. 
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TABLE VII-20 - PIANNED INVESTMENTS IN THE PERIOD 1963-19671/
 

1963-1967 As 
Branches (planned) percent Index number, 

of transportation thousands of ratio 1963-1967 
and communication of Eth$ total 1958-1962 

Transportation:. 

Railways 10,000 3.2 143 

Roads 155,600 49.2 122 

Water 24,163 7.6 90 

Air 89,153 28.2 - 187 

Subtotal 284,916 90.1 131 

Communication: 

Posts 5,000 1.6 --

Telecommunications 26.500 8.3 265 

Subtotal 31,500 9.9 315 

Total 316,416 100.0 139 

1/Second Five Year Development Plan. 
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In summary, tourism is only beginning to be developed 
but offers a potential of being a major industry in the acquisition 
of badly needed foreign exchange. To provide for tourism, modern 
facilities will be required which will develop a gradually increasing 
demand for electric power and energy to serve these facilities. For 
example, hotels will be needed, and construction of these alone by 
various interests during the period 1963-1967 is estimated to require 
approximately Eth$19,000,000, with most of this capital invested in 
Addis Ababa. 

Income 

The per capita annual income was estimated to have been 
Eth$89 in 1955 but by 1961 the per capita income was about Eth$97. 
Income in the rural areas, where some 90 percent of the population 
live, is much lower then for the urbanized areas . The large popu
lation of Addis Ababa, where the income is higher than in outlying 
areas of the country as a whole, brings the per capita income 
average up for the country. Per capita income during the period 
1955-1961 increased at a rate of about 1.12 percent per year for 
the country as a whole. A sample survey of rural areas conducted 
in four general agricultural sections of the country gave these per 
capita estimates of income for the year 1960-61. 

Ambo-Guder Eth$40 
Sululta-Chancho 65 
Lekkemt-Sire 50 
Bure-Jiga 37 

It was found that in the rural areas about 4.7 people per family 
were the average, while in the urban areas the number of people per 
family was 3.7--in only one specific sample area surveyed. 

The upward trend of future per capita income probably will 
not greatly exceed the 1.12 percent experienced in the period 1955
1961. The upward trend in the real capita income probably will lie 
between one and two percent per annum. By the year 2000, the per 
capita income may reach Eth$175 per year . The Eth$175 figure will 
be based upon a two percent per annum increase in real income. The 
gross national product, however, may increase at a rate of around 
four or five percent during the greater part of this period. 

Employment and wages and salaries paid by the manufacturing 
industry in Ethiopia during 1961 are shown in Table VII-21. 
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TABLE VII-21 - EMPLOYMENT TOTALS, MANUFACTURING INDUSTRY, ALL ETHIOPIA--19611
 

Industrial group 

Foods (meats, grains, 
sugar, canning, edible 
oils, and byproducts) 

Beverages (alcohol, beer, 
liquor, mine, soft 
drinks, and carbonated 
water) 

Tobacco manufactures 

Textiles (spinning, weaving, 
finishing, knitting, sacks, 
cordage, rope, and twine) 

Footwear and leather 
tanmin 

Samills, planing mills, 
and plywood 

Furniture and fixtures 

Printing and publishing 
(exel. Berhanena Selam 
Printing Press in Addis 
Ababa)
 

Chemicals and chemical 
products (inel. oxygen, 
carbon dioxide, matches)
 

Nonmetallic mineral products 
(brick and cement) 

Miscellaneous manufactures 

Total 
nuniber of 

employees 

10,031 

1,194 

436 

9,675 

990 

1,458 

627 

465 

514 

1,039 

1.615 

Annual wages and 
salaries paid (Eth$) 

Total 

6,412,000 

1,143,000 

406,000 

5,757,000 

905,000 

569,000 

449,000 

504,000 

135,000 

1,17,000 

483.000 

1/Based upon data from Statistical Office, Ministry of 
Industry, Addis Ababa. 

?About 75 percent located in Addis Ababa Complex. 

Average 
-Deremployee 

631 

999 

931 

595 

914 

390 

716 

1,083 

263 

846 

300
 

Commerce and 

l/Includes 4,600 nonfactory sugar cane and tomato plantation workers 
and some 400 forest woodcutters, but excludes some 5,000 women 
handpickers employed in the coffee cleaning industry. 
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Development of Electric Energy Use
 

The long-term economic development of the country will 
result in a constant increase in electric power requirements and 
will thus also require a long-term planning program for the devel
opment of electric power to keep pace with needs. The Second Five 
Year Development Plan recommends that prioritybe given to further 
expansion of the hydroelectric system of the Awash and Blue Nile 
Rivers and further recommends the preparation of studies for 
possible interconnection of individual systems, creating a larger 
interconnected complex. 

Two broad fields of use have been forecast in Ethiopia-
use for the requirements of the national economy and use by the 
population and municipalities. The national economy requirements 
would presumably include (1) commerce and industry, including 

government enterprise; and (2) transport and communication as well 
as irrigation and municipal water. The public consumption and 
illumination of towns would include (1) farm, residential (urban), 
and government buildings; (2) public streets and highway lighting; 
and (3) other sales to public authorities. 

Based upon a forecast in the Second Five Year Development 
Plan, total production of electricity would be divided as shown in 
Table VII-22. 

TABLE VII-22 - USE OF ELECTRIC POWER PRODICTION BY SEGMENTS 

1962 1967 
Segment () () 

National economy 42.5 58.5 

Public consumption and 
illumination of towns 40.0 23.0 

Transmission and dis
tribution losses, plus 
plant use 17.5 18.5 

Fram Table VII-22 it is apparent that emphasis is and will continue 
to be upon improving the national economy segment and, within this 
segment, development of commerce and industry will require the bulk 
of the electrical power and energy produced. More specifically,
the Second Five Year ivelopment Plan (July 7, 1962 to July 6, 1967) 
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states that it is not possible to determine precisely the level of 
electric power production because production will depend upon 
completion of large industrial projects. However, the plan does 
define some instances where industrial development will occur. 

During the period 1962-1967, government planners have 
scheduled an expenditure of Eth$353,400,000 for new industrial 
projects, while the remaining Eth$72,500,000 are to be used for 
completing projects under construction at the beginning of the 
1962-1967 period and for the reconstruction of same existing facto
ries. Out of 121 projects, 18 are being reconstructed or completed, 
and 103 new industrial projects are planned. 

National Economy 

No attemt is made in every instance to separate by individual load 
centers specifically the various commercial and industrial devel
opments foreseen in the future as discussed in the ensuing para
graphs, although general consideration of these loads by location 
is made in the final load analysis presented in subsequent sections. 
Information as to specific locations for sane of the proposed 
industrial plants was not obtainable, but it can generally be 
concluded that of those scheduled for the 13 provinces most of the 
load in this sector will fall within the Addis Ababa Complex. 

Food Processing. Statistics are not available as to the 
amount of power and energy used in the food industry at the 
beginning of the Second Five Year Development Plan. Also, the 
specific capacity of every planned project was not always obtainable. 
However, it is known that 26 new food industrial processing projects 
are to be started and three existing plants reconstructed. The 
over-all rate of growth in this industry will be significant and 
will undoubtedly increase substantially with each successive five
year plan, as this industry will depend almost exclusively upon 
agriculture, which contributes 70 percent of the national income 
and employs 90 percent of the people. 

Meat. The Second Five Year Developient Plan forecasts 
the erection of several slaughterhouses in cattle raising regions 
and, after these establishments are placed in operation, the annual 
processing of more than 600,000 head of livestock. This would 
represent an increase of 600 percent in the production of processed 
meats by the end of 1967. The products of these new slaughter
houses will be frozen and canned meat intended primarily for export 
to foreign markets. To accomplish -this, it will be necessary to 
fatten about 350,000 head of cattle and about 400,000 head of small 
livestock. This' will be carried out by the large scale specialized 
farms which will be established during the period 1962-1967. 
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The total production of meat and meat products forecast 
in 1967, compared with 1957 and 1962, is as follows: 

Metric tons 
1957 1962 1967 

Meat (frozen) 683 5,500 35,000 
Meat (canned) 1,290 1, 7 

Total 1,973 6,500 42,000 

The source of livestock is no problem, because Ethiopia is classed 
among the countries of the world with the most numerous livestock 
in relation to the population. Disease control and measures for 
livestock improvement on a wide scale are planned by the Government. 

To process 600,000 head of livestock per year (1967) 
would require about 18,000,000 kw.-hr. of energy with a mazimum 
demand of about 6,000 kw., operated on a one eight-hour shift per 
day average. The power and energy requirement will, of course, 
depend upon the degree of electrification of the processing plants. 

Although livestock is plentiful in certain areas of the 
Blue Nile River Basin, the bulk of the livestock is raised outside 
the basin, particularly to the south of Addis Ababa. Likely loca
tions for processing plants are in Addis Ababa, Dire Dawa, Nazret, 
and Shashamane, all within the Addis Ababa Complex. 

Dairy. Agriculture as a whole is expected to keep its 
pace of growth faster than the growth of population in order to 
supply adequate food for domestic consumption and more products 
for the processing industry and for export. One' of those foods 
which is to be increased in quantity.and quality is milk. Its 
main use will be to improve the diet of the population. 

Provisions are made in the Second Five Year Development 
Plan for milk and dairy processing plants, but all locations were 
not obtainable. Plants totaling about 1,000 metric tons of annual 
capacity in Addis Ababa may possibly develop toward the end of the 
period. If this, does, the annual energy requirement, 75,000 kw.-hr., 
would be very small., requiring a maximum demand of not more than 
about 50 kw. 

Dairy products processing plants will develop more 
rapidly in the future, when the health conditions of cattle improve 
as a result of the control of livestock diseases and the improvement 
of quality through selective breeding. 
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Fruit and Vegetables. A small vegetable canning industry 
exists in Ethiopia, but vegetables are limited in the diet of people 
in many parts of Ethiopia. In order to improve the nutrition of the 
people, emphasis is being put on increasing the production of fruits 
and vegetables in the government's planning activities as evident in 
the Second Five Year Development Plan. For supplying the canning 
industry and larger towns, vegetable and fruit production is planned 
on a broader scale on large farms. 

Present Ethiopian canned vegetable products are of good 
quality, and demand for them will undoubtedly increase in the future. 
During the next few years it is anticipated that at least one large 
fruit and vegetable canning plant may be established. A conservative 
annual energy requirement of 290,000 kw.-hr. with a maximum demand 
of 100 kw. is estimated by 1970, with increases after that date. 
This is based upon government planners' recommendations that during 
1967 same 2,000 tons of quality fruit and vegetable products will 
be raised, largely on big farms. 

The Ethiopian climate will permit growing certain varie
ties of fruit on a much greater scale than now. Very little of a 
fruit canning industry exists at this time. In a few locations, 
fruit is raised and sold in the larger towns. These fruits include 
citrus crops, bananas, grapes, papayas, peaches, and others. 

Fish. The existing fishing industry is small and is gen
erally limited to the Red Sea area, although fish are found in many 
of the inland lakes and could be developed into a thriving industry. 
With this in mind, the government planners have estimated that about 
10,000 tons of fish products will be processed in the new plants to 
be erected on the Red Sea and on the lakes. In addition to supplying 
domestic needs, considerable quantities of fish products will be 
exported. Initially, the Red Sea fish processing plants will prob
ably be established in Assab and Massawa. Each of these plants may 
require 250,000 kv.-hr. per year at about 80 kw. maximum demand. 
Initial production is estimated to begin during the period 1967-1970. 
Also, pending the results of studies of the inland lakes south of 
Mojo, it may be possible to erect a fish processing plant for drying 
and canning the better varieties of fish and processing the inferior 
varieties into fish meal and oil. This plant may require' an 
investment of Eth$2,000,000, and for that size plant the initial 
energy requirement will be 250,000 kw.-hr. per year, with a maximum 
demand of 80 kw., and substantial increases are possible later. 

Sugar. Sugar production in prior years, canpared with 
the government planning goal in 1967, is as follows. 
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Metric tons 
1957 1962 1967 

Sugar 16,181 38,000 60,000 

In 1967, 60,000 tons of sugar cane will be produced. Sugar pro
duction in the past has not depended to any extent upon external 
electrical energy sources because processing plants have generally
supplied their own energy. This was due partially to the lack of 
external electrical power sources. Also, the inherent nature of 
sugar processing requires steam, and a portion of this was utilized 
for conversion to electrical energy where required. However,
government planners anticipate that during the period 1967 to 1972 
a large sugar factory will be erected, the size of which has not 
been precisely determined. There is some indication that it might
be capable of producing 30,000 tons of sugar per year, and on this 
basis the total annual energy requirement would be about 14,600,000 
kw.-hr. with a maximum demand of about 4,000 kw. Indicated. Part 
or all of this energy may be supplied from external sources. Sugar
production will steadily increase in the future. 

Confectionery. Practically all confectionery items are 
imported, but a small chocolate and candy factory is under way and 
others will undoubtedly follow because the major ingredients, 
sugar and oils (shortening), are available in Ethiopia. It is 
estimated that the first plant in Addis Ababa will require 135,000 
kw.-hln per year, having a maximum demand of 47 kb. This is but a 
modest beginning, and this industry will expand considerably in 
the future. 

.Oil Pressing and Margarine. The production of edible 
oils in Ethiopia during 1957 and 1962, as compared with the planning 
goal in 1967, is shown below. 

Metric tons 
1957 1962 1967 

Edible oil 4,350 4,800 12,000 

The production of oil seeds will increase from 351,000 metric tons 
in 1961 to 424,000 metric tons in 1967, or an increase of 73,000 
metric tons (20 percent). However, of the 73,000 tons, 40,000 will 
be used by existing and planned industries, including cottage and 
handicraft industries, by 1967. Conversion to edible oil will be 
in the amounts indicated above, which will require, additional oil 
seed pressing mills. Construction of additional pressing mills is 
planned. Before 1970, it is likely that a 6,000-ton per year mill 
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to supply processed oil for a margarine plant, the first in Ethiopia, 
will be established in Addis Ababa. The annual energy requirement for 
such a mill will be quite small, something on the order of 290,000 kw.-hr. 
per year with a maximum demand of about 100 kw. This would be merely 
the forerunner of similar plants that may be established in the 
future with substantial energy requirements foreseen. 

Beverages. This category includes the productimn of wines, 
liquors, alcohol, soft drinks, and tej, the latter a local, popular 
wine using honey as a base. Production, past and future, of 
principal beverage items is as follows . 

Hectoliters 
1957 1962 1967 

Beer 41,780 67,000 100,000
 
Wine 12,900- 18,600 85,000-100,000
 

The government, planners foresee an increased production in 1967 of 
85,000 to 100,000 hectoliters of wine. Substantial increases in 
soft drinks, alcohol, and tej are also forecast. One new brewery 
will be established by 1967 to provide for the increase in beer 
production. Also, there is some indication that a small whiskey 
distillery may develop during this period. While annual energy and 
power requirements will initially be very small, these industries 
form the nucleus for the start of a promising industry in Ethiopia 
with substantial power requirements in the future. 

Initially, the small distillery would not use much more 
than 60,000 kw,-hr. per year at a maximum demand of 20 kw. To 
increase the production of beer in the amount indicated by government 
planners, modern brewing principles would call for an annual energy 
requirement of 3,285,000 kw.-hr. with a maximum demand of 400 kw. 

Miscellaneous. The production of certain other food items 
is to be stimulated, according to government planners. and this 
applies particularly to such items as flour, powdered coffee, 
macaroni, and eggs. Ethiopia had been an exporter of wheat until 
quite recently, when it began to import small quantities of wheat 
to provide for the needs of the increasing population. In 1957 
and 1962, flour and macaroni were processed in the amounts shown 
below.
 

Metric tons
 
1957 1962
 

Flour 23,000 24,000
 
Macaroni 2,700 2,800 
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For 1967, the goal is 51,000 tons of flour and 3,100 tons of 
macaroni, representing increases of over 100 percent for flour and 
about 10 percent for macaroni. Flour milling will require addi
tional power and energy, with requirements for 1967 amounting to 
3,100,000 kw.-br. with a maximum demand of 700 kw. Some six flour 
mills are planned. 

A new factory for the production of powdered coffee is 
to be constructed during the 1962-1967 period, to have an annual 
capacity of 3,000 tons; in the year 1967 it will produce 1,500 tons 
of powdered coffee for export. 

Textiles and Wearing Apparel. The per capita consumption 
of cotton textiles in 1961 was estimated at 2.3 square meters, with 
the estimated consumption to reach 4.3 square meters (88-percent 
increase) by 1967. The consumption of cotton in 1967 will be 24,000 
tons, according to government planners. In different terminology, 
the gross value of the total textile industry production in 1961 
was Eth$39,000,000, and the gross value in 1967 is forecast at 
Eth$88,860,000, or an increase of 128 percent. The bulk of the 
textile industry production will therefore be in cotton textiles. 
The estimated production of cotton fabrics will increase from 21.5 
million square meters in 1962 to 74 million square meters in 1967. 
A new rayon factory of 1,500-ton capacity is to be completed in 
1964. The increased production of cotton and synthetic fabrics is 
intended to satisfy the domestic needs. Cottage industries will 
increase and will require cotton yarn, the production of which will 
be increased. Along with this, the manufacture of such final goods 
in the textile industry as blankets, hosiery, and knitted wear is 
also being planned. 

A new woolen products factory is planned that will 
produce about 270,000 blankets a year in addition to other goods, 
thus reducing the need to import these items. Using basic domestic 
raw materials, primarily flax, another factory will be constructed 
to produce 500 tons of flax products (linen and oil) yearly. The 
erection of a factory to produce 100,000 umbrellas yearly will also 
be accomplished by the end of 1966. A factory for processing musa 
(a fiber plant) with an annual capacity of 1,000 tons is to be 
built by the same target date . The output from this factory will 
be added to other sources to increase production of sacks and rope 
from 2.8 to 6.0 million pieces, in part from another new factory 
having an annual capacity of 2,000 tons. The erection of a ready
to-wear clothes factory is also planned, which will supply the 
immediate needs of military and civilian demands. 

In summary, there will be nine new textile factories 
developed by the end of 1967 with six existing ones completed or 
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reconstructed. This trend may continue in the future in order to 
provide the basic needs of the expanding population, and the 
requirement for electricity will thus increase greatly. 

Existing leather and shoe factories, with tariff pro
tection from external imports, will be able to produce about 1,000 
tons of leather and 650,000 pairs of leather shoes in 1967. The 
erection of the new slaughterhouses will make available an increased 
quantity of hides and hence considerably increase the production of 
leather and shoes. Government planners expect to establish several 
new leather and shoe factories with a total capacity of 8,000 tons 
of leather and five million pairs of shoes to be produced. Produer 
tion will exceed national demand, so export is contemplated. To 
meet the demand of the domestic market for low-priced footwear, 
the erection of a canvas and rubber shoe factory has been planned 
with a production of about 1,300,000 pairs in 1967. All told, one 
leather and shoe factory will be completed and eight new ones 
started by the end of 1967. By that year, 2,150,000 pairs of 
leather shoes will be produced annually. 

Forestry Products. In 1962 about 12,500 cubic meters of 
lumber were produced from domestic timber, and this is expected to 
rise to 20,000 cubic meters by 1967. A new sawmill will be con
strcted, but it will not in all probability be driven by electric 
motors. In 1962, about 1,200 cubic meters of plywood were manufac
tured, and by the end of 1967, this is expected to increase to 
3,000 cubic meters.
 

Increased production of furniture and other final wood 
products will occur as a result of the construction of a new 
furniture factory which is planned by 1965. Three new, wood 
products industrial projects are to be established by 1970, includ
ing the sawmill and furniture factory already noted, plus a new, 
10,000-ton annual capacity mill. 

There are good prospects for a substantial increase in 
production from this -industry in the future as special emphasis 
will be placed upon afforestation and preservation of existing 
forests. During the period 1962-1967, feasibility studies using 
some existing forest products for paper pulp, tannin, and resin 
will be completed and, if prospects are favorable, industrial 
projects will be started. 

Factories which are needed and will probably eventually 
be constructed include, in addition to those cited, plants special
izing in the manufacture of cardboard boxes and paper containers 
and of prefabricated buildings. 
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The electrical power load requirements in this field 
alone will be significant as industrialization progresses, and 
these loads are included in the totals shown in subsequent charts 
and graphs. 

Chemicals and Related Items. A chemical industry, as 
such, barely existed in Ethiopia as late as 1961. However, the 
discovery of some basic minerals and the domestic demand .for chemi
eals now imported, have led government planners to forecast a very 
intensive development of the chemical industry, beginning with the 
period 1962-1967 and continuing into the future. The new capacities 
of this industry are to be based mainly upon domestic raw materials 
for the production of pulp for paper and viscose, caustic soda,
sulphurie acid, carbon bisulfide, pharmaceutical products, soap, 
glass, leather tanning material, and others. 

As Ethiopia is badly in need of a nucleus for a chemical 
industry, a logical site for early establishment of plants to 
provide the basis for the industry may be in the vicinity of Assab. 
(The only large oil refinery in Ethiopia will be located there.) 
Whether this will be the location finally selected is impossible 
to forecast; however, the availability of salt (sodium chloride) 
in abundance and the availability of sylvite and carnallite 
(potassium salts) as well as other salts in the Danakil area 
(vicinity of Dallol) will provide some of the raw materials. Pro
duction will be initiated at the rate of 300,000 tons per annum. 
This includes the building of a new, deep water port and a new,
97-kilometer (58-mile) road. 

About 200,000 metric tons of salt are produced annually 
from sea water, and most of this is exported. About 20,000 tons 
of rock salt are also produced for the local markets. 

Table VII-23 indicates the chemical plants which could 
be developed at Assab, assuming adequate elec
trical power at reasonable rates becomes available. (Assab may be 
the logical site because of a good road to the interior of Ethiopia 
and the proposed location of an oil refinery there. Adequate 
supplies of nonsaline water are questionable, however.) 
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TABLE VII-23 - CHEMICAL PIAITS POSSIBLE
 
OF DEVELOPMENT NEAR ASSAB
 

Plant 

Maximum 
demand 

(kw.) 

Anual Energy 
requirement. 

(w.-hr.) 

Caustic soda; and 
Salt electrolysis 

and chlorine 3,770 33,000,000 

Sulphur extraction 60 470,000 

Potassium fertilizer 195 800,000 

Nitric acid and 
fertilizer I 0 50,000 

Large quantities of salt (NaCI) are available ag rook salt in the 
Danakil area or from sea water by evaporation. Electrolysis of 
NaC1 will produce caustic soda (NaOH), an essential basic chemical 
for a diversified industry. Chlorine and hydrogen are also released 
in this process. Chlorine can be liquified and transported. 
Hydrogen gas can be used to produce ammonia and hydrochloric acid, 
both essential industrial chemicals. 

Fused salts at high temperatures, free from water, can 
also be decomposed. Fused salt is electrolysed to produce metallic 
sodium at a very low cost to be used in the preparation of a number 
of other chemicals which could not otherwise be processed, including 
sodium peroxide and sodamide, essential for any chemical industry. 
A host of important derivatives of metallic sodium can be developed, 
only one of vhich is described here. 

Sodamide is made by the action of dry ammonia on metallic 
sodium, It is used for the synthesis of indigo and in other organic 
reactions. When heated with carbon, sodamide is changed to sodium 
cyanide, in great demand for electroplating, in fumigation, in the 
extraction of gold, silver, zinc, and lead from ores, and in a 
mixture with sodium chloride and sodium carbonate for case-hardening 
of steel. 

The direct synthetic ammonia process passes pure nitrogen 
and hydrogen over a catalyst under pressure and at high temperature. 
By catalytic oxidation, ammonia is easily changed into nitric acid 
and this in turn into nitrates (fertilizers). 
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Crude carnallite, such as is available around Dallol, can 
be refined to potassium chloride by treating the crushed ore with 
a hot solution of magnesium chloride. Two grades of potassium 
chloride (K0L), one for higher grade chemical uses and one for 
fertilizer, can be produced. Some sylvite is also available, as 
is potassium chloride (KCL) in a crude, natural state. These have 
important uses in making liquid and soft soaps, in photography and 
medicine, in explosives, and in glass making. 

Chemically pure hydrochloric acid can be produced by 
burning electrolytically produced chlorine in excess hydrogen. 

Magnesium chloride is available in a natural state 18 
kilometers southwest of Dallol. Magnesium can be made by the 
electrolysis of fused anhydrous magnesium chloride in an electrolitic 
cell containing potassium chloride. 

In the Dallol area, sulphur minerals have been found from 
which sulphur can be extracted. Its most important use is in the 
manufacture of sulphuric acid, essential to any chemical industry. 
It is also necessary for possible future industries, such as the 
manufacture of paper, matches, gunpowder, insecticides, fertilizers,
 
and vulcanizing (rubber industry). 

Thus, the five plants that have been described are all 
closely related and require only modest amounts of electricity, 
except for those using the electrolysis processes. The processes 
described are not all covered by the five plants listed, so other 
plants could be added when justified. If all processes mentioned 
were to be developed, the electrical energy requirement would 
easily triple, with the ultimate requirement depending upon the 
demand for the products. 

In 1962 the gross value of production of the chemical 
industry was estimated at Eth$950,000 as contrasted with a forecast 
production in 1967 of Eth$36,100,000, or an increase of 38 times. 
To indicate the degree of emphasis being placed upon this industry, 
it was noted that government planners forecast a total investment 
of Eth$51s050,000 in this segment during the period 1963-1967 as 
compared with Eth$740,000 for the previous five-year period, or an 
increase of 690-fold. 

According to government planners, the chemical industry 
will expand by 21 new plants during the period 1963-1967 (Table 
VII-13). Early emphasis seems to be directed toward supporting 
synthetic fiber plants and pulp mills with the necessary raw mate
rials . Production of wood pulp will be initiated to support a 
new 8,500-ton capacity paper factory and a 12,000-ton viscose. 
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factory. These factories will need chemicals, and to supply their 
needs a caustic soda factory (12,000 tons), a carbon bisulfide 
factory (6,000 tons), and a sulphuric acid factory (20,000 tons) 
will be required. Availability of domestic raw materials will 
justify the erection of a 6,000-ton soap factory. Two tanning 
material factories will be established, having a total annual out
put of 2,000 tons. Source of raw material is domestic trees, and 
the output from the factories will be used primarily in the domestic 
leather industry. Deposits of quartz sands will be used to increase 
the output of existing glass factories as well as a basis for 
erecting a new glass factory with an annual output of one million 
square meters. (In 1957 the output of glass bottles was 3,800,000; 
in 1962, 7,500,000; and in 1967, the forecast is 14,000,000 bottles, 
an increase of 1.87 times.) 

All pharmaceutical products are imported, but during the 
period 1962-1967, government planners expect that a pharmaceutical 
factory will be constructed, In addition, a plastic product 
factory and a tire plant are to be constructed. Near 1966, a start 
will be made on one of these factories: fertilizer plant, paint 
plant, pharmaceutical plant No. 2, soap factory No. 2, lubricating 
oil plant (expansion of the then existing refinery), or PVC plant 
(polyvinyl chlorides). 

By 1967 or shortly thereafter, the industrial power 
requirements will be significant and will be supplied primarily 
from hydroelectric sources. Some industrial plants, such as the 
sugar factories, may not initially depend upon electricity from an 
external source, but at present the most economical source of 
energy in Ethiopia is hydroelectric power and it probably will remain 
so in the future. 

Although complete proposed production information for 
every factory is unknown at this time, an estimate .of future pdwer 
and energy requirements is included in the totals shown in sub
sequent charts and graphs. 

Petroleum. There was no oil produced in Ethiopia in 
1962, but oil exploration continued on the Red Sea coast, including 
the islands, with some favorable results obtained which would 
warrant a drilling program. In the eastern area of Ogaden, explo
ration by the Gewerkschaft Elwerath Oil Company continued with the 
results unknown in 1962. Construction planning 'has started on an 
oil refinery at Assab with a capacity to handle about 500,000 tons 
yearly. This will be increased (doubled) if domestic crude oil 
is discoveredand the addition of a lubricating oil plant is 
planned later. 
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The power requirements of the Assab refinery will be sub
stantial, with a 2,000-a. load and an annual requirement of more 
than 11,650,000 kw.-hr. Maximum development may require 5,000 kw.
and 40,000,000 kw.-hr. annually. 

Establishing the refinery at Assab would favor the loca
tion there of the chemical plants previously described. 

Mineral Products
 

Mining. All mineral rights in the country are under the 
control of the Imperial Ethiopian Government, which operates two 
gold mines and a platinum mine. Concessions are granted by the 
Government on a profit-sharing basis, and perhaps two of the more 
important concessions granted in recent years are those to the 
Ralph M. Parsons Company and the Gewerkschaft Elwerath Oil Company 
(see "Petroleum"). The Ralph M. Parsons Company, a U.S. firm,
has a concession to mine potash at Dallol, 95 kilometers (56 miles) 
south of the Red Sea port of Mersa Fatma. The concession was 
amended to include other minerals. Ore bodies of sylvite, carnallite, 
and other salts have been discovered, and production will be at the 
rate of 300,000 tons per annum. 

The Societa Saline di Massaua and the Societe des Salines 
d'Assab each produce about 100,000 metric tons of salt annually 
from sea water. 

A small amount of manganese ore is exported from a 
deposit at Enkefella, 18 kilometers southwest of Dallol. 

If a proposed barter arrangement with Krupp Industries, 
West Germany, is consummated, 300,000 tons of 60-percent iron ore 
(hematite and magnetite) will be exported annually from Agometta, 
30 kilometers southwest of Massawa.
 

Many other minerals have been found in Ethiopia, but most 
have not been in sufficient quantity to justify much commercial 
exploitation. These include copper, lead, mica, vermiculites, 
gypsum, alabaster, pumice, magnetite, phosphates, tale, graphite,
and precious stones. 

Predictions are that future electric power requirements 
in the mining industry will remain low but should show some increase 
by 1966. A small hydroelectric plant has been constructed by the 
IEG to serve one mining area, and until the interconnected trans
mission system is extended from its present location, this will be 
the pattern followed to meet future mining loads.
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Cement and Cement Products . The Ethiopian Cement Corpo
ration, a state-owned firm, quarries clay and Jurassic limestone 
at Dire Dawa to product portland, cement. Production in 1959-1961 
has been from 25,000 to 30,000 tons. A new cement factory was 
started in 1962 in Addis Ababa, capable of producing 70,000 metric 
tons of cement per year from limestone deposits discovered by U.S. 
Bureau of Reclamation geologists in the lHuger canyon about 45 
kilometers north of the city. The erection of another cement 
factory, costing about Eth$15,000,000 and probably located in the 
Massawa area, is foreseen in 1965. It would have an annual output 
of 150,000 metric tons, primarily for export. In addition, a new 
factory for asbestos-cement products will be established, probably 
in or near Addis Ababa. The estimated power and energy requirements 
are shown in Table VII-24. 

TABLE VII-24, POWER AND ENERGY REQUIREMENTS 
FOR PROPOSED GEMENT FACTORIES 

Requirements 
Plant Place kw. kw.-hr. 

Cement 
(70,000 metric tons) Addis Ababa 1,400 11,000,000 

Cement 
(150,000 metric tons) Massawa 2,500 20,000,000 

Cement products Addis Ababa 100 210,000-

By 1967, the total output of cement plants will have reached 
210,000 tons with the full production, probably 250,000 tons, of 
the three primary plants to be realized shortly thereafter. Long 
range plans also include a cement factory at Bahir Dar. 

Bricks. In 1957, 5,670,000 bricks were produced, which 
increased to 8,000,000 in 1962. Total production is forecast to 
reach 30,000,000 by 1967. This will be accomplished by the erection 
of new brickyards, total capacity of which will be 20,000,000 bricks 
annually. Electric power requirements will be limited to motor 
loads, the main heat source being nonelectrical. During the period 
1967-1970, it is planned to construct a refractory materials plant 
to meet the needs of the metallurgical and other industries. 
Modem technique requires the use of electric furnaces to produce 
high quality refractories, such as will be required for boiler 
linings and locomotives, open hearth steel furnaces, heat-treating 
furnaces, and the glass and ceramic industry. 



Lime. Lime factories are proposed which will produce 
5,000 metric tons annually. Suitable limestone deposits exist in 
many areas of the Empire. Electric power requirements will be for 
motor loads, and if a rotary kiln is used the amount of power 
required will be about 550,000 kw.-hr, per year (70 kw.) by the 
end of 1967, if the goals of the Second Five Year Development Plan 
are realised. 

Porcelain. During the period 1967-1970, a porcelain 
factory will be established to manufacture porcelain items for 
electrical products, primarily insulators of all types and porcelain 
parts for switches, receptacles, and fixtures. The capacity of the 
factory has not been fixed. Kaolin clays have been located by 
USBR geologists in or near the Giamma canyon, not far from Addis 
Ababa. A tunnel kiln will probably be used, and fuel is generally 
oil, coal, gas, or even electricity. At present, Ethiopia would 
have to import these fuels, except for electricity. Considering 
the small plant required initially, electricity may be used and 
would require 4,000,000 kw.-hr. annually at 450 kw. for three-shift 
operation to produce 500 metric tons of porcelain products per year. 
A total of 13 new plants will be erected or started during the 
period 1962-1967, devoted to producing mineral products for the 
building and nonmetal industries. 

Iron and Steel. Except for the iron ore deposit in 
Eritrea Province, a domestic commercial supply of iron ore was not 
known to exist in inland Ethiopia as of 1962, but government 
planners are confident that a comprehensive prospecting program 
will reveal iron ore deposits in the future; thus they are hopeful 
that before the end of the five-year period 1962-1967 a steel 
plant with a forecast capacity of 80,000 metric tons output will 
be built. This, together with the Akaki Iron Works, completed in 
1962 with an annual output of about 20,000 metric tons (using 
scrap iron), should be sufficient to start a metal and electric 
products industry which will, serve the basic needs of the country. 
On this basis, these plants may be erected by 1967:
 

Agricultural Machine and Tool Factory 
Metal Processing Plant
 
Metal Construction Plant 
Household Appliance Plant 
Tractor and Motor Car Assembly Plant 
Aluminumware Factory
 
Electro Installations Factory 
Electric Light Bulb Factory 
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By 1967, the following additional plants may be started: 

Metal Processing Plant No. 2 
Shipyard 
Electric Motor Factory 
Electric Wire and Cable Factory 
Ship Repair Plants 
Autanobile Battery Factory 
Steel Mill (discussed above) 

All told, 15 new factories will be completed or started 
by the end of 1967 in this particularly industrial segment, and 
all will have substantial electrical power and energy requirements 
which will steadily increase in the future. Maximum power and 
energy requirements for these 15 new factories, when completed, 
cannot be definitely determined at this time, as plant output was 
not established in all cases in 1962. However, using data avail
able, the maximum requirements are estimated in Table VII-25. 

Miscellaneous 

Tobacco. In 1957, about 252,000,000 cigarettes were pro
duced, and in 1962 this increased to 370,000,000 with the proposed 
production in 1967 to reach 500,000,000. This will be accomplished 
by constructing one additional factory, probably to be started very 
late in the plan. Small motor loads are anticipated. 

Printing and Publishing. Existing plants are to be 
expanded and one new plant of larger capacity is to be constructed 
by 1967. Small motor and some minor heating loads will develop, 
perhaps 50 kv. and 450,000 kw.-br. 

Other (Transport and Communications). This sector of 
the economy includes railways, road transport, aii transport, water 
transport, city traffic, postal system, and radio and telephone 
communication facilities. Electricity requirements for these facili
ties up to this time have been limited to control of city traffic, 
airports, harbors, and the radio-telephone communication facilities 
and, in total, have been rather modest. 

A ship repair plant at either Massawa or Assab is likely 
with the gradual development of the Imperial Ethiopian Navy. An 
estimate of annual energy requirements is about 470,000 kw.-hr. with 
a mauimum demand of 225 kw., using a one shift per day operation. 

The Addis Ababa International Airport, going into initial 
operation in 1963, will have a demand of 800 kw. and will require 
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TABIE VII-25 - ESTIMATED POWER REQUIREMENTS FOR FACTORIES
 
PLANNED BY 1967
 

Maximum 
Plant kv.-hr. kw. demand 

Steel Plant, 80,000 tons 32,000,000 3,650 

Agricultural Machine Tool Factory 845,000 300 1J 

Metal Processing Plant 4,000,000 600 2/ 

Metal Construction Plant 260,000 40 & 

Houisehold Appliance Plant 260,000 90 4/ 

Tractor Assembly Plant 580,000 225 51 

Ship Repair Plants 1,000,000 450 6/ 

Aluminumware Factory 200,000 75 7J 

Automobile Battery Factory 200,000 65 8/ 

Electro Installations Factory 200,000 65 

Electric Light Bulb Factory 200,000 65 

Metal Processing Plant No. 2 8,000,000 1,200 9J 

Shipyard 6,000,000 750 

Electric Motor Factory 440,000 150 IQ 

Electric Wire and Cable Factory 600,000 375 11_./ 

Estimated Caracities: 

lVOutput 2,500 tons, 3 shifts. 
/o11ing mill, 18,000 tons, 3 shifts. 

!/Structural steel, 600 tons, 3 shifts. 
WIron cooking utensils, 400,000 pieces annually, 120 hp., one 

shift. 
2Ath$2,000,000 investment assumed, 1 shift. 
1Two plants (Massawa and Assab), 1 shift. 
7JAluminum cooking utensils, 300,000 items annually, 1 shift. 
I/Annually 12,000 units, using 4,000 gallons oil per year in 

addition. 
9JRolling mill, 36,000 tons. 
9/Annually 3,000 motors of 1/6 to 10 hp., 200 hp. connected load. 

1,/Copper wire, 120 tons annually, 500 hp. connected load. 
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about 3,500,000 kw.-hr. annually. The new LWF radio station will 
require 600 kw. and 2,500,000 kw.-hr. -annually and will begin full 
scale broadcasts in 1963. I.B.T.E. radio station will require 
600 kw. and 2,500,000 kw.-hr. and will begin broadcasting during 
the period 1963-1967. 

The rate of growth of this sector is forecast to average 
over seven percent annually during the period 1962-1967, as compared 
with the total economy increase of four or five percent. The 
emphasis of this sector is in anticipation of the expanded industrial 
production, volume of trade, and marketable agricultural products. 

The present railway transport is carried by two narrow
gage railroads--the Djibouti-Addis Ababa railway and the Massawa
Asmara-Agordat railway in Eritrea, both of which have been discussed 
in an earlier section. Government planners during the period 1962
1967 wil prepare studies and designs to construct new railraods-
Nazret-Dilla, Agordat-Tessenei, and Awash-Tendaho-Assab. Railway 
electrification requires a high traffic density in order to justify 
the installation, as the initial investment required is high. 
Therefore, the immediate prospects for electrification are very 
unlikely. However, from the long range viewpoint, electrification 
of some road sections is a possibility. This will be particularly 
true if the major source of energy in the Empire continues to be 
water power. The Awash-Tendaho-Assab road may become a principal 
transportation artery in the Empire and may eventually be electrified. 

In Addis Ababa, planners have made a study of the city 
traffic problem with the recommendation that trolley bus transpor
tation in combination with autobus be installed, and this project 
would be initiated in the period 1963-1967. The trolley buses 
would be driven by electric motors, and this selection was made on 
the basis of the configuration of the terrain in the city and an 
abundance of electric power, as well as the growing demand for city 
transport. The introduction of trolley buses was thus justified 
on economic grounds by the planners. Specific data are not avail
able as to the number of trolley buses to be placed in operation,
but estimates can be made based upon several factors, including 
the number of autobuses now being used. A substantial amount of 
electric energy will be required. 

Emphasis is being placed upon lake and river transporta
tion. In 1962, the only water transport was on Lake Tana and on 
the Baro River and that only partially developed. Inland water 
transportation facilities are to be expanded in the future with 
special emphasis placed upon Lake Tana to provide for the rapid 
development of Bahir Dar and other settlements along the lake. 
Opening of traffic on Lake Abaya (Lake Margharita) is planned in 
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connection with the fishing industry scheduled there. Electric
 
power needs will be limited to navigation -(lighthouses), dockside,
 
and maintenance requirements and will be very modest for several
 
years.
 

The expansion of the postal system and telecommunications 
facilities will not require substantial amounts of electricity, 
since it will be limited to the needs of the new buildings required, 
with minor amounts for the telephone system. 

Domestic airports throughout the Empire are to be improved 
to accommodate all types of propeller-driven and small jet aircraft. 
With two or three exceptions, the domestic airports in 1962 were 
mainly grass strips to accommodate DC-3 or 0-47 cargo planes. 
Government planners foresee an improvement of these airport facili
ties, and it is not unlikely that many within the next 15 or 20 
years will have modern facilities, including night lighting. Demand 
should reach 2,000 kw. and energy requirements approach 9,000,000 
kw.-hr. per year. 

Public Consumption and Illumination
 

The south Eritrea load area, except for Assab, is sparsely
 
settled, and there will be a negligible amount of energy sold in
 
rural areas. Residential load for Assab will increase when and if a
 
small industrial complex becomes firmly established around that town.
 
The industrial load will become noticeable beginning in 1965 with the 
initial production from the Assab oil refinery and will become 
prominent by 1975 if the nucleus of a chemical industry is developed 
there. Also, the tourist industry in Ethiopia will develop in the 
future, and Assab will share in this, thus affecting power loads. 
The pleasant beaches, warm water, and continual ocean breeze will 
offset to some degree the high summertime temperatures. 

A good estimate of Assab's population is not available, 
but a figure of 9,000 (1962) has been given. Considering the popula
tion increase that should result from increased port activities and 
a newly established petro-chemical industry, the loads have been 
estimated as shown in Table VII-47 (see "Estimated Future Need for 
Additional Generator Capacity--1964-1967"). 

The Addis Ababa load center complex contains the heart 
of the Ethiopian industrial empire. It is here that present 
industrial developments are concentrated and probably most future
 
development will be here also. Because of its size and political 
importance, Addis Ababa has good prospects for continued growth 
in population and as a source of labor for industry. 

This is the main electrical load center and far exceeds 
anything else in the country. The 450,000 population of Addis Ababa 
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in 1962 compares with the next largest city of Asmara, which has 
an estimated population of 100,000. These two probably will not 
be served from a common, interconnected, electrical system in the 
foreseeable future. 

Addis Ababa has the bulk of the foreign population, whose 
per capita use of electricity will range from 50 to 250 kilowatt
hours per month, making use of all types of electrical appliances. 

Institutions of higher learning established in Addis 
Ababa continue to attract young people, and the continued migration 
of people from the traditional agricultural areas to this city 
indicates that the population will experience a continued and sub
stantial growth in the future. This, along with the per capita 
income in Addis Ababa (higher thn that of the rest of the country), 
will mean a continuing increase in demand for electrical power to 
serve residential areas and also to supply the needs of many 
government buildings. Residential building construction has devel
oped at a very rapid rate in comparison to commercial building 
construction. In 1961, nearly 90 percent of the construction was 
for residential needs, as shown by Drawing No. 4.0-BN-35. 

An ambitious program of street and highway illumination 
in this area has greatly increased the demand for electricity for 
this purpose, 'but the total energy used is not separated from other 
use categories. 

Sales of electricity to farms are negligible. Most farms 
are subsistence type enterprises with a very few devoted to truck 
farming, supplying vegetables to the Addis Ababa markets which in 
turn sell most of this to the foreign population. Plantation type 
operations afford little opportunity for electrical service now, 
but in the future may offer a possible outlet for power generated 
by Blue Nile River Basin powerplants. 

Combined annual use of electricity by residential and 
government buildings and by public street lighting and other public 
authorities (schools) should develop in the future as shown on 
Table VII-35 (see "Losses"). 

Other provincial load areas in or adjacent to the Blue 
Nile River Basin under Case B include Dessie, Lekkemt, Jima, and 
Agere Hiywet (Ambo). Some of these areas have been mentioned as 
possible sites for certain types of industrial establishments. For 
the most part, with the possible exception of Dessie, these areas 
will depend almost entirely upon the surrounding agricultural 
economy. The future potential demands for electricity for rural 
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use adjacent to these centers will be very limited and will be used 
only by plantation type farms, if they should develop. 

The potential demand for electricity in the public con
sumption and illumination category will be limited to residential 
and government buildings and to public streets and security lighting. 
As the standard of living is raised, the demand for electricity by 
the residents of these towns will increase but initially will be 
limited primarily to lighting loads . Sales to public authorities, 
such as schools, will also increase as more schools are introduced 
in these outlying areas. The nature of the loads will result in a 
generally low annual load factor, even in the foreseeable future. 
A breakdown of loads by classifications follows in a subsequent 
section. 

Present Electric Rates 

Generally, Ethiopia can be divided into two principal 
electric rates areas. The largest is the 13 provinces and the 
southern part of Eritrea, served principally by the Ethiopian 
Electric Light and Power Authority (EELPA). The other is the north 
Eritrea section, served principally by the Societa' Elettrica Dell' 
Africa Orientale (SEDAO). 

The Blue Nile River Basin and adjacent areas fall within 
the marketing area of the EELPA, and as such the rate schedule of 
that authority will be of primary interest. Electric rates 
recently underwent a substantial reduction with the advent of the 
Koka Project hydroelectric power, which made a large block of more 
economical hydroelectric energy available for the first time in 
Ethiopia. Several small thermal and hydro units are operated in 
and adjacent to the Blue Nile River Basin. The reduction in rate 
throughout the area served by the EELPA resulted in subsidizing 
the higher unit cost of power generated at some of the smaller 
thermal and hydro units. In this way, the lower rates throughout 
the system encouraged greater -use of electricity, and sales of 
electricity have increased, greatly with the advent of the Koka 
power. As shown by Table VII-26, the present rates (1962) call for 
15 cents per kilowatt-hour for the first 100 kilowatt-hours per 
month and 10 cents per kilowatt-hour for all use in excess of that 
during the same period. This is for the General Tariff classification, 
which includes residential service. 

Cost of Electricity and Other Energy Sources 

The cost of electricity can be considered in three general 
categories: (1) Large hydroelectric installations (Koka); 
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TABLE VII-26 - TARIFF IN FORCE,_ETHIOPIA ELECTRIC 
LIGHT AND POWER AUTHORITY 

Tariff classification Sales price
 

General tariff:
 

For the first 100 kw.-br. per month 15 cents/kw.-hr.-

For all consumption exceeding 100 kw.-hr. 10 cents/kw.-hr.
 
per month
 

Commercial and industrial tariff: 

Fixed charge per kw. of maximum demand per Eth$5.00 
month given by the maximum demand meter 

For the first 1,000 kw.-hr. per month 10 cents/kw.-hr. 
For all consumption over 1,000 kw.-hr. 5 cents/kw.-hr. 
per month
 

Off-peak tariff:
 

For all off-peak energy 5 cents/kw.-hr.
 

Service charge:
 

Single-phase per month Eth$1.00
 
Three-phase per month Eth$5.00 

Special tariff: 

ky.-hr. 

Range 
of monthly 

consumption 

Percent reduction on total price 
Normal Off-peak non

consumers seasonal consumers 

100,000-400,000 
400,000-700,000 
700,000-1,000,000 
above 1,000,000 

5 
10 
15 
20 

10 
20 
30 
40 

Note: Consumers under off-peak tariff have to sign special agree
ment with the EELPA, and each single case will have to be 
considered prior to approval. 
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(2) steam-electric generation (Addis Ababa); and (3) small isolated 
thermal installation (Bahir Dar)./I 

(1) "By imposing an interest of 5 percent on the capital
 
to be used for construction of the project, and amortization
 
over 30 years for machinery, etc., and over 50 years for civil
 
structures, and by calculating normal maintenance costs, the
 
price for electricity produced at Koka and delivered in Addis
 
Ababa and Dire Dawa will be about 2.15 cents per kw.-hr.,
 
provided an average of about 110 million kw.-hr. are delivered
 
per year." Koka Hydroelectric Project- Imperial Ethiopian
 
Government, December 1958.
 

(2) The Addis Ababa steam plant has a generator output of
 
5,000 kw. at site and has a maximum energy production of about
 
21,900,000 kw.-hr. with a load factor of about 50 percent.
 

The specific production costs at the plant vary from
 
about 5.6 cents per kw.-hr. for full production to almost 11
 
cents for one-quarter production, as indicated by Table VII-27.
 

TABLE VII-27 - SPECIFIC PRODUCTION COSTS, 
ADDIS ABABA STEAM PLANT 

In Ethiopian cents per kilowatt-hour
 
Million Lub . Per- Mainten- Deprecia

kw.-hr./yr Fuel oil sonnel ance tion Total
 

5.0 7.68 0.012 1.20 0.60 1.448 10.940 
10.0 6.53 0.006 0.60 0.30 0.724 8.160 
15.0 5.63 0.005 0.40 0.20 0.483 6.718 
20.0 5.10 0.004 0.30 0.15 0.362 5.916 
21.9 4.85 0.003 0.27 0.14 0.330 5.593 

(3) The Bahir Dar diesel electric plant is typical of a
 
small thermal plant serving a village area, and the total output
 
of the station at the site is rated at 96 kw. with a load factor
 
of about 40 percent. The maximum energy to be produced per year
 
is about 336,000 kw.-hr. It was noted that the production cost
 
per kw.-hr. ranged from almost 14 cents at full plant output to
 
about 41 cents per kw.-hr. when loaded to about one-seventh of
 
its maximum.
 

j/ Dessie and Jima costs would be slightly less.
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Other energy sources include firewood, charcoal, 
petroleum products, and coal. Coal is an insignificant part of 
the total fuel sources used and can be neglected as a source of 
energy. An indication of the use made of different types of 
energy sources, by industry, can be obtained by comparing the 
costs of energy used by various segments of industry, as shown 
on Table VII-28. 

TABLE VII-28 - C(PARION OF ENERGY COSTS IN 1958 
BY SEMENTS OF INDUSTRY 

Energy Costs 

Electricity from public 
utility services Eth$1,146,000 

Petroleum products 2,030,000 

Charcoal 239,000 

Firewood 239,000 

Total Eth$3,714,000 

Fuel oil used to fire the boilers of the Addis Ababa 
steam plant cost Eth$128 per metric ton, f.o.b. Addis Ababa, while 
diesel oil delivered to Bahir Dar for operating the diesel electric 
plants there cost Eth$308 per metric ton, f.o.b. Bahir Dar. The 
Eth$299,000 expenditure for firewood was for the purchase of some 
50,000 cubic meters, which would represent a cost of about Eth$6.00 
per cubic meter. This was purchased by the manufacturing industries 
in 1958. During the. same year, 4,000 metric tons of charcoal were 
purchased for Eth$239,000, representing some Eth$60 per ton. -In 
1958, the manufacturing industries used some 6,018 metric tons of 
petroleum products, consisting mainly of diesel and furnace oils, 
and this was valued at Eth$1,343,000. This was used mainly for 
generation of electric power for industry's own use. On the 
average then, this would have cost Eth$223 per metric ton. The 
Eth$6.00 per metric ton for firewood, as quoted from one source 
and as noted above, appears to be very low, large quantities of 
firewood purchased by the USAID Mission in 1962 were about Eth$9.50 
per cubic meter. This was in Addis Ababa. In other locations, 
such as Dire Dawa and Harar, Eth$2.90 per 100 kilograms was quoted, 
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which would amount to around Eth$14 per cubic meter. This, 
however, is for smaller lots. In a five-year period, 1958-1962, 
the cost of wood has increased 1.6 times in the Addis Ababa area. 

The following Table VII-29 indicates that the most eco
nomical fuels are wood, charcoal, furnace oil,. and diesel oil in 
the order indicated. 

TABLE VII-29 -'ENERGY COST OTHER THAN ELECTRICITY 

Cost B.t.u. 
Fuel B.t.u./kg. Ethe/kg. for 1$ (Eth) 

Wood 15,400 2.9 5,310
 
Charcoal 28,160 6.0 4,693
 
Furnace oil 40,700 12.8 3,180
 
Diesel oil 41,250 30.8 1,340
 

The average cost of electricity from the utility serving 
the central provinces in 1962 was about eight cents per kw.-hr. 
(one kw.-hr. equals 3,413 B.t.u.). The number of B.t.u. per 
Ethiopian cent was 427. This, of course, is not in any way compar
able with the last column in Table VII-29, as the conversion 
factors for combustion efficiency, handling costs, and other 
expenses associated with a commercial plant handling these fuels 
have all been omitted. Assuming the use of furnace oil for a steam
electric generating plant, and diesel oil in a diesel-electric 
plant, it was found that for a small type installation the cost of 
generating one kw.-br. using furnace oil fuel, was Eth9.2j, and 
the cost per kw.-hr. using diesel oil was EthlO.4$. For a large 
hypothetical oil-fired steam-electric generating plant located near 
Akaki, the cost of production is slightly less than Eth% per kw.-hr. 

Diesel and,furnace oils are imported items, whereas wood 
and charcoal are available locally. With the increasing demand, 
however, cost of local fuel has increased correspondingly over the 
past five years, with no indication that this trend will be changed. 
Generally, electricity, even at the present rates, is competitive 
with other forms of energy when considered from the industrial 
viewpoint. For domestic use, the low income groups will find wood 
and charcoal more economical than electricity for some time to 
come, although this will gradually change with time as the rates 
are lowered and the per capita income raised. For those in the 
higher income category, the- other alternative to electricity is 
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bottled gas; and, in this comparison, electricity at present rates
 
is competitive with gas for residential and small commercial
 
purposes.
 

Firewood is not always available. Charcoal is shipped 
into those areas where wood is not readily available, and the price 
varies considerably, being directly influenced by transportation 
costs. Fuel oil and diesel oil and related petroleum products have 
prices influenced by transportation costs that vary in different
 
parts of the Empire. 

A high percentage of the village and rural population 
depends upon cow dung for domestic fuel requirements. If this type 
of fuel were not available, the demand for charcoal and wood would 
greatly increase, driving the price upward practically out of reach 
of the lower income groups. As living standards and per capita 
income increase in the future, the lower income village and rural 
groups will turn to other traditional fuels, such as petroleum 
products, wood and charcoal, and electricity. The prices of wood 
and charcoal will continue to increase in the future, but the cost 
of electricity should actually decrease. The world trend in use 
and price of petroleum products has had a tendency to rise, partly 
because these products are a convenient taxation vehicle. Therefore, 
the conclusion is reached that electricity from hydroelectric 
sources offers the most stable, long-range energy source, both as 
to supply and as to price. 

Past, Present, and Estimated
 
Future Power Requirements
 

An insight into the magnitude and degree of electrification
 
of a country is helpful when considering some aspect of the power 
supply problem. Ethiopia has about the lowest per capita electrical 
energy production in Africa--about 3 kw.-hr. per capita in 1954. 
In 1961 this had doubled to about 6 kw.-hr . and by 1965 should again 
double to about 12 kw.-Ir. This corresponded to something over 100 
kw.-hr. per capita for Africa as a whole in 1954 and about 500 kw.-hr. 
per capita for the world. In 1961 Africa produced 157 kw.-hr. per 
capita, and the world average was 766 kw.-hr. Drawing No. 4.0-BN-79 
illustrates this trend and shows the production for 'Ethiopia 
increasing over 11 times to around 70 kw.-br. per capita by 1980. 
Drawing No. 4.0-BN-151 shows the world power data for 1961 for the 
more advanced- countries, led by Norway, Canada, Sweden, and the 
United States in that order. 
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System Conditions*Considered for this Stud 

The heart of Ethiopia's industry--its main load area-
is the Addis Ababa Complex (63.9 percent of total national production 
for load in 1962). This is the fastest growing area, where the 
supplier may be bard pressed to construct new facilities rapidly 
enough to meet the growing load demand. The Finchaa Sub-Basin 
potential hydroelectric facilities are conveniently located adjacent 
to this load area and can be considered as potential production 
facilities to meet future load requirements. 

In this study, two conditions are considered--Case A and 
Case B--with the first condition, Case A, considering that there 
will be no major interconnections during the period of review, and 
with Case B assuming interconnections as follows: 

1974: Lekkemt 
Agere Hiywet (Ambo) 
Jima 

1977: Dessie 
Assab
 

This particular study extends through 1980. 

Existini Power Systems 

Powerplants. The present interconnected system (Addis 
Ababa Complex) has five powerplants, some of which are maintained 
as reserve capacity as noted from Table VII-30. The 1961 (existing) 
Interconnected System servg the Addis Ababa Complex is as shown 
by Drawing No. 4.0-Et-13.& 

By far the greatest source of energy at present is Koka 
hydro which is served by a reservoir on the Awash River having a 
capacity of 1,500 million cu. m. Utilizing a head of 32 to 40 
meters, the installed capacity consists of three generators, each 
rated at 18,000 kv.-a., or 54,000 kv.-a. total. The rated capacity 
at full load is 45 mw., but this includes one generator as a 
"spare." At the lowest reservoir level, the firm plant capacity,
based upon two units, is regarded as 23 mw. as noted in Table VII-30.
 
Koka powerplant may also be considered as "Awash No. 1." Drawing
 
No. 4.0-BN-170 shows the Koka location.
 

I/Unchanged in 1963 drcept for loads.
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TABLE VII-30 - 1961 INTERCONNECTED SYSTl--ADDIS ABABA 
COMPLEX (OASES A AND B 

Production capability 
(millions of kw.-hr.) 

Installed Firm Good Average Adverse 
capacity capacity water water water 

Name and tyne ( a.) vears years years 

Koka Hydro 54,000 23,000 120 110 90 
Aba Samuel Hydro 8,250 4,750 27 23 18 
Ourso Hydro 525 250 2 2 2 
Addis Ababa Ste 6,250 (5,000) 0 10 30 
Alemaya Diesel& 2,910 2,000 1 5 10 

Total 71,935 30,000 150 150 150
 

i/ Based upon January 1962 "Report--Past Activities and 
Future Programme," EELPA. 

2/ Normally maintained as reserves in good water years; possible 
operation as shown in average and adverse water years. 

Aba Samuel hydroelectric powerplant is about 35 km. 
south of Addis Ababa on the Acachi (Akaki) River, a tributary to the 
Awash. This was initially installed during the Italian Occupation 
in 1939. There are five generating units operating at 95 meters 
head (different sizes) providing a total rated capacity of 8,250 
ky-a. or 6,600 kw. The reservoir has a storage capability of 60 
million cu.m. Firm capability has been established as 4,750 kw. 

The Ourso hydroelectric powerplant is 30 km. west of
 
Dire Dawa and is served from a natural spring with .no reservoir,
 
having only forebay storage for a little regulation. It is rated
 
at 525 kv.-a. with a head of 175 meters.
 

The Addis Ababa steam powerplant consists of one condensing
 
steam turbine operating at a pressure of 29 kg. per sq. cm. at 425* 0.
 
and one 6,250-kv.-a. generator. It went into initial operation in
 
1957 and has been in standby since the early or middle part of 1960
 
with the advent of Koka power. 

The Alemaya diesel powerplant is about 30 km. south of 
Dire Dawa. Three sets are installed with a total capacity of 
2,910 kv-a. It began operation in 1958 parallel with Ourso. It 
went into reserve status at the beginning of 1961 when Koka power was 
made available to this area over the 132-ky. transmission line. 
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Several isolated systems are operated, including Jima,
Dessie, Agere Hiywet (Ambo), and Assab, with characteristics as 
indicated on Table VII-31. 

TABLE VII-31 - 1963 ISOLATED SYSTEMS (CASE B)1/ 

Installed Production 
capacity Firm capability 

kv. -a. capacity (1,000 k.-hr.) 
Location Diesel Hvdro (kw.) Diesel Hydro 

Lekkemt 3002/ -- -- -- --

Jima 1,125 170 600 2,400 300 
Dessie 1,125 -- 600 2,400 --
Agere Hiywet (Ambo) -- 210 100 -- 350 
Assab 1,3753/ -- -- -- -

./Based primarily upon January 1962 "Report--Past Activities
 
and Future Programme," EELPA. 

2/ 150 kw. in 1962 and 150 kw. in 1963. 
/ 1,000 kw. added in 1963. 

Transmission Lines. For the Interconnected System (summarized
 
by Table VII-32), there were 418 km. of 132-ky. lines, 62 km. of
 
45-ky. lines, and 97 km. of 15-k. lines--all steel tower except for
 
the 15-ky., some of which is steel pole. Since 1961 some impregnated
 
wood-pole 15-kv. lines have been constructed.
 

TABLE VII-32 - 1961 INTERCONNECTED SYSTEM--ADDIS ABABA 
COMPLEX (CASES A AND B) 

Voltage Length Conductors Capacity 
Location (hy. (m.) mm2 Type (3m. ) 

Koka-Addis Ababa 132 81 3 x 150 ACSR 40,000 
Koka-Dire Daw 131 337 3 x 150 ACSR 10,000 
Koka-NareV1 15 12 3 x 53 ACSR 1,000 
Koka-Mojoi/ 15 17 3 x 53 ACSR 1,000 
Aba Samuel-Akaki 45 17 3 x 22 Cu 5,000 
Akaki-Addis Ababa 45 15 3 x 45 Cu 5,000 
Akaki-Debre Zeyt/ 15 23 3 x 53 ACSR 500 
Ourso-Dire Dawa 15 30 3 x 12 Cu 250 
Alemaya-Dire Dswa 45 30 3 x 22 Cu 2,500 
Alemaya-Harari/ 15 15 3 x 22 Cu 750 

1/ Constructed for 45 kv. 
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The 132-ky. lines are operated with the neutral grounded by Petersen 1/

coils, while the 15- and 45-ky. lines have isolated neutrals.
 

Substations. There are three main high voltage substations
 
in the Interconnected System totaling 39,100 kw. capacity as shown
 
by Table VII-33.
 

TABLE VII-33 - 1961 INTERCONNECTED SYSTEM--
ADDIS ABABA COMPLEK 

Ratio Rating Capacity
 
location (kv.) (ky.-a.) (kw.)
 

Addis Ababa 132/15 2 x 22,000 18,000
 
45/15 4 x 1,500 5,000
 

Akaki (Acachi) 45/15 	 1 x 1,500) 1,700
 
1 x 630)
 

Dire Dawa 132/15 2 x 15,000 12,000
 
45/15 1 x 3,000 2,400
 

Past, Present, and Future Requirements
 

Load Centers. For both Oases A and B, the principal load
 
center will be the Addis Ababa Complex. For Case B additional small
 
load centers would be interconnected at specified future dates with
 
the Addis Ababa Complex--those at Lekkemt, Agere Hiywet (Ambo),

Jima, Dessie, and Assab. This does not imply that other load centers
 
do not exist; rather, it indicates only that this study is concerned 
with those load centers likely to be served by the Finchaa Basin 
hydroelectric powerplants within a 20-year period. The Case A and 
Case B load centers are as indicated by Drawings Nos. 4.0-BN-169 and
 
4.0-BN-171, respectively. 

Peaks and Monthly Distribution of Energy. The heaviest 
load in the Addis Ababa Complex (and for that matter, in Ethiopia) 
is the city of Addis Ababa, and the daily load diagrams for heavy
 
and light load conditions are indicated by Drawing No. 4.0-Et-4.
 
These diagrams do not necessarily imply that the heaviest and lightest
 
loads occurred on the days indicated but are merely examples of a
 
heavy condition and a light condition.
 

To peaks seem to occur during the year--August and December-
but not consistently so for several reasons. The year's peak seems
 
to occur during the coldest part of the year, which is usually in
 

1 Ground-fault neutralizers. 
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December. However, most of the precipitation occurring during the 
June 15 to September 15 rainy season falls in August, and in a "wet" 
year the coolness and dampness resulting from cloud cover at those 
high altitudes can also produce a high demand. Drawing No. 4.0-Et-5 
indicates that for one particular period the kw.peaks occurred in the 
fall (November-December). However, in 1961-62 Drawing No. 4.0-BN-77 
shows that the greatest monthly energy requirement occurred in August. 
This was a particularly "wet" year. For purposes of the Blue Nile 
studies,!/ the monthly distribution of the annual energy requirements 
was taken to be as shown by Drawing No. 4.0-BN-78, which shows the 
maximum requirement falling in December, and August demand as next 
heavier. This would apply to conditions as they may exist in 1980. 
It should be understood that there has been an insufficient operating 
period for the Interconnected System-to establish a definite pattern 
at 	this time.
 

For weekly heavy load duration and peak percent curves,
 
see Drawing No. 4.0-BN-118.
 

Past and Estimated Future Trends of Enerzy Requirements. 
A study of the past trend in energy requirements will be meaningless 
prior to 1960, as the tariff structure and availability of adequate 
supplies influenced a slower rate of growth than would otherwise 
have been the situation. In 1960, with the advent of Koka hydro
electric power and the revised tariff structure reflecting lower 
rates, the annual trend of energy requirements was upward. 

A summary of past production of electrical energy by years 
from 1943 through 1962 is given in Table VII-34. In 1960, 99.99 per
cent of the total production by EELPA was for the Addis Ababa Complex 
(Interconnected System), whereas in 1961 the figure was 99.55 percent. 
Other production was in and for the isolated systems. These 
figures do not include the north Eritrea systems nor the industrial 
plants which have generating capacity for their own use. 

1/ 	 Operation studies prepared for the Finchaa Sub-Basin facilities 
assumed a constant monthly requirement equaling about 8.33 per
cent of the annual. This was done before definite data were 
obtained, which were not available following at least a year's 
operation of the Interconnected System starting in mid-1960. 
Other projects studied later use the distribution as shown by 
Drawing No. 4.0-BN-78.
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TABLE VII-34 - PAST TRENDS OF ENERGY REQUIREMENTS
 
(EKCLUDING ERITREA AND PRODUCTION
 
BY INDUSTRIAL FIRMS)
 

Interconnected and Isolated Systems
 
For year Production Percent
 
ended (in millions kw.-hr.) annual
 

Sept. 10 Hydro Thermal Total increase Remarks
 

1943 5.923 1.882 7.805 
1944 6.574 1.587 8.161 4.5 Source: EELPA as
 
1945 7.857 1,545 9.402 15.2 reported in Ethiopian
 
1946 10.057 1.324 11.376 20.0 Economio Review,
 
1947 11.692 1.330 13.024 14.4 Nos. 5 and 6.
 
1948 12.628 1.651 14.279 9.6
 
1949 13.658 2.106 15.764 10.3
 
1950 14.012 2.868 16.878 7.0
 
1951 15.259 3.295 18.554 9.9
 
1952 16.608 4.003 20.611 11.0
 
1953 19.548 4.486 24,034 16.6
 
1954 22.578 4.187 26.745 11.3
 
1955 25.980 5.359 31.339 17.1
 
1956 25.115 7.954 33.070 5.5
 
1957 31.217 5.595 36.812 11.3
 
1958 25.740 14.971 40.719 10.6
 
1959 27.768 19.333 47.101 15.7
 
1960 46.744 8.689 55.433 17.7 Koka on line.
 
1961 68.106 6.316 74.422 34.3
 
1962 -- -- 96.500 29.7
 

The electrical energy produced for the Addis Ababa Complex
 
(EELPA) as a percent of the total production in the Empire was
 
approximately as follows:
 

1957 50.2 percent
 
1958 51.5
 
1959 53.2
 
1960 54.4
 
1961 59.6
 
1962 63.9
 

The remainder of the production was by industrial firma for their own 
use and in north Eritrea, principally by SEDAO in the Massawa-Asmara 
area. S 

To forecast the future trend of energy requirements for the 
Addis Ababa Complex, the best source for the period through 1971 is 
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LOCATION 

ADDIS ABABA 
(CITY ONLY) -

DIRE DAWA 
8 

HARAR 


NAZARETH 


JIMA 

DESSIE 

GONDAR 

AGERE HIYWET 
(AMBO) 

DEBRE BIRHAN 

YIRGALEM 

DEERE MARKOS 

JIJJIGA 

BAHIR DAR 

Average 

Load 
in 

KW 

4113 

366 

175 

86 

55 

37 

276 

31 

1951 
(1959-59) 

Peak 

Load Load 
in Factor 

KW 

8000 0.514 

1230 0.298 

257 0.680 

195 0,441 

135 0.407 

100 0.37 

65 0.425 

75 0.413 

Power 

Factor 


0.84 

0.80 

Average 

Load-
in 

KW 

5002 

452 

184 

104 

59 

40 

28 

35 

14 

12.7 

22.4 

1952 
(1959-60) 

Peak 

Load Land 
in Factor 

KW 

9300 0.538 

1300 0.348 

300 0.613 

305 0.341 

270 0.218 

140 0286 

92 0.304 

75 0.467 

43 0.326 

30 0.423 

36 0.622 

Power 

Factor 


0.87 

0.86 

1953 
(1960-61) 

Average Peak 

Load Load Load Power 
in in Factor Factor 

KW KW 

5200 10200 0.510 0.865 

731 1700 0.430 

157 320 0.491 

105 365 0.288 

9 360 0.269 

52.5 150 0.350 

32 85 0.376 

35 75 0.467 

23 64 0.359 

16.4 34 0.482 
______(Oct. 

23.6 38 0.621 
___________(Dec. 

0 32 0.313 

Peak demand 
in KW 

10200 * 
on Hidar 1953 

(Nov. 1960) 

100 * 
an Tabsos 1953 
(Deg. 1960) 

320 * 

on Hidar 1953 
(N'ov. 1960) 

365 
an Meskerml1953 

(Sept. 1960) 

360
 
on Tahsas 1953
 

(Dec. 1960)
 

150 
onTahsasIS53 

(Dec. 1960) 

92 
on Guenbot 1952 

(May 1960) 

75 KW 

64
 
on Hidor 953
 

(Nov, 1960)
 

34 
an Tekemie 1953 

19 60) 

38
 
an Tabsos 953
 

19ct 

32 

of 	 Meskerm 1953 
(Sept. 1960) 

1A 

NOTES: 

. Data from Ethiopian Electric Light 
and Power Authority. 

2. 	 Dates are according to Ethiopian 
calendar with pcrentheiical entry 
in equivalent Gregorian calendar. 

* 	 Part of Addis Ababa Complex. 
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the EELPA, which has indicated that the annual growth rate will 
be 22 percent through 1966 and will taper off to 17 percent by 
1971. This is for the general, industrial, and commercial require
ments but -does not consider certain possible off-peak sales. Annual 
increases resulting from total production meeting off-peak as well 
as general requirements would be modified as follows: 

1963 29.4 percent 
1964 0 
1965 13.6 
1966- 44.0 
1967 16.7 
1968 19.0 
1969 20.0 
1970 16.7 
1971 14.3 

By 1980, the growth rate may still be around 10 percent, but will 
taper off significantly after that year. These higher rates in the 
earlier years have to be maintained if the objectives of the
 
successive five-year plans are to be approached or reached.
 

Losses. Actual losses for the Interconnected System 
(Addis Ababa Complex) from 1957 through 1961 have been reported as 
followl/ and as further indicated in Table VII-35. 

Millions of kw.-hr. Percent 
Year Production Sales Losses Losses 

1957 35.5 25.3 10.2 29 

1958 39.1 27.5 11.6 30 

1959 45.0 33.5 11.5 34 

1960 51.6 41.0 10.6 21
 

1961 60.3 50.2 10.1 17* 

* 	 Year of interconnection to Koka. 
Includes some transmission losses. 

1/ Source, EELPA, January 1962 Report. 
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TABLE VII-35 - ENERGY AND DEMAND AT LOAD CENTER--ADDIS
 
ABABA COMPLEX 

Millions of kw.-hr. at 
high-voltage side of 

receiving-end substation 
Customer 

Year loads Losses Total 

1957 25.3 10.2 35.5 
1958 27.5 11.6 39.1 
1959 33.5 11.5 45.0 
1960 41.0 10.6 51.6 
1961 50.2 8.5 58.7 
1962 75.0 7.9 82.9 
1963 95.0 12.2 107.2 
1964 95.0 12.2 107.2 
1965 110.0 11.8 121.8 
1966 155.0 20.5 175.5 
1967 185.0 20.0 205.0 
1968 220.0 23.7 243.7 
1969 260.0 32.3 292.3 
1970 305.0 36.3 341.3 
1971 350.0 40.0 390.0 
1972 399.0 45.6- 444.6 
1973 450.0 54.4 504.4 
1974 513.0 58.4 571.4 
1975 578.0 65.6 643.6 
1976 648.0 73.6 721.6 
1977 726.0 83.2 809.2 
1978 807.0 92.0 899.0 
1979 894.0 101.6 995.6 
1980 985.0 112,0 1,097.0 

(CASES 

Per-
cent 

annual 
load 

factor 

50 
51 

51.4 

53.8 

51.0 

53.8 

54.6 

54.6 

54.9 

58.7 

57.1 

57.1 

57.1 

57.1 

57.1 

57 

57 

58 

58 

58 

58 

58 

59 

59 


A AND B)
 

Peak 
demand 

(kw.) 
at load 

8,105 
8,752 

10,000 

10,949 

13,139 

17,591 

22,413 

22,413 

25,326 

34,130 

40,984 

48,721 

58,437 

68,233 

77,969 

89,041 

101,017 

112,462 

126,673 

142,025 

159,266 

176,940 

192,632 

212,251 


Peak
 
demand
 

kw. 
(rounded) 
at load 

8,100 
8,800
 
10,000
 
11,000
 
13,100
 
17,600
 
22,400
 
22,400
 
25,300
 
34,100
 
41,000
 
49,000
 
58,400
 
68,200
 
78,000
 
89,000
 

101,000
 
112,500
 
126,700
 
142,000
 
159,300
 
177,000
 
192,700
 
212,300
 

A, 
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Estimated losses for the same system through 1971 were 
as follows. Ij 

1962 12 percent 
1963 14 
1964 14 
1965 12 
1966 14 
1967 12 
1968 12 
1969 13 
1970 13 
1971 13 

It should be understood that loss figures include meter ,errors and 
some system usage. 

Losses for the isolated systems, which will be intercon
nected with the Addis Ababa Complex in the late 1970's as assumed
 
for Case B in this study, will be somewhat higher; but, since the
 
percent of the total production serving these added loads will be
 
very small in comparison with the Addis Ababa Complex itself, the
 
effect upon total system losses will be small. Tables VII-36,
 

VII-37, VII-38, VII-39, and VII-4O show those losses.
 

Energy and Demand at Load Centers
 

Addis Ababa Complex. The energy and demand for the Addis 
Ababa Complex (Interconnected System) as seen from the 161-ky. side 
of a proposed substation near Addis Ababa are shown by Table VII-35, 
which indicates loads, losses, annual load factors, and peak demand. 
This is true for both Cases A and B. 

Table vii-41 shows the breakdown of sales by the two major 
classes used. This applies to Case A only. Table VII-42 indicates 
the peak demand at load and at the powerplant for Case A only'. 

If Source, EELPA, January 1962 Report. (Includes transmission 
losses, whereas Table VII-35 does not.)
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Agere Hivwet (.abo), Case B only. Table VII-36 indicates
 
the conditions at load, historical through 1960 and projected after
 
that date. Total customer loads distributed by classes are shown
 
on Table VII-43.
 

For this particular study, the connection of this isolated
 
load to the Interconnected System was assumed to occur at the end
 
of 1973.
 

Lekkemt (Case B only). Table VII-37 shows anticipated 
conditions beginning in 1963 through 1980 with Lekkemt being served 
by its own isolated diesel-electric system until connection with the 
Interconnected System is made in 1974. Total customer loads
 
distributed by classes were estimated as shown on Table VII-44.
 

Jima (Case B only). Historial data through 1961 are shown
 
on Table VII-38 with-load forecasts from 1961 through 1980. As
 
indicated in a prior section, Jima is served by its own isolated
 
system, consisting of both hydro and diesel. Connection to the
 
Interconnected System was assumed to occur in 1974. As is the
 
situation with some of the other isolated systems, other facilities,
 
such as larger hydroelectric systems, can be installed to serve an 
isolated system initially but can be connected later with the main 
Interconnected System when it expands. This possibility exists at 
Jima, where a larger plant on the Great Gibe River could be installed 
to carry the Jima load until interconnection was accomplished. 
Whether this is done or not is immaterial insofar as this particular 
study is concerned, except that when interconnection is made, 
all load is assumed to be carried by the Interconnected System 
with diesel sets moved elsewhere and the hydroelectric installations 
maintained for reserve or emergency use. 

Total customer loads distributed by classes were as shown
 
on Table VII-45.
 

Dessie (Case B only). Historical data from 1957 through
 
1960 are indicated with the projections going to 1980. Table VII-39
 
shows customer loads, losses, load factor, and peak demand by years
 
for this load center with the tie to the Interconnected System
 
occurring in 1977. Sales by classes of energy are as indicated in
 
Table VII-46.
 

South Eritrea (Assab), Case B only. The EELPA acquired
 
the existing electric supply and distribution facilities from a
 
private operator in 1962, and-EELPA forecasts the production and
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TABLE VII-36 - ENERGY AND DEMAND AT LOAD CENTER--

AGERE HIYWET (AMBO), CASE B 

.e Thousands of k.-hr. at 
high-voltage side of Per

receivir'-end substation cent Peak 
Load Load annual demand 

Year 
Customer 
loads 

center 
losses 

center 
total 

load 
factor 

(kw.) 
at load Remarks 

1957 137 64 201 30 76 
1958 161 87 248 35 81 
1959 212 95 307 43 82 
1960 242 65 307 35 100 
1961 312 55 367 37 113 
1962 
1963 
1964 

367 
432 
509 

70 
88 

104 

437 
520 
613 

38 
39 
41 

131 
152 
171 

4, 

R
W' 

1965 605 123 723 43 192 1 
1966 702 143 845 44 219 
1967 
1968 

820 
959 

168 
197 

988 
1,156 

45 
45 

251 
293 

H0 
0 

1969 1,123 230 1,353 45 343 
1970 1,314 269 1,583 45 402 
1971 1,497 307 1,804 45 458 
1972 1,707 350 2,057 45 522 
1973 1.941 398 2.339 46 580 Inter
1974 2,198 383 2,581 46 641 connect 
1975 2,477 432 2,909 47 707 
1976 
1977 

2,779 
3,251 

485 
568 

3,264 
3,819 

47 
47 

793 
928 

,a
1 Q 

1978 3,641 636 4,277 47 1,039 a) a ) 

1979 4,030 704 4,734 48 1,126 
1980 4,441 776 5,217 48 1,241 
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TABLE VII-37 - ENERGY AND.DEMAND AT LOAD CENTER--

LEKKEIMT (CASE B) 

Thousands of kw.-hr. at 
high-voltage side of Per
receiving-end substation cent Peak 

Load Load annual demand 
Customer center center load (kw,.) 

Year loads losses total factor at load Remarks 

1962 280 70 350 25 160 
1963 454 106 560 30 213 
1964 781 171 952 35 311 .* 
1965 l,264 259 1,522 36 483 
1966 1,897 388 2,285 37 705 
1967 2,655 544 3,199 38 961 
1968 
1969 

3,586 
4,661 

734 
955 

4,320 
5,616 

39 
40 

1,264 
1,603 

c 
0 

1970 6,059 1,241 7,300 40 2,083 H 

1971 7,574 1,551 9,125 41 2,541 
1972 9,088 1,862 10,950 41 3,049 
1973 10.907 2.233 1.3140 42 3,571 Inter
1974 12,979 2,267 15,246 43 4,047 connect 
1975 14,879 2,599 17,378 43 4,613 
1976 17,408 3,041 20,449 43 5,429 
1977 20,192 3,528 23,720 43 6,197 1 (D 
1978 23,473 4,091 27,514 43 7,304 a C 
1979 26,936 4,705 31,641 43 8,400 r f 
1980 30,707 5,364 36,071 44 9,358 0 
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TABLE VII-38 - ENERGY AND DEMAND AT LOAD CENTER--
JIMA (CASE n) 

Thousands of kw.-hr. at 
high-voltage side of Per
receivine-end substation cent Peak 

Load load annual demand 
Customer center center load (kw.) 

Year loads losses total factor at load Remarks 

1957 325 153 478 25 218 
1958 358 192 550 25 251 
1959 412 185 597 44 155 
1960 643 271 914 34 306 
1961 1,167 206 1,373 29 540 a 
1962 1,517 267 1,784 32 636 
1963 
1964 

1,896 
2,351 

334 
414 

2,230 
2,765 

34 
36 

749 
877 

F 

1965 2,891 510 3,401 38 1,022 10 
1966 
1967 
1968 

3,527 
4,267 
5,121 

622 
753 
903 

4,149 
5,020 
6,024 

40 
42 
45 

1,184 
1,364 
1,528 

a 
0 

1969 6,093 1,075 7,168 45 1,818 
1970 
1971 

7,190 
8,412 

1,268 
1,484 

8,458 
9,896 

45 
45 

2,145 
2,510 

1972 9,943 1,707 11,650 45 2,955 
1973 10.930 1.929- 12.859 46 3.191 Inter
1974 12,132 1,784 13,916 46 3,453 connect 
1975 
1976 

13,224 
14,293 

1,945 
2,092 

15,169 
16,385 

46 
46 

3,764 
4,066 

1977 15,425 2,268 17,693 46 4,391 s2' 

1978 16,505 2,427 18,932 47 4,598 0 , 
1979 
1980 

17,660 
18,896 

2,597 
2,778 

20,257 
21,674 

47 
47 

4,920 
5,264 

00 
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TABLE VII-39 - ENERGY AND DEMAND AT LOAD CENTER--
DESSIE (CASE B) 

Thousands of kw.-hr. at 
high-voltage side of Per

receivi w-end substation cent Peak 
Load Load annual demand 

Customer center center load (kw.) 
Year loads losses total factor at load Remarks 

1957 161 76 237 25 108 
1958 166 89 255 25 116 
1959 206 93 299 41 83 
1960 370 98 468 22 243 
1961 762 134 896 26 393 
1962 1,487- 305 1,792 30 682 
1963 2,603 533 3,136 33 1,085 
1964 4,165 853 5,018 35 1,637 
1965 5,831 1,194 7,025 37 2,167 
1966 7,580 1,553 9,133 40 2,606 O 
1967 9,400 1,925 11,325 43 3,007 
1968 11,656 2,387 14,043 44 3,643 d 
1969 13,986 2,865 16,851 45 4,275 0 
1970 16,783 3,438 20,221 46 5,018 W 
1971 20,140 4,125 24,265 46 6,022 
1972 23,967 4,908 28,875 46 7,166 
1973 28,520 5,841 34,361 46 8,527 
1914 33,652 6,893 40,545 46 10,062 
1975 39,710 8,133 47,843 46 11,873 
1976 46.460 9.516 55.976 46 -113891 Inter
1977 54,359 9,496 63,855 47 15,509 conect 
1978 63,056 11,016 74,072 47 17,991 
1979 73,14 12,779 85,924 47 20,870 do 5 

1980 84,117 14,695 98,812 47 24,000 
OtU) 
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TABLE VII-40 - ENERGY AND DEMAND AT 
SOUTH ERITREA (CASE 

Thousands of kw.-hr. at 
high-voltage side of Per
receivin-end substation cent 

Load Load annual 
Customer center center load 

Year loads losses total factor 

1959 1,200 500 1,700 33 
1960 1,380 460 1,840 40 
1961 1,500 480 1,980 45 
1962 1,700 430 2,130 52 
1963 2,410 570 2,980 59 
1964 3,130 740 3,870 60 

1965 4,050 950 5,000 55 
1966 5,260 1,240 . 6,500 50 
1967 6,850 1,600 8,450 48 

1968 15,250 3,350 18,600 65 

1969 22,900 4,200 27,100 65 

1970 22,940 5,040 27,980 64 

1971 30,340 6,660 37,000 65 

1972 38,540 8,460 47,000 65 
1973 46,030 9,430 55,460 64 
1974 53,400 10,930 64,330 62 

1975 61,930 12,690 74,620 60 

1976 72.080 13.730 85.810 59 
1977 82,890 13,330 96,220 58 
1978 96,600 15,530 112,130 60 

1979 102,480 16,470 118,950 62 

1980 114,780 18,450 133,230 62 

LOAD CENTER--
B) 

Peak
 
demand 
(kw.)
 

at load 


588
 
525
 
502
 
468
 
577
 
736 


1,038 

1,484 

2,009 

3,267 

4,759 

4,991

6,498 

8,254
 
9,892
 
11,845
 
14,197
 
16.603 

18,938 
21,333 

21,901 

24,530 


Remarks
 

a 
4p 

03 

0 
'g 
( 
o
 
C
 

Inter
connect
 
10
 

;4
 

4 0 
0 
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TABLE VII-41 

National 
Year economy 

1957 10.3 
1958 11.5 
1959 14.4 
1960 18.0 
1961 22.6 
1962 34.0 
1963 43.5 
1964 43.9 
1965 51.3 
1966 72.8 
1967 87.7 
1968 105.1 
1969 125.3 
1970 148.2 
1971 171.5 
1972 197.1 
1973 224.1 
1974 257.5 
1975 292.5 
1976 330.0 
1977 373.0 
1978 418.0 
1979 467.0 
1980 518.0 

- SALES BY CLASSES--ADDIS 
ABABA COMPLEX (CASE A) 

In millions of kw.-hr. 
Public 

consumption Total 

15.0 25.3 
16.0 27.5 
19.1 33.5 
23.0 41.0 
27.6 50.2 
41.0 75.0 
51.5 95.0 
51.1 95.0 
58.7 110.0 
82.2 155.0 
97.3 185,0 

114.9 220.0 
134.7 260.0 
156.8 305.0 
-178.5 350.0 
201.9 399.0 
225.9 450.0 
255.5 513.0 
285.5 578.0 
318.0 648.0 
353.0 726.0 
389.0 807.0 
427.0 894.0 
467.0 985.0 
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TABLE VII-42 -


Peak 
demand 

at load 
Year (w.) 

1961 13,139 
1962 17,591 
1963 22,413 
1964 22,413 
1965 25,326 
1966 34,130 
1967 40,984 
1968 48,721 
1969 58,437 
1970 68,233 
1971 77,969 
1972 89,041 
1973 101,017 
1974 112,462 
1975 126,673 
1976 142,025 
1977 159,266 
1978 176,940 
1979 192,632 
1980 212,251 
1981 232,799 

ESTIMATED PEAK DEMAND--INTERCONNECTED
 
SYSTEM, ADDIS ABABA COMPLEX (CASE A)
 

Transmission Peak Peak 
losses at demand at demand at 

peak demand powerplant powerplant 
Nw (kw.) kw. (rounded) 

731 13,870 13,900 
959 18,550 - 18,600 

1,279 23,692 23,700 
1,279 23,692 23,700 
1,462 26,788 26,800 
2,055 36,185 36,200 
2,283 43,267 43,300 
2,877 51,598 51,600 
3,516 61,953 62,000 
3,973 72,206 72,200 
4,566 82,535 82,600 
5,205 94,246 94,300 
6,210 107,227 107,300 
6,667 119,129 119,100 
7,466 134,139 134,100 
8,400 150,425 150,400 
9,500 168,766 169,000 

10,500 187,440 187,500 
11,600 204,232 204,000 
12,785 225.,036 225,000 
14,155 246,954 247,000 
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I 

TABLE VII-43 - SALES BY CLASSES--AGERE
 
HIYWET (AMBO), CASE B
 

In thousands of kw.-hr. 
National Total 

Year economy -consumption 

1957 34 103 

1958 40 121 

1959 53 159 

1960 62 180 

1961 82 230 

1962 98 269 

1963 118 314 

1964 143 366 

1965 172 428 

1966 205 497 

1967 244 576 

1968 292 667 

1969 348 775 

1970 415 899 

1971 482 1,015 

1972 559 1,148 

1973 648 1,293 

1974 747 1,451 

1975 857 1,620 

1976 978 1,801 

1977 1,163 2,088 

1978 1,325 2,316 

1979 1,491 2,539 

1980 1,670 - 2,771 


Total
 

137
 
161
 
212
 
242
 
312
 
367
 
432
 
509
 
600
 
702
 
820
 
959
 

1,123
 
1,314
 
1,497
 
1,707
 
1,941
 
2,198
 
2,477
 
2,779
 
3,251
 
3,641
 
4,030
 
4,441
 

4i
 

ay7k
 



TABLE VII-44 - SALES BY CIASSES--LEKKEMT
 

je. 

Year 

1963 
1964 
1965 
1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 


In 
National 
economy 

114 
198 
326 
497 

706 
968 


1,277 

i,684 

2,136 

2,599 
3,163 

3,816 

4,434 

5,257 

6,063 

7,261 

8,458 

9,765 


(CASE B) 

thousands of kv.-hr. 
Public 

consumption Total 

340 1454
 
583 781
 
938 1)264 

i,4oo 1,897
 
1,949 2,655
 
2,618 3,586
 
3,384 4,661
 
4,373 6,059
 
5,438 7,574
 
6,489 9,088
 
7,744 10,907
 
9,163 i2,979
 
10,445 14,879
 
12,151 17,408
 
13,752 19,815
 
16,162 23,423
 
18,478 26,936
 
20,819 30,707 
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TABLE VII-45 - SALES BY CLASSES--JIMA (CASE B) 

In thousands of kw.-hr.
 
National Public 

Year economy consumption Total 

1957 81 244 325 
1958 89 269 358 
1959 103 309 412 
1960 161 482 643 
1961 296 1,463 1,167 
1962 391 1,126 1,517 
1963 497 1,399 1,896 
196, 625 1,726 2,351 
1965 780 2,111 2,891 
1966 966 2,561 3,527 
1967 1,186 3,081 4,267 
1968 1,444 3,677 5,121 
1969 1,742- 4,351 6,093 
1970 2,085 5,105 7,190 
1971 2,473 5,939 8,412 
1972 2,963 6,980 9,943 
1973 3,300 7,630 10,930 
1974 3,712 8,420 12,132 
1975 4,099 9,125 13,224 
1976 4,488 9,805 14,293 
1977 4,095 10,520 15,425 
1978 5,315 11,190 16,505 
1979 5,757 11,903 17,660 
1980 6,235 12,661 18,896 

1; 
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TABLE VII-46 - SALES BY CLASSES--DESSIE (CASE B)
 

In thousands of kw.-hr. 
National Public 

Year economy consumption Total 

1957 40 121 161 
1958 41 125 166 
1959 52 154 206 
1960 92 278 370 
1961 194 568 762 
1962 384 1,103 1,487 
1963 682 1,921 2,603 
1964 1,108 3,057 4,165 
1965 1,574 4,257 5,831 
1966 2,077 5,503 7,580 
1967 2,613 6,787 9,400 
1968 3,287 8,369 11,656 
1969 4,000 9,986 13,986 
1970 4,867 11,916 16,783 
1971 5,921 14,219 20,140 
1972 7,142 16,825 23,967 
1973 8,613 19,907 28,520 
1974 10,298 23,354 33,652 
1975 12,310 27,400 39,710 
1976 14,588 31,872 46,460 
1977 17,286 37,073 54,359 
1978 20,304 42,752 63,056 
1979 23,845 49,300 73,145 
1980 27,759 56,358 84,117 
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sales as follows through 1971, using an increase -of 30 percent for 
five years and 20 percent for the last five.
 

Year 

1962 
1963 
1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 


Sales 

5,000 

7,500 
9,500 


12-,000 

16,000 

21,000 

26,000 

32,000 

39,000 

47,000 


Thousands 

Losses 


1,000 
1,500 
1,500 

2,000 

4,000 

4,000 

5,000 

5,000 

5,000 

6,000 


of 	kw.-hr. 
Production 

6,000 
9,000 

11,000
 
14,000
 
20,000
 
25,000
 
31,000
 
37,000
 
44,000
 
53,000
 

Studies using Table VII-40 were prepared prior to the 
availability of this information; and, although in genpral it uses 
about the same rate of initial growth, the base loads for 1959-1961 
are considerably lower. However, both estimates would approach 
about the same values at the assumed date of connection in 1977 to 
the Interconnected System, so there is no appreciable effect upon 
the objective of this particular study. 

Sales by classes of energy are as shown on Table VII-47. 

Summary 

Tables VII-35, VII-41, and VII-48 summarize the estimated 
future requirements by showing the peak demand at load centers, 
diversity factor, peak demand of the interconnected load, transmission 
losses at peak demand, and the peak demand at the Finchaa Sub-Basin 
powerplants. (Tables VII-35 and VII-41 indicate conditions for 
Case A, and Table VII-48 for Case B.) 

Estimated Future Need for Additional 
Generator Canacitv--196t-1967 

Table VII-30 gives the firm kilowatt capacity of the 
existing Interconnected System (Addis Ababa Complex) as 30,000 kw., 
including the Alemaya diesel but not the Addis Ababa steam plant. 
Keeping Alemaya (2,000 kw.) in reserve (because of its higher 
operating cost) leaves 28,000 kw. of firm capacity. 
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TABLE VII-47 - SALES BY ClASSES--SOUTH 
ERITREA (CASE B) 

In Thousands of kwf.-hr. 
National 

Year economy 

1962 1,190 
1963 1,570 
1964 1,880 
1965 2,030 
1966 2,100 
1967 2,400 
1968 10,680 
1969 16,030 
1970 15,600 
1971 21,240 
1972 26,980 
1973 31,300 
1974 
1975 

35,240 
37,160 

1976 -41,810 
1977 45,590 
1978 57,960 
1979 63,170 
1980 72,310 

Public 
consumption Total
 

510 1,700
 
840 2,410
 

1,250 3,130 
2,020 4,050
 
3,160 5,260 
4,450 6,850 
4,570 15,250 
6,870 22,900 
7,360 22,940 
9,100 30,340 

11,560 38,540
 
14,730 46,030 
18,160 53,400
 
24,770 61,930 
30,270 72,080
 
37,300 82,890
 
38,640 96,600 
39,310 102,480 
42,470 114,780 
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TABLE VII-48 - ESTIMATED PEAK DEMANP--INTERCONNECTED SYSTEM (CASE B) 

Kilowatts 
Peak Trans- Peak Peak 

P ak Demand at load Centers demand of mission demand demand 

Agere South Diver- inter- losses at at 

Year 
Addis 
Ababa 

Hiywet 
(Ambo) Lekkemt Jima Dessie 

Eritrea 
(Assab Sum 

sity 
factor 

connected 
load 

at peak 
demand 

power-
plant 

plant 
(rounded) 

1957 8,105 8,105 8,105 
1958 8,752 8,752 8,752 
1959 10,000 10,000 10,000 
1960 10,949 10,949 10,949 
1961 13,139 13,139 13,139 731 13,870 13,900 
1962 17,591 17,591 17,591 959 18,550 18,600 

H 
0 

1963 
1964 
1965 

22,413 
22,413 
25,326 

22,413 
22,413 
25,326 

22,413 
22,413 
25,326 

1,279 
1,279 
1,462 

23,692 
23,692 
26,788 

23,700 
23,700 
26,800 

1966 34,130 34,130 34,130 2,055 36,185 36,200 
1967 40,984 40,984 40,984 2,283 43,267 43,300 
1968 48,721 48,721 48,721 2,877 51,598 51,600 
1969 58,437 58,437 58,437 3,516 61,953 62,000 
1970 68,233 68,233 68,233 3,973 72,206 72,200 
1971 77,969 77,969 77,969 4,566 82,535 82,600 
1972 89,041 89,041 89,041 5,205 94,246 94,300 
1973 101,017 101,017 101,017 6,210 107,227 107,300 
1974 112,462 641 4,047 3,453 120,603 1.05 114,860 6,704 121,564 121,600 
1975 126,673 707 4,613 3,764 135,757 1.06 128,073 7,529 135,601 135,600 
1976 142,025 793 5,429 4,066 152,313 1.06 143,692 8,447 152,139 152,100 
1977 159,266 928 6,197 4,391 15,509 18,938 205,229 1.15 179,460 10,346 188,806 188,800 
1978 176,940 1,039, 7,304 4,598 17,991 21,333 229,205 1.15 199,309 11,542 210,851 210,900 
1979 192,632 1,126 8,400 4,920 20,870 21,901 249,849 1.15 217,260 12,747 230,007 230,000 
1980 212,251 1,241 9,358 5,264 24,000 24,530 276,644 1.15 240,560 13,995 254,555 255,000 

t
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There are several industrial plants generating for their
 
own use, and the annual generated energy is indicated on Drawing
 
No. 4.0-BN-148. These plants are not operated so as to contribute
 
any support to the Interconnected System, and percentagewise they
 
will ultimately represent only a small part of the total energy
 
generated.
 

Table VII-49 gives an indication of the adequacy of the
 
present power supply through 1967.
 

TABLE VII-49 - DEPENDABLE SYSTEM CAPACITY TO AM PEAK DEMEND 
VERSUS SYSTEM COINCIDENTAL PEAK DEMAND AT 
PLANT--1964-1967 (CASE A OR B) 

Kilowatts 
Dependable System Surplus (+) 

system coincidental or 
Year ca acit teak demand deficit (-) 

1964 28,000 23,700 +4,300
 
1965 28,000 26,800 +1,200 
1966 28,000 36,200 -8,200 
1967 28,000 43,300 -15,300 

By the end of 1965, only a small surplus capacity will 
exist (1,200 kw.) using the three dependable low cost hydro sources. 
However, if the Addis Ababa steam plant and the Alemaya diesel were 
used, an additional 7,000 kw. of dependable capacity would become 
available, changing the 1965 surplus of 1,200 kw. to a surplus of 
8,200 kw. and the 1966 deficit of 8,200 kw. to a deficit of 1,200 kw. 
Therefore, even with all available resources in operation, new 
generation will be required by the end of 1965. 

Poler Facilities Planned 
or Under Consideration--1964-1967 

The EELPA is planning the construction of two medium-head 
hydroelectric developments of 37 mw. each, known as Awash No. 2 and 
Awash No. 3. (The first development on the Awash River was Koka.) 
These two will be located on the Awash River about 120 km. southeast 
of Addis Ababa. The main water regulation will be supplied by the 
Koka reservoir, but smaller dams will be necessary at each plant 
for sufficient forebay storage to provide minimum regulation to meet 



the hourly load curve. In addition to the dam and the required 
intake structure for the power facilities, each installation will 
have a five-meter pressure tunnel, surge tank, valve chamber, two 
penstocks of three-meter diameter, a powerhouse for two Francis 
turbines with necessary service facilities, and an open-air switch 
yard. The effective head of each development is to be approximately 
60 meters, and the distance between the intake and the powerhouse 
will be 2,000 meters for Awash No. 2 and 900 meters for Awash No. 3. 
Designs have been completed, and it appears that construction of
 
Awash No. 2 will start in early 1964, with two years to complete.
 
Construction of Awash No. 3 will follow immediately. On this basis,
 
Awash No. 2 may be energized at the end of 1965 and Awash No. 3 by
 
the end of 1967.
 

Estimated Future Deficiency 
in Power Supply--1968-1980 

If the objectives of the second and subsequent five-year 
development plans for the Empire are to be approached or reached, 
wherein the present agricultural economy is to be successfully 
transformed into an agricultural-industrial one by 1982, the need 
for energy to meet industrial as well as residential and commercial 
requirements will be substantial. 

Table VII-49 indicates that the first deficiency in system
 
capability would occur in 1966, meaning that additional generating 
capacity would be required by the end of 1965. By that time, Awash 
No. 2 would be placed in operation, followed by Awash No. 3 at the 
end of 1967. Considering the capability of these installations,
 
Tables VII-50 and VII-51 summarize the anticipated system conditions
 
anticipated through 1980 for Cases A and B, respectively.
 

Under both Cases A and B, new generating facilities should
 
go on the line in 1974 so as to insure adequate capability for load
 
and reserves. This presupposes that the fourth and last Awash plant
 
would have been placed in operation in 1971. 

Finchaa Sub-Basin as a Source in Meeting
 
Future Deficiencies in Power Suvvly 

As described in a previous section, the Finchaa Sub-Basin 
has two, high-head, hydroelectric powerplant possibilities--one on 
the Finchaa River and the other on the Neshe River. Each has the 
capability of meeting a peak demand of about 80 mw. during an adverse 
water year. They are located within 30 kilometers airline distance 
of each other. The most economical power will come from the Finchaa 
powerplant, and it probably would be developed first. 
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TABLE VII-50 - DEPENDABLE SYSTEM CAPACITY TO MEET PEAK DEMAND
 
VERSUS SYSTEI COINCIDENTAL PEAK DEMAND AT 
PLANT--1968-1980 (CASE A) 

It-
System 

Depend- coinci
able dental Surplus (+) 
system peak or 
capacity demand deficit (-) 

Year (ky.) (kw.) (kw.) Remarks 

1966 65,000 36,200 +28,800 37-mw. Awash No. 2 added 
1967 65,000 43,300 +21,700 
1968 102,000 51,600 +50,400 37-mw. Awash No. 3 added 
1969 102,000 62,000 +40,000 
1970 102,000 72,200 +29,800 
1971 139,000 82,600 +56,400 37-nw. Awash No. 4 added 
1972 139,000 94,300 +44,700 
1973 139,000 107,300 +31,700 
1974 139,000 119,100 +19,900 
1975 139,000 134,100 +4,900 
1976 139,000 150,400 -11,400 
1977 139,000 169,000 -30,000 
1978 139,000 187,500 -48,500 
1979 139,000 204,000 -65,000 
1980 139,000 225,000 -86,000 
1981 139,000 247,000 -108,000 
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TABLE VII-51 - DEPENDABLE SYSTEA CAPACITY TO MEET PEAK DEMAND
 
VERSUS SYSTEM COINCIDENTAL PEAK DEMAND AT 
PLANT--1968-1980 (CASE B) 

System -

Depend- coinci
able dental Surplus (+) 

system peak or 
capacity demand deficit (-) 

Year (-1s -,) -(kw.) 

1966 65,600 36,200 +28,800 37-mw. Awash No. 2 added 
1967 65,000 * 43,300 +21,700 
1968 102,000 51,600 +50,400 37-mw. Awash No. 3 added 
1969 
1970 

102,000 
102,000 

62,000 
72; 800 

+40,000 
+29,800 

1971 
1972 

139,000 
139,000 

82,600 
94,300 

+56,400 
+44,700 

37-m. Awash No. 4 added 

1973 139,000 107,300 +31,700 
1974 139,000 121,600 +17,400 
1975 
1976 
1977 

139,000 
139,000 
139,000 

135,600 
152,100 
188,800 

+3,400 
-13,100 
--49,800 

1978 
1979 

139,000 
139,000 

210,900 
230,000 

-71,900 
-91,000

1980 139,000 255,000 -116,000 

-- U 
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The Awash River has advantages in that it is generally 
closer to the principal load centers, but the development of the 
three or four hydroelectric installati6ns there will depenid primarily 
upon the Koka reservoir for regulation. Whether Awash No. 4 is 
developed or not would depend somewhat upon the time that it would 
take to bring the Finchaa plant int6 production. 

In this study, it is assumed that the Finchaa plant would 
not be brought into production during the year 1971. Assuming 
three years'f6r construction, final construction would have to 
begin in 1968. Allowing at least two to three years for feasibility 
studies, another year for final design, and possibly a year at 
least for slippage, work would have to start immediately on the 
feasibility surveys and studies. While it might be possible to get 
Finchaa into production during 1971, the extra tihie allowed by 
constructing Awash No. 4 has been used. 

It should be recognized that constructing four hydro
electric powerplants cascaded on one river (Awash), regulated by 
one reservoir and constituting 95 percent of the utility electrical 
energy source for the heart of the Empire, may not be the most 
desirable situation. This is especially true when one considers 
leakage problems associated with the one reservoir and the yet 
unknown consequences of reservoir sedimentation and evaporation at 
Koka. Therefore, every effort should be made to develop other hydro
electric facilities as soon as possible in another river basin 
conveniently located near Addis Ababa. The Finchaa Sub-Basin power
plants offer a good solution to the problem, and at the same time 
the other aspects of the multiple-purpose projects will be highly 
beneficial to the economy. 

Therefore, if possible, consideration should be given to 
expediting precofstruction activities on the Finchaa Sub-Basin so 
that the Finchas power facilities can be placed into operation when 
needed following Awash No. 3. However, this may not be possible 
and, as explained, Awash No. 4 may be required. 

Future deficiencies in the power supply for both Cases A 
and B can be met by the Finchaa Sub-Basin powerplants, together 
with the four Awash plants, for some time into the future, perhaps 
to the year 1980 or 1981 even at an optimistic rate of load growth. 
This is illustrated by Tables VII-52 and VII-53 for Cases A and B,
respectively. The Interconnected System, as it will appear (Case A 
or B) in 1971, is shown on Drawing No. 4.0-Et-14. 
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TABLE VII-52 - ESTIMATED FUTURE NEEW FOR ADDITIONAL 
CAPACITY USING FINCHAA SUB-BASIN 
FACILITIES--1968-1980 (CASE A) 

System -k 

Depend- coinci
able dental Surplus () 

system 
capacity 

peak 
demand 

or 
deficit (-) 

New 
generating 

Year (2w.) (kw.) _ (kw.) facilities 

1966 65,000 36,200 +28,800 37-mw. Awash No. 2 added 
1967 65,000 43,300 +21,700 
1968 102,000 51,600 +50,400 37-nm. Awash No. 3 added 
1969 102,000 62,000 +40,000 
1970 102,000 72,200 +29,800 
1971 139,000 82,600 +56,400 37-mw. Awash No. 4 added 
1972 , 139,000 94,300 +44,700 
1973 139,000 107,300 +31,700 
1974 219,000 119,100 +99,900 80-mw. Fincha added 
1975 219;000 134,100 +84,900 
1976 219,000 150,400 +68, 600 
1977 219,000 169,000 +50,000 
1978 299,000 187,500 +111,500 80-mw. Neshe added 
1979 299,000 204,000 +95,000 
1980 299,000 225,000 +74,000 
1981 299,000 247,000 +52,000 
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TABLE VII-53 - ESTIMATED FUTURE NEEDS FOR ADDITIONAL 
CAPACITY USING FINHAA SUB-BASIN 
FACILITIES--1968-1980 (CASE B) 

System 
Depend- coinci
able dental Surplus (+) 

Year 

system 
capacity 

(kw.) 

peak 
demand 

(kW.) 

or 
deficit (-) 

(kw.) 

New 
generating 
facilities 

1966 65,000 36,200 +28,800 37-mw. Awash No. 2 added 
1967 65,000 43,300 +21,700 
1968 102,000 51,600 +50,400 37-mw. Awash No. 3 added 
1969 102,000 62,000 +40,000 
1970 102,000 72,200 +29,800 
1971 139,000 82,600 +56,400 -37-mw. Awash No. 4 added 
1972 139,000 94,300 +44,700 
1973 139,000 107,300 +31,700 
1974 219,000 121,600 +97,400 80-mw. Fincha added 
1975 219,000 135,600 +83,400 
1976 219,000 152,100 +66,900 
1977 219,000 188,800 +30,200 
1978 299,000 210,900 +88,100 80-mw. Neshe added 
1979 299,000 230,000 +69,000 
1980 299,000 255,000 +44,000 
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probable single-line diagram of the Interconnected System as it 
may exist in 1980, Case A only. 

Estimated Power Costs 
+ of Alternative Sources 

Direct power benefits as discussed in SECTION VIII can be 
measured by the lesser of two figures--the estimated cost of the 
most economiqal alternative source of equivalent power likely to be 
developed in the market area in the absence of either of the projects 
in the Finchan Sub-Basin, or the estimated value of power to the 
users in cases where an alternative to Finchan Sub-Basin plants may 
not exist or where alternative costs would exceed the maximum rates 
at which the power could be marketed. The alternative source most 
likely to be developed is an oil-fired, steam-electric powerplant 
located near the principal load center, Addis Ababa. The estimated 
power costs of alternative sources are obtained first for the Finchaa 
powerplant and second for the Neshe powerplant. 

Although the installed capacity may be the same (80 mw.) 
for both the Finchaa and Neshe plants, the Neshe plant is capable 
of slightly greater annual energy generation than is the Finchas. 

Finchaa Hydroelectric Powernlant and Related Facilities
 

Equivalent Steam Plant at Akaki--Size and Description of
 
Fa.eilities. The Finchaa powerplant can deliver to the Addis Ababa
 
load center a maximum of 343,692,000 kw.-hr. in an adverse water
 
year, allowing for losses and system use. For an equivalent steam
electric plant located on the Aba Samuel Reservoir near Akaki 
(see Dwg. No. 4.0-BN-85) to deliver the same amount of energy to 
the same area as the Finchan hydro, the Akaki steam plant would have 
to be capable of generating 365,436,000 kw.-hr. (gross) per year. 
This considers delivery at the same voltage, considers all losses, 
and also considers the much larger (five percent of gross) plant 
requirements for own use. The equivalent steam plant capacity would 
be 83.4 mw. The following characteristics were assumed. 

Millions of B.t.u. per hour 433= 

Superheat temperature 950' F. 

Operating pressure = 1,360 p.s.i.g. 

Steam Plant and Related Facility Construction Costs. Using
 
steam plant boiler and generating facility cost curves developed 
for Ethiopia, the following costs were arrived at. 
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Boiler Plant Eth$6,500,000
 
Generating facilities 25.000.000
 

Subtotal Eth$31,500,000
 
(Eth$394/kw. or US$158/kw.)
 

&-

Spur railroad, 7 km, long 441,000
 
Access road, 2-lane, gravel, 7 km. 464,000
 
Switchyard cost at steam plant 3, 769,000 -

Transmission lines, 2 each, 132-ky., 2S km. 2,352,000
 
Receiving-end substation (switching only) 1.218.000
 

Total Eth$39,744,000 

Annual Overation and Maintenance Costs. Fuel costs (furnace 
oil) will be substantial, as this is an imported item., The fuel has 
been assumed to have 40,700 B.t.u./kg. and costs Eth$128/metric ton,
based upon fuel costs for the Addis Ababa steam plant. A total of 
93,292 metric tons of fuel oil would be required per year, costing 
Eth$11,941,376. The following costs were arrived at. 

Fuel costs Eth$11,941,376 
O&M including lubrication oils 1,2001000 
Road and railroad 11,000 
Transmission lines and substation 35,000 

Annual Fixed Costs. The present government-owned authority,

EELPA, pays a substantial tax each year to governmental units. The 
amount used here is not intended to reflect the same tax rate but 
is used for both the hydro facilities and their alternatives. 

Taxes and insurance Eth$124,427
 
Replacement reserve, all facilities 697,569 
Amortization 2,394,763 

Annual replacement costs were computed on the basis of five
 
percent for 50 years, using service lives estimated to reflect 
conditions in Ethiopia. This included a service life of 25 years
for the steam plant. 

Amortization was based upon a five percent interest rate 
at 50 years and also included amortizing the cost of interest during 
construction, amounting to Eth$3,974,400. 
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Summary of Annual Costs. All annual costs can be summarized
 
as shown below.
 

Operation, Maintenance, and Replacement
 
Fuel costs Eth$11,941,376
 
O&M steam plant, lines, substations 1,235,000
 
Road and railroad maintenance 11,000
 
Replacement reserve 697,569 

Subtotal Eth$13,884,945
 

Amortization 2,394,763 

Other (taxes and insurance) 124,427 

Total steam alternative Eth$16,404,135 
rounded to Eth$16,400,000
 

- Cost of Alternative Energy. Cost of energy at the same 
load point as that from Finchaa hydroplant is as follows: 

Eth$16.t00.000 = Eth4.770/kw.-hr. (US1.914/kw.-hr.) 
343,692,000 kw.-hr./yr 

(Note: Eth4.72$/kw-hr. at busbar, steam plant.)
 

Neshe Hydroelectric Powernlant and Related Facilities
 

Eauivalent Steam Plant at Ahaki (Acachi). Neshe facilities 
from the Fincehas Sub-Basin will follow some time after completion of 
the Finchaa powerplant. Its alternative source at load center is 
also a steam plant located at Akaki, as shown by Drawing No. 4.0-BN-85. 

Size and Description of Facilities. The Neshe powerplant 
can deliver to the Addis Ababa load center a maximum of 360,457,000 
kw.-hr. in an adverse water year, allowing for losses and system use. 
To deliver the same amount of energy to the same area as the Neshe 
powerplant, the Akaki steam plant would have to be capable of 
generating 383,263,000 kw.-hr. (gross) per year. This also considers 
delivery at the same voltage, considers all losses, and considers the 
larger plant requirements needed by steam electric powerplants (five 
percent of gross) for its own use. 

The equivalent steam plant capacity would be -87.5 mw.,
 
and the plant would have the following assumed characteristics.
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Millions of B.t.u. per hr. - 455 
Superheat temperature = 9500 F. 
Operating pressure = 1,360 p.s.i.g. 

Steam Plant and Related Facility Construction Costs. The 
following costs have been arrived at. 

Boiler plant Eth$6,800,000
 
Generating facilities 26.000,000 

Subtotal Eth$32,800,000 
(Eth$375/kw. or US$150/kw.) 

Spur railroad, 7 km. long 441,000 
Access road, 2-lane, gravel, 7 km. 464,000 
Switchyard cost at steam plant 3,769,000 
Transmission lines, 2 each, 132 ky., 28 km. 2,352,000 
Receiving-end substation (switching only) 1,218,000 

Total Eth$41,044,000 

Annual Operation and Maintenance Costs. The same assumptions 
regarding fuel were made here as were used for the Finchan Project
 
study. However, a total of 97,957 metric tons would be required per
 
year, costing Eth$12,538,500.
 

Annual operation and maintenance costs are estimated as
 
follows. 

Fuel Eth$12,538,500
 
O&M including lubrication oils 1,200,C0
 
Road and railroad 11,000
 
Transmission lines and substation 35,000
 

Annual Fixed Costs. Costs falling into this category were
 
estimated as shown below. 

Taxes and insurance Eth$128,976 
Replacement reserve, all facilities 724,869 
Amortization 2,473,094 

Summary of Annual Costs. Total annual costs can be 
summarized as shown in the following tabulation. 4-

Operation, maintenance, and replacement 
Fuel costs . I Eth$12,538,500 
O&M steamplant, lines, substations 1,235,000 
Road and railroad maintenance 11,000 

'IT 

Replacement reserve 724.869 

Subtotal Eth$14,509,369
 
Amortization 2,473,094
 
Other (taxes and insurance) 128-976
 

Total steam alternative Eth$17,111,439 
rounded to Eth$17,110,000 
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Cost of Alternative Energy. The cost of energy at the 
same load point as that from the Neshe hydroelectric powerplant is 
shown below. 

Eth*17,110,000 = Ethb75/k.-br. (Us1.90j/ky.-br.)
360,457,000 kw.-hr./yr / 

(Note: Eth.70$/kv.-br. at busbar, steam plant.)
 

Summary
 

The average cost of steam electric generating -stations in 
the United States in 1960 was US$152.50 per installed kilowatt of 
capacity,21/ exclusive of switchyard. The busbar energy cost 
averaged USO.69$ per kilowatt-hour for all stations. This compares 
with the steam alternative for the Finchaa powerplant as follows: 

Cost of installed capacity US$158/kw. 
Cost of energy at busbar US$.0189/kw.-hr. 

The cost of energy from Akaki steam plant would range from 1.4 to 
about 2.0 times that in the United States, while the cost per
 
installed kilowatt is comparable, based upon a European plant 
installed at Akaki. The high energy cost is largely attributed 
to higher fuel costs. 

Electrical world, 12th Steam Station Cost Survey, Oct. 2, 1961. 
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SECTION Vill - ECONOMIC ANALYSIS 

FINCHAA PROJECT 

Benefits 

Irrigation. Annual irrigation benefits of the Finehaa 
Project are expected to be Eth$8,936,o0O under full development 
conditions. The gross crop method of analysis shows the the 
Finchaa Project has an expected annual post-project income of 
Eth$595-70 per hectare. There is no pre-project income, so the 
increased ,income arising from project development is the same 
Eth$595-70. Applied to the full project, the gross income is 
approximately Eth$8,936,000 annually. 

This figure represents the gross value of crops expected 
to be produced in a single year under full development, assuming 
the stated crops, prices, and yields. Farm costs have not been 
deducted from this gross return, due to the lack of reliable and 
valid data. Consequently, the Eth$8,936,000 figure exceeds the 
net return to irrigation. It includes the direct benefits, which 
apply to the project area, and the indirect benefits, which apply 
to the economy outside the project. 

Benefits from irrigation arise at the farm or project 
level, but are not confined -there. Any farm expense, whether labor, 
supplies, or machine operation, represents farm costs, but creates 
a monetary benefit to the supplier of the goods or service. Bene
fits are widespread, since the purchase of a single item may involve 
not only the local retailer and wholesaler, but possibly a jobber 
and importer. Sales of farm products create a similar type of 
chain reaction.
 

To measure these indirect benefits, as well as the direct 
benefits where farm costs can neither be measured nor predicted 
accurately, the "gross crop income" method is used. Gross returns 
are computed for farming operations, under full development condi
tions, and represent the value of the irrigation project to the 
country as a whole. They are compared to the annual equivalent 
costs of the irrigation project, in a benefit-cost ratio. 
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Project labor will receive a large share of the benefits, 
since field labor, excluding farmers, will be required at the prob
able 'rate of one man per hectare. Benefits accruing to the dealers 
who handle, process, and market the crops, and to those who supply 
goods and services needed on the project, make up another large 
component. And still another monetary benefit will be the profits 
to farmers and to the project. 

Many nonmonetary benefits will arise as a result of project 
development. The improvements in housing and diet, in sanitary and 
medical facilities, the increased opportunity to educate the 
children, the beginning of a rural land market, and the chance to 
acquire and practice new skills are important. But most important 
will be the creation of a class of independent, capable, commercial 
farmers. This is the final goal of the Finchaa Project and is 
probably the greatest single benefit that will be attributed to 
irrigation project development in Ethiopia. 

No precise measurement of tax benefits to the national 
treasury is presented, but the pattern of levying taxes on agricul
tural projects in Ethiopia is well established. Therefore, a portion 
of the gross income would be paid in taxes each year. The amount 
could be known only after operations had commenced and governmental 
policy regarding land taxes and tithes, health and education taxes, 
and taxation of wages and private income had crystallized. 

The effect of the investment on the Ethiopian economy should 
not be overlooked. Although plans regarding the source and amount of 
foreign and local capital are not yet formulated, certainly a major 
part of the capital would be of foreign origin. Construction of the 
multiple-purpose Finchaa Project will exceed Eth$91,000,000; the 
effect of a sum of this magnitude on the Ethiopian economy will be 
enormous. 

Both the positive and the negative effects of this input of 
capital must be considered. Positive effects can take the foiin of 
increased demand and employment; negative effects, the form of infla
tion or the withholding of scarce physical resources from other 
segments of the economy during the construction period. 

For any irrigation project there is a period between the 
initiation of development of project lands and full project develop
ment. This period, called a "lag," is of uncertain duration for the 
Finchas Project, or indeed for any irrigation project in Ethiopia. 
Many questions regarding the rate of growth remain unanswered. But 
until full benefits are realized, the project cannot produce 
Eth*8,936,O0 in gross crop value annually. 
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To offset the period before full project benefits are 
realized,, a conservative approach is used for crop yields and land 
utilization. Yield figures are based upon similar irrigated areas 
and adjusted for the Finchas valley. But they have not been projected 
upward for the future. Since comercial crops are constantly being 
improved, new varieties developed, and better techniques adapted, it 
is reasonable to assume that yields would be higher in the future. 
This is especially true because an experimental farm is planned for 
every irrigation project. If yields increase, nonetary returns 
would be higher. 

The cropping pattern projects only one planting of each 
crop per irrigation season. This also understates future income, 
since fuller utilization of project lands is probable after opera
tions have become well established.
 

Consequently, ultimate crop income may well exceed the
 
Eth$8,932,000 figure. This would tend to offset the early period when 
less than full returns were realized. It is probably more justifi
able to assume that income greater than Eth$8,932,000 willbe achieved 
toward the end of the development period, to balance or offset the 
early years when less was realized, than it is to attempt to predict
 
the duration and tie extent of the lag.
 

The contribution of the Finchaa Project to the gross 
national economy of Ethiopia should be considered. The G.N.P. of 
Ethiopia is expected to reach Eth$2,400000,000 I/ by 1964. Under 
ultimate development the Finchaa Project should contribute 
Eth$25,336,000 yearly. Although the figures are not strictly com
parable due to the lag in development and the techniques of comput
ing irrigation and power benefits, still a contribution of this size 
would be significant to the agricultural, agricultural processing, 
electric power, and the manufacturing sectors of the economy. 

Power. Two broad categories of power benefits are used: 
direct, and indirect and intangible. Direct power benefits are 
evaluated in nonetary terms and comprise the only category used in 
this study to evaluate benefits when comparing with costs to arrive 
at a benefit-cost ratio. Indirect and intangible benefits, although 
very important, have not been evaluated in monetary terms in this 
study and hence are not included in the total annual monetary bene
fit used to compare with costs. 

Direct power benefits are the values placed on the sup
plies of electric power and energy delivered at wholesale prices to
 
municipalities, federal agencies, or privately owned public utilities.
 
For this study, it could be the value placed on delivery to the EEIPA at 
Addis Ababa.
 

1/USAID/Ethiopia, 1962.
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In principle, the value or benefit of this service is the 
market price that EELPA would pay for designated anounts of particu
lar classes of power and energy at specific times and points of 
delivery. In practice, direct power benefits are measured by the 
lesser of two figures--the estimated cost of the most economical 
alternative source of equivalent power likely to be developed in the 
market area in the absence -ofthe project, or the estimated value of 
power to the users in cases where an alternative to IEG project 
development may not exist or where alternative costs would exceed 
the maximum rates at which the power could be marketed. For this 
study, it was determined that the alternative source of equivalent 
power would be an oil-fired steam plant located near Addis Ababa at 
Akaki. (See SECTION VII.) Direct power benefits by this method are 
estimated at Eth$16,400,000 annually. Power benefits may be realised 
at downstream powerplants as a result of planned water releases 
upstream. In this study, there are no existing downstream plants, 
but these may develop in the future. 

Indirect and intangible power benefits, although not 
measured in mnnetary terms, occur by virtue of the existence and 
operation of the project features. For the Finchaa Sub-Basin Projects, 
these intangible benefits are as follows: 

1. Effectuation of greater dependability and continuity of 
power service through the integration and coordination of Finchaa 
Sub-Basin powerplants with the Awash powerplants. 

2. Contribution to effective industrial, commercial, and 
urban development to help achieve the national goal of transform
ing the present agricultural economy to an agricultural-industrial 
econow by 1982.
 

3. The maki available of larger blocks of power useful 
in a national emergency, and so contributory to national security. 

4. Conservation of foreign exchange by reduction-of the 
need for importation of fossil fuels. 

Some indirect benefits resulting from the- construction of 
the Finchaa Sub-Basin Projects are as follows; 

1. Sedimentation control. In the futute, other reservoirs 
may -e constructed downstream on the Blue Nile River, and in some 
small measure the Finchaa Project reservoirs will contribute 
toward the prolongation of the useful lives of downstream reser
voirs, resulting in the extension of the power and other benefits 
that they may provide. 
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.2. Fish and wildlife conservation. Ultimately, the reser
voirs, when planted with the proper species, may provide a good 
source of fish to supplement the diets of the local people or 
even produce enough to warrant commercial development. The 
existing swamps produce no fish at present. 

Of the indirect and intangible benefits, the ontribution 
of the projects toward developing the industrial, commercial, and 
urban segments of the economy may be considered the most, important. 
In a country which has no local supply of oil, coal, or oher eco
nomical source of energy in commercial quantities, the necessity to 
import large quantities of fuel provides a deterrent to large scale 
development. Not only is imported fuel costly to use, but the import 
expenses can place a severe load on the economy which has to provide 
sufficient exports to met the bill. 

Ethiopia, with the establishment of the Koka dam and with 
continued additions to the hydroelectric power supply, including the 
Finchaa and Amarti-Neshe facilities, will solve the industrial fuel 
problem by providing for its own domestic source of power. It has 
or can obtain the other means of industrial production--labor, 
materials, and enterprise--although the latter is perhaps in short 
supply now. 

Diversification of the economy, placing greater emphasis 
on industrialization, can form a basis for permanent improvement of 
living standards, in turn resultinj in better health, education, and 
per capita income. The stimuli t6 industrialization provided by 
ample hydroelectric supplies are three: 

1. By reducing initial costs of power installations and 
the total cost of providing power during the lifetime of any 
particular industrial concern. 

2. By providing sufficient quantities of power, as and 
when required. 

3. By providing flexibility in use of electricity as
 
opposed to other forms of power.
 

The beneficial effects of industrialization as they apply 
to Ethiopia may be summarized as follows: 

1. Greater use is made of Ethiopia's own resources so that 
a higher proportion of the final value of the country' s products 
can be retained in the country, reducing imports. 
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2. A new class of artisans will be created which, in
 
turn, necessitates and brings about a gradual improvement in
 
educational standards. The new conditions of working and
 
earning encourage the raising of living standards by giving
 
the people incentives to own material things.
 

Costs 

Construction. Construction costs for the multiple-purpose 
Finchaa Project, excluding land development costs, are Eth$86,127,000. 
These include Eth$16,112,000 for the irrigation facilities, 
Eth$65,177,000 for the power facilities, and Eth$4,838000 for the 
joint-use facilities. Iand development costs are Eth$5,325000 and 
bring total construction and development costs to Eth$91,452,000. 
Construction costs are amortized over a fifty-year period at five 
percent interest. 

Interest during Construction. Interest during the con
struction period is an economic cost of the Finchaa Project. It 
represents the cost of borrowing the funds required during the four
or five-year period of construction, preceding the fifty-year period 
of project operations. Benefits are calculated for the fifty years 
following construction, but the cost of borrowing the money before 
benefits are realized must be included to make the ratio of benefits 
to costs as complete as possible.-

Simple interest is charged on monies borrowed to construct 
the project, and is amortized over the fifty-year period of analysis 
at five percent. Five years are required to construct the irriga
tion facilities, four years for the power and joint-use facilities. 

Total interest during construction is Eth$9,015,500 
(Eth$9,016,o0o). This includes Eth$2,014,000 for irrigation, 
Etb$6,517,700 for power, and Eth$483,800 for the joint-use facilities. 

Development Costs. Land development constitutes two
 
factors--land clearing and land leveling. The Finchaa Project area
 
lies in the tropical savannah classification of Ethiopian forest 
and supports a heavy growth on the land. Clearing costs are 
expected to approximate Eth$230 per hectare, or Eth$3,450,ooo for 
the entire project.
 

The land is moderately gentle to rolling, and leveling 
costs are expected to be Eth$125 per hectare, or Eth$1,875,000 for 
the project. Therefore, total land development costs should be 
Eth$5,325,000 for the project, or Eth$292,000 per year when amortized 
over the fifty-year period of analysis at five percent interest. 
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Operation, Maintenance, and Replacement Costs. Personnel 
expenses for operation, maintenance, and replacement of the Finchaa 
Project are expected to be about Eth$255,000 per year. Costs for 
equipment, 	 supply, and general expenses should average Eth$285,000. 
Therefore, 	yearly costs for the irrigation function of the Finchaa 
Project should be Eth$5#O,000 annually. In addition, Eth$8,000 
will be required yearly for operation, maintenance, and replacement 
of the portion of the joint-use facilities allocated to irrigation. 
Total costs 	then would be Eth$588,000 per year. 

Other Costs. In addition to the construction, interest 
during construction, land development, and operation, maintenance, 
and replacement costs, still other costs exist for which no account
ing is made in this reconnaissance study. These include the costs 
of constructing roads from the nearest highway into the project 
area, eradicating the present and potential diseases which make 
human life hazardous in the valley, acquiring the lands for project 
use, and the costs which are associated with land settlement. 

A highway exists from Addis Ababa through the village of 
Gedo, the closest point to the Finchaa Project area. A trail north 
from Gedo to the hamlets of Shambo and Haratu is not usable for 
heavy hauling, nor does it extend to the Finchaa valley, 

Although access roads are planned as costs of the project, 
these will cover only the distance from the edge of the escarpment 
to the lower end of the project. Therefore, a road is required from 
Gedo to the escarpment edge, a distance of some 60 to 70 kilometers. 
The construction, which would involve considerable cost to the govern
ment, would probably be delegated to the Imperial Highway Authority. 

At present the valley is uninhabited; this is thought to 
be because animal and human diseases make the area unsafe for life 
and livelihood. Cattle diseases are less important, because stock 
will be kept only on a small scale (see "Livestock"). Nevertheless, 
animal health should be considered by the Ministry of Agriculture. 
Human disease is a paramount problem. The Anopheles mosquito and 
the Glossina tsetse fly make vector control necessary. And equally 
important is the danger of bilharziasis, a disease which does not now 
exist in the Finchaa valley. Billarziasis or schistomiasis is a 

' 	 water-borne sickness which tends to follow the introduction of irri
gation in Africa. The disease is caused by a group of blood flukes 
(Schistosome species) and is carried by certain fresh-water snails 
(Bulinus or Physopsis species). Control of the snails is essential, 
and they appear to thrive in such shallow watery areas as irrigation 
canals and ditches. Costs of combating bilharziasis, other water
borne diseases, and injurious insects may be high for irrigation 
projects. . Cooperation with the Ministry of Health is essential. 
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No costs have been assigned for the acquisition of project
 
lands. Inasmuch as the Finchs valley is unoccupied, no major 
expenses should be involved, although the local people living in the 
Chomen Swamp may claim ownership of the land. 

Settlement costs and social and technical services are not 
included. A permanent camp is planned, but this is not intended to 
house farmers or laborers. Costs involved in-moving people into the 
area and providing them the necessities until they can become self
supporting will require consideration in a detailed study. The cost 
of educating the children, providing sanitation systems and other 
social overhead services, and paying the agricultural, engineering, 
and health education specialists should be considered later. Each 
of these costs, whether for road construction, disease control, or 
acquiring and settling land, is real and must be considered when a 
final evaluation of the Finchaa Project is made. The sum of all 
costs should be measured against expected benefits to develop a more 
refined benefit-cost ratio, and to present precise financial data 
when a project loan is requested. 

Annual Cost Equivalents. To determine the ratio of bene
fits to cost for the multiple-purpose Finchaa Project, annual equiva
lent costs are compared to annual benefits. Table VIII-1 summarizes 
the costs on a fifty-year- and an annual equivalent, at five percent 
interest. All figures are shown in thousands of Ethiopian dollars. 

Benefit-Cost Analysis 

Annual benefits from the Finchaa Project, under full develop
ment conditions, are Eth$25,336,000. Annual equivalent costs are 
Eth$7,373,000, assuming a -fifty-year period of analysis and a five 
percent rate of interest. 

On this basis, the ratio of benefits to cost for the Finchaa 
Project is: 

= 3.44 to 1.00 
Eth% 7,373,000 

The following cost allocation discussion allocates the joint 
costs, in order to determine separate benefit-cost ratios for irriga
tion and power. 
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TABLE VIII-1 - SUMARY OF COSTS AND ANNUAL COST EQUIVALENTS
 
FINCHAA PROJECT (ETH$1,000) 

k Feature 
Construe-

Featuretion 
cost 

Interest 
during 

Construe-
tion 

Capital 
costs 

Interest 
andAmortza-
tion 

Annual 

M
OM& Toa

Total 

Irrigation 

Diversion dam 
East Main Canal 
West Main Canal 
Distribution and 

drainage system 
Land development 

545 
3,031 
1,989 

10,547 

5,325 

68 
379 
249 

1,318 

-

613 
3,410 
2,238 

11,865 

5,325 

Subtotal, 
irrigation 

21,437 2,014 23,451 1,285 540 1,825 

Power 

Diversion dam 
Powerplant 
Power tunnel 
Transmission 

lines, etc. 

210 
11,015 
32,948 
21,004 

21 
1,102 
3,295 
2,100 

231 
12,117 
36,243 
23,104 

Subtotal, 
power 

65,177 6,518 71,695 3,927 1,224 5,151 

Joint facilities 

Finehaa Dam and 
Reservoir 

Access roads 
Permanent camp 

682 

1,812 
2,344 

68 

181 
235 

750 

1,993 
2,579 

Subtotal, 
Joint facilities 

4,838 484 5,322 291 106 397 

Total 91,452 9,016 100,468 5,503 1,87 7,373 
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Cost Allocation. There are two separate functions of the 
multiple-purpose FinchaaProject--irrigation and power. Some physical 
facilities are constructed specifically to serve irrigation, others 
specifically to serve power. Several, including the Finchaa Dam, the 
access road, and the permanent camp, are joint facilities constructed 
to serve both functions. The total costs of irrigation and power,
therefore, are the cost of the facilities constructed specifically 
for that function, plus a portion of the costs of the joint facilities. 

The Alternative Justifiable Expenditure method of cost 
allocation allocates costs of multiple-purpose projects according to 
a maximm allocation, a minimum allocation, and a sharing of joint 
costs. The maximum allocation, called the justifiable expenditure, 
is the highest cost that can be assigned to a function. This figure 
is the lesser of either the benefits expected to arise from construc
tion and operation of the project, or of the costs of obtaining the 
sam amunt of benefit from the mst likely alternative built in the 
absence of the project. The minimum allocation is the lowest cost 
which can be assigned to a function. It is the specific cost, or 
the cost which would be incurred on.ly f or irrig at io n 
or only for pow er. -Specific costs include such facili
ties as the irrigation diversion dam, the powerplant, or the power 

tunnel. The joint costs are for facilities which are constructed to 
serve both functions, such as the Finchaa Dam or the access roads. 

The allocation for irrigation or power is less than the 
maximum allocation but greater than the minimnm allocation. It 
consists of the specific costs for each function, plus a sharing of 
the joint costs. 

For the Finchaa Project, the costs of building the most 
likely alternative for both irrigation and power are less than the 
expected benefits which will arise from construction and operation 
of the project. The alternative costs, therefore, are the justifi
able expenditure. The specific costs of irrigation are subtracted 
from the justifiable expenditure of irrigation; the same is done for 
power. The remainders are called the remaining justifiable expendi
ture. They are added together, and divided proportionally between 
irrigation and power. 

Joint costs are then allocated to Irrigation and power by 
these percentages, and added to the specific costs of each function. 
Therefore, total allocated costs of irrigation and of power are the 
sum of the specific costs of each function, plus a share of the 
joint costs. 

Table VIII-2 lists specific and joint costs of the Finchaa 
Project, and Table VIII-3 allocates costs according to the Alternative 
Justifiable kthod. 
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TABLE VIII-2 - SPECIFIC AND JOINT COSTS OF THE FINCHAA PROJECT 
(Eth$1,000)
 

-4 
Item Construction 

Interest 
during 

Construction 
Annual 

OM&R 

Present 
worth 
OM&R 

Total 

Specific costs 
Irrigation 
Power 

21,437 ;/ 
65,177 

2,014 2 
6,518 

(540) 
(1,224)2/ 

9,858 
22,340 

33,309 
94,040 

Joint costs 4,838 484 (106) 1,935 7,257 

Total 91,452 9,016 (1,890) 34,138 134j606 

/Construction 
Developuent 

Eth$16,112 
5.325 

21,437 

2/Interest during construction is not applied on development costs. 

2/Operation, maintenance, and replacement 
Taxes and insurance 

Eth$1,126 
98 

1,224 
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TABLE VIII-3 - ALLOCATION OF COSTS OF THE FINCHAA PROJECT, 
BY USE OF THE ALTERNATIVE JUSTIFIABLE METHOD (ET$1,ooo) 

Item Irrigation Power Total 

Costs to be allocated 134,606 

1. Annual benefits 
Benefits capitalized-

8,936 
163,135 

16,400 
299,397 

25,336 
462,532 

4 

2. Alternative costs 
Construction 
Interest during 
construction 26 

OMR 
(Annual OM&R) 

37,742 
24,322 1/
2,375 

11,045 
(605) 

99,326 
68,672 

6,867 

23,787 
(1,303) 

137.068 
92,994 
9,242 

34,832 
(1,908: 

itt 

3. Justifiable expenditure 37,742 99,326 137,068 

4. Specific costs 
Construction 
Interest during 

construction 2/ 
OM&R 
(Annual OM&R) 

0 
21,437 1/ 
2,014 

9,858 
(540) 

94,040 
65,177 
6,518 

22,345 
(1,224) 

127,349 
86,614 
8,532 

32,203 
(1,764) 

5. Remaining justifiable 
expenditure 

4,433 5,286 9,719 

6. Percentage distribution 45.6 54.4 100.0 

7. Allocated Joint 
Construction 
Interest during 
OMR 
(Annual OM&R) 

costs 

construction 
2,206 

221 
882 
(48) 

3.,948 
2,632 

263 
1,053 

(58) 

7.257 
4,838 

484 
1,935 

(106) 

8. Total allocated costs 
Construction 
Interest during construction 
OM&R 
(Annual ON&R) 

36,618 
23,643 
2,235 

10,740 
(588) 

97,988 
67,809 
6,781 

23,398 
(1,282) 

134.606 
91,452 
9,016 
34,138 
(1,890) 

iJIncludes land development- costs 
ko interest during construction 

of Etb$5,325 
is charged on land development 
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Benefit-Cost Analysis, Irrigation. Annual irrigation bene
fits are Eth$8,936,000 and total costs allocated to irrigation are 
Eth$36,618,000. Table VIII-4 reduces irrigation costs to an annual 
equivalent basis, and indicates that annual costs chargeable to 
irrigation are Eth$2,006,000. 

24 
TABLE VIII-4 - SUMMRY OF IRRIGATION COSTS, FINCHAA IROJECT (ETH$1,000). 

Interest Annual 
Construe- during Capital Interest 

Feature tion Construe- costs Amoriza- OM& Total 
tion tion 

East Main Canal 3,031 379 3,410
 
West Main Canal 1,989 249 2,238
 
Distribution and 10,547 1,318 11,865
 

drainage system
 
Service facilities 1,895 190 2,085
 

Subtotal, 17,462 2,136 19,598 1,074 577 1,651
 
canal system 

Finchaa Dam and 311 31 342 10 
Reservoir 

Irrigation diversion 545 68 613 1 
dam 

Subtotal, 856 99 955 52 11 63 
diversion and
 
storage system 

Land development 5,325 - 5,325 292 - 292 

Total 23,643 2,235 25,878 1,418 588 2,006 

On this basis, the ratio of benefits to costs for irrigation 
is: 

Eth$8,936,000 
- 4.45 to 1.00Eth$2,006,000 
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Benefit-Cost Analysis, Power. Annual power benefits are 
Eth$16,400,000 and total costs allocated to power are Eth$97,988,000 
Table VIII-5 reduces power costs to an annual equivalent basis, and 
indicates that annual costs chargeable to power are Eth$5,367,000. 

TABLE VIII-5 SUWAARY OF POWER COSTS, FINCHAA PROJECT (Eth$1,000)- *' 
Interest Annual
 

Construe- - during Capital Interest
 
Feature tion Construe -costs AR Total
 

tion tion
 

Power diversion dan 210 21 231 
Powerplant 11,015 1,102 12,117 
Power tunnel 32,948 3,295 36,243 

Subtotal, power 44,173 4,418 48,591 2,662 704 3,366
 
generation 

Transmission plant 21,004 2,100 23,104 
Service facilities 2,261. 226 2,487 

Subtotal, trans- 23s265 2,326 25,591 1,401 565 1,966
 
mission and
 
service facilities
 

Finchaa Dam and 371 37 408 22 13 35 
Reservoir
 

Total 67,809 6,781 74,590 4,085 1,282 5,367 

On this basis, the ratio of benefits to costs for power is:
 

Eth$16.400.000 = 3.06 to 1.00 r 
Eth$ 5,367,000
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AMARTI-NESHE PROJECT 

Benefits 

Irrigation. Annual irrigation benefits of the Amarti-

Neshe Project are expected to be Eth$5,o62,000 under full development 
conditions. The sross crop income method of analysis shows that the 

Amarti-Neshe Project has an- expected post-project income of Eth$595.70 
per hectare. There is no pre-project income, so the increased income 
arising from project development is the same Eth$595*70 per hectare. 
Applied to the full project, gross crop income is approximately 
Eth$5,062,000 annually. 

This gross income, or gross annual benefit arising from 
irrigation, will produce a similar reaction on the Ethiopian economy 
as the irrigation benefit from the Finchaa Project. However, the 
extent of the reaction will be less, since the gross benefit is 
smaller for the Amarti-Neshe Project. 

Power. The same general statements made for the Finchaa 
Project apply here. The direct power benefit was arrived at in the 
same manner--i.e., using the alternative cost principle based upon 
a steam electric powerplant located near Addis Ababa. (See SECTION 
VII.) Direct power benefits by this method are estimated at 
Eth$1L7,110,000 annually. 

The indirect and intangible power benefits to which no 
monetary value has been assigned are as outlined for the Finchaa 
Project. 

Costs
 

Construction. Construction costs for the proposed multiple

purpose Amarti-Neshe Project, excluding land development costs, are 
Eth$123,020,000. These include Eth$9,487,000 for the irrigation 
facilities, Eth$56,274,000 for the power facilities, and 
Eth$57,259,000 for.the joint-use facilities. Iand development costs 
of Eth$3,014,000 bring total construction and development costs to 
Eth$126,034,O00. Construction costs are amortized over a fifty-year 
period at five percent interest.
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Interest during Construction.- Interest during the con

struction period for the Amarti-Neshe Project is Eth$12,539,175 
(Eth$12,539,000). This includes Eth$1,185,875 for irrigation, 
Eth$5, 6 27, 4 00 for power, and Eth$5,725,900 for the joint-use 

facilities. Interest during construction is amortized over a 
fifty-year period at five percent interest. 

Development Costs. The Amarti-Neshe Project lies in the 

tropical savannah classification of lowland Ethiopian forest, and 

the vegetative growth on the project area is of sufficient thickness 

to classify the clearing costs as "heavy". Clearing costs are 

expected to approximate Eth$230 per hectare, or Eth$l,952,700 for 

the entire 8,490-hectare project. 

The Amarti-Neshe Project area is gentle to rolling and 

falls into the "moderate" category of leveling. This category 

carries a charge of Eth$125 per hectare, or Eth$1,061,250. 

Total clearing and leveling charges, collectively called 

development costs, are Eth$3,013,950 (Eth$3,0l4,ooo). Annual
 

charges, determined by using the five-percent, fifty-year period
 

factor, are Eth$165,000. 

Operation, Maintenance, and Replacement Costs. Personnel 

costs required to operate and maintain the distribution and storage 

system of the 8,490-hectare Amarti-Neshe Project should be 

Eth$173,000 yearly. Costs for equipment, supplies, and general 

expenses will be approximately Eth$178,000 annually, for a total of 

Eth$351,o0. In addition, Eth$31,000 will be required annually for 

operation, maintenance, and replacement of the portion of the joint

use facilities allocated to irrigation. Total costs then would be 

Eth$382,000 per year. 

Other Costs. The same type of additional costs expected in 

the Finchaa area will apply to the Amarti-Neshe area. The. costs of 

combating diseases, settling people in this new area, and social and 
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technical services will be substantial for this area, as they will be 
for the Finchaa. However, there will be no need to construct a road
 
from Gedo, since this will be done for the Finchaa Project. Further
more, unit costs of other factors may be cheaper, due to experience
 
gained when developing the Finchaa.
 

Annual Cost Equivalents. To determine the ratio of benefits
 
to costs of the multiple-purpose Amarti-Neshe Project, the annual equiva
lent costs are compared to annual benefits. Table VIII-6 summarizes
 
the costs on a fifty-year and on an annual equivalent basis, at five per
cent interest.
 

TABLE VIII-6 - SUMARY OF COSTS AND ANNUAL COST EQUIVALENTS--
SAMARTI-NESHE PROJECT (ETH$1,000) 

Irrigation
 

Diversion dam 280 35 315 
South Main Canal 1,994 249 2,243 
North Main Canal 979 123 1,102 
Distribution and 6,234 779 7,013 

Drainage System 
Land Development 
Subtotal,irrigation 

jf013.___ 
12,501 

-
1,186 

3-014 
13,687 750 351 1,101 

Power 

Powerplant 37,247 3,725 40,972 -

Power tunnel 2,251 225 2,476 
Power canal 2,213 221 2,434 
Transmission 14,563 1,456 16,019 
-lines, etc. 
Subtotal, power 56,274 5,627 61l901 3,391 1,244 4,635 

Joint Facilities
 

Amarti dam and 12,267 1,227 13,494
 
reservoir
 

Neshe dam and 39,867 3,987 43,854
 
reservoir
 

Access roads 2,938 294 3,232
 
Permanent camp 2.187 218 2.405
 
Subtotal, joint 57,259 5,726 62,985 3,450 129 3,579
 
facilities
 
Total 126,034 12,539 138,573 7,591 1,724 9,315
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Benefit-Cost Analysis
 

Annual benefits from the Amarti-Nesh-e 
Project under full development conditions are Eth$22,172,000. Annual 
equivalent costs are Eth$9,315,000, assuming a fifty-year period of 
analysis and a five-percent rate of interest. On this basis, the 
ratio of benefits to costs for the Anarti-Neshe Project is: 

Eth$22,172,000 = 2.38 to 1.00
 
Eth$ 9,315,000
 

The following cost allocation discussion allocates the joint em 
costs, in order to arrive at separate benefit-cost ratios for 
irrigation and for power. 

Cost Allocation. The Alternate-Justifiable Expenditure 
method of cost allocation is used to allocate joint costs of the 
Amarti-Neshe Project between irrigation and power. Table VIII-7 
lists the specific and joint costs of the project, and Table VIII-8 
allocates costs according to this method. 

TABLE VIII-7 - SPECIFIC AND JOINT COSTS OF THE 
AMARTI-NESHE PROJECT (ETH$1,000) 

Interest Annual Present
 
Item Construction during - OM&R Worth,
 

Construction OM&R Total
 

Specific Costs
 
Irrigation 12,501! 1,1862/ (351) 6,408 20,095
 
Power 56,274 5,627 (1,244)2/ 22,710 84,611
 

Joint Costs 57,259 5,726 (129) 2,355 65,340
 

Total 126,034 -12,539 (1,724) 31,473 170,046
 

.1/	Construction $9,487 
Development 3,014 

12,501
 
2/ 	 Interest during construction is not applied on development costs 
2/ Operation, maintenance, and replacement $1,160 

Taxes and insurance 84 
1,244 
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TABLE VIII-8 - ALLOCATION OF COSTS OF THE AMARTI-NESHE PROJECT
 
BY USE OF THE ALTERNATIVE JUSTIFIABLE METHOD (ETH$1 000)
 

Item 	 Irrigation Power Total 

Costs to be allocated 	 170,046 

1. 	 Annual benefits 5;062 17,110 22,172 
Benefits capitalized 	 92,411 312,359 404,770
 

2. 	Alternative costs 40,592 148.225 188,817 
Construction 29,27 112,345 141,621 
Interest during constructionW 3,283 11,235 14,518 
OMR 8,033 24,645 32,678 
(Annual OM&R) 	 (440) (1,350) (1,790) 

3. 	 Justifiable expenditure 40,592 148,225 188,817 

4. 	 Specific costs 20,095 81.611 10, 706 
Construction 12,50 11 56,274 68,775 
Interest during constructionY' 1,186 5,627 6,813 
M& 6,408 22,710 29,118 
(Annual 01&) (351) (1,244) (1,595) 

5. 	Remaining justifiable expenditure 20,497 63,614 84,111
 

6. 	Percentage distribution 24.4 75.6 100.00
 

7. 	Allocated Joint costs 15,94 4197 65,3O4 
Construction 13,971 43,288 57,259 
Interest during construction 1,397 4,329 5,726 
OM&R 575 1,780 2,355 
(Annual OM&R) 	 (31) (98) (129)
 

8. 	Total allocated costs 36,038 134,008 170,046 
Construction 26,472 99,562 126,034 
Interest during construction 2,583 9,956 12,539 
QM&R 6,983 24,490 31,473 
(Annual cM&R) (382) (1,342) (1,724) 

1/	 Includes land development costs of $3,014. 
2/	 No interest during construction is charged on land development 

costs. 
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Benefit-Cost Analysis, Irriaation. Annual irrigation 
benefits are Eth$5,062,000, and total costs allocated to irrigation 
are Eth$36,038,000. Table VIII-9 reduces irrigation costs to an 
annual equivalent basis and indicates that total annual costs 
chargeable to irrigation are Eth$1,974,000. 

TABLE VIII-9 - SUMARY OF IRRIGATION COSTS-
AMARTI-NESHE PROJECT (ETH$1,000)
 

Interest Annual
 
Feature Construe- during con- Capital Interest
 

tion costs struction Costs and amor- QM&R Total
 

South Win Canal 1,994 249 2,243 
North Main Canal 97.9 123 1,102 
Distribution and 6,234 779 7,013 
Drainage System
 

Service Facilities 1,250 125 1,375
 

Subtotal, Canal 10,457 1,276 11,733 643 375 1,018
 
System
 

Amarti Dam and 2,993 299 3,292
 
Reservoir 

Neshe Dam and 9,728 973 10,701 
Reservoir 

Irrigation 280 35 315 
Diversion Dam 

Subtotal, Diver- 13,001 1,307 14,30S 784 7 791
 
sion and Storage
 
System
 

Land Development 3,014 - 3,014 165 - 165 

Total 26,472 2,583 29,055 1,592 382 1,974
 

A
On this basis, the ratio of behefits to costs for irrigation
 
is: 

Eth$5.062,000 
 = 2.56 to 1.00 
Eth$1,974,000
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Benefit-Cost Analysis, Power. Annual power benefits are 
Eth$17,110,000 and total costs allocated to power are Eth$134,008,000. 
Table VIII-10 reduces power costs to an annual equivalent basis, and 
indicates that annual costs chargeable to power are Eth$7,341,000. 

TABLE VIII-10 

Feature 

Power canal 

Powerplant 

Power tunnel 


Subtotal, power 

generation
 

Transmission plant 

Service facilities 


Subtotal, trans-

mission and
 
service
 
facilities
 

Amarti Dam and 

Reservoir
 

Neshe Dam and 

Reservoir
 

Subtotal, storage 

system
 

Total 


- SUMMARY OF POWER COSTS--AMARTI-NESHE 
PROJECT, (ETH$1,000) 

Interest Ann al 
Construc- during con- Capital Interest 
tion costs struction Costs and amor- OM&R Total 

tization 

2,213 221 2,434
 
37,247 3,725 40,972
 
2,251 225 2,476
 

41,711 4,171 45,882 2,513 731 3,244
 

14,563 1,456 16,019
 
3,875 388 4,263
 

18,438 1,844 20,282 1,111 590 1,701
 

9,274 927 10,201
 

30,139 3,014 33,153
 

39,413 3,941 43,354 2,375 21 2,396
 

99,562 9,956 109,518 5,999 1,342 7,341
 

On this basis, the ratio of benefits to costs is:
 

Eth$17.110.000 
 = 2.33 to 1.00 
Eth$ 7,341,000
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SECTION IX - ADMINISTRATION AND OPERATION 

Governmental and Administrative
 
Organization
 

Administrative organizations responsible for the develop
ment of natural resources vary between nations, depending upon the 
objectives, laws, governmental policies, and availability of skills 
and financial supports. Responsibilities are frequently divided 
among several agencies. The need for a central organization to 
establish and apply uniform treatment to all sectors of development 
and to coordinate the multiple uses and demands upon resources is 
recognized. 

Resource developent, however, is so complex that its 
effects may reach to every umit of governmental organization, and 
all agencies of government will share an interest, some to a greater 
extent than others. Therefore, the agency that must administer the 

program should be so constituted as to recognize and consider the 
requirements and the responsibilities of other agencies of government. 

Initially, the Water Resources Department, an established 
agency under the direction of the Ministry of Public Works and Com
munication, could becom the agency to administer the program. It 
could probably better serve the needs of the Nation if it were an 
autonomous agency operating under the broad direction of a board 
consisting of representatives from the ministries and agencies of 
the Government sharing major interest in this field. The primary 
purposes of the Water Resources -Department or any succeeding agency 
should be to conserve and safeguard the land and water resources, 
promote orderly economic development of these resources, protect 
existing rights, provide for equitable distribution and allocation 
of water between the various uses, and guide the development of 
projects to the greatest beneficial use for the enjoyment of the 
people of the Nation. 

Since the role to be played by the Water Resources Depart
ment in the development of land and water resources projects has not 
as yet been clearly defined and since no determination has been made 
regarding the methods of financing projects or repaying of the costs 
of construction, it would seem desirable for the Imperial Ethiopian 
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Government initially to appoint an expert comittee on resource 
development. The committee should consist of representatives of the 
various ministries and agencies, including represention from the 
Water Resources Department, supported by experienced consultants if 
required. It would review and study existing legislation and cus
toms relating to the utilization of land and water resources and the 
responsibilities of the various governmental agencies in this field. 
This committee should recommnd legislation as required to provide 
the authority for a centralized agency for the development of the 
Nation's land and water resources through the construction, opera
tion, and maintenance of hydroelectric, irrigation, and related 
projects. 

The committee should recomend: 

1. A charter for the centralized .agency, setting forth the
 
objectives, authority, and responsibility.
 

2. A water code insuring .adequate control and regulation
 
of the 'use of water for power, agriculture, industry, and munici
pal and domestic supply.
 

3. A plan to consolidate and/or coordinate the activities
 
of the various agencies now operating in this field.
 

4. A plan for financing the costs of projects and retire
ment of obligations.
 

The development of the basic organizational principles 
would then support the gradual development of an organizational 
structure for the agency and for specific projects similar to that 
discussed and illustrated in subsequent paragraphs. 

Consideration should be given to the possible advantages 
of consolidating or merging existing agencies whose functions may 
overlap as the program for resource development gains nnmentum. The 
Surveys and Mapping Division of the Water Resources Department and 
the Mapping and Geography Institute might well be consolidated into 
one Geodetic Survey and Mapping Agency. The Ethiopian Electric 
Light and Power Authority and the Water Resources Department have a 
common purpose, except that the Water Resources Department must 
consider multiple-purpose projects. The two could be consolidated 
under a common board of directors with the former becoming the Power 
Division of the new organization. The existing Water Resources 
Department organization could become the Engineering, .Irrigation, 
and Development Divisions, and the Administrative Divisions of the 
two agencies could combine under the new central organization. These 
consolidations would reduce the cost of administration; recognize the 
value of an existing, well trained, and siccessfully operating power 
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unit; and provide for more efficient management as the organization 
grows to meet the expanding needs of multiple-purpose projects. 

Agricultural Operations 

National Goals 

The ultimate goal of agricultural development in Ethiopia 
is the more efficient use of the natural resources of the Nation to 
bring about greater production of agricultural products, improve the 
national economy, and create additional employment opportunities for 
the national labor force. At the same time, such development should 
also establish a system which will permit the emergence of a class 
of farmers who can successfully own and operate commercial farms 
and make independent managerial and cultural decisions. Such farmers 
would hold title to their lands, enjoy the benefits of a higher 
standard of living, and have a voice in the conduct of affairs of 
their community. 

This goal, which appears to be most advantageous both to 
the farmer and to the Nation in higher production of agricultural 
goods and in a stable land owning class of independent farmers, is 
not one that can be attained easily or quickly. A proper framework 
of legislation providing for land ownership and tenure and for an 
equitable system of taxation and other reforms is necessary. Equally 
important is the development of the aptitudes and abilities, as well 
as the incentive and ambition, of the individual farmer. 

Few farmers under the existing situation have the ability 
to operate a modern irrigated farm successfully 'without considerable 
assistance and guidance. The Ethiopian farmer of today is a sub
sistence producer, using antiquated tools and implements and raising 
those crops which will meet the immediate needs of his family. 
Storage facilities are poor; machinery and commercial fertilizers 
are unavailable; and the lack of roads and other transport facilities 
generally limits the area of marketing to the production area. The 
average Ethiopian family has an income of Eth$170 to Eth$300 per 
year.I/ This income, to which the rural Ethiopian has become. 
accustomed, provides the bare necessities of life. Under these con
ditions, the farmer contributes only a small amunt to the national 
economy, compared to his potential contribution if agricultural 
efforts were more efficiently organized. 

'Farm Family Income Objective, 

A stronger economy can be created if the farmer can acquire 
sufficient land and productive facilities to provide an adequate 

I/Sample surveys made by Water Resources Department personnel in 
Shewa, Wellegga, and Gojjam Provinces in 1960 and 1961. 
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standard of living. The farmer's income level should enable him to
 
pay for his farm over a period of years, provide adequate housing,
educate his children, and put aside in savings an amunt sufficient 
to meet emergencies and provide the necessities in later life when 
he is no longer able to perform productive labor. 

Annual farm income must be increased to meet these objec
tives. Studies of potential production from farms under an irriga
tion development in the Finchaa valley indicate that, under full 
development, an average farm size would be 17 hectares (42 acres). 
Thus the Finchaa Project with an ultimate size of 15,000 hectares 
would be divided into 880 farm units. This number of units would 
provide farming opportunities for '880 families directly and, when 
laborers and their families are included, agricultural livelihood 
for about 65,000 people. It would also create off-farm employment 
opportunities for at least that many more. 

The 17-hectare size would be sufficient to provide an 
adequate standard of living for the farm family, pay farm expenses,
and provide a contingency factor for emergencies,- capital savings, 
and a small fund for future taxation. This is based upon the land 
utilization pattern, crop prices, and yields outlined in Tables VI-4 
and VI-7, SECTION VI. The improved level of living includes a bet
ter house, a more plentiful and- varied diet, and proper medical and 
educational facilities. Estimates of income requirements to achieve 
these family living allowances are of a reconnaissance nature, based 
largely on surveys taken in Ethiopia in recent years, and are shown 
in Table IX-1. 

TABLE IX-1 - CASH REQUIREMENT PER FAMILY 

Amount
 
Item per year 

(Eths)a 

Housing 30 
Food 470t
 
Beverages 151
 
Clothing 222
 
Utilities 226 
Education 100
 
Health, religion, and entertainment 57
 
Sundries 106 

Total 1,362
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The Eth$l,362, plus the contingency, capital savings, and 
taxation factors, would be provided by the average 17-hectare farm 
unit. 

Development Period 

Since it is recognized that toddy there are few Ethiopian 
farmers who have the financial resources and the experience and 
knowledge of mdern irrigated farming to permit them to assume full 
responsibility for immdiately successful management and operation 
of project farms, a development period must be allowed. During this 
period, the farmers would require financial assistance in the form 
of long-term, low' interest loans; intensive technical assistance in 
agricultural practices;--guidance in farm layout and operation and 
direction of field labor; and initially, some degree of management 
of their over-all operation. Also during this development period, 
the responsibilities for management and operation would gradually 
be shifted to the farmers as they demonstrate ability to initiate 
and execute appropriate managerial and operational decisions. 

The physical characteristics of the Finchaa Project are 
such that the irrigation development can proceed by stages over a 
period of years. The initial stage on the Finchaa should include 
about 20 farms with development to be accelerated yearly, assuming 
satisfactory results, until the project is in full operation. With 
effective management, adequate technical guidance and assistance, 
acceptance of responsibility, and emergence of- initiative on the 
part of the farmer, a 10- to 15-year development period may be ade-. 
quate. 

Settler Selection and Assistance 

The selection of farmers, particularly in the early period, 
is of vital importance to the success of the project, Farmers should 
be willing to learn the procedures of modern farming or should have 
the educational background which would qualify them technically. 
They must be cooperative and willing workers. The College of Agri
culture and the agricultural schools at Jima and Ambo should be 
excellent sources of candidates. 

During the development period, the necessary clearing, land 
leveling, and farm unit layout should be scheduled to assure the 
proper expansion of cultivated land. A staff of technical experts 
provided by th e Extension Service of the Ministry of Agricul
ture and other agencies, to guide and assist farmers during this 
period, should include the following: 
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Agronomist 
Marketing Specialist-
Field Operations Coordinator 
Irrigation Engineer -
Farm Equipment Specialist 
Health and Sanitation Advisor 
Education Advisor 
Home Economist 

Training Farm 

In addition to the privately operated farms, a training 
farm approach offers possibilities for successful development. A 
number of eventual farm units could be combined and initially oper
ated by the Manager of Agriculture (discussed in a subsequent para
graph) and his assistants. Ethiopian farmers would be employed in 
a temporary category of hired potential farmers. As they acquire 
competence and demnstrate a willingness to own and operate farm 
units, portions of this training farm area could be released from 
central management and placed under private control. 

In this process, the selection of farmers is less critical 
because poor candidates could be removed in the early stages of 
operation before they were placed on private farms, Failure of a 
hired farmer would be less expensive in terms of time, financial 
support, extension service backing, and social capital than the 
failure of an independent farmer. 

A training farm of approximately 340 hectares should be 
operated in this manner. This is equal in area to 20 independent 
farms. An operation of this magnitude would increase farm production, 
augment the number of men qualified to enter independent farming, and 
provide a gage to measure the relative success of the independent 
operations . 

Drawing No. 7.2-Fi-1 shows the preliminary farm layout of 
the Finchaa Project. 

Experiental Farm 

The imediate establishment of a small experimental farm 
of several hectares in the Finchaa Project to test crops, cultural 
practices, machinery use, fertilizer and lime requirements, and 
insect, disease, and weed control is necessary. Such a unit should 
have permanent status and should constantly test new crops, varieties, 
and practices as well as provide a continuous cheek upon the older 
selections. Initially, this unit should confine its recommendations 
to crops selected in the cropping pattern but should, in the course 
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of time, test the "exotic" or introduced crops which may become 
important in the future. An agronomist who is responsible to the 
Manager of Agriculture should direct this operation. 

Manager of Agriculture 

The Manager of Agriculture should supervise all Finchaa 
Project field operations. He must 'be well acquainted with all phases 
of commercial agriculture and modern irrigation and should possess 
proven ability to direct and encourage personnel. Ideally, he 
should be recruited from a successful irrigated plantation or farm 
with a good record of accomplishment and production. The salary paid 
should be sufficient to attract well-qualified personnel and should 
be supplemented by a share of profits for greater incentive. Since 
there are few large-scale irrigated farms in Ethiopia, it is possible 
that the first Finchaa Project Manager of Agriculture may be a 
foreign national. Later his position can be filled by an Ethiopian 
with the required technical background and well qualified by training 
on the job. Years of irrigation and commercial crop production and a 
knowledge of the myriad diverse factors producing successful opera
tibn are required on the part of such a manager if the project is to 
be successful. 

The Manager of Agriculture should exercise full control 
over the training farm and a certain degree of regulation, decreas
ing with time, over the independent farmers. He should have the 
permanent functions of operating the experimental farm, developing 
the raw land, and operating and maintaining the irrigation storage 
and distribution system. 

This manager with his staff of assistants should receive 
advisory service from the Agricultural Development Commission (dis
cussed in a subsequent paragraph). He also requires staff assist
ance from technical specialists who are expert in various fields of 
agriculture, health, and education. These positions should concen
trate their efforts upon the farmers but- should not neglect the 
workers on the training farm, especially those nearing the stage of 
independent operations. 

All personnel who perform direct service to the project, 
whether in the form of guidance,, technical direction, operation of 
the distribution facilities, or management, should live at the 
project. This point is essential to avoid absentee direction. 
Absentee ownership of farms is also to be avoided. It is entirely 
possible that certain farmers may become successful enough to place 
their lands under a foreman and live in the city, but this should 
not be permitted. Every effort is necessary to demonstrate to the 
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farers that this is their project and not the property of absentee 
owners residing in the capital or elsewhere. 

Africultural Develovmnt Commission 

The concept of commercial irrigated farming is relatively 
new in Ethiopia, and consequently few farmers have had opportunity 
to gain experience in the field of modern agriculture. Partially to 
offset this situation, it is thought advisable to utilize the services 
of an Agricultural Development Commission at the project level, which 
would serve in an advisory capacity as the irrigation projects cam 
into operation. A single commission should be created for the Finehaa 
Project and should be expanded to include responsibility for other 
projects as they develop in the immediate vicinity. 

Ideally, the appointments for the Agricultural Development 
Commission should be made from agencies interested in resource 
development who could offer technical advice when so requested. The 
Ministry of Agriculture, the Ministry of National Community Develop
ment, the Ministry of Pblic Health, and the College of Agriculture 
could provide much needed technical support. Each commission should 
include representation from the project in the presence of at least 
one farmer familiar with local problems who can suggest solutions 
from the viewpoint of the project residents. 

Future Studies
 

- In any future study of the Finchaa Project the proposals 
which concern management should be further considered. The quali
fications, duties, and salaries of the Manager of Agriculture, the 
technical experts, and the service personnel should be established. 
The appointment of members of the Agricultural Development Commission 
and their terms of office should be considered. And the processes 
for the selection of project farmers should be formulated. The over
all personnel factor, of vital importance to project operations, 
should be studied thoroughly and recommendations made after careful 
consideration. Many other facets, which are only briefly mentioned 
in this section, should also receive careful attention. 

Electric Power Operations 

Central Organization 

The present Ethiopian Elebtric Light and Power Authority N 
is a well established and operated organization, and its charter 
states: 
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"The purpose of the Authority is to engage in the 
business of producing, transmitting, distributing and 
selling electrical energy to the public in Ethiopia and 
to carry on any other lawful business incidental or 
appropriate hereto which is calculated directly or indi
rectly to promote the interest of the Authority to 
enhance the value of its properties." V 

Paragraph 4 of the same charter also states: 

"..... the Authority shall have the powers: (f) to 
establish rates, charges, rules and regulations for the 
sale of its services and electrical energy." ./ 

The charter thus implies that EELPA is a major agency in 
producing, transmitting, and marketing electrical energy in Ethiopia 
(excluding existing concession areas in Eritrea), and therefore any 
discussion of the future role that the Water Resources Department or 
any succeeding agency may have in this field would have to recognze 
this already established fact. A developing country cannot ini
tially afford two separate govermental organizations competitively 
engaged in the public utility business, requiring some duplication 
of engineers, other specialists, and resultant costs, where such 
qualified personnel are in very short supply. 

Phase I Operations. The present EELPA organization chart 
is shown by Drawing No. 4.0-BN-175. While the desirable objective 
may be in having only one autonomous governmntal agency involved in 
the power generation, transmission, and marketing field, this can 
still be accomplished by EELPA and the Water Resources Department 
operating under the Phase I arrangement as shown by Drawing 
No. 4.0-BN-176. Phase I operations are also adaptable to any pri
vate power utility, should such come into existence in the future. 

Under Phase I, EELPA becomes in effect the Power Division 
and is directly responsible for power operations, maintenance, and 
marketing. A comn Board of Directors for both Water Resources and 
EELPA will provide for proper coordination where multiple-purpose 
projects are involved, but considerable responsibility is placed in 
the hands of the Board of Directors. The Assistant Manager (Power) 
for Multiple-Purpose Projects provides the nicessary direct liaison 
between the managerial levels of the two agencies. Also, it is 
through this level that power planning activities of both agencies 
are coordinated. If EELPA assumes the operation, maintenance, and 
marketing responsibilities, then it should participate in the power 
planning activities. 

i/General Notice No. 213 of 1956, Charter. 
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Enacting laws as recommended by the Government Committee 
could establish the concept of multiple-purpose projects requiring 
that a part of power revenues returned to the Federal Treasury be 
used in financing or retiring indebtedness incurred in the construe
tion of multiple-purpose projects. At the same tim , a reasonable 
return must be allowed the power operating agency. Establishing the 
details of such arrangenents is beyond the scope of those reconnais
sance investigations requiring average rate and repayment studies 
which in turn require considerably more detail and information than 
currently available. 

The present charterfor EELPA specifies the following item 
regarding taxation. 

"'9. Taxation--The Authority shall be subject to
 
all taxes and custom duties levied by the Imperial
 
Ethiopian Government including Federal Taxes, and such
 
local and municipal taxes as shall be approved by the
 
Imperial Ethiopian Government ." 1)
 

If the taxation obligation remains in its present form, 
then this will have a definite effect upon the rate of return 
required for any power operating agency from operation of the power 
facilities of multiple-purpose projects. The over-all effect will 
be to require higher rates than would otherwise be necessary. A 
reduction in tax obligations only on power generated from government
owned, water resource, multiple-purpbse projects resulting in lower 
cost power may provide an added inducement for EELPA to participate 
as a partner under Phase I operations. 

hile it is possible for Phase I operations to continue 
indefinitely, a final step resulting in complete consolidation of 
the two agencies would be mst desirable to afford greater economy 
and efficiency as has been the result in a.number of other developing 
countries. 

Phase II Overations. Under Phase II, both agencies would 
be combined as one autonomous agency. For convenience, it is referred 
to here as the Ethiopian Pbwer and Water Resources Agency (EP&RM, 
and in effect the former EELPA becoxes the Power Division of the new 
agency and the Water Resources Department becomes the Engineering, 
Irrigation, and Development Divisions with the Administrative 
Division made up from the combined agencies. The new EP&WRA would 
be under a Board of Directors as shown on Drawing No. 4.0-BN-177,N 
but administered by a General Manager. The Power Division would 
have four branches -- Marketing, Planning, Operation and Maintenance, 
and Dispatching. The functions of each branch would be as described 
below. 

1/General Notice No. 213 of 1956, Charter. 
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Marketing: This branch would be responsible for negotiat
ing power sales contracts, reading meters, billing, and collection. 
It would also gather statistics and have available at all times a 
breakdown of sales by classes of loads--residential, rural, commerce, 
industry, street and highway lighting, transportation, and other. 
Such data would be available for use by the Planning Branch. 

Planning: Load forecasting, feasibility studies for system 
additions, rate and repayment studies for the power aspects of 
multiple-purpose development, and technical power studies are among 
the duties of this branch. 

Operation and Maintenance: This branch might have three 
sections--Production, Transmission-Distribution Plant, and Inspection 
and Training. On multiple-purpose projects, technical guidance 
(operation and maintenance) would be given the Project Power Branch, 
but the latter is administratively under the Project Director for 
the project. The Transmission-Distribution Plant Section would be 
responsible for maintenance of all transmission and distribution 
lines as well as substations -and related equipment. It would also 
operate the wood-pole treating plants. In order to maintain an 
adequate supply of trained personnel, the Inspection and Training 
Section could teach linemen, powerplant operators, meter installers, 
laboratory technicians (transformer oil breakdown tests, meter 
testing, etc.), electricians, and inspectors. The latter would be 
for inspection of customers' premises as well as the agency's own 
facilities. This section would also be responsible for maintaining 
an adequate electrical wiring code and enforcing its provisions as 
well as providing maintenance for all communication facilities. 

System Operations: This branch might also have three 
sections--Dispatching, Power Scheduling, and Technical Analysis. 
Initially, this branch's activities would be limited because of the 
simple nature of the system, but it would become more active as more 
generating stations and loads are added. In any event, its activi
ties would be limited to the Interconnected System. The Dispatching 
Section would be responsible for meeting load requirements and 
schedules as well as for controlling all switching and clearances. 
The Power Scheduling Section would be responsible for developing 
system-wide scheduling on a day-to-day basis, consistent with 
scheduled water releases. The Technical Analysis Section would be 
responsible for system operation at maximum efficiency. Emergency 
switching programs and studies regarding system control (relays, 
etc.) would be the responsibility of this section. 

Close liaison between the System Operations Branch and the 
Hydrology Branch under the Development Division would be required 
regarding reservoir operations. All reservoir operation studies 
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forecasting reservoir releases for appropriate advance periods should 
be made by Reservoir Operations, Hydro ogy Branch, under the Develop
ment Division. This information would be, given to the System 
Operations Branch, Power Division as well as to each individual 
Project Director where multiple-purpose projects are in operation. 
The Project Director, through his Projects Water Supply Coordination 
Branch (Drawing No. 4.0-BN-177)2 would be finally responsible for
implementing instructions received from Reservoir Operations. Draw
ing No. 4.0-BN-177 shows the Project Director and staff arrangement 
for a multiple-purpose project. For single-purpose power projects 
only, there would be no irrigation and therefore the Projects Water 
Supply Coordination Branch would not be concern&d. Reservoir Opera
tions supply the data to System Operations and to the Project 
-Director. 

Project Power Operations 

Each project or convenient combination of projects, such 
as the Finchaa and the Amarti-Neshe, would be headed by a Project 
Director. Under the director is the Projects Power Branch, consist
ing of a power Manager heading two sections, an Operation Section 
and a Maintenance Section. These two operate the powerplants, taking 
hourly instructions from the Dispatching Branch, Central Office, and 
maintain the powerpiant and appurtenant works. The function of the 
Projects Water Supply Coordination Branch has'already been discussed. 

For single-purpose power projects, the Power Director 
would have .only two groups under him, one Operation and the other 
Maintenance, with the same responsibilities as before except that 
activities would not be restricted to the powerplant and appurten-, 
ances but would apply to all features of the project, including the 
storage facilities. 
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