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?&gabit = March 10 - A p r i l  8 

UNITED STATES OR GEEWRIAN CALENDAR 



TRANSLITERATION 

Certain inconsistencies in the spelling of names may be noted oq maps and drawings 
and in the text. Because of the difficulty in transliterating Arabic, Amharic, 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  regardless of spelling, except in the r a r e  situation 
where an entirely different English name is used because of long established convention. 
An example of the latter is the name for the principal river, Blue Nile, which in Amharic 
is known a s  Abbay (Abbai). Addis Ababa is often referred to a s  Addis Abeba. Other 
examples a r e  a s  follows: 

Tvol 
Lekkemt 
A cachi 
J ima 
Langano 
S hashamane 
Shewa 
W elaka 

T ul 
Nekemti 
A kaki 
Jimma, Gima 
Langana 
S hashamana 
Shoa 
Votaka 

In western and northwestern Ethiopia, local usage of Arabic words for streams and 
mountains is usually retained. For  example, " ~ e b e l "  denotes mountain and "Khor" iden- 
tifies a watercourse. In addition, the Eng?ish name o r  abbreviation sometimes precedes 
the Arabic term, a s  with "Mt. Jebel Kir. 

Local usage sometimes requires different names along different lengths of the same 
river. For  example, the Guder River is known a s  Tacur, Bello, and Guder. 

Wherever possible, a consistent spelling has been used for identical places in this 
report. 

xxi 
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SECTION 1--INTRODUCTION 
In this appendix to the Blue Nile River Basin report, information concerning all of the 

projects investigated is presented. Since a separate appendix has been prepared cover- 
ing the hydroelectric power projects, only the plans and estimates a s  they pertain to 
hydroelectric power potentials, a re  included in  this report. Irrigation projects a r e  treated 
in  greater detail. 

In general, this includes a brief description of the drainage area  o r  geographical sub- 
division of the Blue Nile River Basin, general geology and physiography, climate, proj- 
ect lands, and hydrology. A detailed description of the principal features includes a plan 
of development, site geology, construction materials and access, reconnaissance designs 
and construction cost estimates, and plan selection and alternatives. Operation, main- 
tenance, and replacement cost estimates for irrigation facilities a re  included, the OM&R 
for power facilities being included in the power appendix. 

Generally, the approach used in studying the potential irrigation projects was to utilize 
such topographic maps of the a rea  as  could be made available where field reconnaissance 
indicated a possible irrigation project could be developed. Land classification was per- 
formed, site geology conducted on the damsite tentatively selected, construction materials 
assessed, and hydrological studies performed. The final plan of development evolved from 
the correlation of all these investigative data. 

The potential irrigation projects described herein will vary from project to project, 
dependent primarily upon the degree of engineering survey data available. On some of 
the project areas, rough topographic maps were made by means of field surveys and maps 
drawn from photogrammetric compilation. Layouts and designs were thus performed to 
a higher degree of accuracy than for those projects which did not receive this type of 
treatment. It must be emphasized, however, that availability of even this type of physical 
data i s  considered to be minimum for a reconnaissance-type study. Taken together with 
the meagerness of other physical data and such unknowns as  subsurface conditons, the 
plans and estimates a re  considered to be of limited reconnaissance in character and 
dependent to a great extent upon the observation and judgment of technical personnel con- 
ducting the survey. These studies a r e  not intended to serve a s  a basis for actual develop- 
ment, but rather a s  a guide in the selection of projects for further detailed studies prior 
to development. It is recognized that a s  a result of future, more detailed examination, 
some changes in the planned project features may occur. These changes, however, will 
not invalidate the data contained herein o r  detract from their value a s  a basic guiding 
instrument in the over-all development of the basin. The over-all plan of development 
for the Blue Nile River Basin, a s  evolved from reconnaissance studies for the development 
of irrigation and power projects, is presented in the Frontispiece. 

GENERAL DESCRIPTION 

Blue Nile Basin 

Blue Nile (Abbay) River. The Blue Nile River, o r  Abbay River a s  it is locally identified 
in Ethiopia, originates in Lake Tana and is the principal r iver of the basin.. Lake Tana 
has a drainage basin of about 15, 000 square kilometers (5,800 square miles) and has a 
water surface area  of 3,035 square kilometers (1, 170 square miles). It is situated at an 
elevation of 1786 meters (5860 feet) above sea  level. 



The Blue Nile River emerges from the relatively narrow outlet at the southern portion 
of the lake and flows southeasterly over the hard volcanic rocks for a distance of about 
30 kilometers (19 miles) and then plunges over the Tis Isat Falls, dropping some 45 meters 
(150 feet) into a deep, narrow gorge with vertical walls caused by the rapid erosion of 
the softer agglomerate and scoriaceous lava. The river remains entrenched in this deep 
canyon until it finally emerges near the Ethiopian-Sudanese border. The river makes a 
wide, irregular loop to the west, and some 900 kilometers (540 miles) from its source 
it enters Sudan at approximate elevation 487 meters (1600 feet). The Blue Nile River 
joins the White Nile near Khartoum, forming the main Nile River some 760 kilometers 
(470 miles) below the Ethiopian-Sudanese border. The general geology of the basin is 

-indicated on Plate I (back pocket). Significant tributaries of the Blue Nile, entering from 
the north and starting from upstream, are the Birr, the Fettarn, the Azena, the Beles, 
the Dindir, and ;the Rahad. Those entering from the east and south are the Beshilo, the 
Welaka, the Giamma, the Muger, the Guder, the Finchaa, the Diddessa, and the Dabus. 

Areas of Potential Irrigation Projects. Physiographically, the Blue Nile River Basin 
may be classified into three distinct land bodies--the plateau and highlands, the plateau 
valleys, and the plains and eroded hill lands. The plateau and highlands are a vast area 
dominating the landscape on the eastern portion of the basin. Lying between 2135 and 
2745 meters (7000 and 9000 feet) above sea level, they are intercepted by many isolated 
hills. deeply incised canyons, and mountain ranges rising to 4200 meters (13,800 feet). 
In some scattered locations, the lands @re topographically suited for irrigation and devel- 
opment. Being situated in most cases near the headwaters, the catchment basins are 
rather small to impound any appreciable amount of water required for any large scale 
development. However, there are  many opportunities for small scale, direct diversions 
that would permit the farmer to supplement the rainfall for a few weeks after the endof 
the rainy season or, in some instances, to provide a full water supply to a few hectares. 

The plateau valleys offer the greatest potential for irrigation development. Formed 
by the erosion of the plateau materials and lying generally from 335 to 920 meters 
(1000 to 3000 feet) below the level of the highlands, these valleys contain the greatest 
concentration of population because of a pleasant climate in contrast to the hot, oppi-es- 
sive, frequently malaria-infested climate of the plains or the cold, heavy rainfall season 
of the highlands. Because of their intermediate position relative to respective drainage 
basins, the topographic development, and the soil structures, the land areas in these 
valleys are suited to irrigation development to a variable extent--subject to water supply, 
upstream storage possibilities, and other factors. At the lower end of the valleys the 
streams usually fall sharply into the deeply eroded canyons which ultimately lead to the 
Blue Nile. 

Along the western perimeter of the high plateau, the terrain drops off sharply to an 
elevation about 600 meters (2000 feet) below the general level of the plateau and then 
slopes gently, with decreasing gradient, toward the Ethiopian-Sudanese border. The 
international boundary crosses the eastern portion of an area commonly known as  the 
Sudan Plain, which extends into Ethiopia. It i s  this area which is referred to in this 
report as the plains and eroded hill lands. It lies in the northwestern portion of the Blue 
Nile River Basin and i s  drained by the Blue Nile, the Dabus, the Dindir, and the Rahad 
Rivers and their tributaries. The headwaters of these streams are in the rough, broken 
areas below the plateau escarpment and, because of geologic conditions and the flatter 
gradient, have not formed upstream valleys of significant areal extent through the plains. 
The position of the middle reaches of these streams, flowing through more o r  less broken, 
hilly terrain just above the plains area, gives rise to favorable dam and storage reservoir 
sites; The vast plain on the lower reaches of these streams i s  topographically favorable 
for project development. The major area of potential development i s  in the Dindir-Rahad 
watersheds, A more limited area along the Dabus River is included in the plains and 
eroded hill lands area because of similar elevation, climate, and other characteristics. 

The potential irrigation and power projects described in this volume are presented by 
geographic areas o r  sub-basins as  shown on Figure 1-1. Pertinent data for each project 
a re  contained in Table 1-1 and separately in the following chapters. 



Figure I- I - - Investigated Basins by Sub-areas 
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People and Crops 

The people on the highlands and in the plateau valleys are  primarily Amhara and Galla, 
while those in the lowland areas are  primarily Nilotic and Shankala. To provide their sub- 
sistence, these people farm smalP tracts of from 4 to 8 hectares, using handtools and oxen 
much the same as they have for thousands of years. Not all of this land will be cultivated, 
for a typical farm will have several hectares of fallow and unimproved pastureland. 

On the plateau and highlands and in the upper plateau valleys, the principal crops are 
grains, pulses, oilseeds, and spices. The more important of these are teff (a type of 
lovegrass), barley, and in some areas wheat o r  corn; noog o r  nigerseed and linseed; 
beans and peas; and hot peppers. In some local areas false banana forms the mainstay 
of the diet. In the lowlands, only small plots of sorghum, cotton, sesame, and corn are 
produced for a meager subsistence of the sparse population. Livestock plays an impor- 
tant part in the agricultural pattern on the plateau and highlands. Large numbers of 
cattle and sheep and smaller numbers of horses and donkeys are raised, but in the lower 
areas only small scattered herds of these animals are found along the perennial streams. 
However, herds of goats are common in the lowlands. Near the Sudan border some 
camels a re  seen. 

The population of the Blue Nile River Basin in Ethiopia i s  estimated to be 4,870,000. 

Climate 

Differences in elevation result in differences in precipitation and temperature. Thus, 
at Metemma at 750 meters (2500 feet), the average annual rainfall i s  100 centimeters 
(39 inches); at Gondar at 2100 meters (6900 feet), it is 127 centimeters (50 inches); and 
at Debre Tabor at 2550 meters (8500 feet), it is approximately 170 centimeters (67inches). 

The maximum temperatures are  from March to May, and the minima occur in December 
and January, although the variation i s  slight. There are two basic seasons in Ethiopia-- 
the dry and the rainy--with the latter being divided into the "small" rains and the "big" 
rains. The small rains, which occur during February and March, are generally intermit- 
tent showers, while the big rains, which comprise approximately 80 percent of the total 
annual rainfall, extend from June through September. 

Vegetation 

The vegetation on the plateau and highlands varies in accordance with the altitude and 
the degree of encroachment into forested land. The highland forests, which range from 
1400 to 2600 meters, vary from evergreens, such as juniper, cedar, and yew, to acacia, 
giant fig, and scattered palms at lower elevations, as  well as  euphorbia candelabra and 
other shrubs, generally along the streams. Small grasses grow on the plateau where- 
ever the land is not cultivated and provide pasture for the livestock. However, the pas- 
tures, as a rule, are seriously overgrazed. 

Elephant grass grows at the lower elevations and is of little value for grazing except 
in i ts early stages. It i s  used for the thatching of house roofs. 

In the plateau valleys remnants of rain forests remain along the steeper slopes, gen- 
erally on the windward side of the mountains o r  the escarpment. The valley floors are 
usually covered with tropical savanna woodland composed of fig, acacia, and other decid- 
uous trees seldom exceeding 9 meters (30 feet) in height. They are generally open in 
growth, seldom exceeding one t ree per 100 square meters. Coarse elephant grass from 
3.6 to 5.0 meters (11.8 to 16.4 feet) in height occupies the space between the trees in a 
very dense growth. Along the perennial streams, which usually intersect these open 
forest areas, a dense growth of jungle occurs. Here the trees often exceed 38 meters 
(125 feet) in height and, with the lower-growing shrubs, provide a very dense cover. 
This is known as "riverine" forest and i s  very common to the plateau valleys and the 
plains and eroded hill lands along the streams. 

Dense forests of highland tree bamboo occur at elevations from 2500 to 3500 meters. 
Bamboo does not require large amounts of moisture for healthy growth and in some cases 



exceeds 15 meters (49 feet) in height and 12 centimeters (5 inches) in diameter at the base. 
Once in about 7 years, the bamboo dies after blossoming and producing seed. It then 
sprouts again from the root o r  seed and develops a nearly impenetrable growth. It is not 
currently used commercially but is used locally in construction of houses and fences. 

In the lowland areas,  the open forest is very similar to that of the plateau valleys, 
except that the t r ees  generally reach greater heights--up to 15 meters--and a r e  gener- 
ally l e s s  scattered. The riverine forest grows somewhat l e s s  dense and occurs along 
intermittent s t reams a s  well a s  along perennial ones. Trees  with tropical characteris- 
tics, such a s  dum palm, baobab, mimosa, and camphor, occur at rather widely scattered 
intervals. Along the streams, clumps of bamboo and thickets of fan palms occur; and 
thorn t r ees  and bush grow in the more arid areas.  The bamboo occurring here , i s  the 
lowland bamboo, a smaller grass  than the highland bamboo. 

During the dry  season each year, itinerant local people and caravaneers burn off the 
elephant grass in both the plateau valleys and the plains and eroded hill lands. This i s  
done for two reasons--to make travel safer through an a rea  where the presence of snakes 
and large wild animals is common; and, in the plateau valleys, to provide better grazing 
on the early tender shoots of the elephant grass, which la ter  becomes coarse and unpal- 
atable to the animals. 

GENERAL BASIC DESIGN DATA 

Surveys 

Geodetic. By a Special Service Agreement, signed March 5, 1957, the U. S. Depart- 
ment of Commerce agreed to furnish the International Cooperation Administration with 
technical assistance in geodesy in connection with the cooperative program between the 
United States and Ethiopia. The agreement provided that the surveys be connected to 
Sudanese triangulation and leveling in order that the 30th Meridian African datum and 
mean-sea-level elevations could be provided in the r iver basin. Connections to existing 
triangulation in western Er i t rea  and in central Ethiopia, southeast of Addis Ababa, were 
also required. The Coast and Geodetic Survey started operations in late 1957 and com- 
pleted the work in 1961. Basic horizontal and vertical controls to f i rs t  order, covering 
approximately 120,000 square miles, were performed on the west central part of Ethiopia, 
the area  comprising the Blue Nile River Basin. Triangulation diagram is shown on 
Figure 1-2 and the leveling diagram on Figure 1-3. 

General. Secondary surveys by Blue Nile Project personnel were necessary on all the 
projects studied, due to the relatively extreme distances established by geodetic controls. 
Difficulties in access to the sites, inexperienced personnel, and other problems dictated 
the type of surveys that could be made. 

Horizontal Control. Horizontal controls were performed by tellurometer, by plane 
table, and by transit methods. The lat ter  two were performed where si tes were accessi- 
ble to ground transportation and where a greater degree of accuracy was required. An 
arbitrary coordinate grid system of 2,500 meters  was set  up in some areas  where tellu- 
rometer was used. 

Vertical Control. For  establishing vertical controls, T-3 transits, altimeters, and 
levels were employed, depending upon the area  and accessibility to sites. Generally, 
topographic maps were prepared from tellurometer o r  altimeter data, usually on 20-meter 
contour intervals by photogrammetric process by the Aerial Surveys Project. 

Available Photographs and Maps 

Photographs. Aerial contact photographs of the entire Blue Nile Basin were made avail- 
able early in 1958. Aerial photography was performed by the Mark Hurd Aerial Surveys, 
Inc., of Goleta, California, starting in November of 1957 and completing the work by the 
middle of the following January. Approximately 12,000 exposures were taken at an approx- 
imate scale of 1:50,000. Area covered included 7O30' to 13000t, North latitude and from 
34'00' to 40°00t East longitude. 
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Maps. At the start  of the investigation, i t  was found that there were very few maps of 
a n y x e  in the study of the Blue Nile Basin. The A i r  Force preliminary base maps were  
found to be the most useful, although the scale of 1:500,000 lacked accuracy and detail for  
most project planning purposes. The following listed maps were found to have limited 
value. 

USAF Preliminary Base Maps--Contour intervals 1,000 feet-- 
Scale 1:500,000--Published 1947 to 1954 (referred to above). 

USAF Je t  Navigation Charts--Base 200--Contour intervals 
2,000 feet--Scale 1:2,000,000--Published 1955. 

World Aeronautical Charts--Several Bases--Contour intervals 
from 1,000 to 3,000 feet--Scale 1:1,000,000--Published 
1951 to 1957. 

US Army--Gulf of Aden, Africa, Asia--Contour intervals 500 meters-- 
Scale 1:4,000,000--Published 1956. 

Map of Ethiopia--Scale 1:3,500,000--Published in Great Britain. 

GENERAL DESIGN CRITERIA 

Introduction 

In a reconnaissance study and for the purpose of this report, design drawings have 
been limited to brief reconnaissance layouts of major structures and switching diagrams 
on electrical facilities adequate for estimating purposes. For  all other features, includ- 
ing powerplants, canals and structures, diversion dams, and tunnels, reconnaissance 
designs were not prepared. The cr i ter ia  assumed in the design for estimating purposes 
were derived from Reclamation Instructions and other pertinent handbooks. Design cr i -  
teria for some of the structures follow. 

Dams 

Storage. The reconnaissance designs of the various storage dams in general were 
limited to the selection of the type of dam that appeared to be best suited to the particular 
location. The final selection of the best type of dam for a particular site calls for a 
thorough consideration of the characteristics of each type, as  related to the physical 
features of the site and adaptation to the purposes the dam is to serve, a s  well a s  econ- 
omy, safety, and other limitations. The design of the spillway capacity has been based 
on the maximum probable flood; conservative design cri teria were used on all earth dams 
in that the spillways were uncontrolled--not gated. Some further economy may also be 
realized in future detailed studies in regard to placement of the outlet works elevation. 
Sill elevation of the outlet works was located generally at the estimated 100-year sedi- 
ment deposition level, thus increasing dead storage capacity. Hydrological operation 
studies were based on a 50-year period of analysis. For  purposes of this study and with 
data available, it was determined that the structures a s  depicted in the drawings appear 
plausible and reflect engineering feasibility for construction. 

Diversion. Diversion dams were estimated without actual drawings being prepared in 
most cases. Flood flows of 100-year probable frequency were generally used for spill- 
way capacities. Foundations were assumed to be impervious unless specific data were 
otherwise indicated. 

Power Canals 

Inside slopes of 1:l were adopted a s  design cri teria on the assumption that the canals 
would be located generally in topography where the cross  q?opes would be steep. Being 
envisioned a s  masonry-lined, the coefficient of roughness n ' was adopted a s  being 
0.020, and the ratio of base width to water depth a s  being 1:l. 



Irrigation and Surface Drainage Canals 

Designs for the canal sections were adopted as  recommended in the Reclamation 
Instructions for unlined canals. For purposes of this study, it was determined that the 
proper relationships between bottom width, water depth, side slopes, freeboard, bank 
dimensions, and future operation and maintenance requirements as  recommended in the 
Reclamation Instructions would suffice without undue consideration to get the most eco- 
nomical sections to fit the engineering requirements of the various irrigation projects. 
Water velocities were assumed between 0.671 to less than 1.0 meter per second. The 
coefficient of roughness "n" for Manning's formula was assumed at 0.0225, with inside 
slopes of 1.5:l. The canal slope used in the paper location of the irrigation projects 
was 0.0004 with the assumption that this would include canal and canal structure losses. 

Canal and lateral capacities were determined from Figures 1-4 and 1-5 as  determined 
from hydrologic studies based on the assumption that irrigation would be on a 10-day 
rotation system, 24-hour basis. Capacities as  such may be larger in some cases than 
the actual requirements, as  the water demand would vary from project to project, depend- 
ing on many other factors, including the types of crops assumed and consumptive use. 

The decision that application of water must be on a continuous 24-hour basis, in spite 
of the fact that the present practice (see Hydrology Appendix III, Irrigation Requirements) 
and experiences of the Wonji sugar plantation do not lend encouragement to this system 
of irrigation regimen, ,was based solely on economic justification. It is quite obvious that 
application of water during daylight operations only would require greater capacity of 
canals and the consequent increase in canal structures o r  a system of overnight storage 
reservoirs to meet the irrigation requirements. It would also lead to a considerable waste 
of water. Construction of additional storage reservoirs or increasing the size of the canal 
capacities would impose additional construction costs on the irrigation development. Most 
of the projects in the plateau valleys may be considered to have steep gradients from 'an 
irrigation point of view, requiring more checks and drops than would normally be expected 
and rather high dams for storage purposes. 

It would be possible to design and construct a closed-pipe type of distribution system 
in most cases, making possible daylight-type operation; however, this type has a much 
higher initial construction cost per hectare to provide service and also requires much 
more skilled operation and maintenance personnel. 

Canal s&uctures, such as  siphons, turnouts, checks, drops, farm bridges, cross 
drainages, and wasteways, were assumed to be constructed to Bureau of Reclamation 
standards, modified to reflect local conditions. Detail analysis should be made of the 
soil structures before construction, as  the expansive type clays are prevalent through- 
out most of the project areas. Typical canal structures are shown on Figures 1-6 through 
1-15. 

Open, interceptor-type, drainage canals have been envisioned for carrying away irri-  
gation waste and excess precipitation falling on the project lands. Design precepts antic- 
ipated for the irrigation canals would also be applicable here. No embankments would 
be required to be constructed. 

ESTIMATES OF COSTS 

Construction Cortr 

General: The estimates of construction cost in this report a re  based on prices prevail- 
i ng3 iEEia ry  of 1961 in Ethiopia and are adjusted to reflect anticipated cost after due 
consideration of the many factors involved. 

The methodology used in arriving at the unit cost prices where applied was to compare 
bid contracts, especially those of Koka dam and reservoir and of the Imperial Highway 
Authority, with like items in Bureau of Reclamation contracts. It was found generally 
that work items requiring a large amount of hand labor, such as structural works, were 



Fi gu re I-4--Pumo* Canal, and Lateral Capaci ti es 
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BLUE N I L E  RIVER BASIN 
CANAL SEEPAGE LOSSES 

Fl gure I-5--Canal Seepage Losses 



F i  gu re I-6--Typ i cal Canal Sections 
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NOTES 
Similar structure used 
for farm delivery. 
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Masonry Abutment 

ELEVATION 

Figure I -8--Typical  Structures f o r  Canals and Latera ls ,  Timber Farm Bridge 
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Ft gure I- 10--Typ l cal Structures for  Canal s and Lateral s, Check Drop 
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Figure I- 12--Typical Structures f o r  Canal s and Latera ls ,  Stock Watering Ramp 
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cheaper to construct in Ethiopia and work items requiring employment of large equip- 
ment, such a s  earth excavation, were more costly than those in the United States. It was 
also found that electrical equipment, such a s  turbines and generators, could be installed 
with l e s s  cost than in the United States. It was generally concluded that in total costs, 
contracts in both countries approach unity, and, for the purpose of this report where unit 
costs  i tems were not available, substitution of Bureau of Reclamation prices was considered 
to be a fair  approximation of costs. 

All estimates of costs include allowances for engineering, supervision during construc- 
tion, and general expense amounting to 15 to 25 percent of field costs, depending upon the 
type of feature to be constructed. All estimates also include an additional sum for contin- 
gencies amounting to 25 percent, reflecting the reconnaissance nature o r  rough approxi- 
mation of the design data employed, except for certain electrical facilities where substan- 
tially all of the costs a r e  manufactured equipment items. Costs derived from curves for 
various facilities and structures a re  indicated a s  lump sum amounts in the estimating 
sheet. 

Storage Dams. Costs for dams and reservoirs were obtained by computing major i tems 
of work and applying unit costs. Miscellaneous and minor items of work were lumped 
together and usually indicated a s  a lump sum in the estimate. Costs for manufactured 
equipment, such a s  gates and valves, reflect Bureau of Reclamation prices. 

Hydroelectric Powerplants. Curves on Figures 1-16, 1-17, and 1-18, have been devel- 
oped from data based largely on detailed "as-built" information obtained on Koka Dam and 
Powerplant, located about 80 kilometers southeast of Addis Ababa and placed in operation 
in 1960. Cost extensions above and below the Koka Dam capacity generally reflect cost 
trends in the United States adjusted for conditions prevailing in Ethiopia. The powerplant 
at Koka used European equipment, and the curves reflect these prices. 

'Transmission Lines. Estimates of construction cost for transmission lines of various 
voltages o r  capacities (Figures 1-19, 1-20, 1-21, 1-22, 1-23, and 1-24] were obtained from 
curves, using in part the cost data that were available on existing facilities in Ethiopia. 
Cost data a s  obtained from EELPA required modification and adjustment to a common cost 
basis a s  practiced by the Bureau of Reclamation and judgment exercised in compilation of 
the data for the curves. 

Substations and Switchyards. Estimates of construction cost for these items (Figures 1-25 
and 1-26] were developed on the assumption that the substations and switchyards would be 
of the outdoor type with controls and station service equipment located indoors. Curves 
developed for these items reflect the prices for European-type equipment, which a r e  l e s s  
than similar items in the United States. 

Main Canal and Lateral Structures. Costs for canal earthwork were obtained by com- 
puting quantities with the aid of Figure 1-27 and applying unit costs. Costs for rock exca- 
vation were assumed on a percentage basis for the entire length of canal and could vary 
widely from actual physical conditions. 

F o r  purposes of this study, i t  was determined to base estimates of canal structure 
costs on a percentage of total canal costs, based largely on Bureau of Reclamation experi- 
ences, which indicate a range of about 60 to 80 percent of structure costs to total canal 
costs. An average of 70 percent was used in determining canal structure costs in this 
study. 

Diversion Daqs .  Costs for diversion dams were obtained by roughly estimating quan- 
tities from sketches and applying unit costs. Figure 1-28 was utilized in the determination 
of the quantities. The lack of design data in  most cases precluded a more refined esti- 
mate of costs. These estimates could vary widely from actual conditions, as  stated; 
however, since this item would be a small amount in relation to the total project costs, 
the distortion in the over-all costs was considered not to be too significant. 

Pumping Plants and Tunnels. Curves were employed in the determination of estimates 
of costs for these facilities (Figures 1-29, 1-30, 1-31, and 1-32), Data for the curves were 
compared with available local data and with those of Bureau of Reclamation design stand- 
ards  and practices and adjusted to local requirements and conditions. The estimates of 
costs for these facilities a re  accordingly indicated a s  lump sum. 



Figure I-16--Hydroel ec t r l c  Poweolant Costs 
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Figure I-17--R.P.M. o f  Generator Uni t  
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Figure I- 18--Components of Hydroelectric Powerpl ant Costs 
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Figure I-19-15-Kv. Transmission Lines 
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Figure I-22--132-Kv. Transmission Lines 
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Figure I-23-161-Kv. Transmi ssion Lines 
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Figure I-2U--230-Kv. Transmission Lines 
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Figure I-25--Swi tchyards and Substations--Sing1 e Breaker Bay 
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Figure I-26--Power Transformers--Instal led  Cost per Kv.-a. 
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Figure I-29--Pumping P l  ant Structures and Equipmen t--Reconnai ssance Estimates 
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Figure I-30--Pumping Plant  Pumps and Prime Hovers--Reconnaissance Estimates 
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Distribution Systems and Drainage Canals. Estimates of construction costs for dis- 
tribution systems and drainage canals for the various irrigation projects were obtained 
on a cost per hectare basis. More detailed studies performed on the Upper Birr Project, 
a s  a sample area, on these items indicated that the costs would be approximately Eth$330 
per hectare for the distribution system and Eth$l40 for the surface drainage requirements 
(see Table 1-21. The sample area studied included variable topography ranging from level 
to fairly steep slopes and resulting in different shapes of potential farms; such topography 
influences to a great extent the costs of distribution systems and drains. As in canal 
structures, this method indicates an approximation of the magnitude of the costs, and 
the estimate of costs for each project for these items as  stated could vary widely from 
the prototype adopted. Estimates of costs required for these structures, like those for 
the main canals, were assumed to be constructed in accordance with local methods, 
utilizing the abundance of stone and minimizing the use of concrete and reinforcement. 
Concrete pipe and Armco 101 slide gates were used in the estimates for the farm turnouts. 

Service Facilities. Costs for this item were obtained from curves (Figure 1-33] based 
on Bureau of Reclamation requirements and practices adjusted to local conditions. Cost 
generally associated with this item includes temporary as  well as  permanent structures 
and improvements. It includes construction roads and trails, housing facilities, schools, 
recreation facilities, garages, warehouses, shops, offices, and laboratories. It includes 
such equipment as office furniture, transportation, stores, shops, laboratory, tools, 
communication, miscellaneous, and other work equipment. 

Development Costa 

Clearin Costs. The development of land areas for irrigation of crops in the Blue Nile 
Basin --J-?i requres  c earing trees, brush, and vegetative debris from the potential project 
lands. The amount of clearing will vary from the removal of an occasional tree to the 
clearing of dense brush and tree cover so thick that it virtually forms a closed canopy. 
To estimate the cost for this item, studies were performed on limited data obtained from 
various plantations in Ethiopia together with the Gezira scheme in the Sudan. These 
costs, modified by informed judgment, are  arrayed to show three levels of intensity of 
clearing, which in turn are  applied to the areas under study in the Blue Nile Basin. The 
cost attributable to clearing operations cannot be considered as  a precise figure because 
of many unmeasurable components. 

Portions of certain projects require less clearing than others. This occurs when 
natural vegetation does not grow uniformly over a wide area o r  where man-made factors, 
such as  fire o r  exploitation, have changed the natural vegetative pattern. The land use 
pattern in some areas causes a low total clearing requirement, although the clearing cost 
per tree may be high for the few large trees remaining. 

Li ht Clearin . This category contemplates "tall grass, scattered-tree savanna" 
areas + wit scattered acacia and broad leafed species. The number of trees per hectare 
ranges up to 15 small trees with occasional larger specimens. The cost of clearing 
ranges from Eth$15.00 to Eth$80.00 per hectare. A median of Eth$58.00 per hectare 
is used for project estimating. 

Medium Clearing. This category visualizes a closer tree growth with a higher pro- 
portion of trees of greater trunk diameter. Large acacia and broad-leaf species are 
involved. The number of trees varies from 15 to 150 per hectare, with occasional large 
trees. One large fig or  baobab in an area of 25 square kilometers (about 10 square 
miles) would probably be representative of the plant composition. Bamboo forests, such 
as  exist in the Beles River Basin, are also considered to f a l l  in this category. The costs 
of clearing this type of growth range from Eth$81.00 to Eth$150.00 per hectark. A 
median of Eth$ll5.00 per hectare i s  used for project estimating purposes. 

Heavy Clearing. This category includes limited areas of riverine growth adjacent to 
streams and areas of intense growth of acacia trees, which form a closed o r  nearly closed 
canopy at treetop level. Tree numbers exceed 150 per hectare. The costs for clearing 
this type of vegetation ranges from Eth$l51.00 to Eth$310.00 per hectare. A median of 
Eth$230.00 per hectare is used for project estimating purposes. 
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Levelin Costs. The costs associated with development of land for irrigation farming 
usu zll-+T y mc u e and grading o r  leveling. In addition, these costs include works and 
structures which permit the uniform application of irrigation water to the fields and the 
removal of excess water from the fields through properly placed outlet ditches and field 
drains. The need for land grading i s  dependent upon surface topography, depth and qual- 
ity of the soil and subsoils, and physical and economic considerations. Similarly, the 
need for farm ditches and structures i s  influenced by physical and economic factors. 

Cost data for land leveling are not readily available in Ethiopia. The only location for 
which data are  available where lands have been prepared for commercial irrigation is on 
the Wonji sugar estate in the Awash Rive? Basin. There, total development costs, includ- 
ing drains, land leveling, deep-subsoiling, and final plowing, were about Eth$617.00 per 
hectare or  Eth$l50.00 per acre. Specific costs for the land leveling o r  grading were not 
separable. However, the Wonji area is relatively flat, and it is  believed that the principal 
costs there involved development work other than leveling. An estimate of Eth$65.00 per 
hectare would appear to be a reasonable cost to assign to the leveling portion of the develop- 
ment work. This cost will be used for those Blue Nile Basin projects where land grading 
~equirements appear to approximate those of the Wonji sugar estate. These are  considered 
minimum" charges for such work. Other project areas in the Blue Nile Basin with rougher 

topography appear to require more intensive leveling operations and are  termed "moderate" 
with associated costs of Eth$125.00 per hectare. Those projects which appear to require 
still more intensive leveling operations are termed "maximum" areas and are assigned 
leveling costs of Eth$180.00 per hectare. 

In some projects o r  portions of projects, it will be necessary to develop gradients 
instead of correcting undulations in the terrain. These gradients will overcome the 
flatness of the terrain in order to permit the effective application of irrigation water. 
The leveling charges are a part of total project costs and will be included in the final cost 
estimates for each of the individual projects. 

Operation, Maintenance, and Replacement Costs  

General. The estimates of operation, maintenance, and replacement costs for the 
irrigation projects under discussion in the Blue Nile Basin were obtained from curves, 
the data for the curves being obtained from Bureau of Reclamation experiences and prac- 
tices adjusted to local conditions. Lack of available data in Ethiopia in this type of opera- 
tion for projection and application to the various projects was the primary reason for 
adoption of Bureau data. OM&R for hydroelectric power facilities are treated in the Power 
Appendix. 

The curves for the estimates of costs indicate the magnitude as experienced in the 
United States,. and further study is required if  a more precise estimate i s  desired, with 
due consideration to all the variable factors that influence costs. Costs, as  obtained from 
these curves, assume that adequate personnel and equipment will be provided to perform 
all operating requirements for the efficient utilization of the facilities and that proper 
maintenance programs will be carried out to minimize premature and costly replacements 
of equipment and structures. No replacements have been provided within the 50-year 
analysis period for exclusively irrigation features, except for the pumping plants. Opera- 
tion and maintenance charges on multiple-purpose projects were allocated and charges 
made to each specific purpose. 

Dams and Reservoirs. Estimates of cost for operation and maintenance charges for 
dams and reservoirs were obtained from curves as  shown on Figure 1-34. Factors that 
influence costs, aside from reservoir capacities, are  location, operational requirements, 
availability and cost of labor, and the makeup of the plant facility itself. Costs do not 
include O&M for powerplants if one is included in the dam proper. Work activities asso- 
ciated with O&M costs may include all o r  parts of the following. 

0 eration. This item includes estimated costs for reservoir superintendent, guards, 
gui z-- es, marine service, collection of technical data such as sediment and test surveys, 
communication operators, utilities technicians, and gate attendants. 



Figure I -3b-Annual OLH Exoense f o r  Dams and Reservoirs 
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Maintenance. Estimated costs include provision for supervision and engineering, 
maintenance of headquarters and other buildings, reservoir area maintenance, weed and 
rodent control, riprap (especially on outlet and spillways), test apparatus, outlet works, 
access roads, and maintenance of electrical equipment including. radio. 

Administrative and General Expense. Associated costs for such items as centralized 
project operations, clerical, office supplies, and other miscellaneous expenses such as  
utilities and transportation fuels. 

Canal and Lateral Distribution System. Estimates of cost for operation, and mainte- 
nance (no replacements being required within the analysis period) were obtained for this 
item from curves, as  indicated on Figure 1-35. Factors that influenced cost--not assumed 
or  obtainable from the curve--are the length of irrigation season, the volume of water 
delivery, the shape of the irrigation unit o r  project, the availability and cost of labor, 
the terrain, seepage, conveyance length, designs and construction of the canal structures, 
to enumerate some of the items that determine to a great extent the cost for operating and 
maintaining an irrigation project. 

The Bureau of Reclamation's experience in irrigation O&M costs is roughly apportioned 
as follows: 60 percent for persqnnel costs, 20 percent for equipment, 12 percent for sup- 
plies, and 8 percent for miscellaneous-expenses. The comparison of the two projects was 
made to convey the higher unit cost of the smaller project. Generally i t  can be said that 
labor costs were considerably cheaper than those in the United States, with equipment 
cost (including life and maintenance) somewhat higher. 

Costs generally associated with an irrigation project by broad categories may be as 
follows. 

Personnel Costs. A qualified manager is required for an irrigation project with an 
assistant usually employed for larger projects. Obtaining the necessary qualified mana- 
gerial personnel may be costly, as it i s  probable that the initial managers will be foreign 
nationals who have acquired the necessary experience. It should be emphasized that 
formal education alone is not sufficient to qualify a man for this highly important and 
technical job; he should have years of irrigation experience, preferably on the same type 
of project that he eventually heads, and should have a proven capacity in all of the diverse 
fields that make up the operation of the project. Some of the larger projects may also 
employ a wafermaster chargeable to this item. 

Clerical and administrative personnel wi l l  be required with the number varying with 
the complexity and size of the projects. Collection of technical data, payroll and person- 
nel cost accounting, water records, and ordering and issuing supplies would be some of 
the work activities associated with this cost. 

Ditchtenders, laborers, and technicians would also be required. Receiving and filling 
water orders from the individual farmers would be the principal task of the ditchtenders. 
They would have the primary responsibility of regulating the turnouts for the proper 
releases of water. Maintenance personnel would maintain canal structures and facilities 
as required. Some of the representative duties would include debris and sediment removal, 
weed control, and maintenance and repair of canal linings, operating roads, bridges and 
wasteways, and headquarters buildings. It is expected that personnel under this category 
will readily be recruited locally with some training and time in which to develop the skills 
necessary for their duties. 

Equipment Costs. Costs for this item are composed of operation (gas and oil) and 
depreciation of the equipment, but exclude labor costs. The initial purchase cost i s  pro- 
vided under construction costs of service facilities. Equipment generally required for 
operation of an irrigation project would include pickups, trucks, tractors, draglines, and 
miscellaneous tools and work equipment. 

Supplies and General Expense. Costs generally associated with this item would include 
materials such as lumber, cement, and reinforcement bar required for repairs to canal 
structures. It would also include such items as  transportation fuel for office personnel, 
utilities, and office supplies. It may include such general expenses as  legal fees, audit- 
ing fees, liability insurance, and insurance on buildings and equipment. It would also 
include depreciation on buildings not covered under other items. 



Figure I-35--Annual OM&R Costs for  I rr igat ion Projects 
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Pumping Plants. Estimates of operation and maintenance costs for  pumping plants 
were obtained from curves, as indicated on Figure 1-36. This item includes administra- 
tive and general expense only, replacement costs were obtained from Table 1-3, and 
power charges were estimated at three cents (Ethiopian) per kilowatt-hour. 

TAOLEZL.PUMPING PLANT REPLACEMENT 

Camputation of irrigstion plant replacement factors for five percent intereat rates 
- 

5% interest rate 
Sinking fund Weighted 

Percent replaceable by eervice lives factor factor 

Asceesorv Electric Eauiument 
Plant capacity--under 7,000 hp - 0 0 

Plant capacity--over 7,000 hp 0.53% in 15 years 0.0463 0.000246 
53.16% in 35 ;yeem 0.0111 0.005gol 
0.73% in 40 years 0.0083 0.000061 
1.31% in 50 yeare 0.0048 0.000063 

Total 0.0705 0.006271 

Plrmpe and Prime Movere 

Plant capacity--under 750 hp - 0 0 

Plant capacity--7% to 6,999 hp 10.62% in 20 years 0.03~ 0.003207 
5.99$ in 30 ycara 0.0151 00-5 

Total 0.0453 0.004112 

plant capacity--over 7,000 hp 1.1% in 20 yeera 0.0302 0.000359 
0.69% in 30 years 0.0151 0.000104 
12.36% in 35 yeare 0.0111 0.001372 
3-93s in 40 years 0.0083 0.000326 
7.474 in 50 years 0.0048 0.000359 

Total 0.0695 0.002!520 
- - - - - - - 

Hiscellaneous Equipment 

Plant capacity--uuder 7,000 hp - 0 0 

Plant capacity--over 7,000 hp 
With telephone 7.66s in 25 years 0.0220 0.00161 
Without telephone 4.33% in 25 yeare 0.0220 0.0oOgl 

Variable factors, those that could influence operation and maintenance costs and a re  
not reflected in the curves, a r e  location, climatic conditions, operational requirements, 
availability and skill of labor, designs and construction of the facility, and type of equip- 
ment installed. Costs generally associated with operating and maintaining pumping plants 
a re  a s  follows. 

0 eration This would consider al l  labor costs used directly in operation of the 
plant, + mc u 'ng intake canal o r  conduit, t rashrack cleaning, discharge conduit, sub- 
station, and powerline. Guards, attendants, and other technicians a r e  also included 
in this item. 

Maintenance. This includes the labor costs  associated with maintaining the plant, 
such a s  intake canal o r  conduit, discharge conduit, housing, substation equipment, 
powerlines, and other facilities, including roads and bridges, grounds, and other 
buildings. 

Materials and Supplies. This would include aLl nonlabor costs associated with the 
maintenance of the pumping plant, such a s  replacement parts, paint, tool expense, 
testing equipment expense, equipment rental, transportation, and miscellaneous mate- 
rials and supplies. 
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~dministratibn and General Expense. This item would include salaries, expenses, 
travel, and mileage costs of administrative employees and management personnel 
(exclusive of O&M supervision) chargeable to the operation and maintenance of the 
pumping plant. 

Tunnels. There are no tunnels exclusively for irrigation purposes in this report. 
Operation and maintenance char es  for tunnels on multiple-purpose projects are described 
and costs noted in Appendix V, "Power." 



SECTION 2--LAKE TANA SUB-BASIN 

Introduction 

The Lake Tana Sub-basin is discussed in relation to four separate projects, each of 
which is described in detail in this section, which is limited to the northern and eastern 
portions of the basin on the perimeter of the lake. The utilization of Lake Tana for pur- 
poses of development of the adjacent Beles River Basin and the Gilgel Abbay Projects 
will be discussed elsewhere. 

F o r  obvious reasons, the general descriptions applicable to the basin will include Lake 
Tana and the Gilgel Abbay drainage area. Due to the interest shown, both in the past by 
international attention and currently by the Imperial Ethiopian Government in the exploita- 
tion of Lake Tana, the general description is given in greater  detail than for the other 
areas  in the Blue Nile Basin. 

BASIN DESCRIPTION 

The Lake Tana basin l ies in northwestern Ethiopia and has a drainage a rea  of approx- 
imately 15, 000 square kilometers (5, 800 square miles). Situated at  an  elevation of 1786 
meters (5860 feet) above sea  level, the lake is fed by four major tributaries--the Gilgel 
Abbay, the Megech, the Gumara, and the Ribb--all of which r ise  in the highlands surround- 
ing the lake. Because of the restriction at  i t s  outlet and i ts  large storage capacity, the 
lake r ises  slowly to reach its maximum stage near the end of the season of heavy rains 
and recedes slowly to i t s  minimum discharge during the d ry  season. 

The sub-basin is characterized by a large, flat to very gently sloping plain bordering 
the lake on the north and east and by au extensive area  of gently rolling to hilly uplands 
on the south. Recent lava flows, hilly rocky land, low marshy areas,  and mountainous 
terrain comprise a sizable portion of the landscape. 

Studies of the areas  on the northern and eastern sector of the basin indicate that it 
would be engineeringly feasible to construct and develop three storage dams on the Megech, 
Ribb, and Gumara Rivers for the agricultural production by gravity irrigation of 35, 000 
hectares of land and the construction of three pumping plants around the perimeter of 
the lake for pumping would provide a water supply for the irrigation of 18,000 hectares 
of land. 

Water for the Megech Gravity Project would be supplied from the Megech Reservoir 
for irrigation of nearly 7,000 hectares of land. The Ribb Dam and Reservoir would 
impound the rainy season flows to be released a s  required for irrigation of 15,000 hectares 
of land. The Gumara Dam and Reservoir would provide enough storage for irrigation of 
13,000 hectares of land. 

With Lake Tana a s  a forebay, the West and East Megech Pumping Plants would lift the 
water about 34 meters to irrigate nearly 13, 000 hectares of land. The Northeast Tana 
Pumping Project, also drawing water from the lake, would pump water onto the north- 
eastern sector of the basin for irrigation of 5,000 hectares. 
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Figure I-37--Lake Tana S u b  basin--General Locat ion Map 



For  convenience, the projects a r e  grouped and treated in the two main methods of 
irrigation, that by gravity and pumping. A general location map, Figure 1-37, shows the 
principal features proposed for development. 

PRINCIPAL TOWNS AND CITIES 

The principal centers of population and local trade in the sub-basin a r e  Gondar, Azozo, 
and Gorgora in the north; Addis Zemin in the east; Bahir Dar in the south; and Dangila in 
the southwest. Of these towns, Bahir Dar, located at  the southern end of the lake, has 
been selected by the IEG for development in their long range plan. In support of this, a 
considerable amount of construction has been done recently. The construction includes 
a domestic water supply system, a concrete bridge over the Blue Nile River at the outlet 
of the lake, a small hydroelectric powerplant at Tis  Isat Falls for  service to the town, 
a technical school for  1, 000 students, and improvement of the highways leading to Addis 
Ababa and to Asmara. Numerous city plans have been prepared at various times by con- 
sulting firms, evidencing the importance attached to development of the city. The strategic 
location of Bahir Dar has been given a s  the reason for this attention. It is expected that 
Bahir Dar may serve both a s  the nucleus for economic exploitation and a s  the administra- 
tive center for the northwestern section of Ethiopia. Population in 1962 was estimated 
to be about 10,000. Gondar, to the north, one-time capital of the Empire, serves a s  the 
present outlet to Asmara and to the Red Sea ports for this portion of the basin. 

ECONOMY O F  THE AREA 

Agriculture and the raising of cattle and sheep form the principal economy of the area. 
A variety of dryland crops is produced--mostly grains and berberi. Dryland cotton, .cof- 
fee, and herbs a r e  also grown on a limited scale. Exporting of hides and the cottage indus- 
tries, including tanning of hides, pressing oil from seeds, beekeeping, and cloth weaving, 
a r e  main sources of cash income. 

Transportation is provided by regularly scheduled boats of 65-ton capacity, which oper- 
ate between Gorgora on the north side and Bahir Dar on the south side of the lake. All- 
weather highways to replace the present primitive trai ls  around the lake and to provide 
outlets to other parts  of the Empire a r e  under active construction at  the time of this 
writing. 

GEOLOGY 

Lake Tana l ies in a large structural basin surrounded by volcanic mountains composed 
mostly of basaltic lava. The lakebeds northwest of Lake Tana a r e  the only sedimentary 
rock formations in the vicinity of the lake and consist mostly of siliceous shales, sand- 
stones, lignite beds, and cherty marl. The lakebeds have been faulted and tilted, indicat- 
ing relatively recent movement along the rift. The rocks within the basin a r e  all extrusive 
volcanic.rocks representing three or  more phases of volcanic activity. 

The present lake was formed primarily by a younger volcanism which dammed off the 
previously eroded valley and drainage systems, impounding a broad, relatively shallow 
body of water. Some of the younger lava flows poured downstream in syrup-like flows. 
Although not exposed in the lake basin, it is believed that the volcanic rocks a r e  underlain 
by essentially bedded sedimentary rock of the Mesozoic age, consisting of l!lmestone 
sandstone, and shale. Underneath the sedimentary rock, the Precambrian basement 
complex" consists of granitics, gneisses, schists, and variably altered metasediments 
and metavolcanics. 



CLIMATE 

Like most of the plateau area, the Lake Tana a rea  has a temperate and equable climate 
in spite of i t s  proximity to the equator. This is due to i t s  elevated position. The yearly 
climate may be divided into two broad seasons--the rainy season and the dry  season. The 
rainy season includes two general periods--the "little" y ~ i n s ,  which occur during April 
and May and a r e  insufficient for crop maturity, and the big" rains, which last  from mid- 
June to late September. Rainfall records from the Gondar weather station indicate an 
average annual rainfall of 127 centimeters (50 inches). 

Uniformity of temperature throughout the year is also a climatic characteristic. Aver- 
age annual daily temperature is recorded at 19.2' C (66.6' F), average annual maximum 
being 26' C (78.8' F). The coldest months a r e  December and January, while the warmest 
months a re  March, April, and May. Fros t  damage to crops may occur during the former 
period. 
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Megech Gravity Project 

GENERAL DESCRIPTION 

Project Area 

The Megech River a rea  is situated in the northern portion of the sub-basin and has a 
catchment basin of about 700 square kilometers. The r iver  flows generally in a southerly 
direction, emptying into Lake Tana. The main tributaries of the Megech River a r e  the 
West Fork and the Angereb. The watershed is used primarily for pasture, but some dry  - 
land farming is carried on. A few patches of t rees  a r e  scattered over the upper part of 
the watershed, but this could not be considered a forested area. The project area  is on 
the lake plain south of the Gondar-Debre Tabor road and begins at a point about 15 kilo- 
meters north of the lake where the Megech River breaks out of the steep canyon area  into 
the lake plain. 

Project Land 

Soils in this area  a r e  generally well suited to irrigation. They a r e  a mixture of deltaic 
and recent r iver  alluvial deposits and a r e  not homogeneous. A deep, a l l  dark clay profile 
may be found in one spot, and nearby an entirely different texture may be found. Strata of 
medium and coarse texture may also be found in some profiles. 

The land classification performed indicates that 6, 940 hectares a r e  suitable for irriga- 
tion and could be provided a water supply from the project works. 

Drainage control and improvement a r e  needed, but i t  is believed that such controls can 
be accomplished with nominal investments. 

HYDROLOGY 

The Megech River is the only river on the north side of Lake Tana with a watershed 
a rea  sufficiently large to supply surface water for a project larger  than small farm diver- 
sions. The average annual runoff at  the gaging station is estimated at 130 million cubic 
meters. 

Annual farm delivery requirements were estimated to be 0.938 meter. Allowing 30 
percent for canal losses, such a s  seepage and operational waste, the estimate for diver- 
sion requirements per hectare would then be 13,400 cubic meters  annually. The water 
supply a s  determined from reservoir operation studies indicates that a yield through 
storage of 93 million cubic meters annually would be available, based on a 6-year cyclical 
storage and taking shortages once in 10 years during the dry  cycle. The available water 
supply being the limiting factor, the project a rea  for irrigation is 6, 940 hectares. 

PLAN OF DEVELOPMENT 

The development plan includes a storage dam, a main canal and laterals, a distribu- 
tion system, and drainage canals for irrigation of 6, 940 hectares of land. 



The Megech Dam and Reservoir will impound the flows of the Megech River. Con- 
trolled releases would be made into the main canal from the outlet works. The main 
canal would extend in a southerly direction for 16 kilometers to the project area, where 
it would divide into three main laterals. Sublaterals would distribute the water to the 
individual farms for agricultural crop production. 

PROJECT FEATURES 

The features of the project plan a re  described in  reconnaissance detail in the following 
paragraphs and a r e  shown in general plan on Figure 1-38. Area-capacity data for the 
reservoir were obtained from aerial  photographs of 1:50, 000 scale compiled by stereo- 
scopic (multiplex) projection on 20-meter contour intervals using altimeters to establish 
vertical controls (see Figure 1-39]. Layouts of the canals and distribution system were 
performed on uncontrolled photomosaics using altimeters to determine the rough approxi- 
mation of the contour elevation. 

Megech Dam and Reservoir 

Me ech Dam. The damsite is on the main stem of the Megech River, one-half kilometer 
downstream - rom its confluence with the Angereb River and 35 kilometers upstream from 
where it empties into Lake Tana. It would be an ear th  and rock fill dam with a structural 
height above streambed of 78 meters. Diversion during construction would be accomplished 
through a gap in the dam, the gap to be closed during the d ry  season following the com- 
pletion of the outlet conduit. Plan, section, and profiles of the dam and appurtenant struc- 
tures appear on Figure 1-40. 

Megech Dam Data 

Type 
Embankment volume (earth) 

- Embankment volume (pervious) 
Top of dam 
Freeboard 
Structural height 
Hydraulic height 
Length of crest  
Width of crest  

earth-rock fill 
3,500,000 cu. m. 
5,000, 000 cu. m. 
1,952 m. 
2 m. 
78 m. 
76 m. 
940 m. 
10 m. 

Spillway. The design of the spillway was based on the design inflow flood estimated to 
be at the peak flow of 1, 587 cubic meters  per second and a 2.25-day volume of 88.5 mil- 
lion cubic meters. A side-channel uncontrolled spillway, located on the right abutment 
of the dam, with a crest  length of 60 meters would pass  890 cubic meters per  second at 
a surcharge head of 3.9 meters, elevation 1950 meters. Superstorage to store part  of 
the flood has been provided, amounting to 42.5 million cubic meters. A stilling basin 
would be required at the end of the chute. 

Spillway Data 

Type uncontrolled side channel 
Crest elevation 1946.13 m. 
Inflow design flood 1,587 cu. m. 
Total flood volume, 2.25-day 

period 88,500,000 cu. m. 
Discharge at  maximum water 

surface elevation 890 cu. m. per sec. 

Outlet Works. An outlet works to release the necessary irrigation water would be 
located on the left abutment and would include an intake structure, a concrete conduit lead- 
ing to a gate chamber about midway in the dam equipped with a slide gate, and a steel  



outlet pipe housed in a horseshoe conduit. A control structure at  the discharge end of the 
outlet pipe, equipped with two slide gates to control the releases, and a stilling basin to 
dissipate the high-energy flows before discharging into the main canal a r e  also included. 

Outlet Works Data 

Sill elevation 1875 m.  
Capacity at  maximum water 

surface elevation 18.4 cu. m. per  sec 
Type.of gates (2) slide gates 

Megech Reservoir. The reservoir basin is situated in the older volcanics, well blan- 
keted with impermeable material. Seepage is not considered to be a serious factor. 
Sediment deposition at the end of 50 years  of operation is not expected to affect storage 
capacity materially. Capacity of the storage reservoir  has been predicated on a 6-year 
cycle, annual firm yield expected to be in the neighborhood of 93 million cubic meters 
and shortages a r e  to be expected if the reservoir level drops below 80 percent of capacity. 
F o r  area-capacity data, see Figure 1-41, and for area-capacity curves, Figure 1-42. 
Topography a s  compiled from stereoscopic projection appears on Figure 1-39. 

Site Geology. Overburden, consisting of basaltic and rhyolitic talus and silty and 
slightly sandy clay, may be a s  deep a s  15 meters  along the left abutment of the damsite, 
becoming shallower toward the top of the abutment. On the right abutment, weathered 
basaltic and rhyolitic rock with interbedded ash and tuff layers was observed. The harder 
rock layers form ledges along the slope in contrast to flatter areas  where the tuff and 
ash occur. The sand and gravel portion of the overburden should be removed from a c 
cutoff trench and replaced with impervious fill. The silty clay portion of the overburden 
may be impervious enough that it can be left in place, possibly with some compaction. 

Construction Materials. Impervious fill material can be obtained from the slump a rea  
upstream from the axis on the left side of the r iver  and in the reservoir basin. Sand, 
gravel, and cobbles can be obtained along the stream channel downstream from the dam- 
site. Riprap can be quarried from the harder rhyolitic or  basaltic deposits upstream 
from the damsite. 

Access to Site. Construction of only 2.5 kilometers of access road would be required 
to reach the damsite. This would begin at the Megech River crossing of the Gondar-Debre 
Tabor road and follow the stream to tlie damsite. 

Main Canal 

From the discharge end of the outlet works, the main canal, with an initial capacity 
of 9.1 cubic meters per  second, would extend in a southerly direction paralleling the 
Megech River for 16 kilometers to the project lands. The main canal would then be 
divided into three main laterals--one would continue in the direction of the main canal 
to serve the a rea  on the upper half of the project; the second would head in a westerly 
direction toward the Megech River where it would be divided into two canals, one on 
either side of the river, to serve the lands sloping away from the r iver.  

Canal excavation wili not present unusual problems, with rock excavation only expected 
on the initial reaches before it breaks. out into the valley. Bridges, culverts, wasteways, 
turnouts, drops, and checks would be some of the typical structures required along the 
main canal. Estimates of cost fox these structures were obtained a s  a percentage of 
earthwork cost. 

Canal Data 

Type unlined 
Length 63 km. 
'Initial capacity 9.1 cu. m. per sec. 
Initial water surface elevation 1870 m. 
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Distribution System and Drainage Canals 

Distribution System. Water distribution may present a problem due to the relatively 
flat slope of the land, ranging from 0.1 to 3 percent. Border irrigation would likely be 
the most successful method of irrigation. The distribution system for the 6, 940 hectares 
of land is envisioned a s  an unlined canal with sufficient capacity to meet the peak demand 
during the irrigation season. It has been designed on the basis that the application of 
water would be on a continuous 24-hour operation during periods of maximum demand of 
the growing crops. Included in the estimates of cost would be structures such a s  drops, 
checks, wasteways, and turnouts. Costs for the distribution system were computed on a 
per-hectare basis, based on the sample area studied on the Upper Bi r r  Project. 

Drainage Canals. Open, interceptor, drainage canals have been included in the esti- 
mates of cost for the purpose of draining irrigation waste and excess precipitation. 

Subsurface drainage may present a problem in irrigation development and should be 
given careful attention in subsequent detail studies. 

Service Facilities 

Temporary camps will be required for supervision of construction and more permanent 
buildings and shops required later for operation and maintenance personnel. Equipment 
associated with this item is office furniture, transportation, stores, laboratory, tools, 
communication, and other miscellaneous equipment. Permanent structures may include 
schools, recreational facilities, garages, warehouses, shops, offices, laboratories, 
and housing. Estimates of cost were obtained from curves based on Bureau of Reclama- 
tion practices and experiences modified to local conditions. 

ESTIMATED PROJECT COST 

Construction Cost 

The total construction cost for the Megech Gravity Project is estimated to be 
Eth$76, 082,000 on the basis of January 1961 prices, and a s  itemized with unit prices 
in Table 1-4. The estimates of cost a r e  reconnaissance in grade, and the following sum- 
mary includes contingencies, engineering, and general expense. 

Estimated Construction Cost 
Feature I Cost 

Megech Dam and Reservoir 
Canals and laterals 
Distribution system 
Drainage canals 
Access road 
Service facilities 

Total I Eth$76,082,000 

Development Cost 

Prior  to agricultural crop production, clearing of the lands of trees, brush, and 
vegetative debris and land leveling o r  grading a r e  required. Estimates of costs for these 
items on the potential project area  a re  expected to  be minimal a s  d ry  farming is  practiced 
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in the area  with only a small scattering of t rees  and brush in the noncultivated areas. 
The topography is also well adapted to irrigation development. Estimates of cost for these 
two items a r e  Eth$875,000. 

Operation, Maintenance, and Replacement Cost 

The estimates of operation and maintenance cost for the various types of entities of 
work activities for the Megech Gravity Project have been obtained from curves, the data 
for the curves being based on Bureau of Reclamation practices and experiences adjusted 
to local conditions. The estimates assume that adequate personnel and equipment will be 
provided to perform all operating requirements for the efficient utilization of the facilities 
and that proper maintenance programs will be carried out to minimize premature and 
costly replacements of equipment and structures. No replacement is estimated to be 
required within the period of analysis. 

Work division annual cost 

Megech Dam and Reservoir Eth$ 20,000 

Conveyance system 253,000 

PLAN SELECTION AND ALTERNATIVES 

Several stages of development and alternate plans were considered a s  a basis for 
selecting the project plan a s  presented in this report. As the dam is the most costly single 
item in the plan, various heights were studied in relation to cost per hectare served. The 
plan finally selected appears to have the most favorable ratio of cost of dam per hectare 
served. 

Alternative plans studied were irrigation by direct diversion, but only about 400 hectares 
of the potential lands available could be served by direct diversion; and another plan which 
was considered and appeared to have real  merit was by pumping from the lake, but the 
scheme was discarded because of the great distance from the lake. 

Preliminary studies performed for possible hydroelectric power production indicated 
that it would not be economically feasible. 



Ribb River Project 

GENERAL DESCRIPTION 

Project Area 

The Ribb River is located on the east side of Lake Tana and has a drainage area of 
about 1, 790 square kilometers. It is one of the main s t reams on the east  side flowing 
into the lake and, with i ts  tributaries, forms a watershed on the west slope of the high 
mountainous area  east  of the town of Debre Tabor at an elevation of approximately 3050 
meters. The river flows generally in a westerly direction and empties into Lake Tana. 

The irrigation area  under consideration for a potential irrigation project is situated 
south of the Addis Zemin-Debre Tabor road and begins at a point on the r iver  about 33 
kilometers east  of the shore of Lake Tana where the Ribb River approaches the lake plain 
from the mountainous area. To the south, the project a rea  is bordered by the low ridge 
between the Ribb and the Gumara drainage areas, except in the lower reaches where the 
two basins merge into the lake plains. 

Project Lands 

The predominant soils of the potential irrigation area  a r e  of the deltaic plain classifica- 
tion with minor areas  of recent alluvial soils. The deltaic soils a re  dark gray plastic 
clays (grurnusols) that exhibit wide, deep cracks when dry. The soils a r e  uniformly fine 
textured and a r e  poorly drained. 

The land classification studies conducted indicate that 15,270 hectares can be served 
by the project works. 

Land Classes (ha. 

20, 400 15,270 

Drainage may be critical on these lands, unless closely controlled irrigation applica- 
tions a re  practiced. 

Subsurface drainage problems could be very serious. The water table during the rainy 
season r ises  close to the surface, and on this basis, the application of water for irrigation 
of the crops could have a very deleterious effect to the water table and, consequently, to 
the crops. Further investigations and detailed studies on this phase will be required before 
construction is recommended. 

Hydrology 

The Ribb River is one of the two rivers on the east side of Lake Tana with a watershed 
large enough to supply the water required for project-type irrigation. Estimated average 
annual runoff at the gaging station on the Ribb River is 539 million cubic meters from a 
drainage a rea  of nearly 1,800 square kilometers. 



Annual farm delivery requirement was estimated to be 0.889 meter. Assuming 30 per-  
cent for canal losses--seepage, operational waste, and evaporation--the estimate for 
diversion requirements would amount to 12,700 cubic meters per hectare annually (4.17 
feet). From the reservoir operation studies, it was found that a yield of nearly 194 mil- 
lion cubic meters (157, 195 acre-feet) would be obtained with storage in average years. 

PLAN OF DEVELOPMENT 

The development plan includes a storage dam, a diversion dam, two main canals (one 
on each side of the river), a lateral distribution system, and drainage canals to provide 
full irrigation for 15,270 hectares of land. Storage would be provided by a reservoir on 
the main stem of the r iver where irrigation requirements for the project would be released 
into the river channel and picked up at a diversion dam for diversion into the two main 
canals for service to the project. The North Main Canal would extend in a westerly direc- 
tion, and the South Main Canal would extend also in a westerly direction for the first 9 
kilometers, where it would turn to the southwest and terminate near the ridge dividing the 
Ribb and the Gumara drainage basins. 

PROJECT FEATURES 

The general plan of a reconnaissance layout of the project features is shown on Figure 
1-43, and a description of these features is included in the following paragraphs. Topo- 
graphic maps on the reservoir area  were compiled from aerial photographs (Figure 1-44] 
by stereoscopic (multiplex) projection on 20-meter contour intervals using altimeters for 
controls. Layout of the project features was made from photomosaics of a 1:50, 000 scale 
Engineering and other data were derived from these maps. 

Ribb Dam and Reservoir 

~ i b b  Dam. The Ribb River damsite is on the main stem approximately 1.5 kilometers 
upstream from the Addis Zemin-Sebre Tabor road crossing and 44 kilometers east of 
Lake Tana. It would be an earth and rock fill dam with a structural height above streambed 
of 75 meters and a crest length of 1, 154 meters. Diversion during construction would be 
accomplished through a gap in the dam, the gap to be closed during the dry  season follow- 
ing the completion of the outlet conduit. Plan, section, and profiles of the dam and appur- 
tenant structures appear on Figure 1-45. 

Ribb Dam Data 

T Y P ~  earth-rock fill 
Embankment volume (earth) 2,700,000 cu. m. 
Embankment volume (pervious) 3, 600,000 cu. m. 
Top of dam elevation 1936 m. 
Freeboard 2.2 m. 
Structural height 75 m. 
Hydraulic height 72.8 m. 
Length of crest. 1, 154 m. 
Width of crest 10 m. 

S illwa . Based on the estimated peak inflow of 2,246 cubic meters per second, a s  
i n d w r o m  design inflow studies* and a 2.5-day volume of 145 million cubic meters, 
a "U"-shaped o r  bathtub spillway was designed having a 200-meter crest length and the 
spillway at water surface elevation 1933.8 meters will discharge 1,906 cubic meters per  
second. Superstorage to store part of the flood at the aforementioned elevation will s tore 
40.6 million cubic meters. A stilling basin at the end of the chute will be required to 
dissipate the high energies of the flows. 
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Spillway Data 

Type "U" -shape uncontrolled 
Crest elevation 1930.9 m. 
Inflow design flood 2,246 cu. m. per sec. 
Total flood volume, 

2.5-day period 140,000,000 cu. m. 
Discharge at maximum water 

surf ace elevation 1,906 cu. m. per sec. 

Outlet Works. A conventional-type outlet works, consisting of an intake structure, 
conduit, gate chamber, s teel  outlet pipe, and a control house, is proposed for irrigation 
releases. The conduit would be a 1.83-meter-diameter concrete conduit with the steel out- 
let pipe having a 1.12-meter diameter. An emergency slide gate at  the gate chamber 
and two slide gates at the control house would regulate the releases a s  required. 

Outlet Works Data 

Sill elevation 1869.3 m. 
Capacity at  minimum water 

surface elevation 5.7 cu. m. per sec. 
Type of gates (2) slide gates 

Ribb Reservoir. The reservoir  basin is situated in the older volcanics, overburden 
consisting of typical, reddish-brown, silty clay providing an impermeable blanket. Seep- 
age in the storage basin should not be a serious problem. At normal water surface eleva- 
tion, it is expected that about 13.3 square kilometers will be inundated and store about 
313 million cubic meters initially. Sediment at the end of 50 years of operation is expected 
to displace about 10.6 million cubic meters  of storage capacity. Area-capacity data appear 
on Figure 1-46 and area-capacity curves on Figure 1-47. 

Site Geolopy. Visual examination at the selected damsite indicates that the foundations 
a r e  composed of rocks variable in character and composition. In general, the rocks a r e  
of massive basaltic composition. Overburden was observed on the proposed dam axis and 
will have to be stripped before construction of the cutoff trench. 

Construction Materials. Impervious fill material will be of the silty, plastic clay 
found in abundance within economical haul distance. Pervious materials of sand and gravel 
were observed near the si te and downstream from the proposed location. Riprap can be 
obtained from the harder zones in the rhyolitic outcrops near the site. 

Access to Site. Access to the damsite will not be difficult, a s  the Addis Zemin-Debre 
Tabor road is within 1.5 kilometers of the selected site. Access to the diversion damsite 
can be made by constructing a road approximately 12 kilometers long following the r iver  
downstream from the existing main road. 

Diversion Dam 

The r iver  regulating structure and canal headworks would be located on the Ribb River 
about 12 kilometers downstream from the storage dam. It would be a masonry-concrete 
diversion dam designed to divert the releases from the storage dam into the main canals 
located on each side of the r iver by means of stoplogs. During the rainy season period, 
the stoplogs would be removed for passing the floodflows. The sill elevation would be 
located at approximately 1824 meters  and the operating deck at  elevation 1830.30 meters. 
The total weir length would be about 36 meters. Estimates of cost include canal head- 
works and wingwalls. 
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Diversion Dam Data 

TYPe masonry-concrete with 
stoplogs 

Structural height 6 .3  m. 
Weir length 36 m. 
Volume of concrete 37 cu. m. 
Volume of masonry 570 cu. m. 
Normal water surface elevation 1828 m. 

Main Canals 

Two main canals--one on either side of the river--would originate from the outlet 
works located on each of the abutments of the diversion dam. The proposed routes of 
the canals would traverse rolling hills to flat topography a s  it emerges into the lake plain. 
No difficulty is expected in constructing the canals; rock excavation may be encountered, 
especially in the initial reaches of the canal. Appropriate structures would be included. 

North Main Canal. The North Main Canal, 35 kilometers long, would extend in a 
westerly direction to i ts  terminus on the lake plain southwest of the town of Addis Zemin. 
It would have an initial capacity of 12.4 cubic meters per second, and is designed to serve  
approximately 8, 500 hectares of irrigable land. 

North Main Canal Data 

TYPe unlined 
Length 35.2 km. 
Initial capacity 12.4 cu. m. per sec. 
Initial water surface elevation 1828 m. 

South Main Canal. The South Main Canal would follow the river in a westerly direction 
for approximately 9 kilometers and then turn in a southwesterly direction to its terminus 
at the end of the ridge dividing the Ribb and Gumara drainage basins for a total distance 
of 37.4 kilometers. One large tributary crossing will be encountered, but otherwise, 
the usual structures will be required. The initial capacity of the canal would be 9 .3  cubic 
meters per* second and it would serve approximately 6, 770 hectares of irrigable land. 

South Main Canal 

T Y P ~  d i n e d  
Length 37 .4  km. 
Initial capacity 9 .3  cu. m. per sec. 
Initial water surface elevation 1828 m. 

Distribution System and Drainage Canals 

Distribution System. The laterals and sublaterals of the distribution will be similar 
in design and operating cri teria to those of the Megech Gravity Project. Cost for the 
distribution system was assumed to be somewhat higher than for Megech due to more roll- 
ing topography. 

Drainage Canals. A network of deep drainage canals on the lower portions of the 
project a rea  to carry away the irrigation waste and excess precipitation will be required, 
due to the relatively flat gradient of the land. Subsurface drainage requirements will be 
similar to those for the Megech Project area, and further detailed investigations should 
be conducted. 



Service Facilities 

Service facilities will be required during construction of the project and for operation 
and maintenance after construction. Costs for this item a re  included in the estimates. 

ESTIMATED PROJECT COST 

Construction Cost 

The total construction cost for the project is estimated to be Eth$78,405,000 on the 
basis of January 1961 prices and a s  itemized with unit prices in Table 1-5. The estimates 
of cost a r e  reconnaissance in grade, and the following summary includes contingencies, 
engineering, and general expense. 

Estimated Construction Cost 
r'eature 1 Cost 

Ribb Dam and Reservoir 
Diversion Dam 
North Main Canal 
South Main Canal 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Total I Eth$78. 405,000 

Development Cost 

Some clearing of the scattered scrub trees and loose rocks will be needed, especially 
on the upland soils. It is expected to be minimal, however, for an estimated cost of 
Eth$9OO, 000. Land leveling costs a r e  also expected to be minimal, a s  generally the relief 
of the land is smooth and uniformly sloping. An average cost per hectare of Eth$65 was 
assumed for this item, for a total cost of approximately Eth$l, 000, 000. 

Operation, Maintenance, and Replacement Cost 

Annual OM&R charges for the Ribb River Project a r e  estimated a s  follows. 

Work division annual cost 

Storage and diversion dams Eth$ 25, 000 

Conveyance system 512,000 
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PLAN SELECTION AND ALTERNATIVES 

The selected plan of development appears to be the most economically feasible utilizing 
the only major stream available in the area. Alternative si tes were considered but dis- 
carded a s  the site as  selected appears to be the most economical in relation to storage 
capacity. 

Pumping possibilities from the lake were considered; however, from the data avail- 
able, i t  appears that the distance and lift required would be uneconomical. 

Possible hydroelectric power production was considered in conjunction with irrigation 
requirements. Brief studies conducted did not indicate that power production was feasible. 



Gumara River Project 

GENERAL DESCRIPTION 

Project Area 

The Gurnara River area is  east  of Lake Tana and has a drainage area  of 1,500 square 
kilometers. The r ive r  rises in the high mountainous area south and east of the town of 
Debre Tabor at an approximate elevation of 3000 meters. It flows generally in a westerly 
direction and empties into Lake Tana about 35 kilometers north of the town of Bahir Dar. 
The main tributaries of the Gumara River a r e  the North Fork, the South Fork, and the 
Little Gumara. The project land a rea  extends from the toes of the mountains to near the 
lake and blends into the Ribb River area to the north, the average elevation of the project 
lands being about 1840 meters. A ridge extending to the lake is the southern boundary 
of the area. The Bahir Dar-Debre Tabor highway extends through the area. 

Project Landr 

Like other lake plain soils of the Ribb River Project, those in the project area  were 
developed on deltaic deposits overlying deeper lacustrine deposits. Alluvium and red 
latosol soils, better suited to  irrigation, are  also found in the project lands, comprising 
about 25 percent of the project lands. They a re  considered to  be more desirable for 
irrigation purposes than the grumusols. 

The irrigable lands under the canal that could be served by gravity irrigation were 
estimated at 12, 920 hectares. The irrigable area, after allowing for canals, roads, 
buildings, and taking into consideration the factor of being a reconnaissance study, was 
determined to be composed of the following land classes. 

Total I 17,219 1 12, 920 

Land Classes (ha.) 

Critical drainage problems on the lake plains resulted in the elimination of those lands 
bordering the lake. The western boundary of the project land extends away from the lake 
a few kilometers in order to avoid, a s  much a s  possible, the seasonally inundated plain. 
Internal drainage characteristics a r e  such that tile drainage would probably not be feasible. 
The more highly elevated lands of the project area  should not present any undue problem 
in surface drainage in carrying away any irrigation waste and excess precipitation. 

Hydrology 

Irrigable Class 

Hydrologic studies conducted indicate that there is an abundant water supply to irrigate 
the 12,920 hectares of land. 

Arable 
under canal 



PLAN OF DEVELOPMENT 

The plan includes a storage dam, a diversion dam, two main canals (one on each side 
of the river), a lateral distribution system, and drainage canals to provide f u l l  irrigation 
service for  12,920 hectares of land. Storage would be provided by a reservoir on the 
Gumara River. The diversion dam would turn water into the two main canals for service 
to the project. The North Main Canal would extend in a generally northerly direction to 
i ts  terminus at the end of the ridge between the Ribb and Gumara drainage basins. The 
South Main Canal would extend in a westerly and then northwesterly direction following 
the edge of the steeper ground south of the river. Laterals and feeders would branch off 
the main canals to the land. 

PROJECT FEATURES 

The general plan of a reconnaissance layout of the project features is shown on Figure 
1-48, and a description of these features follows. Surveys of the reservoir a rea  for deter- 
mination of area-capacity were performed by taking cross sections of the river valley at 
various points and at the damsite. Layouts of the canals were prepared from uncontrolled 
photomosaics of 1:50, 000 scale. 

Cumara Dam and Reservoir 

Gumara Dam. The damsite is on the main stem of the Gumara River, approximately 
35 kilometers east of Lake Tana and 18 kilometers upstream from the Addis Zemin-Bahir 
Dar road. It would be an earth and rock fill dam with a structural height above streambed 
of 71 meters and with a crest length of 683 meters. Diversion during construction would 
be accomplished through a gap in the dam, the gap to be closed during the d ry  season 
following the completion of the outlet conduit. A dike on the north side of the proposed 
reservoir will be required. Plan, section, and profiles of the dam and appurtenant works 
appear on Figure 1-49. 

Gumara Dam Data 

Type earth and rock fill 
Embankment volume (earth) 2, 600, 000 cu.' m. 
Embankment volume (pervious) 3, 100, 000 cu. m. 
Top of dam 1960 m. 
Freeboard 1.7 m. 
Structural height 71 m. 
Hydraulic height 69.3 m. 
Length of crest 683 m. 
Width of crest 10 m. 

Dike - 
Type earth and rock fill 
Embankment volume (earth) 1,300, 000 cu. m. 
Embankment volume (pervious) 1,300,000 cu. m.. 
Structural height 38t m. 
Crest length 690f m. 

Spillwa . The design of the spillway was based on the inflow design flood, with a peak 
at & cubic meters per second, and a 2.25-day volume of 84 million cubic meters. It 
would be a side channel, uncontrolled type, located on the right abutment of the dam. With 
a crest length of 50 meters, it is designed to pass a maximum flow of 926 cubic meters 
per second at elevation 1958.3 meters. At this elevation it would have a surcharge head 
of 4 meters and superstorage of nearly 37 million cubic meters. A stilling basin at the 
end of the chute would be required. 



Spillway Data 

Type side channel uncontrolled 
Crest elevation 1954.3 m. 
Inflow design flood, 2.25-day 

period 84,000,000 cu. m. 
Discharge at maximum water 

surface elevation 926 cu. m. per sec. 

Outlet Works. An outlet works on the left abutment of the dam that would release water 
as  required into the river channel and divert it into the main canals for irrigation, is 
planned. It would include an intake structure, an upstream conduit, a gate chamber 
equipped with slide gate for emergency control, a steel outlet pipe inside a horseshoe 
conduit, a control house with two slide gates, and a stilling basin. 

Outlet Works Data 

Sill elevation 1895.2 m. 
Discharge at minimum optimum 

water surface elevation 3.9 cu. m.  per sec. 
Type of gates (2) slide gates 
Size of pipe (diameter) 1.22 m. 

Gumara Reservoir. The reservoir  basin probably is underlain by younger volcanic 
flows, which a r e  quite permeable. The thickness of these flows may not be great and, 
since the basin is covered with impermeable overburden, seepage may not be a problem. 
Storage is estimated to be about 236.7 million cubic meters and will inundate an area  of 
8.7 square kilometers. No shortages a re  expected, a s  a firm yield of 163, 200, 000 cubic 
meters annually is estimated. For  area-capacity data and curves', see Figures 1-50 
and 1-51. 

Site Geola . The selected damsite is believed to be geologically feasible to  provide 
storage -7-F o r  t e proposed project, but the foundation materials should be thoroughly explored 
during preconstruction studies to determine the thickness and permeability of foundation 
materials and the corrective measures required to prevent excessive leakage. In excavat- 
ing for the cutoff trench, it may be advisable to remove the scoriaceous basaltic lava to 
the sounder older volcanics to assure  sealing off the reservoir at the damsite. 

Construction Materials. Impervious embankment materials a r e  available from the 
valley floor downstream from the dam axis. Pervious f i l l  and sand and gravel can be 
obtained from the gravel lenses in the stream channel downstream from the damsite. 
Riprap and pervious rockfill can be obtained at the site from the rhyolitic or  basaltic lava 
near the site. 

Access to Site. A 24-kilometer road from the Addis Zemin-Bahir Dar highway would 
have to be constructed, mostly through flat to gently rolling terrain. 

Diversion Dam 

The diversion dam would be about 8 kilometers downstream on the Gumara River from 
the main storage dam. The masonry-concrete regulating structure will divert the irriga- 
tion releases from the storage dam by means of canal headworks located on each abutment. 
The weir length would be about 44 meters with 10 piers for insertion of the stoplogs. The 
logs would be removed during the rainy season for bypassing the high floodflows. The sill 
is assumed to be at elevation 1872.4 meters, with the top of the dam at elevation 1877 
meters. Estimates of cost include channel improvements and wingwalls. 
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Diversion Dam Data 

Type masonry-concrcte 
with stoplogs 

Structural height 4.6  m. 
Weir length 44  m. 
Volume of concrete 435 cu. m. 
Volume of masonry 400 cu. m. 
Normal water surface elevation 1876 m. 

Main Canals 

In common with other irrigation projects in the Blue Nile Basin, a main canal on each 
side of the r iver to service the project lands will be required. Being adjacent to the Ribb 
River Project, the topography and subsurface soil conditions will be similar. It will 
t raverse flat to rolling terrain, with some rock excavation expected to be encountered 
where the overburden is thin. Typical structures such a s  bridges, culverts, wasteways, 
turnouts, siphons, checks, and drops would have to be provided a s  required. 

North Main Canal. The canal would extend in a northerly direction from the diversion 
dam headworks for a distance of approximately 59.5 kilometers. It would have an initial 
capacity of 1 0 . 6  cubic meters per  second, designed to serve by gravity 9, 100 hectares 
of land. 

North Main Canal Data 

Type unlined 
Length 59.5  km. 
Initial capacity 10 .6  cu. m. per sec. 
Initial water surface elevation 1875 m. 

South Main Canal. The canal would extend in a westerly direction from the diversion 
dam headworks for a distance of 32.5 kilometers, and thence northwesterly for 8 kilo- 
meters to i ts  terminus about 4 kilometers east of the lake shore. It would have an initial 
capacity of 4.65 cubic meters per second designed to serve 3,820 hectares of land. 

South Main Canal Data 

Type unlined 
Length 32.5 krn. 
Initial capacity 4.65 cu. m. per sec. 
Initial water surface elevation 1875 m. 

Distribution System and Drainage Canals 

Distribution System. The general terrain and conditions being similar to those of the 
Ribb Project, the same cost per hectare was used to arrive at  cost for this item. 

Drainage Canals. Surface and subsurface conditions a r e  similar to those described 
for the Ribb Project. 

Service Facilities 

Service Facilities. Service facilities will be required for the reasons stated for the 
Megech Gravity Project; cost also being obtained from curves. 



ESTIMATED PROJECT COST 

Construction Cost 

I The total construction cost for the Gumara River Project is estimated to be 
Eth$79, 633, 000 on the basis of January 1961 prices and a s  itemized with unit prices in 
Table 1-6. The estimates of cost a r e  reconnaissance in grade, and the following summary 
includes contingencies, engineering, and general expense. 

Estimated Construction Cost 
Feature I Cost 

Gumara Dam and Reservoir 
Diversion Dam 
North Main Canal 
South Main Canal 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Total I Eth$79, 633, 000 

Development Cost 

The development cost which includes clearing and land leveling is estimated to be 
Eth$l, 600, 000 for the potential irrigation project. 

Operation, Maintenance, and Replacement Cost 

Operation and annual cost for the project i s  estimated a s  follows by major divisions of 
work activities. No replacements a r e  required within the period of analysis. 

Work division annual cost 

Storage and diversion dams Eth$ 20,000 

Conveyance system 440,000 

PLAN SELECTION AND ALTERNATIVES 

Plan selection was generally controlled by the selection of a damsite. Two other dam- 
si tes were investigated, one on the South Fork and the other on the North Fork. The si te 
a s  selected appeared the most feasible by comparison of reservoir capacity to cost of dam. 

Possible hydroelectric power production was considered, inasmuch a s  hydrologic studies 
indicated the yield was in excess of irrigation requirements. Brief studies conducted indi- 
cate that about 4,500 kilowatts could be produced if a high dam (100 meters) were to be 
constructed. It showed, however, that the extra height required for  production of this 
power would be uneconomical. A smaller plant of about 500 kilowatts for local y e  mi5fit 
prove feasible at the time the irrigation dam i s  constructed. (See Appendix V, Power 
for further details.) 
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Megech River Area--Pumping Projects 

INTRODUCTION 

Of the approximately 45,000 hectares determined to be suitable for irrigation develop- 
ment in the Megech River area, less  than 20 percent of the potential arable lands could 
be served by the Megech Gravity Project. A scheme involving two pumping projects 
to irrigate lands not served by the gravity project is proposed. The West Megech Pumping 
Project and the East Megech Pumping Project a re  adjacent to the boundaries of the Megech 
Gravity Project and, a s  the names imply, east and west of the Megech River. The areas  
have similar characteristics, being in close proximity to each other. The following 
general descriptions would be applicable to both projects. 

GENERAL DESCRIPTION 

The proposed project lands a re  situated on the broad alluvial plain. The topography 
is relatively flat to rolling and, unlike many areas in the Blue Nile Basin, there a r e  no 
significant tributaries which contribute to the main Megech River. The elevation of the 
areas ranges from 1786 meters above sea  level (the surface elevation of Lake Tana) to 
about 1820 meters at the upper extremity. 

Project Lands 

Nearly every soil type occurring in the Blue Nile Basin may be found in the areas  pro- 
posed for development. The soils a re  not of the best quality land for irrigation. Hardpans 
or indurated horizons occur throughout the project lands, generally due to iron and silica 
cementation. Such soils a r e  intermingled with typical dark-clay grurnusols on flatter 
terrain, and with the red earth o r  latosols on upland, well-drained positions. 

The lands were determined to be in Class 3 category. The arable lands within the 
potential projects were estimated to be about 17, 285 hectares, of which 12, 970 hectares 
were determined to be irrigable. 

Hydrology 

From the data available, Lake Tana appears to be the only possible source of surface 
water supply for the two pumping projects. Annual farm delivery requirements would be 
about the same a s  on the Megech Gravity Project, namely 0.958 meter. Allowing a liberal 
allowance of 30 percent for canal losses, the estimate for diversion requirements would 
be 13, 400 cubic meters per hectare for a total water cequirement to be pumped from Lake 
Tana of 173,800,000 cubic meters annually. 



West Megech Pumping Project 

PLAN O F  DEVELOPMENT 

The development plan for the West Megech Pumping Project  includes the construction 
of two pumping plants, two main canals, a lateral distribution system, and drainage 
canals for irrigation of 7,080 hectares of new service lands. 

The main plant would pump the irrigation water from Lake Tana, discharging into 
the lower main canal. The lower main canal would extend on a northerly direction, and 
about 20 kilometers from the main plant, a relift pumping plant would relift the water to 
the upper main canal, using the main canal ,as a forebay. The upper main canal would 
continue to extend in a northwesterly direction, making a loop towards the east, with i t s  
terminus at the Megech River. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaisance detail in the following 
paragraphs and shown in general plan on Figure 1-52, Basic general data were very 
limited, the layout of the project plan having been evolved from uncontrolled planimetric 
maps of 1:50, 000 scale, employing altimeters for determination of elevations for the 
areas. 

Main Pumping Plant 

The plant would be located on the lake shore about 2 kilometers north of the village of 
Gorgora. A small amount of excavation and dredging would be necessary to create an 
intake channel. The pump intake would be placed below the 1783-meter, minimum lake 
operational level. Normal water surface elevation is established at 1786 meters. A 
total static lift of 14 meters--to elevation 1800, the beginning of the lower main canal-- 
will be required. A concrete pipe 2.0 meters in diameter and 300 meters long would be 
required, having a design capacity of 9.24 cubic meters per second (326 c. f. s. 1. Assum- 
ing a total efficiency of 65 percent for the pumps and motors, the total motor nameplate 
rating required would be 3, 175 horsepower. For operational efficiency, various capacity 
pumps would be employed. Rough reconnaissance estimates were made for the pumps 
and prime mover. 

Pumping Plant Data 

Type of forebay lake 
Forebay elevation (invert) 1783 m. 
Total dynamic head 17 m. 
Static head 14 m. 
Size of discharge pipe (diameter) 2 m. 
Capacity of pumps 9.24 cu. m. per sec. 
Motor rating 3,175 hp. 

Relift Pumping Plant 

This pumping plant would be located at the end of the lower main canal. The discharge 
line would be 1.5-meter-diameter concrete pipe with a designed capacity of 4.66 cubic 
meters per second (165 c.f.s.1 and would be 350 meters long. The required static lift 



to the 1820-meter contour elevation would be 25 meters. A number of pumps and motors 
would be required for operating efficiency, with a total nameplate motor rating of 2, 450 
horsepower. 

Relift Pumping Plant Data 

Type of forebay 
Forebay elevation (invert) 
Total dynamic head 
Total static head 
Size of discharge pipe (diameter) 
Capacity of pumps 
Motor ratings 

canal 
1795 m. 
27 m. 
25 m. 
1.5 m. 
4.66 m. 
2,450 hp. 

Lower Main Canal 

The canal would begin at the end of the discharge line of the main pumping plant and 
would follow approximately along the 1800-meter contour for approximately 26 kilometers 
to convey water for irrigation of 3, 650 hectares of land. Its f irst  20.6 kilometers would 
proceed in a northerly direction along the west edge of the project. This reach would 
carry  the water from the lower pumping plant to the upper pumping plant and would have 
a capacity of 9.24 cubic meters per second. Just beyond the intake pipe of the relift 
pumping plant, the canal would be gated and the capacity reduced to 4.02 cubic meters 
per second for the next reach of canal. The canal would then continue eastward at this 
capacity to i ts  terminus at a wasteway into a stream. Two main laterals would leave the 
canal near i t s  end for a combined total distance of about 21.5 kilometers. 

Lower Main Canal Data 

Type unlined 
Length 47.5 km. 
Initial capacity 9.24 cu. m. per sec. 
Initial water surface elevation 1800 m. 

Upper Main c a n a l  

This canal would begin at the end of the discharge line of the relift pumping plant. It 
would continue northward for about 5 kilometers and then proceed in an easterly direction. 
Its capacity would be 4.66 cubic meters per second for i ts  entire length of 17 kilometers 
to convey water for 3,430 hectares of irrigable land. Near i t s  end two main laterals would 
be required to reach the individual farm units. 

Upper Main Canal Data 

Type unlined 
Length 31.5 km. 
Initial capacity 4.66 cu. m. per sec. 
Initial water surface elevation 1820 m. 

Distribution System and Drainage Canals 

The design of the distribution system and drainage canals would be similar in scope to 
that of the Megech Gravity Project, having the same general topography and natural drain- 
age channels. Subsurface drainage requirements would also be similar to those of the 
Megech Gravity Project. 



Service Facilities 

Temporary and permanent facilities will be required for supervision of construction 
and for housing and administration of operation and maintenance personnel. Costs for 
this item have been obtained from curves. 

ESTIMATED PROJECT COST 

Construction Cost 

The total construction cost for the West Megech Pumping Project is estimated to be 
Eth$l2, 617,000 on the basis of January 1961 prices and as  itemized with unit prices on 
Table'I-7. The estimates of cost a re  reconnaissance in grade, and the following summary 
includes contingencies, engineering, and general expense. 

Estimated Construction Cost 
Feature I Cost 

Main Pumping Plant 
Relift Pumping Plant 
Transmission lines and substations 
Lower Main Canal 
Upper Main Canal 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Total I EthS12, 617, 000 

, - 

Development Cost 

Clearing and land leveling costs a r e  expected to cost about the same a s  the Megech 
Gravity Project a s  the conditions a r e  similar. Cost for these two items is estimated 
to be about Eth$870,000. 

Operation, Maintenance, and Replacement Cost 

Annual OM&R charges a re  estimated to be a s  follows. Power has been assumed to 
cost 3 cents per kilowatt-hour for an estimated annual consumption of 10, 170,000 kilowatt- 
hours for both pumping plants. 

Power cost 

Eth$305,000 

- - - - 

Special items 
and 

replacement 

Eth$l4,000 

3,000 - - 

Feature 

Pumping plants 
Electrical facilities 

of pumping plant 
Conveyance system 

Operation 
and 

maintenance 

Eth$ 70,000 

23,000 
260,000 
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East Megech Pumping Project 

PLAN OF DEVELOPMENT 

The plan of development for the East Megech Pumping Project would include a pumping 
plant, a main canal, a distribution system, and drainage canals for the irrigation of 
5,890 hectares of land. 

As in the case for West Megech Pumping Project, the lake would serve a s  a forebay. 
The pumping plant would pump the water into a main canal which would extend on a 
northerly direction with its terminus at the Megech River. The main canal would serve 
the lands between it and the eastern boundary of the Megech Gravity Project. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaissance detail in the following 
paragraphs and shown in general plan on Figure 1-52. Data available were the same a s  
the West Megech Pumping Project. 

Pumping Plant 

The plant would be located on the shore of Lake Tana about 16 kilometers east of the 
mouth of the Megech River. The pump intake would be placed below the minimum water 
surface, at 1783-meter elevation, to insure an adequate water supply at all times. A 
concrete pipe with a 1.8-meter diameter, of 7.54-cubic-meters-per-second capacity 
(266 c .  f .  s. ), and 400 meters long would be required. 

The static lift would be 37 meters. Assuming a total efficiency of 65 percent for the 
pumps and motors, the total motor nameplate rating required would be 6,850 horsepower. 
Cost of the pumping plant and prime movers has been obtained from curves. 

Pumping Plant Data 

Type of forebay lake 
Forebay elevation (minimum water 

surface) 1783 m. 
Total dynamic head 45 m. 
Static head 37 m. 
Size of discharge pipe (diameter) 1.8 m. 
Capacity of pumps 7.54 cu. m. per sec. 
Motor rating 6,850 hp. 

Main Canal 

The discharge line of the pumping plant would end at the top of a high knoll.' It would 
be necessary to siphon the water a distance of 650 meters to a point where the canal can 
begin. The canal would follow approximately along the 1820-meter contour for a distance 
of about 45 kilometers, having an initial capacity of 7.54 cubic meters per  second. Be- 
sides many small  laterals and turnouts, three fairly large capacity laterals  will be required 
to convey the water to distribute the water to the irrigable lands. 



Canal Data 

Type unlined 
Length 45 km. 
Initial capacity 7.54 cu. m. per  sec. 
Initial elevation 1820 m. 

Distribution System and Drainage Canals 

Similar requirements to the West Megech Pumping Plant. 

Service Facilities 

Similar requirements to  the West Megech Pumping Plant. 

ESTIMATED PROJECT COST 

Construction Cost 

Construction of East Megech Pumping Project is estimated to cost Eth$ll, 488, 000 on 
the basis of January 1961 prices and a s  itemized with unit prices on Table 1-8. The esti- 
mates of cost a re  reconnaissance in grade, and the following summary includes contin- 
gencies, engineering, and general expense. 

Estimated Construction Cost 
Feature I Cost 

Pumping plant 
Transmission line and substation 
Canals and laterals 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Total I Eth$ll, 488,000 

Development Cost 

Clearing and land leveling costs a r e  expected to be about the same a s  for the Megech 
Gravity Project a s  the conditions a r e  similar. Total estimated cost for these two items, 
Eth$725,000. 
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Operation, Maintenance, and Replacement Cost 

Annual OM&R and power costs a re  estimated a s  follows: 

PLAN SELECTION AND ALTERNATIVES 

Feature 

Pumping plant 
Electrical facilities 

to pumping plant 
Conveyance system 

Since there were no alternative sources of water supply except from Lake Tana, studies 
were limited to various plans that could be devised for pumping water onto the Megech 
lands. One of these plans was discussed a s  an alternative plan in the report on the Megech 
Gravity Project. The most economical method would probably be several pump lifts 
whereby large quantities of water would not be lifted higher than the level where it would 
be used. Presently available data a r e  not sufficient to allow further refinement. The 
plans described herein take advantage of sites along the lake shore where short discharge 
lines from the pump plants would be possible, and where the maximum quantity of land 
can be irrigated. On the East Megech Pumping Project, all of the water would be pumped 
to the highest level and then delivered to the land by gravity distribution. On the West ' 

Megech Pumping Project, the same general procedure was adopted except that two pump 
lifts appear practical in this case, and this serves a s  a good example for a multiple-lift 
pumping project. 

Although the land area  of the Megech Gravity Project has not been included in the pump- 
ing project plans, it could easily be served by the East Megech Pumping Project, eliminat- 
ing the need for the storage dam and rpservoir, however, i t  would be necessary to enlarge 
the East Megech Canal and i ts  pumping plant. Otherwise, all canals and laterals of both 
projects would remain the same. 

Operation 
and 

maintenace 

Eth$ 73,000 

14,500 
224,000 

Special items 
and 

replacements 

Eth$8,000 

1, 500 - - 

Power cost 

Eth$386,000 

- - 
- - 



Northeast Tana Pumping Project 

GENERAL DESCRIPTION 

The land areas  considered a re  located on the lake plain on the northeast shore of Lake 
Tana, extending from Mitraa Island southward to the edge of the Ribb River valley. The 
area  is about 14 kilometers in length and from 2 to 6 kilometers in width. The broad, flat- 
sloped area  is cut by a few small streams and is interrupted by a few hills and knolls which 
a r e  an extension of the hilly a rea  occurring just north of the village of Addis Zemin. The 
main road from Gondar to Addis Zemin passes very near the northeastern limit of the 
project. See Figure 1-53 for general topography of the area. 

Project Lands 

The soils of the proposed project, while very similar to the Ribb River Project, a r e  
generally of more recent origin and a r e  somewhat more stratified. Seasonal flooding 
occurs occasionally in this area, and deposits sediment over the land. However, because 
of the fine texture of the soils on the adjacent uplands (mostly dark clays), the recent 
sediment deposits a r e  difficult to distinguish from previous deposition. The lands were 
determined to be in the Class 3 category. Of the 6,430 hectares of arable land below the 
canal, 5,000 hectares were determined to be irrigable for the production of crops. 

Hydrology 

Lake Tana is the only source of water supply for the proposed project. Annual farm 
delivery requirements were determined to be 0.958 meter, the diversion requirements, 
adding 30 percent for seepage and operational loss before reaching the farmer, would be 
13,400 cubic meters per hectare for a total water requirement for the project area  of 
67,000, 000 cubic meters for the 5,000 hectares of land. 

PLAN OF DEVELOPMENT 

The plan of development for the Northeast Tana Pumping Project includes a pumping 
plant, a main canal, a lateral  distribution system, and drainage canals for irrigation of 
5,000 hectares of new service land. Water would be pumped from Lake Tana by means of 
a pumping plant and then conveyed to the land by a main canal a s  shown. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaissance detail in the following 
paragraphs and shown in a general plan on Figure 1-54. Topographic maps were compiled 
by stereoscopic projection (multiplex) on 20-meter contour intervals from aerial photo- 
graphs. Altimeters were used for vertical controls. Engineering data and layouts of the 
project were based on these maps. 



Pumping Plant 

The plant would be located on the shore of Lake Tana at a point about 1 kilometer from 
Mitraa Island. It would have a concrete discharge pipe about 70 meters long of concrete, 
1.67 meters in diameter, with a design capacity of 6.44 cubic meters per second (227 
c. f. s. 1. The static head would be 34 meters, discharging into the main canal at elevation 
1820 meters. The total motor nameplate rating required would be 4, 500 horsepower. 

Pumping Plant Data 

Type of forebay lake 
Forebay elevation (invert) 1783 m. 
Total dynamic head 34.5 m. 
Static head 34 m. 
Size of discharge pipe (diameter) 1.67 m. 
Capacity of pumps 6.44 cu. m. per sec. 
Motor rating 4,500 hp. 

Main Canal 

The main canal would originate at the discharge pipe from the pumping plant and follow 
approximately along the 1820-meter contour for approximately 67 kilometers. Its initial 
capacity would be 6.44 cubic meters per second. It would extend on a northerly direction 
for about 10 kilometers and then turn sharply on a southerly direction to its terminus. 

Canal Data 

Type unlined 
Length 67 krn. 
Initial capacity 6.44 cu. m. per sec. 
Initial water surface elevation 1820 m. 

Distribution S ystern and Drainage Canals 

Construction of the distribution system and drainage canals should not present any 
major problems, a s  the relief of the land is smooth and uniformly sloping, well adapted 
to the use of modern mechanized equipment. 

Service Facilities 

Housing for operation and maintenance personnel will be required for the pumping 
plant and for the irrigation facilities. 

ESTIMATED PROJECT COST 

Construction Cost 

The total construction cost for the Northeast T a m  Pumping Project is estimated to be 
Eth$9, 634, 000 on the basis of January 1961 prices and as  itemized with unit prices on 
Table 1-9. The estimates of cost a r e  reconnaissance in grade and the following summary 
includes contingencies, engineering, and general expense. 
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Estimated Construction Cost 
Feature 1 Cost 

Total 

Pumping plant 
Transmission lines and substations 
Main Canal 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Development Cost 

Eth$l, 815,000 
493,000 

3,536,000 
2, 344,000 
1,016,000 

266,000 
164,000 

Clearing and land leveling a re  expected to be minimal a s  the topography is generally 
uniform with gentle slopes. Cost for these two items is estimated to be roughly 
Eth$500,000. 

Operation, Maintenance, and Replacement Cost 

Annual OM&R and power costs a r e  estimated a s  follows. Annual energy requirement, 
based on the irrigation season, should be about 8, 642, 000 kilowatt-hours. 

PLAN SELECTION AND ALTERNATIVES 

Pumping water from Lake Tana appears to be the only feasible method of providing 
water for irrigation of the land included in this project. There is no site nearby where 
water could be stored for gravity irrigation, nor is there sufficient drainage area  to pro- 
vide the water required. It might be possible to provide water for this area from storage 
in the Ribb River Valley; however, the development plan for the Ribb Project would make 
better use of the available water and storage in other areas.  

Power cost 

Eth$260,000 

- - 
- - 

The plan of development presented herein assumes the construction of only one pumping 
plant for the entire project which is located so as  to provide the shortest possible pump 
discharge line and to serve the maximum possible amount of land. This scheme would 
probably present the lowest per-hectare cost for construction. However, if the cost of 
operation of the project is considered, the overall cost of the project would probably be 
reduced if several smaller pump lifts a re  used, each lifting water only to the level where 
it would be used. 

Special items 
and 

replacement 

Eth$7,000 

2,000 - - 

Feature 

Pumping plant 
Electrical facilitFgIl 

to pumping plants 
Conveyance system 

Operation 
and 

maintenance 

Eth$ 55,000 

13, 000 
195,000 



SECTION 3--BELES SUB-BASIN 

Introduction 
Reconnaissance studies performed on the Beles River drainage basin indicated a lim- 

ited power potential and a fairly large block of land that was suitable for irrigation devel- 
opment but lacked sufficient water for economic exploitation. The plan of development 
for the basin conceives the importation of water from Lake Tana by regulating the lake. 
The development of the basin includes two projects--the Upper Beles Multipurpose Project 
and the Middle Beles Power Project (Figure I-55)--for the multiple objectives of utilizing 
the land and water resources for irrigation and hydroelectric power production. 

GENERAL DESCRIPTION 

Area Description 

The Beles Sub-basin is located on the west central portion of the Blue Nile Basin and 
has an a rea  of about 20,000 square kilometers. Situated at  about an average elevation 
of 1150 meters  above sea  level, the basin is bounded on the east by a precipitous escarp- 
ment and on the west by rolling to hilly terrain that divides it from the Dindir drainage 
basin. The main stem of the Beles River originates on the face of the escarpment across 
the divide to the west of the southwestern portion of Lake Tana. It runs in a south- 
westerly direction to a point where i t  leaves the project area, then swings westward to 
i t s  confluence with the Blue Nile River near the Sudan border. 

The a rea  under consideration for the potential irrigation development extends along 
both sides of the Beles River, starting about 35 kilometers from i ts  headwaters and 
reaching downstream to the old village of Mambuk, a distance of approximately 75 kilo- 
meters. At i t s  widest point, the a rea  is about 30 kilometers wide. 

Geology and Physiography 

Metamorphic and granitic rocks are  exposed along the incised river channels. How- 
ever, residues of basaltic rock frequently appear in the lower part of some soil profiles, 
so i t  appears that weathering of basalt has had more influence on soil development than 
the metamorphic rocks. Local alluviums occur throughout the a rea  but more extensively 
in the northeastern portion. In this a rea  there a re  many recent alluvial depositions of 
colluvium and outwash fans. ,Much of the northwestern area  appears to be ancient alluvial 
fan depositions, which have weathered considerably in place. The southern half, except 
for land near the escarpment, appears to be residual soils weathered from ancient basalt. 

The physiography also varies from north to south. The southern half is generally 
characterized by a well defined, well incised, dendritic drainage pattern with many narrow 
ridges. The northern half, and particularly the northwestern portion, has a broad, 
smooth, gently rolling plain with much broader ridge tops and l e s s  distinct natural 
drainageways. 

Climate 

There a r e  no climate stations in the project a rea  but at the project elevation of 
1150 meters, the climate is warm and subtropical. Records from nearby stations indicate 



&U€ NILE RIVER BASIN 

LOCATION MAP 

Figure I-65--Upper and Middle Beles Projects--Location Man 

100 



that an average annual temperature of near 25" C might be anticipated, with fluctuations 
in the range of 8 O  to 35' C. Precipitation is estimated to total 100 centimeters per year. 
Accurate climatic data a r e  needed for any advanced planning. Several years of record 
a re  needed to indicate the fluctuations in temperature and precipitation that may be 
anticipated. 

Projectr Land 

Grumusols o r  black clay soils predominate in the Beles River Basin and particularly 
in the northwestern area where topographic conditions are  best suited for irrigation. 
They exhibit marked contraction and cracking when dry. They a re  quite plastic and 
nearly impermeable when wet. Tillage is very difficult because of the tough clay soils. 
Irrigation is secured through the cracks. 

Reddish brown lateritic soils occur most frequently in the southern half and comprise 
about 40 percent of the total project area. The latosols a r e  permeable and very well 
adapted to irrigation. 

The following table summarizes the results of the land classification conducted in the 
area. 

Land Classes (ha. 
Area I Class 1 I Class 2 1 Class 3 1 Total 

I I I I 
Total arable 5,700 35,000 67,200 107,900 
Arable under canal 30,100 62,200 97,200 
Irrigable I ::::: I 19,600 I 40,400 1 63,200 

Drainage conditions a re  expected to be variable, depending largely upon topographic 
conditions. The northwestern area, which has the smoothest topography, can be expected 
to have the most drainage problems, due to the fact that the natural drainageways a re  
mostly shallow and widely spaced. Possibly subsurface drainage systems may be required. 
The northeastern area  has flood-plain type of natural drainageways at present, with inter- 
mittent, narrow, moderately deep, eroded channels. Internal drainage characteristics 
of the soils here a r e  generally considerably better than in the northwestern sector. This 
approximate half of the project a rea  has a well developed drainage system, and additional 
drainage construction is expected to be minimal. 

Hydrology 

Because of the irrigation project area  being on the upper part of the drainage basin, 
the Beles River would provide only an insignificant amount of water compared to the 
requirements for the irrigable land. Water from Lake Tana, conveyed by means of a 
diversion tunnel, is therefore planned for irrigation of the potential project area and for 
power production. It is planned to utilize a portion of the water discharged from the 
Alefa Powerplant only for irrigation, the balance being bypassed to the Dangur Reservoir 
farther downstream. 

Studies conducted to determine the consumptive use of water by crops resulted in an 
estimated farm delivery requirement of 1.022 meters. Allowing 35 percent for losses-- 
15 percent for seepage and 20 percent for operational waste--the estimates for diversion 
requirements per hectare would then be 1.57 meters (5.15 feet) annually. 



Upper Beles Multipurpose Project 

PLAN OF DEVELOPMENT 

The development plan for the upper Beles River area envisages the construction of a 
regulating structure at the outlet of Lake Tana; a diversion tunnel from the southwestern 
part of Lake Tana to the Beles drainage basin; a power canal leading into a shaft and 
tunnel; penstocks and a powerplant; an irrigation diversion dam, main canals, and two 
pumping plants; and a distribution system and drainage canals for irrigation of 63,200 
hectares of land and 1,197 million kilowatt-hours of electric generation per year. 

A low, masonry-concrete, gravity dam at the outlet of Lake Tana at the southern end 
of the lake would convert the lake into an artificial reservoir by controlling i t s  level at 
o r  near the maximum elevations now recorded. The stored water would then be diverted 
by means of a 5.3-meterdiameter concrete tunnel, some 6.7 kilometers in length, to the 
water-deficient Beles Basin. A power canal of 110 cubic meters per second capacity would 
then convey the water, following the 1760-meter contour, to discharge into a 245-meter 
drop shaft and tunnel; four steel penstocks, each of 2.7-meter diameter, would be installed, 
discharging into the turbines of the Alefa Powerplant with four 50,000-kw capacity gener- 
ators. The transmission lines would carry  the generated power to the load centers of 
Addis Ababa, Gondar, Bahir Dar, and a s  far  west a s  Metekkel. 

Discharging directly into the Beles River channel, a portion of the water required for 
irrigation would be diverted by the Beles Irrigation Diversion Dam, some 25 kilometers 
downstream from the powerplant. Two canals, the North Main Canal and the South Main 
Canal, would originate at the two outlet works on the abutments of the diversion dam. 
Starting at the 1300-meter contour, the South Main Canal would extend in a southerly 
direction for 144 kilometers with an initial capacity of 38.8 cubic meters per second. The 
North Main Canal would also start at the 1300-meter contour and would extend in a south- 
erly direction for 143 kilometers. The design capacity for this canal would be 36.1 cubic 
meters per second. Two pumping plants a re  included in the development plan to serve 
an additional 7,600 hectares of land. Pumping Plant No. 1 would be located at Kilometer 
87.5, and Pumping Plant No. 2 at Kilometer 105. 

A distribution system to convey the water to the farmerst  turnouts and drainage canals 
to carry  away the irrigation waste would be included in the facilities of the Beles Irriga- 
tion Unit of the multipurpose project. 



Lake Tana Unit 
The features of the Lake Tana Unit of the Upper Beles Multipurpose Project a re  des- 

cribed in reconnaissance detail in the following paragraphs and a r e  shown in general plan 
on Figure 1-56. The topographic map of the river channel prepared by the J. G. White 
Engineering Corporation and published in 1930 was used, after being spot checked and 
adjusted to the U. S. Coast and Geodetic Survey datum. 

LAKE TANA DAM 

The selected site for the low dam is located on the Chara Chara cataracts a few hundred 
meters downstream from the lake outlet and some distance upstream from the recently 
completed concrete bridge. It would be a masonry-concrete structure abutting compacted 
earthfill dikes. The function of the dam would be to convert Lake Tana into an artificial 
reservoir  to store the rainy season flows for irrigation and hydroelectric power production. 
It would be a gated structure for practically the entire width of the channel, being 9 meters 
high above streambed with a total length of 150 meters. Diversion during construction 
would be accomplished in two stages. Plan, elevations, and section of the structure appear 
on Figure 1-57. 

Dam Data 

Type masonry-concrete gravity 
Volume of masonry 7,010 cu. m. 
Volume of concrete 2,860 cu. m. 
Structural height 9 m. 
Hydraulic height 4.57 m. 
Length of crest  150 m. 
Sill elevation 1783 m. 

S illwa The design for passing the flood flows was based on the following criteria. 
The*ough-September inflow for 1959 (the largest quantity of record) was used a s  
the basis and a 15-day rain-produced flood was added to this base to obtain the design 
inflow flood hydrograph. This 3-month flood with a peak flow of 5,150 cubic meters per 
second and a volume of 10,040 million cubic meters was routed with the following 
assumptions. 

1. The Beles Diversion Tunnel would be discharging at required rates for power 
production. 

2. The lake would be at elevation 1785.34 on june 30. 
3. Gate openings would be assumed sufficiently large to pass the design inflow 

flood when lake level was at normal water surface elevation of 1787.25 and not 
to exceed elevation 1787.57 meters. 

In routing the flood, a spillway designed to pass 835 cubic meters per second at maxi- 
mum water surface elevation of 1787.57 meters was required. With the sill elevation of 
the gated structure at  elevation 1783 meters, it was found that 20 radial gates, each 
6.5 meters long and 4.25 meters high and supported by 1.25-meter-thick piers would 
accomplish the desired results, Each gate is estimated to weigh approximately 9,000 kilo- 
grams. Releases for downstream requirements (Minimum of 3 cubic meters per second) 
would be accomplished by manipulation of the gates. 

Dikes and River Channel Improvements. Dikes and channel improvements will be 
necessary to contain the floods within the existing channel and to smooth out the approach 
flows to the regulating structure. The channel improvements would extend from the lake 
at the south end of Debre Mariarn Island through the Chara Chara cataracts to the foot of 
Fukur Ishal Island. This channel would have a base width of 150 meters and 1.5:l side 
slopes. The bottom of the channel would be at elevation 1783 meters  for i t s  entire length. 



Abutting the concrete-masonry control structure would be compacted earthfill dikes 
totaling some 750 meters in length. The West Dike would make a sharp bend downstream 
to close off the low sections through the reef for some 500 meters in length; the East 
Dike would also bend somewhat downstream for some 250 meters. 

More than 300,000 cubic meters of rock excavation to improve the channel hydraulically 
are  estimated. Potholes in the r iver channel would be filled and rock obstructions re- 
moved. Included in the plan of development would be an access road on top of the West 
Dike for servicing and operating the gated structure. 

Lake Tana Reservoir 

Conversion of Lake Tana into an artificial reservoir would be accomplished by con- 
struction of the low dam at the outlet channel. Placing the sill elevation of the control 
structure at 1783 meters, the reservoir will have an active capacity of 10,604 million 
cubic meters. The historical record low water surface elevation is 1785.34. Sediment 
at even the 100-year period is not expected to encroach on the active storage capacity. 
The stored water will be used for multiple-purpose development of the Beles drainage 
basin. For  area-capacity data, see Figure 1-58. 

Site Geology 

The selected site will be on a foundation of hard basalt, which is generally exposed in 
the wide, shallow river channel. The rock is fractured, but, with excavation to remove 
the fractures and mud seams, i t  is believed that the foundation will be satisfactory for 
the proposed dam. A grout curtain will be required to consolidate the foundation rock 
and reduce possible seepage under the dam. 

Construction Materials 

Impervious embankment materials of residual soils a re  available on the slopes and 
ridges near the damsite. Basaltic rock for pervious embankment, riprap, masonry stone, 
o r  crushed aggregate can be quarried near the darnsite. 
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Lake Tana-Beles Diversion Tunnel 

and Alefa Powerplant 
The features of this unit of the project a r e  described in reconnaissance detail in  the 

following paragraphs and appear in general plan in Figure 1-59. Topography of the area  
was compiled from stereoscopic (multiplex) projection from aerial  photographs (1:50,000 
scale), using second order triangulation for vertical and tellurometer for horizontal 
controls. Engineering data were based on 20-meter contour interval maps. 

CONVEYANCE SYSTEM 

Diversion Tunnel 

The site for the inlet portal of the diversion tunnel would be located on the southwestern 
shore of the lake on a small bay near the village of Alefa. The tunnel would be concrete 
lined, with a finished diameter of 5.3 meters. It would be a free-flow tunnel, in that at 
maximum capacity of 110 cubic meters per second it would be flowing at about 80 percent 
of i t s  area. It would be about 6,700 meters  in length. Other appurtenant structures 
include inlet and outlet works, with cost for ca re  and dewatering during construction being 
included in the estimates. 

Tunnel Data 

Type free- flow 
Volume of concrete 54,000 cu. m. 
Length 6,700 m. 
Diameter 5.3 m. 
Design capacity 110 cu.m. per sec. 

Power Canal 

The canal would originate at the discharge end of the stilling basin. It would be about 
12 kilometers in length and would be masonry lined. Capacity of the canal would be 
110 cubic meters per second. Cost for this canal would include headworks and terminal 
structures a s  well a s  cross  drainage structures. 

Power Canal Data 

Type masonry -lined 
Length 12 km. 
Design capacity 110 cu.m. per sec. 
Initial water surface elevation 1760 m. 

Prersure-penstock Tunnel and Shaft 

From the forebay of the power canal, the water would be discharged into a vertical 
shaft. The shaft would extend from approximate elevation 1745 meters  to elevation 
1500 meters, a drop of 245 meters. The tunnel would then be continued on the horizontal 
at elevation 1500 meters for a distance of 1,850 meters. It would then be divided into 
two 6.65-meter-diameter tunnels, each tunnel to house two 2.7-meter-diameter welded 
steel penstocks. The four penstocks in the two tunnels would each be 1,200 meters long 
and would terminate at the powerplant. 



Penstock and Tunnel Data 
I 1 1 Two I 

Length m. 245 1,850 1,200 1,200 
m. 2.7 

Data 

Site Geology 

The diversion tunnel will t raverse  volcanic lava rocks. These rocks have been broken 
by a ser ies  of northeast-southwest trending faults, which generally parallel the western 
side of the lake. The outlet of the tunnel is generally beyond the fault zone and in more 
or  l e s s  massive, horizontally bedded basalt. 

Unit 

An underground powerplant was not considered feasible at the base of the shaft due to 
the fact that the rocks were too jointed and fractured. The geologic conditions believed to 
exist in the a rea  dictated the use of reinforced concrete-lined tunnels. Unusual problems 
during tunnel excavation a r e  not anticipated. (See Appendix 11, "Geology," for f&ther 
details. 

Shaft 

POWER SYSTEM 

Alefa Powerplant 

Pressure  
tunnel 

The powerplant would be located near the headwaters of the Beles drainage basin, 
adjacent to the Beles River, with the tailrace of the powerplant being the river channel. 
It would be equipped with four, Francis-type turbines of 70,550 horsepower. Four gener- 
ators of 50 mw. each would be installed, providing a total plant capacity of 250 mv. -a. 
at 0.8 power factor. 

Powerplant Data 

penstock 
tunnels 

(ea) 

Design head 239 m. 
Number of generators 4 
Rating of each generator 50,000 kw. 
Total plant capacity 250,000 kv. -a. 
Turbine ratings (English) 70,550 hp. 
Synchronous speed 375 r. p. m. 
Type of turbines Francis 

Four 
penstocks 

(ea) 

The switchyard for the Alefa Powerplant would be located near the powerplant and 
would include eight bays with single and double breakers with 132-kv. lines. Included in 
the estimates of construction costs would be transformers and circuit breakers. For 
powerplant and switchyard electrical facilities, see Figure 1-60. 

Transmission Lines 

To transport the energy generated, transmission lines totaling some 946 kilometers 
a re  envisioned. Construction costs  include conductors and, in addition, overhead ground 
wire for voltages over 45 kv. 



Figure I-60--Al e f a  Powerpl a n t  (EL-I) and Swi tchyard--Swi tch ing Diagiam 
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b'ac 
From 

Alefa Powerplant 
Alefa Powerplant 
Bure 
Bure 
Injibira 
Bahir Dar 
Stella 
Alefa Powerplant 
Pump No. 2 

Substations 

Bahir Dar 
E. Addis Ababa 
Jiga 
Injibira 
Metekkel 
Gondar (via Stell 
Debre Tabor 
Pump No. 2 
Pump No. 1 

Structure I Circuit 
(type) I (No. ) 

I 

Steel tower 
Steel tower 
Steel pole 
Steel pole 
Steel pole 
Steel tower 
Steel pole 
Steel tower 
Steel pole 

double 
double 
single 
single 
single 
single 
single 
single 
single 

Various substations at the terminals of the transmission lines will be required to step 
down the voltages at the different load centers. The substations would be of the outdoor 
type with controls and service equipment located indoors. It will be noted that some of 
the substations will be in various stages of development aa the power is put on the line. 
Included in the estimates of cost a r e  bays of various capacities, transformers, switching 
facilities, and station service equipment. Schematic diagram of the 11 substations 
(excluding pumping plants) appears in the following indicated drawings. 

Substations 
Substation 1 stage I Figure No. 

Bahir Dar 
Stella 
Debre Tabor 
Gondar 
Bure 
Injibira 
Metekkel 
Dangila 
Jiga 
Debre Markos 
East Addis Ababa 
Pumping Plant No. 1 
Pumping Plant No. 2 

0 1  & 02 
0 1 

Complete 
0 1  

Complete 
Complete 
Complete 
Complete 
Complete 
Complete 

0 3 

1-61 
1-62 
1-63 
1-64 
1-65 
1-66 
1-67 
1-68 
1-69 
1-70 
1-7 1 
none 
none 

Accers Road 

An access road will be required for construction and later  for operation and mainte- 
nance purposes. Approximately 28 kilometers of road construction a r e  estimated to be 
required, with the road to follow about the alignment of the diversion tunnel. The proposed 
route will t raverse hilly to fairly steep terrain.  

Service Facilities 

Temporary and permanent buildings will be required during construction and later for 
operation and maintenance personnel. Included in the estimates of cost would be shops. 
warehouses, and transportation and communication equipment. The site is expected to 
be located near the Alefa Powerplant. 
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FI  pure I-62--Stel 1 a Substation--Swi tching Diagram 

Figure I-63--Debre Tabor Substation--Swi tch i ng Dl a g r m  
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Fi pure 1-66-1 n j  i bi  r a  Substation--Swi tching Diagram 

Figure I-67--Metekkel Substation--Swi tching Diagram 
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Figure I-70--Debre Mark08 Substation--Swl tching Diagram 



Figure I -7 i - -East  Substation, Addi s Ababaw-Swi tch ing Diagram 
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Irrigation Unit 
The general plan of the reconnaissance layout of the irrigation features of the project 

appears on Figures 1-72 and 1-73 with descriptions of the principal features in the follow- 
irfg paragraphs. Topography of the project area  was compiled by stereoscopic (multiplex) 
projection from aerial photographs on 1:50,000 scale at 20-meter contour intervals. 
Controls for multiplex compilation consisted of (1) horizontal distances measured with 
tellurometer, third order, and (2)  vertical measurements by altimeters. 

Beles Diversion Dam 

The irrigation diversion dam would be about 25 kilometers downstream from the power- 
plant on the Beles River in a narrow canyon. It would be a concrete-gravity, ogee type of 
dam, 16 meters high above streambed, and would have a crest  length of 25 meters. Two 
5.2-meter-diameter short tunnels, one on either side of the river at elevation 1295 meters, 
a re  planned, leading into a division structure installed with two slide gates with one open- 
ing to the river channel. It is planned during periods of high flood flows, estimated to be 
in the magnitude of 960 cubic meters per second in a flood of once in 100 years, to utilize 
the bypass due to the limited crest  length. It would also serve for sluicing. The other 
opening in the division structure would lead into the main canals. 

Irrigation Diversion Dam Data 

Type concrete-ogee 
Volume of masonry-concrete 4,908 cu. m. 
Structural height 16 m. 
Spillway cres t  length 25 m. 
Discharge capacity 960 cu. m. per sec. 

Pumping Plantr 

The two pumping plants included'in the plan of development would be located off the 
North Main Canal to serve lands situated above the canals that cannot be reached by 
gravity. 

Pumping Plant No. I .  The pumping plant would be located on the western part of the 
project area on the North Main Canal about 87.5 kilometers from the headworks of the 
main canal. The plant would provide irrigation water for 3,000 hectares of irrigable 
land. Power would be supplied from the Alefa Powerplant. A short intake channel for 
forebay purposes will be required from the North Main Canal. 

Pump Data--Plant No. 1 

Forebay, water surface elevation 1137 m. 
Total dynamic head 91 m. 
Maximum lift 83 m. 
Size of discharge pipe (diameter) 1.3 m. 
Length of discharge pipe 1,000 m. 
Capacity of ppnps  3.86 cu. m. per sec. 
Motor rating 6,500 h.p. 

Pumping Plant No. 2. This pumping plant would be located off the North Main Canal, 
17.3 kilometers below the first  pumping plant and about 105 kilometers from the diversion 
dam outlet works. The plant would provide irrigation water for 4,600 hectares of irri- 
gable land. Power would be supplied from the Alefa Powerplant. A short intake channel 
from the North Main Canal will be required for forebay purposes. 



Pump Data--Plant No. 2 

Forebay, water surface elevation 1128 m. 
Total dynamic head 87 m. 
Maximum lift 84 m. 
Size of discharge pipe (diameter) 1.5 m. 
Length of discharge pipe 300 m. 
Capacity of pumps 5.5 CU. m. per sec. 
Motor rating 9,225 h.p. 

Canal System 

Two gravity main canals and two pump canals have been included in the development 
plan for irrigating the project lands. The topography of the valley is typified by large 
areas  of gently sloping land transected by more o r  l e s s  entrenched stream channels, 
generally widely spaced. Only in the southern portion of the area  a r e  there undulating to 
gently rolling ridges. 

Canal excavation should not present any major problems, but rock may be encountered 
in some isolated reaches, especially near stream crossings. Canal structures, such a s  
checks, drops, wasteways, t ~ m ~ o u t s ,  culverts, bridges, and siphons, would be provided 
a s  necessary. Canal earthwork costs were obtained by computing the quantities and 
applying unit prices; cost of canal structures was based on a percentage of earthwork 
costs. 

Water will be released through the outlet works located on either end of the Beles 
Diversion Dam to the North and South Main Canals. 

North Main Canal. The main canal would originate at the discharge end of the outlet 
works on the right abutment of the diversion dam at approximate elevation 1300 meters, 
and would have an initial capacity of 36.1 cubic meters per second. It would extend in a 
southwesterly direction for 143 kilometers. At Kilometer 59, the canal would s tar t  to 
drop so that at Kilometer 70, the canal would be at elevation 1140 meters. At the termi- 
nus, the elevation would be 1110t meters. The North Main Canal would irrigate 23,000 
hectares by gravity. 

North Main Canal Data 

Type unlined 
Length 143 km. 
Initial capacity 36.1 cu. m. per  sec. 
Initial water surface elevation 1300 m. 

Pump Canal No. 1. This canal would originate at the discharge pipe outlet from 
Pumping Plant No. 1 at approximate elevation 1220 meters and would extend in a westerly 
direction, following a ridge for a short distance, where i t  would .fork to the north and the 
south. Total length of the canal has been estimated to be 30 kilometers and i t  would serve 
3,000 hectares of land. 

Pump'Canal No. 1 Data 

Type unlined 
Length 30 km. 
Initial capacity 3.86 cu. m. per sec. 
Initial water surface elevation 1220 m. 

Pump Canal No. 2. This canal would originate at the discharge pipe outlet from 
Pumping Plant No. 2 at approximate elevation 1212 meters and would extend in a south- 
westerly direction roughly paralleling the main canal for a distance of about 27 kilometers. 
The canal would convey water for irrigation of about 4,600 hectares of land. 



Pump Canal No, 2 Data 

Type unlined 
Length 27 krn. 
Initial capacity 5.5 cu. m. per sec. 
Initial water surface elevation 1212 m. 

South Main Canal. The south main canal would originate at the discharge end of the 
outlet works located on the left abutment of the diversion dam at approximate elevation 
1300 meters with an initial capacity of 38.8 cubic meters per second. It would extend 
in a southerly direction, making a loop and terminating near the southwestern portion of 
the project area, a total distance of 144 kilometers. The canal has been designed to 
serve 32,600 hectares of irrigable land. 

South Main Canal Data 

Type unlined 
Length 144 km. 
Initial capacity 38.8 cu. m. per sec. 
Initial water surface elevation 1300 m. 

Distribution System and Drainage Canals 

Distribution System. Construction of a distribution system to spread the water over 
the project lands will vary according to topography. In the northwestern sector, slopes 
average about 1.0 to 1.5 percent down the ridges and about 2.0 percent toward the side 
drainages. Ridges are very broad and long, and construction of a distribution system 
should not be unduly expensive. The rough alluvial fan area in the northeastern part of 
the project is subject to considerable flooding and contains numerous isolated high areas 
which cannot be reached by gravity. The approximate southern half of the project i s  
characterized by an undulating to severely undulating topography. Ridges are the choicest 
topography for irrigation in this area, but these are usually narrow (50 to 150 meters) 
and have a slope of 2.0 to 3.0 percent parallel to the ridge. Slopes are steep into the 
side drainages with 3.0 to 11 percent or  greater. Numerous drop structures to stabilize 
against excessive erosion and numerous flumes and siphons to cross the many drainage- 
ways are expected to be required. 

Drainage Canals. Drainage conditions associated with the three types of topography are  
fom- area. The northwestern area, which has the smoothest topography, 
can be expected to have the most drainage problems. This is due to the fact that natural 
drainageways are mostly shallow and widely spaced, and soils are slowly permeable and 
have poor internal drainage characteristics. An improved surface drainage system is 
envisioned for this area. The northeastern area has a flood plain type of natural drain- 
ageways with intermittent, narrow, moderately deep, eroded drainageways. Flood 
hazards may be the greatest problem here. The approximate southern half of the project 
has a well developed drainage system, and the need for further construction i s  expected 
to be minimal. Surface drainage canals for the evacuation of irrigation waste and excess 
precipitation have been provided in the estimates of cost. 

Subsurface drainage requirements cannot be estimated at this time due to lack of suf- 
ficient data. Further studies are recommended, especially on the upper half of the proj- 
ect lands prior to development a s  a means of estimating the water table behavior which 
may be anticipated with irrigation. 

Acceaa Road 

An access road to the project lands will be required. If the proposed road would take 
off from the present Dangila-Guba road, it would traverse flat to hilly terrain and would 
be approximately 50 kilometers long. 



Service Facilities 

Temporary and permanent camp will be required for this unit of the project in addition 
to the one provided at the Alefa Powerplant, on the assumption that the distance would 
be too great for efficient operation of the irrigation unit from the powerplant facilities. 

ESTIMATED PROJECT COST 

Construction Coat 

The total construction cost for the project on the basis of January 1961 prices is esti- 
mated to be Eth$346,717,000 as  itemized in Table 1-10 with quantities and unit prices. 
Items indicated as  lump sums were generally obtained from curves. The following table 
summarizes the estimated construction cost for the three units and includes contingencies, 
engineering, and general expense. 

Estimated Construc 

Feature 

Lake Tana Dam and Reservoir 
Diversion Tunnel 
Power Canal 
Tunnel and Penstocks 
Alefa Powerplant 
Switchyard 
Transmission Lines 
Substations 
Access Road 
Service Facilities- -No. 1 
Beles Diversion Dam 
Pumping Plant No. 1 
Pumping Plant No. 2 
Transmission Lines 

and Substations 
North Main Canal 
Pump Canals 
South Main Canal 
Distribution System 
Drainage System 
Access Road 
Service Facilities--No. 2 

Total 

Development Cost 

tion Cost--Upper Beles Multipurpose Pro2 
Total Facilities 

construct- Joint-use 1 Irrigation 
tion cost I (Eth$l, 000) 1 ( ~ t h $ i ,  000) 

I I 

Clearing the lands prior to irrigation development will vary in the project area. The 
northwestern portion has a mixture of open grass savanna and dense groves of bamboo. 
There a r e  also occasional thickets o r  clumps of bamboo in with the grassland. In the 
southern half of the project, the principal natural vegetation is woodland savanna composed 
of various species of acacia, fig, and associated small trees. This open forest is inter- 
spersed with a dense growth of tall grass. An average cost of Eth$ll5 per hectare is 
estimated for clearing requirements for a total of Eth$7,250, 000. Land leveling costs 
are  expected to be moderate to expensive due to the undulating nature of the topography. 
Due to the variable topography, leveling costs a re  expected to range from about Eth$65 
to Eth$l8O per hectare. For  the purpose of this study, an average of about Eth$125 per 
hectare was applied to the 63, 200-hectares determined to be suitable for irrigation for 
a total estimated cost of Eth$7,900,000. 
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Operation, Maintenance, and Replacement Cost 

The operation, maintenance, and replacement costs for the m'ulti-purpose project are 
indicated below for the irrigation and joint-us:I features only. The OM&R for the power 
features is treated separately in Appendix V, Power." The estimates of cost were 
obtained from curves, the data for  the curves being based on Bureau of Reclamation 
practices and experiences, modified to local conditions especially in regard to the labor 
.costs prevailing in Ethiopia. Power cost for  pumping were assumed to be Eth$O. 03 per 
kilowatt-hour. 

Diversion Tunnel 
Lake Tana Darn and Reservoir 
Conveyance System 
Pumping Plants (2) 
Electrical Facilities to Pumping 

Plants 

Annual Cost--Irrigation and Joint-use Features 

PLAN SELECTION AND ALTERNATIVES 

Feature 

Lake Tana Unit 

The most desirable location for the control structure appeared to be in the vicinity 
of the present bridge across the Blue Nile River. This location was abandoned when i t  
was discovered that the bridge would seriously interfere with the control structure dis- 
charge unless the bridge pier foundations were extensively revised. In addition, the river- 
bed at the bridge is about 2 meters (6.5 feet) below the bottom of the control gates. This 
would increase the cost of the structure by increasing the quantity of masonry, a s  well 
a s  increasing the cost of the cofferdams and their unwatering. 

U&M 
(Et.h$) 

Fukur Ishal Island was considered a s  a possible location for the control structure. This 
location would have the advantage of a shorter access road &d the possibility that the cost 
of cofferdams and unwatering would be decreased. The location was rejected, however, 
because i t  was believed that the cost of the increased length and height of the required 
dikes would more than offset other savings. 

A "folded" uncontrolled weir at Chara Chara cataract was investigated. This solution 
was rejected because of the excessive amount of excavation and masonry which would have 
been required. 

Replacements 
(Eth$) 

The Chara Chara cataract was finally selected a s  the site for the control structure, 
having among others the hydrologic advantage of being narrow at that point. In addition, 
i t  is believed that the construction and unwatering of cofferdams will not be serious 
problems. 

Power cost 
(Eth$) 

The actual amount of channel improvement may be overestimated. This can be deter- 
mined only after detailed flow measurements have been made of both the Mesera channel 
and the Debre Mariam lagoon. 

A structure similar to the one selected but with fewer flood release gates (15 instead 
of 20) would be adequate if reservoir  yield were held constant throughout the year. Under 
this operation, a constant release of 110 cubic meters per second would be necessary 
when the lake level reached elevation 1785.25 with full gate openings required when the 
water level reached elevation 1787.25 to pass the flood flows. The savings in construc- 
tion cost with the smaller  number of gates is estimated to be about Eth$l, 700,000. 

More detailed investigations might show that some savings may be made by raising 
the maximum allowable lake flood level. Preliminary surveys conducted did not reveal 



extensive damage if the lake level would slightly exceed the historical flood level a s  pre- 
vious investigations indicated. 

Lake Tana-Beler Diverrion Tunnel 

Alternate locations for the diversion tunnel were considered and appear to have merit 
if considered exclusively for  single-purpose development. A diversion tunnel to the 
Rahad drainage a rea  would be engineeringly feasible and for power production appears 
to be economically attractive due to the high heads it would make available. For  irriga- 
tion development only, a shorter tunnel would be possible to the Beles drainage basin. 

From preliminary studies, the selected plan of development for utilizing the waters 
of Lake Tana by diversion appears to combine the two desirable economic goals--those of 
irrigation and hydroelectric power production. The selected location of the diversion 
tunnel would not develop quite a s  much hydro-power a s  the Rahad site but would make it 
feasible to irrigate 63,200 hectares of land. 

Irrigation Unit 

The upper Beles a rea  appears to be one of the more  attractive locations for irrigation 
development with regulation of Lake Tana. Requiring only a small diversion dam at the 
upper part of the project area, two main canals emanating on each side of the r iver would 
irr igate most of the lands determined to be arable by the most economical, gravity method. 

Two small pumping plants have been included in the plan to encompass an additional 
7,600 hectares of land situated above the gravity canal and this could well be considered 
a s  a second stage of development. 

One.of the alternative plans considered was to install a small hydroelectric powerplant 
on the South Main Canal at the 1300-meter contour elevation and dropping i t  to the 1220- 
meter contour, where the map indicated the narrowest point for use of the two pumping 
plants. The abundance of power production at the Alefa Powerplant was considered to be 
the more economical place to supply the power required for the two pumping plants. This 
plan also would have entailed construction of additional canal reach to swing i t  back to the 
project lands. 

Other alternative studies conducted included storage facilities on the Beles River for 
the project area. Inasmuch a s  present hydrologic studies indicate that direct diversion 
from Lake Tana would suffice for  meeting the water demand for the proposed project 
lands, water could be re-regulated by construction of a storage reservoir i f  future require- 
ments indicate the necessity of a larger  water requirement. The potential damsite would 
be a few kilometers upstream from the location of the diversion dam designated in  one of 
the maps a s  BL-7. Although studies were not performed in estimating the cost of con- 
struction for this dam, i t  appears to have a fair amount of reservoir capacity for the 
height required to impound the water. 

Further investigations may disclose the desirability of exporting water to the Dindir 
River drainage area. Preliminary studies indicate that i t  would appear feasible to con- 
struct a canal through a saddle ?ow separating the two drainage areas, and it is suspected 
that there may be additional arable lands to the west of the project lands that would be 
susceptible for production of irrigated crops. 



Middle Beles Power Project 

PLAN O F  DEVELOPMENT 

The plan of development for the Middle Beles Power Project includes construction of a 
dam and reservoir, a powerplant, a substation, and transmission lines for an estimated 
annual generation of 741,700,000 kilowatt-hours. 

PROJECT FEATURES 
The features of the project plan a r e  described in reconnaissance detail in the following 

paragraphs. Engineering data were obtained from topographic maps compiled from aerial 
photographs by stereoscopic (multiplex) projection. Altimeters were used for determina- 
tion of vertical distances and plotted at 20-meter contour elevations. 

Dangur Dam and Reservoir 

Dam. The site is about 185 kilometers from the headwaters of the Beles River 
=-ely 60 airline kilometers west of the town of Metekkel and would control a 
drainage area  of slightly more than 9,000 square kilometers. The structure would be a 
double curvature, variable center, thin concrete arch dam, 133.5 meters  high and 405 
meters long at the crest. For by-passing and controlling the r iver during construction, 
two 10-meter-diameter concrete-lined tunnels having an average length of 610 meters would 
be constructed, one on each bank of the r iver.  The tunnels would be plugged after serving 
their purpose, in line with the high pressure grout curtain. The tunnels a r e  designed to 
pass the 25-year flood frequency estimated to be in the magnitude of 3,400 cubic meters 
per second. The general plan and discharge curves a re  shown on Figure 1-74> with the 
section and elevations of the appurtenant structures on Figure 1-75. 

Dam Data 

Type 
Mass concrete (volume) 
Top of dam elevation 
Structural height 
Hydraulic height 
Base width at plane of centers 
Crest  length 
Top width 

Concrete thin arch 
961,500 cu. m. 
848.5 m. 
133.5 m. 
133.5 m. 
24 m. 
602 m. 
8 m. 

Spillwa s. Spillway requirements were based on inflow design flood studies which 
indicate + a peak inflow flood of 8,030 cubic meters per second and a 6-day volume of 
1, 310 million cubic meters. The service spillway was located on a convenient saddle 
near the left abutment of the dam. In routing the flood, i t  was assumed 'that the reservoir 
would be at normal water surface elevation 845 meters at the beginning of the flood. The 
control structure would be equipped with two radial-type gates with the discharge channel 
being open. At maximum water surface elevation of 848.5 meters, the service spillway 
will discharge 3,850 cubic meters  per second. In addition, the r iver outlet works will 
discharge 198 cubic meters per second with the powerplant discharging an additional 
174 cubic meters per second for passing a combined total flood of 4,222 cubic meters per 
second. The crest  elevation of the spillway would be located at elevation 824.5 meters. 
No terminal structure was provided, a s  the discharges a r e  not expected to be detrimental 
to the dam proper. 



Spillway Data 

Type Gated open channel 
Crest  elevation 824.5 m. 
Maximum capacity 3,850 cu. m. per sec. 
Inflow design flood-- 

6-day period 1,310,000,000 cu. m. 
Type of gates (2) radial 

Power and River Outlet Works. Four power penstocks a re  planned to lead to the four 
turbines of the powerplant. The intake structures would be equipped with trashracks and 
controlled by a fixed-wheel gate. In addition to these outlet works, two river outlet pipes 
located to the right of the power outlets a r e  planned for greater operational efficiency. 
They would consist of a common trashrack structure and two parallel outlet pipes, each 
equipped with a hollow-jet valve for controlling releases into the stilling basin. Capacity 
of each outlet would be 38.10 cubic meters  per second. See Figures 1-74 and 1-75 for 
location and details of outlet works. 

Dangur Reservoir. The reservoir  basin is considered to be excellent for storage pur- 
poses, a s  i t  is mantled with impervious clay material. No serious leakage problems a r e  
expected to arise. Clearing will have to be performed a s  there a re  patches of bamboo 
growth and other small t rees  in the area. Initial active capacity of the reservoir to eleva- 
tion 845 meters, without sediment, would be 3,408 million cubic meters  with inactive and 
dead storage of 566 million cubic meters. Additional reservoir storage data a re  presented 
on Figure 1-76. 

Site Geolo . The selected site is on Precambrian metamorphic rock considered to be 
suita 4 e o r  t e structure planned. Visual examination of the site did not reveal any appre- 
ciable overburden, attesting to the headward erosion condition of the area. 

Construction Materials. A cursory examination of the immediate vicinity did not reveal 
any natural deposits of aggregate materials for making concrete. Further detailed exam- 
ination of the area  should be performed prior to selection of type of dam desired from the 
standpoint of available construction materials. Concrete aggregates can be crushed from 
quarried rock available in abundant quantities. 

Access to Site. Construction of an access road to the potential damsite will be required. 
About 8 kilometers of road through flat, rolling topography are  estimated to be required. 

Dangur Powerplant 

The.power generating facilities a r e  housed at the downstream toe of the dam. The 
Francis-type turbines a re  designed to operate on heads varying from 53.25 to 87 meters. 
The plant includes four 42,000-kilowatt generators for a total of 168,000 kilowatts of 
installed capacity. 

Powerplant Data 

Minimum head 
Design head 
Number of generators 
Rating of each generator 
Total plant capacity 
Turbine rating (English) 
Synchronous speed 
Type of turbine 

54.25 m. 
87 m. 
4 
42,000 kw. 
168,000 kw. 
59,263 hp. 
176.5 r.p.m. 
Francis 

Switchyards, Transmission Lines, and Substations 

Construction costs for these items, especially the transmission lines, a r e  rough esti- 
mates, inasmuch a s  power marketing load studies were not performed beyond the year 2000 
for utilization of the energy generated. Thus the length of transmission lines required to 
load centers reflects only a rough estimate of cost. 
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Service Facilities 

Cost for this item was obtained from curves. 

ESTIMATED CONSTRUCTION COST 

The estimates of construction cost for this project, based on January 1961 prices, 
total Eth$213,737,000. The estimates were based on limited reconnaissance design. 
Table 1-11 shows quantities and unit prices applied on the major structure. A summary 
from this table is indicated below. 

b'eatur e 

Dangur Dam and Reservoir 
Powerplant 
Transmission Lines, Switchyard, 

and Substation 
Access Road 
Service Facilities 

Total Construction Cost 

Cost 

Eth$149,963,000 
33,750,000 

26,090,000 
250,000 

3,684,000 

Eth$213,737,000 
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SECTION 

Barin Dercription 

MARKOS 

General Description 

SUB-BASIN 

The Debre Markos plateau is in the central portion of the Blue Nile Basin, bounded on 
the northeast, east, and south by the great loop of the Blue Nile River and on the west by 
rolling hills and escarpment where it meets the Sudan plain. The plateau is dominated on 
i t s  eastern half by the Mangestu Mountains, rising some 4100 meters (13,400 feet) above 
sea  level, and on the northwest by the Chokke Mountains, headwaters of many of the 
streams. The area  is drained by many small  to large streams, the principal ones being 
the Abeye, Tumni, Cheye, Sena, Chemoga, Birr ,  Debohila, Fettam, Azena, and Dura 
Rivers. Some of the smaller tributaries of these streams drain a substantial portion of 
the a rea  before joining the Blue Nile River. The area  is characterized by innumerable 
draws and ravines, showing the effects of erosion, by rolling hills to mountainous terrain, 
and by wide grassy valleys. Because of their  pleasant climate, the plateau valleys a r e  
relatively heavily populated in contrast to the sparsely settled lower plains. 

The plan envisions a stage development of the area  into two main projects--the Upper 
B i r r  Project and the Debohila Project. A third, the Lower Bi r r  Project, is also proposed 
but is dependent upon prior construction of the Upper B i r r  Project so  that i ts  return flow 
may be used to f i rm up the water supply of the Lower Bi r r  Project. A small  unit of the 
Upper B i r r  Project--the Jiga Spring Pilot Project, which would have its own separate 
water supply from springs--is also proposed a s  a demonstrational o r  pilot project dis- 
cussed in Section 14, Special Re o r t s .  The topography of the area is indicated in Fig- 
ures  1-77, 1-78, and 1-79, with + the ocation of the projects shown on Figure 1-80. 

Projects Area Description 

The B i r r  River a rea  is one of the valleys in the plateau situated at an average of about 
1820 meters (5300 feet) above sea  level. The Bi r r  River with i ts  many tributaries drains 
an area  of about 5.400 square kilometers (2,000 square miles) in southeastern Gojjam 
Province about 415 kilometers (255 miles) northwest of Addis Ababa. The area  lies on a 
bench within the drainage area  of the B i r r  River and its tributaries. Most of the tribu- 
tar ies  r i se  along the southern slopes of the Chokke Mountains and flow southward, cutting 
gullies and ravines through the project a rea  before joining the Bi r r  River. The river 
flows generally to  the south, eventually emptying into the Blue Nile River. The main 
stream originates well to the north of its tributaries and skirts  the project on the eastern 
and southern sides. It t raverses deep, flat, "U"-shaped valleys through the mountains 
in its upper reaches and has cut a deep canyon along the southern edge of the project a rea .  

Geology and Phyriography 

The Bi r r  River a rea  is part of the volcanic plateau which i s  typical of a large part of 
the Blue Nile River Basin. Geologically, the a rea  is characterized by a thick capping of 
Tert iary and late Cretaceous volcanic rocks, with more recent lava flows in evidence in 
some sectors.  The volcanic strata a r e  underlain by sedimentary sandstones and shales 



of the Triassic age. The underlying basement complex includes Precambrian granites, 
gneisses, and schists. The volcanic understrata, which served a s  parent material for 
the majority of the soils, consist predominately of basaltic lavas with minor amounts of 
rhyolitic lava, tuff, and ash. 

Physiographically, the a rea  consists of a gently sloping upland, dissected to a limited 
extent by small  s treams and drainageways. Low-lying, flat poorly drained land and 
rolling to hilly terrain comprise a sizable portion of the area .  

Climate 

There is no climatic station in the project area.  However, from the records at 
Dangila, which corresponds closely to the same elevation, the average annual rainfall is 
approximately 145 centimeters (57 inches). The majority of the precipitation falls during 
July and August, the period of the "big" rains. Average annual temperature is estimated 
at 18" C (65" F). The coldest months a r e  December and January, while the warmest a r e  
March, April, and May. 

Project Land 

The soils of the Bi r r  area  may be grouped into two broad categories, based on phy- 
siographic position: upland, red, latosolic soils; and lower-lying, dark clays (grumusols). 
Upland soils a re  the most extensive group and comprise the best quality arable lands. 
They have developed in places from underlying volcanic materials, principally basaltic 
lava, tuff, and ash. The latosolic soils a r e  easily tilled, a r e  permeable, and have mod- 
erate water-holding capacities. These soils a re  well suited for irrigation agriculture. 
The dark gray grumusols have slow rates of permeability, high water-holding capacity, 
and moderate amounts of organic matter and total nitrogen. These soils appear to be 
only moderately well suited for  irrigation agriculture because of the heavy texture and 
moderate to poor drainage features. 

The following table summarizes the land classification for this area .  

Land Classes 

Much of the flatter areas  and lands with dark clay soils a r e  poorly drained and will 
require surface and subsurface drainage. Natural drainage channels a r e  too widely 
spaced for effective ground-water control. In addition to the anticipated drainage problems 
in the Lower Bi r r  Project area,  the lack of a well developed natural drainage pattern in 
the eastern half of the Debohila Project will require considerable construction of drainage- 
ways to alleviate ground-water problems that may be anticipated. 

Class 

1 
2 
3 

Presently 
irrigated 

Total 

Hydrology 

Investigations revealed that the B i r r  River a rea  had some 11 streams, which, if al l  
the flow could be stored, would produce enough water to irrigate most of the land. How- 
ever, it was found that the area  lacked good storage si tes to impound all  of the water, 
and shortages on the irrigation projects will occur i f  water years similar to the 1912-17 
cycle occur. The plan selected involves tapping the Selale, Adefita, and Ghussa streams 

Areas in hectares 

22,767 
8,577 

36,240 

2, 188 

69,772 

Total 
arable 

22,465 
3. 520 

20,980 

- 
46,965 

Arable 
under 
canal 

13, 150 
1,700 
9,500 

- 
24,350 

Upper 
Bi r r  

3,240 
9 60 - 

- 
4,200 

Irrigable land by projects 
Debo- 
hila 

300 - 
6,300 

- 
6, 600 

224 - 
- 
- 

224 

Lower 
Bi r r  

Jiga 
Spring 
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into the Debohila Reservoir for the Debohila Project, expected to yield, a s  determined 
from operation studies from the 4 streams, some 55, 500,000 cubic. meters annually 
in average water years. F o r  the Upper B i r r  Project, flows from the Talya River, a 
tributary of the Bir r ,  and the B i r r  River itself a re  planned to be utilized. In normal 
water years, the yield from these 2 r ivers  was determined to be about 298,770,000 
cubic meters.  F o r  the Lower Bi r r  Project, the flows from the B i r r  River and its trib- 
utaries below the upper storage site have been planned to be utilized, plus the return 
flows from the Upper B i r r  Project. 

The farm delivery requirements for the Debohila and the Upper B i r r  Projects lands in 
the B i r r  River area  have been determined to be 0.859 meter annually and for  the Lower 
Bi r r  Project, 0. 929 meter annually. 

Allowing 10 percent for canal seepage and 20 percent for operational waste and 
evaporation, the diversion requirements for the Debohila and Upper B i r r  Projects would 
be 12,300 cubic meters per hectare (4.0 acre-feet per acre) annually, and for the Lower 
Bi r r  Project, 13,300 cubic meters per hectare (4.3 acre-feet per acre). 



Upper Birr Project 

PLAN OF DEVELOPMENT 

The plan of development for  the Upper B i r r  Project includes a storage dam, two main 
canals, a lateral  distribution system, and drainage canals for irrigation of 24.350 hectares 
of land. 

Storage would be provided by the potential Upper B i r r  Dam and Reservoir. Water 
would be released into the Upper B i r r  Main Canal from the outlet works on the right 
(west) abutment of the dam. The canal would extend in a southerly direction for about 
12 kilometers, then turn westward to i ts  terminus near the Selale River for a total dis-  
tance of 87 kilometers. About 8 kilometers downstream on the Upper B i r r  Main Canal, 
the Fendeka-Kechem Main Canal would extend in a southeasterly direction, crossing the 
Bi r r  River by means of a siphon and terminating on the Kechem River after traversing a 
distance of some 57 kilometers. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaissance detail in the following 
paragraphs and a r e  shown in general plan in Figure 1-81. Topographic maps were com- 
piled from stereoscopic (multiplex) projection on 20-meter contour intervals with occa- 
sional 10-meter contours interposed. Horizontal distances were measured with tellu- 
rometer, third order,  with vertical distances being computed by trigonometric leveling, 
using in both cases f irst  order triangulation stations for the basis of survey. Locations 
of structures and other engineering data were derived from these maps. 

Upper Birr Dam and Rerervoir 

Upper Bi r r  Dam. The selected site ie on the Bi r r  River about 1 kilometer downstream 
from its confluence with the Talya River. It would be a single-purpose dam and rese r -  
voir for irrigation. providing a total of 537,400,000 cubic meters of initial storage. It 
would be an earth and rock fill dam with a structural height of 48 meters and a crest  
length of 3,700 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 Figure 1-82 for  plan, section, and profile of the dam and appur- 
tenant structures. 

Dam Data 

Type 
Embankment volume (earth) 
Embankment volume (rock) 
Top of dam, elevation 
Freeboard 
Structural height 
Hydraulic height 
Length of cres t  
Width of cres t  

earth-rockfill 
9.900.000 cu. m .  
2,900,000 cu. m. 
1928 m. 
1.64 m. 
48.00 m. 
46.36 m.  
3,700 m. 
10 m. 

%F% The peak design inflow flood being estimated at 2,059 cubic meters per 
secon wit a 2-11 2-day volume of 129 million cubic meters, a side channel ungated spill- 
way having a 90-meter crest  length would pass 822 cubic meters per second at a surcharge 
head of 2.8 meters. It was assumed that the reservoir water level would be at normal 
water surface elevation of 1923.56 meters at  the s tar t  of the flood. Superstorage capacity 
of 82 .3  million cubic meters would be provided for the floodflows. The spillway is located 
on the right abutment of the dam with a stilling basin provided at the discharge end. 



Spillway Data 

Type uncontrolled side channel 
Spillway crest  elevation 1923.56 m.  
Inflow design flood 2.059 cu. m.  per sec. 
Total flood volume- -2- 1 / 2-day period 122,000,000 cu. m.  
Discharge at  maximum w. s. elevation 822 cu. m. per sec. 

Outlet Works. To release the water needed for irrigation, an outlet works discharging 
into the main canal has been provided on the right abutment of the dam and crossing the 
spillway chute. With the sill elevation of the intake structure at  1884 meters, the water 
would be conveyed through a concrete conduit to the gate chamber, about midway in the 
dam with a high pressure gate installed for emergency purposes. A horseshoe conduit 
would then be constructed to house the steel  outlet pipe, and a control structure equipped 
with a high pressure gate and a stilling basin to dissipate the high energy flows before 
entering the main canal would complete the outlet works. 

- 

Outlet Works Data 

Sill elevation 1884 m .  
Capacity at  minimum operating 

w. s. elevation 8.37 cu. m. per sec .  
Type of gates high pressure 

Upper B i r r  Reservoir. The reservoir  basin is in older plateau volcanics, well 
blanketed with impermeable material, and seepage should not be a serious factor. I t- is  
believed to be underlain by older volcanic rock. At normal water surface elevation of 
1923.56 meters,  the active storage capacity at the end of 50 years would be 519.4 million 
cubic meters, 18 million cubic meters of sediment being expected by that time. For 
reservoir  data, see Figure 1-83; area-capaclty curve is shown on Figure 1-84. 

Site Geolo . At the selected damsite, bedrock crops out at  several places along the 
axis, 4 an over urden along the steeper slopes is probably quite shallow. The foundations 
will be entirely underlain by the older volcanics, consisting of basaltic flows with some 
softer, interbedded ash and tuff. The basalt is vertically jointed and blocky and weathers 
readily on exposed surfaces, but within a depth of about 2 meters it probably becomes 
quite sound. It is thought to be susceptible to satisfactory grouting, and a grout curtain 
the entire length of the axis will be necessary i f  the material is not found satisfactorily 
cemented. Overburden along the valley walls is the typical, reddish-brown, silty, plastic 
clay with occasional basaltic boulders noted at the surface. Along the valley bottoms, the 
overburden is usually the dark gray to black, heavy, expansive, plastic clay. 

Construction Materials. Several kilometers downstream from the site, small  isolated 
gravel ba r s  were noted that may be a suitable source of pervious materials and aggregate. 
However, it is anticipated that the major source of pervious material will be weathered 
basalt from selected quarry si tes near the damsite. Riprap is available at the damsite 
from the basaltic flows. Impervious fill material can be found almost anywhere in the 
vicinity of the proposed si te.  

Access to Site. Access to the p r o p o s ~ d  damsite would have to be provided. The 
terrain from the town of Jiga to the sit6 1s gently rolling and would not require excessive 
costs for road construction. The length of the road is estimated to be approximately 
15 kilometers. 

Main Canals 

The main canals would be designed with a s  flat a slope a s  practicable in order to 
irrigate a s  much of the project a rea  a s  possible by gravity. In general, the proposed 
alinement of the canal would traverse relatively smooth, evenly sloped land, although 
numerous r ivers,  draws, and ravines would be encountered and suitable structures would 
have to be provided to protect the canal from high flows during the rainy season. Flat 
cross  slopes would be found throughout most of the length, but in a few reaches the cross  
slope would be quite steep. 
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Geologically, the canal routes a r e  underlain with basaltic flows, although it is expected 
to be quite weathered and broken. Overburden in some cases would extend to 15 meters 
(49 feet), and on some of the steeper slopes, weathered basalt is expected to be encountered. 
In some reaches, particularly between the Temim and the Lah Rivers and in the Leza and 
upper B i r r  valleys, the underlying basalt is quite spongy and pervious. Most of the pro- 
posed canal alinement traverses presently cultivated land, but scrub t rees  and brush will 
be found along the rivers, in some of the ravines, and on some of the steeper sloped 
hillsides. 

Canal excavation will not present any major problems, but some rock excavation will 
be required in several reaches. The soils along most of the length of the canal a re  sat is-  
factory for canal construction, but black cotton soils occur along the first reach of the 
canal and along the last reach. This is a clay soil which i s  highly expansive when saturated 
and probably will require corrective action to counteract this condition. 

Compacted earth embankments will be required, particularly along the lower slope 
when cross  slopes a re  steep. Compacted earth lining will also be necessary in some 
reaches, especially when the underlying basalt is pervious. 

Bridges, culverts, wasteways, turnouts, and measuring devices would be provided a s  
needed along the canal. Major turnout structures would be required to convey the water 
into the main laterals at appropriate places along the canal for delivery of water to the 
farmers.  

The estimated costs for the main canal were obtained by computing the earthwork 
quantities and applying unit prices; canal structure costs were obtained a s  a percentage 
of canal earthwork costs. 

Upper B i r r  Main Canal. The Upper B i r r  Main Canal would start  at the outlet works 
located on the right (west) abutment of the dam and extend in a southerly direction for 
about 87 kilometers, terminating near the Selale River. It would have an initial capacity 
of 34 cubic meters per second, and serve approximately 20,600 hectares of irrigable land. 

Canal Data 

Type 
Length 
Initial capacity 
Initial w . s . elevation 

unlined 
86.9 km. 
34 cu. m. per sec 
1880 m. 

Fendeka-Kechem Main Canal. This main canal would originate, at the bifurcation 
works located about 8 kilometers downstream from the outlet works. It would s tar t  in a 
southeasterly direction, immediately crossing the B i r r  River by means of a siphon. It 
would extend initially in a northeasterly direction, making many turns before terminating 
near the Kechem River, traversing a distance of some 57 kilometers. It would serve 
approximately 3, 750 irrigable hectares. 

Canal Data 

Type unlined 
Length 57 km. 
Initial capacity 5.7 cu. m. per sec .  

Dirtribution Syrtem and Drainage Canalr 

Distribution System. The distribution system would consist of a number of main laterals 
and many small  sublaterals, which would carry  the water from the main canal to the 
boundary of each farm unit. The main laterals would generally follow the high ridges in 
order that the sublaterals emanating from them could follow along contours to distribute 
water to the farmers .  Slopes vary greatly in the project area .  An estimated 20 percent 
has slopes of 1 percent o r  less; an additional 20 percent has slopes of from 1 to 3 percent; 
and the remaining 60 percent has steeper slopes, ranging a s  high a s  12 percent. Locations 
of the sublaterals would require further investigations based on detailed topography of the 
area .  It is estimated that about 20 sublaterals would be required. 



The capacity of the canals for  the distribution system was based on the assumption that 
the application of water would be on a continuous 24-hour operation when required on a 
rotation system of a lateral  service area.  Structures such a s  drops, checks, culverts, 
farm crossings, and turnouts were sketched and quantities computed on the sample area.  
The field cost thus obtaineck on a hectare has been used throughout the irrigation projects 
under discussion with appropriate adjustments for determination of distribution system 
cost. The total cost per hectare was found to be Eth$515. 

Drainage Canals. Open, interceptor drainage canals have been provided to ca r ry  off 
the irrigation waste and excess precipitation. The erosion aspects of the soils, especially 
those of the latosol soils, and the steep slopes of the land indicate that without proper 
drainage, numerous deep, vertically walled drainageways would develop and wash away 
the soil resources.  The natural drainage channel was used for outlet purposes where 
practicable. Included in the estimated construction cost on this sample a rea  were drop 
structures in the canals. Surface drainage canals costs were found to be nearly Eth$220 
per hectare. 

Subsui-face drainage costs were not determined due to lack of sufficient data generally 
and specifically for this project area.  A detrimental water table under irrigation may o r  
may not develop. The natural drainage channels a r e  too widely spaced for effective ground 
water control. 

Service Facilities 

Service facilities will be required both for supervision during construction and later  
for operation and maintenance purposes. Cost for this item has been obtained from 
curves. 

ESTIMATED PROJECT COSTS 

Conrtruction Cost  

The total construction cost for the project is estimated at Eth$l40, 718,000 on the 
basis of January 1961 prices a s  itemized with unit prices in Table 1-12. The following 
summary estimates have been based on limited reconnaissance designs and include 
allowance for contingencies, engineering, and general expense. 

Estimated Construction Costs 
Feature I ~ s t i m a t e d  cost 

Upper B i r r  Dam and Reservoir 
Upper B i r r  Main Canal 
Fendeka-Kechem Canal 
Distribution System 
Drainage Canals 
Service Facilities 
Access Roads 

I 

Total Construction Costs I Eth%140.718.000 

Development Cost  

Clearing the lands of t r ees  and brush will be required before irrigation for crop pro- 
duction. On an average, clearing costs a r e  estimated to  be about Eth$58 per hectare for 
a total of Eth$l, 4 12,000 for 24.350 hectares. Land leveling costs a re  expected to be 
moderate to high, due to the steepness of the slopes. Cost per hectare for this item 
should approximate Eth$125 for a total estimated cost of Eth$3,044,000. 
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Operation, Maintenance, and Replacement Coat 

Estimates of operation, maintenance, and replacement costs for the dam and rese r -  
voir, obtained from a curve, a r e  approximately Eth$25.000 annually: Annual OM&R 
costs for the canals and distribution system, including the headquarters facilities and 
roads, a re  estimated to be about Eth$785,000. 



DEBOHILA PROJECT 

PLAN OF DEVELOPMENT 

The Debohila Project development plan includes a storage dam, three diversion dams, 
a feeder canal, a lateral distribution system, and drainage canals for irrigation of 
4, 200 hectares of land. The potential Debohila Dam and Reservoir would provide storage 
for the project. The three diversion dams and the feeder canal would divert the flows 
from the Selale, Adefita, and Ghussa Rivers into the Debohila Reservoir. The West 
Debohila and East Debohila Canals, each about 17 kilometers in length, would convey the 
water by gravity to the distribution system and thence to the farmers '  headgates. 

PROJECT FEATURES 

The features of the project plan a re  described in reconnaissance detail in the following 
paragraphs, the general plan being shown in the same drawing a s  the Upper B i r r  Project 
(Figure 1-61). Engineering data and layout of the general plan were based on the topo- 
graphic maps compiled in the same manner a s  for the Upper B i r r  Project. 

Debohila Dam and Rerervoir 

Debohila Dam. The proposed site of the Debohila Dam is about one-half kilometer 
south of the main road between the towns of Finote Selam and Bure. It would be a single- 
purpose dam for irrigation, constructed with impervious earth core and pervious and 
semipervious f i l l  materials. 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 Figure 1-65 for plan, sections, and profile of the dam. 

Dam Data 

Type 
Embankment volume (earth) 
Embankment volume (rock) 
Top of dam 
Freeboard 
Structural height 
Hydraulic height 
Length of cres t  
Width of cres t  

earth-rockfill 
1,800,000 cu. m. 
2,000,000 cu. m.  
2024.5 m. 
2.2 m .  
59.5 m .  
57.3 m. 
1,800 m.  
10 m.  

S illwa The spillway design was based on the inflow design flood studies. With the 
being estimated at  428 cubic meters per second and with a 5-day volume of 

815 million cubic meters, an uncontrolled side channel with a 61-meter cres t  length 
would discharge 308 cubic meters per second a t  maximum water surface elevation of 
2022.3 meters. Superstorage would be 6, 210,000 cubic meters. The spillway would-. 
be located on the right abutment, requiring a long chute and stilling basin. 

Spillway Data 

Type side channel 
Crest  elevation 2020.4 m. 
Inflow design flood 428 cu. m. per sec. 
Total flood volume, 5-day period 815,000,000 cu. m. 
Discharge at  maximum 

w. s. elevation 308 cu. m. per sec .  



Outlet Works. The outlet works would be located on the left abutment of the dam and 
would discharge into the feeder canal. The sill elevation of the intake structure would be 
at  1980 meters and would discharge under pressure into the upstream conduit. A gate 
chamber located approximately at the center of the dam with an emergency gate valve 
would discharge into the outlet pipe inside the downstream conduit. A hollow-jet valve 
would control the water releases into a stilling basin before they enter the main canal. 

Outlet Works Data 

Sill elevation 1980 m. 
Capacity at  minimum 

operating w . s . elevation 1.55 cu. m. p e r  sec. 
Type of gate valve wedge 
Size of outlet (hollow jet) 0.76 m. 

Debohila Reservoir. Geologically, the reservoir a rea  is similar to that of the Upper 
B i r r  Reservoir site, being well blanketed with impermeable material with seepage expected 
to be at a minimum. Initial storage capacity at normal water surface elevation of 2020.4 
meters would be 50, 140,000 cubic meters covering an area  of a little over 3 square 
kilometers. See Figure 1-66 for reservoir  data and Figure 1-67 for area-capacity curves. 

Site Geolo . Although rock is  not exposed along the selected dam axis, bedrock is 
believe -a l? to e massive, fairly hard basalt with possibly some softer interflow zones of 
ash and tuff. With a cutoff trench and grouting, no serious seepage problem should be 
encountered. Overburden at the site is the typical, red, silty, plastic clay. The depth 
of this material may approach 12 meters  in some places along the axis of the dam and 
average a s  much a s  8 meters.  

Construction Materials. Unlimited quantities of impervious material, consisting of 
the red clay, a r e  available near the site. Semipervious materials, such a s  sand o r  
gravel, a r e  not available within economical haul distance. Basaltic rock is plentiful for 
riprap and other purposes near the immediate vicinity. 

Access to Site. Since the existing road passes so close to the potential damsite, ade- 
quate access is assured, and no further construction for this purpose is necessary. The 
main road would be relocated to utilize the top of dam. 

Feeder Canal and Diversion Dams 

F o r  the purpose of providing sufficient water supply for the Debohila Project, the 
Debohila Feeder Canal and the three diversion dams located on the Selale, Adefita, and 
Ghussa Rivers a r e  necessary. The diversion dams would a l l  be stone masonry, ogee- 
type structures with suitable provision for sluicing. The feeder canal would follow ap- 
proximately along the 2030-meter contour o r  above in order to  pass through the saddle 
on the west side of the Debohila Reservoir, and the diversion dams would be located 
accordingly. The feeder canal would begin at the control gate structure of the Selale with 
a capacity of 2.0 cubic meters per second (70 cubic feet per second) and would proceed 
for about 4 kilometers (2.5 miles) to  the' Adefita River. The flow would be delivered into 
the Adefita River and then picked up by the canal at  the control gate of the Adefita Diver- 
sion Dam with a capacity of 3 .0  cubic meters per second (105.0 cubic feet per second). 
It would continue with this capacity for about 2.5 kilometers (1.5 miles) and would be 
delivered into the Ghussa River. It would then be diverted into the canal by the Ghussa 
Diversion Dam. The canal would then proceed for an additional 2.5 kilometers to the 
Debohila Reservoir with a capacity of 5.0 cubic meters per second (175 cubic feet per 
second). A terminal structure is included in the estimates of cost. 

Feeder Canal Data 

Type 
Length 
Initial capacity 
Discharge capacity 
Initial w . s . elevation 

unlined 
9.0 km. 
2.0 cu. m. per sec. 
5.0 cu. m. per sec. 
2030 m. 
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Figure I-87--Deboh i 1 a (DE-3) Reservoi r--Area-Capaci t y  Curve 
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Diversion Dams Data 

Item Unit Selale Adefita Ghussa - - - 
Type - masonry ogee overflow 
Volume of masonry cu. m. 2,846 1,098 5,498 
Spillway crest  length m. 25 15 2  0  
Crest  length m. 104 7  1  234 
Structural height m. 4  3 . 7  6. 6  

Debohila Main Canals 

Two main canals would be required for the Debohila Project--the West Debohila Canal 
and the East Debohila Canal. They would flow in their  respective directions approximately 
along the 1980-meter contour. The East Debohila Canal would begin at the end of the 
outlet works of the Debohila Dam, and it would be necessary for the West Debohila Canal 
to be siphoned across the Debohila River. The West Debohila Canal would be about 
1 6 . 5  kilometers in length, and the East Debohila Canal, 1 7 . 0  kilometers. The initial 
capacity of the east canal would be 7 . 5  cubic meters per second, which would be reduced 
to 4 . 0  cubic meters per second where the west canal branches off, and further reduced to 
1 . 6  cubic meters per second at  the Ghussa River crossing. The initial capacity of the 
West Debohila Canal would be 3 . 5  cubic meters per second, which would be reduced to 
1 . 4  cubic meters per second at  the Arera  River crossing. 

The canals would be similar in design to the Upper B i r r  Canal with a s  flat a slope a s  
practicable. They would cross  terrain similar  to that crossed by the Upper B i r r  Main 
Canal, except that no black cotton soils (latosols) would be encountered. 

East  Debohila Canal Data 

Type 
Length 
Initial capacity 
Initial w . s . elevation 

West Debohila Canal Data 

Type 
Length 
Initial capacity 

Distribution Syrtem and Drainage Canals 

unlined 
17 km. 
7 . 5  cu. m. per sec. 
1980 m. 

unlined 
16 .5  km. 
3 . 5  cu. m. per sec. 

Distribution System. The distribution system would be similar  in design and operating 
criteria to the Upper B i r r  Project. The proposed locations of the larger laterals and 
sublaterals a r e  shown on the general plan drawing. The entire cost of the distribution 
system for this project has been estimated, using the same cost per hectare a s  for the 
Upper B i r r  Project on the assumption that it closely approximates the topography and 
shape of the potential farm units. 

Drainage Canals. Costs for surface drainage requirements have been estimated on 
the same unit cost per hectare a s  used on the Upper B i r r  Project. As in the treatment 
of the Upper B i r r  Project, no attempt has been made in this study to estimate the cost 
of subsurface drainage that may be required i f  determined by future investigations. The 
eastern half of the project area  may be especially susceptible to ground-water problems. 

Service Facilities 

The estimated cost of this item has been obtained from curves, required for the same 
reason given for the Upper B i r r  Project. 



ESTIMATED PROJECT COSTS 

Construction Coat 

The total construction cost for the project is estimated to be Eth$43, 531.000 on the 
basis of January 1961 prices, a s  itemized with unit prices in Table 1-13. The following 
summary of estimates has been based on limited reconnaissance designs and includes 
allowance for contingencies, engineering, and general expense. 

Estimated Construction Costs 
Feature I Cost 

Dam and reservoir 
Feeder canal and diversion dams 
Main canals 
Distribution system 
Drainage canals 
Service facilities 

Total construction cost Eth$43,531,000 

Development Coat 

Estimates of costs for clearing the lands and land leveling preparatory to crop produc- 
tion by irrigation a re  assumed to closely approximate the conditions of the Upper B i r r  
Project requirements. Thus, the cost for development of 4, 200 hectares for irrigation 
purposes is estimated to be Eth$245,000 for clearing and Eth$525,000 for land leveling. 

Operation, Maintenance, and Replacement Coat 

The estimated operation, maintenance, and replacement cost for  the Debohila Dam 
and Reservoir, although considerably less  than that for the Upper B i r r  Dam and Reser-  
voir, would require nearly a s  many personnel due to the three diversion dams and the 
feeder canal. Accordingly, the estimated cost for this item is approximated at Eth$23,000 
annually. 

The OM&R charges for the conveyance systems a r e  estimated to be approximately 
Eth$175,000 annually. 
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LOWER BIRR PROJECT 

PLAN OF DEVELOPMENT 

The Lower B i r r  Project would have a diversion dam on the Bi r r  River and a main 
canal with lateral  distribution system and drainage canals to provide water for irrigation 
of 6,600 hectares (16,300 acres)  of new service lands. No storage would be required. 
Return flows from the Upper B i r r  Project plus flows from tributaries joining the r iver 
below the Upper B i r r  Dam would provide sufficient water supply to be diverted for the 
irrigation of the project. The main canal would be about 29 kilometers (18 miles) in 
length. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaissance detail in the following 
paragraphs and a re  shown in general plan on Figure 1-88, There were no horizontal o r  
vertical control surveys performed in this area, the contours indicated being bridged by 
photogrammetric (multiplex) methods from controls established in the Upper B i r r  Proj- 
ect area .  The topographic map of the lower diversion dam was derived by stereoscopic 
means from 1: 50,000 aerial  photographs. 

Lower Birr Diversion Dam 

The diversion dam would be located on the Bi r r  River about 11 kilometers directly 
south of the village of Finote Selam. At the selected site, the canyon is very deep and 
steep, probably requiring a cableway for construction purposes. The structure itself is 
envisioned to be a concrete masonry, ogee-type dam; and no particular problem should 
be encountered in passing a 100-year frequency flood of 790 cubic meters per second 
(28,000 cubic feet per second). Suitable provision should be made for flushing of the 
sediment load. Outlet headworks to the conveyance system would be designed for a 
capacity of 8 .6  cubic meters per second and would be located on the right abutment of the 
dam. Crest  length of the dam is estimated at  90 meters with a height of about 5 meters.  

Diversion Dam Data 

Type masonry ogee overflow 
Volume of masonry 2,980 cu. m.  
Spillway cres t  length 80 m. 
Dam length 90 m. 
Structural height 5 m.  
Headworks w. s. elevation 1600 m. 

Site Geology. At the proposed site, the r iver has carved a steep, nearly vertically 
sided canyon several hundred feet deep through a thin veneer of younger volcanics into 
the older basaltic flows. Bedrock is basalt with interbedded interflow zones, ash, and 
tuff layers. Very little overburden, except a few boulders, has been allowed to accumulate 
due to the steep gradient in a narrow confined channel. Overlying the older basaltic flows, 
which a r e  suitable for a dam foundation, a r e  the very porous younger volcanic flows. The 
actual thickness is unknown, but where the slope flattens out near the top of canyon, the 
younger flows were observed. 

Construction Materials. Impervious material available consists of a thin layer of the 
typical, reddish-brown o r  black, plastic clay along the canyon r im.  Semipervious and 
pervious materials a r e  not available in the area.  Gravel and sand for concrete aggregate 
a r e  not available in sufficient quantity in the area. This material would probably have to 
be processed from the harder (older) basaltic flows at the si te.  



Access to  Site. Access could be provided by construction of a road about 11 kilometers 
(7  m i l e s ) ,  extending from the existing road near Finote Selam. Construction of 
this road would be relatively easy. Cableways of a light nature might be needed to get 
materials and personnel down to the bottom of the canyon. 

Conveyance System 

In order to get out of the Bi r r  River canyon, the first 2.5 kilometers of the conveyance 
system will require low-head concrete pipe conduit. The pipe (precast o r  monolithic), 
2.3 meters in diameter, would be placed by cut and cover method and would require some 
large stone protection against falling rocks and flooding by the stream. 

The main canal would then extend from the end of the pipeline in the Bi r r  River canyon 
for a distance of about 29 kilometers, proceeding along the northern edge of the Lower 
B i r r  area.  The canal would have an initial capacity of 8 .6  cubic meters per second, 
which would reduce slightly at each lateral turnout. 

Distribution System and Drainage Canals 

Distribution System. The distribution system would be similar in design and operating 
cri teria to  that of the Upper B i r r  Project. The proposed locations of the main laterals 
a re  shown on the general plan drawings. It can be seen on the drawings that the area  is 
crossed by a number of streams flowing southward, all eventually entering the Bi r r  River. 
The main canal traverses the northern edge of the project, and the main laterals follow 
the ridges in order to serve the lands in each narrow str ip between the streams. There 
would be about seven main laterals  having initial capacities between 1 .0  and 2.6 cubic 
meters per second and lengths of from 4.0 to 14.0 kilometers. 

Drainage Canals. Due to the flat area  and poor drainage characteristics of the dark 
gray soils, much of the project area  will require a network of surface drainage channels 
to carry  away irrigation waste and excess precipitation. Estimates of cost for this item 
have been included in the total project costs. 

It is quite possible that subsurface drainage channels may be required under irrigated 
agriculture at some future time. Lying below the Debohila and Upper B i r r  Projects, 
irrigation wastes from these two projects could very well contribute to the raising of the 
ground-water table to a level that would be injurious to the raising of crops. Futher 
detailed investigations wi l l  be required to determine the extent and feasibility of construc- 
tion of subsurface drains. 

Service Facilities 

The reasons given for the Upper B i r r  Project would also apply for requirement of 
this item; cost has been obtained from curves. 

ESTIMATED PROJECT COSTS 

Construction Cost 

The total construction cost for the Lower B i r r  Project is estimated to be Eth$l2, 300,000 
on the basis of January 1961 prices, a s  itemized with unit prices in Table 1-14. The fol- 
lowing summary estimates have been based on limited reconnaissance designs and include 
allowances for contingencies, engineering, and general expense. 



TABLEI-Ib-LOWER BIRR PROJECT-RECONNAISSANCE ESTIMATE 

RECONNAISSANCE ESTlMAT E 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDIS ABABA, ETHIOPIA 

Curnncy in terms of Elklopon Dollorr 

( U  5- S 1.00 = Efh S 2.101 



IR22CATICI! DISTI7IXTICn SZSTIN-Onlined open 
l a t e r a l  s:.atcm f o r  6.600 net heotarea or  new 
aerrrioc lands. 

1 Iaterals and stmctures. 6 , m  ha 330.00 2,178,CCO 
Contingencies ( 2 m )  SU. SO0 
Field CosbUatr iSut ion S y a h  2,722,500 

Engineering and General Expense (25t$) 6e0.500 
Tots1 eat. const. coab-Distribution Systmn 3,LO3,000 

DMIUI)U\Or S Y S W  n h nd drains for  6,600 1,155,000 l,LLL,LCO 
net h;ctarea of g.iga'.ed land. 

1 Draina L...: &e;l=,pz stmoturea 6 .60~ ha 1~0.00 9 ~ . 0 0 0  
Contin enoiea (2%) 
Field b o s t u g e  Sptcm 

hmsring and General Expense (29%) 
Total eat. conat. o o s t h i n a g e  System 

SfRYICL FACILIxITj-Constmotion of access road 
into t t e  service area. Constauation, 
operations and mrrintellllnw camp. 

1 Aocessmad 
2 Clap and f ac i l i t i e s  

SIht0t.l 
Contingencies (29%) 
Field Coat--&doe Faoili t ies 

&@neering and General R p n s e  ( 2 M )  
Total est. ccnst. ooat-Sarvlae Facili t ies.  



Estimated Construction Costs 
Feature ! Cost 

Diversion Dam 
Conveyance system 
Distribution system 
Drainage system 
Service facilities 

I 

Total construction cost I Eth$12,300,000 

Development Cost 

Clearing the 1ands.for irrigated agriculture is expected to be at  a minimum cost, a s  
the a rea  is sparsely covered with t r ees  and brush. The cost for clearing 6, 600 hectares 
of land is estimated to be about Eth$383,000. 

Generally speaking, the Lower Bi r r  Project area  has the smoothest topography in the 
Bi r r  River a rea  and would be the easiest and least costly to develop for irrigation. The 
sum of Eth$400,000 is estimated for this item. 

Operation, Maintenance, and Replacement Cost 

Estimates of operation, maintenance, and replacement charges would be negligible 
for the diversion dam, which in actual practice should be operated and maintained by 
the ditchriders of the canal system. F o r  this reason, no specific estimates of cost have 
been provided, this item being included in the distribution and main canals operation. 
The OM&R for the Lower Bi r r  Project on the conveyance facilities has been estimated 
from the curve a t  about Eth$250,000 annually. 

PLAN SELECTION AND ALTERNATIVES 

Rough studies were made of 16 surveyed damsites and several  unsurveyed potential 
sites before selection of a plan for the Bi r r  River area.  The potential damsites were 
compared a s  to reservoir storage capacity, height of dam, cres t  length of dam, rough 
comparative cost of dam, water available for storage, geologic conditions, and suitability 
of the storage site for irrigation o r  hydroelectric power. No excellent damsites were 
found in the Bi r r  area.  It was found that most of the valleys a r e  quite broad, requiring 
long dams, and that most have rather steep slopes, requiring high dams to obtain the 
amount of storage necessary. These conditions would cause the construction of dams in 
these valleys to be very expensive. Some potential s i tes were found to be deficient in 
geologic foundation for the dam o r  to have probable excessive leakage from the reservoir. 

From the data available, the selected si tes appear to be reasonably free from geologic 
deficiencies, to be the most economical si tes having the ability to store the required 
capacity, and to be situated where the water can be used to the best advantage. These 
sites, however, should have further investigation before any definite plans for construc- 
tion a r e  formulated. It is possible that a damsite on the Talya River o r  on the Bi r r  River 
about 5 kilometers (3.1 miles) upstream from the chosen site, o r  a combination of the 
two sites, might be more feasible. These two sites a re  both sound geologically. Surveys 
were made but did not extend high enough to determine availability of the required storage 
capacity. They a r e  well located hydrologically to make use of the three r iver valleys for 
storage and to leave enough drainage area  above the reservoir  for c'atchment of rainwater. 
The Bi r r  River Valley in this a rea  has a flat slope, and use of the higher reservoirs would 
not materially increase the elevation of the canal and thus would not increase the amount 
of land which could be irrigated. Canal construction from the higher reservoirs would 
be more difficult and more costly. 

The lack of good, well situated reservoirs in the Bi r r  a rea  was the primary factor 
which dictated the choice of the proposed plan. The river valley was the only place where 
a potential reservoir could be found which would have sufficient capacity and water supply 



to irrigate a majority of the project lands. Another difficulty was that none of the poten- 
t ial  reservoirs found was high enough to irrigate all of the available land. 

The Upper B i r r  Canal would follow approximately along the 1880 meter contour, leav- 
ing a considerable amount of good land above this contour to be irrigated by other means 
if possible. A good reservoir was found on the Debohila River which, with diversions 
from the Selale, Adefita, and Ghussa Rivers, could supply enough water for a portion of 
this highland. The Leza River Valley was investigated, but it was found that potential 
reservoirs in this valley would be subject to excessive leakage. The Lah River was 
fo.und to have a good water supply but also has poor geologic conditions. A large flow of 
younger pervious volcanics extends down the valley between the Lah and the Temim Rivers, 
and most of the water runs underground. There is a possibility that enough of this flow 
re-enters the Lah to justify diversion from the r iver about 4.0 kilometers (2 .5  miles) 
upstream from Finote Selam. Water thus stored in a high, potential reservoir in the Arera 
River drainage could then be distributed to the highlands. This possible plan would re -  
quire a great amount of further investigation and has been deferred from this reconnais- 
sance report. 

All s treams in this higher area  were studied for the possibility of direct diversion, 
but it was found that only very small  plots of land could be irrigated by this means because 
the streamflows a r e  at their lowest at  the time when the irrigation water demand is the 
highest. Pumping possibilities were also-considered but were not found feasible due to 
the lack of good, well situated reservoirs necessary for this operation. 

Sound reservoirs were found in the Fendeka and Kechem Valleys, but they proved to be 
very expensive and a r e  not well located for irrigation of any land outside of these valleys. 
It was determined that it would be more economical to irrigate these valleys from the 
Upper B i r r  Reservoir. 

The Upper B i r r  Reservoir does not have enough storage capacity o r  water supply to 
irrigate the lands in the Lower Bi r r  Project. It was found, however, that return flows 
from the Upper B i r r  Project would provide sufficient flow, at the proper time, in the 
Bi r r  River at the site of the Lower B i r r  Diversion Dam to allow direct diversion from 
the r iver for irrigation of the Lower Bi r r  Project lands. It i s  believed that return flows 
into the Selale and Lah Rivers would also provide an adequate supply for diversion. It 
is possible that direct diversion from the Selale and Lah Rivers might be more economicz 
than direct diversion from the Bi r r  River, but no investigations of this possibility have 
been performed in this study. 

Possible hydroelectric power developments were considered in conjunction with irri- 
gation requirements. None of the power developments appeared to be justified econom- 
ically. A high dam at the site of the Lower Bi r r  Diversion Dam was considered and 
appeared to  be the most promising for power generation until it was found that the r e s e r  
voir could not be raised above elevation 1700 meters without excessive leakage through 
pervious younger volcanics which lie above that elevation. Effects of flood and erosion 
benefits were not appraised. 



SECTION 5--GIAMMA SUB-BASIN 

General Description 
The Giamma Sub-basin is in the southeastern sector of the Blue Nile River Basin, 

draining an area of approximately 15, 700 square kilometers. Elevation ranges from more 
than 3000 meters on the extreme southeastern portion at the divide separating i t  from the 
Awash River Valley to about 1000 meters in the northwest where the Giamma River joins 
the Blue Nile. The area is characterized by mountain ranges and high plateaus, progres- 
sively deepening steep canyons, and badly eroded lands a s  i t  drains into the Blue Nile 
River . 

Irrtgation development was considered to be unfavorable due to the physical character-  
istics of the area.  Areas of possible irrigation on gentle slopes a re  located on the high 
plateau where the temperatures would be too cool for the raising of agricultural crops. 
Another unfavorable factor is that such areas  lie close to the headwaters and would have 
limited storage of water. There were no areas  for project-type development on the lower 
portion of the basin, which consists of badly eroded, broken lands. 

Hydroelectric power production was considered to be the only feasible exploitation of 
the water resources, after preliminary studies indicated sufficient water supply with 
regulation. 

Plan of Development 

The development plan for the Giamma River would be for the development of hydroelec- 
tr ic power. It includes the construction of a dam and reservoir  with appurtenant struc- 
tures, a powerplant, a switchyard, and transmission lines. Annual generation of f i rm 
energy is estimated to be nearly 271 million kilowatt -hours. 

PROJECT FEATURES 

The features of the potential power project a r e  described in reconnaissance detail in 
the following paragraphs and depicted in general plan on Figure 1-89. Reservoir topography 
(Figure 1-90) was developed from aerial  photographs at 1:50,000 scale, using tellurometer 
for horizontal and second order triangulation for vertical controls. Contour elevations 
were plotted at 20-meter intervals. 

Giamma Dam and Reservoir 

Giamma Dam. The potential damsite, on the Giamma River and located where the 
structure would control a drainage area of 6,140 square kilometers, is about 82.5 kilo- 
meters upstream from the confluence of the Giamma and Blue Nile Rivers. It would be an 
earth and rock f i l l  dam, having a structural height above streambed of 139 meters and a 
crest  length of 884 meters. Diversion during construction would be accomplished by con- 
struction of two 10-meter-diameter concrete tunnels with capacity to pass a 25-year flood 
frequency estimated to peak at 2,800 cubic meters per second. Plan, profile, and section 
of the dam and appurtenant structures appear on Figure 1-91. 
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Dam Data 

Type 
Embankment volume (earth) 
Embankment volume (pervious) 
Top of dam elevation 
Freeboard 
Structural height 
Hydraulic height 
Length of cres t  
Width of crest  

earth-rock f i l l  
11,400,000 cu. m. 
16,200,000 cu. m. 
1389 m. 
3.19 m. 
139 m. 
135.81 m.  
884 m. 
10 m. 

S illwa . Inflow design flood studies predicated on maximum probable flood, which 
ind-peak inflow of 6,690 cubic meters  per second and a 5-day volume of 885 million 
cubic meters, were used to determine spillway designs. In routing the flood, i t  was 
assumed that the reservoir would be at  normal water surface elevation 1376.61 at the 
beginning of the flood. The spillway would discharge 8 39 cubic meters per second at max - 
imum water surface elevation 1385.81. A superstorage capacity of 728 million cubic 
meters would be provided in the reservoir .  I'he spillway would utilize one of the 10- 
meter-diameter diversion tunnels located on the left abutment of the dam and would con- 
sist of a morning-glory-type structure having a 26.8-meter-diameter crest .  Excavation 
would be required for the stilling basin and channel to the r iver.  

Spillway Data 

Type uncontrolled morning glory 
Crest  elevation 1376.61 m. 
Peak inflow 6,820 cu. m.  per. sec. 
Total flood volume, 5 -day period 885,000,000 cu. m. 
Discharge at max. w. s. elevation 839 cu. m. per. sec. 

Outlet Works. The outlet works would consist of an intake structure, a conduit, a gate 
chamber equipped with fixed-wheel gate, a 3.6-meter-diameter steel penstock, and butter- 
fly valves. Utilizing one of the diversion tunnels, the intake structure would be constructed 
to intercept the tunnel for releases into the powerplant. The penstock would fork into two 
2.54-meter -diameter pipes before being connected to the powerplant's turbines. Sill 
elevation of the intake structure has been located above the estimated 100-year sediment 
deposition level. 

Giamma Reservoir. The reservoir  basin lies within Jurassic and Cretaceous sedi- 
mentary rocks. Leakage from the potential reservoir is not anticipated, as  the formation 
materials a r e  relatively tight and a r e  dipping downstream. The reservoir at normal 
water surface elevation 1376.61 would have an active initial capacity of 2,709 million 
cubic meters  with 460 million cubic meters of inactive and dead storage. For area- 
capacity data and curves, see Figures 1-92 and 1-93. 

Site Geology. The damsite is in a massive Jurassic limestone and soft, marly lime- 
stone, containing thinly bedded chert. The unstable conditions due to the marl and cherty 
limestones precluded the employment of a concrete dam, even i f  found desirable. Cut - 
off excavation depths a r e  estimated to be about 30 meters in the stream channel section, 
which is expected to contain alluvium deposits of sand, gravel, and talus. Reference i s  
made to the geologic appendix for greater details. 

Construction Materials. From visual examination of the area,  sand and gravel deposits 
were noted upstream from the proposed damsite, which a r e  believed to be adequate for 
construction purposes. Impervious material for the core is available in unlimited quan- 
tities near the site. 

Access to Site. An access road to the proposed construction site will have to be pro- 
vided. b'or estimating purposes, i t  was assumed that a road from the town pf Fiche would 
be approximately 28 kilometers in length, constructed through rolling and hilly terrain. 
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Powerplant 

The powerplant would be located on the downstream toe on the left side of the dam, with 
the tailrace of the powerplant being in  the river channel. Two turbines and two generators 
would be installed. 

Powerplant Data 

Minimum he ad 
Design head 
Maximum head 
Number of generators 
Rating of generators 
Total plant capacity 
Turbine rating (English) 
Synchronous speed 
Type of turbines 

58.75 m. 
90.4 m. 
118.50 m. 
2 
30,000 kw. 
75,000 kv. -a. 
42, 330 hp. 
230 r. p. m. 
Francis 

I 

Switch yard 

A switchyard with a single bay and a single breaker, 161-kv. line initially is planned, 
located a couple of hundred meters south of the powerplant. A 45-kv. line for rural  and 
other small commercial uses could very easily be constructed a s  future expansion war- 
ranted. Included in the cost estimates a r e  transformer and communication and rniscel- 
laneous equipment. See Figure 1-94 for switching diagram. 

Tranrmirrion Line 

About 25 kilometers of transmission line will be required i f  it is to be connected to the 
basic network facilities. The estimate of cost includes the construction of steel towers 
with conductors and one overhead ground wire. 

Service Facilitier 

Service facilities will be required for personnel during construction of the project and 
later  for operation and maintenance requirements. Included in the estimates of cost would 
be shops, warehouses, and equipment necessary for efficient operation of the project. 

ESTIMATED PROJECT COST 

Conrtruction Coat 

The construction cost for the Giamma River Power Project is estimated to be 
Eth$269,040,000 on the basis of January 1961 prices a s  summarized below. Table 1-15 
reflects unit prices and quantities applied to the dam. Power and other facilities were 
obtained primarily from curves, data being obtained from Bureau of Reclamation experi- 
ences modified to local conditions. The following estimates include engineering and gen- 
e ra l  expense. 
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Estimated Construction Cost 

Total I Eth$269,040,000 

Feature 

Giamma Dam and Reservoir 
Powerplant 
Switchyard and transmission lines 
Access road 
Service facilities 

PLAN SELECTION AND ALTERNATIVES 

Kstimated 
cost 

Eth$243,578,0W 
15,000,000 
6,790,000 
1,094,000 
2,578,000 

No alternative si tes were examined except for cursory examination of the area, which 
revealed that the selected site appeared to be the most promising in consideration of all 
aspects of the problem. It did not appear that large scale irrigation projects could be 
developed in conjunction with hydroelectric power production. 

The problem here was the costly relationship of the capacity of the reservoir to the 
flood flows. The high flood flows during the rainy season in a relatively small basin 
necessitated costly diversion and spillway facilities in proportion to the usable storage 
capacity, thus adversely affecting cost-per-kilowatt ratio. For  this economic reason, 
the power project is not included in the initial phase of development of the Blue Nile River 
Basin. 



SECTION 6--MUGER SUB-BASIN 

General Description 

The Muger Sub-basin is located in the southeastern part of the Blue Nile Basin contiguous 
to the capital city of Addis Ababa, just over the Entotto Mountains which form the southern 
boundary. The main stream of the basin is the Muger River, which drains an area of 
approximately 7, 600 square kilometers, flowing from southeast to northwest until it joins 
the Blue Nile. The area is bounded on the east by a range of high hills and on the west 
by rolling, hilly terrain. On the approximate lower northern half'of the basin, the area  
is characterized by rolling eroded breaks leading to the precipitous canyon escarpment 
over which the Muger River falls approximately 400 meters. The small valley is situated 
at about 2500 meters elevation, the area  below the escarpment being less  than 1000 meters 
above sea  level. Evaluation of the physical factors involved led to limitation to hydro- 
electric power development a s  explained in the latter part of the chapter. From prelim- 
inary hydrologic studies it was concluded that runoff with regulation would provide suffi- 
cient supply for this purpose. 

Plan of Development 

The economic development of the Muger River a rea  a s  i t  is envisioned at present from 
preliminary studies would be limited to hydroelectric power. Its major structures and 
facilities would include a storage dam, a power canal, a diversion dam, and two power- 
plants. Switchyards and transmission lines would convey the power, estimated to be 12 1.6 
million kilowatt- hours annually. 

Chancho Dam, the first upstream feature of the project, would be located on the Muger 
River about 3 kilometers due west of the village of Chancho and about 35 kilometers north 
of the capital city of Addis Ababa. It would impound the water in the Chancho Reservoir 
with controlled releases into a power canal. This canal would carry  the water into the 
turbines of Chancho Powerplant, with the tailrace of the powerplant located in the river 
channel. The water from the discharges from this powerplant would again be diverted 
by a diversion dam, about 12 kilometers downstream, into the penstock and thence into 
the Falls Powerplant located at the bottom slope of Muger Falls, utilizing the natural 
drop of the falls of approximately 220 meters. General plan and topography of the pro- 
posed power project appear on Figure 1-95. 

PROJECT FEATURES 

Chancho Dam and Reservoir 

Chancho Dam. The storage structure, controlling a drainage area  of about 500 square 
kilometers, would be a rock and earthfill dam with a height of 47 meters above streambed 
and a crest length of 504 meters. Diversion d-uring construction would be accomplished 
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by a gap in the dam, the gap to be closed after completion of the outlet works. Plan, pro- 
file, and maximum section of the dam appear on Figure 1-96. Profiles of the outlet works 
and spillway a re  also included in the drawing. 

Dam Data 

TYPe 
Embankment volume (earth) 
Embankment volume (pervious) 
Top of dam 
Freeboard 
Structural height 
Hydraulic height 
Length of crest  
Width of crest 

earth-rock f i l l  
250,000 cu. m. 
280, 000 cu. m. 
2571 m. 
2.48 m. 
47 m. 
44.52 m. 
504 m. 
10 m. 

S illwa . Design of the spillway was based on inflow design flood studies on the maxi- 
mum 5--61! pro able flood, which indicated a peak inflow of 1,805 cubic meters per second and 
a 2.5-day volume of 105 million cubic meters. In routing the flood, it was assumed that 
the reservoir  would be at normal water surface elevation 2566.35 at the beginning of the 
flood. The spillway would discharge 556 cubic meters per second at maximum water 
surface elevation 2568.52 meters; a superstorage capacity of 102.45 million cubic meters 
would be provided in the reservoir. The spillway would be located on the left abutment 
of the dam and would consist of an uncontrolled, side-channel ogee weir with a crest 
length of 90 meters, a concrete-lined channel with a stilling basin. A channel would be 
excavated from the stilling basin t o  the river. 

Spillway Data 

TYPe uncontrolled side channel 
Crest elevation 2566.35 m. 
Peak inflow flood 1,805 cu. m. per  sec. 
Total flood volume-- 

2.5-day period 105,000,000 cu. m. 
Discharge at max. w. s. 

elevation 556 cu. m. per sec. 

Outlet Works. The outlet works would be located on the right abutment of the dam 
and would consist of an intake structure with the sill elevation at 2551 meters, above the 
estimated 100-year sediment deposition level. It would discharge into a 1.83-meter- 
diameter concrete pressure conduit to  the gate chamber, about midway in the dam. The 
chamber would house the emergency slide gate. A 2.75-meter-diameter horseshoe con- 
duit, housing a 1.37-meter-diameter steel pipe, would lead from the chamber and termin- 
ate at the control house located a t  the toe of the dam. Two slide gates for greater operat- 
ing and maintenance efficiency would be provided at the forked outlet pipe. The controlled 
releases from the reservoir would be made into the stilling basin. 

Outlet Works Data 

Sill elevation of intake structure 255 1 m. 
Capacity at minimum w. s. 

elevation 4.12 cu. m. per sec. 
Type of gate (control house) slide gates 
Size of outlet pipe (diameter) 1.37 m. 

Chancho Reservoir. The reservoir  basin is  entirely mantled with dark gray plastic 
clays, and no serious leakage problem is anticipated. The reservoir area is  devoid of 
trees and would require very little clearing. The storage would be utilized exclusively 
for the production of electric power, however, there would be some sediment and inactive 
storage due to the requirements for releases into the power canal. Storage capacity was 
limited to the estimated available water supply. It would be a cyclical storage reservoir, 
in that filling and drawdown cri teria were based on a 6-year dry  cycle, 1911 through 1917. 
The dam would impound water in the Chancho Reservoir, which would have an initial stor-  
age capacity of 270 million cubic meters of active and 30.3 million cubic meters of in- 
active and dead storage. It would inundate approximately 42 square kilometers of land. 
For reservoir  data and area-capacity curves, see Figures 1-97 and 1-98. 



Site Geolo . The proposed site is located on basaltic rock. The basalt, although 
moderate + y weathered at the surface, is quite hard, dense, black, and only slightly scori- 
aceous. It is vertically jointed with joint spaces ranging upward from 6 to 10 centimeters. 
With minor amounts of stripping of weathered material from the rock surfaces, good 
foundation rock can be exposed. The rock, which is well jointed, can be successfully 
grouted, and the probable neeq.,for a grott  curtain across  the entire length of the axis i s  
recognized. See Appendix 11, Geology. 

Construction Materials. Impervious f i l l  material is readily available from the silty 
clay overburden in the a rea  of the damsite and in the reservoir. Concrete aggregate, 
pervious material, and rockfill materials will have to be processed from the basaltic 
rock at the site. 

Chancho Powerplant 

The powerplant would be located at the drscharge end of the power canal and about 
750 meters  downstream from Chancho Dam. It would have two turbine-driven generators, 
each generator having an installed capacity of about 1,000 kw. It would be served by a 
single 0.80-meter-diameter penstock forking before being discharged into the two turbines. 

Powerplant Data 

Design head 60 m. 
Number of generators 2 
Rating of each generator 1,000 kw. 
Total plant capacity 2, 500 kv. -a. 
Turbine rating, each (English) 1,415 hp. 
Synchronous speed 750 r. p. m. 
Type of turbines Francis 

Falls Powerplant 

The Falls  Powerplant would be located on the bottom slopes of the Muger Falls on the 
left side, about 600 meters  downstream from the diversion dam. It would be served by 
a 1.20-meter-diameter-steel penstock, 595 meters in length, dividing into two smaller 
penstocks just before discharging into the turbines. It would have two turbine-driven 
generators, each generator having an installed capacity of 12,000 kw. 

Powerplant Data 

Design head 362 m. 
Number of generators 2 
Rating of each generator 12,000 kw. 
Total plant capacity 30, 000 kv. -a. 
Turbine rating, each (English) 16, 933 hp. 
Synchronous speed 374 r.p. m. 
Type of turbines impulse 

Falls Diversion Dam 

The diversion dam would be about 12 kilometers from Chancho Dam on the Muger River 
and adjacent to the Muger Falls. It would be a masonry-concrete overflow structure. 
106 meters long. Height of dam above streambed would be about 19 meters, with the 
crest  length of the ogee-type spillway being about 81 meters. The outlet works of the dam 
would be located on the left abutment for controlled releases into the penstock with a design 
capacity of 5.3 cubic meters  per second. 
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Diversion Dam Data 

Type masonry-ogee 
Structural height 19 m. 
Length of crest  106 m. 
Length of spillway section 81 m. 

Power Canal 

The masonry-lined canal would originate at the discharge end of the stilling basin of 
the outlet works of Chancho Dam. It would extend for 550 meters and would have a 
capacity of 4.25 cubic meters per  second. Included in the estimates of cost would be 
terminal outlet structures for controlled releases into the penstock of the Chancho Power- 
plant. Initial water surface elevation would be at 2550 meters. 

Transmission Facilities 

Switchyard for the Chancho Powerplant .would be located on the roof of the powerplant 
and that for the Falls Powerplant would be about 150 meters  west of the Falls Diversion 
Dam. Costs for the transmission lines and terminal substations have been obtained from 
curves; these facilities a re  not required in the initial phase of development. 

Access Roads 

Access to  the Chancho Dam and other features of the power project i s  not expected 
to be unduly costly, a s  the primary road passes through the village of Chancho about 
3 kilometers east of the site. 

Service Facilities 

Estimates of construction cost include the required service facilities for the power 
project. Cost for this item was obtained from curves. 

ESTIMATED PROJECT COST 

Construction Cost 

The estimates of construction cost for the project total Eth$31,088,000, based on 
January 1961 prices. The estimates have been based on limited reconnaissance designs, 
quantities being computed and unit prices applied on the Chancho Dam and appurtenant 
structures and other civil works a s  indicated in Table 1-16. Power facilities costs were 
obtained from curves a s  indicated on a lump-sum basis. The following summary of costs 
includes allowances for contingencies, engineering, and general expense. 
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Estimated Construction Cost 
Feature ( kstimated cost 

Chancho Division 
Chancho Dam and Reservoir 
Waterways 
Chancho Powerplant 
Transmission lines, switchyard, 

and substation 
Access road 
Service facilities 

Falls Division 
b'alls Diversion Dam 
Waterways (penstock) 
Falls Powerplant 
Transmission lines, switchyard, 

and substation 
Access road 

PLAN SELECTION AND ALTERNATIVES 

Total Construction Cost 

This small  valley is situated near the city of Addis Ababa, separated from it by the 
Entotto Mountains. The nearness to the largest city in Ethiopia made it attractive at 
f irst  glance to  attempt to  exploit the land and water resources in the valley. Land classi- 
fication conducted in the a rea  revealed that about 8,700 hectares in scattered patches were 
arable. Reconnoitering of the area, however, revealed that there were no suitable stor - 
age si tes and runoff was inadequate for  gravity irrigation. Impoundment of the Muger 
River would require pumping to the higher elevated arable lands, and this was determined 
to be uneconomical for development, especially in view of the scattered nature of the 
lands. 

Eth$3 1,088,000 

Irrigation development therefore was abandoned in favor of hydroelectric generation, 
especially in view of the fact that the Muger Falls offered a natural head, enhancing the 
reasons for full development for power. The potential reservoir  would inundate some 
of the lands that were determined to be suitable for irrigation. No studies were performed 
a s  to alternative si tes for Chancho Dam, except that cursory visual examination indicated 
the selected site appeared to be the most favorable from topographic conditions. 

The proximity of the reservoir to  Addis Ababa (approximately 35 kilometers) suggests 
that it could become a potential source of municipal water supply. 



SECTION 7--GUDER SUB-BASIN 

GENERAL 

Barin Dercription 

DESCRIPTION 

The Guder River Sub-basin is in  Shewa Province in the southeastern part of the Blue 
Nile River Basin and has a drainage a rea  of about 7,500 square kilometers (2,900 square 
miles). The principal river of this basin is the Guder River, which r ises  in the mountain 
ranges south of the towns of Ambo and Guder at an elevation above 3000 meters (10,000 
feet). The r iver  flows in a northerly direction and empties into the Blue Nile River at 
elevation 1000 meters (3200 feet). Two single-purpose projects a r e  planned for develop- 
ment in the sub-basin, an irrigation project in the upper portion and a hydroelectric power 
project in the lower part of the sub-basin. See Figure 1-99 for location of the projects. 
The following descriptions pertain to  the irrigation or  upper part of the sub-basin. 

Project Area Dercription 

The Upper Guder Project area is contiguous to the town of Guder and mostly south of 
the main Addis Ababa-Lekkemt road. To the west, the area is surrounded by rolling hills 
to mountainous terrain; to the north, by deep gullies and ravines; and to the east toward 
the town of Ambo, by rolling hills and plains. The western boundary is formed by the 
Guder River and the eastern boundary by the Large Boggi stream. The eastern extremity 
of the project a rea  is approximately 140 kilometers (85 miles) from Addis Ababa. 

t 

Geology and Phyriography 

Geologically, the project area is characterized by extrusive volcanics, largely basalt 
and trachyte, with lesser  amounts of tuff and cinders. It is from these materials that the 
greater part of the soils formed. Small, localized remnants of Triassic sandstone, l ime- 
stone, and travertine a r e  also found. 

Physiographically, the lower a rea  is characterized by long, relatively smooth, gently 
sloping to  steep, fan-like slopes which extend from the adjoining hilly to  mountainous 
lands. Elevations range from 2170 meters (7500 feet) at the top o r  below the escarpment 
to approximately 2130 meters (7000 feet) at the toe o r  northern boundary. Low, marshy 
a reas  and hilly, rocky land and mountainous terrain comprise a sizable portion of the 
landscape. 

Climate 

The project area, like most of the central highlands, has a temperate and equable 
climate. Climatic data from the Ambo Agricultural School for the period 1951 to 1957 
indicate that an average rainfall of 108 centimeters (42 inches) is normal for this area .  
The greater part  of this falls during the months of the big rains, mid- June to late Septem- 
ber .  Temperature data recorded for the above period revealed an average daily maxi- 
mum of 25 degrees C (77 degrees F) with an average daily minimum of 11 degrees C 
(52 degrees F). 



F i  gu r e  I-99--Uooer and Lower Guder Proj ects--Location Map 
194 



Project Lands 

Three major soil types a re  found in the project area--grumusols, latosols, and an 
intermediate brown soil, with the grumusols predominating. The grumusols a r e  black 
tropical soils which have a.clay o r  silty clay texture and crack deeply on drying. Care 
must be taken in disposal of surface wastes to prevent excessive gully type erosion. 
Because of the greater difficulty in farming and an anticipated average lower production, 
this type of soil is conside~ed to be in Class 3 o r  a marginal type for irrigation. (For  
details, see Appendix IV, Land Classification. " 

The following table summarizes the semidetailed land classification performed in the 
area. 

Land Class Areas (in hectares) 
Land type I Class 1 ) Class 2 ( Class 3 1 Total 

I I I I 
Arable below canal 1 260 1 1,240 1 3,950 15,450 

Natural, deeply incised drainageways, 5 to 20 o r  more meters in depth, occur in all 
parts of the project area on an average of about 1 kilometer apart.  These natural chan- 
nels could be utilized for evacuation of excess precipitation and irrigation waste. Checks 
or  drop structures may be required to control excessive erosion of these natural drain- 
ageways. 

Irrigable 

Hydrology 

The Bello (Guder) River would be the source of water supply for the project. Other 
possible sources of supplemental water supply for the project lands would include the 
Fato, Melke, and Indris streams. A survey of the area revealed that there were no 
storage si tes available on the lat ter  two streams. Hydrologic studies conducted indicated 
that the Bello River would have a larger  and more dependable yield than the Fato. Utiliz- 
ing the Fato meant that shortages for irrigation requirements would occur. 

240 

Farmgate water requirements for irrigation of crops were determined to be a s  follows: 

Average Monthly Water (in millimeters) 
Month I Requirement 

1,160 

October 
November 
December 
January 
February 
March 
April 
May 

Total I 699.1 

3,700 

Adding 30 percent for canal losses, such a s  seepage and operational waste for diversion 
requirements, the estimated water requirements per hectare would be 10,000 cubic meters  
annually o r  a total requirement for 5,100 hectares of 51,000,000 cubic meters (41,000 
acre-feet). 

5,100 



UPPER GUDER PROJECT 

PLAN OF DEVELOPMENT 

The plan for the potential irrigation project includes a storage dam, a diversion dam, 
a main canal, a lateral distribution system, and drainage canals for a sustained irrigation 
of 5,100 hectares (12,600 acres)  of new service lands. 

Storage would be provided by the potential Bello Reservoir on the Bello River. As 
needed for  irrigation, water would be released through the outlet works and diverted into 
the main canal by the Bello Diversion Dam. The canal would extend for 36.5 kilometers 
(22.7 miles) in a northeasterly direction to its.terrninus at Large Boggi Creek. The yield 
f rom the Bello River is more than adequate to supply fully al l  the water requirements of 
the project area.  Feeder canals and laterals  would convey the water to the project lands 
for irrigation. 

PROJECT FEATURES 

The features of the project plan a r e  described in  reconnaissance detail in the following 
paragraphs and a r e  shown in general plan on Figure 1-100. Topographic map of the dam- 
site area  on 5-meter contour intervals was obtained by plane table surveys. (See Figure 
1-101.) Area-capacity data for the reservoir were obtained from stereoscopic (multiplex) 
projection on 20-meter contour intervals. Engineering surveys to locate the main canal 
were performed, using a constant slope of 0.00035 and mapped at a scale of 1:20,000. 
Laterals and sublaterals of the distribution system were located using uncontrolled photo 
mosaics of 1:25, 000 scale. 

Bel lo  Dam and Rerervoir 

Bello Dam. The selected site is on the Bello River about 19 kilometers (11 miles) 
upstream from i t s  confluence with the Indris River adjacent to the town of Guder. It will 
be a single-purpose dam and reservoir  for irrigation, providing a total of 70,640,000 
cubic meters of initial storage. It will be a homogenous earthfill dam with a structural 
height of 41 meters and a cres t  length of 188 meters. Diversion during construction would 
be accomplished by a 4-meter-diameter concrete tunnel. Plan, profile, and section of the 
dam a re  shown on Figure 1-102. 

Bello Dam Data 

Type 
Embankment volume 
Elevation of cres t  
Freeboard 
Structural height 
Hydraulic height 
Length of cres t  
Width of cres t  

earthfill 
380,000 cu. m. 
2432 m. 
2 m. 
41 m. 
39 m. 
188 m. 
10 m. 

Spillway design capacity was based on the inflow design flood studies, with 
t h : m o w  being estimated to be 1,085 cubic meters per  second and a 2-day volume 
of 57 million cubic meters. It was assumed that the reservoir  water level would be at 
normal water surface elevation of 2428 meters at the start  of the flood. A morning-glory 
type of spillway having a 26.8-meter diameter would pass 518 cubic meters  per second 
at maximum water surface elevation of 2430 meters. Superstorage capacity for the flood 
would be 33,860,000 cubic meters. The spillway would be located on the right abutment, 
intercepting the diversion tunnel near the upstream toe of the dam. 



Spillway Data 

Type morning glory 
Spillway cres t  elevation 2428 m. 
Inflow design flood 1,085 cu. m. per sec. 
Total flood volume, 2-day period 57,000,000 cu. m. 
Discharge at m. w . s. elevation 518 cu.m. per sec.  

Outlet Works. The outlet works required to release water for irrigation would be 
located on the right side of the r iver paralleling the diversion tunnel. The tunnel would 
be a concrete conduit having an initial diameter of 1.8 meters to the gate chamber and 
then enlarging to a 2 -meter-diameter horseshoe to house the 0.51 -meter -diameter steel 
outlet pipe. Other structures required would include an intake structure, a control house 
with a 2-meter-diameter access shaft tunnel, and a 0.46-meter-diameter hollow-jet valve. 

Outlet Works Data 

Sill elevation 2420 m. 
Capacity at minimum w . s. elevation 3.65 cu. m. per sec . 
Type of gate high pressure 
Size of outlet (hollow -jet) 0.46 -m. valve 

Bello Reservoir. Geologic conditions of the potential reservoir area a r e  similar to 
those discussed under "Site Geology" below, with the possible exception that tuff beds 
may become more numerous farther downstream and may l ie in thicker layers than at 
the damsite. In general, i t  is believed that the cover of impermeable clays over most of 
the reservoir area will provide an adequate blanket, and no great seepage problems should 
arise.  See Figure 1-103 for area-capacity data and Figure 1-104 for area-capacity curves. 

Site Geolo . At the site selected for the dam, the younger volcanic flows are  primarily 
h a r d h e  upper surface of the basalt will be somewhat weathered and broken, but, 
with excavation of a minimum of 3 meters of this weathered zone in a cutoff trench, hard 
unweathered material will be found. However, within the foundation of the dam there may 
be thin layers  of tuff or  volcanic ash. It i s  believed that, with an adequate provision for 
a cutoff trench and with a grout curtain in  the basaltic rock, no serious foundation problem 
should ar ise .  No foundation exploration was performed, so  this information is subject to 
change with more detailed examination of the site. 

Construction Materials. Impervious f i l l  material can be found almost anywhere in the 
vicinity of the proposed site. The material is all plastic, slightly sandy, silty clay. There 
a r e  no deposits of semipervious o r  pervious materials anywhere near the vicinity of the 
damsite. Some exposures of the weathered and broken basalt appear to be suitable sources 
of these materials and, if extensive zones of extremely weathered or broken rock can be 
found, may also be possible sources of impervious f i l l  material. Riprap can be quarried 
just downstream from the site from the hard basaltic flows cropping out there. In the 
reservoir  basin it is believed that the cover of impermeable clays over most of the r e s e r -  
voir bottom will provide an adequate blanket. 

Access to Site. Access to  the proposed damsite will have to be provided. The terrain 
from the town of Guder to the site is rolling, and, i f  the present footpaths are  utilized a s  
the future road, only the crossing at  the confluence of the Fato and Melke streams would 
present a moderate cost. Distance to the site from the main Addis Ababa-Lekkemt road 
would be approximately 22 kilometers (13.6 miles). 

Bello Diverrion Dam 

A concrete-masonry, ogee-type structure is planned with suitable provisions for sluic- 
ing. The site chosen for the structure would be about 3.5 kilometers (2.2 miles) down- 
stream from the storage dam, and no serious problem is expected to be encountered in 
constructing the structure. Outlet works to the main canal would be located on the right 
abutment of the diversion dam. The weir section would be 53 meters (174 feet) long and 
3 meters (10 feet) high, designed with enough, capacity to discharge flood frequencies of 
once in a hundred years. Plan and section a r e  shown in Figure 1-105. 
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Diversion Dam Data 

TY pe concrete -masonry overflow 
Volume of masonry concrete 2,095 cu. m. 
Structural height 6.5 m. 
Spillway cres t  length 53 m. 
Discharge capacity 340 cu. m. per  sec. 

Bello*Fato Main Canal 

The Bello-Fato Main Canal would extend northeasterly from the diversion dam to i t s  
terminus at Large Boggi Creek. The canal would be entirely in open section and would 
have an initial capacity of 6.8 cubic meters  per second (240 cubic feet per second) all the 
way to the Fato River, approximately 15.8 kilometers (10 miles). After the crossing, the 
capacity would drop to 6.08 cubic meters per second (215 cubic feet per second) to  the 
Indris Creek; 4.25 cubic meters  per second (150 cubic feet per  second) to an unnamed 
creek; and 0.56 cubic meter per second (20 cubic feet per second) to i t s  terminus. 

The main canal would traverse hilly terrain to reach a s  much of the projeot area a s  
possible. The proposed alinement of the canal is characterized by many draws and ravines, 
and suitable structures will have to be provided to take care  of the high flows during the 
big rains. Geologically, the canal route is underlain with basaltic flows, although it is 
expected to be quite weathered and broken. Overburden in some cases would extend to 
15 meters and, on some of the steeper slopes, weathered basalt is expected to be encoun- 
tered, especially on the initial reaches of the canal. Scrub t r e e s  and sagebrush a re  
found over most of the length of the proposed canal alinement. Canal excavation will not 
present any major problems, but many reaches will require some rock excavation. Com- 
pacted earth lining will be required above ground surface to freeboard height, especially 
on the lower cross  slopes. 

Bridges, culverts, wasteways, turnouts,, siphons, or  overchutes would be provided a s  
needed along the canal. 

Water for gravity irrigation of 5,100 hectares of land will be supplied from the Bello 
Reservoir. 

Canal Data 

Type unlined 
Length 36.5 km. 
Initial capacity 6.8 cu.m. per sec. 
Initial elevation 2710 m. 

Dirtribution S y ~ t e m  and Drainage Canalr 

Distribution System. The irrigable lands occur mostly on ridges between drainage- 
ways and occasionally follow natural channels in the streambeds. It is estimated that 
about 80 to  85 percent of the irrigable lands has slopes of l e s s  than 2 percent and the 
remainder has slopes of 5 to 12 percent, which is considered maximum for suitable 
irrigation development. Depending upon the slope, checks and drops in the laterals will 
be required to prevent scouring. The distribution system would consist of a number of 
main laterals following the ridges with sublaterals emanating t o  convey the water to the 
farmers.  The distribution system will be unlined canals with sufficient capacity to meet 
the peak demand of any lateral  service area during the period of maximum demand. 

Drainage Canals. Surface drainage has been provided for removal of irrigation waste 
and excess precipitation falling on the irrigable lands. The numerous natural drainage- 
ways would be utilized wherever possible and improved by construction of structures 
where necessary. 



Practically all of the project area is underlain by basalt or  trachyte. Although no 
water table problems were observed in the course of the investigation, i t  is possible that 
some water table problems may develop with irrigation. Further studies will be required 
to determine the requirements and feasibility of subsurface drainage. 

Service Facilities 

Camps and buildings will be required by Government personnel to supervise the con- 
tract and later  for operation and maintenance purposes. The estimates of cost for this 
item were obtained from curves, the data for the curves being based on Bureau of Recla- 
mation experience and practices modified to local conditions. 

ESTIMATED PROJECT COSTS 

Construction Coat 

The total construction cost for the Upper Guder Irrigation Project is estimated at 
Eth$l3,962,000 on the basis of January 1961 prices. The estimate includes allowances 
for contingencies, engineering, and general expense. The estimates have been based on 
limited reconnaissance data. Table 1-17 shows unit prices and quantities for the various 
facilities and is summarized a s  follows. 

Estimated Construction Costs 
I Estimated 

Feature I cost 

Bello Dam and Reservoir 
Bello Diversion Dam 
Bello-Fato Main Canal 
Distribution system 
Drainage canals 
Access roads 
Service facilities 

Tot a1 

Development Coat 

A large portion of the land area  has been dry farmed at one time o r  another with only 
a scattering of t r ees  and brush remaining. Clearing costs a r e  expected to be minimal, 
estimated for the 5,100 hectares to  be about Eth$296, 000. 

Leveling costs a r e  expected'to be low, because the land is fairly smooth and has suf- 
ficient slope to obviate the necessity of highly precise leveling. Estimated cost for level- 
ing for the project lands is Eth$332,000. 

Operation, Maintenance and Replacement Coat 

Annual charges for operation, maintenance, and replacement costs obtained from 
curves fo r  the conveyance system was estimated to be Eth$2OO, 000 and for the storage 
and diversion dams, Eth$l9,000. 
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PLAN SELECTION AND ALTERNATIVES 

Several stages of development and alternative plans which appear to have merit were 
considered a s  a basis for selecting the project plan presented in this report. Brief pre- 
liminary plans were studied to determine the feasibility of a demonstrational o r  pilot 
project in the area.  Direct diversion could be accomplished on some of the larger  s t reams 
and a small plot could be developed. 

Studies on alternative plans were limited to the major storage potentialities of the Fato 
drainage basin. Rough cost estimates performed indicated that they would approximate 
the costs of the Bello Dam without i t s  attendant benefits of f irm yield. Operation studies 
indicated that they would be deficient in storage capacities for full development of the 
project lands. 

Pumping possibilities to the upper valley from the Bello Reservoir were not studied. 
The Jibat damsite was abandoned for storage on the premise that engineering surveys 
indicated pumping would be required and the added cost of constructing a dam would prove 
too costly to develop the a rea  for irrigation purposes. 

Brief studies conducted on possible hydroelectric power production indicated that it 
would not be economically feasible to develop i f  the reservoir were to be used in conjunc- 
tion with irrigation. The added height of dam required to capture the additional water 
supply for hydroelectric production indicates that at best only a powerplant capable of 
delivering 2,000 kw. of f irm power could be developed. 

It was concluded that such a small powerplant could not economically absorb the cost 
of added reservoir capacity necessary to yield water at a constant rate even during the 
nonirrigation months. The cheapest alternative source at this  location would be a diesel 
plant, which could be installed for about Eth$500 per kilowatt. 

Under the irrigation plan studied, all the water for the project lands would belpbtained 
from the Bello River. As indicated by the hydrologic studies (see Appendix 111, Hydrol- 
ogy"), surface runoff at the damsite is estimated at  219, 000, 000 cubic meters (176, 000 
acre-feet) annually. There is storage capacity to impound this water, and, i f  further 
investigations reveal that additional lands could be incorporated into the plan, the height 
of the dam could be extended. Another possibility is to tap some of the larger  streams, 
especially the Indris and the Fato, into the canal enroute. This cannot be considered for 
a firm supply, however, a s  preliminary hydrologic studies indicate that at the time of 
maximum demand the streams would yield Little or  no flow. 



LOWER GUDER POWER PROJECT 

PLAN OF DEVELOPMENT 

The plan of development for  the Lower Guder Power Project includes construction of 
a dam and reservoir, a powerplant, a substation, and transmission lines for an estimated 
annual generation of nearly 22 5 million kilowatt -hours. 

PROJECT FEATURES 

The features of the project plan a r e  described in reconnaissance detail in the following 
paragraphs and a r e  shown in general plan on Figure 1-106. Topographic maps were com- 
piled from aerial  photographs by stereoscopic (multiplex) projections. Altimeters were 
used fo r  determination of vertical distances plotted on 20-meter contour intervals. 

Motto Dam and Rerervoir 

Motto Dam. The selected site is located in Shewa Province about 60 kilometers north 
of the town of Guder on the Guder River. It would be an earth and rock f i l l  dam with a 
cres t  length of 400 meters and a height of 121 meters above streambed. A dike on a low 
saddle on the west side of the r iver will be required. It would be approximately 660 meters  
long and 26 meters. high. Diversion of the r iver during construction would be accomplished 
by two 10-meter-diameter tunnels located on the left abutment of the dam. Plan, section, 
and profiles of the dam appear on Figure 1-107. 

Dam Data 

Type 
Embankment volume (earth) 
Embankment volume (rock) 
Top of dam elevation 
Freeboard 
Structural height 
Hydraulic height 
Length of cres t  
Width of c res t  

earth-rock f i l l  
2,600,000 cu. m. 
4,000,000 cu. m. 
1376 m. 
2.26 m. 
121 m. 
118.74 m. 
400 m. 
10 m. 

Spillwag. Based on inflow design flood studies which indicate a peak inflow of 5,600 
cubic meters per second and a 4-day volume of 590 million cubic meters, a morning- 
glory type of spillway was designed. The spillway would have a 30-meter -diameter cres t  
and would discharge into one of the two tunnels constructed for diversion of the river. At 
maximum water surface elevation of 1373.74 meters, the maximum discharge would be 
1,386 cubic meters per second. Superstorage capacity for the flood would be 443,000,000 
cubic meters.  The spillway would be located on the left abutment. 

Spillway Data 

Type morning glory 
Spillway c res t  elevation 1368.11 m. 
Inflow design flood 5,600 cu. m. per sec. 
Total flood volume, 

4 -day period 590,000,000 cu. m. 
Discharge at m. w. s. elev. 1386 cu. m. per  sec. 



Figure I-106--Motto Dam (a-I), Dike, and Powerpl ant--General PI an 
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Outlet Works. The reservoir  outlet would be a conduit through the left side of the dam. 
The outlet works would consist of an intake structure with a fixed-wheel gate and a 4.5- 

'meter-diameter welded-steel penstock in one of the two horseshoe conduits, constructed 
beforehand. The penstock would divide before reaching the turbines, each branch being 
equipped with a butterfly valve. 

Outlet Works Data 

Sill elevation 1313 m. 
Maximum capacity (each) 60 cu. m. per sec. 
Type of gate fixed wheel 
Size of outlet (diameter) 4.5 m. 

Reservoir. The reservoir area  is in sandstone except for the small area  in Precam- 
brian rock near the damsite. It is believed that the cover of impermeable clays over most 
of the reservoir area  will provide an adequate blanket, and no serious seepage problem 
is anticipated. At normal water surface elevation of 1368.11 meters, the initial storage 
capacity is estimated at  2,557 million cubic meters, covering an area of 7.45 square kilo- 
meters. See Figure 1-108 for area-capacity data and Figure 1-109 for area-capacity 
curves. 

Site Geology. The damsite is located in a narrow, V-shaped gorge in banded quartz 
diorite gneiss of Precambrian age. The rock is variably jointed and, with a smooth, hard, 
rock foundation, could be exposed. Foundation excavation to obtain fresh rock and a 
smooth surface may range from 3 to 10 meters. 

Construction Materials. There is an abundance of impervious material within econom- 
ical haul distance of the damsite. Pervious o r  semipervious material will have to be 
quarried from the Precambrian rock. Deposits of natural aggregate a r e  too small in 
quantity to be considereil a s  a source of construction materials. 

Access to  Site. An access road will have to be constructed through rolling and hilly 
terrain. Distance from Arnbo or  Guder to the construction site would be approximately 
60 kilometers. 

Powerplant 

The hydroelectric plant would be located adjacent to the dam at the toe of the down- 
stream slope. It would contain two turbine-driven generators, each supplied by a steel 
penstock from the outlet works. 

Powerplant Data 

Design head, net 86.1 m. 
Maximum head, net 107.6 m. 
Minimum head, net 64.2 m. 
Number of generators 2 
Installed capacity (each) 25, 000 kw. 
Type of turbine Francis 
Synchronous speed 230 r. p. m.  

Switch yard 

Two bays, each consisting of a single-breaker, 132-kv. line, would be required. It 
is envisioned that the switchyard would be located on the roof of the pow6rplant. See Fig- 
ure 1-110. 

Tranrmirrion Liner 

About 175 kilometers of transmission lines a r e  planned to conduct the energy generated; 
60 kilometers will be to the Agere Hiywet (Ambo) Substation, 110 kilometers of 161 -kv. 
line to the East Addis Ababa Substation, and 5 kilometers from the East Addis Ababa Sub- 
station to the Central' Addis Ababa Substation. 
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Figure 1-1 lo--Motto (GU-I) Powerplant and Swi tchyard - -h i  tchinq Diagram 

FINCHAA lOOlS ABABA MOTTO (6U-I) POWER PLANT 
TAP EAST SUBSTATION NO. 1 NO. 2 

'".., 3-1*-20.000/2s,bb7 UVA 

161 6RO Y/93//132 6RO Y / 7 S  UV 

LOWER 6UOER PROJECT 

E I W l O P l 4  
Y r s ~ v Y  BLUE N I L E  R I V E R  BASIN 

AGERE STATION 6 E 0 0  A001S ALEM 
H I ~ W E T  SERVICE R E C O N N A I S S A N C E  S W I T C H I N G  D I A G R A M  

A G E R E  H l Y W E T  SUBSTATION 

NPM. EL. moo ~ R S  re-P-6s. C . L . C .  4.0-811-110 

Figure 1 - 1  I I--Agere Hiywet Substation--Swi tching Diagram 
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Substations 

One substation and part of another will be required, one at Agere Hiywet (Ambo), Fig- 
ure 1-111, and the other (Stage 05) on the east side of the city of Addis Ababa (Figure 1-71 ). 
The substations will be of the outdoor type with controls and service equipment located 
indoors. 

Service Facilities 

Service facilities will be required to operate and maintain the facilities. Costs con- 
tained in this item include office and shop buildings, housing facilities for operating per-  
sonnel, and equipment. 

The construction costs for the Lower Guder Power Project a r e  estimated at 
Eth$126,848,000 on the basis of January 1961 prices as  summarized below. As indicated 
in Table 1-18, quantities and unit cost prices were applied to  the dam and appurtenant 
structures. Costs for other features were obtained from curves, a s  indicated in lump- 
sum estimates. The estimate includes allowances for contingencies, engineering, and 
general expense. 

Lower Guder Project 
I Estimated 

Feature I cost 

Motto Dam and Reservoir 
Powerplant 
Switchyard 
Transmission lines 
Substations 
Access road 
Service facilities 

Total I Eth$126,848.000 

PLAN SELECTION AND ALTERNATIVES 

Brief studies conducted were limited to an alternate damsite. A few kilometers down- 
stream from the selected site, where the Teranter and Kale Rivers join the Guder River, 
a possible site (GU-2) was considered to take advantage of the greater water supply. P re -  
liminary studies indicated that i t  would be much more costly to  develop and that the cost 
per kilowatt would be higher to  produce. The site would not appreciably add to the stor-  
age capacity and, being about 74 meters lower than the selected site, would require a 
higher dam and a long dike to store the equivalent amount of water. 



TABLEI-18-LOWER GUDER PROJECT-RECONNAISSANCE ESTIMATE 

RECONNA l SSANCE ESTlMAT E 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDlS ABABA, ETHIOPIA 

PrOlecI 

~ o t e  of Erl~rnot e hca*e* 1%' 

Prices or of J s ~  1961 

Currency h term of Elklopion Oollors 

( U . S  S l 0 0 =  Elh. 8 2 5 0 1  



Table I-l8--Continued 

RECONNAISSANCE ESTIMATE 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADDIS ABABA, ETHIOPIA 

~ r o ~ s c t ~ a ~  -- 
Date of Ertimote-- 

~ " c s r  or of J a n u a v  1%) - 
Currency In terms of Eth~opion Dollorr 

t U  S S 1.00 = Elk S 2 . 5 0 )  



Table I-18--Conti~d 

RECONNAISSANCE ESTIMATE 

BLUE NILE RIVER BASIN- ETHIOPIA 

ADD IS ABABA, ETHIOPIA 

Project (;UDER--Power 

mtm of E s l i r n o t e D e g . b a r  1963 

Prices or of JauaW 1961 

Currency In te rm of Elh~oplon Dollars 

( U S  8 1 0 0 -  Elh. S 2 .501  

--- 
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