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IV
ABSTRACT

Unlike most other river basins in Ethiopia, the water resources of the Awash
River have been highly developed and utilized over the last five decades. A
number of major irrigation projects are currently being built, designed and

planned and it is very essential to estimate the availability of water.

This research aims on water allocation of the existing and planned water
demands in the upper awash valley. It evaluates the availability of water
resources in expansions and developments of additional water abstracting
schemes. The thesis compiles recent studies in the basin and meteorological,
hydrological and demand data for each irrigation schemes were considered for

the analysis.

Water Evaluation and Planning System (WEAP) model is used for the study for
water allocation of the river water based on the existing water requirement and
user priority setting situation. The model is operated by using the monthly based

data in both the demand side and supply sides.

The water resources availability assessment and the allocations are performed
for two scenarios;
Scenario |: The present (2007/2008) water use rate
This scenario holds the overall existing upper Awash valley and

down stream irrigations which are currently utilizing the Koka
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release. The overall irrigable area in this scenario is around 56,500
ha.
Scenario Il: The present water use rate plus various schemes under
construction
In this scenario the analysis is done by combining the current water
use rate with ongoing irrigation schemes by taking the current
account year of 2010.The total irrigable area under this scenario is
95,156 ha.

According to the results of scenario |, if the irrigation level goes at present rate
92.7% of the demand will met the requirement for upper valley irrigation groups
Wonji area and Nura Era complexes (UV1 and UV2) average annually up to
2038 by setting the same priority. After the year 2028 the demand coverage will
be reduced to 84 % for these farms. The upper valley irrigations group 3 (UV3)
get the coverage of 81% as per to the current abstraction annually. The lowest
coverage will be observed in down stream farms (middle and lower valley farms)
i.e. 57% from 2008-2028 mean annually. In the current scenario about 75 % the
required water is delivered sufficiently and 25% is deficit annually for the stated

years to the cumulative demands.

According to the results of the future scenario by differing the priority of allocation
for each sets of demand site, the annual average requirement met for UV1, UV2,
and UV3 will be 97%, 72% and 63% respectively from the years 2010-2028.The
implementing demand sites namely Fentale, Metehara expansion and Woniji
expansions get annual average coverage of 65%, 71% and 53% respectively; but
after the year 2028 these sites get the coverage of only 59%, 63% and 40%
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respectively. The total coverage for all demand sites will be reduced to only 55%
at 2028.

For each the demand site from months July to December the coverage is full with
nil unmet demand; but from months January to June the significant amount of
irrigation deficit is observed in all sites except for urban water supplies. The
period from February to June is the time with intensive irrigation in most sites
with low flow of river, so that deficit is observed. Peak mean unmet is observed at
June (213.4 MMC). The demand site with peak unmet demand is the DSIrr
(middle and lower valley farms) with 85.6 MMC at June.

In the last part of this study the detail results of water allocation and water

availability analysis are discussed widely.
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CHAPTER 1
INTRODUCTION AND BACK GROUND

1.1. Introduction
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Ethiopia, the country with 12 river basins, is considered as ‘the water tower’ in
north east Africa. Most of the rivers in these basins cross the national boundary.
According to various studies the total available water (mean annual flow) is
estimated at 122 billion cubic meters and the ground water potential is about 2.6
billion cubic meters while the potentially irrigable land in the country has been
estimated at 3.7 million hectares. Although Ethiopia’s water resource is
enormous, very little of it has been developed for agriculture, hydropower,
industry, water supply and other purposes. Of the total flow only about 1.5% is
utilized for power production and 2% for irrigation. (Dessalegn Rahmato, 1999)

Ethiopia has not utilized its water resources adequately and wisely. The country
lags behind many African countries in irrigation schemes development and safe
water supply. Less than 6 percent of the country’s potential irrigable land is now
under irrigation. In contrast, according to FAO data (1987), the three countries in
sub-Saharan Africa with the largest irrigation are Sudan (2.2 million ha),
Madagascar (1.0 million ha), and Nigeria (0.9 million ha).

The country is with great geographical diversity with high and rugged mountains,
flat topped plateaus, deep gorges, river valleys and plains. Most of the rivers are
situated and flow in unsuitable conditions for diversions and through uncultivable
land. The technological and economical status of the country does not allow
combating with geographical constraints that are observed in many river basins.
That is why most rivers and other water sources are not under a full utilization
level. The distribution of irrigation schemes in the country is quite skewed.

Unlike other rivers of the country, Awash river is actively and potentially utilizing
river for various levels of irrigation developments. The potential of irrigable land
inside the basin, geographical suitable for ease diversion of river, accessible
condition along the river basin are some of the factors that make the river more
utilizable than others. The basin holds numerous water users in governmental
and private levels. Since there are ongoing large scale irrigation projects, more
than 50% implementation tasks for MOWR are on Awash river basin.
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The Awash basin is the most developed area with more than 60% of the potential
irrigable area has been developed. In the Upper Awash valley the sugar
corporation (ESC) intensively utilizes most its developed land. The horticulture
development corporation (HDC) farms in the upper valley suffer some shortfalls
in developed land use and efficient water utilization, apparently constrained by
shortage of labor, machinery and some times water. The ESC at Wonji-Shewa
and Metehara are the dominant state farms pre-existed and holds the major
portion of irrigable land.

Moreover many new private and integrated irrigation farms are emerging with
significant water abstraction from Awash river. These active irrigation
developments are mainly occurring in the Upper Awash valley where population
density is high and crop productivity is good. There are also unaccounted small
traditional farms in the river banks of upper Awash valley. Since these traditional
farms could not use scientifically measured amount of water it is difficult to
estimate the amount of water that is abstracted by them. There are a number of
small scale irrigation farms that have used water in modern manner but there are
problems of operation and management. Some of the irrigation schemes also are
not functional due to the problem of scheduling and lack of awareness.

An increasing developmental interest of Awash river basin will consequence to
near future water shortage in the existing demands. This opinion is supported by
the hydrologic variability of the river flow due to climatic variations and the
increasing sedimentation rate of Koka reservoir. Still now the water availability of
the basin depends on Koka reservoir capacity. But after the accomplishment of
Kesem and Tendaho dams the middle and lower Awash valleys can get a
considerable relief of water availability. According to previous water availability
studies (Booker Tate and WWDSE) of Upper Awash sub-basin the water
released from Koka reservoir can not sustain the existing and future irrigation
demands via current water management.

Water allocation studies are viable for basins with multiple water demands and
scarce water resource conditions to meet the existing demands. Upper Awash
valley sub basin holds a multiple irrigation water users relatively in the country.
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For the particular sub river basin the water allocation studies can assess the
following major issues.

Examine the water availability from Koka release for existing and
future irrigation demands.

Evaluates the amount of water that is required for the proposed and
existing demands by the current water use methods.

Prioritizing and scheduling the available water for upstream and down
stream water users.

Recommending on the current water utilization systems and future
water sustainability measures.

The WEAP (Water Evaluation and Planning) model is used as the basic tool to
undertake the study. The study is operated at monthly time steps. The study is
based on available documentary sources and recently studied reports, most of
which are provided from MoWR, WWDSE, and OIDA.

1.2. Statement of the problem

Ethiopia is one of the few countries in Africa with abundant water resources but
still frequently hit by recurrent drought and famine associated with health and
other extended social crises. Since majority of the country’s rivers are
transboundary in nature besides inability to utilize the water, they transport fertile
soil abroad leaving the country. So the utilization of these rivers is limited to
develop minor small scale irrigation projects for small groups of farmers and few
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state farms in the country. They also couldn’t be used as domestic water supply
sources. On the other hand Awash river and rift valley lakes, which are non trans
boundary water resources in the country contributes a significant percentage of
utilization for various irrigation developments unlike other river basins. There is a
wide implementation of irrigation and other projects in the Awash river basin
especially in the Upper valley which is additionally known by population density
and suitable irrigation potential land.

There are some physical problems in the basin, such as flooding and
sedimentation of Koka reservoir. These cause the decrease in storage capacity
of the reservoir dynamically. The useful storage of the Koka Reservoir is
estimated to be reducing at a rate of 17 Mm® (Booker Tate study) per year and
the possibility of high sedimentation rates is a major concern for the down stream
situations. So there is an expectation that the water released from Koka reservoir
may not meet fully the demands of the basin in the near future. On the other
hand there are some small and large scale irrigation projects are currently
planned, designed and on the implementations. The unbalance between demand
and supply may lead water users’ conflict in the sub basin.

The need to see previously developed proposals with advanced and recent
models will facilitate formulation of other alternatives and optimal water resources
allocation for various demands. On other hand such allocation techniques used
to minimize the water crises and the conflict among users by predicting future
scenarios. The out put of such study contributes as the guide line in the sub-
basin to well water management.

The model selected for the study is water evaluation and planning system
(WEAP) that evaluates a full range of water development management options
and takes account of multiple and competing uses of water system.

1.3 Objectives of the study.
Tne pouv oPeeyTimes op TnE GTLOY OPE:

v' To emalvarte The amatlaBiiity od motep pecovpyes cunniied ppou K
oKol
PECEPTOLP PEAEACE TO ATTOLY TNE EELGTLVY VO TPOTOGED MATEP OEUALVD
c1wv e ouf Paotv.
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V' To alhoyate The Sehlmeped matep cLRTAY dop dihpdepevt eEloTivy dep
ovo
GEYTOPC ALVO TAAVVED TPOPEYTO.

1.4 .Materials and methods

The materials used in this study include master plan documents performed so far
by HALLCROW, other study documents prepared by local and foreign
professionals, Oromia irrigation development Authority design documents for
small scale irrigation projects and the basin description Arc View GIS maps layer
obtained from Ministry of Water Resources.WEAP model has been utilized to
perform an allocation and the Model user Guide is used as a guide line to
operate the model.

The methodology adopted in the study follows literature review, data collection,
organization and analysis of data based as per to the requirement of WEAP
model. The overall approach of the study will be discussed on data analysis and
results discussion parts.

WEAP simulation is carried out on monthly time step for the available data. The
scenarios of future performance are projected up to the year 2038 for 30 years.
Before running the model, it needs a relevant data to fulfill the purpose of the
study. In this case some of the required data (Ground water data, Water quality
data, Economic data and etc) are not included in this study due to unavailability
of adequate data.

1.5. Descriptions of the whole basin

1.5.1. General

The Awash river basin with a total area of 110,000 km? drains the northern part
of the rift valley in Ethiopia. It has no outlet to the oceans, the terminal point
being Lake Abe on the border with Djibouti. The basin is almost entirely within
the boundaries of Ethiopia, the portion within Djibouti being negligible. The river
rises at an elevation of about 3 000 m in the central highlands, West of Addis
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Ababa and flows north-east wards along the Rift Valley. The main river length is
about 1 200 km.

The basin is bordered on its western side by the Abbay river (Blue Nile) basin, to
the south west by the Omo-gibe and rift valley lakes river basins and to the south
east by the Wabi-Shebele river basin. The basin lies between longitude
7°52'12"N and 12°08'24"N and latitude 37°56'24"E and 43°17'2"E.

The basin is the most extensively developed and heavily exploited in Ethiopia. In
1989 irrigation development amounted to a total of 69 000 ha, a substantial
proportion of the total in the country. Currently the only water storage is Koka
reservoir which has been studied in detail by Booker Tate in 2003.

The basin is also the most intensively studied in the country. The most
comprehensive study of the basin is the Master Plan for the Development of
Surface Water Resources in the Awash Basin, carried out by Halcrow (1989).
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Figure 1.1: Location Map of Awash River basin with respect to other basins
(Source: Arch view GIS Shape files of basins from MOWR)
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The water flows from the source first in the Becho Plains and is joined by a number of
tributaries before entering the Koka Reservoir. Water released from Koka descends into
the Rift Valley and gradually turns northwards, flowing at a much reduced gradient
along the base of the western highlands. The Awash is fed by several major tributaries
from these highlands. The flow of the Awash gradually increases reaching maximum at
the start of the Gedebassa Swamp. On exiting the Swamp/Lake Yardi, the river channel
is greatly reduced but the discharge is increased by contributions from large western
highland catchments. After receiving contributions from the Mile and Logia Rivers, the
Awash turns abruptly eastwards and terminates in a series of lakes. The total length of

the Awash River is approximately 1 250km.

Basins' water resources
- Lekes.shp ’,f\l/’ Rivers7.shp
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Figure 1.2 View of Awash River Basin
(Source: Arch view GIS Shape files of basins from MOWR)

1.5.2. Physiographic units of the basin

The Awash River Basin has been divided into 7 physiographic units. They are
briefly described in terms of their physiographic and hydrological characteristics
as follows :(Awash River basin surface water master Plan, HALLCROW 1989 )

v' The Upland basin.

The head water of the Awash River is formed in the Upland Basin, which
has eroded head ward into the Ethiopian Plateau west of Addis Ababa.
This area features steep headwater streams that receive in excess of
800mm per annum of rainfall and drain into the structural basin of the
Becho Plains. In much of the highland area at the western extreme of the
basin, rainfall is in excess of 1200mm and rises to as high as 1750mm in a
few places. From the outlet of the Becho Plains flows drain towards the
Koka Dam which marks the limit of the Uplands basin.

v' The Upper Awash Valley

The area of the basin is in Koka reservoir and Awash station which lies

3S

v' Middle Awash valley

The area of the basin is in between Awash station and the Mille river. The
altitude varies from 1000 m to 500 m a.s.l and the annual rain fall variation
is from about 600 mm to 200 mm.They can be divided as Melka warer
(Awash to Hertale), Gawane (Hertale to Gedabassa outlet) and Mile (from
Gedabassa outlet to Mile confluence).In the area cotton, and sugar cane
would be very appropriate with potentially higher productions.

v" Lower Awash Valleys.

These are the deltaic alluvial plains in Tendaho, Asayita and Dit Bahir
areas as well as the terminal lake environs. The are lies between 500m
and 250 m altitude with the mean annual rain fall of less than 200mm.The
are can be subdivided in to the Delta and the Terminal lakes. The area is
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known by its high temperature, consistently over 40 ° for several months,
severely limit cropping potential.

v' The Western Highlands

They comprise the left bank tributaries from Kesem River to Logiya River.
All of these tributaries rise in high rainfall areas along the watershed with
the Abbay River Basin, although the proportion of their catchments lying in
the high rainfall zones generally decreases in the downstream direction.
As a result the Mile and Logya rivers, the most downstream of the western
highland tributaries are much more ephemeral in nature than for example
the Kesem River, despite their very large catchments areas.

v" The Lower Plains

This are comprises downstream of Logiya, where the Awash River
meanders and terminates at Lake Abe. Almost no runoff is generated
in this area where rainfall is low.

v The Eastern catchments

This area accounts for about 40% of the total area of the Awash
Basin. Areas of relatively high precipitation (there are some small
areas which receive between 800mm and 1000mm per annum) are
very far away from the Awash mainstream and generated runoffs
disappear in the lowland plains without contributing to the Awash
river flows.

1.5.3 Climate

General

The climate of the Awash Basin is influenced by the Inter-Tropical
Convergence Zone (ICTZ), a zone of low pressure that marks the
convergence of dry tropical easterlies and moist equatorial westerliness.
As this zone migrates northwards across the basin is causes the small or
spring rains in March and at its northernmost position (attained in
June/July) it results in the heavy summer rains. Its subsequent movement
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southwards during August, September and October restores drier weather
which prevails until the following spring.

Temperature

Not surprisingly given the difference in altitudes, the temperature varies
considerably within the basin. The mean annual temperature in Addis
Ababa is 16.7°C compared to nearly 30°C at Dupti. There is a strong
relationship between temperature and altitude as summarized in Table 1.1
which shows means temperatures in the growing season related to
altitude.

Table 1.1: Temperature and Altitude in the Awash River Basin

Mean Altitude (m) Mean Altitude (m)

Temperature Temperature

(C) (C)

>27.5 <450 15-17 2250 -2 550

25-27.5 450 — 900 12-15 2550-3100

225-25 900 - 1 400 10-12 3100 -3 400

20-22.5 1400 -1750 7.5-10 3400 -3 850
17 - 20 1750 -2 250 <75 > 3 850

Source: Land Use Planning and Regulatory Dept; Ministry of
Agriculture (1984), updated by MoWR

Relative Humidity

Relative humidity is or has been measured at 32 stations in or adjacent to
the basin. There is relatively little variation over the basin with the mean
annual relative humidity varying from 60.2% in Addis Ababa to 53.6% at
Dubti down to a lowest of 49.7% in Dire-Dawa. Seasonal variation, as
would be expected is higher in the lower rainfall areas.

Evaporation
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Mean annual evaporation as estimated from measurements made from
evaporation pans at a number of meteorological stations around the basin,
has been shown to relate strongly to elevation. This relationship was used
for calculating evaporation rates at key locations in the basin, especially
as required for input to the model.

Evapo-transpiration

Evapo-transpiration was analyzed in some depth as part of the Awash
Master plan study which looked at observed data from a number of
sources. Potential evapotranspiration (PET) values calculated from
Penman by using other meteorological parameters.

Rainfall
The rainfall regime in the Awash River Basin shows four different rainfall
regimes:
= Seven rainy months between March and September, with peaks in
April and August.
= Seven rainy months between March and September, generally
increasing with a high in August when the rainfall coefficient
reaches 3.0)
= Seven rainy months from February to April and June to September.
For the intervening months the rainfall coefficient falls below 0.6
making the regime bimodal.
= Six rainy months being March and April and the June to September.
In the first part the peak month has a rainfall coefficient inferior to
1.0, while in the second part it is in excess of 3.0.

It is important to understand the concept of “rainy” in this context. A “rainy”
month is defined as one in with a rainfall coefficient exceeding 0.6. The
rainfall coefficient is defined as the mean monthly rainfall total divided by
1/12 of the mean annual precipitation.
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1.6. Description of the Particular study area

1.6.1 Sub-basins’ features

The sub basin is located between the confluence of Koka dam and Awah
station; with in the great African rift valley .The water availability of the whole
basin depends on this sub basin due to Koak reservoir. The releases from Koka
are used to generate power at the Koka hydropower station (Awash I).
Woniji/Shoa sugar estate lies approximately 12 km downstream of the dam; one
main pump station is used to lift water from the River Awash to supply the main
irrigation area of 5 664 ha. The significant available water demand for urban
supplies are Nazereth and Metehara towns with relatively low abstractions. The
Nazereth water supply is abstracted by a pipeline from a point between Koka
dam and Wonji/Shoa. A few kilometers downstream of the estate there is a
second much smaller reservoir at Melkassa, after which power is generated at
two further hydropower stations, Awash Il and Ill. These are located just below
the point where the drainage from the irrigation areas is returned to the river. The
drainage water is used for several small-scale irrigation schemes to grow other
crops, with the result that the return to the river from the combined irrigation
systems are negligible. After passing through the Awash Il and Ill Station, the
water is then used for many other irrigation systems further downstream. The
water for these systems is supplemented by flow in the downstream tributaries,
although as noted above, Koka dam is currently the only point of regulation.

At 1989 irrigation level Halcrow estimated that the total irrigated area in this
particular sub basin is 23,284 ha, where as at 2003/2004 the irrigation level
shows small rise to 23,284ha.But the activity level may raise by 100% by the
coming two/three years as per the implementing programs. Even though Halcrow
in 1989 proposed that the new extended potential irrigable land of the sub basin
was 10 600 ha, there are more than 30 000 ha irrigable land have been under
implementation for near future use.
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Figure 1.4 The Upper Awash Valley areas
1.6.2. Socio-economic conditions.

Before the development of irrigation in the Upper, Middle and Lower valleys
population of the basin was essentially divided geographically, economically
and culturally in to two main groups. These are the sedentary cultivators in high
lands (Amhara and Oromo) and the transhumant pastoralists in low lands (Afar
and Issas). The approximate divide between these two distinct groups lies at an
elevation of 1500 m above sea level, which elevation is normally taken as the
boundary of rain fed agriculture.(Halcrow 1989).
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The study area is governed by sedentary cultivators in which the lively hood of
the people in the area is based on income generated from agricultural activities,
which includes crop production and livestock grazing. In most cases sedentary
farming with limited mobility of inhabitants in search of grazing and water
depends on favorable climatic conditions.

The main cereals produced in the sub-basin are wheat, teff, sorghum, maize,
barley and etc next to sugar cane, fruits and vegetables. The main constraints
in the crop production are lack of adequate quantity and distribution of rain fall,
poor economic conditions to own oxen to plough their land, loss of extension
seed inputs and low awareness to practice productive agriculture. About 10% of
the agricultural practice is animal rearing. This has a great importance in their
daily life conditions, in that oxen used in cultivation system, like plowing, horses
and camels used for transportation and the remaining utilized as food sources.

The sugar cane extension developmental program in Wonji and Metehara areas
will contribute towards alleviating poverty. The development venture will enable
poor farmers to generate additional income by pooling the resources in the
irrigation development endeavors. The irrigation development will also create
employment opportunities for the participating farmers. The new development
program, however, should be viewed with proper care that farmers should fully
participate in the planning, design, and implementation phases to attain
meaningful change in the well-being of the community.

On other hand an implementation of the number of small scale irrigation
schemes by OIDA will contributes a substantial support in attaining of food
security in the area. The lower part of sub basin is commonly known by its
recurrent drought with high temperature. The ongoing integrated large scale
irrigation project of Fentale can alleviate the crop production problems of the
area.

Addis Ababa University Civil Engineering Department 32



Chapter 2
Background of Irrigation Developments

2.1. Irrigation Development in Ethiopia

Ethiopia having a total area 1,129,000km? is endowed with precious natural
resources: water and irrigation land. Its geographical location and favorable
climatic conditions provides the country with relatively high amount of rain fall in
East Africa. The country is sub-divided in to 12 river basins draining water in to
different directions and point of destinations. Preliminary studies and
professionals estimate revealed that the country has an annual surface runoff
close to 122 billion cubic meters of water excluding the ground water potential.
Most of the major rivers are trans-boundary types transporting multitude of water
and sediment to neighboring countries, HALCROW (1989).

Until recent time, the water potential of the country was not accurately known,
and even today this is still a contentious area. There have been different
estimates of the irrigation potential of the country, and the issue has not been
satisfactorily resolved. One of the earliest estimation was made by the World
Bank (1973), which suggests a figure between 1.0 and 1.5 million hectares.
According to Ministry of agriculture (1986) the total irrigable land in the country
measures 2.3 million hectares. The international Fund for Agricultural
Development (IFAD 1987), on the other hand gives a figure of 2.8 million
hectares, where as the office of the national committee for central planning’s
1990 figure , which is based on WRDA's estimation ,is 2.7 million hectares. The
Indian engineering firm water and power consulting services’ estimates 3.5
million hectares is the highest estimate so far studied and EVDSA accepted the
figure and was using in the early 1990s.(Dessalegn Rahmato;Water resources
development in Ethiopia 1999).

According to the Metaferia consulting Engineers in association with Eco-consult
2002; it is difficult to access the exact potential irrigable area and actually
irrigated land in Ethiopia. Some schemes have been damaged and are currently
not operational, some other schemes built and managed by the producers’ co-
operatives but not used by the farmers, who mostly do not want to join these co-
operatives, are deteriorating. The irrigation potential of Ethiopia is estimated to
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be between 1.8 and 3.7 million ha. The potential for medium and large scale
irrigation projects was identified as 3.3 million ha. Separate studies have
indicated a potential for small scale irrigation of between 165 and 400 thousand
ha. A recent study gives irrigation potential on river basin basis with a total of 3.7
million ha.

BCEOM phase 2,section 2, volume 5 (1998) states in 1990 in Ethiopia as a
whole a total of 161,000ha irrigated agriculture were developed, of which
64,000ha in small scale schemes and 97,000 ha in medium and large schemes.
Approximately 38,000ha were under implementation.

According to HALCROW (1989) the gross irrigation potential of the country is
shown in the table 2.1 below.
Table 2.1: Gross irrigation potential of the main basins of the country

No | Basin name Gross irrigable Area (ha) | Utilization ha
1 Blue Nile 760,000 30,000
2 Baro-Akobo 600,000 -
3 Wabishebele 355,000 -
4 Genale-Dawa 300,000 8,850
5 Omo-Gibe 248,000 -
6 Northern rivers 200,000 -
7 Awash River 206,000 69,900
8 Rift valley lakes 47,600 -
Total 2,716,600

Source: HALCROW Awash master plan volume 2 (1989) (-) no data

At present about 4.6 percent of the potentially irrigable land is developed. Most of
the development has been in Awash valley which is the most accessible and
suitable basin for irrigation development.

Table 2.2 Irrigation potential and developed size of river basins

River basin Potential Area under Percent utilized
irrigable land ha | irrigation ha
Awash 204,400 69,900 34.2
Wabishebele 204,000 20,290 9.9
Genale-Dawa 435,300 80 0.02
Rift valley lakes 122,300 12,270 10.0
Omo-Ghibe 450,120 27,310 6.1
Baro-Akobo 748,500 310 0.05
Abbay (Blue
Nile) 977,915 21,010 2.1
Tekeze 312,700 1,800 0.6
Mereb-Gash 37,560 8,000 21..3
Afar (Denakil) 3,000 - 0.0
Total 3,495,795 161,010 4.6

Source: Based on Tesfaye Gizew and Kemal Zekarias (1989)
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But according to FAO, Irrigation in Africa in figures, AQUASTAT survey 2005 the
total area under irrigation currently in Ethiopia is increased to 289,530 ha.

Table: 2.3. Salient features of irrigation development of Ethiopia.

Features Figures
Potential for irrigation 2,700,000 ha
Total area under irrigation 289,530 ha
Percent of cultivated area by
irrigation 2.5%
Annual increase rate of irrigation

6.2%
Cropping intensity 142 %
Main irrigated crops Vegetables
Area of vegetables 107,126 ha
Percent of total irrigated crops 26

Source: Irrigation in Africa in figures, FAO water report 29 (2005)

Ay yxopdivy 1o TnE YLppevVT TAaVe ohp MoQP | tne yowepvuevt op Etnionia nac yo
puttted 1toedd 1o demerom 430,000 neyxtapes od Aavd 1V TNE YOUVY GLTE YEAPG.
QTN 116 0V Prvavylak peGovPye TNE YomwePVUEVT PLIAT Keoeu dalp, omiym xov x
ovoepwe 550 iAoy yu.u. matep. Tne Keoep mpopeyt 1v tne Adap Peyrovak Ztat
€ 10 Pelemed t0

demeromn 20,000 neytopes op Aavd. Tne yomepvEVT NOG AAGO Y OVGTPLYTED O S
pn o Tevdano v tne Adpap peytov. Tne dop yov nord 1.8 fiAliov yv.u. od wotep o
vd 1t

xov ppryate 60,000 neytapes dop tne Tevoano Zvyop ¢aytopy oniyn 1o vvod
ep

yovotpLyToV. TN TPoEeyT AACO 1VYALIES ThE 1pplyatiov od 23,000 neytopec o
¢ Lavd pop e Loyahr yoppovvities (MoQP 2007).

Tnepe 16 AAGO ALV 1PPLYOLTIOV TPOPEYT ONLYN LG LVIEP YOVOTPLYTIOV 1V TNE AU

nopa

Peyrovad Ztate ov Koya Piwep. Tne npopeyt mAA demeron 7,200 neyxtapec od Ao

vo.

Tne ¢pedepal YOWEPVUEVT LG AACO YOVGTPLYTLVY O SOLU LV TNE Zopail Peytoval Zt

ate veap ['ode towv. Tnio tpoeeyt MAA demeron 2,220 neyxtapes o Aavd. 12 1p
PLYOLTIOV TPOPEY TS ape v TNe mimeAve avd 233,912 neytapes odp Aavd yav Be dem

eAOTTED LVOEP TNEGE TPOPEYTG.
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2.2. Ippryatiov moAyy avd Asmelomuevt ofeeytimes v Etnioma

2.2.1. Ippryatiov TToAvyy o¢p Etnromia
Tne ppryatiov moiyies odp op Etnomia yav Be coppaptoed ac ¢oALomas.
=  Evoupivy ippryatiov demelonmpevt By £ LTIOV OLTN TNE PPAUED®OPK
0 TNE GOYL0—EYOVOLULY OEWELOTUEVT TAOVS O TNE Y OLVIPV.
» Remarking a reasonable percentage of the GDP for development of
irrigated agriculture.
= Effective irrigation development with in the framework of water
resources development.
» Promoting irrigation development through socio-economic goal-
achieving strategies and participatory approaches.
» Enhancing participation of Regional and Federal Governments in
the development of large scale irrigation schemes.
Ensuring the sustainability of suitable water quality for irrigation.
Establishing water allocation and priority setting criteria.
Providing drainage facilities for irrigation schemes.
Promoting decentralization and use based management of irrigation
systems.
= Developing prioritized lists of schemes based on food requirements,
needs of the national economy, raw materials and other needs.
= Supporting and enhancing traditional irrigation schemes.

2.2.2. Objectives for irrigation developments.

The broad goals and specific objectives of the policies formulated by the
government of Ethiopia are summarized as below.
= Developing and enhancing small-scale irrigated agriculture and grazing
land for food self-sufficiency at the house hold level.
= Development and enhancement of small-, medium-, and large-scale
irrigated agriculture for food security and food self-sufficiency at national
level, including export earning and to satisfy the need of local agro-
industrial demands.
= Promotion of irrigation study, planning and implementation of irrigated
farms; studies to be conducted to design stage level for implementation
by the private sectors and/ or the government.
= Promotion of water use efficiency, control of wastage, protection of
irrigation structures and drainage systems.
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2.3. An overview of Awash river basin and its development.

2.3.1. General

Awash River basin, with a total area of 115,543.7 km? has approximately
4527.1 Mm*/annum water resources. It is one of the most developed and highly
utilized river basins with respect to other basins of the country. Irrigation
development is by far the main consumer of water than other demands in the

basin. Hydroelectric power is also generated from Koka Dam.

The basin is divided in to about 75 small sub-catchments which contribute a

significant amount of flow to the river.

2.3.2. Overview of water resources availability

According to MOWR, 2005 scenario the total run off generated from Awash river
is 4527.1Mm3/annum. A large amount of this is lost to seepage, evaporation and
evapo-transpiration from open water surfaces and wetlands. It is interesting to

look in a bit more detail at where the runoff is generated and where it is lost.

The tributaries upstream of Koka Dam as well as those flowing directly into the
Koka Lake contribute a total of 1650.9 Mm®annum. The biggest single
contributor of runoff is the Akaki River. Seepage and evaporation losses from the
Koka Reservoir account for over 400 Mm®annum of this and the MAR reduces to
1248.3 Mm®/annum immediately downstream of the Dam.

Between Koka Dam and the Amibara Irrigation scheme off take (a few kilometres
upstream of the confluence with the Kesem River) 593.9 Mm®%annum of runoff
are added to the flow in the Awash River, almost all coming from the Arba |,
Keleta and Arba Il Rivers on the right bank.

Between the Amibara off take and the Lake Yardi outflow, an additional 1122.2
Mm?>/annum enters the river from the western highlands, the largest contributions
coming from the Kesem and Najeso Rivers. All of this is effectively lost to
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evaporation and evapo-transpiration from the Gedebassa Swamp/Lake Yardi

system.

Downstream of Lake Yardi some major tributaries add 1076.7 Mm®*annum before

the Awash River reaches the Tendaho Dam site. Downstream of the Tendaho
Dam site the only additional runoff is provided by the Logiya River, adding 84.2
Mm?>/annum.
Approximately 1264.4 Mm®annum are lost to seepage, evaporation and evapo-
transpiration.

There are six existing and under construction reservoirs in the basin for urban
water supply, hydropower and irrigation developments. The storage reservoirs
that have been modeled in the simulation model are listed in the table below.

Table: 2.5 Significant modeled storage Reservoirs of Awash river basin

Dam/ River Location (UTM) Storage
Reservoir East North Capacity Use Status
(Mm®)*
Dire Dire 493107 | 1011061 25.0 | Urban water supply Operational
Legedadi |Legedadi | 495816 | 1001861 43.8 | Urban water supply Operational
Gefersa Gefersa 460 664 | 1001 861 6.23 | Urban water supply Operational
Koka Awash 517 166 935 966 1071 | Regulation/hydropow | Operational
er
Kesem Kesem 597 239 | 1011545 500 | Irrigation/regulation Under
construction
Tendaho | Awash 713297 | 1292 777 1 860 | Irrigation Under
construction

* Note: Storage capacity at Maximum operating level (Full supply level)
Source: MOWR (2005) hydrology department

2.3.3 Water demands of the basin
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Irrigation Demand
As already stated, irrigation demand is by far the largest of all the demands

from the Awash River and these demands are set to increase in both the short
and medium term. During the investigations for this study a number of sources
were consulted in order to get as complete a list as possible of all the irrigation
demands. These investigations were complicated by the fact that there is no
one centralized source of information on existing or proposed irrigation
schemes. In total there are about 96 irrigation schemes or off takes were
identified in the whole basin. Most of these are small scale irrigation schemes
that are implemented to attain the food security of rural peasants particularly in
Awash valleys. It should be noted that where possible the larger schemes were
broken down into components to allow for the maximum flexibility in modeling.

Urban and Industrial demands

There are currently four urban and industrial consumers taking water from
Awash River: namely Addis Ababa, Nazereth, Awash town and Metehara.
Addis Ababa is supplied from three reservoirs (Dire, Legadadi and Gefersa) in
the Awash Basin plus a number of other sources. The Nazereth scheme is
relatively new and forecasted growth in demand has been incorporated into the
model. The Metehara scheme is also new and while demand levels are so
small compared with irrigation demand.

Power Generation

Power is generated at the Koka Dam (Awash |) and at the Awash Melkassa
schemes (Awash Il and Ill) downstream. The latter two are effectively run off
river schemes since the headwater ponds are heavily silted. There are plans for
a further scheme (Awash IV) immediately downstream of Awash Ill. Although
this has not been the case in the past power generation is now to be
considered to be secondary to irrigation in the Awash River and this fact has
been taken into consideration in the model. It is anticipated that new schemes
in other basins will gradually take over the majority of the electricity demand
currently supplied by the Awash River.
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2.4. Over all view of Upper Awash Valley

2.4.1 General
Upper Awash Valley is one of the hydrological zones in the basin with high

demand level irrigation and Hydropower due to its suitable natural resources
(land, water and accessible conditions).The section of catchment is lying
between Koka reservoir and Awash station. The elevation of the riverine area
ranges from 1500m and 1000 m. The mean annual rainfall generally lies between
600mm and 800 mm.The areas was traditionally livestock grazing area with
limited rain fed cultivation before some years ago. But now days the peasants
are aware of the benefit of irrigated crop production by using Awash river in
traditional irrigation and by governmental support of small irrigation schemes
implementation. The total area of the sub-catchments is 7,100 km? with a
potential irrigable land of 37,300 ha (according Halcrow 1989) and more than
24,000 ha land is irrigated still now from the only water source of Awash river.
But current feasibility studies shows that the potential irrigable land more than the
above figure.

The regional location of the study area lies with in administration region of
Oromia. Part of East Shewa zone and some districts of Arsi zone are found in
this sub basin. The Booker Tate (2003) study considers the Uplands of Awash
and Upper Awash valley as Upper Awash basin unlike with Halcrow.
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Figure 2.1.Some features of the uplands and Upper awash Valley

2.4.2. Water availability.

The availability of water between Koka Dam and the confluence with Kesem
River depends to a large extent on the amount of water available and the
management of Koka reservoir. Even though basically the Dam was constructed
for hydropower regulation, all the downstream water consuming demands are
getting water from the regulated reservoir. At the initial period of construction the
reservoir capacity of the Dam was 1650 Mm?®. According the bathymetric survey
conducted in 1998 the capacity of Koka reservoir has been reduced from 1660
Mm?® in 1959 to 1186Mm°.

Sedimentation is one of the critical issues in Koka reservoir that reduces the
reservoir capacity at certain rate per annum. The subsequent surveys indicated
that the following rates of sedimentation in Koka reservoir.
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Table: 2.6 sedimentation rates of Koka reservoir

Year Average annual rate of
Year interval Sedimentation(Mm®)

1969-1973 4 33.9

1973-1981 9 23.3

1981-1989 7 25

Source: HALCROW: Awash Master plan document

Koka Dam was constructed to regulate water for hydropower production. Its
height is 42m and the area of water body covers about 255 km?. It has the mean
depth of 9m, a maximum length of 20 km and a maximum width of 15 km.The
height of dam sight above sea level is 1590m.

The operation of reservoirs is decided according to pre-defined operating rules
for each reservoir. Such operating rules are an approximation of reality and
divide the reservoirs into water level-related zones. The water lying above the
full supply level is taken to be in the Flood Control Zone and cannot be stored. In
the next zone, the Conservation Zone, water is used as required to meet
demand. In the next zone down, the Buffer Zone, some restrictions are applied
so that the water is not used too quickly. Below the “dead storage level” in the
Inactive Zone it is not possible to use the water other than to satisfy evaporation
and seepage losses from the reservoir.

Total Storage ——

Flood Cortrol Zone
Top of Conservation —p

Conservation Zone

Top of Buffer

¥

Buffer Zone

Top of inactive — g

Inactive Zone

Figure 2.2: Zoning of reservoir Storage
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CHAPTER 3
Literature Review

3.1. Some of the models used in water Allocation

3.1.1. HEC Model

The Hydrologic modeling system is designed to simulate the precipitation-run
off processes of water shed systems. It is designed to be applicable in a wide
range of geographic areas for solving the widest possible range of problems.
This includes large river basin water supply and flood hydrology and small urban
or natural water shed runoff. It is also used in water allocation studies in the
basins with high water demands.

Hydrographs produced by the program are used directly or in conjunction
with other software for studies of water availability, urban drainage, for
forecasting, future urbanization impact, reservoir spillway design, flood damage
reduction, flood plain regulation and system operation.

3.1.2. WEAP model

The Water Evaluation and Planning System (WEAP) aims to incorporate these
values into a practical tool for water resources planning. WEAP is distinguished
by its integrated approach to simulating water systems and by its policy
orientation. WEAP places the demand side of the equation--water use patterns,
equipment efficiencies, re-use, prices and allocation--on an equal footing with the
supply side--stream flow, groundwater, reservoirs and water transfers. WEAP is
a laboratory for examining alternative water development and management
strategies.

WEAP is comprehensive, straightforward and easy-to-use, and attempts to assist
rather than substitute for the skilled planner. As a database, WEAP provides a
system for maintaining water demand and supply information. As a forecasting
tool, WEAP simulates water demand, supply, flows, and storage, and pollution
generation, treatment and discharge. As a policy analysis tool, WEAP evaluates
a full range of water development and management options, and takes account
of multiple and competing uses of water systems.
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3.2. Some of the pre-studies of the sub basin.

1. Halcrow 1989: Awash basin master plan

Most of the current comprehensive studies on the Awash River basin depend on
modeling results of Halcrow (1989).They consider following broad levels of
irrigation development scenarios.

i Sustaining the then irrigated areas of 68 800 ha (Upper valley 23
300 ha, Middle valley 19900 ha and lower valley 25600ha.)
i. Expanding irrigation up to 40 years by setting the following
scenarios:
» Scenario |: Koka raised by three meters and
Kesem constructed.
» Scenario Il: Koka raised by three meters and
Tendaho and Kesem constructed.
iii. Long term expansion beyond the level determined by the economic
viability, to determine the potential limit of expansion in irrigation.

According to Halcrow 1989 the major source of irrigation water for various
demands in basin is the release from Koka reservoir. The live storage
required at Koka to sustain 68800 ha is 850 MMC power generations being
priority (or 660 MMC irrigation is being priority) will be reached in 2008
assuming annual sedimentation rate of 25 Mm®/year.

2. Ministry of water resources (2005)

According to the 2005 investigation of MoWR the annual irrigation area is
increased to 50000 ha which is 23% lower than the 1989 development. Major
reduction in irrigation area has been observed in the last 16 years (1990-2005)
in the lower and middle valley particularly in the cotton fields. From this
preliminary analysis one can infer that expansion of the existing land by about
16000 ha for cotton or about 8000 ha for sugar cane will bring back to the 1989
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development level. Based on Halcrow prediction the development of 68800 ha
could be sustained up to the year 1998 with out additional storage.

In both cases the raising of Koka dam by 3m which adds about 615 MMC of live
storage is considered. The construction of Kesem and Tendaho dams are
included in this scenario. They indicated that a maximum development
expansion in the lower valley with Tendaho dam constructed is 36 900 ha,
adding with the 1989 existing irrigation reach 62500 ha.

Table 3.1:  Existing and potential net irrigation areas (ha) as proposed by Halcrow
(1989) with respect to MoWR (2005):

Exiting Existing | Expansion Expansion | Total Total
1989 2005 proposed proposed | Halcrow MoWR
(Halcrow) | MOWR Halcrow MoWR 2005
1989 2005 1989
Upper valley | 23284 23504 10625 17903 33910 41407
Middle 21896 14591 36320 20000 58216 34591
Valley
Lower 25600 11600 36900 48000 62500 59600
Valley
Total 70780 49695 83846 85903 154626 135598

Source: Feasibility study of Wonji/Showa expansion WWDSA 2005

The above table shows that the 2005 MoWR expansion proposed is more
extensive in the upper and lower valleys as compared to the Halcrow proposal.
The total expansion of the 2005 proposal 85903 ha is approaching the potential
Halcrow expansion of 83846 ha.

The Halcrow expansion pre-supposes the raising of the Koka dam along with
construction of Tendaho and Kessem dams, where as the MoWR expansion is
based on the construction of the Tendaho and Kessem dams both in 2008.The
other major difference between their proposal is that Halcrow used the initial live
storage of the Tendaho dam as 720 MMC, where as presently the initial live
storage is 1673 MMC.
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Irrigation group Existing schemes 1989 Irrigation Halcrow 1989 Irrigable | WoMR 2005 Irrigable area (ha)
Irrigation 2003/2004 | proposed area Proposed
Halcrow ha (ha) expansion
uvl -MelkaHidi 89 1510 Wonji-Shoa 3914 Bofa 3462
extension
-Wonji-shoa -Wonji 5,925 5928 Dodota 2241
out growers
987 765 Welenchiti 9000
uv2 -Melka woba 200 -Nur Era 6556
Rehabilitation
-Degaga 279
-Nura Era
-Tibila 757 Extension 4772
-Golgota 567
-Merti Jeju 1,944
-Nura Era 3,576 5083
uvs3 Metehara/Abadir 8,960 10,218 -Abadir extension 630
-Metehara -Metehara 3200
Extension
310
-Arba
1000
UV total 23,284 23,504 10626 17,903
MV1 -Awra Melka 1,285 1,285 Kesem 8900 Kesem 20000
-Yalo 630 630
MV2 -Melka sadi 4,212 2223 IAngele Bollhamo 11000
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Amibara/Melka 3,815 2117 Dijilu 1700
werere
1390
IAR Melka werer
300 3242
Amibara/RRC
1973 1008
Agele pump sch
3296
Angele irrigated Far
424
Balhamo/SF
2000
Heledebe RRC
17410 8590
MV3 Gewane/Maro 2171 Maro Gala 8000
Entahodeta RRC 130 Maro Gala 6720
extension
Gelila Dura RRC 270
MV Total 21,896 14,591 36320 20000
LVv1 Mile (SF) 940
Mile RRC 500
Logia RRC 160
1600 1600
Lv2 Dudti (SF) 5600 Lower valley 15939 Tendaho Dam | 48000
rehabilitation
Dudti (RRC) 1845
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Dit Bahri SF 3506 Lower valley 18450
expansion
Tanga Kuma SF 4038
Dit Bahri RRC 950 6000
15939
LV3 Awssa Assaita 2651
Sembeleta Garni SF 765 Lower valley 8061
rehabilitation
Sembeleta sahele
Lower valley
Berga (RRC) 1736 expansion 18450
Bokaytu (RRC) 560
Kerebula (RRC) 580
Karadura RRC 514
Algana (RRC) 370
Wonse (RRC) 465 4000
LV Total 25600 11600 36900 48000
Basin Total 70780 49,695 83846 85903

Table 3.2: Halcrow (1989) and MoWR (2005) irrigation expansion program

Source: WWDSE; Feasibility study of Welenchiti Bofa report (2006)
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3. Awash River modeling by WWDSA

The model is based on the 41 years of flow series (1963-2003) by using

HEC-5 software and defining four scenarios.
» Scenario |. The 2005 withdrawal rate in the basin.

» Scenario Il: The 2005 withdrawal rate plus Tendaho project

48000/60000 ha are operational.

» Scenario llI: scenario Il plus Wonji expansion by 5703 ha and
Metehara expansion by 3200 ha and Kesem dam added with

20,000 ha.

» Scenario 1IV: Scenario Ill plus Welenchiti additional 9000 ha

sugar cane expansion.

Irrigation schemes are amalgamated in to four principal groups for the simulation
model .These are : Upper valley UV, Middle valley MV, lower valley upstream of
Tendaho dam and lower valley downstream Tendaho dam. The schematic below

sub

in figure 2.3 shows that the HEC model structure of the
basin.
L Dam
— Wlain Awash Nazareth water
River supply
:I Irrigation area
e Diversion
o--== Eeturn flow b{ Upper valley irrigation 1
Flow Keleta ‘ 3 i
b‘ Upper valley wrrigation 2
’Zevirine+Wereso+Arba ‘
....................................... Uppert walley irvigation 3
- = - ”
Avragh station -7

Fig 3.1 Schematic of HEC-5 Model network For Upper Awash Valley
(By WWDSE 2006)
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4. Booker Tate and MCE Studies

Booker Tate & MCE (2003) Study on their Woniji/Shoa sugar factory
expansion studies, have Reviewed and Updated the Feasibility study on
Irrigation and Agricultural land Extension covered the following topics.

(). River inflow in to Koka Reservoir

They estimated monthly inflow in to Koka dam (Mm?®) for the period 1963-
2002 using the Halcrow (1989) regression model which is based on the
measured flow of Awash river at Hombole (Mm?®) and river at Mojo (Mm?).
The equation is

Qkoka =1.065QHombole + 1-180QMojo

(ii) Evaporation estimate from Koka reservoir

They used the Penman method for estimating evaporation from the
reservoir. Woniji, Nazereth and Koka stations are used for estimating
average monthly temperature, humidity, sunshine hours and wind for use
in their model. The Nazereth wind speed data are found to be on high side
they used the Ziway data which they indicated is more reliable than
Nazereth wind speed data.

Table 3.3: Booker Tate & MCE (2003) Estimate of Koka Reservoir Evaporation (mm)

Jan Feb Mar | Apr May | Jun Jul Aug | Sep Oct Nov | Dec |Annual
Wonji | 167.6 | 165.8 | 197.3 | 185.8 | 196.3 | 187.1 | 168.8 | 166.5 | 162.2 | 177.0 | 166.7 | 162.5 | 2104
area
Nazer | 177.6 | 168.9 | 193.8 | 1915 | 213.8 | 203.5 | 169.3 | 172.2 | 170.0 | 183.7 | 177.1 | 177.3 | 2199
eth
Koka
Dam | 160.7 | 156.4 | 186 180.3 | 191.0 | 181.3 | 160.6 | 162.9 | 162.3 | 174 162.4 | 156.6 | 2035
Koka
reser | 168.6 | 163.7 | 192.4 | 185.9 | 200.4 | 190.6 | 166.2 | 167.2 | 164.8 | 178.2 | 168.7 | 165.5 | 2112
voir

Source; Booker Tate Final report (2003)
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(iii).Power generation

Some of the basic information about the power plants that are located in study
area are summarized in Table 2.9.There are three main Hydropower plants to
generate the total power capacity of 107.2 MW. These data refer to the systems
as originally constructed, that is, not accounting for changes over time. They are
namely Kaka (Awash 1) that is generated from Koka reservoir; where as Awash |l
and Awash Il are run off river hydropower plants.

Table3.4: Basic reservoir and Power plant data

Koka(Awash 1) Awash |l Awash Il

Year Commissioned 1960 1966 1968
Reservoir storage
capacity (Mm?®)

Total | 1850 2.6 0.07

Live | 1680 2.24 0
Surface area (km?)
for operating Level

Maximum 1590.7 1535.5 1471.8
Minimum 1580.7 1534.5 1470.8
Regulated flow (m®/s) 42.3 39.9 39.9
Net head (m) 29.5-39.5 59.4-60.4 60.5-61.5
Number of turbines 3 2 2
Production capability
(GWH)
Installed | 110 182 185

Firm 80 135 135

Power capacity
Installed 43.2 32 32
Firm 34.5 32 32

Source: Booker Tate Final report (2003)
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(iv).Koka reservoir capacity and sedimentation

There are four separate sources of information were found on the
capacity and sedimentation of Koka reservoir. These are as follows;

a).Original design data supplied by the EEPC.

The original design data of Koka reservoir states that the total storage
capacity at the maximum operating level of 1 590.7 m is 1 850 Mms
and the live capacity is 1 680 Mms3 (giving a dead storage of 170 Mma3).

b) .Tate & Lyle (1984).

The Tate and Lyle (1984) study states that the sediment inflow to Koka
reservoir is 27 Mm3 per year, but no source or justification is given for this
figure. A graph in the Tate & Lyle report shows that the reservoir capacity
declining from approximately 1 660 Mm3 in 1969 to 1 330 Mm3 in the
1981 survey, with predicted declines to about 1 070 Mm3 in 1992 and 820
Mm3 in 2002. These values assume the above sedimentation rate of 27
Mm3/yr (approximately) to make the predictions. The capacity of the
reservoir at construction is stated as 2 000 Mm3, but it is not clear to what
level this relates.

c) Awash Basin Master Plan — Halcrow (1989)

The Halcrow stated that the negligible sedimentation to Koka reservoir from
1960 to 1969.It is not explained in the original source, and the survey
errors may make this observation unreliable. Since this is the case it is
unclear why the average annual rates have been calculated only from 1969.
They conclude that the data cannot be accepted as reliable, and another
survey was proposed to remedy the situation. However, the results from the
new survey were not available at the time of the report, and a preliminary
value of 25 Mm3/y was proposed.

d) Partial report provided by the EEPC.

This gives the results of a new survey carried out in 1999. This is the only
source that gives the surface area against water elevation as well as the
storage capacities against elevation. There results are tabulated in table
2.11 and figure 2.3 below. These rate is reasonable than the other studies
and taken as input for this study.
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Table 3:5 Estimates ok Koka reservoir capacity and sedimentation rates as per to
EEPR (1999)

average annual

Year of Reservoir Change in Cumulative rates of change
survey capacitg capacity 5 changg in ; since3 1960
(Mm~) (Mm®) capacity (Mm~) (Mm*/year)

1960 1850 - - -

1969 1662 188 188 20.9

1973 1526 136 324 24.9

1981 1333 193 517 24.6

1988 1192 141 658 23.5

1999 1188 4 662 17

Note: Capacities are determined at maximum operating level of 1 590.7

1592 T T T T T T T T T
| | | | | | | | |
Maximumoperating level | _ -7 | : rd : |
1590 Loooo R v g v P A A L
| | | | |
| | | | |
: ) LA : I
1 i - 1 - | 1 1
1588 +----—- Lt et BLT =Rl EEE R St b PR e IS
' | A l | |
= I - i I i i
E 1588 L 42" G S N I W T .
P A .
E I \ : \ | | Sedimentation 1960
k-] 1584 - | I JI' —————— JI —————— JI- —————— JI__ rate=17 - 1969
= | ! | | : || Mmiyear 1981
o o 4 iEE
1582 b /A A L S IS
] : | k H ' ] 1999
/ ',, | ,  Mnimumoperating level | \ 3010
I, T T T T T T T B
1580 - 4oboo o oo Ammemee Hmmmmeo bommee e N I -——-2020
S | | I | | I ——— 2030
| | | | | | |
| | | | | | | | |
| | | | | | | | |
1578 i i i i i i 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

Storage volume (Mm®)

Figure: 3.2; Koka reservoir capacity —elevation curve (EEPC 1999)
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Chapter 4

Data sources and Availability

4.1. General

QEATT podel xovtaive o d1GTLVYT GET 0 LVHOPUATIOV, OULTA OVO OLGGLUTTLO
VG affouT AAA TNE CYGTEUG ONIYTN ALVKC SEUAVOG MITY) GUTTALES. ZeWEPOU
d1pdepevt

GTLOVY apeac oG dePtved 1v QEATT yoLuAd ayxTLUAAY Be VGED TO PEMPECEVT TNE CALE
YEOYPOTN Y OPEA OP MATEP ONED, EAYTN LVIEP UATEPVATLTE Y OVPLYLPATIOVS Op Old
depevt 6eTc 0 depavd dOTAL OP OTEPOLTLVY ALOGLUTTIOVS.IV TG ®oy,GTLdY oped
G xav Be TNOLYNT 0D OG PETPECEVTLVY CENOAPATE OATAPACES MNEPE IPHEPEVT GET
G 00 ®UTEP CLTTAY ALVO JEUALVO daTa OLPE OTOPED, Lavaryed avd avaiyled.

Qotep 0AAOYOTIOV HOGEAT VEEDT WAPLOLG JATOL Oh MATEP PEGOVPYES VO dEUAVOC O

op TNe
YLPPEVT GYOTEU AV dLTLPE demELOTUEVTT. TNE MATEP CYSTEUS TNOT ALPE YLPPEVIAY €
E1OT OAL
Be yariBpoated dpou e€lotivy nicTopiy oA data. Booed ov yuppeVT oy oLVTC GYEVAPL
0C 0pg

Pult  TO €EMPECGT TNE PLTLPE YOVOLTIOVG.

Iv 16 oTLdY TNE LOBEL LGEC L LOVINAY TIHE GTENT Gpop Potn VLTS (IVPLOMG)

ovo

oLTTLT (OLTOAOMG). [IVOAO® TO TNE CYGTEU YOPPECTOVOG TO TNE PLVOGY dpop
Awaon

plwep dpou e pereace op Koka pecepmolp avd niotoptyar drow peyopdc &
EloTo Ot

dddepevt yavyvy otatiovo v tne ovf Baoctv. Tnepe ape vo cryvidryoavt pov
00

yovipiputiove dpou tpiputapiec eEmeyt the Keheta avd ApPa tvdromo.
Tne pouv ovt GLO® GPOLL TNE CYOTEW 1G TNE MATEP JEUAVO GOP 1PPLYATIOV VGEPT

Tne apovLVT 0 LPPLYOTIOV OATEP TNAT 1O APCTPAYTED LV QYN AYTITITY AEWEA
od Tne

oyotel LV HOVINAY Bacto 1o e dvar data To puv e poded. Tne yAwua
Ty,

data GPOU TNE Y OPPECTOVILVY LETEOPOLOYLYOA GTATIOVG TO PEPEPEVYE EWATO—

TPOVGTLPATIOV oAy LAATIOV ape opyaviled. Tne ippryatiov matep peBuipeuevt
dop

54
Addis Ababa University Civil Engineering Department



EQYT AYTIBLTY AEWEA OEMEVOG OV TNE PEPEPEVYE EWATO—TPUVOTLPATIOV TNOLT
1o

YOAYLAO TED GPOLL EQYT LETEOPOLOYLY LA GLTE, TNE YPOMTLVY TATTEPV, TNE Y POT

YOEPPLYLEVT ALV TNE AUOLVT 0P NEYTAPES 0P AOLVO QY TLAALY  1ppLyoPAe.

Z1VYE TNEPE 1G VO MNIYN XOVGLUTTIOV 0d maTeEP dop LPPAV BATEP GLATAY 1V TNE L B
0oV, TNIC TOPT LG AEGC Y OVGo1dePed v tne otLdy. Tne oviy YpPav depavdc mitn ot
yvidiyot

®OTEP YOVOLUTTIOVGS ape TNe Nalepetn avd Metenopa ®oTep CLTTALES, ONIYT O

pe

wyALdEd v Tne aTLdVY. Tne HovINAY matep depaVd daTO CLPE EVTEPED LV TNE LOJEA.

Other data in each demand sites includes the efficiency for the system, return flows
and losses are considered in this study.

4.2. Sources of Data

It 16 aooLped TNAT OITN pecTE)T TO 0TNEP Pacivo,Amacn pt@wep facty Noc
Bettep

data amoAafBiiity. A vouPep odp GULaAA avd Aapye oTLOEG Na®E PeEV LVOE
ptoxkev  dop e GaKe 0P ®ATEP LTIALATIOV GOP WAPLOLS LPPLYALTIOV OEUAVD
c. Tne data dpop NG oTLOVY 16 Paced ov ELGTIVY GTLOY JOYLUEVTATIOVS OO
™e Pacty avd CLOAL  PETOPTC GOP GOLE OECLYVED GYMEUED.

Tne Bayk ypouvd o TNio GTLIY 16 PAGED OV TNE LAGTEP TAAVG 0d AMOGCT GL
pdaye watep (Harypow 1989) oniyn nad Peev oftarved ppop MoQP.Zivye tne
data ov  tne Mactep mlav ape ntpenaped Pepope 17 yeapo,1t ¥OLAS VOT NEAT hpL
ALY dop TNIO

GTLOY.Mope—0mEP TNE LOOEA VEEDT TNE LTLOALTED OALTAL TO EWEALOT GLTLPE GYEVA
PlOC GO TNAT YLPPEVT data pop The faoty 16 eocevtiar. Tne pebuiped data dop
e e§loTivy

ppryatiov depavoc at 1989 hewmel ape oftaived dppou Halypoo.

Tne otpeap drow data pop Tne ocyotel 16 oftaved dpop MoQP, dpop tne
demaptuevt od Hydporhoyy;tne pexevt GTUOY NEAD OV MATEP PECOVPYES ATWALA
ofiitty ov tne Amacn prwep Pactv.Tne youmired otpeap drom dato dpou

1962 10 2004p0p LOGT YOLYED CTATIOVC OLPE YOUTIAED 1V poviniy Paocts. Tne
data odp Koxa

PEGEPTOLP PEAENCE, YOATAYLITY VO CEOUEVTOTIOV POTE APE WEAL GTLOED Py
Booxep Tarte v 2003.Tney aico gtudled e eEnavoiov op Qover apea o
p doptnep

PPLYOTIOV SEWEAOTUEVTS 1V QOVOL aped.

Tne Qerevynitt avd Boda ippryartiov oynepec Baoced ov Bookep avd Tate otud

1o ape ov yovy By QOAYE. AAL Tne vexeocopy dOTOL OV TNE LITEP TAPTC O

¢ e
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oTLVdY apea ape oftaived ppou QOQAZE.

A vouPep od GLOAA GYoe 1PPLYOLTIOV JOYVUEVTG TNOT OPE OECLYVED, LUTAEUEVT
€d avd vvdep yovotpuytiov By OIAA nawe Beev oftarved dppop OIAA yevipai
Bpavyn Tne yLULAOTITE ALUOLVT 0P MATEP TNAT NAGC Peev e€Tpayted dop Arl o
LOAYOLLLOLTED

oY TIWLITY AEBEAG 16 opyaviLed ppop tnece doyvuevto. Tnepe ape alco e TPo
TOGED GCUAAL OYOAE pPLyaTIOV GYNEUES dop PvTLpe oyevapio Py OIAA. Tn
€ deaoIPIATY  OTLOLES O TNEGE OOYVLUEVTIC OPE LOED TO OCCEGSC TNE MATEP O
epavd dop eoyn  Oepavd vode v xpom matep pebuipepevt yaiyviatiove. O
ve op Tne AoPyeocT TPOTMOCED LPPLYATIOV OYNEUE G TNE DeveTOAE LVTEYPATED L
PPLYOLTIOV OEWEALOTLEVT
onyn nooe Peev deotyved By OQOAZE, avd owved By Metenapa couyap
yove poytopy avd OIAA. It 16 ove o Tne AopyesT PLTLPE GYEVOPLO TO OETE
Aot
afBovut 18 000 no 0p oYM TALPT 0P TNE OEWEALOTUEVT WAL Cepme TO  Meten
opa
GLYOP YOVE GAYTOPY AVO TNE PEUALVLVY LOLPOP TPOTOPTIOV MIAA YOVYEPV TN
€
neacavtc odp Devtare diatplyt . Tne veyxecoopy data dpop TNIC TPOPeYT LG Of
TOLVED
dpou OIAA porv Bpovym.

4.3. The available data for the study
4.3.1. Crop Water Requirement

Xporm watep pebBuipepevt (XQP) 16 0edived ac Tne denTn 0 OATEP VEEDED TO LEET
TNE MATEP AOGGC TNPOLYN EWOTOPATIOV 0P OLGEACE PPEE YPOT YPOMIVY LV AAPYE
OLEADG LVOEP VOV—PESTPLYTLVY GOLA YOVOLTIOVG LVYALILVY GOLA ®OTEP AVO (e
PTIMTY VO
AYNEDLVY GLAA POJLYTIOV LVIEP TNE YIWEV Ypowivy evmipovuevt (PAO,1977).T
Ne OTIUATIOV 0 Y pommaTeP PeBLIPEUEVT LVOEPAIEG eddeyTImE TTAAVVIVY dOp ¥
pont mpodvytiov at dapu Acwmel.Qatep peboipepevt (QP) 1o ne cvp o watep
anTALED PO GOIA TPOPLAET(Z), poly POAA QAVO 1PPLYOTIOV PEOLIPEUEVTS.

QP= P+ NIP +X

Tne ppryatiov peBuipepevt 1o tnepedope tne dLhpPepevye PETMEEV TOTAA Y POT MO

TEP

pebulperevt avo eddeyTImE PAULVOOAA OLVO ®ATEP PPOU COLA TPODLAE.
NIP=QP—(P+X)
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Eotipatiov op ypon oatep peBuipepevt 16 e Pacty npepebuicite 1o YT TNE WO
viniy

afotpayted matep v eaymn depavd oite. Tne ectipatiov 1o dove By volvy avoir
YTy LETNO0OG Paced oV amalAAPAE Y AUATOALOY LY AAAY daTta . TnE LOCT MIOEAY L

6€d petnod 1o youmvte ypon watep pebuipepevt 1o Ievpav—Movrertn.It voed T
€ YMUOATOLOYLYOAAY GAYTOPT GLUYT OC PALVOAAL, TEUTEPATLPE, PEAALTITE MNLULD
1TY,01VO BEAOYLTY ALVO GLVOTLVE NOLP OGN ECCEVTIOALY OWEP TNE PATE O €

WOTO— TPOVGTLPATIOV.

ET,=Q* P, + (1-0)* ¢ (V) * (Eq [IEs)
QOnepe: ETo =Pedepevye ypom emATO—TPAVGTLPATIOV LV UL/Sony

Q =Teunepatvpe peAaTEd MELYNLVY GOy TOP

P,- Net padiatiov v e0UIBOAAEVT EBOATOPATIOV 1V L/ OO

¢ (V)=QLvd—perated GLVYTIOV

E, TEs=01ddepevye PeTmeev TNE CATLPATIOV WATOP TPEGCLPE AT LUE
OV OLLp TEUTEPATLPE AVO TNE LEALV Y TLOA TOTOP TPEGTLP
€ od
™e aip, fotn v pPap.

XaAyvAiatiov TpoyedLPEC
Tne yaryviotiov o pedepevye emano—tpavonipatiov (ETo) 16 faced ov PAO I1
evuov—Movtertn petnod (®AO01998). Ivrut datar vyALOEG HOVINAY PBoced Tel
nepatLPE (LAEIULU VS LULVIHLLL), NUULOLTY, GUVCNLVE AVO MIVE oTeed. XPOT MATE
p peBuipepevt (ETypom)omep tne ypowivy ceacov ape detepuived ppou ETo avd €
OGTLUOTES O Y POT EWATOPOATIOV PATES, EEMPECTED G Y PpoT yoeddiytevto (Ky) Pa
6ed OV WEAL
eotaPiioned npoyedvpes (PAO,1977).

Evy=Ky*ETo
XPOIIQAT 16 a0 youmuTtEp MPOYPAL GOP 1PPLYOTIOV TAGVVLIVY OVO LOVOYEUEV
T demehomed Py tne Aavd avd Qatep Asmeronpevt Awwioiov o (PAO,1998). It
c
Booiy duvyTiov LVYALIE TNE YOAYLAATIOV O PedePeEVYE ETWOTOTPOAVOTLPAUTLO
v, XpoT ®atep peOLIPEUEVT YOAYLAATIOV,0VO TAAVVIVY XPOTG ALVO GYMNEUE 1PPLY
atov. Tne eotipatiov od xpom matep pebuiperevt veedo TNE ALVOAYGLG O YAl
Loty OoToL aLvO
OYPOVOULY, TPOLYTLYES O TNE TPoPeYT apea. (Tne €0TIHATED TOTEVIIOA EWATOTP
OVOTL PATLOV dATO OP LUTOPTAVT GLTEC 0P TNE GTLOY ape oNo®V oV Avves B)

Irrigation demand estimation procedures

AMA TNE COTED 1PPLYATIOV CYNEUES MNOTE OLOTIVYT TOPOUETEPS CLYT OGC YPOT
TYTEG, YALLUOTLY, L OVOLTIOVS, Y POTTLVY TATTEPVG OVO TNE OPEA O LPPLYALTIOV.Z0
e poALOmLVY
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TOPAUETEPS GMNOLAD BE POALOMED TO EGTILUATE TNE TOTAA LPPLYATIOV WATEP OEUAV

o w

eQyM OTEXLPLY, TPOPEYT CLTE.

4.3.2 Present Irrigation demands

Iv tnio oTtLdY e €ELOTIVY 1PPLYOTIOV SEUAVOG O TNE LITEP AWACT WAALE

Y ape

otated 0ao; LITEP WAALEY 1ppryatiov ypouno 1(Ygl), Yranep wariey tppryatt

oveo 2

(Yg2), Yrnep warley 1ppryatiove 3 (Yg3) ,tne yupvAatime totad egiotivy O

IAA

cuaAl oyadre ppryatiov (OIAA 1) avd Tne YLULAATED GLUU TNE EEICTIVY U100

AE

avd Aomep Awoacn mwaiiey dapuc (AXD).
TaPre 4.1: Ippryatiov depavd o1tes it Thep youpavd apea pop QEAIT emaiva

TLOV
No | Site name Node Operating status | Command area
name (ha)

1 Wonji and out uvi Existing 7054
growers

2 Nura Hera complexes | UV2 Existing 8753

3 Metehara/Abadir uv3 Existing 12896

4 Wonji area expansion | WAE Future 17338

5 OIDA small scale OIDA1 Existing 1607
irrigations

6 OIDA small scale OIDA2 Future 609
irrigation

7 Fentale integrated Fent Future 18130
irrigation

8 Metehara expansion METexp | Future 3200

9 Down stream DSI Existing 26191
irrigations

Total 95155
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Tne aPome ToAe LVOLYATES TNE TOTAA YLPPEVT AV GUTLPE LPPLYALTIOV OLPEAT TN
T SLpeEYTAY

demevd ov Koka pecepmolp pereace. Tnepe ape GO LOVY ULVLE LVOY X OVVTES OOTE
p

LOEPG AVO TPASLTIOVOA GOPL AETEAG TNAT APE APCTPAYTIVY ®ATEP PPOU A®ACN
Piwep.

Tne dowvotpeopl 1ppLyatiov ¢apuc Gop TNEP YLPPEVT OEWEAOTUEVT NOTE O
AGO

vTIAEd e atep ot 1o pereaced dppop Koka pecepmolp. Tne yvouviatime
HEAY LOVINAY maTeP afoTpayTiov ¢op UIOOAE 0LVO Ao®EP WAAAEYS OIAA Pe pepy
€0 oG ove dgpavd vode v TNnio oTudy. Tne pvTLPE UTAELEVTATIOVS GOP dOMVOTPE
OLLL MOLTEP LGEPT QLPE VOT Y OVGLIEPED LV TNIC ALVOAYOLG.

1. Upper Awash irrigations 1(UV1)

Tne vrnep Awacon warley ppryatiovel (Ygl) wvyivdes tne Qovel gTate Guyop
LOVE

GOLPLL ALVO TNE OLT YPOMEPS GLPPOLVILVY QOoVPL aLPe.Q0VPL CTATE POLPLL LG YOVGCT
pLYTEd v e gapAy 1960c.It younpioeo a totar op 5905 na vet ippryafire Aavd
» LV oMy
OOTEP 1G CLNTALED PY YOVTIVLOLG EAEYTPLYAA TUUTLVY PO TNE A®OON LV TO G€
TTALVY BaCtV 0T TNE NEAO 0P TNE Haty yaval. Ippryatiov 1c dove ov 25 no Broyk
pPOTALTIOV
dvptvy 12 novps o day Tipe. N1ynt GTOpOyeE PEGEPWOLPG OWEP AL GLPHAYE OLPEQ

0
60 no. Ippryatiov 16 dove By dvppo® wapyivy 1v Aevytn dpop 32 1 10 64 1 demevor
VYOV GOWAG oMy ape mepy LEED pavyitvy dpop dive te€Tuped YAAWYS TO COVOY
YAOYG.
AYXOPOLVYAY 1PPLYATIOV POTATIOV POVYEG dpop 15 10 35 Sayo, demevdlvy ov The
GOlAG oV amepaye potatiov od 20 10 27 dayo.Qoatep afoOTPAYTIOVE UPE LEALGLPE
O ov a dahy Baoto By EZX dpop mopmivy novps avd otadd yoLyeEG ape AAGO VG
TOAAED AT TNE NEASOP LAY Y OVAA.
Ippryatiov 16 vot mpaytiyed duptvy TnE ®eT LovING op JuAy, AvyoT avd Zenteu
ep.
[Mepdopuavyes ape pemopted 10 Be caATIGHAYTOPY AVO TNE OWEPOUAA MATEP PPy
EVIY 0
e oTATE G PEY0PdEd TO TNE pavyes dpop 50% to 60%. Tne oceyovd ypovns O
¢
ppLyaTiov matep VoePGS v Yl dop tne TPoduyTlov 0P GLYLP YOVE CLPE TNE OVT VP
omepccLppovVOLYY Qovet apea. Tney owv e total vet apea op 1149 na.Tne ov
T YPOMEPGT OPE TEOLTUVT ALGCOYLOATIOVG PLV By O X NOLLPUOLY, YOUULTTEE OLVO HepPe
pc.Tne peavpoviniy oatep afGTpoyTiov TNEGE POPUC 1G ECTIUATED 1V YOUPLV
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atiov oitn Qover otate dapp.TaPre 3.2, GNo®G TNE OWEPAAA LPPLYATIOV GLTEGS €
vyA0ced v Ygl oitn TNEp ynapayTEPLIOTLYOC.
Table 4.2 Ycl ippryatiov 611e6

Source; Water resources and flood hydrology of Awash basin (MoWR 2005)

2. Upper Awash irrigations 2 (UV2)

Tne Nupa Epa younieg (Yc2) 16 Loy ated 1v Tne UdOAE TApT 0P LTITEP A®ACT TA
Aevy. It younpioes waprovc HAX dpapuc ov Botn te Aedpt avd piynt Bavks op A

®OCN PLTEP.

Tne yvppevt Totad 1ppryafre apea 16 acovped To Pe 8753 na.Qatep voe GyYoTEU

0

e dopUc 1o ePY moop. Tne omepald eddiytevyy od tne oyoten 16 30% .Mar
VAY TNE dapL 1o GTATE 0MVED TO TPOJLYE PPLITC,WEYETATIOVS, TOPAY YO, XOTTOVT
QoTLPE, Y PEALT 0VO TLACES. Tne poALomLVY TOPAE CNOMC TNAT TNE LPPLYOATIOV G

O¢¢ take Aoyatt | Petopv dhow Aoyat
Ay TITE Dopp Aoyatiov ov oV
wa Ner Eaoriv | Noptni | Eaoriv

Dapp Owveponin  |yeap |Eaortivy | Noprnivy | na 4 vy 4 Noprnivy
Qovpl Xtot

€ Ytote Qopp | 2007 | 527395 929822 5905 | 525542 | 934726 | 538165 928025

QO_Kopiprt

v Ovt ypoweps | 2007 | 524438 936867 143 | 523465 | 936615 | 525367 937285

Q0 Bokv Ovt ypoweps | 2007 | 527494 934261 195 | 529012 | 934015 | 533421 928923

QO _AdvAA

oo Ovt ypowepo | 2007 | 530338 933361 240 | 529079 | 933975 | 533421 928923

Q0 _Qaxke

Meo Ovt ypoweps | 2007 | 532058 931510 311 | 531076 | 932381 | 533421 928923

QO _QaxkeT

10 Ovt ypoweps | 2007 | 532832 929717 144 | 531558 | 929995 | 533421 928923
Bionoia Ovt ypowepo | 2007 | 533864 927283 70 | 533314 | 928883 | 538165 | 928025

QO _Hopytt

1 Ovt ypowepo | 2007 | 532515 926754 46 | 534239 | 928441 | 538165 928025

Totar 7054

1186 o YG2.
Table; 4.3 UV?2 irrigation sites
Off take Return flow
Active in Farm location* location* location*
Farm Ownership [ ayear [ Easting | Northing [ Net ha | Easting | Northing | Easting | Northing
Tibila State Farm 2007 565068 | 935497 650 | 562611 | 941750 | 564194 | 942218
Addis
Hiywot State Farm 2007 563219 | 941256 100 | 562650 | 941890 | 563371 | 942598
Degaga State Farm 2007 546167 | 932458 180 | 545534 | 931205 | 546572 | 931028
Merti_Jeju_
Achamo State Farm 2007 573295 | 946596 632 | 571718 | 945539 | 585904 | 955891
Merti_Jeju_
State State Farm 2007 581909 | 953670 1245 | 574331 | 948085 | 585904 | 955891
Nura_Era
_State State Farm 2007 588711 | 963673 2712 | 571664 | 947093 | 597432 | 968651
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Nura_Era_
Privates

Private

2007 | 581484

957576

3334

571664| 947093 |597432| 968651 |

Total

8853

Source; Water resources and flood hydrology of Awash basin (MoWR 2005)

3. Upper valley irrigations3 (UV3)
Tne Yg3 depavd vode younpioes Metenapa avd ABadtp GUYaPYOVE TAAVTOTIOVG.
Tne Metenoapa cuyap yove daytopy wac eotaPiioned at 1975 By Etno—Hola

vo

Bilatepad aypeepevt. Amocn Pimep 10 tne ovAy covpye odp matep to Pe afotpoyt

€0 dop

ppryatiov odp Metenapa cuyopyove estate papuc. Axyxopdtvy to tme 2005 acceco

pevt odp MoQP te total apea yomweped By tne yave v Ygl dopuc 1 12896ma.

Table; 4.4: UV3 irrigation sites

Source; Water resources and flood hydrology of Awash basin (MoWR 2005)

4. Small scale irrigations of OIDA (OIDA1)

Ove o tne otpateyles ot nowe mAavved Py tne yowepvuevt odp Etnomia t
0

Wy peace P00d GEYLPLTY 0P TNE PLPUA TEACAUVTC 1G TNE OEWEAOTUEVT O GUA
AL GYOAE LPPLYALTIOV TTPOYTLYEC. AETEVOLVY OV TNIG GTpateyy tne Opopia peyLo
VoA 1pplyatiov

QLTNOPLTY NAGC TPLED TO EEEPYLOE LPPLYULTIOV TEYNVOAOYY GO TNAT NOLCE M
0A0 $00d CEYLPLTY YAV P€ ATTALVED TNPOLYN OEWEAOTUEVT 0P MATEP GOP TLPT
0G€ 0 1pPLyaTeEd AYPLYLATLPE.

Tne OIAA noc tuniepevted pope tnav 12 GUOAA GYOAE 1PPLYATIOV GYNEUET Py

afotpaytivy cufotaviiai apovvt op matep dpor Awaocn pirwep By dimepTt
vy ot

O1pdepevt Aoy atiove.MoacT o GTaTEd 1PPLYyaTIOV APUG ape AOYATED LV ULOSA
e mopt opYnmep Awaon mairey avd Devioie S10TPLYTO.

Table; 4.5: Details of small scale irrigation owned by OIDA in the Upper Awash

valley

Off take Return flow
Active in Farm location* location* location*
Farm Ownership [ ayear [ Easting | Northing | Net ha | Easting | Northing | Easting | Northing
Metahara_
Abadir State Farm 2007 594282 | 972594 3889 | 596711 | 966618 | 598053 | 974622
Metahara_
Metehara State Farm 2007 604596 | 976321 8118 | 602709 | 980263 | 609966 | 980482
Metahara_
North Farm | State Farm 2007 606177 | 981365 889 | 597342 | 968373 | 610310 | 978222
Total 12896

| Farm

| Owner | Active in | | Net ha | |
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location* location*

ship ayear | Easting | Northing Easting | Northing | Easting | Northing
Melka Oba 1 OIDA 2007 542038 | 926928 60 | 541262 | 926557 | 542318 | 926244
ﬁg?rgele OIDA 2007 541496 | 926193 30 | 541262 | 926557 | 542318 | 926244
Betu Degaga OIDA 2007 545244 | 932040 100 | 545143 | 930994 | 546071 [ 930893
Doni WV OIDA 2007 561457 | 940408 400 | 560951 | 939868 | 562435 | 941337
Doni_Care OIDA 2007 561997 | 940881 200 | 560715 | 939666 | 562435 | 941337
Lugo OIDA 2007 591809 | 961144 57 | 591505 | 960570 | 592382 | 961346
Sara OIDA 2007 594661 | 964227 120 | 593951 | 963489 | 596448 [ 966340
Weba OIDA 2007 595755 | 965269 160 | 593951 | 963489 | 596448 | 966340
Gara_Dima OIDA None 580064 | 953928 300 | 578702 | 952984 | 581393 | 955657
Sogido 1 OIDA 2007 594244 | 964566 70 | 593951 | 963489 [ 596448 | 966340
Sogido 2 OIDA 2007 595182 | 965452 70 | 593951 | 963489 [ 596448 | 966340
Melka Oba 2 OIDA 2007 542088 | 927271 40 | 540679 | 926526 | 542818 | 926559

Total 1607

Source; Water resources and flood hydrology of Awash basin (MoWR 2005)

Tne xpomc oV YPONMIVY TATTEPVGS TNAT NA®E BEEV TPAYTLYED LV LOGT 0P TNE dpap
W)

oape olpiop. Tne pov ypomc tnat ape TPodLyed LV TNE 1PPLyoTiov GapUc op
€

weyetofres (Toparto,oviov,nenmep,yappaye),Xepearo (Lale,copynuK,Tedd,) v

noicec (H.Beav). Tne omatep afotpaytiov pop ippryatiov peBuipeuevt dop tne af
owme

dopuc HePYEd PY TAKLVY 1V TO QXY OLVT TNE OMTILAA Y POTTLVY TATTEPV OLVO GULLUL
VY LT TNE TOTOA LOVINAY OATEP OLPCTPAYTIOV O EQYN CUAAL LPPLYATIOV GAPLL OC
outtafire pop QEAIL

62

Addis Ababa University Civil Engineering Department



L Meka Coa
Merti_Jg
# Metahera

# Nura Era
# QoboMEM

u # # Sogdo 1
s Sogido 2

# Tikila
# WO Adiila
# WO Bishd

WO Boku

# WO Hargt

# WO Karift
WO WekelVie
WO WekeTi

V\elenchit
Wenji_Dod
Wonji Sta

Wonji Wek

ltxtﬁﬁ

* * #* *

Figure 3.1. Lactation points of some irrigation nodes owned by OIDA in the sub-
basin

4.3.3. Irrigation schemes in project stage

Ynnep Awaon cvf3 Bacty, o1t 116 TOTEVTIAA Aavd T0 B 1ppryated avd cuitaPie
KOVALTIOV GOp 1ppLyatioV 16 LTIALLLVY ToTEVTIOAAY Awmoacn Pimep dop te mpe
GeVT avd PutvpedemeloTTUEVT GYeVAPLOG. NeapAiy eBvol oile od yvppevt 1pp
yated aYPLYLATLUPE,VED TPOPEYTC NOTE PEEV TAAVVED AVO LVOEP Y OVGTPLYTIOV
dop veap dputvpe demelomuevT v TNE 6L Pacty.OvV TNE OTNEP NAVO TNEPE LG AL GL
Botavtiad pate op avvoad deypeace ohp Koka pecepmorp yomay 1ty Ve T0 GEWEP
GESLUEVTATIOV O TNE LITAAVIC.

Tne poAhomivy ape TNE LAPOP LOEVTIPLED TYEVAPLOT 1V TNE TAPTLYLAOP GL Pactv.

dutupe Ippryatiov Agpavic
A vouPep o pedivp avd CUaAA GYOAE 1pPLYaTIOV ape ETEYTED TO e
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omepatioval v 2010. Zoue 0¢ tece wao ayevaploc od 2007 avd Aayyed Py
opdepevt vyovmevievyeo. Tne 2010 Zyevaplo tvyALOES TNE POALOMIVY YNAVYEC
dpop tne 2007 pedepevye orTvaTIOV
Ne® 1ppLyaitiov GYNEUES OV AVE OLG CLUUAPLTED 1V TNE POAAOWMLVY A1GT
1. Qovol apea 1pptyatiov eETavolove
» Qovotl Aodota voptn (2 241 na op cuyap)
» Qovoet Aodota coutn (1500 na pop cvyap)
» Qovor Qaxe Tro EEnavoiov (512 na op cuyap)
» Qelevymti—Booda (12 462 no odp cuyap)

TaPAe; 4.6: Zxynepeoc odp Qovel apea 1pPLyotiov eENTAVOLOV

Petopv dhow
Axtnime v Dapu ALOYATIOV* Ood Toke ALoYoTIOV AOYOLTIOV
Noptniv | Net Noprtniv Noprniv
Dapu Owmveponin o yeap Eaotivy 4 no Eaotivy 14 Eaorivy 4
Qovoer Ovutypowep
Aodoto. N G 2010 533000 923000 2241 534071 928600 538165 928025
Qovoel Ovurtypowep
Aodotol X G 2010 532500 918000 1500 534071 928600 538165 928025
Qovot Ovtypowep
QoxeTro c 2010 534332 932274 512 533199 929106 536919 928646
Ovtypowep
Qelevynitt c 2010 541873 950715 9000 536892 928618 563042 969686
Ovtypowep
Boda G 2010 547323 933359 3462 540188 926374 554828 932924
Total 16715
2ovpye;QOAZE 2006:Qovel Znema cuyop yave TAaviatiov eEnavalov (Qeievynt
T Boda ippryatiov mpopeyt dectyv pemopt)
2. OIAA cpol) oaAe GUAAA 1PPLYATIOV GYNEUEG:
» Toiav (50 na o yottov/Eed ypono)
» Boataie Kudto (330 no o yotrov/piéed yponc
» Meyoyna (125 na op yottov/ui&ed ypona)
» Alay Aope (104 na o yottov)
Table:4.7 New proposed small irrigations by OIDA
Year Scenario | Diversion Area | Off take Return
East | North | (ha) | East | North | East | North
Golan 2009 599190 | 977241 50 | 598867 | 976362 | 600509 | 977577
Batale_Kiiltu 2009 546867 | 926850 | 330 | 545961 | 924290 | 548066 | 928746
Megacha 2009 561063 | 938764 125 | 560235 | 939049 | 562369 | 940872
Alag_Dore 2009 570600 | 943324 104 | 569106 | 942920 | 570730 | 945564
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| Total | 609 |

Tne 1ppryatiov motep peOLIPEUEVTT POP TNEGE GUAAL CYOAE TPOPEYTC APE ECTLU
ated v aparyapoted povvep By vorvy Nupa Hepa Meteoporoyiyai data. Tne ta
PuAiated

oparyopated ppryatiov watep afotpaytiov (MMX) 1o Znowv v Avveg X

devrare Ivteyparted Ippryatiov [Ipogeyt

Devioie Aapye GYALE LVTIEYPATED LPPLYATIOV, TNE TPOPEYT OV YOVGTPLYTLOV 1G TN
g ove

yovoldeped ac 2009 ayevapro. Tne mpoeeyt apea 1o Loyated 1v Eact Inema {ove

avd veap Metenapa toov. It 16 hoyated ot 8°370N, 39°435E avd aAtitude wopyiy
Y

dpopn 1180u a. 6. A. 10 950 o..6.A.Tne TPoPeyT 1G TPOTOGED TO LPPLYATE TNE

youpovd apea o 18130 na witn eEneyted Pevediytapy movce MoAdc o 1420
avd Metenopa cuyop daytopy.

Tne pov ofeeytime 0d Tne GYMEUE 1G TO TAYKAE $00d ceYLPLTY TPOPAEUS O
™me

TEACOVTG VO TO GUNTAY yove cuyap dop Metenapa cvyap daytopy.Ovt o 18
,130 na motevtiod Aavd 13,355 na 1o povvd 10 TOTEVTIOAAY GULITABAE pop Y pOT

o avd 4,775 na ape cuitafire pop popaye.

TaPre:4.8 Zvppopy op cuitafre Aavd airoyatiov ¢op ppryated yponc v Peviaire

Suitable land Allocated Remark
No area (ha)
Suitable land 6717 Southern block
1 for field crops
New proposed area by | 3940 For sugar cane and
2 OIDA field crops
Potential land to produce | 2700 For sugar cane
3 sugar cane
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4 Suitable for forage 4713 Alfalfa

Total 18130
Source: OIDA Fentale Report 2005

The following table shows the main crops proposed to be developed with their

command area allocation and expected yield.

Table: 4.9 Irrigation farm allocations for various crops

NO Types of crops Total area Yield /hectare
1 Sugar cane 2700 1600
2 Maize 2575 15
3 sorghum 2575 13
4 Teff 659 5
5 Onion 1961 145
6 Potato 800 140
7 Pepper 601 7
8 Cabbage 614 160
9 Tomato 567 220
10 Haricot bean 958 8
11 Orange 390 150
12 Forages/Alfalfa 4775 -

Total 18 130

Source: (OIDA Fentale Report 2005)

Nura Hera and Metehara meteorological stations are considered to be the most
reliable Class | stations from which meteorological information relevant to the
project area can be derived. The data from these stations is proposed to be used
for the catchment’s study as well as for estimation of meteorological variables at
the irrigation command area. The necessary adjustment for the differences in
elevation will be made in transferring the data for estimating the values of
reference crop evapo-transpiration (ET,) specific to Fentale project command

area.(The monthly irrigation water abstractions for Fentale is shown in Annex C)
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4.3.4. Urban water Supply

Tne oyvipryavt toove tnat vTtilile matep dppop Amaon Pimep v tne vinep Ama
on ape Nalepetn avd Metenapa To00VG.

Nazereth Water supply:

Ztaptivy dpop OxtoPep 2002 Nalepetn tomv nowe LTIAMEED A®OCT PLTEP AC TNE
TNELP OVAY 0aTep covpye. Tne powm matep pop TNIG GYNEUE 10 Aoy ATED AT AovT
3xu domv otpeap o¢ Koka dap avd at afovt 15 ku dtotavye dpop Tne xeviep oo

TNE TO®V
Tapie: 3.10. ITorvrartiov tpogeytiov odp Nalepetn toov

Peap 1980 1985 1995 2005 2010
Aow oyevaplo | 68,000 | 86,000 134,000 199,000 | 242,000
Hym oyevopo | 69,000 | 92,000 157,000 256,900 | 327,000

Medwop oyevaplo

68,000 89,500 145,000 226,500 282,200

Yovpye: dpadt pemopt op Nalepetn matep cunmiy 1983

Ay xopOLvy TNE MATEP GUNTAY JECLYV PETOPT 0O AJUUA TOMV TNEPE LG VO elafopa
1€d

darta amotlaPre pop popop matep yovoupeps. Ovt op Tne data YOAAEYTED dpou
®OTEP

GUTITAY GEPLXE 00DLYE DOP 0y KEBELE TNE YOVOLUEPS MNO LOE Hope TNa 30u°
10 15 1’ oatep mep povin wepe 18eviiped. Tne wotep depovd 1o yoteyoplled oo
OOLEGTLY, OVO VOV JOUEGTLY, ONEPE VOV JOUEGTLY, OEUOVOG LVYALOE TUPRALY OLVO LV
SLOTPLOA dEUAVOG.

TaPAie: 3.11 Ectipated oatep mpoeeytiove od Nalepetn tomv

Hopilov Aopeotiy (1°/dony) Nov dopeotiy(p’/doy) | Totad(p’/day)
2000 4001 1480 5481
2005 5815 2442 8257
2015 12201 5490 17691
2025 24653 8628 33281
Yovpye: Qoote watep aTLIY 0 Adapa tomv 2003

Note: —1tne oyoten takes 20% dop Aeakaye avd AOGGES

—Tne amepaye avvoad ypomtn pate op TtorvAatiov 16 3.2%
—Tne poviniy depavd data tv o ooy cuttafie pop QEAIT podeh a
pe onowv v Avveg X

Metehara Water supply;
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Tne dopeatiy avd vov doUEDTLY ®ATEP OeUavOG pop Metenapa TO®MV LT
TOTLAATIOV TTPOPEYTIOVS APE CNOMV Pelo®.

TaPie: 4.12. Ayypeyate oatep depuavd tpogeytiov dop Metenapa tomv

Yeap 1994 | 1999 2007 2017
[TorvAatiov 4000 | 20,000 | 34,100 | 60,000
Aopeotiy Sepavd (1*/dony)

364 558 1538 3780
Nov—dopeotiy Sepavd (1*/dony)

203 323 606 1106
AYYpEYOTE ATWEPAYE GOTEP SePoVI(1>/Sony)

567 881 2144 4886
Avvoold ypowtn pate (%) 8.5 7.4 6.9 5.8

Yovpye; MeTeENOPO TO®V MATEP CLTTAY JECLYV PETOPT

Tne detaured data odp Metenapa To®V MATEP CLTTAY ONLYT OPE TPOWLOED POpP TNE

QEA

podel ape onowv v Avveg X.

4.3.5. Ztpeap pAom Aata

Tne otpeap GLo® SaTa 0P YEPTOULY NIGTOPLYAA TEPLOD ApE PEOLLPED GTEY LPLYOLAA
Y 1V OpOEP TO GET VLT AV PLV TNE AArloyatioV Loder. Tnece ape deplmed Gpop
pLvVodd darta

HEQLGLPED AT GEAEYTED YOLLYED GTATIOVGS 1V ThE 6L Bactv. Ztpeap prow nac Peev

yooyed ot pavy Aoyatiovo ov tne Amaocn Pioep omep e yeapo. Pop pavy
0

TNECE OLTET, dATA MWEPE Y OAAEYTED GOP OVAY GNOPT TEPLODT O TLHE VO pop [
oVY 1T ®aoc voT TocotfPAe 10 eatafAton  av adebvarte pativy yvpwe. Tne data
dop OAA 0p TnE GTATIOVC WEPE TPOoWLOEd Ppop Tne Hydporoyy Aemaptuevt op M
0QP avd yopedLAAyavorlyled avd 0GGECGED. ALLOVY TNE OWEPOAL YOLLYLVY GTA
TI0vo 00 TNE Awaon prwep Bacty pop NG oTLOY dew® 0 TNE aAWAUAAPAE CTATL
oVG 0 LVITEP A®OCT WAAAEY OLPE

celeyted avd Aloted v e poArowivy TaPie 3.13.

TaPre 4.13: Hydporoyryai I'avyivy Z10T10VG 0 TNE GTLOY APEX LVTO Y OVOLIEPAUTIOV
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ZTOTIOV VOLLLE AaTtitude | Aovyttude O Xoatynuevr

0 vopTn €0.0T ITep1od od data. | apso(Kp’)
Aoacn = Houfole 823> 38%47> 1962-2000 7656
Moo = Mogo widlaye | 8363 39245 1962-2000 1264
Aoacn Berow Koka 828> 39°145 1970-2000 11219
amacn = Qovet 8°27> 39°145 1969-2000 11690
Keleta = Sipe 8°17> 39245 1966—1999 747
Awaonz Nupo Hepa, | 8°32> 39°355 1975-1997 14173
Awaocn = Metenapo. 8°155 39%15 1962-2000 16416

Yovpye: MoQP nydpolroyy demaptuevt (Qatep pecovpyes—dprLood NydpoAroyy oT
Loy
2005)

MoGT otaTlovel] NIGTOPLYAA SOTA APE APPAVYED LV HEQV HLOVINAY puvodd Pac
1o dop e TEPLod dpop Javvapy 1962 10 AgyeuPep 2004 By MoQP nydporoyy
OEMAPTUEVT EEYENT GOUE O TNE HIOOLVY dato. Onepe datal ape VOT AmUIAAPAE
dop e evtipe

pPEYO0PS TEPLOD peEPEPEVYE NOG PeeV LAOE TO GTATIOVGHOP ONLYN TNE OTTPOTPLAT
€

TEPLOOG 0 peY0pd ape amALAOPAE AvO TNE Yoo nowe Peev PLAAED Py pokivy
pedeEPEVYE TO TNE PELATITE PLVOPD TOTEVTIOA O TNE X ATYNUEVTS PELVY YOUTAPED.

Tne peyxopdc ac voed To Yevepate TNE VLT PLrAes dpop The QEAIT podek ape tvyA
LOEd 1V AvveE A

4.3.6. Peogpmorp IInyoryai avd onepativy Aato
Tne omepatiov mpoyedvpes op Koka dap wac tpowded By EEITX. Tne dap 1o

OTEPOLTED TPLUAPIAY GOP TOMEP TPOOLYTLOV; TNAT 10 TNE AEWEAT avd pelea
o€ec ape

YOVTPOALED 1V 0POEP TO AYMNIEDE TNE PEOLIPED TOWEP TPOSVLYTIOV AT TNE TNPEE OT
aTlove.OTNEP LGES OPE VOT TOLKEV LVTO OUY(OLVT, AVO VOP G TNEPE OLVY VEED TO
oTEPALTE TNE peCEPWOLP Pop PpL00d yovipoi. Howewmep, GLVyE TOMEP CYOTEUT O
PE LVTEPYOVVEYTED

QY POCGC TNE XOLVIPY, TNE AMOCT GTATIOVG YOVVOT BE Y OVGLIEPED LV IGOAATIOV.
Tne omeEPATIOV TAKEG AYXOLVT 0P TNE OTNEP NYOPOTOMEP OLVO TNEPLUOA GTATLO
VG W TNeE

YOLVIPVY, TNE ATWOUUAAPRIATY 0) ®ATEP AVO LALVTEVOVYE VEEDT AT AAA GLTEGC OLG
WeEAL oo

e e&neyted depavdc. Tnio peave tot e onepatiov op Koka yavvot Pe depive
S By avy atavdapd pule NN 1O YEVEPUAAY doAlomed eaym yeap, PLT LT 1G O
TePATEd OLPPEPEVTIAY OETEVILVY OV oL W1OE pavye o dpaytops.Dop LVvGTAVYE, LV O
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GLTLOTIOV ONEPEOTNEP GTATIOVS OPE TPOSLYLVY BEAO® VOPUOA,GLYYN OO ONEV P
enafiittatiov mopk 1o yorvy ov, e depuavd dppop Koka youdd Be wvypeaced. X
OVTEPTEAY, ONEV OTNEP CTATIOVG OLPE TPOOLYLVY AT MNIYN AETWEA, O AOWEP AEWEA
od mowep yevepartiov ot Koka

xov Pe todepated.

TaPre:4.14 corvpe—Erematiov pehatiov odp Koka pecepmorp

Qotep Aemelh | ootep AeWEA GTOPOYE BOAVLLE

.G\ dopp dotup o¢ Koka at 2007

0 () (MpL3)
1591.4 111 1209
1590.7 110.3 1069
1589.4 109 811
1587.4 107 486
1585.4 105 213
1583.4 103 6
1582.4 102 0
1581.4 101 0

Source: Derived for 2007 from (Booker Tate study 2003)

Elevation -capacity curve

NS S
SN
Volume(Mm* 3)

—8—Elevation -
capacity curve

Figure 4.2 Volume elevation Curve of Koka reservoir

Table 4.15 Salient features of Koa reservoir

| Description

| Site Datum | Ethiopian datum
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(m) m a.s.|
Dam crest 112.8 1593.2
Maximum Flood retention

111.8 1592.2
Normal operating level

110.3 1590.7
Spillway Gate invert level

104.6 1585.0
General silt level Upstream
of Dam 100.3 1580.7
Power station water Intake
Invert level 95 1575.4
Bottom Outlet Invert Level

89.1 1569.5
Minimum foundation level at
dam 71 1551.4

Source: Derived from Booker Tate 2003

Tne totai oatep afotpaytiov ppop Koko pecepmworp ¢op Tne YLPPEVT 1PPLYOLTLO
v Aemel maceoTipoted o 823 Mul3 avvoaiiy. Onev Tevoono Ad 1G OTEPATLO
VOLA TNE TOTOA

Koxa peheace dop catiohyivy tne dowvotpeap depavd Beyopeo 518 pul3 (that 1
G PEdLYLVY TNE TPECEVT Lowep WoAAeY depavd o 140Mul3). Tne npecevt (2007)
Mwe otopaye op Koka pecepmorp at pvrih pecepworp Aewed odp 1590.7 p 1o afov
T 1069MpL3

®1TN TNE AVVLOA cedpevTatiov pate odp 17Mul3.

Ayxyxopdivy to e Bookep otudy o Koka pecepmolp matep Paravye pode omep
e mePLod1962-2003 peav avvLOA CEETAYE AOGGC 10 TAKEV OLG LEQLV LVOAOM 1V TO
KOKO

1588MpL3 pivoc Ovt pAow 1332 Mu L3 wivos Net emanopatiov Aooc 177Mul3
onyn 16 €Bvoi to 79Mpl 3.

Table 4.16: The expected Koka reservoir capacity of future years

Yeapo E&neyted wolvpe Koka pecepmorp

O Mpl3
2007 1052
2008 1035
2009 1018
2010 1001
2011 984
2012 967
2013 950
2014 933
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2015 916
2016 899
2017 882
2018 865
2019 848
2020 831
2021 814
2022 797
2023 780
2024 763
2025 746
2026 729
2027 712
2028 695
2038
525

Reservoir capacity

1200
1000 +
800

600 — Reservoir capacity ‘
400

Volume (Mm3)

Ddryvpe 4.3 Pedvytiov pate op Koka pecepmotp yamayity

Tnepe 16 yevepOoALY TTOTYNY LVHOPUATIOV OTALAAPAE OV YATAYLITY AVO GLPPOYE
apea o

Koka pecepmotp tnpovyn the yeaps. TNic otudy Nac adonted Tne KOKO PECEPD
olp data Tnat 1o eatipated By EETTX v 1999 oniyn waoc vrdated avd petvdopyed
By Bookep

Tote v 2003.
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Chapter 5
The model Application and Data Analysis
5.1. WEAP model and its Analysis

Tne codpt wape ocereyted dOp TNE AVAALYGLG O TNIC CTLIY LG TNE MATEP €D
aAivatiov avd TAavvivy cyctepn (QEATT).IT 16 o piypoyounvtep T00A VGED ¢
Op LVTEYPATESMATEP PEGOVPYES TAAVVIVY.IT otepates ov Bacty TpLVyLTAES
o0 watep PariavyeanTAlyotiov GOp 1PPLYATED AYPLYVLATUPAA YOTYNULEVTC
avd younmieé tpaveBouvoapy prmep cyoten. Tne celeytiov op QEATIT pop
TNIG TAPTLYVLACP CTLVOY LG SVE TO 1TC APBIALTY TO YOUTLTE LPPLYOTIOV OOTEP
ovd 0TNep Oepavoo Baced ov amatrlafre data. It 1o a peyevt poderd ™
0T MTOGGEGGEC o VLUPep 0P WEPOATIALTY ALVO

adwavtayes.QEAIT 16 Tne Ho@op availyTtiy TOOA v opyavi{ivy data, TPOPE
YTLVY OOTEP OEUAVO OLVO CUTTAY, VO EWAAVATIVY AATEPVATITE OATEP OEWE
AOTUEVT

GTPOUTEYLEG.

QEAII 16 younpenevolme, GTPALYNTGOPOAPS OVO ELCY—TO—VGE, AVO OLTTEUTT
G 10

OGGLGT POTNEP TNAV GLPGTITLTE pop TNE OKIAAED TAavveEp. Ac a datafaoce,
QEAII
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TPOWLOEC O CYOTEU GOP LUOLVTALVIVY OATEP OEUAVD VO CLTTAY LVOOPUATLOV
. Ac

a popeyactivy T00A,QEAIT cipviates watep depavd, CLTTAY,PAOMG,AVO GT
opoye

Ac a moAyy avaiyolc tooA, QEAIT smalvates o pLAL pavye od wotep dewE
AOTTUET
oVO LOVOYEUEVT OTTLOVS OVO TOKES QY Y OLVT 0P LLATITAE OLVO YOUTETLVY VLOE

od watep oyoTEUD.

QEAII annAtyotiovo yevepaAdly tvyAvde cemepal 6tenc. Tne otudy dedt
VITLOV GETG LT TNE TIUE GPAUE, CTATIOA PovVvdapy, CYOTEUL YOUTOVEVIG
avd

xovdryvpartiov od tne mpoPirepn. Tne Xvppevt AY)ovVIG TPOTBLOE 0L GVOTCN
0T 0 AYTLAA MATEP FEUAVI,PEGOVPYES ALVO GLUTTALEG GOP TNE CYSTEU. AAT

EPVATIDE

GeTO 09 PLTLPE LGGLUNTIOVG apPE PAGES OV TOALYLEG , Y OGTG, TEYNVOAOYL
YOA

OeWEALOTTEVT VO 0TNEP dayTOPT TNAT APPeYT OEUAVD, TOAAVTIOV, CULTTAY O
Vo

Nydporoyy. ZYEVOPLOC OPE YOVOTPLYTED YOVGLGTLVY O) AATEPVATITE GETC
0
OLOCVLUTTIOVS Op TOALY1EGC. DIVAAAY, TNE GYEVOPLOC OPE EWAALATED MLTN P
gyopd 1o
oaTEP CLOGLYLEVYY, X O0OTC AV PEVEPLTC, Y OUTATIBIALTY ®ITN EVTBIPOVUEV
TaA
TOLPYETT, OLVO GEVOLTITLITY TO LVYEPTALVTY LV KEY BAPLAPAES-

QEAITI yav addpecs o ®w10€ pavye 0¢p LOGVLES AKE GEYTOPAA OEUAVI ALVAAYGS
1o,

WOTEP Y OVOEPTOATIOV, MATEP PLYNTC ALVO AALOYALTIOV TPLOPLTIES, YPOLVO MATE
p aLvo
oTpEa GAO® CLULAATIOV, PECEPTOLP OTEPATLOV, NYOPOTOMEP YEVEPATLOV, TTO

AALTIOV TPAYKLVY, EXOCYGTEN PEOLIPEUEVTT, BLAVEPAPIALTY AGGEGGUEVTO O
vo Bevedit
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avalyolc.QEAIT 16 otpuytLped avd opyavifed v To dLme oemapate BuT LvTey
PATED YOPE TPOYPAUG; TNE CETLT, Agpavd, AlGTplfvTIOV, ZLATAY VO ETWAA
LATLOV

TPOYPOLC.

Tne oeTLT TPOYPOU EGTAPALONES TNE TPOYPAL LVIEP OTLAY, dEPLVIVY TNE GT
VOV apea, TIUE NoplloV, CYSTEL TNYOLYOA YOUTOVEVIC OAVO TNELP OMOTL
oA avd

TEUTOPAA pEAATIOV ONITG. Tne Sepavd TPOYPAL VGEC SEUOYPATNLY, , GOY 1O
EYOVOULY, ALVO LVIT OATEP PEOLIPEUEVT LVYOPUOTIOV TO YEVEPOTE TNE YLPPEV
T

avd puTLPE WOTEP dEPAVD Ay X OLVTG Ppop eayn dedived depavd clTEC.
[Tpopeyted matep dEUOLVOC OPE MOCCED TO TNE CLATAY TPOYPOU POP ®AT
ep

Baravye avaryoioc.Tne diotpifuTtiov Tpoypap decypLPes tne Loviniy dep
avd

TAPLATIOVS,ICTPLPLTIOV EQPLYLEVY Y 1V gy Oed1veDd depavd oite. Tne oun
Ay

TPOYPUL CLUVAOTES TNE CTATIAA ALVO TEUTOPOA MOATEP AAAOYOATIOVG PETM
gev

GULTTAY GOLPYEC AV depaVd o1TEG. TNE EBAALATIOV TPOYPOAU EWAAVATES O
)

YOUTOPET JLPPEPEVT TOALY Y CYEVAPLOG LV TEPUC 0P dEUAVD LAVOYEUEVT,
TPOVOULOGLOV EOPLYLEVY Y, IULTPOTEUEVT, BLAVTITY avd BuailTy 09 TNE GLT

TALED OATEP, AVO TNE EVBLIPOVUEVTAA ALVO EXOVOULY, LUTAYTO.

QEAII yovoiot o¢ drme pov memas: oynepaty, Aata, Pecuito, Omepmiem a

vo

Noteos. Tne oynepnatly @E® LVOLYOTES TNE LOVPLYLPOATLOV 0P OLP CYGTEU LVYA
LOLVYOPBPEYTC ALKE VOOEG, PLBEPT, PECEPTOLPT VO d1PPepevt Avka. Tne dat

O WLEM AAAOWMC Y PEATIVY BAPLAPAES ALV PEAATIOVONING, EVIEPLVY OLGCLUTTL
OVGC aVO TPOPEYTLOVS LOLVY LATNEUATLYOA eEnpecoiove. Tne pecLAT TlE® AA
Lowo detathed avd pAeEIPAE dtoTAay 0P AL LOSEL OVLTTLTG LV YNAPTG ALVO T
ofrec. Tne omepme® NIYNALYNTG KEY LVOLYATOPC 0P Tne cyoten dop Buiyk Gi
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em1vy. DIVoALY TNE VOTE BLEM TPOTWLIOES O LEAVGS TO OO LUEVT AUGGLUTTIOVC

OTNEP UELOPAVOLLL.

VIDRier(f) . ia
Diversion (3) —
¥|a Reservair(1)
Groundwater

1@ Other Supply

Demand Site (16)
Catchrrent

[¥]= Runaf/Infiltration
¥|=>Transmission Link (1
Wastewster Treatm |
V|3 Retum Flow (1)

¥ JamgPun of River Hydra |
V14 Flow Recuirement % .

Cauntry
Major Rivers
koka

fiver

| »

A ash river

FENT (10)

Igtehara i §

n ' ] of

Figure 5-1 Schematic of the study area with respect to Future scenario

5.2. Definitions of some terms used in the study

1. Schematic:

It is the starting point for all activities in WEAP and the spatial lay out which
visualize the physical features of water supply and demand system. It
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contains nodes that represent physical components such as a demand site
waste water treatment plants, ground water aquifer, reservoir or special

Aoyxatiov alovy a prmep. NoOeG ape ALVKED By ALVEG TNAT PETPEGEVT TNE VAT
LPOAA

0P LOLV—ULOOE WATEP YOVILITG GLYN OC PLTEP YNOVVELS, YOLVOAG ALVO TITEALV
€C.

Tneoce Mves LvyALOE PLBEPT,ILTEPTLOVG AVO TPAUVGULOGLOV ALVKG VO PETLPV
drow

Avie. Tne oyxnepaty odp TNo 6TLOY 16 GNowv afome v dpryvpe 5.1.

2. Agpavd olte:

It 16 tne 6eT 09 WaTEP LOEPT TNAT oNOPE O TNYSLYOA IGTPLPLTIOV GYGT
e, TNOLT

opE AAA 1V dePLVES PEYLOV OP TNOT GNOPE AV LUTOPTAVT MITNIPADAA GUTTA
Y Towvt.lv ovp GTLOY TEPE ape 16 BELAVO VOOET LVYALILVY GEETAYE AOGTE
G a0 0VeE OgaLV VOOE LV puTLPE GYAVPLO AVO 12 SEUOVO VOOES 1V Y LPPEVT
oyxevaplo. Movy oA OERAVO GLTEC OLTN CLULAQP YNOAPAYTEPLGTLYC AP
€ ALUTED TOYETNEPOAT OVE VOOE POP CLUTALYLTY TO HOLVAYE TNE GTLOY OLVO
o1t e dAeS Pty

cvnropt 0 TNE Hoder. Tnepe ape pope av 15 cpoir oyore OIAA 1ppryatt
ov

o1teG oMM ope apaAiyopnated ac o vode OIAAT.@ovp LVOEP LUTAEUEVTED

OIAA cuaAl oyole 1pPLYATIOV GLTEC POP PLTLPE CYEVAPLO OPE AVUTED OC
OIAA2

VOOE.

3. Current account
It 16 e Paoce yeap pop e Lodel avd Tne cyoTe LvdopuaTioV (£.y. depay
d data, cunmAy data). It 1o Tne GTAPTIVY yeap Gpop aAA Gyevaploo To Pe

BLUIAT VO pedpreyTc TNE OPCEPTED OTEPATIOV O TNE CYOTEU OO OATA CYG

tep. Tne yupPeEVT Ay oLVT Yeap TaKeV pop TNIc oTtLOY 16 2008 dop cyeva
ptolavd 2010 ¢op
oyevapto Il

4. Zyevoploc:

2yevaploc ape ceAdllYovoloTeEVT GTOPY AVEG 0O Mow o PLTLPE GYOTEU

HWyNT ETOATE OTWEP TIUE LV OL TAPTLYLAOP GOYLOEYOVOULY, GETTLVY OLVO
vvoep o

TOPTLYVAAP CET 0P TOALYY VO TEXTNVOLOYY Y OVOLTIOVG.AAL GYEVAPLOG G

TOPT GPOLL O YOLLOV YEAP (YLPPEVT ALY X OLVT daTA) ALV EEMAOPE TOGGIPAE
ANOVYES TO TNE GYOTEU LV TNE PLTLPE YEOPT APTEP OL YLPPEVT QY (OVLVT
YEAPG.
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5. Reference scenario

It yopplec dopmapd Tne YLPPEVT AYXOLVT dUTO LV TO TNE TPOPEYT YEAP
TEPLOD
oTEXIPLED VO CEPTES OC OL TOLVT O YOUTOPLGOV GOP OTNEP GYEVAPLO
G ONLYN OTNEP YNAVYES Loy Be pade 1o TNE oyotep data. Tne pedepe
vye
oxeEVAPLO TEPLOd GeAe)TED pop TNIo GTLAY pavyes dpop 2008 o 2038. Tt
o

eVaPAEC TO GEE TNE YOVOLTIOVS O TNE GLULAATIOVS Gpop TnE yourvy 30 yea
pG.

6. Annual actively level:
It 16 ™e apovvt 0 watep pebBuiped avvoariy dpop eoymn depavd oile Tne
ope
od Lavd Betvy tppryated avvoarly. Tne apea o tppryafre Aavd omeyidie
O w
EQYN LPPLYATIOV OEUAVD OLTE ALV TNE TOTLAATIOV GLLE TO Y OVGLUE TNE VPP

avoatep (Nalepetn avd Metenapa) ape ovoldeped Ac AVVLOALY Ay Tl
WEAY

AEWEAC 1V TNIG AVOAYGCLO

7. Annual water use rate:

Tne amepaye OATEP YOVOLUTTIOV TEP LVLIT 0P AYTIWITY AEWEA LVOLYATL
VY TNE VET WOALUE 00 matep peBLIPED dop eaym NeEXTAPE 0O Aavd aLvvoa
Ay, Tne
QVVLOA ®OTEP LGE POTE 1O ECTILOTES LV /Ma dop 1ppLyatiov depovdo o
Vo 1 /mepoov dop VPPV BATEP CLTLTAY.

8. Monthly variation:
Tne maplatiov o watep depavd Gpop HLOVIN TO UHOVIN EEMPECGED OO
TEPYEVTOYE O ALVVLAA MATEP LGED LV g0y LOVTN. DPpou TNE TPOTOGED

1PPLYATIOV GYNESLAE QYT LOVTTN NOGC TG 0®V 1PPLydtiov peBuipelevt T
not

ayypEYOTE TO GOPU TNE AVVLOA depavd. Tne matep depavd o eoyn LOvVTN
10 eEMPECGED OG AL TEPYEVIAYE O TNE AVVLOA OEUAVO MAG LGED LV TNE
OVOAYG1G.

9. Return flow:

It 16 TE TOPT OATEP TNAT LG VOT YOVGLUES AT o depavd o1te avd yav Be

O1peyTeEd TO OVE Op LOPE OEUAVO GLTEG, MOCTE MOATEP TPEATUEVT TAAVTC,
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cvpdaye op Ypouvvd watep vodes. Petupv dhomwo ape omeyihled ac o
nepyeviaye op ovTPLomc. Tne peTLPV PAOWS Gop AL dEPOVO VOOE OLPE GT
exhred v Avveg X od TN GTudy.

10. Transmission link:

Tneoe ape AMVEG TNAT YOPPY OATEP GPORL AOYOA AVO PLBEP GULNTALE
G 10

OOV O1TEG, CLPEPEYT TO AOGGEG VO TNYGIYOA YOTAYLTY, YOVIPOY TV
oAk avd 0TNEP XOVoTPaLVTGC. It 16 ahco peBuiped To Ppivy matep To oot
Lohy 1ppryotiov

PEDLIPEUEVTO LV YATYNUEVTC TNAT NO®E BEEV 1VOLYOTED TO NAWE 1PPLYQL
TLOV.

11. Demand priority;
QEATT aAhoyaTeG ®OTEP AYYOPIIVY TO TNE OEUOVO TPLOPLTY OLGGOY LT
€d
o1t gayn depavd oite. Tne oite oitn Niynect npropity (Aowep vouPep)
YET OATEP PLPOT, POALOMED PY GLTES MITN Ao®EP TPLOPLTIES (NLyNn voue

p) G
ODAUAAPIATY AAAOOG.

12. Reservoir Physical data:
» ZTOPAYE YOTAYLTY:IG TNE TOTOA YATAYLTY 0D TNE PECEPTOLP, TNE
NYNEST WAALE TPOBLOED AC TNE UASIHUVIL WOAVUE—EAETOATIOV YL
pWE OOC
voed. Tnie poy Moo o dpaw® Payk Gpor EYOVOULY AV OATEP
GTOPOLYE TEPCTEYTIWES AVO VEEDT PuPTNEP OTLTILLATIOV TO JETEP
pwve TNE ONTIHAA oTOpOayE GLLE.

» IviTiaAd oTOpOAYE: 1T LG TNE QLUOLVT 0P WATEP GTOPED LV TNE PECEPT
olp atT TNE Peytvvivy od TNE P1pcGT HOVIN 0P TNE YLPPEVT AYYOLV
T yeop
GLULAOTIOV.

» COALUE EAETATIOV YLPWE: LT 1G TNE PEAATIOVONIT PETWEEV PECEPT
oip wolvpe (M) avd ehemartiov ().

» Net emanopatiov: 1T 16 eENPEGTED LV LOVINAY PBOOLO TO PEMPECEV
T TNE OLPPEPEVYE PETOEEV ETATOPATIOV ALV TPEYITLTATIOV OV TNE
PECEPWOLP GLPPOLYE.

5.3. Data organization for WEAP model
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5.3.1. Demand side requirements

QEATT podeh pebuipec tne cluniidpied avd conniotiyated data dpop fotn depav
)

ovd CLTTAY GLOEG. IV TNIG oTLAY TNEPE APE A TOTAA 0P 9 cLUTALPLED 1ppLycTIOV
deavd vodeG avd 2 vpPav MATEP CLTTAY daTal PEOLIPEUEVTG TNOAT APE ALLLOAYOLLL
ated dpop

TMO OLVO LOPE GUAAA SEUOLVO OLTEG OC TEP TO YEOYPOMNIYOA OTTPOOLYTN OV OTN
ep

CLUAQP TAPALETEPT OLOVY TNEU. Tne  depavd vodes LT HOPE OATEP
ofoTPAYTIOVG OPE LPPLYATIOV OEUAVIG.

Youg od TNE dUTO GLYM A0 GATEP OLAALTY SEUAVO LOVOYEUEVT OVO EYOVOULY
avoAyolo pebuiped v QEAIT poded ape vot yovyepved v TNIG GTLOY, GO THNAT
™me

data 16 voT opyaviled ¢op cuyM TOPAUETEPS. TNE TOPAUETEPT LGED LV OLP YOCE
G OpE TNE AYTITDITY AEWEL O eayN OEUAVS OLTE, LVVUOA MATEP LOE OLVO LOVINAY
WOPLOTIOVG, YOVGUUTTIOV AVO AOGGEG AV PETLPV GLOMG APTEP YOVGLUTTIOVG ¢
poLL dePaLVO GLOEC.

Tne ayxtimity Ae@welo Gop 1PPLYOLTLOV SEUAVO GLTEG APE TNE VET NEYTAPES 0P Aavd
vvoep

1ppryatiov, omexded dop soyn vode. Moviniy owatep depavd (Mp’) 16 eotipated
dpop TnE xpom watep pebvipereVT data onomv v AvveE B avd X.

Qatep Aepavd dop tppryatiov (1) =NIP (up)*Ippryated apeo (no) *10
NIP= vet 1ppryotiov peBuipepevt
Totak matep ofotpaytiov (u) = TIP (up) * IppryoPie apea *10
'IP= NIP/n
I'TP = T'pocc 1ppryatiov peboipepevt
nN= Owep arr eddiytevyy
MovinAy @oploTiov 16 THE PATLO O MATEP TNAT LG APSTPAYTED LV GTEYLHLY, LOVT
N T0 TNeE
avvoal afotpaytiov. Tne cop 0 TOTAA LOVINAY WaPLaTiove 16 eBvai to 1.Tne
pETLPV
drLo® Ppop aAA 0d Tne depavd o1tec 1o acovped to Be 10% 10 20% o tne totaA
afotpayted watep. XOVOGLUTTIOV 1G OAGO ALGGLUED MLTN PECTEYT TO PETLPV GALOW
c.

Xovovuntiov (%) = 100%—Petvpv drow (%)
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Apovy tne elemev SePOVO VOOEG GETEV OPE ALY TIWE TO YLPPEVT Yeap. Tne yuppevt
ppryatiov afotpoytiove dpop depovd G1de ape AGGLIED TO B YOV TAVT GOpP TNE

pedepevye oyxevaploc. Tne matep depavd oh vPPAV MATEP GLTTAY GLTES WIAA e
VY PEALGED MLTN TNELP TOTLAATIOV YPOoMTN pate.Dop ok 0P TnE dEHAVO VOOES TNE
cuniipied data ac QEAIT peBuipeuevt 1o onowv tv Avveé X.

5.3.2. Supply and Resources data

Tne cuTTAY VO PEGOLPYES AUTA LVYAVIES TNE PLTEP VOOE GLYT PECEPTOLPT, P
vvodd  prmep NYdpomomep avd GTpeap dAom yavyes.Koka pecepmolp 16 e
OVAY oaTtep

PEYLAALTIOV LV TNE GTLOY OPER AVO AAA TNE caAlevT data pebuiped dop QEATI
ope

opyaviled 1v AvveE X.

Tnepe ape Two povv ohpd prwep Nydponowep oynenec (Anacn Il avé Awaon III) Be
Aow Qovoel atate papu at Meikaca. Tne cilevt dato peBuiped op TNE LOJEA 1G
depLmed

dpop Tne Booxep Tarte (2003) otudy pemoprt .

Adtep e perheace op Koka dap tnepe ape o1& yorLYED GTATIOVO LV THE GTLOY OPE
Q.

Tne niotopryai data o 43 yeapas oftarved ppop MoQP 16 vTdled pop o GTL
dy.

Tne paom data 16 onowv v e tafrec op Avve A.QEAII veeds tne poviniy tve
LT 00 JOLTOL TNAT OLPE OPYAVIEED LV LV Y 1POVOLOYLY AL OPOPEP.

5.3.3. Scenarios of the study area.

Tne 1ppLyatiov A VAo TNOT NOLG OETEVOED OV TNE MATEP GUNITAY PEAEAGED GPOu
e Koka pecepmotp yav e yoteyopiled vvdep Tne POALOMLVY LOLV GYEVOPLOC
dop TNE OCOKE TNIG GTLOV.

Xyevaprol:

Tne npecevt (2007/2008) Qartep afotpaytiove pate op TnE facty

Koka dap 16 Tne ovAY oatep covpye 0d AAL TNE YLVPPEVT LPPLYOTIOV SEWEAOT
LEVTC od Awacn proep Pacty. Axyxopdivy to QQAZE (2005) Amwaocn prmep |
0deALvy

PETOPT AAL TNE 1pplryatiov oynenec e&xent Qovel apeac (Ycl), oAl ooy
ea
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cewep matep onoptaye adtep 2038. Harypow (1989) tpomoced tne patcivy o
Koxa By tmpee petepo avdo KBP (2003) nooc cvyyeGTtG  ONMTIOVG O HLTLYOL

TLVYy
CAegpavs @opuc Agpovd Node 0
Nope Ippryafire apea
Qovot carte popu avd Ycl 7054
Ovut ypowepc 0 [
Nvupa Epa younieEeo Y2 8753
Metenoapa ABadip N N
otate popuUc Y3 12896

cedpeviatiov npoPrenc. Tney oAco peyOULEVIED TNE YOVGTPLYTIOV O EXLPT
dap ot Betweev Tne e€laTivy dap op Koko avd tne nydponomep.

Tne total ppryated apea yuppeviAy By afotpaytivy matep ¢pop Koka pere
00€ 10

afovt 56 500 na.NeapAiy NoAd od TNE LPPLYATIOV OLPEQ LG AOYATES 1V TNE LTI
ep

Awaon moirey.

TaPre 5.1. Tne ppryatiov afotpaytiove avd Dapp cile vvoep oyevaptlo I

YUOAN oy ole GYNEUET N N

o Ynnep Amaon goArey OIAAL 1607

Aowep avd M1ddAe N N

correy Poapuc AZlpp 26191

0 [ITotoA 56 501
Xyevaplo 2 :

Tne yoppevt 1ppryatiov afotpaytiove TALe Modepate ppryatiov eEnavoiov
G v tne vanep warrey avd Deviadre [Ipopeyt

Iv tio oyevaplo v addiTiov 1o TNE EELGTLVY LPPLYATIOV AETEA TNEPE CLPROTAV
TIOA
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YOTEPAYE LPPLYOLTIOV LUTAEUEVTATIOVO VO €ETAVGLOVG Y ovoldeped. Emev tnov
m
TNE PLTLPE OEWELOTUEVTG 0P AoMEP AMOCT) WOAAEY 1PPLYOTIOVS OLPE VOT LAl
WAy
demevded ov Koka pedeace,niyn eETAVGLOVO 1PPLYOTIOV SEWEAOTUEVTC OLPE YOL
vy
ov Ynnep Awacn @worrey.Tne GYNEUES LVOEP TNIC GYEVOPLO OPE TPOTOGED TO
Be
dvvytioval at 2010.
Neap Metenapa otate papp,tne Devtare 1LvIeypaTed 1PPLYATIOV TPOPEYT LG YV
pPEVIAY
LVOEP YOVoTPLYTIOV. TNE TOoTAA 1ppLyated apea LVOEP TG TPoPeyT o 18 130
no
ovd 1T 16 Tpomoced o Pe omepartiovar at 2010.Adtep 2011 tne TOTAA 1PPLYATIO
v ole
tnot demevoc ov Koka peheace xovdd Be 95155na.nece 6nom TAT OLTN 1V OL@
€
yeapo (deotyv & OovVoTpLYTIOV TEPLOOG) TNE ppryatiov Gile o tne cvf Paoct
\Y
dovPArec,olvye HOGT 00 TNE GyNeREs Name Peev otapted at 2005 avd arl oAL
Be
dvvytovar at 2010.

Tneoe tvyAvdes e Qover apea e&navoiove (Qelevynitt, Boda, Aodota),
Metenapa e£Tavolove avd o VOUPREP 0h GUOAA GYOAE LPPLYOTIOV LPPLYATIOV

o tat ape ovotpuytivy By OIAA.

TaPre 5.2; Magop tppryatiov afctpoytiove avd tnelp oile vvdep ayevapto 11

O Agpavd Node

Agpovd Dopuc Nope CIppryafire apea (M)

Qovor Apea QAE 16715

E&ravoiovo O O

ZUOAA OYOAE LPPLYOLTIOVE OIAA2 609

Metenapa EEnavoiov MET &g 3200

[devtaie Ippryatiov Devr 18130
You 38654

Xvppevt Ippryatiove AemweA X1 56501

O Yvf totar 95,156

2X I: oyxevapro I
5.4. ModeA XaAippatiov avd caildatiov

Awoaon Pumep potv atpeapt 1o yooyed at o vouPep od tumoptavt Aoyatiove. Iv
€
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Ynnep Aoaon @WAALEY OC TAPT 0 THE GTLIY,TNEPE OLPE APOLT VIVE Yayed oTa
TovGe. Tnece oTatiove ape S1moed 1V TO o VOUPEP 0P GUPR—YATYNUEVTIC 1V 0POEP T
0 Y OPPY OVLTTNE AVOAYGSLG 0 pLV 00D yovipifutiove. Tne cvB—yaTynuevic v
YALOE Potn Tnooce

YOLYED OLVO LVYOLYED YOTYNMUEVTO. [V yevepak TnE LVYOLYED YATYNUEVIC OPE
ELTNEP CUAAA OP LV OLPEAC MNEPE PLV—OPP KVOWOV TO BE PEAATITEAY AOW®.

Iv tio maptiyvAap oTLOY GLVYE TNE LOJEA LG Y aPPLED OLT PY TOO PEPEPEVYE CYE
voploo, Botn Y oAPpatiov avd WOALOUTIOV TPOYECCES APE TEPPOPUED LV TNE YLP
peVT ayevaploo. Tne P1pcot oyevoplo SeGPIPES TNE GLTLATIOV O YVLPPEVT MOTE
p afotpaytiov pop 2007/ 2008 Aewel od 1ppryctiov avd otnep depavos. It adco €
woALATEG TNE ABALAOPIALTY 0d

OOTEP PECOVPYES OLVO CLNTALES OLG TEP TO TNE (LVPPEVT PATE APCTPAYTIOV MLIT
n ovt

OATEPLVY TNE OEUAVIO.

Tne ogyovd GYeEVAPLO GNOMG TNE YOVOLTIOV ONOAT ULYNT NATTEY, 1d AAL TNE OVYyOL
vy oA Be omepated avd vTIALE Te amatAaPAie matep pesovpyec.Botn od tnece
OYEVOPLOC OLOGLUEG TNAT The eEloTivy ortvatiov op Koka pecepmolp pavayepev
T OLTN Y OVOTAVT OLVVLAA YpOowWTN pate op cedipeviatiov.Tne otatiove 10 Pe yait
Bpated v TNIo GTLAVY 10; GLO® HEACLPED AT AMOGCT) PLTEP AT AMOGCT] GTATLOV .
Tne yarBpatiov tpoyeco 1o dove By vTtidlivy 50% od otpeap dAom dato (1983—
2004) avd caidatiov 1 dove By voivy 30% (1992-2004) data. Tne ofoepmed o
Vo

GLULAATED OTPEQL GAOM® OOTOL AT GTOTLOV LG OLVOAYGED POP TNE YLPPEVT CYCTELL.
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Dryvpe 5.2. MovinAy crpvAiated avd OBoepmed PLoo op Amwaocn at avaocn (1983-2004)
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Xnoantep 6
Results and Discussion
6.1 I'evepal oBfoepwatiove

% Tne pecLATG LV TNIG HOBEN ape TEPPOPUED PY CETAPATLVY TNE OATEP dEUAVO
Y OVOLTLOVG 1V TO TMO GYEVAPLOG.TNE YLPPEVT MATEP APCTPAYTIOV GLTES APE Y OVOL
O0eped oo oyxevaplo I avd e vem UTAEUEVTIVY GYNEUES MITN TNELP ECTIUATED
®ateP SEUOVOC 1V YouUPLvaTiov 0d YLPPEVT APCTPAYTIOV APE YOVOLIEPED O
c
oyevapro II. Tne yvppevt ayyovvt dop oyevapro l avd oyevapro Il ape 2008 a
vd 2010 peoneytimery. Tne pedepevye oyxevaploc ape yovoldeped ac 2009— 2038
avd  2011-2038 pop yLPPEVT GYEVOPLO ALVO PLTLPE CYEVAPLO PECTEY TLWEAY.
Tnepe 10 pelatimely Vo Ny pLoK 0d ®ATEP SEPLYLT A OPILVY TO TNE AVOAYGL
G 0
oyevaplo I yourmaped to tne oyevapio Il

% 1d e oatep afoTpayTiov XOVIIVLES 00 O YLPPEVT pate (1v Tne oyxevapto I) e
deMmeped MATEP TO AAA depavd G1tec MIAA dexAve dppop 1,018.9 MMX (at 2008) T
0
681.3 MMX (at 2038) dpop €E1GTILVY 1pPLYATIOV GAPUT, ®NEPE ALG TNE LVUET dEUAVO
pioec ppop 56.3 MMX (at 2008) to 561.1 MMX (at 2038).Iv tnic oyevaplo pope
av 50% od ppryatiov matep dediy1t 16 0fGEP®EDS OV JO®V GTPEAL LPPLYOTIOVG

VOUEAY 1V TNE WAOAE avd Aomep eE1GTLVY 1ppLyatiov dapuc. Ppop e avaiyled
PEGLATG, TNE oLy pebuipepevt at 2038 AL Be vvuet Py 46 %.

s Iv e oyxevapro 11, omepe e e&totivy 1ppryotiov oile veapAy dOLVBAEG 1V TNE G
Lp-

Baoiv, tne yprtiyar oatep dePiyit ofoepmed 1V TNE pedepevye GEVAPLO GOP OLAA L
ppryatiov  dapuc. Iv mic oyevoplo tne apovvt odp CLTTAY deMBEPED OIAA dEYALVE
opop 1,437
MMX 10 994.1 MMX ¢pop weapo 2010 1o 2028 peoneytimely. But tne vvuet
depavd proeo dppop 345.2MMX 10 925 MMX (dppop 2010 to 2038).Tne avoaiyclo
GNOMG TNAT TNE GLNTAY pebuipepevt at 2038 AL Be vvuet By 51%.

Tne evtipe oatep peOLIPEUEVTC ALVO LOVINAY GIULAATED ®ATEP deUAVIC 0O PoTn

GYEVOPLOC OpE ooV Berow v v TafArec 6.1 avd 6.2 o1t pecTEYTIDE PLyLEPT.
OOATEP ALAAOYALTIOV TTPLOPLTIES O gayM OEUOLVO VOdE aLpe Sy LOGED At 6.4.
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Table 6.1.Water Demand (not including loss, reuse and DSM) scenario | In Mm3

Nodes Jan | Feb | Mar | Apr | May |Jun | Jul Aug | Sep | Oct | Nov | Dec | Sum
DSirr 35| 34| 32| 179 | 459|429 ]| 104 71264264 | 9.8| 6.5|203.3
Metehara WS 1 0.9 1 1 1 1 1 1 1 1 1 1] 12.2
Nazereth 1.2 1 1.2 1.1 12 11 1.2 12| 11 12| 11| 12| 136
OIDA1 26| 32| 31 0 01] 02| 02| 01 0 0 0] 1.7] 113
uv1 64| 6.2 6 5.9 62| 6.1 21 12| 19| 45 6| 64| 59.1
uv2 98| 94 9 9 94| 93| 31| 19| 28| 69| 91| 98| 895
uv3 135 134|139 | 159 | 174 (191|178 | 86| 99174 | 17 15 179
Sum 38| 375|374 | 508| 81.2|79.7]| 357 211431574 | 441416 568
Water Demand (not including loss, reuse and DSM)

% Scenario: Current Rate, All months FEUvs

~ I uv2

I~ B uvi

I~ Hll Seep4

¥l Seep3

I~ I Seep2

= [ Seep1

I~ HEl OIDA1

¥ [ Nazereth

¥l Metehara WS

¥l Koka Seep

I~ I DSirr

Januar y February March April May June July August September November
Water Demand (not including loss, reuse and DSM)
Scenario: Current Rate, All months
44
42
40
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32
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28
§ 26
g 24
22
b 20]
3 18]
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4
2]
ol
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~ I DSi

[~ Il Koka Seep
[~ Il Metehara WS
¥ C_—_] Nazereth
[~ Il OIDA1

[~ I Seep1

[~ I Seep2

[~ Il Seep3

[~ Hll Seep4

~ B uv1

~ I uv2

~ 0 uv3

Figure.6.1 Monthly average demands (with out including losses) of Current demands
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The total net amount of water required to meet the irrigation demands of all the sites
up to 2028 is 568Mm?>. May and June months with maximum demand requirements
than other months. The middle and lower valley irrigation sites in combination needs
more water in each month.

Nodes Jan Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Sum

DSirr 35| 34| 32| 179 | 459|429 | 104 71264264 | 98| 6.5 203.3
FENT 153 | 138 | 8.3 17| 20.9[293 | 21.8|29.7|1298|251| 20214 252.5
Koka Seep 47| 56| 56 5.6 56| 75| 113|113 | 113|113 ]| 56| 46 89.9
Met Exp 25| 04 1.3 24 22| 29| 41| 438 4| 28| 21| 138 31.2
Metehara Ws 09| 08| 0.9 0.9 09| 09| 09| 09| 09| 09] 09| 09 104
Nazereth 1.1 1 1.1 1 1.1 1 111 1.1 1 1.1 1] 11 12.6
OIDA1 26| 32| 31 0 01| 02| 02] 041 0 0 0| 17 11.3
Seep4 05| 06| 0.6 0.6 06| 08| 13| 13| 13| 13| 06| 05 10
UVv1 64| 6.2 6 5.9 6.2 | 6.1 2| 12| 19| 45 6| 64 59.1
uv2 98| 94 9 9 94| 93| 31| 19| 28| 69| 91| 938 89.5
uv3 135 134 | 139 | 159 | 174191 | 17.8| 86| 99174 | 17 15 179
WAE 17.4 15| 15.9 | 15.5 19185| 22| 03| 84186 | 19| 184 168.5
All Others 28| 34| 34 1.9 19| 26| 38| 38| 38| 38| 19| 24 35.5
Sum 811|764 | 724 | 936 | 1314 | 141 | 79.9 72| 101 | 120 | 93904 | 1,152.80

Table: 6.2. Water demand (with out losses in MMC) with respect to future scenario

Water Demand (not including loss, reuse and DSM)

Scenario: Future, All months
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Figure 6.2 .a .Monthly average water demands of future scenario
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Water Demand (not including loss, reuse and DSM)
Scenario: Future, All months

DSirr
FENT

Koka Seep
Met Exp
Metehara WS
Nazereth
OIDA1
Seep4
uv1

uv2

uv3
WAE

All Others

JINII QA9

<

Januar y February March April May June July August September November

Figure 6.2.b. Monthly average demands of each site with respect to Future scenario

From the above simulated results the total water demand for future scenario in nearly
twice of the current scenario. Fentale integrated irrigation project is the future demand
site with maximum water demand next to down stream irrigations. The above
computed water demand did not include the over losses of the particular systems.

The entire supply requirements including losses for the current and future scenarios
will be described in the tables 6.3 and 6.4 with their respective figures below.

Table 6.3. Supply required including losses (MMC) in Current scenario

Ma
Nodes Jan | Feb | Mar | Apr |y Jun | Jul | Aug | Sep | Oct Nov | Dec | Sum
35. 20. 52. 19. | 12
DSlrr 7| 6.8| 6.5 7] 92| 86 8 14 8| 52.8 7 9 406.6
Koka 1. 11| 11,
Seep 47| 56| 56| 56| 56| 7.5 3 3 3| 11.3]| 56| 4.6 89.9
Metehara
WS 131 12| 13| 13| 13| 13| 13| 13| 13 1.3 13| 13 15.3
Nazereth 14| 13| 14| 14| 141 14| 14| 14| 14 14 14| 14 17
OIDA1 38| 46| 44 0] 02] 03| 03| 0.2 0 0 0] 25 16.2
Seep1 05| 06| 06| 06| 06| 08| 13| 13| 13 1.3 0.6| 0.5 10
Seep2 05| 06| 06| 06| 06| 08| 13| 13| 1.3 1.3 0.6| 0.5 10
Seep3 05| 06| 06| 06| 06| 08| 13| 13| 13 1.3| 0.6| 0.5 10
Seep4 05| 06| 06| 06| 06| 08| 13| 13| 13 1.3| 06| 0.5 10
uv1 99| 96| 92| 91] 96| 94| 31| 19| 29 7] 93| 9.9 91
24, | 23.| 22.| 22. 22. | 24.
uv2 4 6 6 6| 24| 23| 77| 46| 71| 17.2 7 4 223.8
24.| 24.| 25.| 28. 32. | 15. 27.
uv3 5 4 3 9| 32| 35 4 7 18| 31.7 31 2 325.5
79.| 79.| 78. 16| 83.| 55.| 99.| 127.| 93.| 86.| 1,225.2
Sum 2 6 8| 107 | 168 7 3 5 7 7 5 4 0
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Supply Requirement (including loss, reuse and DSM)
Scenario: Current Rate, All months
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Fig: 6.3. Supply required including losses (MMC) in Current scenario

Table 6.4. Supply Requirement (including losses in MMC) for future scenario

Nodes Jan | Feb Mar | Apr [ May [Jun |Jul | Aug |[Sep | Oct | Nov | Dec
DSirr 7 68| 65357 | 918 | 85.7| 20.8 14 | 52.8 | 52.8 | 19.7 | 12.9
FENT 255 23 1139|284 | 348 | 488|364 | 496 | 49.7 | 41.8 331|357
Met Exp 4.2 07| 22| 39 37| 48| 638 79| 67| 46| 35 3
Metehara

WS 1.1 1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 111 11 141
Nazereth 1.3 1.2 13| 13 13| 13| 13 13| 13| 13| 13| 13
OIDA1 4.4 54| 5.1 0 02| 03| 03 0.2 0 0 0] 29
uv1 9.9 96| 92| 91 96| 94| 341 19| 29 71 93] 99
uv2 244 | 236|226 |226| 236 | 232| 7.7 46| 71| 172|227 | 244
Uv3 245 | 2441253289 | 316 | 34.7 | 324 | 157 18 | 31.7 311272
WAE 232 201212207 254|247 | 29 04| 111 ] 247 | 256|245
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Supply Requirement (including loss, reuse and DSM)
Scenario: Future, All months
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Figure 6.4 Supply Requirement for future scenario

6.2. Allocation of Delivered Supplies

As stated in the previous topic there is no high risk of water shortage if the demand
condition continues with the current abstraction rate. According to this analysis there
is no full required supply coverage for both the current and future scenarios. The
delivered amount of water is allocated for each demand site as per to the required
quantity and the priority set in the model, in spite of some portion of unmet rate.

The delivered quantity of water with demand site allocations for both the current and
future scenarios are described in tables 6.5 and 6.6 with there respective figures

93



Table 6.5 Monthly average supply delivered for each demand site in current scenario

(Mm®)

Nodes Jan Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Sum
DSlrr 7| 68| 63| 202| 156 | 1.6 20.8 14 | 52.8 | 52.8 | 20| 129 | 230.6
Metehara

WS 1.3 1.2 1.3 1.3 1.3 1.3 1.3 13| 13| 13| 13| 13 15.3
Nazereth 1.4 1.3 1.4 1.4 14| 14 14| 14| 14| 14| 14| 14 17
OIDA1 38| 46| 44 0 0.1 0] 03] 0.2 0 0 0| 25 15.8
UVv1 99| 96| 9.2 8.8 72| 55| 3.1 19| 29 7] 93] 9.9 84.3
uv2 244 |1 236226 | 21.7| 1771136 | 77| 46| 71172 | 23244 | 2075
Uv3 245 | 244 | 251 | 19.1 92| 43| 324 | 157 181317 31272 | 2627
Sum 7241 715|702 | 724 | 524|278 67 1392|1834 | 112 | 85[79.8| 833.1

Supply Delivered
Scenario: Current Rate, All months,

All Sources
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Figure 6.5 Monthly a
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From the analysis high quantity of water is delivered from months September to

December with pick delivery at October, where as the less quantity of water is
delivered at June.

Table 6.6 Monthly average supplies delivered for each demand site in future
scenario.

verage supplies delivered for all demand sites in current scenario

Nodes

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Sum

DSlrr

7

29

0.7

3.3

1.1

0.1

20.8

14

52.8

52.8

20

12.9

188.2
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FENT 18.2 5.5 0.7 1.5 0 0| 364 496 |49.7 | 41.8| 33357 272.2
Met Exp 38| 02] 0.1 0.2 0 0| 68| 79| 67| 46| 35 3 36.8
Metehara
WS 1.1 1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 111 11 1.1 13
Nazereth 1.3 1.2 1.3 1.3 1.3] 13 1.3] 13 1.3 13| 13| 13 15.7
OIDA1 44 2.3 0.3 0 0 0 03] 0.2 0 0 0| 29 104
OIDA2 1.9 0.8 0.1 0 0 0 0.1 0.1 0 0 0| 14 4.5
uv1 99| 96| 8.9 8.5 82| 88| 3.1 19| 29 7] 93] 99 88.1
uv2 244 | 186 | 111 7.8 75| 7.8 77| 46| 71172 231|244 161.1
uv3 245 | 124 5.5 3 23| 1.7] 324|157 18 | 31.7 | 31| 27.2 205.6
WAE 21.7 6.5 1.1 1.1 0 0 29| 04| 111247 | 26| 245 119.7
Sum 118.3 | 61.1 311 279 215208 | 113|971 | 151 | 182 | 147 | 145]1,115.30
Supply Delivered
Scenario: Future, All months, All Sources
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Figure 6.6 Monthly average supplies delivered at all demand site for the future
scenario
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In the future scenario from the analysis high quantity of water is delivered at months
September to December with pick at October. The minimum amount of water is
delivered at months march to June with maximum unmet demand.

6.3 Unmet Demand and supply Overages

Unmet demand is the supply requirement that is not met. In other words unmet
demand is the differences between supplies require and supply delivered at particular
demand site and time duration. In this analysis the significant quantity of unmet
demand is observed in each demand site the urban water supplies, because of their
low requirement and high priority.

Among the total water requirement of the current scenario (25,728.5 MMC) 5,354.25
MMC is unmet from years 2008 to 2028 for all cumulative demands. Similarly in the
future scenario analysis among the total water requirement (36,688MMC) , the unmet
demand observed is 13,028.9MMC for the years 2010 to 2028.

Table 6.7 and 6.8 with their respective figures below show the average monthly
unmet demands of all sites in the current and future scenarios respectively.

Table 6.7 Monthly average unmet demands for each demand site (MMC) with respect
to current scenario

Nodes Jan Feb | Mar | Apr | May |Jun | Jul Aug | Sep | Oct | Nov | Dec | Sum
DSlrr 0 0| 02| 155 | 76.2 | 84.1 0 0 0 0 0 0| 17641
Metehara

WS 0 0 0 0 0 0 0 0 0 0 0 0 0
Nazereth 0 0 0 0 0 0 0 0 0 0 0 0 0
OIDA1 0 0 0 0 01| 02 0 0 0 0 0 0 0.4
uv1 0 0 0 04 24| 3.9 0 0 0 0 0 0 6.7
uv2 0 0 0 0.9 59| 9.6 0 0 0 0 0 0 16.4
uv3 0 0] 0.2 9.7 | 224|304 0 0 0 0 0 0 62.7
Sum 0 0| 05| 265| 1071 | 128 0 0 0 0 0 0] 2622
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Figure 6.7: Monthly average Unmet Demands in Current Scenario
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Form the analysis high unmet demand is observed in months May and June. More
than 50% of the unmet demand is observed for the down stream irrigation sites at
months April, May and June.
Table 6.8 Monthly average Unmet demands for each demand site with respect to
Future scenario

Nodes Jan Feb | Mar | Apr May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Sum
DSlrr 0| 39| 58| 324 | 90.7 | 856 0 0 0 0 0 0| 2184
FENT 73] 176 | 132 | 269 | 34.8|48.8 0 0 0 0 0 0 148.6
Met Exp 04| 05| 21 3.7 37| 4.8 0 0 0 0 0 0 15.2
Metehara

WS 0 0 0 0 0 0 0 0 0 0 0 0 0
Nazereth 0 0 0 0 0 0 0 0 0 0 0 0 0
OIDA1 0] 3.1 4.9 0 02| 0.3 0 0 0 0 0 0 8.5
OIDA2 0.2 18| 24 0 0.1] 0.1 0 0 0 0 0 0 4.6
UVv1 0 0| 03 0.6 14| 0.6 0 0 0 0 0 0 2.9
uv2 0 51114 147 ] 16.1|15.5 0 0 0 0 0 0 62.7
uv3 0 121 19.9] 258 | 29.3 33 0 0 0 0 0 0 119.9
WAE 15| 136 | 201 | 196 | 254|247 0 0 0 0 0 0 104.9
Sum 95| 57.3 80 | 123.8 | 201.8 | 213 0 0 0 0 0 0| 6857

97




Unmet Demand
Scenario: Future, AIll months

OIDA1
Nazereth
Metehara WS
Met Exp
FENT

EREEEEEEEKE
L

MilionGlicMiter
a A
o N
o O

January March  April May June July  August October December

Unmet Demand
Scenario: Future, All months

DSirr
FENT
Met Exp
Metehara WS
Nazereth
OIDA1
OIDA2
uv1

uv2

uv3
WAE

&
SEEEEEEEEREE
I

January March  April May June July  August October December

Figure 6.8 Monthly average unmet demands for each demand site with respect to
Future scenario

AgaLVO OLTE YOWEPOAYE 1O TNE TEPYEVTAYE 0 PEOBLIPEUEVT TNAT 1G UET. [V TG avolyo
10 TNE PLAA yomwepaye 16 ofoepwmed dop vpPav watep cuvnnites ( Nalepetn avd
LETENOLPA MOTEP GUNTAY) GOP TNE EVTIPE MOVING v fotn oyevaploo. v yvppevt
GYEVAPLO TNE TOOP OEUAVD GLTE YOTWEPAYE LG OPCEPTED POP JOWMV CTPEAL LPPLYATIOVS
ot May avd Suve. Tnece ape tne Hovinoc oitn Niyn depavd pebuipepevioc.@pop
povino Juiy todefpovoapy e Yomwepaye 1G GUAA GOP SEUAVD GLTES LV YVPPEVT CYEVA
plo.

Ay opdivy 1o TNE PUTLPE GYEVOPLO TNE YomEPAYE dpop povinae PeBpuapy 1o Jvve 16
PELATITAY TOOP Pop AAA TNE depavd o1tes e€xent vPPav ®ATeP CLTTALEG. TNE aAvaAy
olG

GNOMG TNAT TNE YOTEPAYE POP Gope depavd G1tes vauely; Oevtaie,Metenapa, eEmav
GOV OLVO MOVPL OPED EETMAVOLOVG OT Lovino May avd Jvve ape Vi.Dpop te
povino July to AgyeuPep e depavd olte yomwepaye 1G GLAA dop AAA GLTEG.

Taprec 6.9 avd 6.10 onow TnAt Tne mepyeviaye op depavd cite yomwepaye pop fotn e
YLPPEVT ALV PLTLPE GYEVOPLOC.
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Table 6.9: Demand site coverage (%) for current scenario

Nodes Jan Feb | Mar | Apr | May |Jun | Jul Aug | Sep | Oct | Nov | Dec
DSirr 100 | 100 | 96.7 | 56.6 171 19| 100 | 100 | 100 | 100 | 100 | 100
Metehara

WS 100 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Nazereth 100 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
OIDA1 100 | 100 | 99.1| 100 | 29.1|125| 100 | 100 | 100 | 100 | 100 | 100
uvi1 100 | 100 | 100 | 96.2 | 74.9|58.7| 100 | 100 | 100 | 100 | 100 | 100
uv2 100 | 100 | 100 | 96.2 | 74.9|58.7| 100 | 100 | 100 | 100 | 100 | 100
Uv3 100 | 100 | 99.1| 66.2 | 29.1|125| 100 | 100 | 100 | 100 | 100 | 100

Table 6.10: Demand site coverage (%) for current scenario

Nodes Jan Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
DSilrr 100 | 43.2 | 105| 9.3 12| 01 ] 100 | 100 | 100 | 100 | 100 | 100
FENT 7131237 53| 53 0 0| 100 | 100 | 100 | 100 | 100 | 100
Met Exp 895|316 | 53| 53 0 0| 100 | 100 | 100 | 100 | 100 | 100
Metehara

WS 100 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Nazereth 100 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
OIDA1 100 | 421 ] 5.3 | 100 5.3 0| 100 | 100 | 100 | 100 | 100 | 100
OIDA2 89.5|316| 53| 100 0 0| 100 | 100 | 100 | 100 | 100 | 100
uvi1 100 | 100 | 97.1| 93.7 | 85.1|93.7| 100 | 100 | 100 | 100 | 100 | 100
uv2 100 | 78.8 | 49.2 | 34.7| 317|334 | 100 | 100 | 100 | 100 | 100 | 100
uUv3 100 51216 ] 105 73| 48| 100| 100 | 100 | 100 | 100 | 100
WAE 936|324 | 53| 53 0 0] 100 | 100 | 100 | 100 | 100 | 100

100
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Figure 6.9. Demand site coverage for Future scenario
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Inflows to Area Feservoir Storage Yolume Supply Requirernent [including loss, reuse and DSh)
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Figure 6.11 some overviews of scenario |l

6.4 Water Availability Analysis

The main feature of this study is to show that the whether the delivered amount of
water from Koka reservoir meets or not all the requirements of demand sites,
sufficiently at all irrigation times. In spite of the variability of water requirement and
priority set for each demand site by the user, the delivered and unmet amount of water
is quite different for each demand nodes.

The overall requirement of water for each demand site depends up on, the size of
irrigable land, water use management of the system, crops of the area and climatic
factors. The above factors determine the quantity of water that is consumed in each
demand site.

The second factor that determines the amount of water that is delivered for each

demand site is the priority of allocation that is set by the user. In this study the
demand site allocations are set in 5 priority orders for the scenario Il and 4 priority
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orders for the current scenario. The priority is mainly set based on the following
circumstances.
1. The urban water supply demands for different purposes such as domestic
use, industrial uses and so on should get the first priority than the irrigation
demands.

2. The close upstream irrigation sites should get similar priority and at the same
time they may get prior order than the far downstream sites. This means not
that all the available water is consumed by upstream sites.

3. The current (existing) demand should be prior than all the future implementing
demand sites. Since the demand sites for future use should be studied and
designed by assessing the water availability that supplies the intended future
requirement or by putting other alternatives.

4. The reservoir site should get the last priority.

In the scenario | if the water abstraction continues in current rate, the total
demand met coverage (2008-2038) will be 63%, where as the annual unmet
demand coverage for the total existing demands will be 37%.For the main upper
valley groups of irrigations UV1, UV2, and UV3 the total unmet coverage as per
to scenario | will be 14%(UV1 and UV2) and 28% for UV3.

After the year 2038 (According to the Scenario |) the annual unmet demand
coverage will increase to 41% for the cumulative demands. For UV1 and UV2 the
annual unmet demand will rise to 47% after 2038 and 52% for UV3.

In the scenario Il analysis (when all the ongoing irrigation demands operated) the
total unmet demand (2010-2038) for all sites will be 43%.All the required water is
met for urban water supplies with out any deficit. In the existing main irrigation
schemes i.e. UV1, UV2, and UV3 the total annual unmet demands are 29%,
29%and 43% respectively. The highest unmet demand coverage is observed for
downstream irrigations i.e. 56%.

After the 2038 the unmet demand coverage will be more than 48% for cumulative
demand sites. The unmet demand site coverage for UV1,UV2 and UV3 at 2038
will be to 27%,27% and 55% respectively.

From the analysis if the current rate of irrigation continues up to 2038 by using Koka
reservoir as a source the water is sufficient only for UV1,UV2,0IDA1 and urban sites
(>75 dependably ) and shortage is observed on others. After the commencement of
on going projects all irrigation projects particularly after 2018.

Table 6.11. Water availability analysis of 30 years from 2008-2038
With respect to Scenario |
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Total Total Met Unmet
delivered Required Demand Demand
Nodes MMC MMC % %
DSlrr 6,546.30 12,605.20 52 48
Metehara
WS 1,093.40 1,094.50 100 0
Nazereth 781.9 782.4 100 0
OIDA1 395.8 501.3 79 21
uvi1 2,416.30 2,820.00 86 14
uvz 5,946.00 6,938.80 86 14
uv3 7,268.70 10,089.70 72 28
Sum 24,448.40 38,858.20 63 37
Water availability analysis at year 2038 (As per to Scenario 1)
Total Total Unmet
delivered Required Met Demand | Demand
Nodes MMC MMC % %
DSlrr 175.3 406.6 43 57
Metehara
WS 123.6 123.7 100 0
Nazereth 55.6 55.7 100 0
OIDA1 3 16.2 19 81
uv1 48.5 91 53 47
uv2 119.3 223.8 53 47
uv3 156.1 325.5 48 52
Sum 811.1 1,372.30 59 41
Table 6.12 .Water availability analysis from 2010-2038
With respect to Scenario Il
Total
supply Total Supply Met Unmet
Delivered | required Demand Demand
Nodes MMC MMC % %
DSlrr 5,238.50 11,792.00 44 56
FENT 7,365.10 12,201.80 60 40
Met Exp 985.9 1,508.40 65 35
Metehara
WS 860.1 860.6 100 0
Nazereth 674.1 674.5 100 0
OIDA1 2324 5471 42 58
uvi1 1,885.00 2,638.00 71 29
uvz 4,639.50 6,491.20 71 29
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uv3 5,374.50 9,438.70 57 43
WAE 2,849.00 6,513.60 44 56
Sum 30,104.10 52,665.90 57 43
Water availability analysis at Year 2038 (As per to Scenario Il)
Total
supply Total Supply Met Unmet
Delivered | required Demand | Demand
Nodes MMC MMC % %
DSirr 163.5 406.6 40 60
FENT 210.6 420.8 50 50
Met Exp 29.5 52 57 43
Metehara
WS 98 98 100 0
Nazereth 49.1 49.1 100 0
OIDA1 1.1 18.9 5.8 94
uv1 66.5 91 73 27
uv2 163.6 223.8 73 27
uv3 147.2 325.5 45 55
WAE 64.9 224.6 29 71
Sum 994 1910.3 52 48

Table 6.13. Average Dependability of the Demand sites at different year’s

interval with respect to Scenario Il (%)
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Sites At2010 | from 2011-2018 | From 2019-2028 | From 2029-2038
DSlrr 61.3 47.8 44.2 41.6

FENT 80.1 67.9 61.3 52.6

Met Exp 83.8 72.4 65.9 58.5

Metehara

WS 100 100 100 99.9

Nazereth 100 100 100 99.9

OIDA1 98.4 715 421 16.4

UV1 96 83 68.9 63.5

uv2 96 83.1 69 63.6

Uv3 89.3 67.2 56.3 48.4

WAE 77.7 55.7 44.5 32.2| Accor
Sum 75.1 60.4 52.6 477 | ding

to the
above table at 2010 all the projects can get sufficient water (with dependability > 75%)
except the down stream irrigations. For the down stream irrigations (Middle and Lower
Valley farms) the deficit gap can be filled by the Kesem and Tendaho dam releases.
From the years 2011 -2018 most of the farms can not get sufficient demand except
the Wonji and Nura Hera farms. From the years 2019 -2038 all demand sites except
urban water supplies will face sever water deficit according to the current
management of Koka reservoir releases.

According to the results of HEC Model done on Awash basin by WWDSE in 2006, if
the 2005 level of irrigation using Koka dam as a source continues through out the
basin, the Koka release is sufficient (>75% dependability) for the current utilization of
the basin up to 2028. However after 2028 except UV1 the other projects will face
sever water shortage.

In the same study ,if the full expansion of the basin utilize water,Koka release is
adequate only for Wonji and Tibila irrigations up to 2028.But other projects up to 2028
and after 2028 will face a sever water shortage.

According to Getenet Kebede study (2007) of optimum allocation of Koka reservoir
the significant shortage will be observed after the commencement of new projects in
2010.Some irrigation projects will not get water at all nearly for seven consecutive ten
days. No 100 % dependability is observed for any irrigation project after 2010.

In his study in the first scenario (2007-2016) the total of 2207.9 MMC and 220.8 MMC
annual average unmet demands is observed. In second scenario (2017-2026) the
total of 3906.2 MMC and annual average of 390.6 MMC unmet demand observed.

However in this study the average annual of 335 MMC unmet demand is observed in
the first scenario and 784.4 MMC unmet demand is observed for second scenario.
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CHAPTER 7
Summary, Conclusion and Recommendations

7.1. Summary

Tne pouv ofeeyTime 0 TNIG OATEP AALOYOTIOV LOOEA 10 TO KVO® TNE LUTAYT Op TNE

Ynnep @malrey 1pplyotiov OEWEAOTUEVTO ALVO EEMAVGLOVG OV TNE ATWALAABIALTY 0) ma
TEP

pecovpyes ohp Amwaon Pactv.Tne matep depavd od e Elotivy avd pLTLPE LPPLYATIOV

o w

e Ynnep Amoacn @warley ape Oemevd LT ov TNE pereace o Koxo pecepmolp v omit

g od

NE OEYPEATIVY LV OTOPUYE YATAYLTY O TNE PEGEPWOLP SVE TO GESIUEVTATLOV.

QEATI codt mape 16 vGed Pop LOdeALVY TNE waTEP aALoyaTiov v e cLB—Pactv. Tne
podel 16 dove Paoced ov 43 yeapo dAom data 1V yawyed otatiove dpop 1962 112004

w o poviniy—Pacec. @popn e Sepovd GLOE TNE LPPLYATIOV MOTEP APCTPAYTIOV LV
g0y M OEUOLVO OLTEG OPE AVOTNEP LVITLTG GOP TNE LOOEA.

Tne Aoacn Pioep Pacty 1o ove od Tne el otLOLEd AVO LTIALED plLmEP PAGLVG 1V TNE
youvipy. Tne promep Pacty 16 Smded v 10 7 TNycloypannty bvito op cv—Lacive. T
ne

otLdy apea (Ynmep Awaon GaAley) 16 ove 0 TnE demEAOTED OPEAT Y TAPLOLG G
AN,

pedtvpn avd Aapye oy are 1ppryatiove. Ippryatiov By dop 16 TNE LAPOP MATEP SEUOVO
avo TNE LPPAV PATEP CLTTAY JEUAVIC OPE LVGLYVIPLYOALVT.

Tne amathaBiiity odp matep pecovpyec dpou Koka dap to tne yovoivevye op Keooe
1)

PLWEP LG LOULVAY OeTEVO LT OV TNE pereace op Koka pecepmwotlp. Tne tvdrom to Koka
PECEPTOLP 10 TNE LOdEAED PAoma ppou Moo Prmep avd Awacn ¢pon Hopfore.lv tne
ovB—Paciv od TnE pouv prmep TnepPe ape ol yovyed atatiove ppop HopPore 1o Amwac
N ot Awocn otatiov. Tne popop cryvidtyavt yovyed 1vOAOMG TO TNE LOLV OLOACT] PL
wWEP ALPE

Moo, Keieta avd ApBa proepo.

Iv 1o 6TLdVY TNE WAy To ape AcceEGTED Py YoteYopLIvy TNE TPOYPOLLS LV TO TMO

GYEVAPLOC.
Zyxevopro I :It 16 podered Py acovuivy 1dp tne yvppevt (2007/2008) Aewer
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00 1pPLyaTiov ¥ovTivues LT T0 2038 M1TN OVLT AOJLTIOVAA EEMAVGLOVE.

Zyxevopio II: It 1o podered By xovoldepivy TNE YLPPEVT AETEA 0 LPPLYATIOV OLVO
TNE VE® EETAVOLOVG ALV SEWELOTUEVTG LVIEP Y OVGTPLYTIOVS Py
OGGLULVY TNE TNE YLPPEVT yeap op 2010.

Yvdep Zyevapio I tne omep Al 1pplyatiov oLTes v TNE cLP—PACTY APE ALUAAYOLUATED L
\Y

TO CETEV OEUAVO VOOEG MLTN TNE TOTOA OYTI@ITY Agwed o 56,501 no dpop 1ppryartio
V.

Ay 0opdLvy TO TNE PEGLATG O TNIC GTLOY TNEPE APE GLYVIPLYOVT LVUET OEUAVOG Op
ppryatiov dediytt v fotn tne oyevaptlo I avd oyxevapro I Idp tne yuppevt pates od 1p
PLYOLTIOVTTPOYEED OLTN OLT ALOJITIOVOA EETOVGLOVS TIAA 2038 Tne toTad ofcepmed vvE
T depavo

o Be 10,383.5 Mp® avd e avvook amepaye LVIET Sepavd 1o 335 Mp® .Qnepe ao ™
€ TOTOA LVUET depovdo mhh Be vy peaced v oyevapto 11 to 22,778.6 Mpu® adtep tne
IUTAEUEVTATIOV O TNE YOVATPLYTIVY TPOPEYTO LT T0 2038 ALVd TNE aEPAYE AVVLOA
LVHET SEpOVS 16 784.4Mp’.

Tne cunmAy peBLIPEUEVT POp TNE YLPPEVT OEUAVO POTE LT TO TNE CTATES YEAP 1G
38,858 M’ , mnepe oo e dryvpe ohh vypeaoe 1o 56,699 Mpu® dop oyevapio II.

Tne totah cunnAy deliweped v T0 2038 dop Potn oyevapro I avd oyevapro II oA
A Be 24,448 ovd 30,184 Mp® peoneytimely. TNE AVVLAA OBEPAYE GOTEP SEUOVS OITT
ovT

yovoldeptvy Aocces 16 720 Mu3 avd tne totad matep depovd vt 1o 2038 1T OVLT
wyALudivy Loooes 16 22,339 My’ dop oyevapto L.

Iv e oyevaptro Il tnepe ape additioval 4 1ppLyaTiov GITEG TNOT OIAA GNOPE TNE QWA
AoPre

oatep PECLOEC TNE TPECEVT MATEP VGE MLTN TNE TOTOA AYTIBLTY AcweA 0 38,654 na..
20

TNE TOTAA 1PPLYoAe apea 1V TNE GuTLPE TYEVAPLO 1G 95,1551 (YLPPEVT LpPLYATIOV AE
WEA TAVG YOVGTPLYTLVY ovyeE). Tne TotaA matep depavd pop oyevapro I dppou 2010 T
02038 10

33,992Mp’ @1t tne avvook awepoye depavs od 1,172Mp’.
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7.2. XovyAvciov

Oniie povy GUAAL avd Aapye GYALE LPPLYATIOVC NOTE PEEV EBWEAOTLVY, TNEPE LG VO
TAQVVED GOALTLOV NOG PEEV GET TO LVYPEATE TNE MATEP AWALAAPIALTY 00 TnE cLB—Pa
GlV.

Dpop TNE AVOAYGLG TEPPOPLED LV TNIC GTLOY TNEPE 1O O GLYVIPLYOVT YT BETOEEV TNE

ppryatiov oatep pebuipepevtc avd e amatiaPrie oatep deAtmeped dpoun Koka
pecepmolp pereace pop puTLvpe Loe. Tne cuitafire moteviial od tppryafAe Aavd v Tne
opea

aAAO®MC TNE EEMAVOLIOV AV EWEAOTTUEVT 0 SLPPEPEVT AETEL O LPPLYATIOV TPOPEYTC

OVAy v e Ynnep Aooacn correy pope tnav 40,000na o tppryatiov oile ape peody
70 e OTMEPALTED LV TNE LV TNE YOULVY TOO YEOPT.

Tne YLPPEVT LOVAYEUEVT AVE ATALAABIALTY 0D MATEP PECOLPYET YOVAD VOT LEET TNE
QLAA PeBLIPEUEVTT O TNE PLTLPE TPOPEY TS YOUPLVED MITN TNE YLPPEVT APGTPOYTIOV
C. 20 TNC

OTLOVY PEBWEALC TNE EETEVT 0 TNE ANTEAPLVY TPOPAEL O 1PPLYATIOV MATEP OEPLYLT O T
ne

Booiv. [ maplovs 1vIeEYpATED LEAGVPES NOTE VOT PEEV ABOTTED TO YOTE LT TNE
dayvy matep onoprtaye tpoPrel, Tne UmayT Loy Be eEnavoed pvpnep.

Iv addttiov 0 0loGEGTIVY TNE MATEP ATALAAPIATY 0 TNE CLPPAYE GLATAY, GOUE
PEYOUUEVOOTIOVS NATE BEEV TLT G TALPT O TNIC GTLOVY.

107



7.3 Peyoupevoatiovo.

Iv Tne mpemiovc GTLOES 0P TNE PACLY TNEPE NATE WAPLOLS PEYOUUEVOATIOVS Peev
dopwapded ov Tne Pacio od tvypeacivy avd tpecepmivy tne Koka pecepmolp yomaytt
y. ®op wvotavye Halypow v 1989 peyoupevoed vypeacivy od KOKO PECEPTOLP
YOTOYLTY By pailcLvy TNE OO NEWYNT P TNpee LETEPG TO €EMALVO TNE OEUAVO AETEA

od omepard Baciv. KBP 1v 2003 peyoupevoed tne oedipevt pavayepevt op Koka
PECEPTOLP AVO YOVGTPLYTIOV O VE® 0PTN PLAA SO PETMEEV TNE TOWEPNOLCE AV TN
€ e€loTivy dapl.

To peet e dvtLpe Gatep peBLIPEUEVTT 1V TNE GLP—PaGLY TNEPE GNOLAD e TWO 0p
LOPE LVTEYPATED LEAGVPES GNOLAD Pe AdATTED OV TNE PACIG MATEP PECOLPYES
povoyepevt. Ove op pope od e PoALOMLVY PEYOULEVOONTIOVE WIAA GOATE TNE PLOK
o matep dePiytt od Tne Baoiv.

1. TIpoaytiyivy edpdrylevt 1pplyatiov oatep LOEG Py ASOTTIVY AO® OATEP
YOVOLULVY
GYOTEUG CLYT OC OPLT PPLYULTIOV LV HOGT GLTES 0 TNE cLP—Pacty avd Tne
TOPTUYVAAP MOTEP LOE LAVAYEUEVT GNOLAS Be TpayTiyed v Nupa Hepa avd
Tipra dapuc.
2. Xovotpuytiov op avotnep peocepwmolp veap Nupa Hipa apea tnat poy cudpdiyt
EVIAY
LOED POP TNE LIITEP WAALEY AYPO—LVIVGTPY ALVO GUAAA GYOAE LPPLYOLTIOVS O
™me
GLPPOLVOLVYG.
3. Xovoepwmatiov op pL00d maTeP 1V TNE PAGLY OLVO LOLVY GTOLTE LPPLYOLTIOV OLT AO
®
dLo® avd Nyn peBLIPEUEVT GEACOVG 0 LPPLYATLOV.
4. Ytrualivy tne Beoeka Aaxke veap Metenapa apea pop Metenapa cuyop yove
eEnavolovo avd Deviade LVTEYPATED LPPLYOTIOVS PBY LALVTOLVLY 1TG TPOTEP
BuaAlTy dop tpplyatiov.
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» ANNEZEA :Moviniy ®Lom data at dihpdpepevt Plrmep ot
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VG v e cuvP—-Pacty

» ANNEE X :Xoumoted 1pplyatiov ootep OgUaVOc ovo

cailevt data pop QEAIT Moder v povin

Ay Baoio pop depavd cite

» ANNEZE A:Xope ModeA peGLUATG
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Topre A.1 Moviniy drom o Awacn at Amach (u¥/cey) (Ppo

ANNEE A:
MovtnAy Ztpeap pAow doto

Taphre A.1. Movinly ¢roo op Awaon ot Awacn (n/oey)
Tapie A.2. Moviniy ¢row o Mogo veap Mogo (1*/cey)
Tapre A.3.Moviniy drow od Kedeto veap Zipe (u*/oey)
Tapre A.4. Moviniy proo op Anacn Pshom Koka (1 /cey)
Tapre A.5. Moviniy drow o Awacn at Nupa Hapa. (u/cey)
Tapre A.6. Moviniy droo o Awacn ot Metenapa (1/cey)
Tapie A.7. Moviniy worom dppop ApPa Pimep(u*/cey)

Tapre A.8. Moviniy dproo op Aoacn Pimep at Aeacn(u/cey)

u MOQP, Hydpoloyy AEROPTUEVT)

Years | Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov Dec

1962 315| 339|489 | 65| 573 | 5716472 | 122 1 139.9 | 4917 | 749 | 6.29
1963 6.59 | 582|346 568 |26.65| 7147413 | 201 | 103.5| 9.78 | 5.08| 3.35
1964 1.71| 3.11[5.26 | 6.61]10.03| 8.3369.38| 145|183.5|29.34 | 6.12| 4.26
1965 23| 161]14.01 1437 | 402 | 3.89|4781 | 158 | 105.3 | 1148 | 6.57 | 6.29
1966 451| 576[391|7.08| 232 | 6.69|61.76 | 248 | 1625 | 16.46 | 4.48 3
1967 239 | 3.11[243[292|13.04|12.48|81.19| 155 11313243 | 16.55| 5.01
1968 55| 9541765349 | 9.79| 9.61]9949 | 177 | 100.1 | 21.66 | 817 | 7.92
1969 8.91 | 12.07 18 | 13.6 | 16.49 | 28.83 | 164.2 | 342 | 128.2| 109 | 7.89 | 557
1970 6.82| 555|245 |7.74| 437 | 6.37 | 183.9 | 321 |143.7 | 1736 | 7.38| 6.57
1971 702 | 348 |2.01|4.73| 5776|4044 |173.3 | 372 | 2702 | 183 | 571 4.7
1972 499 | 876|104 128 | 862 | 11.05|83.35| 155 |55.66 | 7.62| 298| 2.51
1973 339 263 | 25|216| 435| 6.41|50.65| 206 | 163.4 | 33.19 | 4.33 | 3.04
1974 299 | 238 |6.06|7.26| 536| 856 | 1129 | 205| 119.7 | 13.53 | 578 | 4.33
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1975 234 | 222223356 | 3.52|11.18 1329 | 180 | 136.3 | 15.76 | 4.51 | 3.62
1976 339 | 299|517 | 61| 7171102 |70.14 | 168 | 8256 | 8.21| 6.39| 4.11
1977 6.81 | 483 [4.08|6.27 | 7.35|15.77 | 1222 | 213 | 102.9 | 26.35 | 80.26 | 6.38
1978 511 ] 563 [7.43 449 5111923 19194 | 201 | 118.7| 319 | 6.44 | 5.59
1979 714 | 535|8.08|6.52|10.32 | 12.08 | 84.02 | 169 | 67.48 | 18.18 6.6 | 5.36
1980 511 ] 499 | 3.8|3.08| 6.65|11.5199.21 | 227 | 86.3 |12.16 | 4.74 | 4.38
1981 415 | 3.65|159 225 | 795 | 6419467 | 191 187.7 | 1966 | 6.19 | 5.41
1982 456 | 422382583 | 549 6.3 |49.39 | 174 | 7597 | 2712 | 5.96 5
1983 3.99| 385|533 |11.4 2393|2263 |61.39| 2411438 | 16.3| 561 | 4.21
1984 3.86| 277287216 | 4.17 | 2518 | 123.8 | 142 | 1025 | 689 | 3.17| 2.86
1985 2.7 2111682691014 | 7.36 | 87.98 | 286 | 122.7 | 11.21 | 3.65| 3.78
1986 2.08 5.7 | 5.79 | 9.95 8.2 12253 | 7151 | 159 | 1015 | 854 | 3.53 | 3.33
1987 3.01| 3.38 13 24.6 | 2213 | 28.87 | 50.12 | 731 | 17.72 | 6.56 | 3.67 | 3.04
1988 3.27 51| 31423 | 324 | 947 | 5276 | 255 | 1925|2213 | 4.87 | 3.92
1989 434 | 961|687 | 116 | 523 | 893 |110.7 | 190 | 148.7 | 13.31 | 4.07 | 4.26
1990 3.53 | 1186 [ 19.2 | 23.8 | 4.94 | 1097 | 88.73 | 240 | 115.2| 174 | 3.96 3
1991 283 | 4.67 928|268 | 256 | 10.27 | 1004 | 261 | 151.7 | 9.78 | 3.58 | 3.36
1992 3.5 611344 435| 423 |10.78 | 73.87 | 207 | 1418 | 16.76 | 4.15| 3.29
1993 298| 4512551011241 | 275]|126.9 | 270 | 188.7 | 32.42 79| 414
1994 287 | 213|248 469 | 4341022 | 7551 | 161 | 143.1 1686 | 4.95| 4.93
1995 434 | 4.16|3.15|14.7 5.6 1055|7365 | 194 | 7447 | 8.03 | 3.23| 291
1996 553 | 3.89 599|123 |22.08 |82.97 | 1984 | 355 | 129.8 | 1348 | 5.89 | 4.07
1997 413 | 3.023.03|542| 4.19|15.49 | 58.86 | 122 | 31.96 | 10.23 | 10.56 | 6.22
1998 5.11 34 114 | 811154 |25.29 | 1401 | 374 159 | 42.54 | 8.98 | 5.56
1999 5.08 | 3.77 | 467 | 3.36 | 3.53|20.53 | 112.6 | 275 | 63.11 | 4852 | 8.52 | 5.22
2000 423 | 345|202 311 | 5781249 |64.34 | 182 89.79 | 31.39 | 12.31 | 6.16
2001 501 ] 408[10.5|6.62|11.16 | 4211408 | 190 | 76.59 | 1113 | 7.29 | 542
2002 42| 512|642 864 | 832|16.55|93.74 | 208 | 122.6 | 18.98 | 8.09 | 4.47
2003 42| 512|642 864 | 832|16.55|93.74 | 208 | 122.6 | 18.98 | 8.09 | 4.47
2004 42| 512|642 864 | 832|16.55|93.74 | 208 | 122.6 | 18.98 | 8.09 | 4.47
Mean 4.28 | 4.744 | 6.54 | 8.53 | 8.475 | 16.34 | 9546 | 212 | 121.1 | 19.33 | 7.995 | 4.553
Tapre A.2. Moviniy ¢rom o Mogo veap Mogo (1*/aey) (Ppop MOQP, Hydpodoyy AemapTuevt)
years | Jan | Feb | Mar | Apr | May | Jun Jul Aug Sep | Oct | Nov Dec

1962 | 0.66 | 0.81 | 0.99 |1.04 | 1.25| 241 | 917 | 9451427264 | 0.22| 0.25

1963 | 0.35|0.24 | 0.22 | 0.63 | 068 | 1.03|21.05|3133| 232|035| 0.14| 0.18

1964 {0.19 (016 | 0.11 | 047 | 121 | 262 |23.07| 2511254 | 121 128 | 115

1965|041 | 05062 |065| 0.78| 058 | 6.32 | 10.66 | 6.24 | 0.04 0.5| 0.03

1966 | 0.03 | 0.39 | 0.07| 03| 0.03 | 0.61 7814386 | 7711029 | 116 | 1.05

1967 ({114 | 139 | 1.7 179 215| 421 | 115|34.0913.01 | 0.82| 252 | 0.53

1968 | 047 | 092|056 | 12| 082| 1331013 |1761| 461|061 | 034 | 1.29

1969 | 2.16 | 2.81 | 3.86 | 3.77 3.2 | 4.68 | 14.44 | 56.66 751252 162| 1.78

1970 |0.09| 03/025|0.78| 063 | 048 |10.14 | 22.71 | 1256 | 469 | 3.76 | 4.31

1971 | 4.76 | 3.59 | 4.13 | 4.61 64| 9.21)|16.07 | 49.04 | 843|291 | 0.02| 0.17

1972 |0.74| 0.6 |0.63|0.38| 0.48 08| 6.65| 993 | 3.09|049| 035| 041

1973 | 0.54 | 3.07 | 3.86 | 4.02 | 3.56 | 4.66 | 13.31 | 24.52 | 11.89 | 432 | 3.96 | 4.31
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1974 | 4.21 | 3.82 | 5.08 | 3.47 | 4.86 5.6 | 28.61 | 23.16 | 1241 | 246 | 2.23 | 1.98
1975 | 3.36 2|1203]| 34| 3.64 6.7 | 31.87 | 13.68 | 9.68 3| 223 | 221
1976 | 3.06 | 28 3.16 | 3.57| 424 | 561 | 6.32|3092| 461|857 |1221| 935
1977 [ 1.03 [ 1.26 | 155|163 | 196 | 9.08 | 1259 | 2595 | 622 | 61| 0.45| 0.05
1978 | 0.05/089|0.16 | 016 | 037 | 3.21| 344 | 225| 706|059 | 026 | 0.27
1979 | 221 | 3.08 |3.51 | 468 | 248 | 048 | 464 | 965| 1.06 | 0.32| 0.33 0.3
1980 {029 | 0251029 | 028 | 1.05| 439 | 9.61|1523| 232|0.38| 0.27| 0.29
1981 | 2.74 1245|472 | 513 | 299 | 2.96|23.83 |19.87 | 21.61 | 3.13 25| 2.38
1982 | 2.87 1839|346 | 38| 589 | 596 | 7.57|34.38| 8.07 | 367 | 254 24
1983 | 0.23 | 0.33 | 1.6 | 0.45 1.7 281 | 5032812 | 9.08 034 | 022 | 0.23
1984 | 0.16 | 0.14 |/ 019 0.11| 041 | 2.67 1011|1764 | 279|033 | 0.28| 0.25
1985|1021 /0140141029 | 132 | 0.33|10.68 |39.96| 6.75]0.31| 0.33| 0.38
1986 | 0.29 | 0.29 | 048 |1.24 | 067 | 7.82| 816 | 15.37 | 12.64 | 0.37 0.2
1987 {024 | 0.26 | 028 | 1.27 | 099 | 334 | 1.79| 147 | 465|113 | 025| 0.9
1988 {029 | 033|018 | 06| 048 | 154 | 8652124 1151|134 | 0.09| 0.24
1989 | 0.27 | 0231027 | 062 | 014 | 012 | 6.34 3198 | 913|049 | 0.26 0.3
1990 [ 025|093 | 0.6 128 022| 03710431131 | 596|037 | 021 0.29
1991 1 0.27 | 0.33 | 0.71 | 0.36 02| 04617113161 | 899|035| 039 | 0.72
1992 | 065|067 1037|073 | 024 | 116 | 3.75/1698 | 1413 | 0.55| 0.27 | 0.31
1993 | 0.28 | 0.28 | 0.22 | 141 | 155| 0.57|13.87 | 17.07 | 13.87 | 1.36 | 0.37| 0.29
1994 1022 10.16 /| 0.21 1021 | 025| 087 | 5791544 | 124|047 | 034 | 0.34
1995| 03/0.31/048|063| 086 | 101 | 097 | 1117 | 236| 12| 1.08| 1.24
1996 | 1.21 | 115|541 129 | 8.76 | 2461|4466 | 7154 | 824|054 | 037 | 0.32
1997 | 046 | 0.25| 04 |0.76 | 0.31 23| 7.38 1237 1.511.05| 049 | 0.38
1998 | 0.39 | 0.57 | 0.72 |1.22 | 053 | 2.38 | 21.56 | 61.56 | 12.69 | 5.55 0.5| 047
1999 | 047 (036 | 053 037 | 042 | 25122113846 | 357 | 13| 0.33 0.3
2000 | 0.04 | 0.03 | 0.03 | 0.03 | 0.07 | 0.83 7711167 137|012 | 0.05| 0.04
2001 | 0291024 | 205|033 | 113 | 58715112819 | 657|041 | 0.34| 0.35
2002 1| 0.36 | 028039 |032| 036 | 146 | 1013 |11.74] 183 ] 0.35| 0.29| 0.38
2003 | 046 1037 | 0.6 |092| 049 | 22122164109 | 739|044 | 0.31| 0.36
2004 | 0.33 /017 051|113 | 024 | 231| 845|1575| 413|063 | 0.63| 0.58
Mean | 091111133143 |1.628 | 3.353 | 12.56 | 25.16 | 7.878 | 1.58 | 1.081 | 1.015
Tapre A.3.Moviniy dhow o Kedeta veap Zipe (u*/oey) (Ppop MOQP, Hydpodoyy AemopTuevt)
years | Jan | Feb | Mar | Apr | May | Jun Jul Aug Sep | Oct | Nov Dec
1962 | 0.84 | 1.05]|167 | 206 | 213 | 199| 77911931069 | 3.13| 0.89 | 0.72
1963 | 0.72 | 063 | 0.67 | 1.34| 4.78 | 1.03 7212022 | 575|189 | 146 | 1.36
1964 | 0.93 | 0.66 | 0.87 |0.96 | 093 | 144 | 6.19 2133 |16.13 508 | 199 | 1.34
1965 | 0.53 | 0.66 | 1.05|129 | 133 | 048 | 536 | 7.15|10.99| 013 | 0.78| 0.03
1966 {091 | 114 | 1.8 |217| 046 | 1.07| 528 | 8312105424 | 143 | 0.92
1967 [ 0.81 | 065|096 | 1.77| 293 | 141 | 8771729 | 2162 | 188 | 6.31 | 1.92
1968 | 1.14 1 2.81 | 213|116 | 3.01 | 2.57 72| 935[1346 | 531 | 148 | 1.18
1969 | 1.37 1291|101 195 | 2.59 2.7,13.61 3068 | 9.15|216| 1.06 | 0.75
1970 | 1.17 | 1.05 | 5.19 3| 384 | 1371158 3011|1342 | 27| 0.65| 042
1971 1 0.35 | 0.36 | 0.37 | 142 | 2.52 49| 684 | 934 | 725|066 023 | 0.11
1972 | 01,048 1049|218 | 289 | 3.07] 9.03| 159 | 10.7[1.78| 091 ] 0.72
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1973 | 0.62 | 0.54 | 0.55 | 0.56 | 2.21 1.73 511243 | 892|326 | 0.66| 0.52
1974 1045|038 |1.11]065| 042 | 068 | 3.83|19.31|18.85|4.05| 1.02 0.8
19751 0.65 055|051 118 | 1.13 2| 832| 169 ]16.71 | 4.91 16| 1.18
1976 | 1.05 | 0.79 | 1.06 | 1.51 28| 147 | 646 1393 | 964182 | 2.06| 0.94
1977 | 1.23 | 1.46 | 1.65 | 2.67 24| 282 | 836 | 134 | 663|111 ] 4.1 1.09
1978 | 0.74 | 166 | 162 | 0.68 | 0.66 | 1.09 6| 1M9| 774 66| 0.35| 0.22
1979 {041 | 05]0.71 ] 0.91 2 16| 577 1395|1012 | 2.88| 1.07| 0.85
1980 | 0.72 1084 | 13067 | 079 ] 113 | 565| 622 | 419|273 | 057 | 047
1981 | 0.39 1042395738 | 089 | 013 | 4.78 | 17.18 | 37.34 | 4.52 2.1 1.81
1982 |1.84 | 217 1163|448 | 587 | 4831068 | 1764 | 1.38 | 6.69 2] 195
1983 | 1.57 | 152 | 344 | 3451464 | 7.89 | 14.7 1932|2127 583 | 1.05| 0.55
1984 | 045,033 /053 |045| 168 | 1.82| 5.68 871141077 | 0.36| 0.29
1985 | 0.24 | 023 |0.27 |1.02 | 135| 055| 488 | 9.05| 9.69|1.72| 0.86| 0.68
1986 | 1.55 193 | 3.05 | 259 | 382 | 4.02|31.71 1895 |10.09 | 153 | 153 | 1.31
1987 | 0.68 | 0.84 | 516 | 551 | 846 | 8.08 | 6.11| 9.35| 10.81 | 5.18 3| 2.81
1988 | 2.71 | 299 | 255 | 343 | 288 | 289 | 7.72 25742998 |9.02| 4.09| 342
1989 [ 3.33 | 3.05 324 | 582 | 6.02| 568 |22.11| 3546 | 28.84 | 10.8| 4.05| 245
1990 | 3.35 | 10.6 12 15| 538 | 4.65|12.48 | 2297 | 30.53 | 4.07 | 1.21 1.1
1991 {1.04 | 1.08 3.02 | 156 | 1.39| 164 | 596 |19.04| 625|186 | 112 | 1.14
1992 11351183 124|184 | 161 | 2.06| 5123232 4622|144 | 244 | 201
1993 | 215 | 27| 115|312 | 5.03 1.8 110.75 | 2578 | 16.27 | 47| 128 | 0.89
1994 | 0.78 | 0.69 | 0.93 | 0.96 11| 47975312239 | 733|108 | 148 | 1.05
1995 | 0.97 | 0.91 | 2.89 | 346 | 3.53 19116.72 | 2207 | 728 118 | 0.62| 0.69
1996 | 1.2 /055|3.03|3.73| 385| 3.64 1416|2481 2592 | 17| 048 | 041
1997 | 0.89 1 0.34 | 041|058 | 078 | 124 | 119 | 9.05| 5.02|3.78| 4.33| 249
1998 [ 3.03 | 2.36 | 365|214 | 322 | 263 | 6.24 1503|1138 | 7.28| 2.03| 1.39
1999 (134 [ 1151191 122 | 155| 216 | 8.06 | 1333 | 719|141 | 2.06 | 1.38
2000 | 1.33 | 113|122 |136 | 2.85| 256 | 462 | 145 | 712|144 19| 1.24
2001 | 0.23 | 0.18 | 0.91 | 0.55 | 3.31 4.2 8118.05| 555|233| 132 | 0.81
2002 | 1411106 | 132|131 ]| 218 | 187 | 255| 853 | 461|183 | 124 | 115
2003 | 1.31 | 168 | 155|548 | 1.13| 3.98 6.2]1056| 783 | 13| 037 1.39
2004 1036|032 036 |1.02| 077 | 299 | 462 | 754 | 6.07]226| 0.74| 0.51
Mean | 112 138|218 | 2.7 |2.863|2.617 | 10.22 | 16.67 | 13.43 | 5.01 | 1.635 | 1.127
TapAie A.4. Movinly dhoo od Amacn Beroo Koka (1/cey) (Ppou MOQP, Hydpoloyy AemapTuevT)
Years | Jan | Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov Dec
1962 31 29 131.8 1249 |27.21 | 26.56 | 29.35 | 2843 | 241 | 25.6 | 24.91 | 25.41
1963 | 26.5 | 25.7 | 37.1 | 376 | 31.61 | 38.11 | 3248 | 23.67 | 14.1 | 22.8 | 32.22 | 40.06
1964 | 44.3 | 35.2 | 36.8 | 38.3 | 35.07 | 37.89 | 36.64 | 37.11 | 34.05 | 37.6 | 36.07 | 42.21
1965 | 42.7 | 40.8 | 37.1 | 32.5 | 33.99 | 50.24 | 37.6 | 33.08 | 37.8 | 33.5| 31.61 | 40.82
1966 | 42.6 | 44.4 | 48.8 37 [ 33.12 | 28.43 | 29.07 | 43.9 | 4297 | 40.9 | 26.72 | 26.24
1967 | 251 | 294 | 27.2 26 | 242 |23.74 2311 2195|1952 | 241 | 231 |27.55
1968 | 26.3 | 26.1 | 30.2 | 28.6 | 27.95 | 25.56 | 23.74 | 47.23 | 27.21 | 30.6 | 34.79 | 32.67
1969 | 29.7 | 30.1 | 34.6 | 33.1 | 33.57 | 32.61 | 31.82 | 114.2 102 35]29.14 | 31.23
1970 | 534 | 614 | 76.9 | 54.4 | 36.77 | 37.29 | 35.46 | 47.87 | 50.68 | 54.7 | 47.4 | 50.73
1971 | 504 | 34.3 | 34.8 | 28.8 | 52.59 | 57.76 | 71.42 | 172.4 | 132.2 | 31.8 | 28.47 | 30.7
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1972

28.7

25

49

82.3

88.95

52.56

44.06

47.06

31.06

37.2

35.28

31.92

1973

31.8

259

20.7

21.1

21.95

22.05

25.81

25.07

56.82

34.7

26.95

25.2

1974

26.8

225

26.9

33.3

31.22

51.57

58.72

69.12

7741

56.3

29.59

39.48

1975

24.9

20.3

20

15.7

13.15

12.92

12.99

48.35

64.74

37.9

16.5

11.35

1976

30

28.2

30.8

34.9

46.92

34.16

36.41

48.6

57.04

38.4

22.35

23.14

1977

22.7

225

27.8

26

25.25

24.57

35.11

61.21

79.56

46.4

59.25

59.07

1978

38.2

37.3

47.9

41.2

41.67

47.93

58.93

31.95

31.45

49.3

39.79

45.22

1979

49

41

28.8

274

29.99

28.69

21.82

38.76

50.28

41.9

34.24

37.65

1980

414

31.3

22.7

19.6

24.47

27.39

29.17

26.73

25.3

26.1

25.28

23.87

1981

27.6

25.2

27.9

241

21.61

17.84

21.62

39.74

106.9

47.4

5.76

32.79

1982

32.8

245

271

26.4

27.61

33.49

37.53

36.2

35.41

36.4

26.41

26.66

1983

27.8

245

28.5

27.8

27.45

31.27

45

56.94

195.2

57.9

52.97

64.1

1984

45.1

253

27.2

24.3

32.14

31.17

34.35

44.94

45.61

38

37.59

36.04

1985

30.1

275

29.1

27.2

28.96

35.05

32.74

71.36

147.3

27.2

24.41

30.45

1986

35.5

38.7

42.2

41.1

39.75

46.78

61.4

39.64

33.88

34.8

36

36.57

1987

32.3

28.7

30.7

30.1

32.32

30.82

28.24

39.4

29.95

314

26.19

33.01

1988

31.1

27.1

29.1

21.6

16.9

15.69

20.55

11.14

43.35

23.7

20.41

22.19

1989

26.3

245

26.5

24.6

30.83

43.04

42.35

56.05

141.7

64.3

42.51

43.22

1990

38.6

29

29.1

294

33.47

34.59

34.83

35.42

90.13

41

39.03

31.61

1991

31.8

34.3

46.4

33.1

46.95

34.39

42.28

47.26

108.9

50.9

54.58

47.56

1992

53.2

48.8

45.1

39.7

43.78

39.71

34.81

31.42

55.23

39.8

25.81

26.39

1993

28.8

27.2

28.6

27.5

31.75

48.94

40.46

128.5

236

57.9

36.97

36.65

1994

38.4

33.6

43.5

44.9

39.63

37.52

37.34

37.66

38.74

36.3

34.64

38.34

1995

41.9

31.5

33

30.9

33.58

33.53

38.62

41.8

38.51

39.7

38.5

37.62

1996

37.6

34.4

34.1

31.7

32.55

32.7

34.8

284.4

102.1

34.7

33.55

34.34

1997

37.1

42.4

54.1

61.7

70.68

62.71

49.08

54.42

39.57

39.8

35.96

30.66

1998

32.6

29.8

30.8

32.5

33

35.62

36.95

201.9

128.1

66.9

44.53

48.33

1999

49.2

47.4

56.9

54.9

58.88

69.66

76.39

198

74.97

55.8

52.16

55.6

2000

49.2

45.8

50.7

42.2

78.73

66.34

39.7

76.93

69.21

70

46.05

48.93

2001

50.7

46.4

47.4

44.6

50.13

44.63

47.06

52.52

65.66

57.9

55.14

58.38

2002

55.8

50.2

55.6

52.3

55.73

53.62

46.78

55.35

54.79

57.1

43.85

34.74

2003

36

32.5

38

33.1

38.34

27.6

38.96

46.95

87.44

46.7

43.55

46.2

2004

22.4

18.2

17.9

22.2

23.06

23.13

25.61

26.5

39.42

23.7

19.67

20.81

Mean

36.2

32.7

36

34.2

36.92

36.97

37.7

62.35

68.98

415

34.42

36.41

TofAre A.S.

Movtniy drlow op Amacn at

Qover

1¥/oey) (Ppop MOQP, Hydporoyy AsmapTpevt)

Years

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1962

294

27.8

29.7

23.9

26.09

27.08

33.02

27.85

22.44

25.9

26.13

25.42

1963

25.2

246

34.6

36.2

30.31

38.85

36.54

23.19

13.13

23.1

33.79

40.07

1964

34

30.9

40.5

44

37.33

44.93

43.97

45.55

46.58

41.7

35.81

36.13

1965

27.8

253

27.2

26.6

28.85

43.3

38.66

34.07

38.21

34.8

33.97

36.68

1966

44.9

50.6

51.8

37.8

39.1

38.24

41.27

57.09

54.94

50.2

33.84

33.77

1967

29.2

32.4

35

32.8

35.73

30.6

30.92

38.75

36.08

35

33.09

39.39

1968

34.6

34.2

37

39.5

39.84

35.56

35.85

50.1

35.75

38.7

45.53

44.25

1969

27.3

30.8

33.5

32.1

38.11

36.09

34.65

155.3

142.2

45.9

36.62

35.91

1970

22.3

217

35.4

43.8

19.63

39.89

42.74

82.72

50.18

41.5

36.68

38.39

116



1971

29

34.4

38.2

28.2

54.59

58.97

75.64

64.12

41.06

36.4

39.82

32.16

1972

27

34.7

54.8

93.8

103.1

61.69

48.61

52.08

41.5

39.8

37.22

37.27

1973

31.7

26

20.6

21

27.1

31.24

36.12

32.99

62.39

43

36.35

35.08

1974

28.2

23.8

28.9

34

31.81

54.18

58.98

62.43

67.97

56.3

29.98

46.5

1975

53.2

41.1

36.4

34.2

32.13

31.62

39.98

95.06

126.5

68

37.92

37.17

1976

38.7

37

39.5

44

55.12

39.54

42.89

51.99

56.02

46.2

29.12

29.08

1977

28.8

259

28.6

30.5

33.51

48.23

42.28

93.68

126.4

55.5

92.77

91.1

1978

66.6

62

68.7

45.7

48.01

58.48

79.02

34.58

32.18

53.3

46.72

58.47

1979

54.2

48.9

32.7

30.8

33.5

32.48

33.76

54.29

74.46

44.3

47.5

36.7

1980

36.9

334

32.8

25.3

29.04

32.37

35.43

34.57

31.65

31

29.68

30.91

1981

31

30.3

32.5

32

35.59

46.7

53.85

60.57

52.64

52.9

40.65

34.12

1982

43.3

33.3

38

37.4

41.55

44.72

51.67

59.32

43.3

43.4

31.69

31.86

1983

31.5

20.2

33.1

33

34.73

40.23

62.79

79.04

81.01

65.4

56.85

66.17

1984

48.2

27.8

27.2

244

34.83

35.3

38.5

50.47

46.61

38.5

44.3

42.73

1985

354

32.6

33.9

32.2

34.6

41.26

47.56

116.9

194.2

30

26.78

32.4

1986

39.1

35.2

39.7

38.9

39.24

56.87

87.93

54.36

45.28

375

38.09

39.44

1987

35.5

29

33.4

32.8

39.1

33.97

41.93

55.67

42.56

35.6

33.32

34.32

1988

32.9

294

31.4

24.8

18.2

16.7

19.86

10.03

42.04

374

21.54

22.34

1989

23.2

21.8

22.9

25.2

271

35.97

56.78

62.12

104.3

44.6

39.74

37.76

1990

30.8

26.4

29.2

28.8

31.64

34.15

32.29

31.72

92.77

44.7

37.78

37.99

1991

29.5

32.2

43.4

34.2

42.15

29.35

45.62

46.41

122.5

53.6

56.95

46.04

1992

69.4

53.1

29.2

28.9

35.78

27.81

19.25

21.94

67.63

33.1

30.11

31.99

1993

32.7

32.1

32

32.3

34.91

44.92

43.51

66.24

70.34

68.5

37.35

36.21

1994

34.6

31.4

37.6

35

30.45

37.1

43.2

46.94

48.46

42.9

48.94

44.47

1995

39.2

31

33.4

30.1

33.96

36.64

43.31

51.17

41.06

39

37.61

32.3

1996

34.2

32.1

37.3

35.9

36.96

37.69

41.51

194.3

109.2

37.3

30.52

34.48

1997

28.3

274

32.3

27.5

25.73

25.31

23.81

19.22

16.04

18.1

14.24

10

1998

10.1

8.55

9.37

10.3

10.23

12.12

14.37

144.7

94.18

39

24.44

25.19

1999

25.7

19.2

30.5

29.2

37.31

35.25

39.67

95.82

49.35

34.1

29.73

32.19

2000

284

21.1

23.1

22.6

23.04

33.25

23.38

38.08

36.59

354

19.24

14.53

2001

17.6

16.8

16

13

21.71

17.74

22.72

27.71

37.94

21.8

20.5

20.19

2002

37.9

33.8

37.7

36.8

39.17

39.2

44.5

48.55

43.67

37.3

18.1

19.32

2003

18.4

19.6

18.5

19.2

19.46

23.75

35.14

42.6

80.6

44.6

37.56

46.71

2004

40.6

38.2

371

40.9

37.07

42.18

45.26

41.5

33.3

401

34.93

35.36

Mean

34.1

31.1

33.6

32.8

35.06

37.48

42.06

59.44

62.68

41.5

36.13

36.57

TaPre

A.6. MovinA

v dphow op Awacn at Nupa Hapa (1*/osx) (Ppop MOQP, Hydpohoyy Asmaptuevt

Years

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1962

34.6

74.2

53.1

284

30.64

30.05

45.96

72.6

57.77

58

53.76

52.57

1963

29.6

65.8

61.9

42.9

35.59

43.12

50.86

60.45

33.8

51.6

69.52

82.88

1964

39.9

82.6

72.4

52.1

43.85

49.85

61.19

118.8

119.9

93.3

73.68

74.73

1965

32.7

67.6

48.6

31.5

33.88

48.05

53.8

88.82

98.37

77.8

69.89

75.85

1966

52.7

135

92.7

44.8

45.92

42.44

57.45

148.8

141.5

112

69.62

69.84

1967

34.2

86.7

62.6

38.9

41.97

33.96

43.04

101

92.88

78.4

68.09

81.47

1968

40.6

91.5

66.2

46.8

46.79

39.46

49.9

130.6

92.05

86.6

93.67

91.52

117



1969 32

82.2 60 38 | 44.76

40.04

48.23

404.9

366.2

103

75.34

74.28

1970 | 26.2

57.9 |1 63.2 | 51.9 | 23.05

44.26

59.49

215.6

129.2

92.8

75.46

79.4

1971 | 34.1

91.8 | 68.3 | 33.4 | 64.12

65.44

105.3

167.2

105.7

81.4

81.93

66.5

1972 | 31.7

92.7 98 | 111 ] 121.1

68.45

67.66

135.8

106.8

89.1

76.58

77.08

1973 | 37.2

69.3 | 36.9 | 24.9 | 31.82

34.66

50.28

85.99

160.6

96.1

74.78

72.54

1974 | 33.1

63.6 | 51.7 | 40.2 | 37.36

60.12

82.09

162.8

175

126

61.69

96.18

1975 | 62.5

110 65 | 40.6 | 37.74

26.52

48.65

85.29

101.6

45.3

29.59

33.64

1976 | 36.2

37.1 42 1452 | 50.9

34.03

42.85

62.72

57.67

34.7

18.92

21.64

1977 | 25

20.4 | 20.7 | 28.8 | 23.69

27.56

47.03

73.6

81.46

53.3

75.14

60.9

1978 | 43.9

50.8 | 51.8 | 45.8 | 39.32

45.79

67.47

60.28

52.39

55.5

39.16

51.02

1979 | 49.6

42.4 | 40.1 | 39.9 | 42.88

44.23

59.51

80.22

74.37

44

31.04

35.75

1980 | 38.4

31.9 | 34.7 | 29.6 | 24.21

28.02

41.85

40.22

32.85

34.5

22.84

21

1981 | 23.6

25.3 | 37.3 | 36.5 | 29.66

37.29

61.91

98.15

177.9

68.4

28.31

35.82

1982 | 354

35.1 | 28.7 | 26.5 | 35.64

40.68

54.83

79.03

56.44

52.8

25.84

27.59

1983 | 29.8

28.6 | 38.6 | 354 | 84.19

53.9

68.65

89.98

193.4

64.1

53.28

61.35

1984 | 47.6

29.2 | 30.3 | 28.5 | 37.59

36.75

44.55

64.26

64.37

39.6

36.67

37.97

1985 | 33.6

30.1]31.2 ] 38.2 | 38.35

33.03

43.02

102.6

155.4

33.4

28.28

31.16

1986 | 45.6

40.3 | 42.2 | 40.3 | 42.16

55.64

85.91

60.81

51.3

40.4

36.86

39.14

1987 | 29.5

28.8 | 385|454 | 51.94

36.7

34.58

56.58

49.2

31.2

28.17

30.47

1988 | 35.8

29.7 | 30.6 | 29.4 | 17.42

15.71

44.67

59.5

84.69

42.8

21.98

23.05

1989 | 244

26.2 | 26.2 | 34.6 | 32.11

40.22

66.89

84.07

145

471

34.64

37.48

1990 | 29.5

43.7 1444 | 445 | 31.62

32.02

42.16

66.16

123.1

45.7

38.62

28.35

1991 | 27.6

32 | 49.4 | 43.3 | 43.21

30.05

53.87

64.15

138.7

49.2

46.68

45.12

1992 | 62.4

44.7 | 26.3 | 25.6 | 33.74

26.16

34.67

56.12

82.66

34.7

23.35

25.85

1993 | 32.5

28.9 | 26.7 | 29.1 | 36.39

36.09

51.93

82.85

86.28

51.3

29.41

30.24

1994 | 33.9

272|327 | 31.9 | 2548

39.56

77.78

73.67

61.53

38.6

41.58

46.79

1995 | 43.5

300 | 495 | 32.7 | 42.71

73.25

120.2

1609

1326

1003

923.7

925.6

1996 | 88.7

842 | 90.5 | 81.6 | 82.12

97.31

108.1

425.5

443.1

173

45.57

58.48

1997 | 64.3

53.2 1641|619 | 6042

66.02

45.45

89.01

72.3

55.7

51.32

32.61

1998 | 11.9

22.8 1 16.8 | 12.2 | 12.02

13.44

20

377.2

242.5

87.3

50.29

52.1

1999 | 11.9

22.8 1 16.8 | 12.2 | 12.02

13.44

20

377.2

242.5

87.3

50.29

52.1

2000 | 33.3

56.3 | 41.2 | 26.8 | 27.06

36.89

32.54

99.26

94.2

79.1

39.59

30.05

2001 | 20.7

448 | 28.6 | 154 | 25.5

19.68

31.62

72.23

97.66

48.7

42.19

41.76

2002 | 44.4

90.3 | 67.4 | 43.6 | 46.01

43.5

61.93

126.6

112.4

83.4

37.24

39.95

2003 | 21.7

52.5 33 | 22.8 | 22.86

26.35

48.91

111.1

207.5

99.8

77.27

96.6

2004 | 47.7

102 | 66.3 | 48.4 | 43.53

46.81

62.99

108.2

85.73

86.5

68.2

70.5

Mean | 37.1

78.8 | 57.9 | 38.6 | 40.31

40.85

55.81

156.5

150.5

89.7

70.23

72.53

Tofre A.7.

MovtnAy ¢Aow 0¢p Amacn at

Metenapa (1/cey) (Dpop MOQP, HySpoloyy AETOPTUEVT)

Years | Jan

Feb | Mar | Apr | May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1962 22

21.3124.8 | 20.2 | 20.69

18.7

34.32

41.24

51.66

24.8

23.21

23.45

1963 19

21.1]33.9 | 46.1 | 53.15

36.33

41.61

74.87

57.16

38.4

31.6

38.22

1964 | 43.4

35.2 34 | 39.5 | 35.67

41.11

50.37

76.21

65.08

45.6

37.33

41.19

1965 | 43

40.6 | 37.2 | 34.4 | 33.02

40.52

44.7

59.53

69.68

434

31.44

40.42

1966 | 43.4

525 | 52.7 | 43.7 | 33.7

35.05

52.84

77.8

79.96

48.9

27.82

27.05

1967 | 254

31.5 | 25.6 30| 273

24.86

36.75

53.8

67.59

43.8

35.04

30.26
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1968

28.7

30.9

32.9

49.6

39.71

35.37

41.9

69.04

63.55

35.8

36.16

33.79

1969

294

34.8

50.1

35

33.52

30.7

45.82

142.3

125.5

27.2

27.8

20.57

1970

20.9

22.1

80.5

89.9

42.68

30.68

45.47

145.7

137.2

53

31.45

36.97

1971

19.7

17.4

42.6

19.2

32.44

42.95

64.64

116.6

139.6

19

16.61

17.93

1972

30.9

32.5

1.7

61

60.44

44.82

58.29

68.04

46.47

32.1

26.31

24.39

1973

25

13.1

9.78

8.04

9.35

9.23

25.72

36.92

56.47

274

11.93

12.34

1974

15.1

8.61

18

20.7

14.8

39.84

53.69

82.55

117.9

24.9

7.75

25.38

1975

38.3

29.5

24.9

22.3

18.66

22.63

56.35

142.3

2221

41.9

14.24

18.37

1976

25.9

21.9

33.4

38.9

53.18

22.64

43.83

81.3

66.31

23.8

12.63

10.34

1977

21.3

19

17.5

17.8

20.59

21.56

40.02

69.64

82.31

44.9

84.14

55.48

1978

40

45.3

58.4

35.1

273

29.75

68.19

56.6

38.66

46.9

28

41.83

1979

50.7

38

25.6

21.1

25.34

21.15

31.18

58.12

63.17

26.8

21.87

24.03

1980

25.1

227

20

13.9

12.81

16.26

36.02

33.98

21.6

12.9

8.66

10.92

1981

12.1

14.5

26

32.4

16.48

20.98

50.53

89.2

133.4

72

24.98

24.75

1982

18.3

14.3

134

14.7

20.84

14.35

37.82

80.71

44.97

38.3

14.14

15.45

1983

13.4

13.6

17.2

16.8

50.32

30.29

52.55

78.55

155.7

59.1

40.07

50.11

1984

38.3

15.3

14.7

10.6

225

23.66

28.58

52.93

48.42

20.9

21.37

21.53

1985

15.1

134

12.9

21.8

32.63

16.83

49.43

161.6

267.2

17.1

16.39

19.68

1986

27.8

27

34.3

28.2

28.68

39.39

69.95

55.21

32.98

18.8

21.85

23.74

1987

18.9

16.3

33

271

19.05

12.77

10.23

35.54

22.03

6.26

5.52

5.11

1988

9.27

6.2

5.54

10.1

1.72

1.82

15.2

13.86

69.78

24.2

5.14

5.36

1989

6.54

9.47

7.73

21.8

13.2

16.37

46.67

55.03

121.5

29.1

20.13

23.57

1990

16.1

42.5

26.6

274

18.48

23.58

33.56

43.84

127.7

31.2

17.97

15.88

1991

13.5

19.4

32.5

26.3

26.17

15.17

37.76

60.36

142.7

37

37.71

32.56

1992

50.4

50.5

12.5

19.3

21.41

13.43

21.58

45

111.5

32.4

17.69

21.86

1993

31.9

29.2

18.5

22.7

46.51

37.27

50.16

137.7

207

63

25.79

27.38

1994

25

20.1

20.2

21

22.33

20.46

56.08

47.11

49.4

26.8

16.79

17.29

1995

14.4

19.8

39.3

22.8

16.8

29.64

61.17

71.56

49.53

16.3

15.8

15.54

1996

19.1

15.1

31.2

18.3

19.46

21.19

35.12

205

200.5

33.2

17.17

31.34

1997

26.1

17.9

26.8

30.7

22.71

22.8

44.54

50.25

17.92

17.3

11.68

7.2

1998

9.62

9.62

15.9

11.4

9.31

9.77

24.67

2201

148.1

72.1

20.3

24.09

1999

24.3

21.6

27.3

23

27.82

38

76.2

159.5

78.76

75.9

32.84

28.03

2000

37.8

28.2

27.2

26.7

50.71

41.74

40.13

76.47

61.31

61.4

35.94

25.5

2001

28.9

274

27.8

23.3

52.77

25.53

37.28

65.78

66.95

26.9

28.68

31.67

2002

31.4

234

28.1

26

23.82

26.04

35.69

60.04

35.47

18.3

7.23

8.52

2003

12.4

10.1

12.8

15.2

9.87

12.33

35.74

71.13

80.55

28.2

18.43

35.1

2004

24.9

194

26

40.1

20.47

25.36

42.89

80.55

90.49

35

23.24

24.57

Mean

254

23.8

27.9

275

27.64

25.65

43.38

81.48

91.53

354

23.51

24.85

Tofre A.8.

MovtnAy worow ppou ApBa

Pioep(1’/oey) (Ppop MOQP, Hydpodoyy AsTopTuevT)

Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1962

0.64

0.59

0.52

0.6

0.59

0.39

1.45

4.43

2.72

2.7

0.46

0.1

1963

0.55

0.36

0.21

0.39

1.32

0.2

1.34

7.51

1.46

1.63

0.76

0.2

1964

0.71

0.37

0.27

0.28

0.26

0.28

1.15

7.92

4.1

4.39

1.04

0.19

1965

0.4

0.37

0.33

0.38

0.37

0.09

1

2.65

2.79

0.11

0.41

0

1966

0.69

0.64

0.56

0.63

0.13

0.21

0.98

3.09

5.35

3.66

0.74

0.13
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1967 | 0.62 1 0.36| 03]|052| 081] 028]| 163 | 6.42 55]16.2| 329 | 0.28
1968 | 0.87 | 1.58 | 0.66 | 3.37 | 0.83 | 051 | 1.34| 347 | 342|458| 077 | 047
1969 [ 1.04 | 164 1314|057 | 072 | 054 | 253 |1139| 233|186 055| 0.1
19701 0.89 | 059162087 | 1.06| 0.27| 2151118 | 341|233 | 0.34| 0.06
19711 0.27 | 0.2]0.11]0.41 07| 097 | 127| 347 | 184057 | 0.12] 0.02
1972 | 0.08 | 0.27 | 0.15 | 0.64 08| 0.61]| 1.68 59| 272|153 | 047 0.1
1973 1047 | 03]|0.17]0.16| 061| 034 | 093 | 461 | 227 |281| 0.35| 0.08
1974 1 0.34 10210341019 | 012] 013] 071| 717 | 479| 35| 053] 0.12
19751049/ 0.31 /1 0.16 | 0.34 | 0.31 04| 155| 627 | 425|424 | 083 | 0.17
1976 | 0.81045]0.33|044| 0.77| 0.29 1.2 517 | 245|157 | 1.07| 0.14
1977 10931082 |/051]|0.78| 066 | 056 | 155| 497 | 169959 | 214 | 0.16
1978 | 0.56 | 093 | 05| 02| 018] 022 112| 442| 197|569 | 0.18]| 0.03
1979 10.31 /1028|022 |10.26| 055| 032 107 | 518 257|248 | 056 | 0.12
1980 | 055|047 1041 ] 02| 022] 0.22| 1.05]| 231 | 1.07] 2.36 0.3| 0.07
1981 | 03 /024 123|215 024 | 003 | 089 | 6.38| 949| 39| 1.09| 0.26
1982 | 14 (122|051 ]131] 162| 096| 199| 655| 035|577 1.04| 0.28
1983 [1.19/085|1.07 | 1.01 ]| 4.05| 156 | 273 | 717 | 541|5.03| 0.55| 0.08
1984 | 0.34 1019/ 0.16 | 0.13| 047 | 036 | 1.06 | 3.23 29/ 066 | 0.19| 0.04
1985 |10.18 /10.13/0.08| 03| 037] 011 091 | 3.36| 246|149 | 045 0.1
1986 | 1.18 1 1.08 | 0.95 | 0.76 | 1.06 0.8 59| 7.04| 257|132 0.8| 0.19
1987 | 0.52 1047 | 16161 | 234 16| 114 | 347 | 275|447 | 156 | 0.41
1988 | 2.06 | 1.68 | 0.79 1 08| 057 | 144 | 956 | 762|778 | 2.13| 049
1989 | 253 1172|1101 | 17| 166 | 113 | 411 ]13.16| 7.33| 93| 211 ] 0.35
1990 | 2.54 | 595|374 1437 | 149| 092 | 232 | 853| 776|352 | 0.63]| 0.16
1991 | 0.79 /061|094 |1046| 039] 032 111] 7.07| 159[161]| 058| 0.16
1992 {1.03 (1031039054 | 044 | 041] 0.95 12 11751125 1.27| 0.29
1993 | 043 | 1.9|042|1.06| 228 | 0.68| 0.68 25| 3.05|326| 083 | 0.23
1994 | 2.9(263]|0.75]0.07| 045 02| 499 | 6.82 41]10.19| 0.38| 0.16
1995 | 0.04 | 0.03 | 0.74 | 246 | 0.35 01| 031 274 | 1.08|0.04| 0.01] 0.01
1996 | 0.12 01052037 | 055| 0.89 1| 383 | 444|037 | 0.09| 0.06
1997 | 0.1/0.04]|0.09|029| 0.07| 009| 2.02| 4.02| 089|154 | 4.33 0.2
1998 | 1.62 | 0.44 | 0.51 | 0.22 04| 015| 032| 397 | 461[479| 0.18| 0.08
1999 | 0.08 | 0.02 | 0.21 | 0.09 | 0.05 01| 251 349| 387|173 ] 037 0.1
2000 | 0.1]0.06[0.09]023| 0.35| 0.13 111888 | 454|114 1.3] 0.35
2001 1229184278229 | 262 233 4511018 | 455|047 | 0.26 0.3
2002 | 1.07| 0.6]0.41]0.38 06| 037| 047 | 3.16| 117158 | 0.65| 0.17
2003 1/095/048| 16| 031] 079 115| 3.92| 199|112 0.19 0.2
2004 | 027 1018 |0.11| 03] 0.21| 059] 075 2.79| 165|184 | 0.39| 0.07
Mean [ 0.82| 0.8] 0.7]0.84]0.795| 0.512 | 1.627 | 6.078 | 3.596 | 4.02 | 0.844 | 0.163
Topre A.9. Movindy dprow od Awacn Proep ot Awaon(p’/oey) (@pop MOQP, Hydpodoyy AsTopTUEVT)
Year |Jan | Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov Dec
1962 | 204 | 195|234 1249 | 24.04 | 22.81 | 47.99 | 86.54 | 60.93 | 38.1 | 30.52 | 22.62
1963 | 25.8 24 13951598 | 71.74 | 4317 | 57.77 | 185.8 | 129.7 | 44.2 | 41.12 | 48.36
1964 | 46.1 | 41.7 | 41.7 | 50.8 | 46.12 | 48.68 | 75.51 138 | 93.85 | 60.6 | 37.36 | 48.59
1965 56 44 43 | 38.6 | 32.57 | 41.11 | 53.16 | 68.66 | 69.94 | 51.8 | 32.65 | 38.38
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1966

41.9

62.1

56.2

59.2

41.67

40.63

63.44

96.93

97.84

46.6

25.01

28.09

1967

247

28.6

25

314

28.06

25.37

49.37

92.46

86.93

54

53.71

30.6

1968

39.9

56.3

47.2

91.8

58.94

46.87

73.75

98.34

774

49.8

54.71

46.11

1969

45.1

59.7

80.3

49.9

50.18

42.91

83.8

232.5

2011

42.5

34.68

32.1

1970

33

35.1

85.7

66.2

42.79

38.45

61.45

206.3

210.3

41.4

31.24

29.35

1971

30.8

26.8

68.4

29.8

52.08

69.29

104.7

187.2

235.9

294

253

26.84

1972

33.6

37.7

50.9

84.9

93.13

62.82

76.6

92.67

60.31

35.7

26.33

31.27

1973

27.6

18.6

14.2

10.5

17.15

13.11

43.71

91.83

78.39

34.4

18.61

17.58

1974

22.3

15

284

31.9

21.41

54.94

76.83

99.26

133.1

371

11.51

30.82

1975

48

38.3

32.9

291

25.25

28.97

85.13

168

202.2

56.4

18.31

23.84

1976

20.7

31.4

37.4

38.9

55.01

24.82

44.66

98.99

84.64

28.3

19.42

15.94

1977

32.6

27.1

23.2

30.1

27.76

28.59

58.97

112.7

124.5

104

116.1

70.24

1978

53.3

60.7

73.3

42.4

35.79

33.94

86.58

103

65.22

66.9

30.61

51.36

1979

68.5

49.1

35.8

31.3

28.61

25.76

54.98

88.21

91.64

42

27.62

30.82

1980

34.1

28.9

27.9

214

14.69

17.56

48.4

54.67

38.18

28

9.85

17.81

1981

17.1

19.5

54.2

87

34.49

35.96

78.95

131.6

216.2

88

30.21

26.38

1982

28

247

22.8

31.2

42.07

22.61

47.29

102.9

59.58

81.4

21.83

32.94

1983

22.9

26.5

35.2

40.9

99.13

50.79

84.27

149.4

229.9

69.6

59.77

59

1984

43.8

16.9

14.9

9.35

28.28

29.33

38.93

69.43

75.08

241

23.32

26.69

1985

19.8

17.4

17.4

34.5

67.31

20.98

45.77

124.8

201.8

19.7

16.28

25.21

1986

19.9

30.1

30.5

32.1

35.02

50.57

95.89

89.66

57.17

26.6

23.82

26.9

1987

16.9

18.5

20

46.3

51.95

28.27

24.35

65.79

41.38

18.3

15.99

16.91

1988

26.7

21.2

17.8

19.6

5.76

6.64

43.48

118.1

144.4

51.4

13.73

13.79

1989

14.8

21.2

19.8

52.3

22.85

27.29

75.42

102.5

161.1

51.1

26.33

34.36

1990

23.6

85.2

73.3

67.2

32.02

50.1

105.4

190.1

180.6

52.8

34.1

28.54

1991

21.8

20.9

41.3

34.6

35.66

23.32

60.38

81.29

157.4

46

44.81

42.64

1992

69.8

56

253

51.3

35.16

17.8

35.74

123.7

144.7

37

22.8

22.86

1993

66.2

53.3

24.9

38.2

56.77

42.95

63.12

150.9

283.2

74.7

31.83

57.68

1994

30.2

30.8

441

36.3

31.49

33.53

140.1

154.7

154.2

39.6

52.58

44.51

1995

36.4

33.6

69.1

54.5

244

31.34

61.98

100.1

69.98

12.6

29.33

11.5

1996

275

16.7

46.7

354

100.1

79.57

54.1

2811

252.7

274

24.61

43.12

1997

24.9

453

53.8

73.3

42.32

45.14

96.48

102.3

47.87

73.3

71.45

19.69

1998

58.1

27.7

49

13.3

19.8

13.41

186

329.5

238.2

104

36.89

41.39

1999

425

36

69.3

43.6

41.64

60.59

140.9

213.1

127.3

153

53.33

48.74

2000

47.1

34.6

35.8

40.9

70.5

38.92

58.09

129.3

109.5

78.2

42.77

29.7

2001

32.2

29.8

49.6

36.8

44.74

48.84

130

131.4

81.23

33.7

23.41

26.08

2002

31

243

28

29.9

24.77

26.77

44.35

73.22

53.07

27.8

4.32

9.45

2003

34.7

36.9

40

43.6

41.3

37.3

71.6

128.7

130.7

50.2

33.6

32

2004

53.1

33.2

37.4

744

54.35

51.58

108.5

195.7

187.8

69.2

43.74

43.21

Mean

354

34.1

40.8

43

42.07

36.82

72.98

131.2

129

51.2

33.15

32.65
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ANNEX B

COMPUTED EVAPO-TRANSPIRATION DATA FROM METEOROLOGICAL
DATA OF REPERESENTATIVE STATIONS OF THE SUB BASIN

Table B.1.Details of Major Meteorological Stations in the sub-basin

Table.B.2: Wonji are Monthly Meteorological data and Evapo-

transpiration computation
Table .B. 3: Meteorological data of Welenchiti area and Evapo-transpiration calculation

Table .B.4: Meteorological data of Bofa area and Evapo-transpiration calculation

Table .B.5: Meteorological data of Nura Hera station and Evapo-transpiration
calculation

Table B.6: Meteorological data of Melkasa station and Evapo-transpiration calculation

Table B.7: Meteorological data of Metehara area and Evapo-transpiration calculation
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Table B.1.Details of Major Meteorological Stations in the sub-basin

Station Name Latitude |Longitude | Altitude Record Period
(N) (E) (m asl) (year)
Wonii 8’ 27 | 39° 14
1540 1962-2004
0 y 0 y
Nazereth 8" 33 39" 17 1648 1965-2004
iy 0 ; 0 )
Nura Hera 8" 32’ 39° 35 | 1180.0 1996-2005
Melkasa 8" 24’ 39° 20’ 1550 1977-2003
Metehara 8" 51’ 39° 55 | 950.0 1996-2005

TableB.2: Wonji Meteorological station Monthly Meteorological data and Evapo-

transpiration

Months Max.T MinT® | Humidity | Wind Sun Solar Reference Rain fall Effective

Oc ¢ (%) (km/day) | shine | radiation evaporation (mm/month) | rain fall
(hr) (mm/month)

Jan 26.3 11.5 62 69 8.7 20.4 3.6 9 9

Feb. 27.3 13.1 60 60 8.9 22.0 4.0 23 22

Mar 28.9 14.8 57 60 8.7 22.9 4.3 42 39

Apr 29.0 15.3 62 52 8.8 23.1 4.4 59 53

May 30.0 15.5 60 52 8.6 221 4.3 47 43

Jun 29.2 16.7 60 69 8.5 21.5 4.3 78 68

Jul 26.1 16.3 74 60 7.1 19.6 3.8 192 133

Aug 25.6 16.1 74 52 6.9 19.8 3.7 192 133

Sep 26.8 154 73 43 7.5 20.8 3.9 97 82

Oct 27.2 12.0 63 52 8.5 21.6 4.0 48 44

Nov 26.2 11.0 62 60 9.5 21.8 3.8 9 9

Dec 25.6 10.8 63 52 8.4 19.5 3.3 8 8

Year 27.4 14.0 64 57 8.3 21.3 1441 804 643
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The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4

Table B. 3: Meteorological data of Welenchiti area and Evapo-transpiration calculation

Months

Max Min Humidity | Wind Sun Mean RF | ET,
Temp % | Temp °c speed(km/day) | shine
(%) (mm) (mm/month)

Jan

26.5 12.6 52.5 117.0 8.8 19.2 4.09
Feb.

27.8 14.2 50.5 115.3 8.4 33.3 4.45
Mar

29.0 15.1 51.1 110.6 8.3 59.7 4.75
Apr

29.2 15.5 54.0 98.5 8.1 62.1 4.81
May

29.9 16.1 51.9 91.7 8.8 56.9 4.74
Jun

29.1 17.2 55.4 120.7 8.4 68.3 4.74
Jul

26.0 16.4 65.0 128.0 6.8 215.7 4.09
Aug

25.6 16.2 67.6 101.7 6.9 223.5 3.99
Sep

26.8 15.4 64.6 65.6 7.3 98.1 3.97
Oct

27.3 12.6 53.1 79.6 8.7 34.2 4.17
Nov

26.6 11.8 50.5 107.3 9.3 11.0 4.14
Dec

26.1 11.4 51.5 113.9 9.1 8.7 3.95
Average | 27.5 14.6 55.6 104.2 8.2 74.225 4.32

The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4

124



Table B.4: Meteorological data of Bofa area and Evapo-transpiration calculation

Months

Max Min Humidity | Wind Sun Mean ET,
Temp Temp speed(km/day | shine RF
% (mm) (mm/month)

Oc ¢
Jan

30.1 13.5 47.2 117.0 8.8 10.3 4.45
Feb.

30.2 15.0 45.4 115.3 8.4 24.2 4,71
Mar

31.1 15.7 46.0 110.6 8.3 49.1 4.99
Apr

32.2 16.3 48.6 98.5 8.1 48.8 5.10
May

33.1 17.2 46.7 91.7 8.8 53.3 5.04
Jun

32.4 16.8 49.9 120.7 8.4 67.7 5.09
Jul

31.6 16.9 58.5 128.0 6.8 188.8 4.69
Aug

30.4 16.5 60.9 101.7 6.9 180.4 4.45
Sep

32.1 16.3 58.2 65.6 7.3 84.4 4.36
Oct

32.9 16.5 47.8 79.6 8.7 30.8 4.66
Nov

31.0 13.3 45.5 107.3 9.3 8.5 4.55
Dec

30.2 12.8 46.4 113.9 9.1 7.2 4.34
Average | 314 15.6 50.1 104.2 8.2 62.79167 | 4.7
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The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4

Table B.5: Meteorological data of Nura Hera station and Evapo-transpiration calculation

Months Max.T° | MinT® Humidit | Wind Sun | Solar Ref Rain fall Effective
y (%) (km/day) | shin | radiation evaporatio | (mm/month | rain fall
¢ % e MJ/m%da | n ) (mm)
(hr) |y (mm/month
)
Jan
231 |9.6 15 147 7.9 |19 3.8 24.3 8.36
Feb.
243 105 |52 156 7.8 |20.1 4.2 46.9 19.6
Mar
248 115 |52 156 6.6 |19.4 4.3 62.7 24.6
Apr
252 |120 |62 156 6.9 | 20.2 4.4 63.7 33.2
May
239 119 |56 147 6.9 |19.8 4.2 394 10
Jun
22.7 108 |70 121 54 |17.2 3.5 32.4 9.9
Jul
188 |10.1 |81 104 3.1 |14.1 2.6 148.3 79.9
Aug
184 | 100 |82 112 3.1 (141 2.6 148.3 08.7
Sep
200 |100 |76 138 4.8 |16.6 3.1 50.3 17.2
Oct
215 101 |58 190 7.5 119.9 4.1 15.6 0
Nov
21.2 | 8.7 56 156 9.6 |21.3 4.1 4.6 0
Dec
216 123 |54 169 9.3 |19.9 3.7 4.4 0
Mean 2212 | 10.62 | 59.5 146 | 6.57 18.47 | 3.716667 | 53.40833 | 25.1216

The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4
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Table B.6: Meteorological data of Melkasa station and Evapo-transpiration calculation

Months | Tempe | Humidity | Wind Sun Solar Reference Rain fall Effective rain
(%) (km/day) shine radiation evapo- (mm/month) | fall (mm)
Oc (hr) MJ/mZ/day transpiration
(mm/month)

Jan

19.8 50 269 8.9 4.2 6.26 14.5 141
Feb.

21.2 53 276 8.5 4.6 6.58 32.1 30.0
Mar

22.8 52 243 8.7 5.1 6.89 41.4 38.0
Apr

22.8 52 236 8.1 5.0 6.75 53.7 47.9
May

23.3 |58 235 8.7 5.0 6.76 56.6 50.2
Jun

23.1 54 283 8.3 4.8 6.90 65.8 57.1
Jul

16.2 68 278 6.9 4.4 4.94 180.2 115.3
Aug

20.8 70 215 7.1 4.8 5.17 177.8 114.6
Sep

20.7 67 148 7.3 4.8 4.97 85.3 70.7
Oct

20.3 49 196 8.5 4.6 6.03 34.8 32.4
Nov

195 46 256 9.7 4.4 6.50 8.8 8.6
Dec

19.6 49 272 8.8 4.0 6.20 11.6 11.3
Mean | 20.8 |55 242 8.3 4.6 6.1625 63.55 | 49.18333

The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4
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Table B.7: Meteorological data of Metehara area and Evapo-transpiration calculation

Months | Max.T° | MinT° | Humidity | Wind Sun | Solar Ref Rain fall Effective

oo foo | M TS | Mimiday | comionty || )
Jan

31.3 |15.8 |39.2 138.2 8.8 |20.6 5.0 11.97 0.0
i 33.6 |153 |32.3 146.9 10.2 | 3.9 5.9 5.24 0.0
e 343 |18.8 | 379 146.9 8.8 |229 6.0 59 10.28
o 355 194 |38.6 129.6 88 |231 5.9 38.8 0.0
e 36.9 |20.0 |35.7 129.6 9.2 |231 6.1 25.7 0.0
" 36.8 |21.8 | 34.6 172.8 8.8 |22.0 6.6 22.9 0.0
" 33.2 203 |435 190.1 73 1199 5.9 124 46.36
i 334 |20.0 |49.1 146.9 7.3 204 2.4 120.6 1.22
> 334 [19.8 |45.2 121.0 79 |215 5.4 31.4 0.0
o 33.7 |17.0 | 36.9 114.9 88 |221 5.3 33.9 0.0
e 32.1 |140 |33.8 121.0 9.7 |221 5.0 4.91 0.0
> 33.1 [13.1 |33.8 129.6 9.7 1213 4.8 4.79 0.0
Mean | 339 |18.0 |384 140625 | 8.8 |21.9 5.6 40.23 4.82

The monthly mean reference crop evapo-transpiration calculated using FAO CROPWAT 4
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ANNEX C

COMPUTED IRRIGATION WATER DEMAND DATA AND
SALIENT DATA FOR WEAP MODEL IN MONTHLY BASIS

Table C.1. Computed Water demand Data of Wonji Area Irrigations (UV1)

Table C.2. Computed Water demand Data of Nura Era Complexes (UV2)

Table C.3. Computed Water demand Data of Metehara / Abadir area (UV3)

Table C.4. Computed Water demand Data of Small scale irrigation of OIDA

Table C.5. Computed Water demand Data of middle and lower valley farms (DSI )

Table C.6. Computed Water demand Data of Wonji Area Expansions (WAE )

Table C.7. Computed Water demand Data of OIDA small scale irrigations (OIDA2

Table C.8. Computed Water demand Data of Metehara Expansions

Table C.9. Computed Water demand Data of Fentale integrated Irrigation

Table C.10. Computed Water demand Data of Towns’ water supply

Table C: 11.Monthly irrigation abstraction for major irrigation projects according to
WWDSE (2006)
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Table C.1. Computed Water demand Data of Wonji Area Irrigations (UV1)

a. Salient features of UV1
Total activity level (ha) | 7054
Overall efficiency (%) | 60
Major crop Sugar cane
Return flow (%) 20%
Consumption rate (%) 80%

b. Irrigation water use

Wonji area

Existing Irrigation

months Jan Feb | Mar Apr [ May |Jun |Jul | Aug | Sep | Oct Nov | Dec | annual

GIWR (mm) 178.01 | 172.3 | 165.2 | 164 172 | 169 | 55.5|34.2 5131253 | 167 | 178 1632
Monthly
abstraction(MMC) | 12.557 | 12.16 | 11.65| 11.6 | 12.2 1213921241362 884 | 11.8| 126 | 1151
Monthly variation
(%) 10.908 | 10.56 | 10.12 10| 10.6| 104 | 34[209|3.14|7.679| 10.2| 109 100
Water use rate
(m”3/ha) 1780.1 | 1723 | 1652 | 1638 | 1723 | 1695 | 555 | 342 | 513 | 1253 | 1666 | 1780 | 16320
Monthly losses
(MMC) 5.0228 | 4.862 | 4.661 | 4.62 | 486 | 478157096 1453536 | 4.7 | 5.02| 46.05
Return flow MMC) | 2.5114 | 2431 | 2.331 | 231 | 243 | 2.39|0.78/0.48 | 0.72 | 1.768 | 2.35| 2.51 | 23.02
Monthly
consumption(MMc) | 10.046 | 9.724 | 9.322 | 9.24 | 9.72| 9.56 |1 3.13 1193 12.89|7.072| 94 10 92.1
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Table C.2. Computed Water demand Data of Nura Era Complexes (UV2)

a. Salient features of UV2

Total activity level (ha)

8753

Overall efficiency (%)

40

Major crop

Fruits and vegetables

Return flow (%)

10%

Consumption rate (%)

90%

b_.Water abstractions (MMC) of each Farm in (UV2)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Nura Era State 3.775 3134 3.85 5.9 7.9 8.19 7.337 7.26 805 7978 6.98 3.49 73.868
Nura Era Privates 4.64 3.85 473 7.268 9.72 10. 9.02 8.93 9.895 9.81 858 4.29 90.88
Merti Jeju Achamo 0.879 0.73 0.896 1.378 1.84 1.90 1.71 1.69 1.876 1.86 1.63 0.81 17.2
Degaga 042 0515 0.492 0 0.024 0.028 0.028 0.024 0 0 0 0.28 1.81
Tibila 09 0.752 0.922 1417 1.89 1.96 1.758 1.74 1.93 1.91 1.67 0.84 17.7
Merti Jeju State 1.73 144 1762 2.714 3.63 3.76 3.37 3.34 3.69 3.66 3.2 1.6 33.9
UVv2 total 12.35 1042 1262 18.69 25. 2592 23.22 23 255 2522 221 11.3  235.321
c.Irrigation water data used For WEAP Model

Parameters Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Total

IWR(mm) 1411 | 11.88 145 | 2135 | 28,6 | 286 | 26.5| 26.27 29 | 28.813 | 25.21 | 12.91 267.7

Monthly abstraction MMC 12.35 10.4 12.7 | 18.69 25 25| 232 | 2299 | 254 25.22 | 22.07 11.3 234.3

Monthl

Variatio}r/1 (%) 5.271 | 4.439 54 | 7977 10.7 10.7 | 9.91 | 9.813 10.8 | 10.765 | 9.419 | 4.823 100

Water use

rate(m”3/ha 1411 1188 1445 2135 | 2856 | 2856 | 2653 2627 | 2902 | 2881.3 2521 1291 26766

Monthl

Iossess(lMMC) 7.41 6.24 759 | 11.21 15 15 13.9 | 13.79 15.2 | 15132 | 13.24 6.78 140.6

Return flow MMC 1.235 1.04 1.27 | 1.869 2.5 25| 232 | 2299 | 254 2.522 | 2.207 1.13 23.43

Total consumption (MMC) 11.12 9.36 114 | 16.82 | 225 | 225 | 209 | 2069 | 229 | 22698 | 19.86 | 10.17 210.9
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Table C.3. Computed Water demand Data of Metehara / Abadir area (UV3)

a. Salient Features

Total activity level (ha) | 12896
Overall efficiency (%) | 55

Major crop Sugar cane
Return flow (%) 20%
Consumption rate (%) 80%

b. Irrigation water data of UV3 used

For WEAP Model

Parameters Jan Feb Mar | Apr May | Jun | Jul Aug | Sep | Oct Nov | Dec | Annual
IWR(mm) 140.7 | 139.3| 145|164.9| 181 | 198 | 186 [89.56 | 103 | 181.2 178 | 155.9 1862
Monthly

abstraction MMC | 18.14 | 17.96 | 18.7 | 21.26 | 23.3 | 25.6 | 23.9 | 11.55 | 13.3 | 23.37 | 2295 | 20.1| 240.1
Monthly variation

% 7555 | 748 | 7.818855| 9.7| 106 | 9.97| 481 | 554 9.73 | 9.559 | 8.372 100
Water use

rate m"/ha 1407 | 1393 | 1452 | 1649 | 1805 | 1983 | 1856 | 895.6 | 1031 | 1812.2 | 1780 | 1559 | 18620
Monthly losses

MMC 8.163 | 8.082 | 8.42 | 9.567 | 10.5| 11.5| 10.8|5.198 | 598 | 10.52 | 10.33 | 9.045 | 108.1
Return flow MMC | 3.628 | 3.592 | 3.74 | 4.252 | 466 | 511 | 479 | 2.31| 2.66 467 | 459 | 4.02| 48.02
Total

Consumption

(MMC) 14.51 | 14.37 1511701 | 186 | 20.5| 191 ] 9.24 | 10.6 18.7 1 18.36 | 16.08 | 1921
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Table C.4. Computed Water demand Data of Small scale irrigation of OIDA Under operation (OIDA 1)

a. Salient Features

Total activity level (ha)

1607ha

Overall efficiency (%)

60

Major crops

Sugar cane

Return flow (%)

10%

Consumption rate (%)

90%

b. Water abstraction of each OIDA Farms(MMC)

Irrigated
Scheme Name Land (ha)

Melka Oba 1
Qobo Malmele
Melka Oba 2
Batu-Degaga
Doni WV
Doni Care
Gara Dima
Lugo

Sara

Weba

Sogido 1
Sogido 2
Total OIDA 1

60
30
40
100

200
300
57
120
160
70
70
1607

Abstracted Water per month

Jan
0.14
0.07

0.094
0.234
0.935
0.468
0.701
0.133
0.281
0.374
0.164
0.164
3.757

Feb
0.17
0.09
0.11
0.29
1.15
0.57
0.86
0.16
0.34
0.46

0.2

0.2

4.6

Mar
0.16
0.08
0.11
0.27
1.09
0.55
0.82
0.16
0.33
0.44
0.19
0.19
4.39

>
S

OO OO0 O0ODODO0OO0OO0OO0oOOoOOo

May
0.01

0
0.01
0.01
0.05
0.03
0.04
0.01
0.02
0.02
0.01
0.01
0.21

Jun
0.009
0.005
0.006
0.016
0.063
0.032
0.047
0.009
0.019
0.025
0.011
0.011
0.253

Jul
0.009
0.005
0.006
0.016
0.063
0.032
0.047
0.009
0.019
0.025
0.011
0.011
0.253

Aug

0.008
0.004
0.005
0.013
0.053
0.026
0.039
0.007
0.016
0.021
0.009
0.009
0.211

Sep

[elelNeololNolNolNoelNollolNolNolNolNo]

Oct

OO OO OO0 O0OO0OO0OO0oOOoOOo

zZ
(@]
<

[eolelNololNelNolNolollololNolNolNe]

Dec
0.093
0.046
0.062
0.155

0.62
0.31
0.465
0.088
0.186
0.248
0.108
0.108
2.49

Annual
0.6036
0.3018
0.4024

1.006

4.0239
2.0119
3.0179
0.5734
1.2072
1.6096
0.7042
0.7042
16.166

134



C.Irrigation water demand data required for WEAP

Parameters Jan Feb Mar | Apr | May | Jun | Jul | Aug Sep | Oct Nov | Dec

IWR(mm) 233.8 | 286.2 | 273 0131 ]15.7|15.7 | 13.13 0 0 0] 1549 | 1006
Monthly abstraction

MMC 3.757 4.6 | 4.39 0]0.21]0.25|0.25 | 0.211 0 0 0| 249 | 16.17
Monthly variation % 23.24 | 28.45 | 27.2 0| 13]1.56|1.56 | 1.305 0 0 0| 154 100
Water use rate m*/ha 2338 | 2862 | 2732 0] 131 | 157 | 157 | 131.3 0 0 0| 1549 | 10060
Monthly losses MMC 1.503 | 1.84 | 1.76 0]0.08| 01| 0.1]0.084 0 0 0] 0.996 | 6.466
Return flow MMC 0.376 | 0.46 | 0.44 0 0.02 |0.03 | 0.03 | 0.021 0 0 0]0.249 | 1.617
Consumed Water (MMC) | 3.381 | 4.14 | 3.95 0/019]0.23|0.23]| 0.19 0 0 0]2241 | 14.55

a. Salient Features

Table C.5. Computed Water demand Data of middle and lower valley farms (DSI )

Total activity level (ha) 26191ha
Overall efficiency (%) 50
Major crops Cotton,
Return flow (%) 10%
Consumption rate (%) 90%

b. Irrigation water data of Existing downstream irrigation farms of UV3
Parameters Jan Feb | Mar | Apr | May |[Jun | Jul | Aug Sep | Oct | Nov | Dec | Annual
GIWR(mm) 2241 | 21.7 | 21| 114 | 292 | 273 | 66.2 |44.63 | 168 | 168 | 62.58 | 41.1 1293
Monthly abstraction
MMC 2828 |274 | 26| 144 | 368 | 344 |83.6 |56.32 | 212 | 212 | 78.97 | 51.8 1632
Monthly variation % 1.733 | 168 | 1.6 88| 226 | 21.1|5.12 | 3.451 13 13 |1 4.839 | 3.18 100
Water use rate
m*/ha 2241 | 217 | 208 | 1139 | 2917 | 2726 | 662 | 446.3 | 1678 | 1679 | 625.8 | 411 12933
Monthly losses
MMC 2935 1285 27| 149 | 38.2 | 35.7 | 8.68 | 5.845 22 22 1 8.195 | 5.38 169.4
Return flow MMC 1174 [ 114 | 11| 596 | 1563 | 143 | 3.47 | 2.338 | 8.79 8.8 |3.278 | 2.15 67.75
Consumption MMC 4696 | 455| 44| 239 611 ] 57113919352 | 352 | 352 ] 13.11 | 8.61 271
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Table C.6. Computed Water demand Data of Wonji Area Expansions (WAE )

a. salient Features

Total activity level (ha) | 16715ha
Overall efficiency (%) | 80
Major crops Sugar cane
Return flow (%) 10%
Consumption rate (%) | 90%
Implementing time 2010

Farm Irrigable area (ha)
Woniji Dodota 3741

Woniji WakeTio 512

Welenchiti 9000

Bofa 3462

Total 16715

b.Irrigation water demand data of Wonji area irrigation Expansions

Parameter Jan Feb | Mar Apr | May | Jun Jul Aug | Sep Oct Nov Dec | Total
GIWR mm 130 | 1125| 119 |116.3 | 143 | 139 | 16.3 25(625|138.75| 143.8 | 137.5| 1260
Monthly

abstraction(MMC) | 21.73 18.8 | 19.8 | 19.43 | 23.8 | 232|272 | 0418 | 10.4 | 23.192 | 24.03 | 22.98 | 210.6
Monthly variation

(%) 10.32 | 8.929 | 943 |9.227 | 11.3 111129 0.198 | 496 | 11.012 | 11.41 | 10.91 100
Water use rate

(M”3/ha) 1300 1125 | 1188 | 1163 | 1425 | 1388 | 163 25| 625 | 1387.5 | 1438 | 1375 | 12600
Monthly losses

MMC 4346 | 3.761 | 3.97 | 3.886 | 4.76 | 4.64 | 0.54 | 0.084 | 2.09 | 4.6384 | 4.806 | 4.597 | 42.12
Return flow MMC | 2.173 1.88 | 1.98 1943 | 2.38 | 2.32 | 0.27 | 0.042 | 1.04 | 2.3192 | 2.403 | 2.298 | 21.06
Consumption

(MMC) 1956 | 16.92 | 17.9 1749 | 214 | 209|244 | 0.376 | 9.4 | 20.873 | 21.63 | 20.68 | 189.5

136



Table C.7. Computed Water demand Data of OIDA small scale irrigations (OIDA2)

a. Salient Features

Total activity level (ha) | 609ha
Overall efficiency (%) | 60

Major crops Sugar cane
Return flow (%) 10%
Consumption rate (%) 90%
Implementing time 2010

b.lIrrigation water demand data of OIDA proposed small scale irrigations

Parameters Jan Feb Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Annual
GIR mm 233.76 | 286.3 | 273 0]13.1]158 | 158 | 13.1 0 0 0| 155 1006
Monthly

Abstraction MMC 1.4236 | 1.744 | 1.66 0]008]| 0.1 0.1 | 0.08 0 0 0| 094 | 6.126
Monthly variation

% 23.238 | 28.46 | 27.2 0]131]157 | 157|131 0 0 0| 154 100
Water use rate

(m"3/ha) 2337.6 | 2863 | 2732 0| 131 | 158 | 158 | 131 0 0 0 | 1550 | 10060
Monthly losses

MMC 0.5694 | 0.697 | 0.67 0] 0.03|0.04|0.04]0.03 0 0 0| 0.38| 2451
Return flow MMC 0.1424 | 0.174 | 0.17 0] 0.01]0.01]0.01|0.01 0 0 0| 0,09 | 0.613
Consumption

MMC 1.2813 | 1.569 1.5 0] 0.07 | 0.09 | 0.09 | 0.07 0 0 0| 0.85| 5.514
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Table C.8. Computed Water demand Data of Metehara Expansions

a. Salient Features

Total activity level (ha) | 3200ha
Overall efficiency (%) | 70

Major crops Sugar cane
Return flow (%) 20%
Consumption rate (%) 80%
Implementing time 2009

b.Irrigation water demand data of Metehara expansion

parameters Jan Feb Mar Apr May Jun Jul Aug Sep | Oct | Nov | Dec | Annual
GIR mm 78.698 | 12.73 | 42.013 | 73.94 | 69.462 | 89.2 | 127.6 149 | 124 | 86.7 | 65.6 | 55.6 | 974.8
Monthly abstraction

MMC 2.5183 | 0.407 | 1.3444 | 2.366 | 2.2228 | 2.854 | 4.082 | 4.768 | 3.98 | 2.77 | 2.1 ] 1.78 31.2
Monthly Variation % 8.0729 | 1.306 | 4.3098 | 7.585 | 7.1255 | 9.15|13.09 | 1529 | 12.8 | 8.89 | 6.73 | 5.7 100
Water use rate m*3/ha | 786.98 | 127.3 | 420.13 | 739.4 | 694.62 892 | 1276 | 1490 | 1244 | 867 | 656 | 556 9748
Overall Loss 0.7555 | 0.122 | 0.4033 | 0.71 | 0.6668 | 0.856 | 1.225| 1.43 | 1.19]0.83 | 063 | 0.53 | 9.359
Return Flow MMC 0.5037 | 0.081 | 0.2689 | 0.473 | 0.4446 | 0.571 | 0.816 | 0.954 0.8]1055|042]0.36 | 6.239
Consumption MMC 2.0147 | 0.326 | 1.0755 | 1.893 | 1.7782 | 2.283 | 3.266 | 3.815 | 3.18 | 2.22 | 1.68 | 1.42 | 24.96
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Table C.9. Computed Water demand Data of Fentale integrated Irrigation

a. Salient Features

Total activity level (ha) | 18,130ha
Overall efficiency (%) | 60
Major crops Sugar cane,
cereals,

vegetables, Forage

Return flow (%)

20%

Consumption rate (%)

80%

Implementing time

2010

b.Irrigation water demand data

of Fentale irrigation

Parameters Jan Feb | Mar | Apr | May |Jun | Jul Aug Sep | Oct Nov Dec Annual
IWR(mm) 84.5| 7641 46 | 93.8 | 115 | 161 120 | 1641 165 | 138.46 | 109.5 | 118.3 1393
Monthly abstraction

MMC 15.32 | 13.8 8.4 171 209 | 29.2 | 21.8 | 29.75 | 29.9 | 25.103 | 19.85 | 21.44 252.5
Monthly variation % 6.067 | 5.47 33| 674 | 828 | 116 | 865 | 11.78 | 11.8 | 9.9417 | 7.862 | 8.491 100
Water use rate m*/ha 845 | 761 | 462 | 938 | 1153 | 1609 | 1205 | 1641 | 1650 | 1384.6 | 1095 | 1183 | 13926
Monthly losses 6.128 | 5.52 3.4 68| 836 | 11.7| 8.74 11.9 12 1 10.041 | 7.941 | 8.576 101
Return flow MMC 3.064 | 2.76 1.7 34| 418 | 583 | 4.37 5.95 | 5.98 | 5.0206 3.97 | 4.288 50.5
Consumption MMC 12.26 11 6.7 | 136 | 16.7| 233 | 17.5 23.8 | 23.9|20.082 | 15.88 | 17.15 202
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Table C.10. Computed Water demand Data of Towns’ water supply

1. DEMAND DATA OF NAZERETH WATER SUPPLY

a. Salient features

Total activity level 281560
(People)

Annual Growth rate % | 3.2
Loss and Leakage (%) 20
Consumption rate % 80

b.Monthly Water demand data of Nazereth Town

Parameters Jan Feb | Mar Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec | Annual
Monthly water

demand Mm® 0.55| 05| 0552|053 055|053 |055)|0.55|0.534|0.55|053]0.55 6.5
Monthly variation

% 849 | 7.67 | 8493 | 8.22 |849|8.22 849|849 |8.219|849|8.22 | 849 100
Consumption

Mm3 044 | 04| 044210431044 104310441044 |10.427 1044 /1043|044 5.2
Losses Mm3 011 | 0.1 0.11,0.11/0.11]0.11]0.11] 0.11] 0.107 | 0.11 | 0.11 | 0.11 1.3
Water use rate

m®/person 1.96 | 1.77 | 1.961 19119 | 19|196]196 1897 19| 19]1.96| 23.09

140



2. DEMAND DATA OF METEHARA WATER SUPPLY

a. Salient features

Total activity level
(People)

34100

Annual Growth rate % | 6

Loss and Leakage (%)

20

Consumption rate %

80

b.Monthly Water demand

of Metehara Town

Parameters Jan Feb Mar Apr May | Jun Jul Aug Sep | Oct | Nov | Dec Ann
Monthly water

demand Mm® 0.2548 0.23 | 0.255 | 0.247 | 0.25 | 0.247 | 0.25 | 0.255 | 0.25 | 0.25 | 0.25 | 0.255 3
Monthly variation % | 8.4932 | 7.671 | 8.493 | 8.219 | 849 | 8.219 | 849 | 8.493 | 8.22 | 8.49 | 8.22 | 8493 | 100
Consumption Mm3 0.2038 | 0.184 | 0.204 | 0197 | 020197 | 02]0.204| 02| 02| 02]0204| 24
Loss leakage Mm3 0.051 0.046 | 0.051 [ 0.049 | 0.05 | 0.049 | 0.05 | 0.051 | 0.05 | 0.05 | 0.05 | 0.051 0.6
Water use rate

m3/person 7472 | 6.749 | 7472 | 7231 | 747 | 7231 | 747 | 7472 | 723 | 747 | 7.23 | 7.472 88
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Table C:11.Monthly irrigation abstraction for major irrigation projects according to
WWDSE (2006)

Scenario 1
Site Jan | Feb Mar Apr May Jun Jul Aug Sep Oct | Nov Dec Annl
uvi 125 | 12.14 | 116 1153 | 12.09 11.93 3.94 2.4 3.63 8.79 | 11.7 12.55 115
uv2 8.83 | 8.6 8.22 8.17 8.56 8.45 2.79 1.7 2.57 6.23 | 8.29 8.88 81
uvs 18.1 | 17.96 | 18.72 | 21.26 | 23.28 25.57 23.93 | 1155 | 1329 |234 ]2295 |20.1 240
MV1 558 | 569 |5.44 5.4 5.66 5.59 1.85 1.13 1.7 412 | 5.48 5.88 54
MV?2 0 0 0 7.36 21.33 19.84 4.67 3.18 1274 | 12.2 | 3.29 1.47 86
MV3 0 0 0 3.14 9.09 8.84 1.99 1.36 5.43 512 | 1.4 0.63 37
LV1 0 0 0 1.92 5.56 5.17 1.22 0.86 3.32 3.13 | 0.86 0.38 22
LV2&3 |0 0 0 12 34.76 32.33 7.62 5.19 20.76 | 19.6 | 5.36 2.4 140
Sum 454 | 4439 | 4339 |70.78 | 120.34 | 117.34 | 48.01 | 27.34 | 63.44 | 824 | 59.32 | 52.3 775
Scenario Il
Site Jan | Feb Mar Apr May Jun Jul Aug Sep Oct | Nov Dec Annl
uvi 125 | 12.14 | 116 11.53 | 12.09 11.93 3.94 2.4 3.63 8.79 | 11.7 12.55 115
uv2 8.83 | 8.6 8.22 8.17 8.56 8.45 2.79 1.7 2.57 6.23 | 8.29 8.88 81
uvs 18.1 | 1796 | 18.72 | 21.26 | 23.28 25.57 23.93 | 1155 | 1329 |234 ]2295 |20.1 240
MV1 558 | 569 |5.44 5.4 5.66 5.59 1.85 1.13 1.7 412 | 5.48 5.88 54
MV?2 0 0 0 7.36 21.33 19.84 4.67 3.18 1274 | 12.2 | 3.29 1.47 86
MV3 0 0 0 3.14 9.09 8.84 1.99 1.36 5.43 512 | 1.4 0.63 37
LV1 0 0 0 1.92 5.56 5.17 1.22 0.86 3.32 3.13 1 0.86 0.38 22
Tendaho | 76.2 | 77.7 | 84.3 86.6 156.9 162.75 | 149.4 | 151.9 | 145.4 | 120. | 108.9 | 94.67 1415
new 6
Sum 121. | 122 128.3 | 154.3 | 242.44 | 24776 | 189.8 | 174 188.1 | 183. | 1629 | 144.6 | 2050
6 4
Scenario 111
Site Jan | Feb Mar Apr May Jun Jul Aug Sep Oct | Nov Dec Annl
uvi 21.2 | 206 | 19.7 19.55 | 20.5 20.23 6.7 4.07 6.15 149 | 19.8 21.3 195
4
uv2 8.83 | 8.6 8.22 8.17 8.56 8.45 2.79 1.7 2.57 6.23 | 8.29 8.88 81
uvs 23.8 | 2359 | 24.6 27.9 30.6 33.6 31.4 15.17 | 1745 |30.7 | 30.13 | 26.4 315
Kesem 19.9 | 22.8 | 26.2 36.8 52.3 54.3 36.6 31.9 40.1 41.1 | 34.2 0 396
MV?2 0 0 0 7.36 21.33 19.84 4.67 3.18 1274 | 12.2 | 3.29 1.47 86
MV3 0 0 0 3.14 9.09 8.84 1.99 1.36 5.43 512 | 1.4 0.63 37
LV1 0 0 0 1.92 5.56 5.17 1.22 0.86 3.32 3.13 | 0.86 0.38 22
Tendaho | 76.2 | 77.7 | 84.3 86.6 156.9 162.75 | 1494 | 1519 | 1454 | 121 | 108.9 | 94.67 1415
Sum 150 | 153.3 | 162.9 | 191.4 | 304.7 312.8 234.8 |210.1 | 2332 | 234 | 207 153.7 | 2548
Scenario IV
Site Jan | Feb Mar Apr May Jun Jul Aug Sep Oct | Nov Dec Annl
uvi 35 339 | 324 32.2 33.8 33.3 11.02 | 6.71 10.12 | 245 | 32.7 35.03 | 321
5
uv2 8.83 | 8.6 8.22 8.17 8.56 8.45 2.79 1.7 2.57 6.23 | 8.29 8.88 81
uUvs 23.8 | 23.59 | 24.6 27.9 30.6 33.6 31.4 15.17 | 1745 | 30.7 | 30.13 | 26.4 315
Kesem 199 | 228 | 26.2 36.8 52.3 54.3 36.6 31.9 40.1 41,1 | 34.2 0 396
MV?2 0 0 0 7.36 21.33 19.84 4.67 3.18 12.74 | 12.2 | 3.29 1.47 86
MV3 0 0 0 3.14 9.09 8.84 1.99 1.36 5.43 512 | 14 0.63 37
LV1 0 0 0 1.92 5.56 5.17 1.22 0.86 3.32 3.13 1 0.86 0.38 22
Tendaho | 76.2 | 77.7 | 84.3 86.6 156.9 162.75 | 149.4 | 1519 | 1454 | 121 | 108.9 | 94.67 1415
Sum 169. | 172.3 | 181.1 | 209.5 | 323.7 3315 241 213.9 |238.8 |247. | 225.3 | 173.35 | 2674
6 6
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ANNEX D

SOME RESULTS OF THE MODEL

Table D.1 Annual Supply Requirements for Each Demand site in future scenario
Table D.2 Annual Supply Delivered For each site in Future scenario

Table D.3. Annual Unmet demands for each Node in future scenario

Table D.4. Monthly average simulated stream flows at selected stations

Table D.5 Annual simulated flow (MMC) in gauged stations

Table D. 6 Annual Supply required for each demand site in current scenario
Table D.7 Annual supply Delivered for each demand site in Current scenario
Table D.8 Annual water demand (including losses) in current scenario

Table D.9 Annual Unmet demand in current scenario (MMC)
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Table D.1 Annual Supply Requirements for Each Demand site in future scenario

Nodes 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 2023 | 2024 | 2025 | 202¢
DSlrr 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 407 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.¢
FENT 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 421 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.8 | 420.¢
KokaSeep | 89.9 | 89.9 | 89.9 | 89.9 | 899 | 89.9 | 899 | 89.9 | 899 | 89.9 | 899 | 899 | 899 | 899 | 899 | 899 | 89
Met Exp 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 5:
Metehara
WS 3.8 4.2 4.7 5.3 6 6.7 7.5 8.5 9.5 10.7 12 13.5 15.2 171 19.2 21.5 24.:
Nazereth 8.4 9 9.5 10.2 10.8 115 | 123 131 13.9 14.8 15.8 16.8 17.9 19.1 20.3 21.6 2!
OIDA1 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 189 | 18
Seep4 10 10 10 10 10 10 | 10 10 10 10 10 10 10 10 10 10 1
uv1 9 9 91 9 91 9 9 91 91 9 91 9 91 9 91 9N 9
uv2 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 224 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.¢
uv3 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 326 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.!
WAE 224.6 | 224.6 | 224.6 | 2246 | 224.6 | 224.6 225 | 224.6 | 224.6 | 224.6 | 224.6 | 224.6 | 224.6 | 224.6 | 224.6 | 224.6 | 224.¢
All Others 39.2 39.2 39.2 39.2 39.2 39.2 | 39.2 39.2 39.2 39.2 39.2 39.2 39.2 39.2 39.2 39.2 39.:
Table D.2 Annual Supply Delivered For each site in Future scenario
Nodes 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 | 2021 2022 2023 2024
DSIrr 2491 | 189.7 186.9 186.9 185.4 182 216 188.4 181.9 182.4 180 180 180 180 180
FENT 3371 | 2948 | 271.8 2778 | 2718 271.8 295 277.5 271.8 271.8 271.8 | 248.5 | 271.8 | 249.5 | 246.7 | -
Met Exp 43.6 37.4 36.7 37.4 36.7 36.7 37.4 37.4 36.7 36.7 36.7 36.7 36.7 36.7 36.7
Metehara
WS 3.8 4.2 4.7 5.3 6 6.7 7.5 8.5 9.5 10.7 12 13.5 15.2 171 19.2
Nazereth 8.4 9 9.5 10.2 10.8 11.5 12.3 131 13.9 14.8 15.8 16.8 17.9 19.1 20.3
OIDA1 18.6 13.2 13.2 13.2 13.2 7.8 13.2 13.2 7.8 7.8 7.8 7.8 7.8 7.8 7.8
OIDA2 8.9 6.4 3.8 6.4 3.8 3.8 6.4 6.4 3.8 3.8 3.8 3.8 3.8 3.8 3.8
uv1 91 91 9 82.6 83.5 90.7 91 91 85.6 89.9 91 78.9 88.8 81.4 9N
uv2 212.6 | 192.4 161.1 156.5 154 162 194 209 171.5 166.7 169.6 | 1271 | 142.8 129.7 | 1349 | 1
uv3 290.8 | 241.7 205 205 205 203.9 253 229.3 207.7 214.2 180.6 | 180.6 | 180.6 180.6 | 180.6 | 1
WAE 174.5 | 132.6 115.6 132.6 112.5 112.5 133 132.6 112.5 112.5 1125 | 1125 | 1125 1125 | 1125 | 1
Nodes 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
DSirr 157.5 | 216.9 | 219.8 | 219.8 | 221.2 | 224.6 | 191 | 218.2 | 224.7 | 224.2 | 226.6 | 226.6 | 226.6 | 226.6 | 226.6 | 226.6 | 219.8
FENT 83.7 | 1259 | 1489 | 1429 | 1489 | 1489 | 126 | 143.2 | 1489 | 1489 | 1489 | 172.3 | 1489 | 171.2 | 1741 | 174.5 | 1259
Met Exp 8.5 14.6 15.3 14.6 15.3 15.3 14.6 14.6 15.3 15.3 15.3 15.3 15.3 15.3 15.3 19.5 14.6
Metehara
WS
Nazereth
OIDA1 0.3 5.7 5.7 5.7 5.7 11 5.7 5.7 11 11 11 11 11 11 11 11 5.7
OIDA2 0.3 2.8 5.4 2.8 5.4 5.4 2.8 2.8 54 5.4 5.4 5.4 5.4 5.4 5.4 7.5 2.8
uv1 0 0 0 8.4 7.4 0.2 0 0 5.4 1.1 0 121 21 9.5 0 0.3 1.6
uv2 11.2 31.5 62.7 67.3 69.8 61.9 30 14.8 52.3 57.1 54.2 96.7 81 94.2 88.9 83.7 52.3
uv3 34.7 83.7 | 120.5 | 120.5 | 120.5 | 1216 | 72.4 96.2 | 117.8 | 111.3 | 1449 | 1449 | 1449 | 1449 | 1449 | 1449 | 120.5
WAE 50.1 92 109 92 112.1 | 1121 92 92 1121 | 1121 | 1121 | 1121 | 1121 | 1121 | 1121 | 1174 92
Sum 346.2 | 573.1 | 687.2 | 673.9 | 706.3 701 534 | 587.5 | 692.9 | 686.4 | 718.4 | 796.3 | 747.3 | 790.2 | 778.2 | 785.4 | 635.2

Table D.3. Annual Unmet demands for each Node in future scenario
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Table D.4. Monthly average simulated stream flows at selected stations (MMC)

Stations Jan Febr Mar Apr May | June | July | August | Sept Oct Nov
Awash river. Headflow 8.4 8.2 13.1 16.8 15.3 14.8 | 173.3 | 326.3 | 362.5 | 131.7 | 194
Awash river . Aw below Koka 93.8 77.7 94.4 87.7 93 90 95 136.3 | 130.7 99.3 82.4
Awash river . Awash@woniji 94.3 82.2 99.5 96.1 | 104.7 | 106.9 | 117.1 | 153.7 150 114.3 | 101
Awash river . Awash @NuraEra 100.7 172.3 154 1112 | 1155 | 110 | 152.6 | 323.6 | 283.8 | 199.2 | 158
Awash river. Keleta Inflow 11.7 111 14 15.2 7.8 5.3 177.1 235 325.8 | 2144 | 14.9
Awash river. Awash@Hombole 12.7 11.9 17.7 20 22.1 32.2 | 263.2 | 558.6 | 325.1 54.1 26.9
Awash river. Awash@Metehara 80 68.5 93.5 88.2 83.8 77 122.9 | 209.6 | 214.5 93.2 70.1
Awash river . Awash@Awash 100.6 89.7 118 112.2 | 108.1 | 96.8 | 175.8 | 3245 | 292.2 | 1256 | 87.9
Keleta . Keleta@sire 2.1 2.4 4.8 5.3 5.6 4.7 19.5 40.8 30.4 11.7 3.9
Mojo . Mojo@Mojo 3.6 3.7 4.6 5 5.6 9.2 34.8 67.1 20.1 6 4.6
Table D.5 Annual simulated flow (MMC) in gauged stations
; 2010 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 | 2023
1,106.9 | 1,106.9 | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106. | 1,106.
w 1,106.90 0 0 90 90 90 90 90 90 90 90 90 90 90
w 1,186.9 | 1,186. | 1,166 1,413. | 1,593. | 1,913. | 1,457. 1,378.
862.9 952.3 0 30 30 | 77441 | 949.9 70 60 30 50 | 888.1 20 | 7852
Dwon] 1,266.5 | 1,040. | 1,401. | 1,075. | 1,239. | 1,707. | 1,251. | 1,402. | 1,662. | 1,061. | 1,378. | 1,665.
854.1 946.3 0 40 60 60 00 50 30 90 40 00 50 50
@ 1,648.8 | 2,316.1 | 1,908. | 2,652. | 2,001. | 2,298. | 3,599. | 2,418. | 2,536. | 2,826. | 2,032. | 2,605. | 1,792.
) 1,550.60 0 0 10 80 30 30 40 80 40 90 50 10 20
1,066. | 1,033. | 1,054. | 1,042. 1,000.
1,716.30 998.7 | 9995 | 9532 | 990.1 10 50 80 50 | 965.1 20 | 9712 | 9813 998
@ 1,199.2 | 1,246.6 1,393. | 1,162. | 1,299. | 2,007. | 1,952. | 2,403. 1,274. | 1,310. | 1,320.
e 1,106.90 0 0| 9408 30 80 50 60 40 10 | 9635 70 30 50
t 1,296.0 | 14337 | 1,361. | 1,511. | 1,135. | 1,308. | 1,586. | 1,941. | 1,446. | 1,387. 1,131. | 1,713.
ra 858.8 0 0 20 60 10 20 30 90 50 60 | 646.2 50 20
@ 2,035.1 | 19215 | 1,498. | 1,731. | 1,395. | 1,947. | 2,513. | 2,321. | 2,336. | 1,807. | 1,017. | 1,482. | 1,991.
1,112.60 0 0 80 10 40 20 00 20 30 10 80 60 90
D)
118.6 125 153 784 | 1281 | 2201 | 160.7 | 209.6 | 197.7 90.7 | 1277 97.9 | 136.1 147
Mojo 113.8 156.3 183.6 724 | 168.6 | 198.3 106 279 161 290 65.2 | 216.8 | 259.1 222
24 2025 2026 2027 2028
1,106.9 | 1,106.9 | 1,106.9 | 1,106.9
.90 0 0 0 0
1,288.4 | 1,344.6 | 1,127.5
40 0 0 0| 8496
1,835.0 | 1,719.3 | 1,373.5 | 1,006.9
.60 0 0 0 0
1,416.4 | 1,586.5 | 1,536.7
10 0 0 0| 999.9
1,014.0
7.6 0| 9767 | 9798 | 9409
1,576.6 | 1,331.7 | 1,061.5 | 1,246.8
4.6 0 0 0 0
1,300.9 | 1,359.1 | 1,069.4
.80 0 0 0| 6178
1,991.1 | 1,852.1 | 1,510.3
20 0 0 0| 899.4
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Table D. 6. Annual Supply required for each demand site in current scenario (MMC)

odes | 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2021 2022 | 2023 | 2024 | 2025 | 2026
DSirr | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 407 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6 | 406.6
Seep 89.9 89.9 89.9 89.9 89.9 89.9 | 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9
,h\?vl'g 3.8 4.2 4.7 5.3 6 6.7 7.5 8.5 9.5 10.7 12 13.5 15.2 171 19.2 21.5 24.2 27.2 30.6
ereth 8.4 9 9.5 10.2 10.8 115 | 123 13.1 13.9 14.8 15.8 16.8 17.9 19.1 20.3 21.6 23 24.5 26.1
IDA1 16.2 16.2 16.2 16.2 16.2 16.2 | 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2
eep1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
eep2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
eep3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
eep4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
uv1 9N 9 91 9 91 9N 9 9 91 9 91 9 91 91 91 9N 91 91 9
UV2 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 224 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8 | 223.8
UV3 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 3255 326 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.5 | 325.,5 | 325.5 | 325.5 | 325.5 | 325.5
Table D.7 Annual supply Delivered for each demand site in Current scenario (MMC)
] 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2021 2022 | 2023 | 2024 | 2025 | 2026
350.3 | 293.4 | 230.6 230 | 229.1 | 229.8 321 | 305.8 | 230.7 | 223.5 | 229.1 | 193.4 | 1951 | 1934 194 | 1934 | 2291 | 1934 | 1934
o 3.8 4.2 4.7 5.3 6 6.7 7.5 8.5 9.5 10.7 12 13.5 15.2 171 19.2 215 24.2 27.2 30.6
eth 8.4 9 9.5 10.2 10.8 115 | 123 13.1 13.9 14.8 15.8 16.8 17.9 19.1 20.3 21.6 23 24.5 26.1
1 16.2 15.9 15.8 15.8 15.7 15.8 | 15.9 16.1 15.8 15.9 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7
91 86.9 87 85.2 86.2 87.8 91 9 86.3 87.7 86.6 79.3 79.8 80.2 81.9 83.3 88.7 82.4 74.8
223.8 | 213.8 214 | 209.7 | 2121 216 224 | 223.8 | 2124 | 2159 | 2131 | 195.1 | 1964 | 197.3 | 2014 205 | 218.2 | 202.7 | 1841
325.5 | 290.8 | 277.9 | 272.5 | 262.7 | 270.6 292 | 314.8 | 278.7 | 290.3 | 259.2 | 230.8 251 | 232.8 | 240.5 | 233.5 | 259.2 | 231.8 | 230.4
Table D.8 Annual water demand (including losses) in current scenario (MMC)
Nodes 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
DSirr 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 203 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3 | 203.3
Koka Seep 89.9 89.9 89.9 89.9 89.9 89.9 | 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9 89.9
Metehara
WS 3 3.4 3.8 4.3 4.8 5.4 6 6.8 7.6 8.6 9.6 10.8 12.2 13.7 15.3 17.2 19.4 21.8
Nazereth 6.7 7.2 7.6 8.1 8.7 9.2 9.8 10.5 111 11.9 12.6 13.5 14.3 15.3 16.3 17.3 18.4 19.6
OIDA1 11.3 11.3 11.3 11.3 11.3 113 | 113 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3
Seep1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
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Seep2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Seep3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Seep4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Uv1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1 59.1
uv2 89.5 89.5 89.5 89.5 89.5 89.5 | 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5
uv3 179 179 179 179 179 179 179 179 179 179 179 179 179 179 179 179 179 179
Table D.9 Annual Unmet demand in current scenario (MMC)
Nodes 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
DSirr 56.3 | 113.2 176 177 178 | 176.8 | 85.7 101 | 175.9 183 178 | 213.3 | 211.5 | 213.3 | 2126 | 213.3 | 177.5 | 2133
Metehara
WS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nazereth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OIDA1 0 0.3 0.3 0.4 0.4 0.4 0.2 0.1 0.3 0.2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Uv1 0 4.1 4 5.8 4.8 3.2 0 0 4.6 3.2 4.4 11.7 11.2 10.8 9.1 7.7 2.3 8.6
uv2 0 10 9.8 | 142 | 11.7 7.8 0 0 11.4 79 | 10.7 28.7 27.4 26.6 22.4 18.9 5.6 211
Uv3 0 34.7 | 475 53 | 62.8 549 | 335 | 107 46.7 | 35.2 | 66.3 94.7 74.5 92.7 85 92 66.3 93.7
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