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I. Abstract 
 

The E thiopian g overnment ha s c onducted Integrated W ater R esource Development M aster 
Plan f or t he Blue Nile basin i n 1998. T he m aster pl an h as i dentified v arious i rrigation a nd 
hydropower developments in the Sub basin. Since then, few projects have been implemented 
and some are under construction and the rest are at various levels of studies.  
This r esearch i s i dentified t o e valuate a nd s imulate t he G rand E thiopian Renaissance D am 
hydropower development opportunities in the Easter Nile basin and to assess the impacts   on 
the dow nstream h ydropower generation a nd i rrigation de velopments a nd ot her w ater us e 
systems.  
The thesis compiled recent studies in the basin and meteorological, hydrological and demand 
data for each hydropower and irrigation schemes have been considered for the analysis. Mike 
Hydro 2014 model and Nile Basin DSS (preliminary stage) used for the study for simulation 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 w ater r esources a vailability assessment a nd t he al locations p erformed b y d ifferent 
Scenarios. 
The impact of the Grand Ethiopian Renaissance Dam Hydropower generation in the    Eastern 
Nile River Basin is insignificant on the existing hydropower generation (present condition Sc-
0) o f th e E astern N ile River B asin. The scenario analysis result in dicates th at, t he ove rall 
average power production during the 40 years of simulation is increased by more than 50% in 
the E astern Nile R iver B asin. In t he R oseri and S ennar, t he a verage pow er pr oduction 
increased b y 15%  f rom t he pr esent ( SC-0) c ondition. T he H ydro pow er g eneration i n t he 
Aswan Dam is reduced by 9% from the present (SC-0) condition. 
  Accordingly, th e s imulation result showed positive i mpact on the e xisting Irrigation 
development ( present c ondition S c-0) of  t he E astern N ile R iver Basin. T he i mpact of  t he 
Grand E thiopian R enaissance D am H ydropower g eneration i n Irrigation de velopment i n t he 
Eastern N ile R iver B asin is  significant o n th e e xisting Irrigation de velopment on t he 
downstream o f E astern N ile R iver B asin. T he s cenarios result illustrates th e b enefit f or 
downstream courtiers, especially, i n S udan b ecause of  i ncreased ups tream r egulation i n 
Ethiopia. A n ove rall i mproved c overage of  t he irrigation w ater de mand ( 0 m onth of  de ficit 
with GERD, Sc-1, against 10 months of deficit without GERD, present condition Sc-0) in the 
Eastern Nile Basin. 
The average irrigation water demand deficit during the 40 years of simulation is reduced up to 
zero (no deficit) in the downstream Irrigation Scheme as shown in the simulation results. In the 
U/S Sennar a nd D/S Sennar, t he av erage i rrigation w ater d emand d eficit i s r educed 
significantly up to  n il. The ir rigation water demand deficit in  the Gzeria and downstream of 
Aswan Irrigation schemes are also reduced accordingly. 
 The r esults i n t his r esearch are p reliminary and ba sed on m any assumptions. W here i t ha s 
been pos sible t o ve rify the s imulations t he m odel r esults a re r easonable. N evertheless, t he 
current r esults m ust be  t reated w ith c aution. T he m odel ne ed t o  be  r efined us ing i mproved 
estimates of stream flow data on the major tributaries and better estimates of irrigation demand 
at all schemes. 
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      CHAPTER ONE 

1. Introduction  
An i ntegrated a pproach to t he w ater s ystem a nd i ts s urroundings i s t he basis f or l ong-term, 
sustainable a nd e quitable management of  t he environment. M ulti-sector pl anning to a llocate 
scarce r esources at  t he r iver b asin l evel i s i ncreasingly n eeded i n t he water s ector, as  w ater 
users an d governmental a gencies b ecome m ore aw are o f t he t rade-offs o ccurring b etween 
water quantity, quality, water reuse, shared investment costs and reliability on water resources. 
 
River basin simulation models are important tools in water management studies of river basins. 
Such s tudies of ten p ertain t o c omplex w ater resources s ystems, and r equire th e analysis o f 
large amounts of data. (W.N.M. van der Krogt) 
 

River Basin Simulation and Modeling is used to Understanding system behavior river basin, 
identifying know ledge gaps , a nalyzing alternatives i n a  non -destructive e nvironment,  
estimating future impacts of exogenous factors (e.g. Climate Change) and Forecasting & Early 
Warning system. 

The Eastern Nile River Basin faces a number of challenges that need to be considered carefully 
in order to realize the growth potential of the Nile River basin. Some of these issues, some of 
which a re i nterlinked a nd pa rticularly relevant for t he  R iver b asin,  i nclude: c onflicts i n 
resource use; growing population a nd l ivestock pr essure on  l and l eading t o s erious l and 
degradation; i ncreasing de mand f or e nergy; uncoordinated w ater resources d evelopment; 
inadequate pol icy framework and l ack of  a c lear i nstitutional r esponsibility f or t heir 
management; i nadequate k nowledge b ase an d ab sence o f an adequate r egulatory framework 
(coupled with lack of implementation) for the protection of the resources.   It is therefore high 
time for urgent action in the short-term to help manage the current and emerging challenges of 
the River basin. 

The E thiopian g overnment ha s c onducted Integrated W ater R esource Development M aster 
Plan f or t he Blue Nile basin i n 1998. T he m aster pl an h as i dentified v arious i rrigation a nd 
hydropower developments in the Sub basin. Since then, few projects have been implemented 
and some are under construction and the rest are at various levels of studies.  

The G rand E thiopian R enaissance D am i s one  of  t he i dentified h ydropower de velopment 
projects which is under construction. 

The Grand Ethiopian Renaissance Dam has an active s torage capacity (60,000 Mm3) greater 
than the yearly average inflows (49,000 Mm3/yr) thus the dam stores and regulates more than a 
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yearly flow at Ethio-Sudan Border. Therefore, different concerns rose about the impact of the 
Dam on the downstream water users both in Sudan and Egypt. 
The objectives of the Eastern Nile River Basin Simulation for existing state in taking account 
of GERD is to simulate water allocation for major activities, evaluate and to assess the impacts 
of T he G rand E thiopia R enascence H ydroelectric P ower P roject o n t he d ownstream 
hydropower generation, Irrigation development and Evaporation loss. 
 
 The E astern N ile R iver B asin ha s a hu ge pot ential f or t he de velopment of  w ater resource 
infrastructure f or h ydropower generation, f low regulation t o s upport dow nstream i rrigation 
abstractions and for f lood control. If t he Basin operated a ccording to i ntegrated R iver Basin 
management, it could provide maximum benefits of development for the entire region.  
 
This r esearch c onducted b y t he i ntegration of h ydraulic pa rameters a nd h ydrological 
evaluation tools in a GIS interface.  
 
The M ike H ydro 2014  which i s de veloped b y Danish h ydraulic Institute ( DHI) .It is 
customized to suit NBDSS and Eastern Nile River basin model. The Decision support system 
of the Sub basins was analyzed by Second release of Nile DSS (NB DSS 2014) as preliminary 
stage and result comparison. 
 
Simulation results consist of performance of reservoirs, hydropower and water balance at the 
user nodes and river flows at each river node. Simulations have been based on monthly flows 
data co nsidering s pecific s eries of years as  r epresentative o f a p ossible f uture s cenario. 
Simulations are realized at all reservoirs in future conditions (with GERD) based on m onthly 
flows from January 1951 to December 1990. T he model was used to simulate selected future 
scenarios. A baseline scenario is  current s ituation without GERD and the second scenario i s 
considering GERD and other developments on the downstream.  
 
The thesis compiled recent studies in the basin and meteorological, hydrological and demand 
data f or e ach h ydropower an d i rrigation s chemes w ill be  c onsidered f or t he a nalysis. M ike 
Hydro (Mike Hydro 2014) model and Nile Basin DSS used for the study for simulation of the 
river w ater ba sed on t he e xisting w ater r equirement a nd us er pr iority s etting s ituation. T he 
model is operated by using the monthly based data in both the demand side and supply sides. 
The w ater r esources a vailability assessment a nd t he al locations p erformed b y d ifferent 
Scenarios. 
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1.2 Research Problem 

The Eastern Nile River Basin faces a number of challenges that need to be considered carefully in 
order to realize the growth potential of the Nile River basin. Some of these issues, some of which 
are interlinked and particularly re levant for t he  R iver ba sin,  i nclude: conflicts i n resource use; 
growing population and livestock pressure on land leading to serious land degradation; increasing 
demand for energy; uncoordinated water resources development; inadequate policy framework and 
lack of  a  clear institutional responsibility for their management; inadequate knowledge base and 
absence of  a n a dequate re gulatory framework (c oupled w ith l ack of  i mplementation) f or t he 
protection of the resources.   It i s therefore high t ime for urgent action in the short-term to he lp 
manage the current and emerging challenges of the River basin. 

The Ethiopian government is currently concentrating on de velopment of Ethiopia’s hydroelectric 
power pot ential t hat g enerates capacities t o meet domestic d emand a nd e xports f or ne ighboring 
countries a nd prov ide s upport t o f oreign c urrency i ncome. Re lated t o t his, t he A bay Ba sin 
Integrated Master Plan Study revealed feasible hydropower project sites in the basin. One of these 
is the Grand Ethiopian Renaissance Dam Project dam i.e. under construction.  It occupies an area 
of l and above 500 m elevation de signed t o ri se up  t o 145 m h igh f rom t he ri verbed t o prov ide 
effective hydropower reservoir area.  

The construction of GERD raises different issues and debates from the downstream countries i.e. 
Sudan and Egypt. Egypt and Sudan have different questions and concerns on the impacts of  the 
dam on t heir e xisting w ater re source de velopments.  Therefore, t his re search i s i dentified to 
evaluate and simulate the GERD hydropower development opportunities in the basins and to assess 
the imp acts on th e downstream hy dropower g eneration a nd i rrigation de velopments a nd o ther 
water use systems.  
 
This research simulates and evaluates the impact of GERD hydropower generation on the Eastern 
Nile Basin water resources. The research compiles recent studies in the basin and meteorological, 
hydrological and demand data for each irrigation schemes will be considered for the analysis. 
Mike Hydro model will be used for the simulation of the river water based on the existing water 
requirement and user priority setting situation. The model will be operated by using the monthly 
based data in both the demand side and supply sides. 

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 a llocation t echniques used to minimize the water c rises a nd t he conflict among 
users by predicting future scenarios. The output of such study contributes as the guide line in the 
River basin to well water management. 

The model selected for the s tudy i s Mike Hydro 2014 Model that evaluates and simulates a  full 
range of  w ater de velopment m anagement op tions and t akes a ccount of  m ultiple a nd competing 
uses of water system. 
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1.3 Research Questions 
 

The research has addressed the following questions: 

 

 What will be the impact Grand Ethiopian Renaissance Dam Hydropower generation in 

the h ydropower generation i n t he    E astern N ile R iver B asin (especially on dow n 

Stream Hydropower Schemes)? 

 What will be the impact of Grand Ethiopian Renaissance Dam Hydropower generation 

on irrigation schemes and Irrigation development   in the downstream Countries (Sudan 

and Egypt) of Eastern Nile River Basin? 

 By how much the out flow of Blue Nile regulated on the Ethio-Sudan Brder; how much 

the B lue N ile o ut f low w ill b e a t th e E thio-Sudan B order be fore a nd a fter t he 

construction of the Grand Ethiopian Renaissance Dam (GERD)? 

 What w ill b e t he E vaporation l oss ch ange i n E astern N ile R iver B asin s ystem? 

Evaporation loss comparison in di fferent r eservoir s ites of  t he r iver s ystem of  Sudan 

and Egypt with respect to GERD reservoir. 
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1.4 Research Objectives 
 

1.4.1 General objective 
 
The general objective of this Eastern Nile River Basin Simulation for existing state in taking 
account of GERD research is to simulate water allocation for major activities, evaluate and to 
assess t he i mpacts o f T he G rand Ethiopia R enascence H ydroelectric P ower P roject o n t he 
downstream hydropower generation, Irrigation development and Evaporation loss. The Eastern 
Nile River Basin has a huge potential for the development of water resource infrastructure for 
hydropower generation, flow regulation to support downstream irrigation abstractions and for 
flood control. If the Basin operated according to integrated River Basin management, it could 
provide m aximum be nefits of  de velopment f or t he e ntire r egion. T his r esearch w ill be  
conducted b y t he i ntegration of  h ydraulic pa rameters a nd h ydrological e valuation t ools i n a  
GIS i nterface. T he M ike H ydro 2014 m odeling a pplied f or h ydrological e valuation a nd 
hydraulic analysis in a spatial distribution. The Decision support system of the Sub basins will 
be an alyzed b y Second release of  Nile D SS ( NB D SS 2014)  as pr eliminary s tage for re sult 
comparison. 
 

1.4.2 Specific Objectives 

• To ev aluate  an d S imulate t he i mpact o f G ERD h ydroelectric generation o n t he 
downstream Hydropower generation of Eastern Nile River Basin 

• The i mpact o f G ERD o n downstream  irrigation schemes and d evelopment of t he 
Eastern Nile River Basin 

• By how m uch t he out  f low of  A bay r egulated on t he E thio-Sudan B rder a nd w hat 
would be the impacts on the Downstream Eastern Nile River Basin 

• Evaporation loss comparison in di fferent r eservoir s ites of  t he r iver s ystem of  Sudan 
and Egypt with respect to GERD reservoir. 
 

To address the above key questions using Mike Hydro Model and the second release of Nile 
DSS, the following key indicators will be used: 
 
 Time series of hydropower generation 
 Time series of Lake and reservoir water level 
 Amount of irrigation water abstracted and deficiency 
 Time series of  flow at different nodes 
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 1.5   Research Materials and Methodology 

The m aterials us ed i n t his r esearch i nclude m aster pl an doc uments pe rformed s o f ar b y 
BCEOM, Hydrological Studies of   Eastern Nile River Basin by NBI and ENTRO, Feasibility 
Studies by Nile Irrigation and Drainage Project, JMP and ENPM by ENTRO and other study 
documents pr epared b y local a nd f oreign pr ofessionals. M ike H ydro m odel a nd N ile Basin 
DSS ut ilized t o pe rform t he S imulation. T he M odel us er Guide i s u sed as  a  guide l ine t o 
operate the model. 

 The m ethodology a dopt i n t he s tudy f ollows l iterature r eview, d ata c ollection, or ganization 
and analysis of data based as per to the requirement of Mike Hydro model and NB DSS. The 
overall approach of  the study will be discussed on da ta analysis and results discussion parts. 
Mike Hydro simulation carried out on monthly time step for the available data.  

MIKE Hydro operates on the basis of a schematic river network, which is made up of building 
blocks o r obj ects. T hese t ypically i ncluded r iver r eaches, w ater us er nod es, r eservoir node s, 
irrigation node s, h ydrological c atchments, h ydropower nod es a nd c hannels w hich l ink t he 
various node s. The characteristics of  t he i ndividual bui lding bl ocks a nd t he i nteractions 
between t hem ar e governed b y u ser defined ope rating r ules. T he w ide r ange of  m odeling 
routines e mbedded i n t he M IKE Hydro m odel, a llowed t he s imulation of  va rious m ulti-
purpose water resource project scenarios. The routines which have been the focus of this study 
relate t o r eservoir and h ydropower ope ration, i rrigation de mand m odeling, h ydrological 
routing, water allocation rules, rainfall-runoff modelling and evaporation. 

MIKE HY DRO -A ph ysical a nd c onceptual model s ystem f or c atchments, r ivers a nd 
floodplains de veloped without dependencies o n A rc GIS. It is  Map-based G raphical U ser 
Interface and it has a River and Catchment delineation tool. 

Rainfall Runoff modeling NAM and UHM Rainfall Runoff models are available and built-in in 
MIKE HYDRO model 

Basin module for r iver basin planning and management, featuring: River network definition, 
Water users, Catchments, Irrigation, Reservoirs, Hydropower 

Mike Hydro has a functionalities that could performs Optimizations, Reservoir sedimentation 
and Macro programming and scripting options and Result layer for processing and presentation 
of time series results  

A DSS i s a  common computer-based pl atform f or communication, i nformation management 
and analysis of water resources. It provides a framework for sharing knowledge, understanding 
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river s ystem b ehavior, evaluating a lternative d evelopment a nd ma nagement s trategies, a nd 
supporting informed decision making. 

The Nile Basin DSS as a common analytical platform for the Nile Basin. 

1.5.1 Data 
 
To ach ieve t he goal o f the r esearch m ost of  t he da ta ha ve be en c ollected f rom t he va rious 
phase of the Abbay basin master plan document, WRPM NB DSS Meta database, MoWIE and 
NMA. 
The da ta us ed i n t he s tudy i ncludes t he s tream f low da ta of  m ain r ivers c ourse and 15 
tributaries ( catchments) g auges w ere u sed t o es timate t he f low at  the p roject s ite an d 
computation of  G rand Ethiopian R enaissance Dam f low vol ume. T he ot her i mportant da ta 
includes t he de mand d ata f or i rrigation a nd h ydropower, l ocation of  p roject s ites, r elevant 
reservoir data, precipitation and potential evaporation. 
 
1.5.2 Input Data and Data Used 
  
The various types of data needed for the simulations are:  
 
 Monthly time series of rainfall, runoff, and evaporation for different sub-catchments  

 Irrigation areas and demands for each scenario and demands, based on assumed c ropping 
patterns  

 Characteristics of the hydropower stations (installed capacity, number of turbines, rated 

heads and discharges, etc.,)  

 Reservoir characteristics (area-capacity cu rves, r ule c urves, e vaporation, s eepage r ates, 
irrigation demands, etc.)  

 Reservoirs elevation-area-capacity relationship  

1.5.2.1 Stream Flow Data 
 
Catchment runoff represents locations in the model where water is introduced directly to the 
stream system. The hydrological analysis that will be under taken during the study requires the 
collection and review of hydrometric data associated with the Eastern Nile River Basin. 
These m onthly flows w ere d eveloped t hrough t he s coping of  t he p roposed R eservoirs and 
Interventions.  T hese s ites i nclude: Lake T ana and f ive o f i ts m ain t ributaries, t he J emma 
tributary d ownstream o f Lake T ana, t he F incha’a an d A merti t ributaries an d t he D idessa, 
Dabus and Beles tributaries downstream of Kessie. Bahir Dar to Kessie-Incremental,  Kessie to 
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Mendya-Incremental, Mendya to Border/Renaissance Incremental, Morgen White Nile, Atbara 
wade, Rahad and Dinder. These incremental flows were available for the period from 1951 to 
1990 a nd w ere de veloped f rom s imple s ubtractions of  m ainstream g auges, therefore 
incorporating flows from tributaries already known from gauged data. 
 
 1.5.2.2Water Use Data 
 
The most common water use in Nile river basin is irrigation water demand. This activity is 
defined as a Water User and added to the model as a Water User node in MIKE Hydro. The 
temporal variation in the extraction of water is described by a time series file for each water 
user node. The temporal variation of return flow of water that is assumed not to be consumed 
at the water user node can be transferred back to one or more river nodes. 
 
Crop w ater r equirements w ere estimated us ing the F AO i rrigation m odule i n M ike H ydro 
based on a reas and crop types for the schemes presented in the Ethiopian Master Plan report 
and   ENJMP summarized in Table. (1.5.1) and Table 
 
In t he c urrent s ituation, t he w ater s ystem r etained f or t he pur pose of  t his s tudy w ill a ssume 
water requirements for i rrigation purposes in Sudan and Egypt. Table .5.1.2 shows i rrigation 
water demands in Sudan and Egypt. 
 
Table    1.5.1       : Crop areas and crop types in the Master plan and ENJMP  
 
 
 
 
 
Irrigation scheme 

Crop Types and Crop Areas for Schemes (km2) 

Total ar ea 
(km2) 

 
 
 
Groundnut 

 
Sorghum/ 
Dura 

 
 
 
Cotton 

 
 
 
Wheat 

 
 
 
Beans 

 
 
 
Fallow 

Upstream Sennar 4141 2071 0 2071 0 0 - 

Gezira 3575 894 298 1192 1192 0 1192 

Managil 3973 993 331 1324 1324 0 - 

Downstream 
Sennar 

 
1012 

 
506 

 
0 

 
506 

 
0 

 
0 

 
- 

Tamaniat- 
Hassanab 

 
804 

 
134 

 
268 

 
0 

 
268 

 
134 

 
134 

Hassanab-Dongola 1247 208 416 0 416 208 208 

 
For determining crop water requirements, rainfall and evaporation data model was used.  
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Estimates  o f i rrigation  w ater  u se p er s cheme  a re  s ummarized  i n a t able  as  av erage  
monthly  and annual  va lues  a s  de termined  us ing  t he  FAO  i rrigation  m odule  i n  M ike  
Hydro.  
 
Table    1.5.2       : Estimates of crop water requirements (Million m3) 
 
Month Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

Sennar 67.5 66.5 44.7 34.9 35.1 77.1 97.4 93.8 132.4 148.2 141.9 82.8 

Gizira 202.3 191.3 118.1 30.8 44.5 180.9 268.6 258.6 337.8 321.8 249.6 185.6 

 
Taman
iat-
Hassa
nab 

 
67 

 
49 

 
0 

 
0 

 
29 

 
38 

 
79 

 
41 

 
63 

 
75 

 
58 

 
65 

 
Hassa
nab-
Dongo
la 

 
104 

 
76 

 
0 

 
0 

 
44 

 
59 

 
123 

 
64 

 
97 

 
116 

 
90 

 
101 

 
D/S 
Aswan 

 
4709 

 
3553 

 
4481 

 
4584 

 
4986 

 
1888 

 
5159 

 
5282 

 
4404 

 
2606 

 
3034 

 
3465 

 
1.5.3.3 Hydropower Data 
 
Hydropower generation is s imulated b y i nserting a h ydropower node  a nd c onnects i t t o a  
reservoir using the channel feature. Return flow back to the river is simulated by connecting 
the hydropower feature to the river node. 
 
1.5.3.4 Reservoir Data 
 
Each reservoir can s imulate the performance of  specified operating pol icies us ing associated 
operating rule curves. These define the desired s torage volumes, water l evels and releases at 
any time  a s a  f unction o f e xisting w ater le vel, th e time  o f th e year, d emand f or w ater and 
possibly expected inflows. 
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Reservoirs can be inserted anywhere on the river branches except on river bifurcation nodes or 
the m ost ups tream node s. T he r eservoir definition is us ed t o de scribe t he r eservoir 
characteristics, ope rating r ules, and ups tream- and dow nstream connections t o us ers a nd 
control nodes are specified. Data required to simulate the reservoirs is available from Eastern 
Nile Technical Regional Office (ENTRO) power toolkit. For the s tandard reservoir, the t ime 
series information required includes bottom, crest, spillway, top of dead storage, and minimum 
operation pool elevations; minimum and maximum valve releases; precipitation, seepage loss, 
and evaporation; and flood control and operational rules levels for any water users attached to 
the r eservoir. T hough n ot a  t ime s eries, t he he ight-volume area r elationship de scribing t he 
reservoir bathymetry is additional input information required for the model. 
 
1.5.3.5 Losses and Gains 
 
Losses and gains were placed at reservoirs locations within the basin to account for reservoirs 
gains due to precipitation and losses due to Evaporation. These losses represent the difference 
between gross precipitation on the reservoir and evaporation loss from the reservoir.  
 

1.5.3 Time series prepared for river basin simulation  
 
Time series o f r ainfall a nd runoff were pr epared for sub-catchments which correspond to a) 
catchments upstream of hydrometric stations and b) catchments up- and downstream of major 
existing or  pot ential h ydraulic s tructures, such as diversion weirs and da ms. The t ime series 
upstream of hydrometric stations were primarily used for calibration of rainfall-runoff models. 
Rainfall time  s eries f or catchments u p- and do wnstream of  m ajor h ydraulic s tructures w ere 
used in the preparation of runoff time series for river basin simulation.  
 
1.5.4 Availability and sources of hydro-meteorological data 
 
The primary input requirements for the modeling in the Eastern Nile include stream flow time 
series d ata, r eservoir d ata, i rrigation w ater r equirements, r ainfall da ta a nd e vaporation da ta. 
Monthly rainfall data were sourced f rom the Nile Basin Encyclopedia, t he Ethiopian Master 
plan, th e G lobal F AO C lim d atabase a nd th e W MO G HCN ( Global H istorical C limatology 
Network)   database.   The simulation period for the model is 1951-1990. 
 
1.5.5 Data Quality Control, Infilling and Record Extension 
 
Extensive pa tching of  r ainfall da ta for t he w hole E astern Nile R egion was unde rtaken, as 
described i n d etail i n t he M aster p lan an d J MP D ata R eport.   N o further ch ecking a nd/or 
infilling w as carried o ut f or s tream f low d ata as t he J MP f lows, w hich h ave already been 
patched  and quality controlled,  were used as a basis for the modeling. 
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CHPTER TWO 

2 Description of the Study Area 

2.1   Nile and Eastern Nile River Basin General Overview 

The Nile River is the world ever Longest River with a length of  6700k m. Nile Basin has an 
Area consists of  3.2 m illion sq.km, 10% of Africa. The Basin covers 11 c ountries: Burundi, 
DR C ongo, E gypt, E ritrea, E thiopia, K enya, R wanda, S outh Sudan, S udan, T anzania, a nd 
Uganda 

The w hole N ile Basin countries P opulation e stimated ove r 400 m illion; 190 m illion i n t he 
basin. The Basin consist   Rich natural and environmental assets and Rich historical heritage. 

At approximately 6700 km, the Nile River is the longest river in the world. It extends from the 
Lake Victoria in the south to Lake Nasser (Aswan Dam) in the north with a t otal catchment 
area of approximately 3 million km2 before flowing into the Mediterranean Sea. 

 The basin comprises a d iverse group of different tributaries with relatively small and isolated 
area contributing t he s ignificantly t o t he t otal f low ( Sutcliffe a nd P arks, 1999) . T he r iver 
traverses the countries of Tanzania, Uganda, Rwanda, Burundi, Zaire, Kenya, Ethiopia, Sudan 
and Egypt. 

The Nile Basin is characterized by two mountainous plateaus, namely the Lake Plateau in the 
southern part at a level of between 1000 and 2000 masl; and the Ethiopian Plateau forming the 
eastern p art of  t he ba sin r ising t o m ore t han 3500 m asl. T he basin de scends gr adually 
northwards of the Lake Plateau to the Sudan plains at an altitude of about 500 masl, and then 
further flattens out in Egypt to the north. 

The main parts of the Nile are summarized below and which are described in more detail in the 
respective 

 The E quatorial Lakes c omprising Lake V ictoria, t he U pper Victoria N ile, Lake Kyoga, t he 
Lower Victoria Nile, Lake Albert, Lake Edward and Lake George; 

 The Bahr el Jebel Basin – the main feature of this basin are the Sudd swamps and wetlands; · 
The Bahr el Ghazal Basin; 

 The Sobat Basin comprising the Baro and Pibor tributaries; 
 The W hite N ile w hich e xtends f rom t he f oothills of  t he l ake pl ateau i n t he s outh t o t he 

confluence with the Blue Nile, and from the foothills of the Ethiopian Plateau in the east to the 
Nile-Congo divide in the west; 

 The Ethiopian (or Abyssinian) Plateau comprising the Blue Nile and the Atbara Rivers; 
 The Main Nile from Khartoum and Aswan and from Aswan to the Mediterranean Sea 
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The c limate o f th e N ile B asin is  e xtremely v ariable ow ing t o i ts g eographic e xtent. T he 
seasonal pa ttern o f r ainfall s hows bi modal r ainfall i n t he E quatorial Lakes a rea, t o a  
transitional zone between Lake Albert and Mongalla to a single rainfall season in the Bahr el 
Jebel basin (Sutcliffe and Parks, 1999). The trend of a shorter rainfall season is apparent to the 
northern tributaries and lower parts of the basin. Compared to the size of  the basin, the total 
runoff from the Nile is relatively small, with average annual runoff at about 30 mm. However, 
the di stribution of  r unoff i s not  uni form and s ignificant f low vol umes are generated from 
relatively s mall and i solated t ributaries, i n t he E quatorial l akes r egion a nd i n t he E thiopian 
highlands. (NBI-ENJMP) 

Eastern Nile Basin 

Eastern Nile Basin is a Nile River basin without the Equatorial Lake basin 

Eastern Nile Basin has an Area consists of  1.8 m illion sq.km. The Basin covers 4 countries: 
Egypt, Ethiopia, South Sudan and Sudan. 

The E astern N ile B asin c ountries P opulation e stimated ove r 149 m illion. T he B asin consist   
Rich natural and environmental assets and Rich historical heritage 

The Eastern Nile Basin Divided into 4 sub-basins:  

 Baro-Akobo-Sobat-White Nile,  
 Abay-Blue Nile,  
 Tekeze-Setit-Atbara and 
 Main Nile 

 
Fig 2.1 Eastern Nile River Basin by Catchment Area Fraction

Main Nile
40%

Tekeze-
Atbara-Setite

13%

Abay-Blue 
Nile 
19%

Baro-Akobo-
Sobat-White 

Nile
28%
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Fig. 2.2 Easter Nile Sub basins 
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In the Eastern Nile River system there have been identified various irrigation and hydropower 
developments in the   basin. Since then, various projects have been implemented and some are 
under construction and the rest are at various levels of studies. Fig. 2.3 shows below the Easter 
Nile Sub basins. 

 
Figure2.3: Location of Study Area and Development Potentials 
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The Blue Nile River (known as the Abay in Ethiopia) is the most important tributary of the 

Nile River, providing over 62% of the Nile‘s flow at Aswan (World Bank, 2006). Both Egypt, 

and to a  l esser extent Sudan, are a lmost wholly dependent on  water that or iginates f rom the 

Nile. This dependency makes the challenges of water resources management in this region an 

international issue (Waterbury, 2002). 

The Blue N ile r ises i n t he E thiopian hi ghlands i n t he r egion of  W est G ojam a nd f lows 

northward into Lake Tana, which is located at an elevation of just under 1,800 m. It leaves the 

southeastern corner of the Lake, flowing first south-east, before looping back on itself, flowing 

west and then turning north-west close to the Border with Sudan.  

In the highlands, the basin is composed mainly of volcanic and Pre-Cambrian basement rocks 

with s mall a reas o f s edimentary rocks. T he c atchment i s c ut b y de ep r avines i n w hich t he 

major tributaries flow. The valley of the Blue Nile itself is 1,300 m deep in places.  

The pr imary t ributaries in E thiopia a re t he B eshio, J ema, M uger, G uder, F inchaa, A nger, 

Didessa and Dabus on t he left bank and the Chemoga, Timochia, Bir and Beles on  the r ight 

bank.  

The Blue Nile enters Sudan at an altitude of 490  m .a.s.l and just before crossing the frontier, 

the r iver e nters a  c lay p lain, t hrough w hich i t f lows t o K hartoum. T he a verage s lope o f t he 

river from the Ethiopian frontier to Khartoum is only 15 cm km-1. Within Sudan, the Blue Nile 

receives water from two major tributaries draining from the north, the Dinder and the Rahad, 

both of  which also originate in Ethiopia. At Khartoum the Blue Nile joins the White Nile to 

form the main stem of the Nile River. 

Within th e b asin r ainfall v aries s ignificantly with a ltitude a nd is  c onsiderably greater in  th e 
Ethiopian hi ghlands t han on t he Plains of  Sudan. W ithin Sudan, t he a verage a nnual r ainfall 
over much of  the basin is l ess than 500 m m. In Ethiopia, i t increases from about 1,000 m m 
year t he S udan B order t o be tween 1,400 and 1, 800 m m ove r pa rts of  t he uppe r b asin a nd 
exceeds 2 ,000 m m i n s ome p laces. T he flow o f t he B lue N ile i s ch aracterized b y extreme 
seasonal and inter-annual variability.  

At the Ethio - Sudan Border total annual flow varies from approximately 31 Bm3 to 70 B m3. 
Typically, more than 80% of the flow occurs during the flood season (July to October) while 
only 4% of the flow occurs during the dry season (February to May). 
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Currently E thiopia u tilizes v ery little  o f th e B lue N ile w ater, p artly b ecause o f its  
inaccessibility and partly because the major centers of population lie outside of the basin. To 
date only two relatively minor hydraulic structures and one water transfer from Lake Tana to 
Beles H ydropower ha ve be en c onstructed i n t he E thiopian pa rt of  t he c atchment. T he t wo 
dams (i.e., Chara Chara weir and Finchaa) were built primarily to provide hydropower.  

The B eles H ydroelectric P ower P lant, s ometimes r eferred t o as  Beles II o r T ana-Beles, i s a 
run-of-the- river h ydroelectric pow er pl ant i n Ethiopia ne ar Lake T ana. T he pow er pl ant 
receives w ater from th e la ke a nd a fter u tilizing it to  p roduce e lectricity; th e w ater is  th en 
discharged into t he Beles R iver. The pl ant will eventually have an installed capacity o f 460  
MW. It is also expected to help provide water for the irrigation of 140,000 ha (350,000 acres). 
It was inaugurated in May 2010The Chara Chara weir regulates outflow from Lake Tana for 
the downstream Tis Abay power stations.  

Agriculture, which is the main occupation of the inhabitants in the basin, is primarily rain fed 
with almost no irrigation. Although there is some informal small-scale irrigation, currently the 
only formal irrigation scheme in the Ethiopian part of the catchment is the Finchaa sugar cane 
plantation (8,145 ha), which utilizes water after it has passed through a hydropower plant .In 
contrast to Ethiopia, Sudan utilizes significant volumes of Blue Nile water both for irrigation 
and for hydropower production. Two dams (i.e., Sennar and Roseires) have been constructed 
on the main river approximately 350 km and 620 km south-east of Khartoum (Table 1). These 
provide h ydropower ( primarily f or K hartoum) as w ell as  w ater f or s everal l arge i rrigation 
schemes, including the Gezira scheme (882,000 ha), which is one of the largest in the World. 
As well as irrigating land immediately adjacent to the Blue Nile River, some water is diverted 
from the Blue Nile downstream of the Roseires reservoir to the Rahad River, where it is used 
to supplement the i rrigation of  the Rahad i rrigation scheme (168,037 ha). The total i rrigated 
area i n t he S udanese pa rt of  t he Blue N ile i s e stimated t o be  1,305,000  ha , f or a  v ariety o f 
crops i ncluding c otton, sugar c ane a nd ve getables. T he i nstalled pow er capacity at t he t wo 
dams is 295 M W which represents 25% of the country‘s total generating capacity (i.e., 1,200 
MW from both thermal and hydro power stations). 

The E thiopian G overnment i s c urrently c oncentrating on de velopment of  E thiopia’s 
hydroelectric power potential that generates capacities to meet domestic demand and exports 
for neighboring countries and provide support to foreign currency income. Parallel to this, the 
Abay B asin Integrated Master P lan S tudy revealed f easible h ydropower p roject s ites i n t he 
basin. On e o f t hese i s the GR AND E THIOPIAN R ENAISSANCE Da m P roject i s u nder 
construction.   

The Grand Ethiopian Renascence H ydroelectric Power P roject i s located in the Eastern Nile 
Basin a t t he f oothills of  t he e scarpment of  w estern E thiopia. G eographically, i t i s s ituated 
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between N orth 9 050’49” a nd 11 017’21” a nd E ast be tween 35 0 57’ 25 ”and 35 052’48”. I t 
occupies a n a rea of  l and a bove 500m  e levation de signed t o r ise up t o 145 m  high f rom t he 
riverbed to provide effective hydropower reservoir area.  The total area of the reservoir where 
the study has been conducted is 191,546.51ha. It is expected to hold 63 million m3 of water to 
generate about 6, 000 MW electric power.  The dam is proposed to be constructed at a distance 
of 15 km along the Ethio-Sudanese Border, i.e. at the out let of Blue Nile River from Ethiopia 
to the Sudan. The reservoir extends back into Ethiopian territory along the Blue Nile River for 
about 100 Km. The dam starts at about 500 meters above sea level and with dam height about 
145 m. Thus, the vegetation between altitudes from 500 to 645m is expected to be under water. 
With the formation of a r eservoir with extensive surface area, various economic activities are 
may be attracted and affect the immediate catchment area. 

The reservoir water, after dam construction will  take up a ll  t he existing land cover and land 
use types occurring in between the lowest ground base 500m and the highest 645m elevation 
asl. It w ill e nfold a ll s ide s lopes o f r iver v alleys, p lains a nd lo w is olated h ills a nd h ill s ide 
slopes of Abay and i ts major tributaries i .e. Dabus, Didessa and Beles falling in between the 
lower a nd uppe r e levations i ndicated he re a bove. H enceforth, s tudying t he land c over 
resources in the reservoir area before dam construction by type and extent help determine the 
reservoir’s i mpact on t he e xisting na tural r esources, l and us e, l and us ers a nd t hus l ook f or 
alternative actions to be considered ahead of time. 
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2.1.1 Blue Nile  

The Blue Nile is located between 160 2’ N and 70 40’ N latitude, and 320 30’ E and 390 49’ E 
longitude. It has an estimated a rea of  311,437 s q. km. From i ts source Gish Abbay in W est 
Gojam, Abbay flows northward as the Gilgel Abbay into Lake Tana. The Blue Nile River (also 
called Abbay River in Ethiopia) exits from the south east of  Lake Tana and flows south and 
then w estwards cutting a de ep gorge t owards t he w estern p art of  E thiopia. A  num ber of  
tributaries joined Abbay River in Ethiopia: Beshilo, Derame, Jema, Muger, Finchaa, Didessa 
and Dabus from the east and south; and the Suha, Chemoga, Keshem, Dera and Beles from the 
north. T he Dinder a nd Rahad r ise t o t he w est of Lake T ana and flow westwards a cross t he 
Border j oining t he B lue N ile be low Sennar. In t he S udan, t he B lue N ile f lows on t he pl ain 
desert until it reaches the confluence, where it meets with White Nile in Khartoum. 

The basin is sub divided into 18 major sub basins namely, Lower Eastern Nile, Upper Eastern 
Nile, Dinder, Rahad, Tana, Beshelo, Beles, Dabus, Diddessa, Jemma, Muger, Guder, Fincha, 
Anger, Wenbera, South Gojam, North Gojam and Welaka 

The Blue Nile originates from Lake Tana far up in the Ethiopian highlands and spirals down 
toward Sudan in deep gorges. The distance from Lake Tana to the Ethiopian-Sudanese Border 
(Diem) is  900 r iver-kilometers, and the elevation drop is nearly 1300 meters. At the Border, 
the river enters the Sudanese plains and flows toward Khartoum for another 700 kilometers of 
mildly Sloped terrain.  

The climate o f th e E thiopian p lateau is  in fluenced b y th e mig ration o f th e Inter tr opical 
Convergence Z one ( ITCZ) w hich pr oduces he avy r ains f rom J une t o S eptember a nd dr y 
conditions for the rest of the year. As a result, the Eastern Nile is highly seasonal with most 
flow occurring from July to October. At Diem the river averages 50 BCM per year, but during 
exceptionally wet or dry years, it may exceed 70 BCM or fall below 30 BCM per year. Below 
Diem, Dinder and Rahad add another 4 BCM to the annual flow, but reservoir evaporation and 
Channel conveyance losses detract 2.5 to BCM (Abay Master Plan) 

The Blue Nile, or the Abbay, and its tributaries flow from the Ethiopian Highlands providing 
most o f th e f low in to th e lo wer N ile.  T he E astern N ile finds its  s ource o n t he E thiopian 
plateau a t a n e levation of  a pproximately 2000  t o 3000 masl.   T he pl ateau ha s va rying 
topography, w ith br oken a nd hi lly a reas, grassy uplands, s wamp va lleys and s cattered t rees 
(Sutcliffe & Parkes, 199 9).   L ake Tana in t he upper basin  i s a shallow  la ke s itting  a t an 
elevation  of about  1800  masl  and which  has a surface  area  of approximately 3000 km2.  It 
has an estimated catchment area of some 12 129 km2.  The lake tributaries include the Gilgel 
Abbay, t he G umara, t he R ibb a nd t he Megech which ar e p erennial s treams t hat ar e h ighly 
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seasonal. The Eastern Nile flows from the lake through a series of cataracts and the Tis Issat 
falls where there is a hydropower plant with an installed capacity of 73 MW.  The main river is 
joined by many tributaries in steep valleys including the Jemma, the Muder, the Guder and the 
Finchaa rivers.  Significant contributions are made by the Didessa and Dabus tributaries, which 
drain the south-western, humid part of Ethiopia.    The  Beles  tributary  joins  the  main  river  
from  t he  nor th-east  j ust  be fore  t he  s ite  of   t he proposed  Border on the Ethiopia-  Sudan 
Border.   T he M ean A nnual R unoff ( MAR) a t t his s ite i s e stimated t o be 48 bi llion m 3/a.  
Downstream of El Diem, the Roseires and Sennar dams on the Eastern Nile provide water for 
the l arge i rrigation s chemes f urther dow nstream t o t he c onfluence w ith t he W hite N ile a t 
Khartoum.   T he G ezira i rrigation s cheme a nd Managil e xtension s cheme a re a mongst t he 
largest in the world, covering a combined area of approximately 8000 k m2.   D ownstream of 
Sennar Dam, the Rahad and Dinder tributaries join the Eastern Nile before the confluence with 
the White Nile near Khartoum. From here, the main Nile flows about 1500 km to Lake Nasser 
(Aswan D am) with t he only major i nflow f rom the Atbara R iver some 300 km downstream 
from Khartoum 

2.1.2 Physical Catchment Description 

Although the Blue Nile (known as the Abbay in Ethiopia) Basin comprises only 8% of the total 
Nile Basin catchment area, on average, the Eastern Nile contributes almost 60% of the Main 
Nile River flow at Aswan Dam in Egypt. Catchment elevation in the Eastern NileBasin ranges 
between about 400 m asl a t K hartoum t o m ore t han 4200 m asl a t M ount R as D ashen i n t he 
north-eastern part in Ethiopia. The climate in the basin varies from humid to semi-arid and is 
mainly d ominated b y la titude a nd a ltitude. T his is  r eflected in  th e h igh v ariability o f lo cal 
climates, ranging from hot and arid in Sudan to temperate at the highlands and even humid-
cold at the mountain peaks in Ethiopia. 

Within th e B lue N ile Basin, th ere is  s ignificant v ariability in te rms o f sub c atchment s izes, 
slopes, c limatic pa tterns, t opography, dr ainage pa tterns, g eological f ormations, s oils a nd 
vegetation. In ge neral, t hree br oad t opographical d ivisions a re id entifiable: th e h ighland 
plateau, steep slopes adjoining the plateau that tilt to the west and the western low lands with 
gentler topography comprising the remainder of the Basin. 

Mean annual rainfall in the Blue Nile Basin varies between less than 400 mm in Sudan close to 
the c onfluence w ith t he W hite N ile t o m ore t han 2000 m m i n t he E thiopian hi ghlands. 
Generally, t hree s easons a re de fined i n E thiopia: T he r ainy s eason f rom J une to S eptember 
which contributes about 70% of the annual rainfall and which is driven by south-west winds 
originating f rom t he A tlantic O cean; t he d ry s eason f rom O ctober t o J anuary; a nd t he s hort 
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rainy season be tween February and May, or iginating f rom south-east winds f rom the Indian 
Ocean. 

 

Figure2.4: Map of the Blue Nile basin showing elevation, the main tributaries and key 
geographic features (Source: Awulachew, 2008) 

The Blue Nile Basin hydrology is characterized by seasonal and annual variability, very steep 
catchment a nd c hannel gradients a nd rapidly e roding watersheds, which r esult i n ve ry hi gh 
sediment l oads. T his i s e xacerbated b y poor a gricultural pr actices, ove rgrazing a nd 
deforestation. T he dom inant l and c over i n t he Blue N ile B asin i s r ain f ed a griculture, i .e. 
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cropland (26%) and grassland (25%). Wood and shrub land are minor compared to the other 
land cover types (Teferi et al., 2010). The dominant soil texture of the Basin is clay. The soil 
type in the basin is dominated by Vertisol and Nitisol types (53%). The Nitisols are deep non 
swelling clay soils with favourable physical properties like drainage, workability and structure, 
while th e V ertisols a re c haracterized b y s welling c lay min erals w ith mo re u nfavorable 
conditions. T he ba sin ge ology i s c haracterized b y ba salt r ocks, w hich a re f ound i n t he 
Ethiopian hi ghlands, w hile t he l owlands a re mainly c omposed of  b asement r ocks and 
metamorphic rocks such as gneisses and marbles (ENTRO, 2007). 

2.1.3 Hydrological overview 

The Blue Nile, or the Abbay, and its tributaries flow from the Ethiopian Highlands providing 
most of the flow into the lower Nile. The Eastern Nile finds its source on the Ethiopian plateau 
at an elevation of approximately 2000 to 3000 masl. The plateau has varying topography, with 
broken and hilly areas, grassy uplands, swamp valleys and scattered trees (Sutcliffe & Parkes, 
1999). Lake Tana in the upper basin is a shallow lake sitting at an elevation of about 1800 masl 
and which has a surface area of approximately 3000 km2. It has an estimated catchment area of 
some 12 129 km2. The lake tributaries include the Gilgel Abbay, the Gumara, the Ribb and the 
Megech which are perennial streams that are highly seasonal. The Eastern Nileflows from the 
lake through a series of cataracts and the Tis Issat falls where there is a hydropower plant with 
an installed capacity of 73 MW. The main river is joined by many tributaries in steep valleys 
including the Jemma, the Muder, the Guder and the Finchaa r ivers. Significant contributions 
are made by the Didessa and Dabus tributaries, which drain the south-western, humid part of 
Ethiopia. The Beles tributary joins the main river from the north-east just before the site of the 
proposed G rand E thiopian R enaissance D am o n t he E thiopia- Sudan B order. T he M ean 
Annual Runoff (MAR) at this site is estimated to be 48 billion m3/a. Downstream of El Diem, 
the R oseires a nd S ennar da ms on t he E astern Nile pr ovide w ater f or the l arge i rrigation 
schemes further downstream to the confluence with the White Nile at Khartoum. The Gezira 
irrigation scheme and Managil extension scheme are amongst the largest in the world, covering 
a c ombined a rea of  ppr oximately 8000 km 2. D ownstream of  S ennar D am, t he R ahad a nd 
Dinder tr ibutaries jo in th e E astern N ile before t he co nfluence w ith t he W hite N ile n ear 
Khartoum. From here, the main Nile flows about 1500 km to Lake Nasser (Aswan Dam) with 
the only major inflow from the Atbara River some 300 km downstream from Khartoum.  

2.1.4 Existing Water Resource Infrastructure 
         Hydropower 
 
There a re c urrently t wo m ajor da ms i n t he B lue N ile s upplying w ater f or ir rigation a nd 
hydropower.  T hese a re t he R oseires a nd S ennar da ms i n S udan. The R oseires D am 
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downstream of El Diem was completed in 1966.  It has a full supply capacity of 2100 million 
m3   and is operated primarily for hydropower.   It has an installed capacity of 280 MW.  The 
Sennar Dam downstream of Roseires was built in the 1920s and is used primarily for irrigation 
of the Gezira and Managil irrigation schemes.  T wo canals from Sennar Dam supply water to 
the schemes.    Sennar dam also generates hydropower with an installed capacity of 15 MW. 
 
The B eles H ydroelectric P ower P lant, s ometimes r eferred t o as  Beles II o r T ana-Beles, i s a 
run-of-the- river h ydroelectric pow er pl ant i n Ethiopia ne ar Lake T ana. T he pow er pl ant 
receives w ater from the la ke a nd a fter u tilizing it to  p roduce e lectricity; th e w ater is  th en 
discharged into t he Beles R iver. The pl ant will eventually have an installed capacity o f 460  
MW. It is also expected to help provide water for the irrigation of 140,000 ha (350,000 acres). 
It was inaugurated in May 2010. 
 
The Ti s-Abbay II h ydroelectric pow er pl ant i s l ocated on t he Abbay   R iver downstream of  
Lake T ana w here t he h ead o f t he T is Issat Falls h as b een u sed t o generate el ectricity s ince 
1964.  T is-Abbay I have an installed capacity of 11 MW and Tis-Abbay II has increased the 
installed capacity at this location to 73 MW. 
 
The F incha’a D am o n t he F incha’a R iver, a t ributary o f t he E astern N ilehas an  i nstalled 
capacity of 128 MW. It was constructed in 1973 and is now also connected to the Amerti River 
via a tunnel. 
 
On the Main Nile, there are several irrigation schemes which are supplied from the river, one 
at Tamaniat–Hassanab and the other at  Hassanab-Dongola located upstream and downstream 
of Merowe Dam respectively.    M erowe Dam is located near the 4th cataract near the city of 
Merowe.   The main purpose of the dam is for hydroelectricity and it has an installed capacity 
of 1250 MW. 
 
2.1.5 Existing Water Users 
         Irrigation 
 
The m ajor c onsumptive w ater us er i n t he Blue N ile c atchment is  ir rigation.  T he a verage 
annual s upply f or i rrigation i n t he G ezira and M anagil S chemes i s a bout 6 B illion m 3/a.   
Additional smaller irrigation areas comprise the irrigation areas upstream and downstream  o f 
Sennar dam covering an estimated area of 5000 km2, and the combined average annual supply 
to these areas is estimated to be 3.6 billion m3/a. 
 
Hydropower i s ge nerated a t T is A bbay ( downstream of  Lake T ana), a t R oseires D am, a t 
Sennar Dam, on the Fincha River and in the Beles tributary from Lake Tana. 
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Although  there  are  numerous  local  r iparian  water  users  within  Blue Nile  catchment,  i t 
has  be en a ssumed  t hat  t he  vol ume  of   w ater  a bstracted  f or  dom estic  us e,  l ivestock  
watering  a nd  s ubsistence f arming is  n egligible co mpared t o t he l arge s cale co mmercial 
irrigation water use in the catchment. 
 
2.1.5 Present Operation System 

Releases are made from Roseires to Sennar in order to maintain the water level in Sennar for 
irrigation s upply t o t he G ezira a nd M anagil c anals.   A t p resent R oseires i s o perated t o 
maintain e lectrical s upply from t he da m, a lthough t he s torage i s a lso r educed i n J uly a nd 
August to try to reduce the rate of sedimentation in the dam.  The dam is allowed to start filling 
at the earliest at the beginning of September or when the flow at dam drops to 350 million m3/d 
or at the latest on the 26th September and fill for 26 days. 

With t he ex ception o f t wo r elatively small S udanese reservoirs (Roseires and S ennar) and a 
hydroelectric w eir below Lake T ana, no  ot her regulation pr ojects exist a long t he B lue Nile. 
However, the topography of the basin in Ethiopia can support a series of major hydroelectric 
and s torage p rojects ( U.S. Bureau of  Reclamation S tudy, 1964) . The characteristics of  t hese 
projects (i.e., Lake Tana, Karadobi, Mabil, Mendaia, and Grand Ethiopian Renaissance Dam) 
and t hose of  R oseires and S ennar are s tudied a nd s ummarized i n t he A bay M aster pl an 
Document. F ull h ydropower de velopment i n E thiopia c ould c reate 62  B CM of  c ombined 
reservoir storage and 5700 MW of hydroelectric power capacity.  

The benefits and implications of  such projects a re important for E thiopia and a ll N ile Basin 
Nations. P resently, l arge s cale i rrigation t akes place onl y i n S udan b elow S ennar ( at t he 
Managil and Gezira irrigation developments) using an estimated 15.3 BCM of water per year. 
In fact, the primary purpose of Roseires and Sennar is to secure and divert this quantity to the 
irrigation areas. By contrast, food production in Ethiopia relies mainly on rain-fed agriculture. 
However, significant expansion of irrigated lands is possible in both countries, and extensive 
water withdrawals could develop in the near future. 

The last tributary of the Nile is the Atbara River which drains parts of Ethiopia (north of Lake 
Tana), Eritrea, and Sudan.  Atbara contributes an average flow of 12 BCM per year in a highly 
seasonal pattern similar to that of the Eastern Nile. The river provides water for irrigation (at 
1.5 BCM annually) and energy generation through the Khashm el Girba reservoir. 
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2.2 Tekeze-Atbara Sub-basin 
 

The Tekeze- Atbara river system rises in the northeastern highlands of Ethiopia. The total river 
catchments c over s ome 68,000km2, 70%  of  w hich l ie a bove e levation 1500 m asl a nd 40%  
above e levation 2000m .The A tbara-Tekeze ba sin ha s t hree m ain t ributaries, A ngreb and t he 
Goang, w hich m eet i nside S udan t o f orm t he U pper A tbara R iver. T he Upper A tbara R iver 
joins the Seteit (Tekeze in Ethiopia) branch to form the Atbara River. Extreme variations in the 
climatic c onditions exist acr oss t he A tbara-Tekeze r iver b asin. W hile t he a verage m onthly 
temperatures a re i n t he r ange of  12°C  t o 18°C  i n t he hi ghlands t he m onthly a verage a t t he 
confluence with the main Nile is more than 29°C with minimum and maximum temperatures 
from 5°C to 46°C. The rainfall varies from 1500mm on the highlands to 500mm at the Border 
and to less than 100mm at the confluence with the main Nile. The rainy season extend over 8 
months on the highlands to 5 months at the border but mainly concentrated in the period June 
to S eptember. A  num ber of  m ajor r ivers bi sect the ba sins unde r c onsideration. T he a nnual 
runoffs of these rivers are shown in Table 6.2.1. All rivers flow in the period June to December 
of e very year w ith f low m ainly c oncentrated i n t he m onths of  July t o September a nd with 
peaks in August. 
Table 2.2.1: Tekeze River Basin - Rivers runoff in millions of cubic meters per annum 
(MM3) 
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Figure 2.2.1: Tekeze – Atbara Sub-basin with potential development sites 

In E thiopian s ide of  t he T ekeze ba sin arable l and i s m ore s ituated i n t he B order w ith a n 
identified potential of over 70,000 ha. In Sudan 189,000ha of land is currently under irrigation 
from Khashem El Girba Dam on t he Main Atbara River. Around 135,000ha irrigation area is 
planned under the Upper Atbara Project. In Sudan land resources is not a limitation. Table 6-2 
shows the potential areas planned to be irrigated under different identified projects in Ethiopia 
and Sudan. 

The na ture of  t he t opography i n E thiopia o ffers s everal da m s ites for minor t o l arge s cale 
hydroelectric power generation and multipurpose use. The r ainfall i s po orly di stributed ov er 
the year with 70%  i n t he m onths of  J uly t o S eptember. S easonal s torage i n da ms w ould be  
necessary f or h ydropower generation a nd m ultipurpose us e. A dequate s urvey o f t he 
topography and hydrometrical records would reveal the full extent of the hydropower potential 
of t he ba sins. T his c ould be  c ombined w ith t he pur poses of  r iver r egulation, s edimentation 
reduction, creation of livelihood and protection of the watershed. The long term harnessing of 
the r iver could pos sibly i nclude a  cascade l ike series of  s everal da ms with r egional pow er 
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interconnection p rograms and i rrigation oppor tunities. The h ydropower generation under t he 
identified projects is shown in Table.  
Table 2.2.2: Drainage area of rivers and tributaries 
 

 
 
Table 2.2.3: Potential Irrigable land by project (in hectares) 
   

Basin 
 

Ethiopia 
 

Sudan 
 

Total 

  
Existing 

 
Proposed 

 
Existing 

 
Proposed  

Tekeze-Setiet  42,965    
42,965 

 
Angreb  16,535    

16,535 
 
Goang  11,561    

11,561 
 
Atbara Branch     

134,628 
 

134,628 
 
Atbara Main    

189,000  
 

189,000 
 
Table 2.2.4: Hydroelectric Power Potential    

 
No. 

 
Project 

 
Purpose 

 
Status 

 
Reservoir 
capacity 
(Million m3) 

 
Installed 
hydropower 

 
(MW) 

1  
Tekeze-5 
( hi i ) 

 
Hydropower 

 
Existing 

 
9,200 

 
300 

2  
Khashm Elgirba 

 
Multipurpose 

 
Existing 

 
650 

 
- 

3  
Rumela 

 
Multipurpose 

 
Proposed 

 
1300 

 
20 

4  
TK7 

 
Multipurpose 

 
Proposed 

 
- 

 
- 
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2.2.1 Proposed water Resources Development 
 
The starting point in the search for harnessing the opportunities of the basins is based on the 
identified water resource projects in the Eastern Nile countries. The options for water resource 
development could include: 

 Irrigation Development 
 Hydroelectric power generation and interconnections 
 Rural infrastructures development 
 Watershed management 
 Flood and drought management 
 Forests and wildlife 

Most of  t hese opt ions h ave be en included in t he l ist of  projects t hat h ave been identified i n 
each country. The list of major water resources projects for the different sub-basins in Ethiopia 
and Sudan includes: 
In the Atbara-Tekeze-Angreb-Goang Rivers sub-basins in Ethiopia: 
 Tekeze Hydropower Dam; 
 Humera Irrigation Project; 
 Goang multipurpose opportunity; 
 Angreb multipurpose opportunity; 
 Possible other single or multipurpose in sub-catchments (small scale irrigation); 
 In Sudan existing and planned projects on the Atbara-Seteit River are: 
 Existing New Halfa irrigation Scheme 
 Upper Atbara multipurpose Project 

 
2.2.2 Hydrological overview 
 
The Tekeze-Atbara catchment is the most seasonal of the major tributaries of the Nile. It is the 
last major tributary of the eastern Nile and is located in the northern part of Ethiopia, Sudan 
and part of Eritrea, draining an area of approximately 68 800 k m2 (Sutcliffe and Parks, 1999). 
The Atbara drains the mountainous area north of Lake Tana and the plains to the west with a 
atchment area of  about 31 400 km 2 above its confluence with the Tekeze (called the Setit in  
Sudan). The lower basin in Sudan is qui te eroded and i s joined by intermittent s treams. The 
Angreb and Goang Rivers join to form the Upper Atbara River in Sudan. The Upper Atbara 
River joins the Tekeze tributary to form the Atbara River. The Tekeze River has a mean annual 
runoff of  7870 m illion m3/a and the Angreb-Goang contribution is about 4202 m illion m3/a. 
The m ain A tbara R iver has a n e stimated m ean annual f low of  12 072 million m 3/a. M ean 
annual rainfall varies from 1500mm on the highlands to 500mm at the Ethiopia-Sudan Border 
and t o l ess t han 100m m a t t he c onfluence w ith the m ain N ile. T he m ean a nnual r ainfall i s 
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estimated to be 950 mm across the catchment, with a s horter rainfall season, concentrated in 
August and September, than the Blue Nile. 
2.2.3 Existing water resource infrastructure 
Existing bulk water infrastructure comprises the TK5 reservoir in the upper Tekeze which is a 
multipurpose reservoir providing hydropower and water for irrigation with a high assurance of 
supply. It has a full supply capacity of 9 km 3. The Khashm el Girba Reservoir on t he Atbara 
supplies w ater f or i rrigation a s w ell a s f or h ydropower generation. It w as bui lt i n 1964 a nd 
originally had a full supply capacity of 1.3 km3. Currently, the Upper Atbara Dam Complex, 
which involves the Burdana Dam on the River Setit and the Rumela Dam on the Atbara River 
upstream of the Khashm al Girba Dam, is under construction in Sudan 
Table 2.2.5: Tekeze River Basin Existing dams 

Existing 
 Khashm el 

Gi b  
TK

  
Operation : Provides seasonal storage to augment the 
water supply to the New 
Halfa Irrigation Scheme. 
Due to high sediment loads in the flood season the dam 
is allowed to fill at the start of the flood season and then 
drawn down suddenly to RL450 over three days 
(Around about mid July) to try to scour sediment from 
the dam basin. The dam is filled using the recessionary 
limb of the flood flows (in August/ September).  It is 
likely that the streamflows in the river are monitored on 
a daily basis to time the emptying/filling to ensure that 
the dam can fill.  A scour release may not be made if the 
inflows are insufficient to refill the dam and will 
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Table 2.2.6: Existing hydro-power schemes 
 

 
 
2.2.4 Water users 
 
The m ain w ater u ser i n t he T ekeze-Atbara b asin is  ir rigation in  th e N ew H alfa ir rigation 
scheme. There are a number of proposed multipurpose projects in the basin which are currently 
being investigated. Hydropower generation is a non-consumptive water user in the basin. No 
environmental / compensation releases are currently made from Khashm el Girba Dam. 
 
2.2.5 Present operation system 
 
The T K5 re servoir i s operated p rimarily fo r hydropower an d t he w ater i s available f or 
irrigation projects in the surrounding area. There is a high reliability of supply associated with 
the TK5 h ydropower and therefore t here i s pot ential for supply t o l arger i rrigation schemes. 
Khashm el Girba is  a  multipurpose reservoir which supplies i rrigation water through a canal 
system and also generates a s mall amount of hydropower. The Khashm el Girba reservoir i s 
drawn down to almost empty before the high flow season in order to reduce sediment build up. 
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2.3 Sudd, Bahr el Chazal and Sobat 

Exiting Lake Albert, the Nile f lows north to Nimule at the Ugandan-Sudanese Border. From 
here, i t changes name f rom Albert Nile to Bahr el Jebel, receives the contribution of several 
tributaries known as Torrents, reaches Mongala, and soon thereafter enters the Sudd. Over the 
1913 to 1971 time period, the flow at Mongala varied from a 64 BCM per year maximum to a 
15.3 BCM per year minimum, with a 31 BCM per year average. Most of the water comes from 
Lake A lbert w ith th e T orrents c ontributing an a verage o f 4.8 B CM pe r year. M uch l ike t he 
Sudd rainfall, the f low of  the Torrents i s highly seasonal occurring f rom May to November. 
Below M ongala, t he r iver e nters t he S udd s wamps, s pills ove r i ts ba nks, a nd i nundates t he 
adjacent f lood plains. The extent of  the f looded area varies with f low, but in the 1979-1980 
periods i t w as e stimated t o be  30,000  s quare ki lometers ( Sutcliffe a nd P arks, 1999) . In t he 
Sudd, e vaporation e xceeds r ainfall b y about 1300 m illimeters pe r year, c ausing m ost of  t he 
spilled water to evaporate. At Malakal, where the r iver and i ts b ifurcations emerge f rom the 
Sudd, only half of the Mongala flow remains. Specifically, over the 1913-1971 time periods, 
the flow at Malakal averaged 15.2 BCM per year. The percent reduction of the flow increases 
in w et years a nd d ecreases i n d ry years. F rom 1963 t o 1971  t he average annual flow a t 
Mongala w as 55.02 BCM, w hile t he f low a t M alakal w as 21.4 BCM, r epresenting a 61 % 
reduction. 

The seasonal cycle of wetland flooding and drying is a key element of the ecology and the 2-3 
economy o f t he S udd. Howell e t a l. ( 1988) a nd S utcliffe a nd P arks ( 1999) e xplain t hat the 
swamps are either permanent wetland areas (i.e., wetlands that remain flooded throughout the 
year) o r s easonal w etland areas ( i.e., w etlands t hat a re f looded dur ing t he r ainy s eason a nd 
uncovered du ring t he d ry s eason, f rom D ecember t o A pril). S easonal s wamps a re m ost 
valuable to the local economy as they support cattle grazing during the dry season. In 1979-
1980 nearly half of the wetlands were seasonal swamps. Permanent wetland areas are habitats 
of a rich diversity of plant and animal life. 

The Jonglei Canal was first proposed (Garstin, 1904) as a water conservation project to reduce 
evaporation in the Sudd and augment the Nile flow. In Phase II of the project, the Canal would 
divert up to 43 million cubic meters per day from Bahr el Jebel at Bor, before significant over 
bank s pillage w ould o ccur, b y-pass t he s wamps, a nd di scharge i nto t he S obat R iver 
immediately before its junction with the White Nile. From a water conservation standpoint, the 
canal b enefit w ould d epend on i ts ope rating rule ( partitioning t he f low between t he B ahr el 
Jebel an d Jonglei) as  w ell as  o n t he f low r egulation ex ercised b y Lake A lbert. F rom t he 
standpoint of the local population, the canal should support and enhance Sudd’s cattle grazing 
potential. The Bahr el Ghazal and its tributaries (Bahr el Arab, Lol, Jur, Tonj and others) drain 
an area of more than 500,000 square kilometers. As in the Sudd, rainfall over the basin occurs 
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between March and October and generates seasonal runoff (June to November) averaging 11 
to 14 B CM pe r year. O ver ba nk s pillage oc curs e xtensively i n t he ba sin ove r a  va riable 
wetland a rea r anging f rom 4,000 t o 17,000 s quare kilometers ( Sutcliffe a nd P arks, 1999 ). 
Wetland evaporation i s so s ignificant that when the r iver joins Bahr e l J ebel a t Lake No, i ts 
flow contribution is minimal (0.4 bcm per year). 

Water conservation projects have also been proposed for the Bahr el Ghazal river basin. The 
potential water benefits from these projects are estimated at 5 to 8 bcm per year (UNDP, 1981, 
Fahmy and Fahmy, 1981), but these estimates are based on i nsufficient data. As in the Sudd, 
the seasonal wetlands of the Bahr el Ghazal enable cattle grazing during the dry season and are 
crucial for the survival of the local population. 

Below Lake N o, t he r iver i s know n a s t he W hite N ile a nd f lows e astward unt il i t joins t he 
Sobat River, a few kilometers upstream of Malakal. Sobat’s main tributaries, Baro, Akobo, and 
Pibor, drain portions of Ethiopia and southern Sudan, and contribute an average of 13.7 bc m 
per year (as estimated by the 1913 t o 1971 flow record) to the White Nile. Sobat’s rainfall is 
seasonal f rom A pril t o O ctober a nd s o i s i ts streamflow ( from J une t o N ovember). Before 
joining P ibor, B aro s pills a n a verage of  2.8 bc m pe r year t o t he a djacent M achar M arshes 
(Jonglei Investigation T eam, 1954) . W ater c onservation pr ojects ha ve be en pr oposed t o 
minimize s pillage a nd a ugment th e f low of t he W hite N ile. H owever, the i mpacts of  t he 
conservation projects for the local population are not fully understood. 

 
2.3.1 Physical Catchment Description 
 
The Baro-Akobo-Sobat (BAS) Basin, as defined for this project, is located in the central part 
of the Nile basin and extends from the Equatorial forests near Gambella at elevations of 2 000 
to 3 000 masl to its confluence with the White Nile at Malakal at 400 masl. The basin includes 
a complex system of r ivers and l arge seasonal wetlands formed by the seasonal spills of  the 
large rivers. The main rivers in the BAS basin are: Baro, Gila and Akobo, which originate in 
the Ethiopian Plateau, and the Pibor, which originates in southern Sudan and northern Uganda. 
Grassland, op en s hrub l ands a nd op en w ood l and w ith c overage o f 30 %, 23%  and 17%  
respectively, are the dominant land cover units in the sub basin. Other s ignificant land cover 
types in the basin include seasonal and permanent swamps, montane forest, rainfed and some 
irrigated crops and dense woodland. The grass land predominantly covers the low-lying area of 
the sub basin. 
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2.3.2 Hydrology 
 
The B aro-Akobo-Sobat r egion c onsists of  a num ber of  h ydrologically di ssimilar s ub-
catchments. Most of the runoff (about 12 km3/a) is generated in the mountainous, high rainfall 
areas in the east which are collected by the Baro River. The slightly drier and less mountainous 
area of the Gilo and Akobo Rivers also provides runoff (about 4km3/a), while the vast plains 
south of  t he A kobo r iver generate ne gligible r unoff. D uring hi gh f lows, water ponds  i n t he 
channels a nd i s di verted i nto a djacent r ivers or  de pressions w hich c omplicates f low 
measurement. The most significant of these transfers (about 3 km 3/a) is from the Baro River, 
just ups tream of  t he P ibor c onfluence, into t he M achar M arshes. T he M achar M arshes i s 
located nor th of  t he B aro R iver be fore i ts c onfluence w ith t he P ibor R iver i n t he S udanese 
land. It i s h ydraulically c onnected t o t he B aro R iver dur ing hi gh s tage f lows ( flood f lows 
overtopping t he r iver embankments) f rom i ts s outh a nd t o t he e phemeral t orrents or iginated 
from the foothills of the western highlands of Ethiopia from its eastern side. 
 
2.3.3 Climate 
 
The climate of the BAS is featured by mountain ranges in the Ethiopian part, subject to high 
rainfall, and the flat plains in Sudan with declining rainfall from south to north. The vegetation 
cover follow rainfall i soheights, r anging f rom dense forests at the source, to bush and shrub 
land further downstream. The annual rainfall i s around 1500 t o 2000 mm/a in  the Gambella 
region, 1000 m m/a in t he P ibor a rea and 700 m m/a at Malakal. The rainfall s eason ex tends 
from May to October in the southern and eastern parts of the basin, and decreases northward to 
only July, August and September in the northern parts. The rainfall seasonality is reflected by 
the highly seasonal river discharges of the BAS basin. Similarly, rainfall exhibits large annual 
variability in particular in the low rainfall region of the basin. 
 
2.3.4 Existing Water Resource Infrastructure 
 
The Baro-Akobo-Sobat catchment i s l argely undeveloped. The only dam in the catchment i s 
the A bobo D am w hich must still be  de veloped to f ully s ervice t he pl anned 10 400  ha  o f 
irrigation. 
 
2.3.4 Major Water Users 
 
Apart from the Abobo Irrigation Scheme, there are currently no major water users in the basin 
in the form of commercial irrigation and/or hydropower installations. Although there is no bulk 
water in frastructure, w ater is  u sed f rom th e river f or d omestic w ater r equirements. T his 
demand i s ne gligible c ompared t o t he a verage daily f lows i n t he r iver a nd ha s not  b een 
included in the model. 
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2.4. Grand Ethiopian Renaissance Dam  

2.4.1 Grand Ethiopian Renaissance Dam (Master Plan) 

The Grand Ethiopian Renaissance Dam project site is located on t he Abbay/ Blue Nile River 
some 30 km  dow nstream of  i ts c onfluence w ith t he B eles R iver and 2 0km ups tream of  t he 
Ethiopian-Sudan B order. T he c atchment area t o the G rand E thiopian R enaissance Dam s ite 
comprises some 176,918 km2 of the Abbay River Basin. The head waters of the Abbay River 
are in the mountains surrounding Lake Tana, the largest tributary of which is the Gilgel Abbay. 
Lake Tana, at an elevation of approximately EL. 1785 m provides significant regulation of the 
natural river flow in the upper reaches of the Abbay. The didesa, Dabus and Beles Rivers are 
the ma in t ributaries w hich j oin t he A bbay i n t he r each b etween Lake Tana and t he Grand 
Ethiopian Renaissance Dam Site.  

Much of  the upper part of the basin comprises the highland plateau with elevation generally 
exceeding 2000m. The plateau exhibits extensive level areas with intensive agriculture divided 
by incised valleys. Mountain peaks rise to over 4000m in the north. The Abbay flows generally 
within a d eeply incised gorge which has a r elatively gentle gradient falling some 545m over 
600km f rom a n elevation of  E l. 1030m  a t K essie br idge t o E l. 485m  at the Ethio-Sudanese 
border. 

This s ite i s t he last pos sible one  on t he Blue Nile R iver an d i s located n ear t he S udanese 
Border. The USBR r eference i s BN-28, and the co -ordinates, t aken f rom the 1:50,000 maps 
prepared by S. Pietrangelli for the Tana Beles study are the following: North latitude = 11° 12’ 
50” and East longitude = 35° 05’ 40” 

Slight di fferences oc cur be tween t he c o-ordinates given i n t he U SBR report and t he one s 
calculated from the new maps which are mainly due to the inaccuracy of the USBR maps. 

Maps: 

 Geological map at 1:250,000: ABU RAMLA (NC 36-4). 
 Topographical maps issued from S. Pietrangelli study with the following reference: SH 

40 and SH 44 for the reservoir area are with contour lines every 50 m. It corresponds to 
the EMA national grid number of: 1135-C3 and 1035-A1 which are not yet available. 

 Aerial photos available from the USBR study (1960 series at 1:50,000 scale): Nos 9459 
and 9460. 

 2.4.1.1 Regional Geology 

The region is a flat pen plain highly eroded. Geologically, the predominant rocks are the old 
Precambrian series. They have been distinguished as the PGT2 formations which correspond 
to i ntrusive g ranites a nd ot her P SGD w hich a re m ainly granodiorite. D ownstream, ne ar t he 
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Grand Ethiopian Renaissance Dam PTAC are mapped and represent the Tambien group which 
is mainly phillites, quartzite and other graphitic schist with some marble.  

Some volcanic rocks are also present but mainly as remnant deposits on the top of small hills. 
They have been attributed to the recent quaternary eruptive events of  the MAGDALA group 
and referenced as QATB. They are mainly formed by alkali trachytes and associated basalt. 

The r egional f racture p attern can  b e grouped into t hree m ain f amilies. T he f irst one  i s 
orientated to the N-S or NE-SW direction. The second one is to the E-W direction and the third 
one to the NW-SE direction. The region is highly affected by the old fracturing system which 
has marked the old basement complex. The intrusive granite formation may develop a round 
their margin a foliated contact more or less fractured. This could be mapped at a greater scale 
during the geological survey for the further level of study. 

Lateritization is  effectively important and may a ffect the rock in depth. The thickness i s not  
known but may be over 10 meters. 

The wide valley up or downstream is also covered by thick alluvium deposits. 

2.4.1.2 Dam site 

I. Main geomorphologic and geological features 

The site is at the restriction formed by the intrusive granite rocks into the basement complex 
gneiss rocks. Both abutments rise up 400 meters above the river bed. The two mounts are in a 
N-S t o N -E a lignment. Both a butments a re f ormed b y s teep s lopes cutting t hrough i nto t he 
granite rock. 

For an assumed height of about 100 m, the total crest length would reach about 1,250 meters. 
The ge neral va lley c orresponds t o a  l arge « U » shape w ith a  f lat bot tom e ntrenched b y t he 
river flowing towards the left bank. The main flood plain is about 300 m  wide. Upstream the 
dam site, the river has cleaned up the rock which is exposed in the stream. Off the river bed, in 
the flood plain, the rock is covered by silty clay from the flood deposits which may also be the 
result of lateralization. The total thickness is not known, but is estimated more than 10 meters. 

II. Structural aspects 

The s tructure i s pr edominantly i nfluenced b y t he i ntrusive a spect of  t he g ranite f ormation. 
Fracturazation w ill h ave a  great imp ortance. 3  main f amilies w ere already defined f or t he 
region. Locally, a few other directions may exist especially around the margin contact with the 
gneiss formation. 
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III. Geotechnical aspects and water tightness 

This type of rock is generally considered fairly watertight and no major problems are expected 
for the foundation. 

The w eathered z one m ay vary and without a ny ot her geological i nformation, i t w ill be  
assumed a s U SBR t hat it m ay reach up t o 12 t o 15 m eters i n t he f lat bottom s ection, a nd 
around 3 to 6 meters along the slopes. 

The site is considered suitable for a concrete dam. 

IV. Construction material 

Impervious material predominantly located in the main flood area, either up or downstream the 
dam site seems to be abundant while natural sources of gravel and sand for aggregates are not 
in sufficient quantity. Quarrying the granite or gneiss rock located near the dam site seems to 
be required to produce the quantities needed for the project. 

 

2.4.2 Current Study of Grand Ethiopian Renaissance Dam Project 
EEPCO is currently concentrating on development of Ethiopia’s hydroelectric power potential 
that generates capacities to meet domestic demand and exports for neighboring countries and 
provide s upport t o f oreign currency i ncome. Associated t o t his, t he A bay Basin Integrated 
Master Plan Study revealed feasible hydropower project sites in the basin. One of these is the 
Grand E thiopian R enaissance D am P roject d am co nstruction.  It o ccupies an  a rea of l and 
above 500m elevation designed to rise up to 145 m high from the riverbed to provide effective 
hydropower reservoir area.  

The reservoir water, after dam construction will  take up a ll  t he existing land cover and land 
use types occurring in between the lowest ground base 500m and the highest 645m elevation 
masl. It will enfold all side slopes of  river valleys, plains and low isolated hills and hill side 
slopes of Abay and i ts major tributaries i .e. Dabus, Didessa and Beles falling in between the 
lower a nd uppe r e levations i ndicated he re a bove. H enceforth, s tudying t he l and c over 
resources in the reservoir area before dam construction by type and extent help determine the 
reservoir’s i mpact on t he e xisting na tural r esources, l and us e, l and us ers a nd t hus l ook f or 
alternative actions to be considered ahead of time. 

The Great Renaissance Dam Project is situated in the Beneshangul -Gumuz National Regional 
State of Ethiopia. The Zones in which it falls are Assosa, Kamashi and Metekel and portions of 



Easter Nile River Basin Simulation with GERD 
 

MSc Thesis -By Tesfaye Abebe                         AAU-AAIT-School of Civil and Env’tal Eng’g | 
Description of the Study Area 

36 

 

weredas t aken b y t he r eservoir a re: M enge, O da B ildag, S herkole, A nglometi, S irba A bay, 
Bulen, Dangur, Guba and Wenbera.  

Geographically, it is situated between North 9050’49” and 11017’21” and East between 350 57’ 
25”and 35 052’48” ( Location m ap). T he t otal a rea of  t he r eservoir where t he s tudy ha s b een 
conducted is 191,546.51ha. It is expected to hold 63 m illion m3 of water to generate about 5, 
250 MW electric power. The location and reservoir area is shown below in the figure 2.4.1 

2.4.2 .1 Technical Features of GERD 

The GERD project is located approximately 750 km northwest of Addis Ababa on the Abbay 
River, in the Beneshangul Gumuz National Regional State of Ethiopia. 

The t ype of  w orks w ill m ainly c onsist of  a  R oller C ompacted C oncrete ( RCC) da m, t wo 
powerhouses, a gated spillway and a rock-fill saddle dam. 

The main dam which will have a volume of approximately 10MCM, a length of 1780 m eters 
and he ight of  145 m eters, w ill be  a  RCC gravity dam, divided in t hree sections: r ight bank, 
central section and left bank. 

The central section will be used as a stepped spillway. This will create a reservoir that covers, 
at f ull s upply level, an area of  1,680  s q. km  and hol d a  vol ume o f 63 Billion c ubic M eter 
(BCM) of water. The normal and minimum operating water levels will be 640 and 590 meters 
above sea level respectively, and the reservoir volume at minimum operating level is to be 12 
BCM. 

The two powerhouses will be at the downstream of the main dams: one on the right bank and 
the ot her on t he l eft bank. T hey w ill a ccommodate 10 a nd 5 F rancis T urbine U nits 
respectively, with a total installed generating capacity of 5,250MW. 

The reservoir area will cover 1,874 square kilometers at full supply level (FSL) of 640 meters 
above s ea l evel (masl). T he total s torage volume i s 74 billion c ubic meters w ith an a ctive 
storage v olume of  59. 2 B illion cubic meters. F or a de sign flow of  4,305 c ubic m eters pe r 
second and a maximum net head of 133 meters and plant factor of 0.31, the expected average 
energy production per year is 15,692 GWh. 

The p1ant has two surface powerhouses equipped with sixteen power generating units and a 
Switchyard .The installed power is flexible (base or peak) and the plant has been designed so 
that the installed capacity may be built in several stage. 
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The reservoir level will be controlled through three spillways, designed to cater for a probable 
maximum flood (PMF) of 19,370m3/s. 
The saddle dam, with a  maximum height of  60m and approximate volume of  17 M CM will 
have a curved axis and a length of approximately 4,800 meters. The cross section will include 
an i mpervious a sphalt c ore w ith t he r elevant up stream a nd dow nstream transition. T he da m 
body is to be made of material obtained from the spillway   excavation, whilst selected rip-rap 
will c onstitute t he s lope pr otection. A  w ave pr otection w all w ill be  pl aced on t he 4m  w ide 
crest. 

A 500KV double bus-bar switchyard will be set up about 1.4 km downstream of the main dam. 
The switchyard will include incoming bays from the transformer feeders at the power plant and 
the outgoing transmission line bays. 

The f irst ma jor s tep in  th e s chedule w ill be t he di version of  t he r iver t hrough di version 
culverts. This will take place at the beginning of the 2012/2013 dry season. The river will be 
diverted t o enable t he c onstruction of  t he central s ection of  t he dam and will be  carried ou t 
using four culverts constructed in the dam body. 

The central section of the dam will be kept lower than the right bank and left bank sections to 
serve as a spillway and allow for rainy season floods. This arrangement will also allow for the 
construction of the main dam body to proceed on both river banks during the rainy season. 

Table: 2.4.2.1 Technical Feature of GERD 

Hydrological data 
Catchment area                                                                               172,250 km2 
Mean annual flow                                                                       1,547 m3/s 
Main dam 
Type                                                                                  Roller compacted concrete (RCC) dam 
Max. Height above foundation                                              145m 
Crest e elevation                      645 m asl 
Crest length                                                                       1780m 
Dam volume                                                                       10.1Mm 3 
Reservoir Data 
Full Supply Level (FSL)                                                        640 masl 
Minimum operating level (MOl)                                            590 masl 
Operating range                                                                      50m 
Total Storage volume                                                             74.01sm3 
Live storage vol. (Max. regulated capacity)                       59.22 8m3 
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Dead storage volume                                                          14.79 Bm3 
Surface area at (FSl)                                                            l, 874 km2 
Surface area at {MOL)                                                        606 km2 
10,000 years return peak flood                                            26,860 m3/s 
Probable Maximum Flood (PMF)                                38,750 m'/s 
Mean annual sediment yield                                            207 Mm3/y 
Length of reservoir at FSL                                              246 km 
Saddle Dam 
Type                                                        Rock Fill Dam with Bituminous Surface Sealing 
Height                                                                  45m 
Crest length                                                             4800m 
Crest elevation                                                    644 masl 
Wave wall elevation                                              646 masl 
Powerhouse 
Right powerhouse 
Powerhouse type                                                  Outdoor 
Un;t# /Type                                                          10/Francis 
Installed power                                                         10/37SMW 
Left power house 
Power house type                                               Outdoor 
un;t#/Type                                                           6/Francis 
Installed power                                                          6/375MW 
Power and Energy 
Max Net Head                                                             133 
Total Installed capacity                                           6000MW 
Avg. annual energy Generation                              15692 GWh/yr 
Plant factor                                                                          0.31 
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Fig.2.2.4 Location Map of Grand Ethiopian Renaissance Dam and Reservoir 
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CHAPTER THREE 

3 Literature Review 

3.1 Some of the models used in River Basin Simulation 

3.1.1 River Basin Simulation Model-RIBASIM 
RIBASIM is generic model package for analyzing the behavior of river basins under various 
hydrological conditions. The model package is a comprehensive and flexible tool which links 
the water availability at various locations with the specific water-users in the basin. 

RIBASIM en ables t he u ser t o ev aluate a v ariety o f m easures en vironment r elated t o 
infrastructure, ope rational a nd d emand m anagement i n t erms of  w ater qua ntity and w ater 
quality. 

RIBASIM generates water distribution patterns and provides a basis for detailed water quality 
and sedimentation analyses in river reaches and reservoirs. It provides a source analysis, giving 
insight in the water's origin at any location of the basin. 

RIBASIM follows a structured approach to river basin planning and management. 
RIBASIM is a dedicated modeling instrument for river basin planning and management. It has 
a set of outstanding features which make it a state of the art river basin simulation package. 

Large a nd c omplex r iver ba sins c an be  m odeled a nd s imulated w ith R IBASIM, w hile 
previously modeled sub-basins can be combined into one main-basin. 

RIBASIM has been developed by WL | Delft Hydraulics and is part of the Delft Software. It 
can be linked to other WL | Delft Hydraulics software like the HYMOS hydrological database 
and Modeling system, the SOBEK hydraulic models and the DELWAQ Water quality model. 

RIBASIM, The model could be applied at basin/sub-basin scale, (1) to provide an efficient 
handling and structure analysis of t he large amounts of data commonly associated with 
(complex) water resources systems, (2) to make comprehensive and flexible tool to link the 
hydrologic inputs of water at various locations to the various water using activities, and (3) 
to evaluate a variety of measures related to infrastructure and operational management 

The model has been applied for more than 15 years in a  l arge number of  countries and in a  
wide va riety of p rojects. W ater management o rganizations worldwide us e i t t o support t heir 
world-management and planning activities. 
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3.1.2 WEAP model 
Developed by the Stockholm Environment Institute (SEI), the WEAP model is intended to be 
used to evaluate planning and management issues associated with water resource development. 
The W EAP m odel e ssentially pe rforms a m ass ba lance of  f low s equentially dow n a  river 
system, making allowance for abstractions and inflows. The elements that comprise the water 
demand-supply s ystem and their spatial r elationship are characterized within the model. The 
system i s represented in t erms of i ts various water sources (e.g., surface water, groundwater 
and w ater reuse el ements); w ithdrawal, t ransmission, r eservoirs, a nd wastewater t reatment 
facilities, an d w ater d emands ( i.e. u ser-defined s ectors, but  t ypically comprising i ndustry, 
mines, irrigation and domestic supply) (SEI, 2007; Yates et al., 2005). 
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 i s comprehensive, s traightforward and e asy-to-use, and attempts to  assist r ather than 
substitute f or t he s killed pl anner. A s a da tabase, W EAP pr ovides a  s ystem f or m aintaining 
water demand and supply information. As a forecasting tool, WEAP simulates water demand, 
supply, f lows, a nd s torage, a nd pol lution generation, t reatment and di scharge. A s a pol icy 
analysis t ool, W EAP e valuates a  f ull r ange o f water d evelopment a nd management opt ions, 
and takes account of multiple and competing uses of water systems. 

 
3.1.3 Summarized MIKE Hydro River Basin model  

MIKE HYDRO is the common Graphical User Interface framework for Water Resources 
products of MIKE by DHI without dependencies on Arc GIS. (WGS1984) 

MIKE H YDRO Basin i s a v ersatile an d h ighly f lexible m odel f ramework f or a l arge 
variety of applications concerning Simulation, Allocation, and Management and planning 
aspects of water resources within a river basin. 

 MIKE HYDRO offers a state-of-art, map centric user interface for intuitive model build, 
parameter definition and results presentation for water resources related applications  

MIKE HYDRO Basin models generally utilize a river network and sub catchments within 
the specific r iver basin as  basic m odel-data. On top of  t his, a  number of  f eatures c an be  
applied depending on the type of application. 

MIKE H YDRO B asin i s t he s uccessor of  D HI’s f ormer pr oduct f or i ntegrated w ater 
resources management and planning; ‘MIKE BASIN’.  

MIKE HYDRO has been used in Nile Basin for Eastern Nile Joint Multipurpose p roject 
and NELSAP with the interface of NBDSS. 



Easter Nile River Basin Simulation with GERD 
 

MSc Thesis -By Tesfaye Abebe                         AAU-AAIT-School of Civil and Env’tal Eng’g | 3 
Literature Review 

42 

 

 

 

Figure:  3.3.1.1 Typical Layout of Mike Hydro 2014 

 

3.1.3.1Mike Hydro and Decision Support System 
A D SS i s a  c ommon c omputer-based pl atform f or c ommunication, i nformation 
management an d analysis o f w ater r esources. It pr ovides a  f ramework f or s haring 
knowledge, understanding r iver s ystem behavior, evaluating alternative d evelopment and 
management strategies, and supporting informed decision making. 

The N ile B asin D SS co mprises o f an  Information M anagement S ystem, a  r egional r iver 
basin modeling system, and a suite of analytical tools to support multi-objective analysis of 
investment alternatives.  

The main goal is to support an informed, scientifically based rational cooperative decision 
making. The objective is to improve the overall net benefit from harnessing the Nile River, 
and t o de velop economically efficient, e quitable, e nvironmentally compatible a nd 
sustainable 
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The N ile B asin D SS i nterface w ith M ike H ydro a nd c omprises of  a n Information 
Management System, a regional river basin modeling system, and a suite of analytical tools 
to support multi-objective analysis of investment alternatives.  

The main goal is to support an informed, scientifically based rational cooperative decision 
making. The objective is to improve the overall net benefit from harnessing the Nile River, 
and t o de velop economically efficient, e quitable, e nvironmentally compatible a nd 
sustainable. 

 

 

 

Figure:  3.3.2.1 Typical layout of NBDSS  
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3.2 Choosing the best model for a Simulation  
 
As di scussed i n t he a bove s ection, di fferent h ydrological m odels a re available. T hese 
models differ in terms of their process representation, spatial and temporal representation, 
data r equirements, a nd t heir a bility t o a nswer va rious w hat i f que stions. Therefore, 
choosing a best model for a particular application is a difficult task. Beven (2001) outlined 
the f ollowing ke y s teps to be  c onsidered w hile choosing a  m odel: a ) i s a  m odel r eadily 
available, or could it be made available if the investment of time (and money!) appeared to 
be worthwhile?; b) does the model predict the variables required by the aims of a particular 
project?; c) are the assumptions made by the model likely to be limiting in terms of what 
you know about t he r esponse of  t he catchment you ar e i nterested i n?; and d ) can  al l t he 
inputs required by the model, for specification of  the f low domain, for the boundary and 
initial conditions and for the specifications of the parameters values, be provided within the 
time and cost constraints of a project?. Blöschl (2006) argued that the best model is not the 
most accurate one but the one that serves best the purpose of reaching a consensus among 
the players.  

  After t he c areful s tudy and e valuation of  s ome of  t he above-mentioned h ydrological 
models, M ike H ydro M odel c onsidered a s a  g ood c hoice f or t he pur pose of  t his s tudy. 
While the hydrological models described earlier can simulate the hydrological process with 
varying degrees of representation of the physics of the hydrological processes, very less to 
detailed data needs and simple to complex parameterizations, each of these models do not 
offer the possibility o f i ntegrating with the NBDSS and hydrology with broader range of  
water management and DSS issues. Mike Hydro is well suited to water resource modeling 
in t he E astern N ile b asins. T he m odel s pecializes i n as sessing t he p otential f or w ater 
resources de velopment, pa rticularly h ydropower a nd i rrigation b y d etermining l ikely 
impacts of  di fferent water r esources de velopment s cenarios and opt imization o f w ater 
allocation schemes. 
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3.3 Some of the pre-studies on Eastern Nile River Basin      Simulation 
 

3.3.1 Insights in the water-energy-food nexus in the Nile Basin with the new 
Eastern Nile Water Simulation Model 

Wil N.M. van der Krogt, Henk J.M. Ogink 

 

The M ost r ecent c omprehensive s tudy on t he E astern N ile R iver ba sin S imulation ha s be en 
done by Deltares using RIBASIM. The model is based on t he 41 years of flow series (1963-
2003) by using HEC-5 software and defining four scenarios. 

 
The study presents Options for the Abay Blue Nile reservoir cascades: 

•Renaissance FSL 640: under construction 

•Various cascade combinations of Karadobi, Beko Abo Low / High, Lower 

/ Upper Mandaya and Renaissance FSL 640 / 620 dams 

For the model, they considered all current and planned water use and Infrastructure, among others: 
•162 sub-catchments 



Easter Nile River Basin Simulation with GERD 
 

MSc Thesis -By Tesfaye Abebe                         AAU-AAIT-School of Civil and Env’tal Eng’g | 3 
Literature Review 

46 

 

•111 dams: 11 existing and 100 under construction 

•114 Irrigation areas: 18 existing and 96 potential 

•3 potential wetland by-passes 

•Lakes, swamps, domestic water use etc. 

Complete Water Balance Model-By Deltares 

 

Complete EN network schematization for ENWSM (RIBASIM7) with map 
 
Strength of the study 
 It has been developed at ENTRO, Addis Ababa, a joint cooperation of the 4 EN 

countries 
 It has been based on data from the ENTRO library and public domain 
 It is the latest and presently most complete water balance model of the 
 Eastern Nile (EN), covering all users and infrastructure 
 It uses unique hydrological time series with length of 103 years (1900-2002) 

The model Verification case: Nile natural flow, no structures and no users, check recorded and 
simulated river flows at the 42 recording stations (1900-2002) 
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Table 3.3.1 Simulation cases in the illustrative analysis 
 

Case Combination of measures 

8001 •Renaissance640 

•Beles dam + Dinder and Beles irr. (Et) 

•High Roseires + Kenana irr. (8u) 

8002 •Abbay dams cascade A of Karadobi + Beko Abo Low + Mandaya + 
Renaissance620. 

•Beles dam + Dinder and Beles irr. (Et) 

 

•High Roseires + Kenana irr. (8u) 

8003 •Abbay dams cascade B of Karadobi - Beko Abo Low- Madaya 
Upper-  Renaissance dam640 

•Beles dam + Dinder and Beles irr. (Et) 

•High Roseires + Kenana irr. (8u) 

8004 •Abbay dams cascade C of Beko Abo High (1062) + Mandaya + 
Renaissance620 

•Beles dam + Dinder and Beles irr. (Et) 

•High Roseires + Kenana irr. (8) 

8005 •Abbay dams cascade D of Beko Abo High (1062) + Mandaya Upper+ 
Renaissance640 

•Beles dam + Dinder and Beles irr. (Et) 
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Results: change in flow regime 

 
Compared to present (S000): 

 Monthly flow variation flattened out almost completely: beneficial for Sudan irrigation 

 Inflow to Lake Nasser reduces by about 9-11%  

 Sediment inflow to Roseires reduced 

Results: change in Lake Nasser water level 

 
Compared to present (S000): 

 Average monthly level of Lake Nasser reduces, 

 Toshka spilling reduces, 

 Lake Nasser open water evaporation losses reduces by 31% (S001), 

 Toshka pumping energy consumption increases by 26% (S001) 
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Results energy: change in production 

 
Compared to present (S000): 

 Overall energy production increases by 75-190% 
 Energy production in Sudan increases by 14-18% 

 Power production at Aswan reduces by 13-15% 

According to the above result of Deltares - Construction of GERD (S001) compared to 
present (S000): 

1. The Overall energy production of EN increases by 75% 

2. The Energy production in Sudan increases by 14% 

3. The Power production at Aswan reduces by 13% 

Results water: change in open water evaporation 
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Average annual open water evaporation (Mcm) from reservoirs Compared to present (S000): 

1. Lake Nasser open water evaporation losses reduces, 
2. Open water evaporation in Sudan and Ethiopia increases 
3. Overall open water evaporation the same (S001) and slight increase cascade cases  

According o the above result of Deltares Average annual open water evaporation (Mcm) from 
reservoirs- Construction of GERD (S001) compared to present (S000): 

1. Lake Nasser open water evaporation losses reduces, 
2. Open water evaporation in Sudan and Ethiopia increases 

3. Overall open water evaporation the same (S001) 

Results food: Irrigation and DMI water use 

 
Conclusion 
According to  D eltares Illustrations, th e o verall s imulation r esult s how th at n ew d ams in  
Ethiopia be nefit E thiopia’s pow er pr oduction but  a s w ell i ncreases t he be nefits of  S udan’s 
irrigation water use from the regulated flow. 
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3.3.2 SCENARIO ANALYSIS REPORT: Eastern 
Nile Joint Multipurpose   Programme:  Blue Nile 

 

OBJECTIVES OF THE STUDY 
The primary objective this study is “…to serve as a shared knowledge base, provide  
analytical  capacity,  and support  s takeholder  interaction,  for cooperative  planning  
and management decision making for the Nile River Basin… As such the Nile Basin 
DSS is expected to be an agreed upon tool that will be accepted and used by all 
riparians in the management of the shared Nile water resources”. The primary 
objective of the WP2 Stage 2 consultancy therefore is to help ensure that the NB-
DSS becomes a reliable and sustainable software system by demonstrating and 
showcasing the DSS   capabilities   within   the   context   of   trans boundary   
integrated   water   resource   planning   and management.  Within this context, the 
objective of this pilot case application is to undertake scenario evaluation using the 
NB-DSS. This involves: 

 
o Configuration, calibration and validation of a relevant baseline model for 

representing the present state of water resource development for the pilot 
application case 

 
o Defining  scenarios   and  a  set  of  economic,   environmental   and  social  

evaluation   criteria (indicators) 
 

o Using the configured model to implement scenarios in the NB-DSS 
 

o Using  the  MCDA  tools  and  associated  functionalities  embedded  in  
the  NB-DSS  to  evaluate scenarios based on the quantification of 
economic, environmental and  social indicators 

 
GENERAL APPROACH AND METHODOLOGY OF THE STUDY 
 
 

The water balance and most of the operational management scenarios for the Blue 
Nile system have been configured and simulated with the MIKE Basin software, while a 
flood damage scenario using MIKE 11 has also been set up and analyzed. 

 
MIKE Basin operates on the basis of a schematic river network, which is made up of 
building blocks or objects. These typically included river r eaches, water user nodes, 
reservoir nodes, irrigation nodes, hydrological   catchments,   hydropower   nodes   and   
channels   which   link   the   various   nodes.   The characteristics of the individual 
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building blocks and the interactions between them are governed by user- defined 
operating rules.  The  wide  range  of modeling  routines  embedded  in  the  MIKE  
Basin  model, allowed  the simulation  of various  multi-purpose  water  resource  project  
scenarios.  The routines  which have  been  the  focus  of  this  study  relate  to  reservoir  
and  hydropower  operation,  irrigation  demand modeling, hydrological routing, water 
allocation rules, rainfall-runoff modelling and evaporation. 

 
Availability and sources of hydro-meteorological data 
 

The Study Monthly rainfall data were sourced from the Nile Basin Encyclopaedia, the 
Ethiopian Master plan, the Global FAOClim database and the W MO GHCN (Global 
Historical Climatology Network) database.  The observed  flow  data  was  sourced  
from  the  Nile  Encyclopaedia  and  the Ethiopian  Master plan  and no updated  data 
was available  since the Stage 1 round of modeling.    

     Model structure 
A schematic of the baseline model configuration is shown in Figure  
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 Eastern Nile Joint Multipurpose Programme (Blue Nile) Scenarios are shown in the table below 
 
Scenario 

 
Development 
Intervention 

 
Management Option 

 
Climate Change 

 
SC0 

 
Baseline 

 
Current 

 
None 

 
SC1 

 
Border Dam 

 
Maximize hydropower generation at 
Border 
D  

 
None 

 
SC2 

 
Border Dam 

 
Mandaya Dam 

 
Maximize hydropower generation at 
Border and Mandaya dams 

 
None 

 
SC3  

Border Dam 
 
Mandaya Dam 

 
Maximise  hydropower  generation  at   
all dams along Blue Nile River;  
Maintain irrigation supply 

 
None 

 
SC3a 

 
Blue  Nile  SRES  A2  – 
CNRM CM3  

SC4  
 
Border Dam 

 
No flood control operation 

 
N.A. 

 
SC4a 

 
Operate  Border  Dam  for  flood  
mitigation downstream 

 
N.A. 

 
Scenario Results of the Study 
  
The results of ENJMP for the Blue Nile Summarized in the tables below: 

Table:  Summary of Social Indicator Result 
Indicator Name Unit SC1 SC2 SC3 SC3a 

SO1 Blue Nile ds Border  
Water availability 

 
% change from 

baseline 

1 504 470 311 
SO1 Blue Nile outflow 27 510 475 167 
SO1 Main Nile ds Blue Nile 2 61 55 26 
SO2 Border Dam Malaria endemicity % of 

population 
23 23 23 23 

SO2 Mandaya Dam 15 15 15 15 
SO3 Blue Nile ds Border  

Pest disease 
 

Index 
-4 -5 -5 -5 

SO3 Blue Nile outflow -2 -5 -5 -5 
SO3 Main Nile ds Blue Nile -2 -4 -5 -5 
SO4 ds Khartoum Urban pollution Time decay (h) -102 -110 -107 -104 
SO81 Blue Nile ds Border  

Recession Agric - 
floodplain 

 
% change from 

baseline 

-49 -53 -60 -60 
SO81 Blue Nile outflow -31 -33 -70 -71 
SO81 Main Nile ds Blue Nile -27 -30 -63 -65 
SO81 Main Nile ds Merowe -39 -43 -50 -50 
SO91 Aswan  

 
Fish production - 

dams and 
wetlands 

 
 
 

ton/a 

16361 16593 16586 16731 
SO91 Border 1192 1034 1336 1297 
SO91 Mandaya Dam  2579 2822 2767 
SO91 Merowe 1720 1720 1720 1720 
SO91 Roseires 2613 2678 2678 2678 
SO91 Sennar 293 324 870 870 
SO92 Blue Nile ds Border  

Fish production - 
river 

 
% change from 

baseline 

47 57 45 43 
SO92 Blue Nile outflow 0 6 44 46 
SO92 Main Nile ds Blue Nile 1 7 31 30 
SO10 Border Dam Loss in productive 

land 

 
2 

km 
2131 2131 2131 2131 

SO10 Mandaya Dam  14 14 14 
SO12 Border Dam Physical 

displacement 
 

No households 
502 502 502 502 

SO12 Mandaya Dam - 2111 2111 2111 
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Table: Summary of Economic Indicator Result- Blue Nile 
Indicator Name Unit SC1 SC2 SC3 SC3a 

 
EC1 Lower Blue Nile 

 
Navigation 

change 
from 

baseline 

 

 
51 

 
73 

 
100 

 
90 

 
EC21 Aswan  

Average energy 
produced 

 
 

GWh/a 

 
8147 

 
8431 

 
8388 

 
4825 

EC21 Border 6866 6805 7599 6987 
EC21 Mandaya Dam  14454 14720 13895 
EC21 Merowe   6633 6936 7207 6704 
EC21 Roseires 1502 1507 1730 1509 
EC21 Sennar 86 96 117 109 

 
EC22 System 

Average 
Energy 

produced - 
l  

 
GWh/a 

 
28111 

 
43105 

 
44638 

 
39185 

 
EC31 Aswan 

 
 
 

Open water 
evaporation 
loss 

 
 
 
 

million m3/a 

 
11429 

 
11436 

 
11294 

 
11926 

EC31 Border 795 609 807 801 
EC31 Mandaya Dam  855 945 1008 
EC31 Merowe 1213 1193 1149 1108 
EC31 Roseires 1172 1185 1474 1589 
EC31 Sennar 197 226 295 300 

 
EC32 System 

Open water 
evaporation 
loss - total 

system 

 
million m3/a 

 
20555 

 
21253 

 
21713 

 
23121 

EC51 ds Sennar  
Change in 

Food 
production - 

existing 
scheme 

 
 

ton/a 

0 0 0 0 
EC51 Gezira 0 0 0 -80475 
EC51 Tamaniat 0 0 0 0 
EC51 Aswan 0 0 0 0 
EC51_Hassanab 0 0 0 0 
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Conclusions and Recommendations of the Study 
 
          The Blue Nile basin has significant potential for development of hydropower. 
 

The improved regulation afforded by the construction of Border and Mandaya dams 
will enable further expansion of the existing irrigation schemes along the lower Blue 
Nile River. 

 
Although there are numerous socio-economic benefits associated with the 
construction of  Mandaya and Border dams, these dams are also linked to serious 
environmental and social impacts, both at the dam sites and along the downstream 
river reaches, which will have to be managed and mitigated in order for the 
development to be sustainable. 

 
The  construction  of  Mandaya  and  Border  dams  will  have  negligible  impact  on  
existing  irrigation schemes  and hydropower  installations  along the Blue Nile and 
Main Nile rivers and will also only slightly reduce inflow volumes into Aswan 
Dam. 
Based on the CNRM CM3 GCM, the assessment of climate change impacts on the 
Blue Nile system, after  construction  of  Border  and  Mandaya  dams,  showed  that  
the  mean  annual  volume  that  is discharged  by the Blue Nile River into the Main 
Nile will reduce  by 9.5% due to climate  change. Further expected climate change 
related impacts include increased open water evaporation  loss in the Blue Nile 

basin of about 0.8 billion m3/a, a 7% reduction  in hydropower  at the four main 
dams along the Blue Nile River, a slight reduction in fish production (-3%) and a 
significant decrease in dry season low flows along the lower Blue Nile River. 
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3.3.3 Application of the Water Evaluation and Planning (WEAP) Model to 
Simulate Current and Future Water Demand in the Blue Nile 
 

Matthew McCartney1, Yosif A. Ibrahim2, Yi lma Sileshi3 and Seleshi Bekele 
Awulachew1 

This study followed a method for the model is first configured to simulate a ―baseline year, 
for which the water availability and demands can be confidently determined. It is then used to 
simulate alternative scenarios to assess the impact of different development and management 
options. The m odel opt imizes water use in the catchment using an iterative Linear 
Programming algorithm, the objective of which is to maximize the water delivered to demand 
sites, according t o a set of us er-defined priorities. When water is limited, the algorithm is 
formulated to progressively r estrict w ater allocation to t hose demand s ites given t he l owest 
priority. 

In this study, the model was set-up to simulate three scenarios: i) the natural situation with no 
abstractions, ii) the current situation and iii) future demand in approximately 2015. Time 
series of monthly naturalized flow data for the period 1960-1992, obtained from the Abay 
Basin Master Plan (BCEOM, 1998), were u sed as input data. Estimates of current irrigation 
and hydropower demand were derived from data provided by government ministries and 
agencies or from previous studies. This included information on water passing through the 
turbines of the power stations and water diverted for irrigation. It was necessary to make a lot 
of assumptions, particularly about return flows from irrigation schemes.  In some cases 
demand estimates were derived based on demand at similar ir rigation schemes, and simply 
weighted by the ratio of the scheme areas. Irrigation demand was allowed to vary slightly 
depending on rainfall determined for the rain gauge located closest to the scheme. Hence, in 
higher rainfall years, irrigation demand was reduced slightly. Net evaporation from Lake Tana 
and the reservoirs was estimated using data from the nearest meteorological station.  

For  the  2015  scenario,  the  size  of  planned  hydropower  and  irrigation  development  was 
derived from the basin master plans for Sudan and Ethiopia. This included both new schemes 
and proposed extension of existing schemes (Table 2). In Sudan it is planned to raise the 
height of the Roseires dam by 10m, to increase the area irrigated at several locations and to 
construct several new irrigation schemes. It is estimated that the total ir rigated area will 
increase to approximately 2,126,000 ha. In Ethiopia it is planned to transfer water from Lake 
Tana to the Beles River (a tributary of the Blue Nile) for hydropower generation, to extend the 
Finchaa irrigation scheme and to develop several new irrigation schemes, in the vicinity of 
Lake Tana as well as in other sub-basins. It is estimated that the total formally irrigated area 
will increase to approximately 210,000 ha. In addition, it is planned to construct a very large 
dam (storage capacity 40.2 Bm3) on the main stem of the Abay, at Karadobi, for hydropower.  
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 Figure: Schematic of the model configuration for the current situation 

The  water  demand  for  new  schemes  was  derived  from  basin  master  plans  and,  where 
available, feasibility studies. Where it is planned to extend irrigation schemes the demand was 
estimated based on current demand, but weighted by t he new area. Again for the irrigation 
schemes some variability was simulated to allow for differences in rainfall.  
 

Results 
The Study shows the simulated and observed flows at the Ethiopia-Sudan border and at Khartoum for 
the current situation. These results indicate that the WEAP simulation is r easonably good. At 
Khartoum, observed data (obtained from the Global Data Runoff Centre) were only available for the 
period 1960-1982. Over this period the percentage error in the s imulated mean annual flow was 
3.7%. As a result of current abstractions, primarily for i rrigation in Sudan, the flow at Khartoum is 
estimated to be approximately 7.5 Bm3y-1  less than would occur naturally (i.e. 41.7 Bm3y-1 rather 
than 49.3 Bm3y-1).  At the border there are t wo flow gauging stations. One is operated by the 
government of Ethiopia and just a few kilometers downstream another is operated by the government 
of Sudan. Possibly because of d ifferences in periods of missing data, observed flows at these two 
stations differ and there is  a 10% difference  in  me an  annual  flow;  50.6  Bm3   measured  by 
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Ethiopia and  45 .6  Bm3   measured by Sudan. Without detailed analysis, which was beyond the 
scope of the present s tudy, it is not possible to know which of the two flow series is the more 
accurate.   The WEAP model simulation actually lies between the two, but is closest to the Sudanese 
estimate with a mean annual discharge of 45.8 Bm3. 

 

Figure: Simulated and observed flow series and mean monthly flows for the Blue Nile at: a) 
Khartoum and b) the Ethiopia-Sudan border 
 Current 2015 

Ethiopia Sudan Ethiopia Sudan 

Formal irrigation 
area (ha) 

   

 

<10,000 
 

 

1,305,000 
 

 

210,00 
 

 

2,126,000 
 Hydropower 

Installed capacity (MW) 
Production (Gwhy-1) 

 

218 
1,298 

 

295 
c.a. 1,000 

 

2,194 
9,930 

 

295 
ca 1,000 

 

Table Comparison of current and future (2015) irrigation and hydropower in the Ethiopian and 
Sudanese parts of the Blue Nile 
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Concluding Remarks of the study 

In t he s tudy WEAP model h as b een configured t o s imulate the imp acts o f w ater resource 
development in  the Blue Nile basin. Currently Ethiopia utilizes very little water but does 
regulate some f low for hydropower production. In contrast Sudan uses some water for 
hydropower production but also abstracts large volumes for irrigation. Both countries plan 
to develop w ater resource infrastructure substantially in the near future. By approximately 
2015 it is estimated that the total annual consumptive demand is likely to be 17.12 Bm3y-1 

(i.e. 35% of t he natural flow at Khartoum). Of this 3.69 Bm3y-1  will be consumed in 
Ethiopia and 13.43 Bmy-1 in Sudan. 
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3.4 Result Comparison of Different Studies on Eastern Nile River Basin 
Simulation 
Based on t heir results, the two studies ((ENJMP, Deltares) and the thesis f indings have been 
compiled and summarized below 

Table 3.4.1: Result Comparison of Different Studies (ENJMP, Deltares and Thesis 
Findings) 

Selected 
Nodes/Schemes 

Name Unit ENJMP Deltares Thesis 
finding 

Blue Nile D/S GERD  
Water 
availability 

 
% change from 
baseline(Sc0) 

1 - 12 
Blue Nile outflow 27 - 12 

Main Nile D/S Blue Nile 2 -9 -9 
 
Aswan  

Average 
Energy 
produced 

 
 
% change from 
baseline(Sc0) 

 
Negligible -13 -9 

Merowe Negligible 14 15 
Roseires Negligible 14 15 
Sennar     Negligible 14 15 

 
Over all System 

Average 
Energy 
produced - 
total system 

 
% change from 
baseline(Sc0) 

 
Negligible 

75 50 

 
Aswan 

 
 
 

Open water 
evaporation 
loss 

(Sc1) 

 
 
 
 

million m3/a 

 
11429 9000 9500 

GERD 795 3000 1200 
Merowe 1213  

6000 
 

6500 Roseires 1172 
Sennar 197 

 
Over all  System 

Open water 
evaporation 
loss - total 

 

 
million m3/a 

 
20555 

 
18000 

 
17200 

ds Sennar  
Reduction of  
Irrigation 
water 
Demand 
deficit 

 
 
% change from 
baseline(Sc0) 

100 100 100 
Gezira 100 100 100 
Tamaniat 100 100 100 
Aswan 100 - 100 

Hassanab 100 100 100 

 
  



Easter Nile River Basin Simulation with GERD 
 

MSc Thesis -By Tesfaye Abebe                         AAU-AAIT-School of Civil and Env’tal Eng’g | 
CHPTER FOUR 

61 

 

CHPTER FOUR 

4 BASELINE MODEL CONFIGURATION 
 

     4 .1 Model Selection and Conceptualization 
 

One o f th e mo st imp ortant e lements in  th e mo deling p rocess is  th e s election o f th e mo del 
which should be based on a  clear understanding of the purpose of the model and in turn what 
output i s r equired from t he m odel i ncluding t he f ollowing c onsiderations ( Dingman S .L., 
2002): 

 The type of information required; 
 The required accuracy and precision of output 
 The locations for which output is required 
 Temporal requirements. 

Model conceptualization is also informed by the available information about the system that is 
being modeled as well as the availability of input data. 
 
In this study, the Mike Hydro modelling software was selected to model the Eastern Nile River 
Basin. Mike Basin is “…a powerful multi-purpose modeling package for professionals 
working with water resource projects’. It provides a package that supports the following 
components of hydrological analysis” (DHI, 2010): 

 water allocation scenario modeling, 
 reservoir and hydropower operation, 
 hydrological modeling, 
 irrigation demand and yield assessment, 
 in-stream nutrient modeling, 
 catchment nutrient load assessment, 
 Time series data management and analysis. 

 
The M ike H ydro 2014 model w as s et up t o r epresent t he E astern N ile c atchment f rom i ts 
source i n t he E thiopian H ighlands t o i ts c onfluence w ith t he W hite N ile a t K hartoum i n 
Sudan, a nd dow nstream t o Lake N asser.  A ll major t ributaries o f th e E astern N ile a re 
represented in the model. In the model configuration of the Eastern Nile pilot application case 
(ENJMP) was used as a reference for the layout of the modeling and refined. This refinement 
included m odeling of  i rrigation w ater r equirements us ing t he F AO m ethodology i n M ike 
Hydro 2014 and undertaking rainfall-runoff modeling in NAM. The Mike Hydro 2014 model, 
observed monthly flows are used as inflow boundary conditions for the White Nile at Mogren 
and f or t he A tbara. M ajor r eservoirs, i rrigation schemes and h ydropower pr ojects c urrently 
operating in the Eastern Nile catchment were included in the model configuration.   
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4.2.      Model structure 
A schematic of the baseline model configuration is shown below in Figure7.2.1.  The model 
includes Lake T ana a nd f ive o f its  ma in tr ibutaries, th e J emma tr ibutary downstream o f 
Lake Tana, the Fincha’a and Amerti tributaries and the Didessa, Dabus and Beles tributaries 
downstream o f Kessie. Existing r eservoirs i n t he E astern N ile at  Fincha’a, R oseires an d 
Sennar as well a s Merowe and High Aswan Dam on t he Main Nile downstream  of   t he  
confluence  with  the  Blue  Nile  are  included  with  hydropower. Tana-beles Hydropower 
gets its water from  n atural lake reservoir i.e. water transferred from lake Tana  . Irrigation 
water r equirements w ere cal culated f or t he d emands u pstream o f S ennar, t he G ezira &  
Managil Schemes and for the demands downstream of Sennar, as well as for the irrigation 
water requirements on the Main Nile downstream of Khartoum at Tamaniat,  Dongola and 
Aswan. 
Table 4.1: Irrigation Scheme in Eastern Nile Basin 

Sub-Basin Irrigation Scheme 

Existing (ha) Potential (ha) 
Baro-Akobo-Sobat 1,125,636 630,535 

Abay-Blue Nile 644,087 1,364,639 
Tekeze-Atbara-Setite 244,047 164,893 

Main Nile 3,636,499 - 
Total 5,650,269 2,160,067 

 

 
Figure4.2.1  : Schematic of baseline configuration 
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The reservoirs in the Eastern Nile system were represented as rule curve reservoirs, with a 
hydropower nod e a t e ach r eservoir, a nd an i rrigation nod e a t S ennar. T he in stalled 
capacities at Roseires and Sennar were 280 MW and 15 MW, respectively.  A n efficiency 
loss of  75%  was us ed f or t he h ydropower node s. F or e ach reservoir, a  c onstant t arget 
demand w as a ssumed,    with t arget pow er o f 280 M W a nd 15 M W r espectively fo r 
Roseires and Sennar. 

The priority reduction rules that were defined, with levels reduced seasonally to allow the 
early p art o f t he f lood t hrough t he reservoir ( to a void e xcessive s edimentation), be fore 
storing as much flood water as possible to be released during the dry season, were assumed 
initially. This sedimentation rule was refined and is now represented as a  storage demand 
rule be tween R oseires a nd S ennar, w hich i s dr iven b y t he l evels i n S ennar ( Figure). For 
Sennar,  t he irrigation  d emand  was assigned first priority at all levels, with levels for the 
hydropower rule being drawn down from a maximum of 421.6 m to 417.3, with a reduction 
factor of 0.8 for the first 6 months of the year (1 otherwise). 

Table4.2: Existing Hydropower plants and reservoirs of the Eastern Nile Basin 
 

Name Country River Live storage 
Mm3 

Capacity 
MW 

Fincha Ethiopia Blue Nile Run-of-river 134 

Tis Abbay I & II Ethiopia Blue Nile Run-of-river 85 

Beles MPP Ethiopia Blue Nile Run-of-river 460 

Tekeze Ethiopia Blue Nile 9200 300 

Roseries Sudan Blue Nile 2200 275 

Sennar Sudan Blue Nile 370 15 

Kashim EL Gibra Sudan Atbara 600 17 

Jebel Aulia Sudan White Nile 3000 30 

Merowe Sudan Main Nile 8300 1250 

High Aswan Dam Egypt Main Nile 105900 2100 

Old Aswan Dam Egypt Main Nile Run-of-river 500 

Esna Egypt Main Nile Run-of-river 90 

 
  

The r eservoir a nd h ydropower generation c haracteristics f or H eightened R oseires a nd 
Sennar d ams i n t he m odel c onfiguration a re presented i n T able 4.3 a nd T able 4.4 
respectively. 
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Table 4.3: Reservoir and hydropower generation characteristics - Heightened Roseires    Dam 

 
Variable/rule 

 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
490 

 
Flood control level 

 
masl 

 
490 

 
Top of dead storage 

 
masl 

 
467 

 
Bottom level 

 
masl 

 
465 

 
HP target power 

 
MW 

 
280 

 
HP installed capacity 

 
MW 

 
280 

 
 

Figure 4.2.2 : Critical water level (Storage demand rule) for Sennar Dam 
Table 4.4  : Reservoir and hydropower generation characteristics for Sennar Dam 

  
Variable/rule 

 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
422 

 
Flood control level 

 
masl 

 
421.8 (Oct-Jul) 

 
417.2 (Aug-

  
Top of dead storage 

 
masl 

 
415 

 
Bottom level 

 
masl 

 
412 

 
HP target power 

 
MW 

 
15 

 
HP installed capacity 

 
MW 

 
15 
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Figure 4.2.3: Priority reduction rule for hydropower for the Sennar Dam. 
 

For the outflows from Lake Tana, the spillway function as calibrated with K = 125 and b = 
1.5.  A  short distance downstream of Lake Tana, a small power station called Tis-Abbay I 
was constructed in 1964, to capture the hydropower potential from high head differences at 
a w aterfall l ocation. In 2001, T is-Abbay II was in stalled.   T his w as imp lemented in  th e 
model, us ing a  s mall ‘ virtual’ r eservoir t o r epresent t he he ads w ith a  s mall a mount of  
storage. The station capacity is now 73 MW. As there is little storage at this location, it has 
a negligible effect on the water balance of the system 
Fincha’a D am i s r epresented as  a r ule cu rve r eservoir w ith a h ydropower n ode.  T he 
installed c apacity a t t he hydropower nod e i s 130 M W.   A n e fficiency l oss of  75%  w as 
used.   A  constant target demand of  70 MW was assumed.  A  constant reduction priority 
level of  2214 m asl w as a ssumed.  A  s ummary o f t he r eservoir a nd h ydropower 
characteristics f or Fincha’a i s p resented i n T able.   T here i s a t unnel t hat co nnects t he 
adjacent Amerti River to the Fincha’a Dam to supplement the water supply when the levels 
in Fincha’a are low.   T here is also a r eservoir on the Amerti River as part of this scheme.   
However, further detail on the operation of these two reservoirs is required. 
Table 4.5: Reservoir and hydropower generation characteristics for the Fincha’a Dam 

  
Variable/rule 

 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
2219 

 
Flood control level 

 
masl 

 
2219 

 
Top of dead storage 

 
masl 

 
2213 

 
Bottom level 

 
masl 

 
2212 

 
HP target power 

 
MW 

 
70 

 
HP installed capacity 

 
MW 

 
130 
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Along th e ma in N ile f rom K hartoum to  Lake N asser, th e o nly m ajor in flow is  f rom th e 
highly s easonal A tbara tributary. T here are s ome ir rigation a bstractions f rom th e r iver 
included in the model at Tamaniat and Hassanab upstream of the Atbara confluence, and at 
Hassanab and Dongola downstream of Merowe Dam. Estimates have been made, based on 
flow records, of seepage and evaporation losses from the river. 

 
Merowe Dam i s r epresented as  a r ule curve reservoir w ith a h ydropower n ode.  T he 
installed capacity at the hydropower node is 1250 MW.   A n efficiency loss of  75% was 
used.   A constant target demand of 625 MW was assumed.  A constant reduction priority 
level of  285 m asl w as a ssumed.  A  s ummary of  t he r eservoir and h ydropower 
characteristics for Merowe is presented in Table 4.6. 
 

Table 4.6: Reservoir and hydropower generation characteristics for the Merowe Dam 
  

Variable/rule 
 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
300 

 
Flood control level 

 
masl 

 
300 

 
Top of dead storage 

 
masl 

 
285 

 
Bottom level 

 
masl 

 
250 

 
HP target power 

 
MW 

 
625 

 
HP installed capacity 

 
MW 

 
1250 

 

Rainfall at the High Aswan Dam is almost negligible in comparison with evaporation, which 
represents th e ma in v olumetric lo ss f rom th e lo wer N ile.  A s in ter-annual v ariation in  
evaporation rate is relatively constant, a f ixed seasonal cycle of monthly evaporation rate was 
used with volumetric evaporation losses being calculated based on the reservoir surface area. 

The High Aswan Dam is represented as  a r ule curve reservoir with a  hydropower node. The 
installed capacity at the hydropower node is 2100 MW. A constant target demand of 720 MW 
was assumed.   A  constant priority reduction rule of 183 m asl was assumed.   H owever,  t he 
HAD is  operated primarily to  regulate  downstream  r eleases  f or  i rrigation  de mand,  with  
hydropower  generation  being  a  secondary benefit.   The FAO irrigation module was used to 
estimate t he i rrigation w ater r equirements  f rom A swan f or  dow nstream  us ers  ba sed  on   
documented  irrigation  areas  and  assumed  crop  types  which  were presented in the previous 
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section.  A s hi storical information on r eservoir ope ration w as not  available, t he a verage 
monthly i rrigation w ater r equirements w ere r outed t hrough t he h ydropower node  a nd t he 
shortfall was abstracted directly from the reservoir. 

 

Table 4.7: Reservoir and hydropower generation characteristics for the High Aswan 
Dam 
  

Variable/rule 
 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
183 

 
Flood control level 

 
masl 

 
183 

 
Top of dead storage 

 
masl 

 
146 

 
Bottom level 

 
masl 

 
107 

 
HP target power 

 
MW 

 
720 

 
HP installed capacity 

 
MW 

 
2100 
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 4.3 Model Calibration and Validation 
 

For  a ny  m odel  t o  be   credible  a nd  gain  a cceptance  among  i ts  us ers  a nd  s takeholder  
groups,  it  is imperative to have a well-defined and defensible model calibration and validation 
process that illustrates the  model’s  ability  to   s imulate  changes  in   h ydrologic   c onditions   
and  water  management   options accurately. 

The c alibration a nd v alidation of  the E astern N ile model ha s b een don e at s elected flow 
gauging   s tations   representing   k ey sub catchments ( main tr ibutaries) a nd in cremental 
catchments as indicated table 4.3.1 
 

4.3.1 Model acceptance criteria 
 

 
The cr iteria described below were considered when comparing s imulated and observed 
model out put a t k ey l ocations f or t he acceptance of  m odel calibration.  With bot h t he 
visual a nd th e q uantitative c riteria, a  g ood o verall a greement o f s imulated f lows 
compared to the observed is desirable.  These will include the following: 

 A good agreement between the average simulated and observed catchment 
runoff (a good water balance); 

 A good overall agreement of the shape of the hydrograph; 
 A good agreement of the peak flows with respect to timing rate and volume;  
 A good agreement for low flows. 

Additional measures to gauge the acceptability of the model include: 

o Overall lo ng-term w ater b alance: d ifference b etween s imulated an d 
observed t otal f low o ver t he s imulation pe riod, e xpressed a s a 
percentage of total observed flow. 

o Cumulative w ater ba lance: a  c umulative pl ot of  t he obs erved a nd 
simulated f lows o ver t he p eriod o f r ecord t o r eveal any s ystematic 
deviations. 

o Model E fficiency: expressed a s R 2 va lues f or s imulated f lows a nd 
lake/reservoir levels 

o Visual in spection and as sessment o f r elevant as pects o f h ydrographs.  
This will  include,  for example, checks of flood peaks, seasonal cycles, 
and flow variability 

o Semi-quantitative checks of other model outputs against other available 
information, f or out puts w here s ome information i s a vailable but  i s 
subject to high levels of uncertainty 
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4.3.2 Model calibration 
 

The s ub-catchments i n t he E astern Nile as  l isted i n T able w ere s elected f or m odel 
calibration. 
 
Table 4.1  : Flow gauges for calibration in the Eastern Nile  
 

 

 
Flow Gauge 

Observed M AR 
(Mm3/a) 

Catchment area 
(km2) 

MAP 
(mm) 

Runoff 
coefficient 

Gumara at  Bahir 
Dar 

852 1394 1274 48% 

Abbay at Kessie 
(incremental) 

 
10899 

 
49789 

 
1092 

 
20% 

Didessa at Arjo 4027 9981 1186 34% 

Dabus at Asossa 4894 10139 1735 28% 
Abbay at Border 
Deim (incremental) 

 
33915 

 
109786 

 
1307 

 
24% 

 
4.3.2.1 Selection of calibration and validation periods  

The s election of  calibration pe riods w as ba sed o n t he l ongest p eriod of  observed r ecord 
that contained the fewest missing values from the Abay Master plan.   Wherever possible a 
minimum flow record length of 10 years was selected to calibrate on.   T able presents the 
calibration periods that were selected. 

 
Table 4.2          : Calibration periods for flow gauges in the Eastern Nile  
 

 

Flow gauge 

 

Record period 

 

% Patched / 
Infilled 
values 

 

Calibration 
period 

 

Validation 
period 

 
Abbay  at  Kessie 
(incremental) 

 
Jan 1960 – Dec 1990 

 
5% 

 
1960 - 1968 

 
1972 – 1982 

 
Didessa at Arjo  

Jan 1960 – Dec 1990 
 

27% 
 

1979 - 1989 
 

1962-1972 
 
Dabus at Asossa  

Jan 1963 – Dec 1979 
 

3% 
 

1963 - 1974 
 

1975-1980 
 
Abbay at    Border /El 
Deim 

 
Jan 1961 – Dec 1979 

 
8% 

 
1969 -1979 

 
1961-1968 
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4.3.2.1 Calibration results 

Didessa at Arjo 
 

The results of the incremental calibration for the Didessa at Arjo are summarized in 
Figure 4-3-1, Figure 4-3-2, Figure 4-3-3 and Table 4-3 below.   Overall there is a good 
agreement between simulated and observed daily flows, except for the over simulation 
of the peak in October 1988.  The seasonal variation shows a fairly good agreement 
between high flows and low flows, but the rise of the hydrograph appears to be a bit 
delayed and the corresponding f all.  The parameters for this tributary were transferred 
to the rest of the Didessa catchment to the confluence with the Abbay. 
 
 

 
Figure 4-3-1: Observed  and  simulated  daily  flows  for  Didessa  at  Arjo  for  
calibration  period (1979-1989) 
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Figure 4-3-2  : Observed and simulated seasonal flows for Didessa at Arjo 
 

 
 

Figure 4-3-3 : Standardised flow residuals for calibration period at Didessa 
Table 4.3  : Calibration statistics for Didessa at Arjo  
 
1979-1989 

 
Observed 

 
Simulated 

 
Difference 

MAR (million 3/ ) 
3796 3833 1% 

Std.Dev. (m3/s) 137 149 8% 
R2 = 65%    
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Abbay at Border El Deim 
 
 

The results of the incremental calibration for the Abbay at El Deim are shown in 
Figure 4-3-4, Figure 4-3-5 , Figure 4-3-6 and Table 4-4 below.  Overall there is a good 
agreement between simulated and observed daily f lows, and only 2% difference 
between annual flows.  The seasonal variation shows fairly good agreement between 
observed and simulated high and low flows, but the simulated high flows are slightly 
delayed compared to the observed. 

 
 

 
 

Figure 4-3-4: Observed and simulated daily flows for Abbay at El Deim for 
calibration period (1969-1979) 
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Figure 4-3-5: Observed and simulated mean monthly flows for Abbay at El Deim 
for calibration period (1969-1979) 

 
 

Figure 4-3-6 : Standardised flow residuals for calibration period at El Deim 
Table 4.4 : Calibration statistics for Abbay at El Deim  
 
1969-1979 

 
Observed 

 
Simulated 

 
Difference 

MAR (million 3/ ) 
3251

 
3133

 
-4% 

Std.Dev. (m3/s) 1155 1220 6% 
R2 = 74%    
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4.3.3. Validation results 
 
Didessa at Arjo 
 
The validation results for the period 1962-1972 for the Didessa at Arjo are 
summarized in Figure 4-3-7, Figure 4-3-8, and F igure 4-3-9and Figure 4-3-10 below.   
Overall, the simulated flows for the validation period compare well with the observed 
flows but there is some variation which is evident in the seasonal plot and the 
standardized residuals plot. 
 

 
Figure 4-3-7: Observed and simulated daily flows at Didessa at Arjo for the 
validation period (1962-1972) 
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Figure: 4-3-8 Observed and simulated daily flows at Didessa at Arjo for the full observed 
period (1960-1992) 

 
 

Figure: 4-3-9 Observed and simulated mean monthly flows at Didessa at Arjo for 
the validation period (1962-1972) 
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Figure: 4-4-10: Standardised flow residuals, validation period at Didessa at Arjo 
(1962-1972)  
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CHAPTER FIVE 

5 SCENARIO DEFINITION AND IMPLEMENTATION 

      5.1.   INTRODUCTION 

Scenarios a re us ed t o c ompare va rious “ what i f” c ases and pr ovide a s tructured m ethod o f 
thinking a bout pos sible f uture w ater resource de velopment a nd m anagement opt ions, 
opportunities a nd r isks, a nd how  t hese m ight i nteract. T he results a re us eful f or c onsensus 
building and decision making. Within the context of this research, a scenario is defined as “a 
contemplated s tate o f the E astern N ile Basin i nduced either t hrough t argeted h uman 
intervention ( e.g. c ombinations of  de velopment a nd m anagement i nterventions) or  t hrough 
externalities (e.g. climate change, economic policies etc.)”.  

 5.2. SCENARIO DEFINITION 

The prioritization of water management issues in the Eastern Nile, the identification of various 
potential development interventions and management opt ions to address these issues and the 
definition of  pos sible s cenarios, w ere unde rtaken w ith r espect t o t he i mplementation of  t he 
Grand Ethiopian Renaissance Dam in this research. In essence, the scenarios are based on one 
future development interventions on the Eastern Nile in Ethiopia, i.e. the construction of Great 
Ethiopian R enaissance Dam, a n opt imization s cenario, a de velopment scenario and a  f lood 
damage scenario.  

As s een f rom above, considering t he l arge nu mber of  pot ential de velopment pr ojects, a 
different combination of  s cenarios c ould be  d eveloped i n or der t o a ssess t he i mpact of  
individual projects on t he downstream projects. Currently the identified potential projects are 
at va rious l evels of  s tudies a nd s ome a re unde r i mplementation. T o c ompare a nd a nalyze 
different de velopment opt ions, t wo s cenarios a re c onsidered ba sed on t he e xisting s tate a nd 
development of the Great Ethiopian Renaissance Dam. The number of scenarios and sequences 
of de velopments c ould vary a s r equired by planners a nd de cision m akers i n t he f uture. T he 
scenarios considered by now are: Base line scenario i.e. existing state condition (developments 
up to 2012) and scenario considering the implementation of the Grand Ethiopian Renaissance 
Dam (future) on the existing condition of the Eastern Nile Basin. 
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5.3 SCENARIO IMPLEMENTATION 
 
The approach that was adopted for scenario implementation essentially involved the formation 
baseline m odel, i f ne cessary m odification o f t he N BI and E N-JMP as  ap propriate, f or 
representation of the various development and management options being considered in each 
scenario. 
A simulation period of 1951 to 1990 was used for all scenarios. 
 
5.3.1 Scenario Model Development 
 
All the Eastern Nile countries Ethiopia, Sudan and Egypt plan to increase development of the 
Blue Nile water resources significantly in the near future. This research investigates the use of 
the Mike Hydro 2014 model and NBDSS to investigate scenarios of water demand in the basin 
and t o e valuate t he l ikely implications of  G ERD H ydropower d evelopment on dow nstream 
water availability. Water use was simulated over a 32-year period of varying rainfall and flow. 
The results reported here are preliminary results derived from initial model runs. 
 
5.3.1.1 Scenario 0: Baseline 
 
The development and implementation of  the MIKE Hydro   model representing the baseline 
(current) Eastern Nile system is shown below 
S0 i s t he B ase C ase s cenario, representing t he pr esent c onditions w ithout G ERD. T he 
development and implementation of the Mike Hydro model representing the baseline (current) 
Eastern Nile system is detailed in Section  

Table 5-1  : Eastern Nile simulation with GERD Scenarios 
  

 
Scenario 

 
Development Intervention 

 
Management Option 

 
SC0* 

 
Baseline(Existing up to 2012) 

 
Current 

 
 
 
SC1 

 
Grand Ethiopian Renaissance 
Dam Dam/GERD  
 

 
 
 
Future 
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*Includes heightening of Roseires Dam 
 
 

 
 
Figure 5.1     : Schematic of EN configuration for Scenarios 0  
 
 
5.3.1.2   Scenario 1: Grand Ethiopian Renaissance Dam 
 

The main dam which will have a volume of approximately 10MCM, a length of 1780 m eters 
and he ight of  145 m eters, w ill be  a  RCC gravity dam, divided in t hree sections: r ight bank, 
central section and left bank. 

The central section will be used as a stepped spillway. This will create a reservoir that covers, 
at f ull s upply level, an area of  1,680  s q. km  and hol d a  vol ume o f 63 Billion c ubic M eter 
(BCM) of water. The normal and minimum operating water levels will be 640 and 590 meters 
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above sea level respectively, and the reservoir volume at minimum operating level is to be 12 
BCM. 

The two powerhouses will be at the downstream of the main dams: one on the right bank and 
the ot her on t he l eft bank. T hey w ill a ccommodate 10 a nd 5 F rancis T urbine U nits 
respectively, with a total installed generating capacity of 5,250MW. 

The reservoir area will cover 1,874 square kilometers at full supply level (FSL) of 640 meters 
above s ea l evel (masl). T he total s torage volume i s 74 billion c ubic meters w ith an a ctive 
storage v olume of  59. 2 B illion cubic meters. F or a de sign flow of  4,305 c ubic m eters pe r 
second and a maximum net head of 133 meters and plant factor of 0.31, the expected average 
energy production per year is 15,692 GWh. 

The p1ant has two surface powerhouses equipped with sixteen power generating units and a 
Switchyard .The installed power is flexible (base or peak) and the plant has been designed so 
that the installed capacity may be built in several stage. 
 
The reservoir level will be controlled through three spillways, designed to cater for a probable 
maximum flood (PMF) of 19,370m3/s. 
The saddle dam, with a  maximum height of  60m and approximate volume of  17 M CM will 
have a curved axis and a length of approximately 4,800 meters. The cross section will include 
an i mpervious a sphalt c ore w ith t he r elevant up stream a nd dow nstream transition. T he da m 
body is to be made of material obtained from the spillway   excavation, whilst selected rip-rap 
will c onstitute t he s lope pr otection. A  w ave pr otection w all w ill be  pl aced on t he 4m  w ide 
crest. 

A 500KV double bus-bar switchyard will be set up about 1.4 km downstream of the main dam. 
The switchyard will include incoming bays from the transformer feeders at the power plant and 
the outgoing transmission line bays. 

Technical feature of GERD considered in this scenario is given below in the table. 

Table 5-2 Technical feature of GERD 
 

Hydrological data 
Catchment area                                                                               172,250 km2 
Mean annual flow                                                                   1,547 m3/s 
Main dam 
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Type                                                                                  Roller compacted concrete (RCC) dam 
Max. Height above foundation                                              145m 
Crest e elevation                      645 m asl 
Crest length                                                                       1780m 
Dam volume                                                                       10.1Mm 3 
Reservoir Data 
Full Supply Level (FSL)                                                        640 masl 
Minimum operating level (MOl)                                            590 masl 
Operating range                                                                      50m 
Total Storage volume                                                             74.01sm3 
Live storage vol. (Max. regulated capacity)                       59.22 8m3 
Dead storage volume                                                          14.79 Bm3 
Surface area at (FSl)                                                            l, 874 km2 
Surface area at {MOL)                                                        606 km2 
10,000 years return peak flood                                            26,860 m3/s 
Probable Maximum Flood (PMF)                                38,750 m'/s 
Mean annual sediment yield                                            207 Mm3/y 
Length of reservoir at FSL                                              246 km 
Saddle Dam 
Type                                                        Rock Fill Dam with Bituminous Surface Sealing 
Height                                                                  45m 
Crest length                                                             4800m 
Crest elevation                                                    644 masl 
Wave wall elevation                                              646 masl 
Powerhouse 
Right powerhouse 
Powerhouse type                                                  Outdoor 
Un;t# /Type                                                          10/Francis 
Installed power                                                         10/37SMW 
Left power house 
Power house type                                               Outdoor 
un;t#/Type                                                           6/Francis 
Installed power                                                          6/375MW 
Power and Energy 
Max Net Head                                                             133 
Total Installed capacity                                           6000MW 
Avg. annual energy Generation                              15692 GWh/yr 
Plant factor                                                                          0.31 
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The characteristics for Grand Ethiopian Renaissance Dam used in this research are based on 
the recommended a full supply level of 640 m. Following the approach used, all excess water 
was assumed to spill (i.e. no spillway function was defined). The reduction factor applied for 
energy production due to friction losses or electrical efficiency losses was assumed to be 0.86.  
The operating  r ules  f or Grand Ethiopian Renaissance Dam  , a nd the other  e xisting  da ms  
on the Eastern Nile  River,  were  dictated  by the regulation  of seasonal river flows for flood 
control a nd ir rigation, maintaining min imum f low r eleases, m aintaining o perational  h ead  
levels  f or  h ydropower  generation,  a nd  m aintaining  s torage  c apacity  b y  f lushing  t o 
control sedimentation. 
 
The h ydropower op erating rule t hat was a dopted f or Grand E thiopian Renaissance D am 
assumed t hat t he d am would b e u sed as  a “p eak” d am i n o rder t o maximize en ergy 
production during some months of the year. This involved setting the target power equal to 
the in stalled c apacity, c ombined w ith a r elatively limite d a ctive s torage ( i.e.  a h igh  
minimum  operating  l evel)  i n order  t o maximize  he ad  a vailability.  This ensured very 
high energy production annually during the main rainfall season. 

 Operational l evels as  w ell as  h ydropower ch aracteristics f or Grand E thiopian R enaissance 
Dam are summarized below.  
 
 
Table 5-3: Characteristic dam levels and HP parameters for Grand Ethiopian 
Renaissance Dam – Scenario 1 
 

 

 

 
 
With the heightening of Roseires Dam, the additional capacity available will provide water 
required f or t he e xtension of  t he R ahad a nd K enana i rrigation s chemes dow nstream of  

 
Variable/rule 

 
Units 

 
Value 

 
Dam crest level 

 
masl 

 
640 

 
Flood control level 

 
masl 

 
640 

 
Minimum operation level 

 
masl 

 
622 

 
Top of dead storage 

 
masl 

 
550 

 
Bottom level 

 
masl 

 
500 

 
HP target power    MW  

  6000 
 
HP installed capacity 

 
MW 

 
  6000 
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Roseires t hat f all i nto t he l umped de mand ups tream of  S ennar.   T he i rrigation a rea w ill 
increase to approximately 6424 km2.  I t has been assumed that the crop mix will s tay the 
same and increase proportionally.   In addition to the increased irrigation scheme area, the 
installed hydropower capacity will be increased to 415 MW. 
A schematic of the Mike Hydro model configuration that was used to implement Scenarios 
1 is presented in Figure below 
 

 
 

 Figure 5-2     : Schematic of EN configuration for Scenarios 1  

  



Easter Nile River Basin Simulation with GERD 
 
 

MSc Thesis -By Tesfaye Abebe                         AAU-AAIT-School of Civil and Env’tal Eng’g | 
CHAPTER SIX 

84 

 
 

CHAPTER SIX 

6 SCENARIO ANALYSIS, EVALUATION, RESULTS AND 
DISSCUSSION 

6.1. Impact of Grand Ethiopian Renaissance Dam Hydropower generation in the 
hydropower generation in the    Eastern Nile River Basin 
 

The i mpact of  t he G rand E thiopian R enaissance D am H ydropower ge neration i n t he 

hydropower generation in th e    E astern N ile River B asin is  in significant o n th e e xisting 

hydropower generation of the Eastern Nile River Basin scenario 1, SC-1. In this scenario, the 

overall average power generation during the 36 years of simulation is increased by more than 

50% in the Eastern Nile River Basin. In the Roseri and Sennar, the average power production 

increased by 15% from the present (Sc0) condition. The power generation in the Aswan Dam 

is reduced by 9%. 

After c onstruction a nd f ull pr oduction c apacity of  G ERD t he E astern Nile B asin w ill be  

benefited with a total installed capacity of more than 11,000 MW instead of the present 5,000 

MW. T he E nergy generation i n t he E astern N ile R iver B asin w ill i ncrease f rom t he p resent 

8,153 G Wh/yr t o 22,40 1 G Wh/yr, w hich i s m ore t han 50% , w hen G ERDP w ill be  a t f ull 

production. 

.Therefore, the impact on the GERD is in significant in existing development scenario on t he 

downstream Easter Nile Basin. But for the full development on t he basin should be analyzed 

and modeled by other scenarios.  

The m ean m onthly p ower generation d eficit at  R oseries, S ennar and H igh A swan D am 

hydropower before and after GERD construction is shown in the figure below. 
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Figure 6-1: Roseries HP Power deficit at SC0 (Before construction of GERD) 
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Figure 6-2: Roseries HP Power deficit at SC1 (After construction of GERD) 
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Figure 6-3: Sennar HP Power deficit (MW) at SC0 (Before construction of GERD) 
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Figure 6-4: Sennar HP Power deficit (MW) at SC1 (After construction of GERD) 
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Figure 6-5: Aswan HP Power deficit (MW) at S0 (Before construction of GERD) 
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Figure 6-6: Aswan HP Power deficit (MW) at SC1 (After construction of GERD) 
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6.2. Impact of Grand Ethiopian Renaissance Dam Hydropower generation on 
Irrigation Development in the    Eastern Nile River Basin 
 

The i mpact of  t he G rand E thiopian R enaissance D am H ydropower generation i n Irrigation 
development in  th e E astern N ile R iver Basin is  s ignificant o n th e e xisting Irrigation 
development on t he downstream of Eastern Nile River Basin scenario 1, SC-1. The scenarios 
illustrate t he be nefit f or dow nstream c ourtiers, especially, i n S udan be cause of  increased 
upstream r egulation i n Ethiopia. A n   i mproved c overage of  t he i rrigation w ater de mand ( 0 
month of deficit against 10 months of deficit without GERD) in the Eastern Nile Basin. This is 
highlighted b y th e s imulated ir rigation w ater d emand d eficit in t he dow nstream Irrigation 
development as sown in the figure below.  
 
In this scenario, the average irrigation water demand deficit during the 36 years of simulation 
is r educed up t o z ero ( no de ficit) i n t he dow nstream Irrigation S cheme a s s hown i n t he 
simulation results below. In the u/s Sennar and d/s Sennar, the average irrigation water demand 
deficit is  r educed s ignificantly u p to  n il. T he ir rigation w ater d emand d eficit in  th e G zeria 
scheme is also reduced accordingly. 
 
In the downstream Reservoirs which shows in scenario 1 ( after construction of GERD) that it 
is p ossible to  f ill a nd e mpty th e d ownstream r eservoir in  all years. T his c ontrasts w ith th e 
current situation when in some years there is insufficient flow to fill the reservoir and is despite 
the fact that raising the downstream dams will substantially increase the reservoir storage and 
irrigation demands will also have increased greatly. 
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Figure 6-7: Gizeria   Irrigation water demand deficit SC0 (Before construction of GERD) 
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Figure   6-8: Gizeria   irrigation water demand deficit SC1 (After construction of GERD) 
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Figure 6-9: U/S Sennar   irrigation water demand deficit (m3/s) SC0 (Before construction 

of GERD) 
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Figure 6-10: U/S Sennar   irrigation water demand deficit SC1 (After construction of 

GERD) 
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Figure 6-11: D/S Sennar   irrigation water demand deficit SC0 (Before construction of 

GERD) 
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Figure 6-12: D/S Sennar   irrigation water demand deficit SC1 (After construction of 

GERD) 
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Figure 6-13: Aswan   irrigation water demand deficit SC1 (After construction of GERD) 
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6.3 Evaporation loss comparison in different reservoir sites of the river system of 
Sudan and Egypt  
 
The impact of Great Grand Renaissance Dam Hydropower generation in reducing Evaporation 
loss i n the E astern Nile R iver Basin i s s ignificant on t he existing de velopment on t he 
downstream of  E astern N ile R iver B asin b y saving s ignificant a mount of  w ater on t he 
Highland of  t he ba sin when c ompared t o t he e xisting dow nstream r eservoirs i n S udan a nd 
Egypt reservoirs evaporation losses.  
The Overall open water evaporation in the Eastern Nile River Basin remains the same (after 
construction of GERD-Sc1) .The specific simulation result shows that the Lake Nasser open 
water evaporation losses reduce but  open water evaporation in Sudan and Ethiopia slightly 
increases.  
With GERDP dam operating upstream, average annual HAD losses are equal to 9.5 BCM/year 
instead of  10.8 B CM/year   i n case of  HAD alone. Evaporation losses a re reduced b y 12 % 
comparing to HAD alone situation. 
The scenarios i llustrate t he benefit for Sudan and Egypt of  i ncreased up stream regulation in 
Ethiopia by saving significant amount of water.  
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Figure 6-14:  Monthly Evaporation loss of GERD 
 
 
 

6.4 Impact of Grand Ethiopian Renaissance Dam Hydropower generation on the 
Blue Nile outflow at the border (the Ethio-sudan border) after the construction of 
Grand Ethiopian Renaissance Dam  

 
The s tream f low da ta of  4 m ain r iver c ourse a nd 15 t ributaries gauges were ut ilized f or t he 
computation of  Grand E thiopian R enaissance D am flow vol ume. T he m ean m onthly flows 
obtained from the historical records that are converted in to specific discharges for suitability 
of t he m odel. B ahir Dar, K essie, a nd Grand E thiopian R enaissance D am and 14  gauged 
tributaries were utilized. Based on these data, the overall stream flow volume at each gage sites 
on t he m ainstream a nd tributaries w as c omputed b y M IKE H ydro. A s i ndicated on F igure  
below the mean out flow was found to be 1549.5 m 3/s. The mean annual flow of Abbay was 
found t o be  48.865 BCM at  t he d ownstream o f G reat E thiopian R enaissance Dam/ an d 3.8 
BCM at Bahir Dar below the outlet of Lake Tana. The value of Grand Ethiopian Renaissance 
Dam flow o btained f rom th is a nalysis is  a lmost e qual to  th e o ne w hich is  e stimated on t he 
master plan, which is 50.6BCM. 
More re gular fl ows a re provided dow nstream G ERD (in S udan a nd E gypt). T he simulation 
result in dicates that, at  Ethio- Sudanese bor der, f loods on t he B lue N ile a re controlled a nd 
reduced by GERDP (reduction of 40 % of the maximum monthly flow) while low flows are 
significantly increased 
In average, t he w hole i nflow vol umes a re r egulated: a nnual out flows a re e qual t o a nnual 
inflows once losses are deducted (approximately the difference in GERDP water levels at the 
beginning and at the end of the simulated period). Compared to natural conditions, the monthly 
repartition o f f lows is  modified w ith a  s moothing e ffect: o utflows d ecrease d uring th e w et 
period (July to October) and increase significantly during the rest of the year (as shown in the 
Figure 6-15). 
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Figure 6-15: Ethio-Sudan Border simulated outflow before the project condition 
(construction of GERD) in m3/s 
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Figure 6-16:  Border simulated outflow after Construction of GERD (Scenario 1) in 
m3/s  
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CHAPTER SEVEN 

7  CONCLUSIONS AND RECOMMENDATION 
 

7.1 Conclusion 
 

The i mpact of  t he G rand E thiopian R enaissance D am H ydropower ge neration i n t he 
hydropower generation i n t he Eastern N ile R iver B asin is  in significant o n th e e xisting 
hydropower generation of the Eastern Nile River Basin. Based on the scenario analysis result, 
the overall average power generation during the 36 years of  s imulation is increased by more 
than 50%  in t he E astern N ile R iver B asin. In the R oseri a nd S ennar, the a verage pow er 
production increased by 15% from the present (SC 0) condition. The average power generation 
in the Aswan Dam is reduced by 9%. 

 After the construction and full production capacity of GERD; the Eastern Nile Basin will be 
benefited with a total installed capacity of more than 11,000 MW instead of the present 5,000 
MW. T he E nergy generation i n t he E astern N ile R iver B asin w ill i ncrease f rom t he p resent 
8,153 G Wh/yr t o 22,40 1 G Wh/yr, w hich is  mo re th an 5 0%, w hen G ERD w ill b e at f ull 
operation. 

 The i mpact of  t he G rand E thiopian R enaissance D am H ydropower generation i n Irrigation 
development in  th e E astern N ile R iver Basin is  s ignificant o n th e e xisting Irrigation 
development on t he dow nstream of  E astern N ile R iver B asin. T he s cenarios i llustrate t he 
benefit f or dow nstream c ourtiers, especially, in S udan b ecause o f i ncreased u pstream 
regulation i n E thiopia. The s cenario an alysis r esult s howed a n   i mproved c overage of  t he 
irrigation water demand (0 month of deficit against 10 months of deficit without GERD) in the 
Eastern Nile Basin.  
 
In this analysis, the average irrigation water demand deficit during the 36 years of simulation is 
reduced up to zero (no deficit) in the downstream Irrigation Scheme as shown in the simulation 
results. i n general, on the U/S Sennar a nd D/S Sennar, the average i rrigation w ater d emand 
deficit is  r educed s ignificantly u p to  n il. T he ir rigation w ater d emand d eficit in  th e G zeria 
scheme is also reduced accordingly. 
 
In the downstream Reservoirs which shows in scenario 1  (after construction of  GERD), i t i s 
possible to fill and empty the downstream reservoir in all years. This contrasts with the current 
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situation when in some years there is  insufficient f low to f ill the reservoir and is  despite the 
fact th at r aising th e d ownstream d ams w ill s ubstantially in crease t he r eservoir s torage an d 
irrigation demands will also have increased greatly. 
 

The impact of Grand Renaissance Dam Hydropower generation in reducing Evaporation loss 
in the Eastern Nile River Basin is significant on the existing development on the downstream 
of Eastern Nile River Basin by saving significant amount of water on the Highland of the basin 
when c ompared t o t he e xisting dow nstream reservoirs i n S udan a nd E gypt r eservoirs 
evaporation losses.  
The Overall open water evaporation in the Eastern Nile River Basin remains the same (after 
construction of  GERD-Sc1) .The specific s imulation result shows that the Lake Nasser open 
water e vaporation l osses r educe but   ope n w ater e vaporation i n S udan a nd E thiopia s lightly 
increases.  
With GERD dam operating upstream, average annual High Aswan Dam losses are equal to 9.5 
BCM/year i nstead of  10 .8 B CM/year   i n case of H AD a lone. The Evaporation l osses a re 
reduced by 12 % comparing to HAD alone situation. 
 
The ove rall m ean a nnual f low f rom t he m ean m onthly data o f t he m ain s tream g auges w as 
estimated to be 48.865 BCM at the Sudan Border .It is a bit less as compared to the result of 
scenario 1 o f the master plan to irrigate a command area of 440,804 h a and to generate 9,519 
GWh,. On the other hand the mean annual flow 50BCM given on the master plan is a bit more 
than the recent result 48.865 BCM 

The c onstruction of  G ERD r esults i n pos itive i mpact b y pr oviding more re gular fl ows 
throughout t he year t o t he dow nstream countries ( Sudan a nd E gypt). T he simulation result 
indicates that, at Ethio- Sudanese border, floods on the Blue Nile are controlled and reduced by 
GERD (reduction of  40 % of the maximum monthly f low) while low flows are s ignificantly 
increased. 

 

7.2 Concluding Remarks  
 
The M ike Hydro 2014  ha s be en configured t o s imulate t he i mpacts o f w ater resource 
development in the Eastern Nile basin with account of GERD. Currently Ethiopia utilizes very 
little water but does regulate some flow for future hydropower production on t he main Abay 
River. I n c ontrast Egypt a nd S udan us es s ome w ater f or h ydropower pr oduction but  a lso 
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abstracts large volumes for irrigation. Accordingly, all Eastern Nile countries plan to develop 
water resource infrastructure substantially in the near future.  
 
GERD reservoir will provide more constant flows than in the present natural conditions. The 
monthly flow with an exceedance frequency of 95 % at the Sudan Border will become greater 
than 3,000 Mm3/month. Sudan will be less vulnerable by drought periods with this important 
stored water volume and more regular provided flows. 
 
Other benefits include water conservation. The GERD will minimize the evaporation loss from 
dams l ocated i n l ess f avorable dow nstream c ountries. A  t otal of  c lose t o 19  bi llion c ubic 
meters (BCM) of water evaporators from the Aswan High Dam and other dams in Sudan (of 
this evaporation from Aswan alone amounts to 14.3 BCM) annually. Evaporation at the Jebel 
Aulia da m i n S udan a mounts t o 3.5 B CM a nnually f rom 1.75 B CM storage c apacity. By 
contrast evaporation loss from the full development of the GERD is likely to be no more than 
0.4 BCM. 
 
The GERD will reduce and alleviate the Sediment transport from Ethiopian highlands = 157 to 
207 million MT/yr. High cost of dredging from irrigation infrastructures, e.g. Maintenance and 
dredging cost of Rosaries reservoir = USD 7.5 million/yr. Irrigation scheme and HP generation 
underperformance: with less sediment entering Sudan HP generation gains would amount to 
USD 88 million worth of electricity per annum. 
 
Current and projected Eastern Nile Basin energy demand exceeds by far available supply from 
GERD compared to the existing condition of the Eastern Nile Basin. 
 
 It would be  wise t hat t he E astern N ile R iver Basin c ountries (Egypt, E thiopia a nd S udan) 
could cl osely co operate to ha ve s hared vi sion a nd t o opt imize t he w hole N ile Basin w ater 
management s ystem. C reating and d eveloping an in tegrated s ystem w ill b e s ignificantly 
beneficial f or e ach c ountry b y i nterconnected projects c ould pr ovide a dditional e nergy t o 
Sudan and Egypt from surplus of GERD energy generation. 
 
The results in this research are preliminary and based on many assumptions. Where it has been 
possible to verify the s imulations the model results a re r easonable. Nevertheless, the current 
results must be treated with caution. The model need to  be  refined using improved estimates 
of s tream f low d ata o n t he ma jor tr ibutaries and b etter e stimates o f ir rigation d emand a t a ll 
schemes. In addition, it is better to use the NB DSS all features in the next researches when the 
NB DSS fully utilized and publicized by including MCA and CBA. It needs to plan to simulate 
another scenario based on anticipated water resource development in full development of the 
Basin. 
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