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Abstract

Sudan is the largest country in Africa, but ther@averty and a lack of infrastructure, skills and
opportunity despite its substantial natural resesircThe capital of Sudan is Khartoum City,
located at the confluence of the Blue and White Rilvers. Unfortunately development on Nile
River Front is limited due to the risk of floodirapd erosion. There is a danger that rapid
economic development may take place in this unigeea without sustainable development
planning. This research project aims to developtegjies to protect the Nile River banks by
suitable stabilization methods so that developmanttake place safely.

Data has been collected about hydrology, morpholgggtechnical factors, soil classifications,
river pattern systems, driving forces, and the nmoblems restricting sustainable development
and engineering works for the Nile River. In aduhitithe following have been reviewed:
historical background, existing land uses, curesironmental situations, and the economic and
social conditions of the study areas. Researchtifteeh Cairo, Egypt as a similar case study,
where data collected by the author included histébrbackground, current situations, strategic
visions and development plan for Nile River Shotestther information was collected about
sustainable development from a general literatevesw.

From these collected data a set of guidelines adatators for sustainable development was
established related to environmental, economicsathl factors. Based on those guidelines and
indicators, methods of stabilization of the bantis dach shore were specified and a proposed
development plan was established. Methods of sabdn of banks and the development plan
were refined and evaluated to establish a finaiver of the development plan: Sustainable
Development of the Nile River Front (SDNRF) at GeeaKhartoum. From refinement and
evaluations, barriers and constraints for implemigom were specified with their suggested
solutions. Finally, conclusions and recommendatiogiated to the SDNRF Manual about
development and regulations were established.
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CHAPTER ONE: RESEARCH METHODOLOGY



1:0 Introduction

This Thesis will describe the carrying out and hssof a PhD research project for study to
investigate the options for the sustainable develyp of the Nile River Front at Greater
Khartoum.

This chapter will introduce the research projectidgntifying the problem under consideration
and explaining the method by which it will be intrgated and solutions proposed. It will also
explain the structure of the thesis. Finally it Iwdetail the expected new contribution to

knowledge.

1:1 General Introduction about the Study Area

The republic of Sudan is the largest country inidgsfrand is located in the North Eastern part of
this continent. It is bordered by Egypt, the Red,S€ritrea, Ethiopia, Kenya, Uganda, the
Democratic Republic of Congo, the Central AfricaepRblic, Chad and Libya running
clockwise from the North respectively. The capttdy of Sudan is Greater Khartoum. Greater
Khartoum is composed of three cities: Khartoum, @mmehn, and Khartoum North. It has a
unique location at the confluence of the Blue arfdté/Niles. These two rivers join to form the

River Nile proper which has its origin at Khartoum.

In recent years Sudan has experienced rapid ecorgrowth due to its natural resources such as
oil reserves. Development is associated with enwrental damage either through its use of
materials, energy, the displacement of existingdib®rsity or its strain on the local
infrastructure. Recent years has seen rapid andsprdad development in many previously un-
developed countries. There are now proposals teldp\vhe Nile River Front area at Khartoum.
This PhD research project aims to look at the ga@kmpact of development on this area and
by looking at other examples of sustainable devaekq to suggest ways in which the
environmental impact of this proposed developmant lze reduced. The focus will be on shore
protection and riverbank development.

The total length of the water front to be includaedthe study area is 67.875 km of the three

rivers within Greater Khartoum with six water franareas. Only small areas of the waterfront

27



within Greater Khartoum city centre are providedrwdefences which offer varying standards of
protection against shoreline erosion or floodinQutside the city centre, the riverbank is
generally undefended. These locations also tencbiacide with areas of high potential i.e.
recreational, landscape of importance or areasntdrast for their economic importance,
particularly in terms of building development. Thedefended lengths of the three rivers play
their part in the formation of the proposed changethe waterfront. Because the banks of the
three rivers are composed of alluvial soil, theg jarone to erosion and are capable of releasing
significant quantities of material which is therpdsited within the local sediment system.

The area adjacent to the Greater Khartoum watdrfienof high landscape quality and
outstanding natural beauty. These areas are miraharacter, although they also encompass
thriving communities and businesses and are vdluettheir recreational facilities. To date there
has been no major development within the floodnpéaid the adjacent areas. Such development
as has occurred has generally been small scattergsl infill made by local communities. No
major river works have been carried out on therrivent since defences were constructed
subsequent to a major flood in 1946. The conterthan the Greater Khartoum river front is not
being sustainably developed is related to thetfeatt management of the river front is not being
undertaken within a strategic appraisal and implgateon framework and is without
consideration of the pertinent factors. Theseofactelate to environmental (in particular river

morphology and flooding) and economic issues.

This study will identify and quantify critical faats for the success of developing Nile River
Front at Greater Khartoum by stabilizing river bauflar safely sustainable development. This
can be obtained by examining various environmeastalial, economical, architectural and urban
design precedents and to devise a comprehensivienmptation framework for Sustainable
Development of the Nile River Front SDNRF at Gredtkeartoum.
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1:2 Statement of the Problem

The Nile River is a meandering river. The Nile Riwe Greater Khartoum has six frontages as

specified below:

The Blue Nile is facing Khartoum and Khartoum Noutith the length of 23.250 km for

the both sides of the river in the study area.

The White Nile is facing Khartoum and Omdurman wiitle length of 24.5 km for the

both sides of the river in the study area.

The Main Nile is facing Omdurman and Khartoum Naowith the length of 9.750 km for

the both sides of the river in the study area.

The main problem that restricted the developmeth®Nile River Front in Greater Khartoum is
flooding of the Nile River during flood season. Térenual flood of the Nile River is affected by
the hydrology of the Blue Nile, where the dischaftges of the Blue Nile is 700,000,000%day

in flood season and 10,000,000/day in dry season. This hydrological situationtiné Blue
Nile has direct impact on the hydrology of the Vghitile where it is of annual stable discharge
flow of 73,000,000 rfiday and the Main Nile River. The flood of the NRéver occurs when the
water level reached its maximum level in flood seawhich is 380.88 meter above sea level,
while in dry season is 373.06 meter above sea lavehinimum level. The variation of water
level represents the average hydrological paramdtersustainable stabilization banks of the
Nile River. The high variation of water level beereflood and dry season causes mudslides
problems in the study area. The mudslides occurethe eroded sides of the Nile River in a

form of failure as beam at the bank of sand layea and sliding failure.

Flooding of the Nile River during flood season pumdation period restricted the development
of the Nile River Shores at Greater Khartoum. Tieisearch will tackle the hydrology and the
Nile River pattern system in Greater Khartoum ttalelssh guidelines for methods of river
stabilization banks and safely development of thié&e NRiver Shores. This will be in a
comprehensive framework or development plan fotasugble development of the Nile River
Front in Greater Khartoum.
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1:3 Statement on the scope of the Thesis

The scope of this thesis is to understand the gérbaracteristics of the Nile River Banks and
their adjacent Shores to formulate scientific plagnpolicies to establish comprehensive
framework for sustainable development plan for NHeverfront in Greater Khartoum. The

chosen of river banks and their adjacent shorésisrstudy for the following reasons:-

Unique of the study area that no similar to it ire tworld as it is located on the
confluences of the Blue and White Nile that metge River Nile the longest river in the

world with six frontages shores.

This unique area of the Nile Riverfront is the mealuable area in Greater Khartoum
and even in the whole world due to its natural abtaristics.
This unique area no scientific studies have be&antdo tackle it, therefore this first

study will act as a base for other coming studies

There is rapid economic development that may td&eepin this valuable area without
scientific sustainable development planning prognas since there is no sustainable
development plan that can direct and control theeld@pment for this unique area in

Greater Khartoum.

The study will establish sustainable frameworkdeveloping Nile Riverfront in Greater
Khartoum that elaborating guidelines for sustaiaat¢velopment for stabilizing banks

and waterfront projects.

The study will raise the important of sustainabéyelopment of the Nile Riverfront in

national and local appraisal policies.

The study will contribute in raising public awaresebout sustainability by establishing
environmental, social and economic indicators fewedoping Nile Riverfront in Greater

Khartoum.
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The study will made a unique contribution to therloby establishing sustainable

indicators for developing waterfront.

1:4 Aims of the Study

There are two main aims of this study as spechigdw:

1:4:1 Stabilization of the Nile River Banks

To suggest a strategy for the stabilization ofiiie River Banks in the most sustainable manner
by identifying the factors that threatens the ditgbof the Nile River banks at Greater Khartoum
and by ranking stabilization methods in terms aoiction and sustainability. The achievement of

this aim will be met by:

Studying the hydrology and morphology of the Whiglje and River Nile at

Greater Khartoum.

Identifying the flood zones and erosion areas atbedanks of the three rivers.

Ranking river stabilization methods in terms oftairsbility.

Developing a set of guidelines and indicators fmtainable stabilization river banks.

Establishing suitable methods for stabilizationhaf river banks in the study area.

1:4:2 Sustainable Development of the Nile River Shes:

To establish sustainable development plan for dpiey the Nile River Shores at Greater
Khartoum in a manner that has to due regard foraswability and river pattern systems. The

achievement of this aim will be obtained by:

Collecting appropriate data about sustainable rik@rt development appropriate to the

study.

31



Developing a set of guidelines and indicators fdni@ving sustainable development on

the Nile River Front.

Considering the three fundamental aspects of tkaisiable development due to their

environmental, social and economical factors.

Proposing a development plan for the study area.

Identifying barriers and constraints and propossuggestions for overcoming these

barriers

1:5 Research Hypotheses
There are a number of hypotheses that will beddsyehis research project as specified below:

That it is possible to survey existing conditiomghe study area to act as a base line for
future development of the Nile River Front at Gegdthartoum.

That it is possible to propose river bank stabiic@a methods based on local ground and
water conditions.

That it is possible to research examples of riventf developments to identify those
relevant and irrelevant elements for sustainableld@ment of the Nile River Front.

That it is possible to study the theory of susthi@aurban development and existing
sustainable development assessment systems intorakmtify those aspects associated
with sustainable development of the Nile River Eron

That it is possible to develop sustainable indiatfor assessing river stabilization
methods and urban development elements for theRWer Front at Greater Khartoum.
That it is possible to establish sustainable deraknt strategy for SDNRF at Greater
Khartoum for a sustainable development of the sardg and establish guidelines for the
main recommendations and legislation that are dblecontrol and direct the

development.
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1:6 Research Method

The methodology employed by the research will beatwy out a combination of field study and
literature research. The field study will generaw primary data relating to the existing
conditions found along the riverbanks. While therlture study will identify the way in which
the methods used to stabilize the river banks eaassessed for sustainability. It will also reveal
the principles upon which the adjacent riverbank loa developed sustainably.

In particular the research methodology will involve

Collection of relevant base line data from existinglic sources with regard to environmental,
economic and social factors.

Extensive literature review on previous researth sustainable urban development especially
that related to developing countries and rivertson

Collection of relevant data from a similar or relhtase study.

Generation of new primary data from site surveyerisurvey and general observations.
Generation of sustainable indicators from collextiata for planning process.

Generation of new sustainable development issus &nalysis and synthesis of the planning

process.

The execution of the methodology will be carriat o stages. Stage one will involve data

collection, stage two will develop a set of guideb for sustainable development, stage three
will tackle the plan making process, stage fout e#aluate the development plan and stage five
will develop a set of guidelines for implementinigetrecommendations. These stages are

described more fully below:
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1:7 Stage One: Data Collection

Types of primary and documentary data that areetodiected will be as specified below:

1:7:1 Collection and Collation of Existing Data reated to the Study Area

The following data will be accessed, collected asskessed:

Historical background about Nile River and studgear

Data from engineering investigations about the blgdyy, morphology, geotechnical,
floodplains, erosions, mudslides, river banks, rriggores, driving forces and general

characteristics of the Blue, White and Main Nile/&ti
Data about planning policies applicable to the piaca.

Maps, existing land-use plans for different areaghiw the study area such as

agricultural, residential, commercial, industreahd infrastructures.
Existing planning policies, planning regulatiolegyislations, laws, building regulations.

Data about current studies carried by Khartoum @émusiness District Study Team
and UNESCO Chairs in Water Resources in Sudarnéostudy area.

1:7:2 Data from Survey and Observations

This will be new primary data collected by the autivithin the following areas:
Identification of discrete shores within the Nikestem.
Survey of current shore line length and activities.

To organize and manage the research process.
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Photographic survey of the shore lines.

Survey of the current environmental, social ancheadic situation.

1:7:3 Data collected from Cairo in Egypt

The selection of Cairo in Egypt as a case studguis to the similarities between Cairo and
Khartoum. Data from Cairo will be a key issue fmiding the SDNRF at Greater Khartoum.
The data collected from Greater Cairo will expldree different elements of river front

development. Data from the Greater Cairo case stiitlinclude:

Historical background about Greater Cairo.

Current details of the Nile River Front at Grea@aiiro.

Environmental classification areas of the Nile RiFeont.

Roles and values of the Nile River in environmenégonomic and social factors for
sustainable development at Greater Cairo.

Data about proposed development plan for Nile R8tres at Greater Cairo.

Data about Greenway System for Greater Cairo.

Photographic record of the Cairo Nile river front.

Data related to other Case Studies in the world.

1:8 Stage Two: Guidelines for Sustainable Developme

In this stage the primary and secondary data dellein stage one will be developed to work out
a set of guidelines for sustainable developmenes&hguidelines composed of a set of main
factors affecting stabilization of the Nile Rivemiks and the main indicators for sustainable

development of the Nile River Front. These guidsdirrelated to environmental, social and
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economic factors. The environmental factors witkta flooding, erosions, hydrology of the Nile
River, lack of infrastructures and river forces.eTéconomic factors restricting the sustainable
development will tackle poverty, lack of economygportunities, compensation value for lands
ownership and lack of local materials. While sociaktors restricted the sustainable
development will tackle lack of local skills, lack public awareness about sustainability and
lack of legislations.

The main indicators that measuring appropriate asueble development of the Nile River

related also to environment, economic and socditators as specified below:

Environmental indicators that measuring a degreeswfcessfulness of sustainable
development of the Nile river Front such as bartébikzation methods, traffic methods,
accessibility to the river, flexibility of the delepment urban elements, greenway system,

sky line of the Nile River and general improvingtloé environment.

The economic indicators for measuring successfuéldpment such as increase in land

value change in uses of lands and degree of catitibto local and national economy.

While the social indicators such as satisfactibrp@pulation needs, improvement in

social services and in health.

These sustainable indicators will be used in dgffemplanning process of the development plan
for SDNRF at Greater Khartoum.

1:9 Stage Three: Plan Making Process

In this stage a development plan will be formuldteded on the sustainable indicators. This plan
will be used in developing suitable methods of iitabg each of the Nile River Banks and to
propose river stop stations that will be used werrtraffic system. The plan making process will
tackle the second area of the study by proposisigitable method of Grey way Traffic System,
Greenway System and Zoning System. This proces$sead to develop a development plan for

the Nile River Front at Greater Khartoum.
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1:10 Stage Four: Evaluation Process

This stage will evaluate the bank stabilization moels from their numerical value arising from
the methods or use of construction materials asthgability. The proposal for the final version
development plan for the Sustainable DevelopmenhefNile River Front SDNRF at Greater
Khartoum will be evaluated from the summation marksalue of the environmental indicators,
economical indicators and social indicators. Thal@ation process also will tackle energy use,

materials, environmental impact and local impact.

1:11 Stage Five: Implementation Process

This stage develops a set of guidelines for implgimg the recommendation. These guidelines
will identify the barriers and constraints agaimsplementation and suggestions solutions to
overcome them. The implementation process will la¢ke requirements for implementing,
managing and financing the Sustainable Developnedégrnents of the Nile River Front at
Greater Khartoum. Finally this stage will identtfie limitation of the research and suggest areas

for further research.

1:12 Organization of the Thesis
The Thesis will comprise nine chapters as detdikddw:
Chapter One: Introduction

The chapter provides an introduction and overviéwhe research project. It will consider the
aims of the study, the research hypothesis, genstiodology of the study, types of data to be
collected, the thesis organization, the reseamdwork, the expected research outputs and the

new contribution to knowledge the research aimsake.
Chapter Two: Historical Context

The chapter provides the historical backgroundhef study area which will include the Nile

River, role of the Nile River in ancient civilizan, history of Greater Khartoum and planning
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policies applied to the study area. These are tiheéh&er master plan, Macklin master plan,

Doxiadis structural plan and Mafit structural pfan Greater Khartoum.
Chapter Three: Current Context

The chapter provides and presents existing datthécurrent situation of the study area such as
location of the study area, general specificatminthe study area, hydrology and morphology of
the Nile River, the current situation of the exgtiland uses and activities along Nile River
Shores, the current environmental situations, thstiag economic and social activities along
Nile River Shores and the main problems restrictireydevelopment of the study area. Finally
existing data will be gathered on the infrastruetof the region identifying where short falls

occur in relation to the proposed development.
Chapter Four: Theory of Sustainability

The chapter examindke theoretical background of sustainable constmcind development

reviewing the general literature about the rolesastainable development in planning policies,
visions for sustainable habitat development, irgg@omal policies for sustainable urban rivers,
engineering visions for the urban rivers and ribanks, the Urban River Survey and River
Habitat Survey as international methods applied ddban rivers, general theories about
sustainable development, general theories aboutoemvental indicators and environmental

impact assessment.
Chapter Five: Case Study

This chaptewill reveal practical issues related to watersiégeedopment and sustainability by
examining case study of a similar example, so asterstand how related problems have been
tackled elsewhere. For many reasons Cairo, Egyptokan selected to be the case study. This
includes similar historical background, currentuations, sustainable development schemes,
future projects and development plan of the NilgeRiFront. In this selective case study, the
methods used to stabilize the river bank and asyets of sustainability will be identified to

inform the sustainable development plan for thegarea.
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Chapter Six: Guidelines for Methods of StabilizingNile River Banks

Based on the theoretical and practical informagiamed from the previous chapters this chapter
will determine a set of guidelines for sustainadikilization methods for the Nile River Banks.
These will be appropriate for the environment anclaeconomic conditions of the region. Each
element of this plan will be critically appraised itlentify any barriers to its uptake that could

occur due to the prevailing regional conditions.

Chapter Seven: Guidelines for Developing Nile RiveShores

Based on the information derived from previous t¢diepthis chapter will determine a set of
guidelines for developing Nile River Shores andeRiFronts adjacent to them. The development
plan for the Nile River Front in Greater Khartounlwe invented and developed in comparison
to indicators of sustainability revealed earlier the thesis. The second stage will involve
presenting the plan to stakeholders in the aregaio their response and feedback. From this
feedback it will be possible to determine any leagito its uptake that have not been identified

and also to provide information to refine the plan.
Chapter Eight: Refinement and Evaluation

The development plan in this chapter will be redin® propose the final version of the
development plan for the Nile River Front at Great@gartoum. The final version of the
proposed development plan will tackle the two amfathis study, methods of stabilizing Nile
River Banks and development of Nile River Shoré&his final version development plan will be
evaluated from the summation of the numerical markg&lues of the sustainable indicators that
measuring the quality of the stabilization methdds each Nile River Banks and urban

development elements for Nile River Shores in Grehartoum.
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Chapter Nine: Conclusions and Recommendations

This chapter will present a final summary and codelthe development plan for the Nile River
Front at Greater Khartoum. The chapter will idgntiie recommendations for implementing
those areas in the development plan. Finally trepter also will identify the limitation of this
research and suggest areas for further researehcidpter will address barriers and constraints
for the implementation of those identified aread aow to overcome over these barriers as to

how the development could be undertaken.
Chapter Ten: Recommendations and Limitation of theesearch

This chapter will reflect the experience of cargyiout the research particularly the study is
carried in one of the poor developing countriethim world where it is suffering from civil wars
for more than 50 years since its independency &®.1Bhere is a lack of local data that required
for integrated methods that will be used in thisegech and even accessibility to the few rare
data required special relationship and also theptenawill tackle lack of similarities to this

unique study area in the world.
1:13 Research Framework

Research framework illustrates the general metloggobf the planning process how it works
within the different stages of the development psscwith the main issues of the sustainable

development as specified in Fig 1-1.
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Figure 1-1 Framework of the research and procediure/estigation
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1:14 Research Output
It is anticipated that there will be output fronisthesearch as follows:

A comprehensive survey of the Nile River banks xstieg to form a baseline against
which to measure disturbance or enhancement agdimstwill form the basis of a set of
sustainable indicators against which sustainablgradiation or improvement can be

measured against in future.

The establishment of a series of appropriate amstlgable proposals for stabilizing
shores of the Nile River Banks. The methods ofiktaiy banks vary between the Blue,
White and Main Nile River due to the variation bétriver pattern system between them.
The variation in banks means that no one solusdikely to be suitable. Therefore there
will be suggested solutions for the methods of ikzatg each one of the Nile River
Banks.

A set of sustainability guidelines to be used toecti the implementation of the
construction and development of the Nile River fran order to minimize its

environmental impact.

The establishment of a set of guidelines and in&ion about sustainable development
for the Nile River front at Greater Khartoum whig¥ill contribute in rising public

awareness about sustainability.

The establishment of a set of recommendations amdelines about Sustainable
Development of the Nile River Front SDNRF at Gredfbartoum to be considered in

National and Local Strategy.
1:15 Intended Contribution to Knowledge
The research aims to provide the following contiiims to knowledge:

Comprehensive survey of the Nile Banks and thgmaaht Shores for the six frontages

in the study area.
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Establishment of sustainable indicators for devielppurban riverfront based on the

triangle of sustainability.

Documentary and Primary Sustainability Data Base thll be useful for sustainable

programmes related to Khartoum appropriate to Aficgeneral.

Sustainability guidelines for urban areas of rapa@nomic development that will be

useful for those types of development.
Appropriated Methods of Stabilizing Nile Banks oeamdering river in urban areas.

Sustainability guidelines for river management pratection systems.
Guidelines for sustainable development plan forewieint projects and river protection

scheme appropriate to the hydrology study area.

An understanding of the barriers, due to local domus, that is restricted the
development of urban waterfront like Nile Riverftomhich may exist to prevent the

implementation of the sustainable action plan.
A set of recommendations to overcome these barriers

Sustainability guidelines for rising public awares@bout sustainability.

1:16 Conclusion

This chapter set out the context of the researchdascribed the aims of the study. The overall
aim is to provide for sustainable protection forleNiRiver banks to allow sustainable
development to take place in Greater Khartoum. dltepter specified the research hypotheses
and the methodology that will be used for this aesle which involves developing proposals
from primary and secondary research and then tpdtwe proposals by checking against
standards and also by stakeholder survey. The ehafdrifies types of data to be collected
whether primary data or secondary data. It wentcospecify the organization of the thesis
which uses a number of chapters to identify issafesustainability, river bank protection and

sustainable development appropriate to the aredhamdto develop and refine a set of guidelines
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for the application of protection and developmaesitesnes in the study area. Finally the chapter
presents the expected research outputs and inteodéubution to knowledge. The research will
provide survey of existing situation of the NRever shores at Greater Khartoum, a set of
sustainability guidelines for study area and ax$e¢commendations for sustainable action plan.
The next chapter will present the historical baokgd of the study area related to and
influencing the research where it will include infation on the ancient civilizations in the
region along Nile valleys, general historical inf@ation about Blue, White and Main Nile River

and historical National and Regional planning geBaffecting the study area.
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CHAPTER TWO: HISTORICAL BACKGROUND



2:0 Introduction:

Chapter Two will consider the historical backgrowamtl context of the region that is the subject
of this research project. Historical informationoab the study area is essential as it gives us
information as to how the region has reached itgseotl status and gives the cultural and
geographic information necessary for future develepts. Sustainability involves protection
and enhancement of the environment, thereforeassential to have a full understanding of the
characteristics and historical development of #ggan. Historically development was driven by
Kitchener Master Plan in 1898, Macklin Plan in 1908 the Structural Plans of Khartoum in
1958, 1976 and 1992.

This chapter will consider the area by first inugsting the Nile River and its surrounding
countries known as the Nile Basin Countries andudorg on the specific research area at
Greater Khartoum. The chapter will present infoioratibout the White Nile, the Blue Nile and
the Main River Nile. The chapter will specify th@e of the Nile River in ancient civilizations
but will focus mainly on the Sudanese civilizatitollowing this with the history of Greater
Khartoum will be presented. Greater Khartoum is posed of three cities Khartoum,
Omdurman and Khartoum North. In additional thera iSmall Island at the confluence of the
Blue and White Nile called Tuti Island. The chapielt tackle historically the planning policies
that applied to the study area within National bvwél development Strategies.

2:1 Nile River

The Nile River forms the focus for this researcbjget and therefore it is essential that it is
understood as well as possible. The Nile Rivenigluvial meandering river. Its drainage basin
covers about 3112369 Kmwhich represents about 10% of the total area oicAf(Nile Basin
Initiative (NBI) report, 2003). This area stretch@sross ten Nile countries namely Rwanda,
Burundi, Tanzania, Uganda, Kenya, Democratic RepwablCongo, Ethiopia, Eritrea, Sudan and
Egypt. The Nile is connected to an estimated 30d0amipeople that live in these ten countries
that share the Nile. The area of these ten cosnémel the basin as denoted in, the NBI report
(2003) is as specified in Table 2-1.
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Table 2-1 the Nile Basin Area per Country as spedéd in NBI report (2003)

Country Area of the | Area of the| As % | As % of | Average Annual Rainfall in

Country/ Country of total | total the Basin Area in (mm)

km? within  the | Area Area of

Basin/ km* | Basin | Country
% % Min. Max Mean

Burundi 27,834 13,260 0.4 47.6 895 1570 1110
Rwanda 26,340 19876 0.6 75.5 840 1935 1105
Tanzania 945,090 84,200 2.7 8.9 625 1630 1015
Kenya 580,370 46,229 15 8.0 505 1790 1260
Zaire 2,344,860 22,143 0.7 0.9 875 1915 1245
Uganda 235,880 231,366 7.4 98.1 395 2060 1140
Ethiopia 1,100,010 365,117 11.7 33.2 205 2010 1125
Eritrea 121,890 24,921 0.8 20.4 240 665 520
Sudan 2,505,810 1,978,506 63.6 79.0 0 161( 500
Egypt 1,001,450 326,751 10.5 32.6 0 120 15
For Nile Basin 3,112,369 100 % 0 2060 615

It can be seen from this table that Sudan represbatlargest contribution to the total Nile basin
area, but with the exception of Egypt has the lawesan annual rainfall. These ten Nile River
Basin Countries are shown in Fig 2-1 as illustrateslile Basin Initiative report (2003)
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Fig 2-1 The Nile River Basin Countries (source Nile RiveBasin Initiative)
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The Nile River is supplied by many tributaries dakles as shown in Fig-2 as illustrates in,
NBI report (2003).
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Fig 2-2 Nile River Tributaries and Lakes (source Nile River Basin Initative)
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These rivers will be discussed more fully in th&treections
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2:1:1 Blue Nile

The main source of the Blue Nile, as specified ite Basin Initiative report (2003), is Lake

Tana in the Ethiopian Highlands, where the rivédniewn to the Ethiopians as The Tigur Abbay.
It flows for 850 miles till it meets the White Nikt Khartoum. The river is known in Sudan as
the Blue Nile or “Bahr al Azrag”. The river represe about 59% of the total annual discharge of

the Main Nile River.

The hydrology of the Blue Nile according to the Miny of Irrigation in Sudan records collected
over 50 years from the Blue Nile as specified iIINBESCO Chair in Water Resource Study,

2002), is summarized in Table 2-2.

Table 2-2 Hydrology of the Blue Nile (source UNESC@hair in Khartoum)

Iltem Descriptions Notes
Maximum Water Level 380.88 m aSL The averagdef t
Minimum Water Level 373.06 m aSL Ministry of Irrigation in
Variation Level 7.82m Sudan records collected
Water slope in flood period 9.7 cm/ km over 50 years from the
Water slope in recession period 7.6 cm/ km Blue Nile
Maximum Water Level occurred time Aug- Sept
Minimum Water Level occurred time Feb — May
Width of main stream 420 m
Width of Blue Nile Left branch at Tuti 246 m
Width of Blue Nile Right Branch at Tulti 481 m
Flow in dry period 10 Mrii day
Flow in flood period 700 Mrit day
Bank soils Different types

From above Table 2-2 it can be seen that therehiglavariation in the discharge flow of the
Blue Nile between the dry and flood period, the kmalth of the river in combination with the
high discharge flow within the flood period leadserosion affects and sedimentation. There is

also a high slope to the river bank due to therrlmv pattern system. Also it can be seen that
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banks adjacent to the Blue Nile will experience hhigzater levels between August and

September. This means that large flood defencesdvibeuneeded.

Therefore the Blue Nile is the main concern for atapilization methods that will be used in the

Nile River Banks.

2:1:2 White Nile

The main source of the White Nile, as specifiedNBI report (2003), is considered to be Lake
Victoria in Tanzania although the lake is fed bynyaivers of considerable size. The most
distant stream of the White Nile emerges from Nymwagorest in Rwanda, via Rukarara,
Mwago, Nyabarongo and Kagera Rivers. These rivenstnrough Rwanda and Burundi and
finally entering Lake Victoria in Tanzania. Theeneaves Lake Victoria at Ripon Falls near to
Jinga, Uganda and is known as the Victoria Nildlovs further for approximately 300 miles
through Lake Kyoga into Lake Albert where it knoas Albert Nile. Then the river flows into
Sudan, where it known as Bahr al Jebel for a len§th45 miles where it meets the Bahr el
Ghazal to make one stream called the White Nil&Bahr al Abyad” which flows to the North
till it meets the Blue Nile at Khartoum. The tokahgth from source to Khartoum as denoted by

the Ministry of Irrigation in Sudan is 2265 miles.

The hydrology of the White Nile according to thenMtry of Irrigation in Sudan (MIS) records
collected over 50 years from the river as denote(UNESCO Chair in Water Resource Study,
2002) is summarized in Table 2-3.
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Table 2-3 Hydrology of the White Nile

Iltem Description Note
Maximum Water Level 380.66 metre above $ékhe average of the Ministry of
Level m aSL Irrigation in Sudan records
Minimum Water Level 373.21 m aSL collected over 50 years from the
Variation Level 7.45m White Nile
Water slope in flood period 5.3 cm/ km
Water slope in recession period 3.6 cm/ km

Maximum Water Level occurred time  Aug- Sept

Minimum Water Level occurred time  Feb — May

Width of main stream About 1800 m

Flow is stable with plus or minus 2573 Million cubic metres
% per day Mn¥/ day

Bank soils Different types

From Table 2-3 it can be seen that the water flbwhe White Nile is stable leading to the
formation of a low slope and long shore althougkrehis a high variation in the level between

maximum water level during the flood period and imum water level during the dry period.

2:1:3 Main River Nile

After the Blue and White Nile merge at Khartoune,timly main tributary is the Atbara River,
which originates in Ethiopia and flows for a lengthapproximately 500 miles until it joins the
Main River Nile at Atbara , 200 miles North of Kk@aum. This point represents about half of the
length of the river until it joins the Mediterrame&ea as the end point of the longest river in the
world. The length of the River Nile from Khartoum its end point at the Mediterranean Sea is
1880 miles. The total length from start to finish4il45 miles. The Nile River flows from Atbara
through the desert till it reaches the man-madeeldksser behind The Aswan High Dam in
Egypt, 170 miles from the Northern Sudanese bownd#r Egypt. Where another man — made
lake from Lake Nasser is made called Toshka. Therriver flows to the North until it reaches

the Mediterranean Sea through The Nile Delta.
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The hydrology of the Main River Nile according teetMinistry of Irrigation in Sudan records
collected over 50 years from the Main River Nile secified in (UNESCO Chair in Water
Resource Study, 2002) is summarized in Table 2-4.

Table 2-4 Hydrology of the Main River Nile

Item Descriptions Notes
Maximum Water Level (WL) 376.88 metre (M) The agy of the
Minimum Water Level 368.82 m Ministry of Irrigation in
Variation Level 8.06 m Sudan records collected
Water slope in flood period 8.9 cm/ km over 50 years from the
Water slope in recession period 10.2 cm/ km Main River Nile
Maximum Water Level occurred time Aug- Sept
Minimum Water Level occurred time Feb — May
Width of main stream About 700 m
Flow due to Blue & White Nile Above tables
Bank soils Different types

From Table 2-4 it can be seen that the river patststem is similar to the Blue Nile, the
sedimentation and erosion system that occurs dtleetemall width of the main stream and the
high discharge flow of the Blue and White Nile iodd period. Also it can be seen the high
variation of water level between flood and dry ssaand high inclination of the river banks

requires special consideration for stabilizing b&n River Nile Banks.

2:2 Role of the River Nile in Ancient Civilization

Most of the ancient civilization in these countrissfound along the river basin due to the
availability of water. Water is needed for life atige ancient civilizations found in Egypt and
Sudan was established here thousands of yearsThgse civilizations and other influences on

the region are listed in the sections below.
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2:2:1 Egyptian Civilizations

From the historical books of Egypt (Abuloughd, 19&1 Abdel Rhman Ali, 2004) the

chronological order for Egyptian Civilizations aemmarized in Table 2-5

Table 2-5 Summary of chronological period of Egypan Civilizations

Time Period Historical Period Comments

1- This period known as Predynast
Period.

C

2- Start of civilization of the Nile area.

. ) Nile used for agriculture, water
2000000 Bd Prehistoric Period

to 3100 BC

transport and mud as building

material for human settlement.

3- Investigation of the seasons of the
year from the flow of the Nile within
flood and dry season and hence the
observation of the annual cycles
which led to an understanding pf
calendars.

1- Construction of human settlements
near the Nile River from mud

The Dynastic Period materials due to the behaviour of the
2920 BC to

from the First Dynasty short life.
332 BC

to the Thirty One 2. Construction of Pyramids, Temples,

Dynasty Parades, Palaces and Sculptures

from stones and durable materials
because they belief in long life after

death.
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Time Period Historical Period Comments
1- Construction of churches from
Roman and Byzanting .
masonry materials.
Period
640 AD to 1- Construction of Islamic Military
Islamic Period
1798 AD Towns such as Fustat.
2- Islamic Architecture such as domes
and Islamic features.
3- Islamic Town Planning such as
Cairo, Damascus and Bagdad.
1798 AD to 1- Construction of Military Buildings.
802 French Period
1 AD 2- Town Planning.
1- Construction of Industrial Buildings.
1802 AD to 2- Construction of new infrastructure
1882 AD Turkish Period such as Dams, Bridges, Canals and
Roads.
3- Physical Town Planning.
1882 AD to 1- Construction of Industrial Buildings.
1952 AD 2- Construction of new infrastructure
British Period such as Dams, Bridges, Canals,
Railways, Telecommunications and
Roads.
3- Physical Town Planning.

From table 2-5 it can be seen that over a longoddhe organic, unplanned development, using
natural local materials was changed for plannecldgvnent with less dependence on natural
products.
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2:2:2 Sudanese Civilizations

From the historical books of Sudan (Abusleem, 1& Awvan Alshreif, 1980)) the chronological

orders for Sudanese Civilizations are summarizechivle 2-6.

Table 2-6 Summary of Chronological Period of Sudarse Civilizations

Time Period Historical Period Comments

1- It was the first Kuchite Kingdom.

2400 BC to 1500 2- It was affected by Egyptian Civilizations.

BC . . . .
Karma 3- They used the Nile water in agriculture and riyer

transport.

1- It was the second Kuchite Kingdom.

2- The 25th Dynasty of the Egyptian Dynastic Periods wa

1500 BC to 550 BC | Napta ruled both Sudan and Egypt and it belong to this
kingdom.

3- The influence of Egyptian civilizations becausesyt

ruled by one ruler.

1- It was the third Kuchite Kingdom.

2- It was characterised by iron and steel industriesr the

Nile at Meroe royal city.

3- The development of new technical irrigation sysfeom

the Nile called Sagia.

550 BCto 23 AD
Meroe 4- Construction of Masonry Walls (4m thick) along tdie

Bank to protect the royal city from the Nile Flood.
5- Construction of the Royal City near the Nile RiBank.

6- Construction of pyramids away from the river banks.

1- It was composed of many kingdoms such as Mugarrp or
Dongla at the North and Alwa or Soba at the Sofith o

23 ADto 1340 AD | Christianity Period 2- Construction of churches.

3- The divisions of the Sudan to many kingdoms.
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Time Period Historical Period Comments

=

1- It was composed of many Islamic Kingdoms at thetiNg
of Sudan such as Fungi Kingdom and Darfur Islamic

Kingdoms at the West of Sudan.

1340 AD to 1820 Islamic Period
2- Islamic Architecture.

AD
3- The use of the Nile valley in agriculture and river
transport.
1- The establishment of Sudan today after demolishing
Islamic and Christian kingdoms.
1820 AD to 1ggs| Turkish Egyptian 2-  Division of Sudan to provinces and districts.
AD Period 3-  Construction of new infrastructure such as roadd |an

telecommunications.

4-  Planning of Khartoum as new capital for Sudan.

1- The independency of Sudan.

1885 AD to 1898 2- Planning of Omdurman as new capital of Sudan idstés
AD Mahdiya Period Khartoum.

3- The use of the Nile in agriculture and transport.

1- Division of Sudan to nine Provinces and each Pe®/in

divided to Municipals.

2- Construction of new infrastructure such as railways

bridges, dams, electricity, roads and telecommitioics.

1898 AD to 1956 British Egyptian or _ _
3- The establishment of large development agriculjure

AD Condominium Period ) ) 1
schemes such as, Gezira Agriculture Scheme and Zida

Agriculture Scheme.

4- Planning of Khartoum as capital of Sudan.

Table 2-6 shows there has been an historic regemérfor water management and river

stabilization bank to permit safely developmennaglaver front.
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2:3 History of Greater Khartoum

Greater Khartoum is composed of three cities KhsntoOmdurman and Khartoum North and

also a small island called Tuti. The following sews describe the history of these.

Khartoum

Khartoum was established as the capital of Sudéimmihe Turkish Empire in 1821 AD after
the Turkish had overthrown the Funj Kingdom and etthe capital from Sennar to Medani
then to Khartoum. Before the influence of the Tsinki Khartoum was composed of small
scattered settlements or villages such as thegeillaf Sheikh Arbab al Agaid which was
established in 1620 AD. Sheikh Arbab al Agaid wasl known within Funj Period and
established his famous Massid for Quraan in Tldnk$ and later moved it to Khartoum in 1691
AD which became very famous in Sudan, where hislestti numbers reached more than a
thousand at that time. Sheikh Alameen Eldreer almne from Tuti establishing the famous
Islamic Centre in Sudan during this period in Kbarh. Soba which is now part of Greater
Khartoum was the capital of the Christian kingdoatiedd Alwa which was established in the
fifth century and demolished by Funj in 1504 AD.

The Turkish further established the town in 1821 AiD constructing government buildings
along the Blue Nile as the first zone. Two othemewere created one as governmental housing
and another zone as a market area. This area whplaened and had good connections to
Egypt by telegraph and the other communications sewdices methods invented at that time.

Other zones for the general population were un@drmalled local native settlement.

When Mahdiya captured Khartoum in 1885 AD they nabvke capital from Khartoum to

Omdurman.

When Kitchener overthrew Mahdiya by his Anglo-EggptNile Expeditionary Force at Karri

battle in 1898 AD, he returned the capital to Kbam again. Kitchener made a master plan for
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Khartoum in1899 AD based on the Washington mastam. prhe railway reached Khartoum
after constructing the Blue Nile Bridge from steBhis period show the establishment of good
infrastructure, radial roads, recreational areas most of the urban facilities required at that

time.

Omdurman

Omdurman became capital of Sudan within the Mahgigaod 1885-1898 AD when Anssar
captured Khartoum they moved the capital to Omduaranad called it Bugat EImhadi. Khalifa
Abd Allahi was planning the town according to tlstamic Pattern, as some planners in Sudan
like Salah Mazari said so. The town is divided tifedent sectors or zones in a way that each
sector or zone had a specific function or purpése.example Bait- Al-Khalifa was established
as high political quarter situated in the middleasdo be equally accessible for the whole public.
The Soque sector was established as a commeraial situated near the political zone. An
import and export zone was situated near the fimeloading and unloading of ships and boats
called El-Morda, other residential zones are s#datuch as Bait- EImal as financing zone,
Wad- Nobawi, EImlazmine, Aboroof, Wad- Doro, El-Addia, EImasalma, Hai-Elarab etc.

Omdurman before Mahadiya was composed of smalesethts or villages, most of them built
by the Gamoia tribe, but a famous Sheikh from Tadglled Hammed Wad- Ummarume

established his popular Massid for Koran at Omdurmghin Funj Period (sixteenth century).

Old —Omdurman required re-planning, but most oflémel owners required high compensation
due the high value of the land here. This resulted great delay in executing the re-planning
development plan, although the new extensions ofl@man were well planned and supplied

with most of the required services.

Khartoum North

Khartoum North was mainly established as a modanm tby Kitchener, as a result of his using
the river port for his ships and boats in 1898 A@.constructed big workshops and warehouses

as headquarters for river and sea transport whih mamed the River Transport Corporation.
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This corporation required a lot of employees arcdllovorkers, therefore most of the population

of Khartoum North were workers at that time.

Khartoum North gradually expanded by the creatdna large industrial area containing
different types of industries like food processimglustries, oil industries, soaps industries,
chemical and related industries. In addition dédfartypes of commercial and residential areas

also grew up to support the industrial activities.

Tuti Island

Tuti is a crescent-shaped island built up as alresumud sedimentation on the sedimentary
rocks, which are noticeable in the middle of tHand. The total area of the island is about one
thousand and two hundred acres. The populationutfi3 mainly composed from Mihas tribe

whom emigrated from Northern Sudan within the FR@jiod during the sixteenth century.

Tuti has a unique location for we find the BludeNlows from the East, the White Nile from
South and West and the River Nile from North. Tdaltlength of the shores of the three rivers
is 10.375 Km. Unfortunately all these shores areprotected against flood, which presents a

great risks to the people and their property ongslamd during the flood season.

Summary

From this brief of historical background of Gredkdrartoum we can identify the following:

The development was largely agriculture basedeelad the need to feed population for

many years.

Presence of the British led to an upsurge in dgreémnt, but this was based on trade

and military necessities.
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Khartoum is now poised for new phases of develop®it two essential issues are
required the Nile River Banks needs to be stalullaned also there is a need to construct
in a sustainable manner.

2:4 Planning Policies Applied to the Study Area in Natnal and Local
Strategy

There are few places in the world where developreanttake place without restrictions. This
section aims to summarize the planning laws thaegodevelopment in the region. The main
policies applicable to and affected development§&ieater Khartoum include both historical

plans and current legislations are summarized helow

2:4:1 Kitchener Master Plan 1898

The Kitchener master plan was the first managed pfadevelopment applied to Khartoum. It
used similar assumptions as that applied to thehivgsn master plan. The governmental
buildings were located along the shore of the Blile, then the residential housing for English
and Egyptian high ranking officers and the natitvetshed in scatters settlements at the South of
the railway station not constituting in the struatuplan. The location of the railway now
becomes one of the most obstacles of the natuval@ament.

2:4:2 Macklin Master Plan 1908

The Macklin master plan was a modification of thecKener master plan, which was influenced
mainly by the idea of garden city model. Large ganlere located near the Nile like Khartoum
International Zoo, nice parks along the Blue NilkeIthose within the ministry of finance,
ministry of irrigations and all parks within thosaditional buildings.

Then the general commissioner of Khartoum calledfiedd Hall applied another modifications

and amendments for Kitchener and Macklin mastarspla
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2:4:3 The Structural Plan of Khartoum 1958

The structural plan for Khartoum in 1958 was desdyby Doxiadis Associational Consulting
Engineers within the first elected democratic goweent period (1956-1958) after the
independence of Sudan in January 1956. The stalgilan was depending on the dynamic
development of the city based on the natural charatics of the Nile River and the three cities
located on it; Khartoum, Khartoum North and Omdunntidat formed Greater Khartoum. The
structural plan specified the direction of the depenent in Greater Khartoum and for our study
area as the most dynamic and valuable area in &imartthe plan was tackled the following

issues:-

To develop the function of the Nile River to be assource of beauty and
communication for Greater Khartoum and not as alestebetween the three cities. This
obtained by using the Nile River as main blue way f@irban activities such as;

recreational, leisure’s, water based sports, ttajdigndscape and fisheries.

Protection of Nile River Banks by suitable stalaition methods.

To develop the Nile River Shores for mix used urbments.

To protect the agricultural and green areas on 8idigs of the Nile Riverfront.

To eliminate pollution to the water of the Nile Bnby establishing suitable legislations
that required for this purpose.

The structural plan for Khartoum in 1958 as illagtd in Fig 2-3 was tackled the main problems
that restricted the development in our study arehaiggested suitable solutions for them, but

nothing was implemented from them for the follownegsons:-

When the plan was designed and ready for implertientahe elected democratic
government was changed by military troops and néitany government was take place
in November 1958. The military government altered aancelled all the previous
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programmes that issued within the first democrpéidod and created new agendas due

to the new military government programmes.

Starting of civil wars in South of Sudan due to tinditary agendas. Therefore the
military council changed their priorities for difent development programmes due to

these visions.

The bad economic situation of Sudan which is carsid as one of the poorest countries
in the world due to regional and international a@adors. This situation led to restrict

implementation for most of important programmes.

The military period (1958- 1964) was changed bylipulevolution in October 1964 and
new elected democratic government was appointed khawn with the second
democratic period (1964-1969). Then the militargroded the second elected democratic
government and a second military period startedune 1969 till April 1985. This

insatiability of politics led to non sustainabiliby development.
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Fig 2-3 The Structural Plan of Khartoum (1958) sotce Doxiadis Plan No 23
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2:4:4 The Structural Plan of Khartoum -1976

The structural plan of Khartoum in 1976 was desighg Mafit Consulting Planning Groups
within the second military period (1969-1985). Tlan was considered the previous structural

plan in 1958 and tackled the following issues in tudy area:-

The structural plan concentrated on developing titg centre and establishing

recreational and landscape urban elements on teeRNierfront in Khartoum.

The structural plan restricted the development @lddile Riverfront and any
development should be according to specific; di@sgions, specifications, building
types, building height, building regulations andtdince from Nile Banks.

The structural plan directed that all shores shbeléccessible to public.

The structural plan was directed for protectingeNBanks with suitable stabilization

methods and establishes cornice along Nile Rivetfro

The structural plan of Khartoum in 1976 as illusdain Fig 2-4, as the previous one in 1958,
nothing of the development elements in our studdaawvere implemented for the following

reasons:-

The Sudan economic situation was still consideneel of the poorest countries in the
world according to regional and international ecuoiw indicators that caused the

implementation of this plan impossible.

The absence of democracy and representation ofcpubthe Parliament where all its

members were appointed by military ruler.

The absence of transparency and democracy leglén@ing, plan making and planning

control to be according to the military ruler wish&nd not to the concept and planning
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system. Therefore implementations for developmbents take place according to the

ruler desire and not to scientific planning prognaes.

The continuous changes of governments particuthiydemocratic periods were very
short related to military ones that led the plagnooncept to be of continuous changes
and not sustainable due to the rapid political gean This situation led to most of

development programmes not to be implemented.

The starting of civil wars in South of Sudan frame to time particularly in 1983 led the
military ruler to change his agendas and let th@aBuo be suffering from these wars and

military rulers.
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Fig 2-4 the Structural Plan of Khaioum (1976) source Mafit Plan No 25
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2:4:5 The Structural Plan of Khartoum 1992

The structural plan for Greater Khartoum in 1992swkesigned by Doxiadis Associational
Consulting Engineers. The plan was designed withénthird military period that changed the
third elected democratic government that startest #fie second public revolution in April 1985.
This period called the third democracy period awrtemded from April 1985 till June 1989
where military troops changed the elected govertraad the military ruler appointed military
government in June 1989 and this period extendlatbtiv.

The structural plan of Khartoum proposed in 199X wavised to tackle the main problems
perceived in previous Greater Khartoum developnmeférring to the partial and ad-hoc
solutions arising from the last structural planfieTstructural plan in 1992 focussed on the
homogeneity, continuity and functionality of theffeient urban elements in sustainable way
without concentration only on the centre. This ésould be achieved by creating sub-centres.
The structural plan for Grater Khartoum in 1992 ilasstrated in Fig 2-5 was tackled the

following development issues in our study area:-

The structural plan focused on the homogeneityticoity and functionality of the

development elements along Nile Riverfront in Gee#thartoum.

The structural plan directed for further scienti§ittidies to the hydrology, morphology
and geotechnical for the Nile River pattern sysianGreater Khartoum. This studies
such as the study of the centre of Khartoum thatezhby Khartoum CBD Study Team
in 1999 and the study carried by UNESCO Chair irtd/Resources in 2002.

The important of the waterfront development as hgenous area that should be

developed to improve the general environment ira@reKhartoum.

To create urban elements along riverfront aftebibzang the Nile Banks and to make

Nile Riverfront accessible to public.
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The structural plan divided the riverfront to zomnedended along the six frontages
shores.
The structural plan directed to establish the nmegliegislations and regulations that

required for controlling and directing the develaprmof the Nile Riverfront.

The structural plan for Greater Khartoum in 1992 wat implemented particularly those related

to our study area and this is related to the falhgweasons:-

Lack of military ruler visions due the absence o&nsparency and democratic
institutions.

The bad economic situations of Sudan in spite ©fpitential natural resources where

more than 75% of the national income expendeddoursty.
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Fig 2-5 the Structural Plan of Khartoum (1992) surce Doxiadis Plan No 26
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2:5 Summary of Chapter Two

This chapter presented the historical and conteampdyackground of the study area especially
the contribution and role of the Nile River in agmi civilizations particularly the Egyptian and
Sudanese civilizations. The chapter gave shorrnmtion about the ten Nile Countries, known
as Nile Basin Countries and the Nile Basin Initi@tNBI which is the official coordinator body
responsible from the development of the Nile RiBasin within these ten Nile Countries. The
chapter presented the hydrology of the Blue, Waité Main Nile River from the recorded data
collected for 50 years by the Ministry of Irrigatian Sudan. The chapter summarized the
chronological order of Egyptian and Sudanese eafions and the role of the Nile River in
those civilizations. The chapter gave short briebwt historical background of Greater
Khartoum which composed of three cities Khartourmddrman and Khartoum North followed
by the small island at the confluence of the Blod ®hite Nile forming the Main Nile and it is
called Tuti Island. The chapter finally summarizbd historical planning policies applied to the
study area in national and local strategy fromfits¢ master plan by Kitchener in 1898 AD until
the structural plan in 1992 AD.

The information presented in this chapter shows tha region has a rich and historical
background. Moving on form a large agricultural isbc various powers have attempted
planning for a more development society utilizimtyeational, commercial and residential areas
served by modern communication systems. Furthegldpmnent is likely and will be influenced
by these past plans.

The next chapter will concentrate on data gatheaind research and the chapter will expand

information about the current state of the stuaaagiven in this chapter.
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CHAPTER THREE: - CURRENT SITUATIONS



3:0 Introduction:

The aim of this chapter is to present the resdles survey into the current state of the Nile River
Shores and the Riverfronts or the adjacent lanthése Shores. The chapter will do this by
dividing the large River Shores length into 16 ngeable zones or Shores and Riverfronts. The
issues that will be surveyed will indicate and tack
Drives of development in the study area.
Sudan general economy which will indicate, it capmort such kinds of riverfront
development.
Current environmental and social situations ofdhaly area, which reflect a lacks of
existing infrastructures and needs of riverfrontelepment programme.
Reasons of dividing the study area into 16 Niler8&and location of them on the
Blue Nile, the White Nile, the Main Nile and the i@lmences of the Blue and White
Nile at Tuti Island.
The general characteristics and specifications afheNile River Shore and the
Riverfront adjacent to it.

Photographic record for each Nile River Shore as@iverfront.

The reason for carrying out this survey is to pdevbase- line information about the study area
with those collected in previous chapters. In patér information is required about the need and
options for riverbanks stabilization methods andefigpment of Nile Riverfront in Greater

Khartoum.

3:1 Overall Drivers of Development in the Study Ara

This section will explain why this region has beedentified as a location which is likely to be
developed. The region identified in the previouaptBr has been recognized as an area where it
is anticipated that rapid development is going dket place. This has been suggested for a

number of reasons. The following section highlights main driving factors:
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3:1:1 World Famous

(i)
(ii)

The Nile is a river known throughout the world.

The location of the development area adjacent & Nile will make marketing

publicity much easier and increase the land value.

3:1:2 Prime Location

() Sudan is the largest country in Africa where ikimwn as “the heart of Africa” and
Khartoum as the capital of Sudan is well placedb¢oa central business hub for the
continent.

(i) Evaporative cooling from the River Nile helps theroclimate. Generally cooler and a
more comfortable humidity than the region away fithwe river.

(i) Khartoum has a strong historical background dennatest by the buildings left behind
for example in Turkish and British- Egyptian Period

(iv) River fronts are well known as desirable locatiémsliving and working. The Nile
River benefits from appearance of the continuoow #hnd natural visions of flora and
fauna.

3:1:3 Facilities
(1) Concentration of the most governmental and publitdings along the Nile Shores.
This means that there is already a precedent fegldpment and an infrastructure in
place to help it proceed.

(i) Most of existing recreational facilities are loaatalong the Nile Shores. This will

lead to develop these facilities and to create oees.

(i) The existing infrastructure along the Nile Shtrat can be enhanced to improve

the public services in the area.

(iv)  River resource for water transport.

(V) Local food supply from agriculture.
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(vi)  Local population for skills.

In recent years the Sudan has seen much invesfroembutside countries that hope to share in
the regions wealth of natural resource. The exgdioit of those resources will require a modern
city infrastructure in which to accommodate stakkéérs in this development. The drives
described above in addition to this highlight Kibarh as a region where rapid urbanization is

poised to take place.

3:2 Sudan General Economy

The Sudan General Economy will tackle economic \aeer, economic structure and Gross

Domestic Product GDP for Sudan as specified below:

3:2:1 Economic Overview

Sudan is a rich country in terms of natural and &umesources, but the economic and social
development have been below expectation. Sudaonsidered one of the poorest countries in
the world by both regional and international staddalue to the civil wars in South and Darfur
region, the poor economic management, coupled with severe economic disruption and
imbalances caused by the civil war have blockedessgful development in Sudan. But this
situation will be altered if the Comprehensive ReAgreement CPA between the Government
or National Congress Party NCP and Sudan Peopi®sration Movement SPLM in (May,

2005) and Darfur Peace Agreement in Abuja in (200@) brought into effect, but it will take

many years to overcome on the effect and impatttesfe civil wars in Sudan.

In terms of both employment and contribution to GRBriculture is the most important sector
where it employs 80% of the total workforce in Sudand considered a third sector that
contributes in the GDP. The agriculture sectoramuhated by several key crops produced by a

combination of rain-fed and irrigated agriculturgluding the vast al-Gezira irrigation scheme.
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Sudan economic structure was changed and altetexdtla¢é petroleum invention and production
in (1999), which lead to large inflows of foreigimett investments.

Lake of basic infrastructure in large areas, atidmee by much of the population on subsistence
agriculture ensure much of the population to renaior below poverty line despite rapid rises
in average per capitimcome. Generally Table 3-1 and 3-2 illustrates thacroeconomic
framework in (2008) and trade balance from (200@®@06) by the Ministry of Finance and

National Economy MFNE in Sudan report as specifieldw:

Table 3-1 Macroeconomic Framework for Sudan sourc®FNE report Sudan (2008)

Item/ year 1999 2005 2006 2007 2008
Budget | Revised Budge Est. Budget Est. Budget  Est.
Total population in Million 30.0 35.3 35.3 36.2 36. | 371 37.1 38.0 38.0
Real GDP Growth Rate 6.7% 8.0% 8.0% 10% 10% 10.5%0.5% 7.6% 7.6%
Real GDP Bill SD 81/82 prices 1354 2040 2040 2244 24482 2469 2480 2657 2679
General Price inflation* 16.0%| 7.5% 8.5% 8.0%) 7.2% 8.0% 8.3% 6.7% 8.0%
GDP Deflator (General Price) 199.9 326 329 352 352| 377 378 402 404.6
Exchange Rate 252.1 250 243.6 225 2171 200 20( 200 2.00
GDP Current prices BSD 2706 6646 6708 7896 791p 0931 9379 10667 108,381
GDP current prices in US $Billion 10.7 26.6 27.5 135 36.43 46.6 46.9 53.3 54.2
Per capita in US $ 358 753 780 970 1007 125% 1264 4021 | 1425
Total Consumption 2273 5300 6108 6058 309( 103b 5238 1987 89622
Government Consumption 197 1059 1385 1591 12449 6848 13678 13377 11952
Private Consumption 2076 4241 4723 4467 9358 138341293 11390 77670
Gross Domestic Saving 433 1347 600 1838 4820 8276 9946 | 8679 18759
National Saving 433 1039 74 1681 3794 7621 6339 7767 8730
Total Investment 433 1655 1275 1994 5845 8931 76499682 28787
Government Investment 33.4 392 0 494 4421 706P 57137442 6027
Private Investment 400 1263 1275 1500 1424 186 6187 2240 22760
Current Account Billion SD 0 308 674 156 1025 655 | 556 1003 10029
ICOR 2.4 3.1 2.4 3.0 7.4 9.6 7.8 11.9 3.3
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Table 3-1 illustrates that the GDP of Sudan is ighificant increase due to the increase in
petroleum products and rates, the total private gowrnmental consumption is increased from
1999 to 2008 to 37 and 60 times respectively tbict the Sudan economic problems related to
the high consumption of government compare to élss Bmount for the development and the
noticeable increased in the total investment inaBudom 1999 to 2008 to 66 times.

Table 3-2 Trade Balance in US $ Millions (2000-20080ource Central Bank of Sudan

year 2000 2001 2002 2003 2004 2005 2006

Exports 1,806.70 1,698.70 1,949.11 2,542.17 3,777.7% 42824. | 5,656.56
(FOB)

Imports 1,366.4 2,024.8 2,152.8 2,536.1 3,586.2 5,946.0 04771
(FOB)

Trade 440.3 326.1 203.7 6.1 191.6 1,121.7 1,448.1
Balance

Table 3-2 illustrates that the Sudan exports tiadacreased from 2000 to 2006 to 3.13 times

and the imports to 5.2 times.

3:2:2 Economic Structures

Economic structures generally in Sudan and studg are agriculture base. The below section

specified the most important economic sectors asysrized below:

3:2:2:1 Agriculture

Most of the lands in Sudan are flat because 67%heNile Basin flat area lies in Sudan where
more than 200 million hectare suitable for agrigtdf fortunately the cultivation area represent
only 10% from the total suitable agricultural areAgriculture production as specified in the
world fact book for Sudan (2008, p.7) is the maspartant sector in Sudan which employing
80% of the workforce and contributing to the GDR738 in the year (2003) and 31.5% in the
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year (2007). The main agricultural products ar@arptgroundnuts (peanuts), millet, sorghum,
wheat, gum Arabic, sugarcane, cassava (tapioca), manggsmyp, bananas, sweet potatoes,

sesame, vegetables, fruits, orange, livestock.

3:2:2:2 Industries

Industry sector, as specified in above sourcectsipying 7% of the total labour force in Sudan
and contributing to the GDP 20.3% in the year (3088d 35.7% in the year (2007). This

significant increase in industrial sector is resuitfrom petroleum production and most of the
important other industries are cotton ginning, itexf cement, sugar, soap, distilling, shoes,
pharmaceuticals, armaments, automobile/ light tassembly and oil industries. The petroleum
exportation products started as specified in theldvtact book for Sudan (2009, p. 8) is in

(August, 1999) following the opening of 1600 km @xport pipeline and production of crude oll

is of continuous increase from 209,100 barrels/idahe year (2001) to 750,000 barrels/ day in
the year (2008) while local consumption is 79,7&€r&ls per day.

3:2:2:3 Services

Services sector occupying 13% of the total laboucds in Sudan and contributing to the GDP
41% in the year (2003) and decreasing to 32.8%enyear (2007). This significant decrease in
services sector is due to the lack of proper plagpriy the government and deterioration of

agriculture sector which has negative impact tgisersector.

3:2:3 Gross Domestic Products GDP

Gross Domestic Products GDP in Sudan is of sigamifiggrow since petroleum production in
(1997) that led to increase exportation volumes iom with rapidly growing in foreign
investment flows into large capital projects andyant domestic demand. The GDP real growth
rate as specified in MFNE report (2008) increasenf5.9% in the year (2003) to 11% in the
year (2007). The purchasing power parity is $7®8bon in the year (2003) that increased to
107.8 Billion in the year (2007). Contribution offfdrent economic sectors to the GDP as
specified in MFNE report is summarized in Table.3-3
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Table 3-3 GDP in Local Current Sudanese Dinnars SDMillions (source report of MFNE-
Central Bank of Sudan, 2008).

Specifications 2005 2006 2007
Agriculture 754.2 785.6 810.3
Irrigated Crops 206.7 230.7 238.9
Rain fed mechanised crops 271 27.1 20.6
Rain traditional crops 103.4 107.4 1141
Livestock 368.7 370.1 384.9
Forest and others 48.3 50.2 51.7
Industry 534.7 603 742.9
Mining and quarrying 301 350 461
Petroleum 288 336 447
Others 13 14 14
Manufacturing 130 140 160
Electricity and water 26 28 30
Construction 77 85 92
Services 608.5 663.2 723.3
Government Services 200.8 222.8 2455
Other Services 407.8 440.4 477.8
GDP, Fact. Cost, Conc. P. 1,897.4 2,052 2,276
Annual Change % 9% 8% 11.0%
GDP Deflation 344995.1 373975 403892.7
GDP, Fact. Cost, Current Prices 6,546,013 7,622,85 9,194,565

Table 3-3 illustrates that the agriculture sectonot increased in spite of the increased in the
petroleum production that mean the government pedé on the petroleum product although
Sudan is agriculture country and the increasethénGDP that can support more development

projects.
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3:3 Current Social Situations

The current social situations will tackle demogilapltharacteristics, age structures of

demographics characteristics, public services asifsgd below:

3:3:1 Demographic Characteristics

There were five national censuses taken in Sudémeilyears 1953, 1973, 1983, 1993 and 2008.
From these censuses the population of Sudan iscofjnizable increase due to the high fertility
rate which is 2.8 in urban areas and 3.5 in rurehs The total population of Sudan in (1973,
1983 and 2008) were 14113590, 20594197 and 3945E2p2ctively.

Also there is a significance increase in the papateof Greater Khartoum occurred due to local
civil wars in South, West and East of Sudan thati$ehigh migration from these regions to
Greater Khartoum. The population of Greater Khariowere 1.2 million in (1953) and in
(2008) were 5,274,321 as specified below:

() Khartoum = 1,582,027 where 806,834 mafes 775,193 females
(i) Khartoum North = 1,476,964 where 753,252 males7@8]712 females
(i Omdurman = 2,215,330 where 1,129,81dew and 1,085,512 females

3:3:2 Age Structure

The age groups are divided for each five yearsaarlie divided due to school age groups such
as kindergartens (4 years), primary or elementahoas (5-14 years), secondary and high
education schools (15-29 years), after graduateesrs/(30-64) and old people above 64 years

and the percentages of these categories are aespbelow:
0-4 =15%

5-14 =28.7%
15-29=275%
30 - 64 =26.5%
>64 =23%
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3:3:3 Public Services

The current public services tackled telecommuniceti systems, electricity, methods of
transportation, human health and educations in iSutal the study area as specified in the

below sections:

3:3:3:1 Telic-Communication Systems

Communication system in Sudan is considered ortheofnodern large, well-equipped systems
by the regional standards and upgraded, cellulatnwanications started in (1996) and have
expanded substantially. The system consists ofawigve radio relay, cable, radiotelephone
communications, troposphere scatter, and domeat#litse system with earth stations. The
telephones mainlines in use as specified in thddmact book (2006 p.9) is decreasing from
900,000 in (2003) to 636,900 in (2006), while télepes mobile cellular is increasing from
650,000 in (2003) to 4.683 million in (2006). Tredio broadcast stations are AM (12), FM(1),
shortwave (1) where the radios are estimated & wbBlion in 1997. The internet service
providers (ISPs) as specified in the Ministry ofn@ounication in Sudan report (2006) are 5

where the users are estimated at 3.5 million.

3:3:3:2 Electricity

Production of electricity in Sudan as specifiedhe Ministry of Finance report in (December,
2007, p. 8) is either by fossil fuel or by hydraktimes. The production of electricity is of
significant increase where we find it 515 MW in 909 and 1139 Mw in (2006). But the
significant increase in electricity production wik from Merowi High Dam North Khartoum in
the year (2009), where the annual production froendam is 1250 MW.

3:3:3:3 Transportations

Sudan is the largest country in Africa. There affeint methods of transportation as specified

below:
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0] Roadways

The total length of roadway, as estimated in thddviact book for Sudan (2006, p.10) is 11,900
km where 4320 km paved and 7580 km unpaved.

(i) Railways

Sudan is the largest country in Africa with tote¢a of 2,505,810 sq km where 2.376 million sq
km is flat land with small hills and 129,810 sq isrwater area. This large area the suitable and
economical transportation method is the railwayteys but fortunately there is no proper
planning and future vision for developing this able type of transportation method in Sudan,
therefore it is deteriorated and about to collafg$e railways lines in Sudan as specified in the
word fact book for Sudan (2006,p.10) are narrowggeof total length 5978 km where 4578 km
is 1.067 m gauge and 1400 km is 0.600 m gauge fmedotton transportation in Gezira

Scheme.

(i) Airports

The total airports in Sudan are increased fromifg®#s in (2003) where only 12 airports are
paved and the remaining airports are unpaved toal@pbrts in (2007) where 16 airports are
paved and 85 airports are unpaved. The runwayvedairports is varies where 2 runway over

3047m, 9 runway between 2438m to 3047m, 4 runwayden 1524m t02437m and one runway
under 914m (source the world fact book for Sud&0,72p.11).

(iv)  Waterways Transportation

The total length of the Red Sea coastline in Suda8b63 km where there are three sea ports
namely Port- Sudan (main Sudan port), Suakin ansh&ia which specialized in Petroleum
export. Blue waterways of Blue, White and Main NRéver are used in local transportation
methods between various Sudanese cities and \sll&ge population and their goods and
animals. These waterways transportation methods m@ndeveloped by establishing and
constructing suitable sustainable harbours and modeer cruises or navigation vessels. The
total length of waterways in Sudan that used peantiy in the Nile River is 4068 km (source
the World fact book for Sudan, 2006, p.12).
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3:3:3:4 Human Health

Human health service in Sudan is ranging and imathtlical way that starting from dressing
station and dispensary in rural areas to cliniglthecentre, hospital and specialized hospital in
urban areas. Health situation is deteriorated vegamental units in Sudan due to civil wars in
Darfur and South Sudan, therefore most of the @djoil used private hospitals and private
health centres. The number of hospitals increase&ldan from 205 in (1989) to 375 in (2006)
and the number of beds increased from 19,200 i@9)L& 30,000 in (2006). But in spite of this
significant quantitative increase there is qualmatdecrease. Also the number of doctors
increased in Sudan from 9.4 doctors for each 1@0p@dsons in (1989) to 19 doctors for each
100,000 persons in (2006) and child death rateaHose below five years old decreased from
124/ 1000 in (1989) to 102/1000 in (2006), (souMmistry of Health report in Sudan,
December, 2007, p.8-9).

3:3:3:5 Education

Education system in Sudan either governmental ¢yperivate type for the various educational
levels which namely kindergartens of 3 years damtelementary school of 8 years duration,
secondary school of 3 years duration and high dgrcan university or polytechnic which
ranging between 3 to 6 years. Fortunately, edutaktieystem in Sudan is deteriorated in
governmental school that leads to significant iases in private a school as seen from the
stretches and expansions of private schools aneersities in Sudanese cities without proper
clear planning policies or educational measuremdris private education system becomes a

source of profit for unauthorized people.

There is a significant increase in the studenthef Yarious educational levels as specified in
below Table 3-4 & 3-5
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Table 3-4 Basic Education in Sudan, source Ministryof Education Sudan report

(1999/2000).
Type of Sudan Greater Khartoum
Education No Students No Students
Male Female Total Male Female Total
Kindergarten 7991 | 177004 172302 349306 1256 28925 29071 579P6
(3 years)
Elementary 11923| 1696691 1440803 3137494 1367 345406 33344488507
School (8years)
Secondary 1694 | 207324 194100 401424 357 47454 50932 98386

School (3years)

Table 3-4 illustrates that most of the studentsceatrated in Greater Khartoum due to the lack

of development in rural areas.

Table 3-5 Education Capacity in

Sudan for the year (2007/2008).

Total Number in Sudan Total students
Kindergartens 12000 450,000
Elementary School 13300 4,600,000
Secondary School 2500 600,000
Polytechnic School 120 44,000
University 27 (330 colleges) 300,000

Sudan, source Repbifrom Ministry of Education in

Table 3-5 illustrates that there is a lacks of patiinic schools although there is great needs for

technicians in implementations of various develophpgojects in Sudan.
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3:4 Current Environmental Situations

The current environmental situations added to theysecified in above sections will tackle
natural forces, disposal system, infrastructured pollutions in the study area as specified
below:

3:4:1 Natural Forces

The natural forces are including both macro andronatimate characteristics such as the sun
angles, temperature, wind directions, precipitataord relative humidity in the study area
collected by the Sudan Meteorological Authority tbirty years (1971 - 2000) as specified
below:

Table 3-6 illustrates the relative humidity, rainfall, evaporation, wind direction and wind
speed as recorded in Khartoum Station at Lat (15,8N) and Long (32, 33E) - Alt: (380M).

Elem. Relative Rainfall in mm Evapo.
Humidity Piche Wind
(R.H.in %) (mm)
Month Mean Total | No of Rainy Days When| Maximum in one Day Previous | Means
in Daily Rainfall > 0 mm Direction | Speed
mms 0.1 1.0 10.0 Total Date m's
JAN 26 0.0 0.0 0.0 0.0 0.6 1/1/82 16.1 N 4.4
FEB 21 0.0 0.0 0.0 0.0 0 - 19.0 N 4.8
MAR 16 0.1 0.1 0.1 0.0 1.6 2/3/82 22.4 N 4.8
APR 15 0.0 0.0 0.0 0.0 Tr - 245 N 4.4
MAY 20 3.9 0.9 0.7 0.1 151 30/5/87 22.7 N 4.0
JUN 26 4.2 0.9 0.6 0.1 275 3/6/83 21.8 SW 4.4
JUL 42 29.6 4.0 3.2 0.9 45.2 24/7/95 17.5 SW 4.8
AUG 48 48.3 4.2 3.3 1.4 200.5 4/8/88 15.2 SW 4.4
SEP 41 26.7 3.4 2.5 0.8 57.3 10/9/96 16.1 SW 4.0
OCT 29 7.8 1.2 0.8 0.2 40.2 7/10/97 185 N 3.5
NOV 26 0.7 0.0 0.0 0.0 222 1/11/76 19.1 N 4.4
DEC 29 0.0 0.0 0.0 0.0 0 - 16.0 N 4.4
YEAR 28 121.4| 147 11.2| 3.5 200.5 4/8/88 19.1
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From Table 3-6 we can guess that the rainiest nsoate July, August and September with
average annual contribution of 104.6 mms from ttal tannual rain 121.4 mms while the wind
blows from the North except in June, July, August &eptember where it blows from South
West SW.

Table 3-7 illustrates the air temperature and sunsime duration as recorded in Khartoum

Station Lat: (15, 36 N) - Long (32, 33 E) - Alt: (80M)

Element Stat Air Temperature in C Mean Dry | Bright
Level _ _ _ - Temp Sunshine
Press Daily Maximum Daily Minimum (max+min | Duration
Mbar )/2inC
Month HPA Mean HST Date Mean LST| Date InC HRS %
JAN 967.2 30.7 41.0 15/1/95 15.6 7.5 4/1/92 23.2 .010 86
FEB 966.2 32.2 42.5 28/2173 16.8 8.4 6/2/93 24.7 10.2 85
25/2174
MAR 964.1 36.5 45.6 16/3/98 20.3 12.% 2/3/2000 28.4 9.9 82
APR 962.1 40.4 46.2 21/4179 241 16.p 114/82 32.2 104 84
6/4/95
MAY 961.8 41.9 47.5 17/5/91 27.3 19.4 11/5/82 34.6 9.6 74
JUN 962.2 41.3 46.5 14/6/95 27.6 204 24/6/99 344 8.8 68
JULY 963.1 385 44.5 Sev. 26.2 17.8 31/7/82 323 1 8] 63
AUG 963.4 37.6 43.5 18/8/86 25.6 18.0 26/8/72 31.6 8.5 66
25/8/90 21/8/92
SEP 963.1 38.7 45.3 29/9/97 26.3 16/0 719/95 325 8 8§ 71
OCT 963.2 39.3 43.0 3/10/90 25.9 175 31/10/77 32.6 9.7 83
1/10/97
NOV 965.4 35.2 41.0 1/11/80 21.0 11.0 12/11/82 28.1 10.3 91
DEC 967.0 31.7 39.0 15/12/83 | 17.0 6.2 19/12/71 244 10.1 90
7/12/90
YEAR 964.1 37.0 47.5 17/5/91 22.8 6.2 19/12/71 29.9 9.5 79

Table 3-7 illustrates there is no considerable atemn in temperature between the different

months because of the continuous shining of suhinvithe day. This characteristic can be

usefully for producing solar energy in the studgaar
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3:4:2 Disposal Systems

Sewerage system in Greater Khartoum now is underrdéisponsibility of Khartoum State
Sewerage Corporation KSSC. Sewerage system inésri€éhtirtoum started in the early (1950s)
by British company under the consultancy of Howatampered by the contractor Marbles
Ridgway for the area between the Blue Nile andRh#way Station in Khartoum. The sewerage
system extended in the early (1960s) to Amaratliarkoum covered total area of 15 %mith
total Asbestos pipe length of 250 km serving 80,00€he population in Khartoum. In (1970)
sewerage system service was established and egteméiédartoum Industrial Area for total area
of 8.8 knf.

The existing sewerage system in Greater Khartoyastscovering the following areas:

(i)  Khartoum CBD, Burri, Mogran =7.5kMm

(i) Khartoum (2+3), Khartoum Industrialda = 4.3 kih

(i) Amarat, Hai Alzhoor =2.5Km
(iv) Khartoum Airport = 0.8 Km
Total =15.1 Km

This current situation illustrates the poor perfanoe of the sewerage system in Greater
Khartoum and patrticularly in our study. Thereforestof the population are used local drainage
system composed of septic tanks and wells. Thiggysauses pollutions and contaminations to
the ground water and the Nile River Water.

The below Fig 3-1 illustrates the current dispasaberage system in our study area and Greater
Khartoum that reflects the poor situations of teeerage disposal system in Greater Khartoum.
This situation should be considered in the devekamrplan in our study area.
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Fig 3-1 the Existing drainage sewerage system in €ater Khartoum (source Khartoum

State Sewerage Corporation KSSC)

Fig 3-1 illustrates that the sewerage system domssi a small area in Greater Khartoum and

there is no sewerage system in Omdurman or Khartéarth.
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3:4:3 Infrastructures

The study area as we specified represents the impstrtant area in Greater Khartoum and
acting as a heart for it and the whole country bseall bridges and important roads that link the
different areas of Greater Khartoum together artti tie other towns in the country are located

and passing through this important area.

The existing infrastructure beside those mentiobefibre will tackle the existing circulation
system in Greater Khartoum, the existing bridgks, éxisting roads along the river front and

transportation methods as specified below:

()  On The Blue Nile we find the following bridges lted in the study area Mak- Nimir,
Old Khartoum North, Burri, Manshia Bridge and TBtidge on the Left Branch of the

Blue Nile.
(i) On The White Nile we find the following bridges &ied in the study area Old

Omdurman, Engaze and Salha which under construatidnexpected to be finished in
(2011).

(i)  On The Main Nile we find Shambat Bridge.

(iv)  The main railway line passing through Old Blue NBledge.

(v) The main road along the river front in the studgaais the Blue Nile Street in Khartoum
with total asphalt street along the Blue Nile Rig€B.5 km.

(vi)  The second road in the study area is Aboroof Staketg the Main Nile in Omdurman
with total length of 5.25 km.

(vii)  The only method of transportation between Tutindland Khartoum before the bridge

was the ferry.
3:4:4 Pollution

Amount of pollution in our study area is varies @cting to the source and type of pollute as

specified in below sections:
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3:4:4:1 Pollution to the Nile River Water

Most of Sudanese people and their animals partigularural areas near the Nile River depend
on their drinkable water from the river water withhdreatments therefore there should be a
significant consideration to the Nile River watssrh any source of pollutions so as not to cause
diseases to those poor people or to their aninralspite of the need for pure Nile River water
for the population and animals there are some dfigamt sources to the Nile River water in

Greater Khartoum as summarized below:

0] Pollution from Khartoum North Water Station on tBkie Nile such as oils, grease,

chemical disposal.

(i) Pollution occurs from Burri for Electrical and VeatStation on the Blue Nile which
estimated by 5% from the total production which@90 M/ day.

(i) Pollution from military area in Khartoum North afrdm Kobar National Prison on

the Blue Nile in sort of oils, refuse disposals ahémicals.

(iv) Pollution from the restaurants and cafeterias glitre Blue Nile in Khartoum and

along the Main Nile in Omdurman such as disposklEnage and oils.

(v) Pollution from Industrial area in Khartoum alonfgetWhite Nile such as Saria,

workshops, military factory in Shagra.
(vi) Pollution from Military Hospital in Omdurman alortige white Nile

(vii)  Pollution from Water Station at North Omdurman ba Main Nile River in a sort of

oils, Greases, chemical polymer.

(viii)  Pollution from the restaurants in Almorada and Ravearks in Omdurman along the
Main Nile River.
3:4:4:2 Types of pollution in the Nile River

Types of pollution in the study area depends ongtwrce pollutant and from the chemical
analysis by UNESCO Chairs in Water Resources inrtéhan for the Nile River in Greater
Khartoum (August 2002 p.112) the main types ofyiih are oil and grease OG, Nitrates NO
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dissolved oxygen DO, Bio- chemical oxygen demanddB©hemical oxygen demand COD.

Amount of these pollutions are specified in Tabig. 3

Table 3-8 Amount and Types of Pollutions in Nile Rier source UNESCO Chairs in Water
Resources in Khartoum (August 2002 volume 5 p. 112)

Item Location DO BOD COD 0&G NO? Gr +6
Mg/lit Mgl/lit Mg/lit Mgl/lit Mgl/lit

1 Khartoum North Water Station- Blue Nile 6.5 6.5 43 231 0.21 NA

2 Friendship Hotel-Blue Nile (BN) 6.5 7.7 12.8 179. 0.30 Na

3 Burri Electrical and Water Station BN 6.5 5 30.9 237.6 0.27 NA

4 Restaurants and Cafeterias along BN 6.5 6.5 33.3| 227.2 0.05 NA

5 Sunut Forest White Nile WN 6.7 35 32.9 100.4 Nil NA

6 Military Hospital WN 6.7 3 30.9 234 Nil NA

7 Khartoum Industrial Area WN NA NA NA NA NA 0.42*

8 Omdurman Water Station MN 7.9 35 30.5 108.4 Nil NA

9 Almorada restaurants Main Nile MN 7.9 3 39.5 95.6 | Nil NA

3:4:4:3 Pollution from Local Sanitation System

Lack and absent of sewerage disposal system iat&r&hartoum lead people to use boreholes
and septic tank located in residential, commereraindustrial areas as local disposal system.
This local drainage system lead to pollute grouradewbecause these boreholes or wells are
excavated till the water level which ranging betwé&& to 40 m deep in Greater Khartoum. The

polluted ground water caused pollution to the leer Water.

3:4:4:4 Pollutions from Cars

The study area is a heart of Greater Khartoum artiis which dominate major traffic of the
population in the three cities Khartoum, Khartourorth and Omdurman that form Greater
Khartoum. These cars are passing the three rivers, BVhite and Main Nile through seven
constructed bridges that polluted the air by?@®cur from these passing cars, particularly the

CO? from cars is increasing due the congestion atetlsesen bridges along the three rivers as
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they are the only crossing points between thesesciPart of the CBis dissolved in the Nile

River water that caused pollution to river water.

3:5 Location and Divisions of the Study Area

The location of the study area extends from ManBhidge on the Blue Nile at the Eastern side
of the study area, Salha Bridge on the White Nileha Southern side of the study area, Khor-
Elnaim and University of Khartoum College of Agrture at the north of Shambat Bridge on

the River Nile at the Northern side of the studgaarThe total length of the study area is 67.875

km. The study area will be divided into sixteentlores for the following reasons:

There is previous study carried in (2002) by UNESC@air in Water Resources in
Sudan for the hydraulic and river pattern systertha centre of Khartoum. This study
divided the Nile River to 12 Shores. These shoressatended from Burri Bridge to the
North of Shambat Bridge with total length of 36.8&8. The division of these shores in
this study is based on the existing bridges onNithe River, where each shore extended
from bridge to another bridge. The study divideé ghores between these existing
bridges into 9 shores and adding to them the thineees of Tuti Island, so they become

12 shores.

There are another four shores that will be consiflén this study with total length of
31.00 km, because of the new constructed briddes tafait study carried in (2002) on the

Nile River in Khartoum.

These additional four shores are of high poterdiad facing the most urban areas in
Greater Khartoum such as Garden City, Burri, Shdgthab, Sunut Forest, Salha etc.

The division of the Nile River into 16 Shores instistudy is covered all the Nile River

Shores extended between the existing bridges iat&r&hartoum.

These 16 Shores tackles the six frontages of theeRiver in Greater Khartoum. The six
frontages are the two frontages of the Blue Nilat ttacing Khartoum and Khartoum
North, the two frontages of the White Nile thatifecKhartoum and Omdurman and the
two frontages of the Main Nile that facing Omdurn@ard Khartoum North.
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