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This paper prepared to improve the previous study by 

using close system transmission pipeline and extend 

the term of the study to year 2050 through which 

reducing the number of booster pumps and avail the 

elevation between Summit (912m) to Port Sudan (0 m) 

to generate electrical power by using hydraulic 

turbine, hence reducing the capital cost of the project. 

The methods have been used in present work are four 

different designs for water supply and hydro power 

generation. The results showed that: the design2 and 

design4 are the best compared to the other designs. 

 In design 2 using 1.4 m diameter will be the best 

design to implement capable to supply the average 

demand flow rate until year 2030 using only the main 

pump, after that adding one booster pump for year 

2050. In design (4) twin pipeline each one has 1m 

diameter will be used, with one main pump and 2 

booster pumps to transport the half of demand flow 

rate of water. However, design4 is considered the 

second selection after design2, in this case one of these 

lines will transmit the water to facing the demand and 

the other will be standby until Year 2035. The hydro 

power generation started from location of Summite as 

the highest elevation of transmission line. The 

difference in the head to hydro turbine location is 

about 866.4m. The overall efficiency of unit selected 

and pipe line friction loses estimated to be 75%. The 

maximum power produced 16.97 MW, obtained in 

Year 2050 due to the increasing of water flow rate. 

 Keywords: Transmission pipeline for water 

supply, hydro power generation. 

1. Introduction

River and ground water are the major    sources of

water for drinking, agricultural, and industrial 

purposes. The availability of water determines the 

location and activities of humans in an area and our 

growing population is placing great demands up on 

natural fresh water resources. In the last few decades, 

there has been a tremendous increase in the demand 

for fresh water due to rapid growth of population and 

the accelerated pace of industrialization. In many parts 

of the country available water is rendered non potable 

because of the presence of heavy metal in excess. 

Drinking water for consumer must be free from 

disease carrying bacteria, toxic substances, and 

excessive amount of mineral and organic matter [1]. 

Proposed Transmission Water Pipeline (Atbara – Port 

Sudan). The city of Port Sudan and the Red Sea region 

in general are experiencing an increasing need for 

increased water consumption, whether for drinking or 

transportation or to supply ships, domestic use, 

industries or power generation. [2]. 
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Hydroelectricity in Sudan is the largest source of on-

grid power, represent about 68% of generation since 

2011, followed by diesel and heavy fuel oil (27%) and 

biomass and waste (5%). Hydroelectricity is 

generating from five dams at Rosaries, Sinnar, Jebel 

Aulia, Khashm El-Girba, and Merowe [3]. 

Conducting hydraulic study of water transmission 

pipeline from River Nile at Atbara Town to Red Sea 

area into two aspects: 

 Criteria is provided for pumping units operating 

as components in transmission system and pump’s 

location. 

 Hydropower generation. 

The main objectives of present work to clarify and 

improve the defects followed by the proposed project 

that approved to conducting the transmission water 

from River Nile at Atbara town to Red Sea region by 

using close system of transmission pipeline to reduce 

numbers of booster stations, to provide the red sea 

state with fresh water for domestic usage and different 

purposed to meet future demands, utilizing creation 

pressure of the difference elevation between Summit 

and Port Sudan to generate electricity power and 

utilizing of turbine to reduce pressure to meet require 

transmission pipeline and auxiliaries’ design. 

2. The previous studies 

2.1 Case No. 1: study to use of petrodar company 

pipeline oil to transport the river Nile water: 

The study to use of petrodar company pipeline oil to 

transport the river Nile water from Atbara to Port 

Sudan. In case that the flow through it is stopped due 

to stoppage of pumping oil from the main fields of oil 

in Southern Sudan and their positions will be changed. 

The use of the pipe line in its present state- the use of 

pre-existing pumping stations without need to 

purchase boosters – contributes 80% of the total water 

needs in Port Sudan. The life time by using petrodar 

pipe line to supplying Port Sudan, Haya, Summit, 

Sinkat, by the main line of 13000 m3/day will be 

limited until 2025 [2]. 

2.2 Case No. 2: Port Sudan water supply feasibility 

study and preliminary design: 

Port Sudan water supply feasibility study and 

preliminary design proposed Transmission Water 

Pipeline from Atbara to Port Sudan River Nile at 

Atbara town surface water source  

the project included surface water intake, raw water 

pump station on River Nile upstream Atbara River 

junction and water transmission work including 1 

main transmission pipeline, booster stations include 

one in treatment plant, 7 boosters in main transmission 

pipeline located in the distance between Atbara to 

Summit, 7 pressure breakers in main transmission 

pipeline located between Summit to Port Sudan. also7 

pressure breakers required in branch transmission 

pipeline to Sinkat, Suakin and Gabait and water 

treatment works of single train, including treatment 

facilities of pre-sedimentation [4]. 

3. METHODOLOGY ANDMATERIALS 

 The information about the distance of areas between 

the intake and sink of proposed pipe line and its 

elevation are provided as shown in Table 3.1 and 

illustrated in Figure 3.1. In addition, the water average 

demand of these areas until year 2050 is determined as 

shown in Table 3.2. 
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Table 3.1: Show the data of proposed pipeline route 

[2]. 

 

 

Figure 3.1:Illustrative topography of the route from 

Atbara to Port Sudan 

 

 

 

 

 

 

 

 

 

Table 3.2:  Average water demand of the project area 

in (m3/day) [4]. 

 

The equations used in hydraulic calculations [5]: 

h𝑓=𝑓𝑙 𝑉²/2𝑑𝑔…………………........................... (3.1) 

𝐻sys = ΔZ+ h𝑓…………………………………. (3.2) 

p (bar) = g * 𝐻sys/ 100 …………………………. (3.3) 

V = Q/A ………………………………….….…. (3.4) 

Ph = H * Q * 𝜌  * g ……………………..…...…. (3.5) 
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The calculations of hydraulic and hydro power shown 

in Tables 3.3 and Table 3.4 respectively below 

Table 3.3: Hydraulic calculations result of the design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.4: Hydropower calculations result for single 

pipeline 

 

4. RESULTS AND DISCUSSION 

The results of hydraulic designs for water transmission 

pipeline from Atbara to Port Sudan 

Table 4.1: Pipe Line specifications 

 

4.1 The results for the different designs up to year 

2050: 

The Table 4.2 below shown the different designs 

according to different selected sizes of pipes diameter 

and calculated velocity upon demand flow rate in year 

2050, also Table 4.2 shown pipeline length and head 

between intake and the peak points in Summite. 
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Table 4.2: The results for the different designs in year 

2050. 

 

4.1.1 The proposed of Design1: 

In design 1 the distribution of booster pumps that has 

been used related to the distance from intake to the 

peak point shown in the Table 4.3 below: 

In design (1) the specification of pipe line has been 

illustrated in Table 4.1 the number of boosters needed 

to withstand the cantors between and supply water 

from Atbara to Summite are determined to be 8 units 

and one unit as the main pump. The distance of 

boosters’ distribution according to the elevation of 

pipe line route has been shown in the Table 3.1 and 

Figure 3.1. 

Table 4.3: Pumps distribution for design 1 

 

 

Figure 4.1: Distance of booster pumps from Atbara 

town in (km) for design 1 

Figure 4.1 shows the position of each booster 

according to the elevation of point. As shown in Figure 

4.1 the elevation from Atbara to the Summite increases 

linearly, starting from the value 365m as minimum 

level to the maximum level 929 m above sea level in 

Summite. The difference in elevation led to use 8 

boosters in this design and the 8 units have same 

specifications. 

4.1.2 The proposed of Design2: 

In design (2) selected 1.4m as the diameter of 

transmission pipe line to be as suggested diameter for 

water supply to facing the average demand flow rate 

up to 2050. The specifications of design2 have been 

illustrated in Table 4.1 the number of units and the 

elevation in design2 have been explained in Table 4.4 

This design needs one main pump and one booster to 

handle the water discharge to the peak point. In 

addition, the design capable to supply enough quantity 

of water up to Year 2030 with using the main pump 

only. Due to the increases of water demand from 2030 

to 2050 one booster will be needed to be installed. 

However, this design compared to the desgin1 is 

better, because it has less number of boosters. Then 1 
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booster pump added in kilometer 210 from Atbara. 

The location of main pump and booster of design2 

shown in Figure 4.2 below. 

Table 4.4: Pumps distribution for design 2 

 

 

Figure 4.2: Distance of booster pump from Atbara 

town in (km) for design 2 

From Figure 4.2 above the main pump capable to 

transmit the water from the suction side to the peak 

point, because it has a good pressure to resist the 

elevation and provide the correct demand of water 

until 2030. 

After Year 2030 and due to the increases of water 

demand the booster will be installed in distance 210 

km from Atbara. 

4.1.3 The proposed of Design3: 

In design (3) selected 1.5m as the diameter of 

transmission pipe line to be as suggested diameter for 

water supply to facing the average demand flow rate 

up to Year 2050. The specifications of design3 have 

been illustrated in Table 4.1. The number of units and 

the elevation in design3 have been explained in Table 

4.5. This design needs one main pump and one booster 

to handle the water discharge to the peak point. In 

addition, the design capable to supply enough quantity 

of water up to Year 2035 with using the main pump 

only. Due to the increases of water demand from 2035 

to 2050 one booster will be needed to be installed in 

the pipe line. However, this design compared to the 

desgin1 is better, because it has less number of 

boosters. Then one booster pump will be added in 

kilometer 240 from Atbara to this design. There was 

no difference between design (2) and design (3) in 

hydraulic calculation accept the distance of the booster 

pump from intake point 240 km and the main pump 

capable to supply demand water until year 2035 before 

added one booster pump from 2035 to 2050. In 

addition, the difference appeared in cost of the pipeline 

which was vary in pipe diameter 1.4m to 1.5m.  

Table 4.5: Pumps distribution for design 3 

 

 

 

Figure 4.3: Distance of booster pump from Atbara 

town in (km) for design 3 

From Figure 4.3 above, the main pump capable to 

transmit the water from the suction side to the peak 

point, because it has a good pressure (as shown in 

Table 4.1) to resist the elevation and provide the 

correct demand of water until 2035. 
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After Year 2035 and due to the increases of water 

demand the booster will be installed in distance 240 

km from Atbara to appropriate the water demand. 

4.1.4 The proposed of Design4: 

In design (4) twin pipeline each one has 1m diameter 

will be used, with one main pump and 2 booster pumps 

to transport the half of demand flow rate of water. In 

this design 2 main pumps and 4 boosters will be 

needed. In addition, this design has a good advantage 

while doing maintenance or any defect has been 

occurred the water supply will continue because the 

other line as reserve one. however, implement in two 

phases to facilitate the capital cost payments of 

transmission pipeline. The hydraulic calculation result 

shown in Table 4.6 and represented in Figure 4.4 

below: 

Table 4.6: Pumps distribution for design 4 

 

 

Figure 4.4: Distance of booster pumps from Atbara 

town in (km) for design 4 

From Figure 4.4 above the two installed in same level 

and distance they will be in parallel. In this case one of 

these lines will transmit the water to facing the demand 

and the other will be standby until Year 2035. After 

this period the use of line2 will be important to supply 

water with the line to complete the water demand. This 

design will provide a good chance until 2035 to 

manage the cost of the second proposed line2 to 

established, in case installed line1 alone. However, 

design4 is considered the second selection after 

design2, because it has low cost and minimum number 

of boosters as well as maintenance.  

4.2 Hydropower calculation: 

4.2.1 Hydropower calculation for single pipe line: 

The hydro power generation started from location of 

Summite as the highest elevation of transition line. 

The difference in the head to hydro turbine location is 

about 866.4m. The overall efficiency of unit selected 

and pipe line friction loses estimated to be 75%. 

Selection of hydraulic turbine depended on the 

available head of water, for high head used impulse 

turbine and for low head used reaction turbine. 

The calculated hydropower obtained by using 

Equation 3-5. The results of power generation for 

single pipeline shown in Table 4.7 below: 

Table 4.7: Results of intervals hydropower in years 

2020 – 2050 single pipeline 

 

From the Table 4.7 above the generated power 

increased due to the increasing water flow rate demand 

from year 2020 to year 2050 as shown in Figure 4.5 

below: 

Pipeline phase 2. This design it will be used after year 

2035. 
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Figure 4.5: Relation between MW produced and the 

years 

As shown in the Figure 4.5 above the power produced 

from the transmissions line increased linearly as the 

time increased based on Years. The maximum power 

produced 16.97 MW obtained in Year 2050 due to the 

increasing of water flow rate. This indicated that, the 

power used for water pumping from the intake point to 

the highest level of pumping is claimed. However, in 

this design no cost of water pumping except the 

maintenance cost of the unit. In case using diesel 

power station to operate the main pump and boosters, 

the electricity generated from the pipe line can be 

added to the national grid. 

4.2.2 Hydropower calculations for twin pipeline 

Calculations result for twin pipeline phase one shown 

in Table 4.8 below: 

Table 4.8: Results of intervals hydropower in years 

2020 –2050 twin pipeline (phase one): 

 

Increasing of power generation from year 2020 to 

year 2050 according to increase of flow rate as shown 

in Figure 4.6 and it can be double after implemented 

of pipeline phase 2. This design it will be used after 

year 2035. 

  

 

 Figure 4.6: Relation of MW produced to the 

years 

When using a single pipe line, the power generated 

will decreased compared to case1 due to the reduction 

of mass flow rate. The advantage of this design the cost 

of pumping and maintenance are decreased. In 

addition, the second line will be considered as reserve 

line to ensure the continuity of water supply when any 

damage or problem occurred in line1. 

5. Conclusion: 

The main objective of present work is to supply 

drinking water from River Nile at Atbara town to Port 

Sudan city and surrounding areas. In addition, the 

availability of power generation from this line is 

included. The methods have been used based in 

different designs. The results obtained in present work 

can be concluded in these points: 

1- In desing1main pump plus eight (8) booster pumps 

should be installed to transfer water from Atbara to 

peak point Summit which representative very high 

cost installing and maintenance and also too high 

velocity (5.2 m/s) not accepted for Düsen Saug 

Infiltration (DSI) [6] a technology also known as Fast 

High-Volume Infiltration (FHVI) [7] to transfer 

drinking water. 
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2- In design 2 using 1.4 m diameter will be the best 

design to implement capable to supply the average 

demand flow rate until year 2030 using only the main 

pump, after that adding one booster pump for year 

2050, comparing this design with design (3) there is 

slightly different in hydraulic calculations, only the 

distance of booster from Atbara changed, but different 

in cost due to different in pipes diameter. 

3- Design 4 using twin pipe line each one had 1m 

diameter, this design will be the second option in case 

divided the execution stage into two phase, phase one 

supply the average demand until year 2035, then 

implement phase two to supply the completed water 

average demand until year 2050. 

4- Among the above design 2 and design 4 are the best 

technically and cost wise. Design 2 is considered the 

best one, although the design4 has a good facility such 

as: pre cost installation, low cause implement in two 

phases sequently upon flow rate demand, capital cost 

low, availability of pipe size in local market from 

GAID piping factory (maximum diameter 

manufacturing in GAID industry 1.2 m), operation and 

maintenance. 

5. The hydro power generation started from location of 

Summite as the highest elevation of transition line. 

The difference in the head to hydro turbine location is 

about 866.4m. The overall efficiency of unit selected 

and pipe line friction loses estimated to be 75%. The 

maximum power produced 16.97 MW, obtained in 

Year 2050 due to the increasing of water flow rate. 

6. Recommendations 

 Sinkat town branch also can put hydro- power 

turbine to generate electricity. 

 Further study is required regarding the pressure 

breakers for the branches serves Derudeb and 

Suakin towns. 

 The economic analysis for these designs for water 

supply and power generation showed be 

estimated. 

 Conducting study to connect electricity power by 

national grid. 

 Increasing capacity of water treatment plant to 

meet the incredible of flow rate demand due to 

extended the life time of proposed pipe line. 
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