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PREFACE 

The 'Reuse of Drainage Water Project' is a joint activity of the 

technical agencies: 

Drainage Research Institute (DRI), Giza/Cairo-Egypt and 

Institute for Land and Water Management Research (ICW), Wageningen, 

the Netherlands. 

The project is funded by the Ministry of Irrigation of Egypt and 

by the Ministry of Foreign Affairs of the Netherlands in the framework 

of the joint programme of Technical Cooperation between Egypt and the 

Netherlands. 

The Advisory Panel for Land Drainage in Egypt acts as steering 

committee. 

The results of studies, carried out in the 'Reuse of Drainage 

Water Project', will be presented in preliminary reports and in a 

final report. As such the contents of preliminary reports can vary 

strongly, from a simple presentation of data to a discussion of 

research results with tentative conclusions. 

All opinions, conclusions and recommendations in the reports are 

those of the cooperating Institutes, and not of the Ministry of 

Irrigation of Egypt or the Ministry of Foreign Affairs of the 

Netherlands. 
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SUMMARY AND CONCLUSIONS 

For the year 1984 the drainage discharges and 

salinities at a great number of locations in the Nile 

Delta have been determined. Data concerning the 

drainage pumping stations have been obtained from the 

Mechanical and Electrical Department of the Ministry 

of Irrigation. These data have been used to calculate 

the actual discharges of the pumping stations applying 

the discharge relations, established by DRI. 

Discharges at the open drain locations have been 

derived from stage discharge relations, also esta­

blished by DRI, and water level measurements. Every 

two or three weeks water samples have been taken at 

every measuring location in the Delta and analyzed at 

the DRI laboratory. For each Delta region the data 

are presented on monthly basis. The average yearly 

discharge and the weighted salinity have been calcu­

lated. 

For the whole Nile Delta with an area of 

4,551,000 feddan (including Nubarya Area 280,000 

Feddan) the total discharge of drainage water during 

1984 was 16,911 million m3. 

A quantity of at least 2928 million m with an 

average salinity of 851 g salts per m has been 

reused. A total of 13,983 million m with an average 

salinity of 2214 g salts per m has been discharged 

to the Mediterranean Sea or to the Lakes in open 

connection with the sea during 1984. 

Theoretically about 3 billion m of drainage 

water in the salinity class of 750-1000 g salts perm 

and about 4 billion m in the salinity class 

1000-1500 g salts per m are available for reuse in 

new reclaimed areas. Comparing the data of 1984 with 

the data of 1980-1983 (BOELS et al, 1985) the total 

discharge to the sea increased slightly with 

about 2%. The average salinity, however, decreased 

with 1% to 2214 g salts per m . The quantity of reuse 

water hardly changed, but the salinity of this water 

decreased with 141 to 851 g salts per m . 

The Bahr Baqar Drain discharged a little more 

than 1 billion m of drainage water with a salinity 

of about 1300 g salts per m to Lake Manzala. This 

water is very polluted and it is considered to be 

unsuitable for reuse. The measured discharge at Bahr 

Hadus Bridge was 1745 million m with a salinity of 

about 1200 g salts per m . These two drains are of 

main importance for reuse in the El Salam Project. 

Since more experience has been gained and' 

better methods of measurement analysis and calcula­

tion have been used the results of the year 1984 are 

more reliable than the separated yearly data in the 

previous report of the years 1980-1983 (BOELS et al, 

1985). 

The application of computer programmes on the 

Hewlett Packard 150 Personal Computer made the elabo­

ration and printing of data in matrices and tables 

more simple and easier to repeat. 
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1 . INTRODUCTION 

1 . 1 . GENERAL 

Since 1980 the salinity of the drainage water at 

a number of locations in the Nile Delta is determined 

on a routine basis. Discharge measurements at a number 

of selected open drain locations are done in order to 

asses the potential for reuse of drainage water. 

Discharges of drainage - and reuse pumping stations 

are obtained from the Ministry of Irrigation (Mechani­

cal and Electrical Department). These data are derived 

from the number of working hours and a guarantee 

capacity. In order to calculate more accurate figures 

of these discharges the discharge-head relations 

determined by DRI for each pumping station have been 

applied. 

The drainage water salinity is determined from 

chemical analyses. For checking purposes, the elec­

trical conductivity is measured in the field as well. 

In this report only the salinity, expressed in total 

dissolved salts (TDS) and the electrical conductivity 

(EC) are presented. More detailed data on water quality 

are presented in the Reuse of Drainage Water Project 

Yearbooks. 

The aim of this report is to present the dischar­

ges of drainage water, and its salinity as the basis 

for further analyses of the results obtained. 

Most of the basic work has been done by the 

Egyptian engineers of the DRI. They measured in the 

field, analyzed water samples in the laboratory, col­

lected data at the Ministry of Irrigation, elaborated 

data and calculated averages and total figures. Part 

of this work is done in the Netherlands as subject of 

the fellowship training during August 1985. 

1.2. DISCHARGES OF PUMPING STATIONS 

Discharges of pumping stations are obtained from 

the Mechanical and Electrical Department of the 

Ministry of Irrigation in Cairo. This Department 

collects the basic data: average lifting head, number 

of operation hours per pump unit, total calculated 

discharge and electrical consumption and more data, 

with the help of the local offices of the Ministry 

of Irrigation. Some checks on calculated discharges 

are carried out by the Department. For the year 1984 

the figures provided by the Department have been 

considered the primary data source in this report. 

For each drainage pumping station in the Nile 

Delta a discharge-head relation (rating curve) has 

been determined from calibration measurements. The 

calibration data for each pump unit: lifting head 

and discharge, are combined for each pumping station 

and a rating curve is determined. For some pumping 

stations more rating curves are obtained because the 

capacities of the separate units are different. 

The average capacity is calculated from the 

rating curve by application of the average lifting 

head, provided by the Department. This capacity is 

divided by the guarantee capacity, based on which the 

Ministry calculates the discharge of the pumping 

station. The result is called the pump ratio. Normally 

this ratio should be about 1, but for the 56 pumping 

stations calibrated, the ratio ranged from 0.44 to 

1.40. For this reason the discharges provided by the 

Mechanical and Electrical Department have been re­

calculated. 

The discharges of the pumping stations as pro­

vided by the Mechanical and Electrical Department 

(Q MED) are corrected by application of the above 

mentioned rating curves. The discharges have been 

calculated by multiplying the cumulative operation 

hours with the discharge corresponding to the average 

lifting head. This calculation results in the monthly 

total drainage water discharge of the pumping station 

(Q DRI). 

In the Annexes 2, 3, 4 the figures concerning 

Q MED, operation hours, lifting head, guarantee or 

calculation capacity (used by MED) and the recalcu­

lated discharges (Q DRI) are presented in tables for 

each pumping station separately. 

1.3. DISCHARGES AT OPEN LOCATIONS 

Discharges at open location have normally been 

obtained from measurements during the field trips. 

During 1984 some water level recorders have been 

installed in the Eastern Delta. 

For each open drain location, not affected by 

back water, a stage-discharge relation has been 

determined from calibration measurements. The water 

level measurements during the field trips have been 

done once during two or three weeks and could be 

subject to deviations due to periodical changes in 

discharge within the period between two successive 

measurements. At the locations with water level 

recorders the water levels are recorderd continuously 

and therefore more accurate discharge data can be 

obtained using these records. 



By using the above mentioned water levels the 

monthly average water level has been calculated. 

Using the stage-discharge relation the total monthly 

discharge (Q DRI) can be calculated. For the open 

location affected by back water from the sea, a lake 

or a downstream pumping station not so many data are 

available. During the fieldtrips the discharges have 

not frequently been measured and during 1984 also no 

velocity recorders were installed yet. For most of 

these open locations (outfalls) good velocity-discharge 

relation have been determined from calibrations 

performed during 1985 and 1986. 

In the Annexes 2, 3 and 4 the figures concerning: 

The measured Hm to a fixed point, the water level WL, 

the calculated discharge (q calc) and the measured 

discharge (q meas) both in m /sec and the calculated 

monthly discharge (Q DRI) in m are presented in 

tables for each open location separately. 

1.4. ELECTRICAL CONDUCTIVITY AND SALINITY 

During the routine fieldtrips, every two or 

three weeks, water samples of the drainage water have 

been taken at the pumping stations and at the open 

locations. These water samples have been analysed on 

the important chemical elements in the DRI laboratory. 

At the laboratory the concentration of Ca , 

Mg , Na+, K+, COj", HCO~ and Cl" has been determined. 

From the difference in total charge of the cations 
2-

and the anions the concentration of SO. has been 

calculated. Also the EC and pH have been measured in 

the laboratory. 

The electrical conductivity is also calculated 

as the sum of the contribution of every single ion 

to the total EC. 

The salinity, expressed in parts per million 

(ppm) has been calculated by multiplying the concen­

tration of each ion (in meq.l" ) by its atomic weight, 

divided by its charge, and adding the results. The 

complete results of these analyses are published in 

the Yearbook 1984 of the Reuse of Drainage Water 

Proj ect. 

In the present report the calculated electrical 

conductivity and the salinity are published. The 

monthly salt load is obtained by multiplying this 

average salinity with the monthly discharge. The 

yearly salt load in tonnes of salt is found by adding 

the monthy salt loads. 

In the Annexes 2, 3 and 4 the figures concerning: 

Electrical conductivity, salinity and salt load are 

presented in tables for each location separately. 

1.5. DATA ELABORATION AND DATA PRESENTATION 

All the data, measured and collected, have been 

entered on a mass storage of Hewlett Packard 150 Per­

sonal Computer using the programme VISICALC. This 

programme enables the user to carry out a limited number 

of manipulations "with data in a matrix. When from a 

series of data an average must be calculated non-avail­

able data are excluded from the calculation. 

For calculating the monthly salt load sometimes 

the monthly salinity or discharge is not available. 

In this case the average from the data of the months 

before and after the month concerned is taken and an 

approximated salt load is calculated. 

If, for some locations not or incomplete data 

are available to calculate the averages and the yearly 

totals, the 'NA' label is typed on the pertinent 

position in the data matrix. 

Although all data have been throughly checked no 

absolute guarantee can be given that all presented 

results are completely correct. 

The first data presentation gives all the results 

of each pumping station and open drain location 

separately in the Annexes 2, 3 and 4. 

The second data presentation gives a summary of the 

Yearly averages and totals per Delta Area separately 

in the Chapters 3, 4 and 5. 



2. THE NILE DELTA 

2.1. DRAINAGE WATER TO THE MEDITERRANEAN SEA 

For each location the average yearly discharge 

and the weighted average salinity is determined. Sub­

tracting from these totals the quantities reused 

gives the quantities of water drained to the sea. 

These quantities are theoretically available for 

irrigation of new areas, without affecting the present 

system. Its salinity, however, determines the limits 

for its use. Although in this report only the salinity 

is used to classify the quality, it should be noticed 

that also the chemical composition should be considered 

before actually reusing this water. 

In order to estimate reliable data on available 

quantities of drainage water, those quantities that 

are discharged to the Mediterranean Sea or to the 

Lakes in open connection with it should be considered. 

In this case the original sources (catchments) and 

the original salinities of the drainage water are un­

known, and only the mixture in quantity and quality 

at the outfalls is known. 

Because incomplete field measurements at the 

outfall have been done in the Middle and Western Delta 

during 1984, it has been decided to define the avail­

able quantities of drainage water by the quantities 

of the original sources (catchments). Unknown in this 

case is the unofficial reuse quantity in the drain 

reaches between the sources and the outfall. 

In Table 1 the discharges to the Mediterranean 

Sea, the average salinities and the salt loads for 

the three main regions of the Nile Delta are presented. 

The total discharges, shown in Table 1, are grouped 

into salinity classes and, as such, given in Table 2. 

More detailed data are available in the summary 

tables of the following three chapters. 

Some remarks on the results in Tables 1 and 2 are 

the following: 

- The measured discharges at the Bahr Baqar Bridge 

and the Bahr Hadus Bridge have been used in these 

tables and not the totalized discharge of in divi­

dual pumping stations upstream. 

- The discharges of the individual pumping stations 

in the Gharbia Drain are presented in these figures, 

because no discharge measurements at the Gharbia 

Outfall are available. 

The discharge of the Burullus P.S. is not taken 

into account in Table 2, because the salinity of 

its drainage water is unknown. 

- The discharges of the individual pumping stations 

in the Edko Drain are presented in these figures, 

because no discharge measurements at the Edo Out­

fall are available 

Table 1. Discharges of drainage water to the 
Mediterranean Sea 1984 discharge, salinity 
and salt load per delta region 

Delta region 

Eastern Delta 
Middle Delta 
Western Delta 

Total Delta 

Discharge 
10*6 m3/y 

4,516 
5,116 
4,351 

13,983 

Salinity 
g salts/m3 

1333 
1884 
3439 

2214 

Salt load 
10*3 tn salts 

6,031 
9,638 

15,303 

30,972 

Table 2. Available drainage water in the Nile Delta 
1984 within different salinity classes 

Salinity Eastern Middle Western Total 
class Delta Delta Delta Delta 

10*6 m3/y 10*6 m3/y 10*6 m3/y 10*63m /y 

750-1000 
1000-1500 
1500-2000 
2000-3000 
over 3000 

Total 

1675 
2005 
393 

0 
443 

4516 

879 
1341 
1331 
747 
766 

5064 

• 362 
650 
852 
170 

2317 

4351 

2,916 
3,996 
2,576 

917 
3,526 

13,931 

- The total discharge of Max P.S. to the Mediterranean 

Sea is presented and not the different quantities 

of drainage water delivered to the Lake Manzala. 

Compared with the yearly discharges to the Sea 

during the years 1980-1983 (BOELS et al, 1985) there 

is an increase of only 2% from 13,726 million m to 

13,983 million m . Remarkable is the decrease of the 

average salinity of the drainage water from 2378 g 

salts per m 3 to 2214 salts per m in 1984, about 7%. 

2.2. REUSE OF DRAINAGE WATER IN THE NILE DELTA 

The quantities of drainage water reused are the 

totals of the discharges of the reuse pumping stations. 

This actual reuse of drainage water in the Nile Delta 

is summarized in Table 3. The discharges shown in 

Table 3 are grouped into salinity classes and pre­

sented in Table 4. 

Table 3. Reuse of drainage water in the Nile Delta 
1984 discharge, salinity and salt load per 
Delta Region 

Delta Region 

Eastern Delta 
Middle Delta 
Western Delta 

Total Delta 

Discharge Salinity Salt load 
10*6 m3/y g salts/m3 10*3 tn salts 

1333 
737 
858 

2928 

822 
782 
955 

851 

1096 
576 
819 

2491 



500- 750 
750-1000 

1000-1500 
1500-2000 
2000-3000 

882 
282 

0 
169 

0 

485 
0 

252 
0 
0 

697 
0 
0 
0 

161 

Table 4. Reuse of drainage water in the Nile Delta 
1984 within different salinity classes 

Salinity Eastern Middle Western Total 
class Delta Delta Delta Delta 

10*6 m3/y 10 6 m3/y 10*6 m3/y 10*6 m3/y 

2064 
282 
252 
169 
161 

Total 1333 737 858 2928 

The quantities in Table 3 should be considered 

as the minimum quantities. Additional reuse is ob­

served along the Bahr Baqar Drain, the Bahr Hadus 

Drain, the Edko Drain and the Umum Drain. This reuse 

does not only concern reuse for agriculture but also 

for fish farms downstream the Bahr Hadus Bridge and 

Barsiq P.S. also several small catchments along the 

Banks of the Damietta and the Rosetta Branch have not 

been taken into account. Their drainage water flows 

freely into the Nile Branches. The unofficial reuse 

of the Umum Drain has been estimated at 120 million 

m per year (MAASKANT et al, 1985). The unknown un­

official reuse of drainage water affects the total 

discharge to the Sea or Lakes. The reuse percentage 

of the total drainage water quantity, generated in 

the Delta is at least 23% in the Eastern Delta, 13% 

in the Middle Delta and 18% in the Western Delta. The 

reuse quantity for the whole Delta is at least 18% 

of the total drainage water in the Delta. 

The discharge of Sabal catchment (137,000 feddan) 

is not taken into account in the results presented in 

Table 3 and 4 because no discharge measurements have 

been done at this location during 1984. The drainage 

water of this catchment flows freely into the Rosetta 

Branch. 

Compared with the calculated yearly reuse quan­

tities during the years 1980-1983 (BOELS et al, 1985) 

the total quantity of reuse has been increased with 

about 8%, due to the fact that the discharge of 

Tilla Drain which not has been taken into account 

during the years 1980-1983, has been included in the 

present report. Remarkable is the decrease of the 

average salinity of the reuse water from 992 g salts 

per m3 in 1980-1983 to 851 g salts per m3 in 1984, 

about 14%. 
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Fig. 1. Survey of catchments and drainage system of the Eastern Delta 



3. THE EASTERN DELTA 

3.1. MAIN DRAINAGE CATCHMENT SYSTEMS 

The Eastern Delta almost completely drains into 

Lake Manzala, which in its turn discharges freely into 

the Mediterranean Sea (Fig. 1). A considerable area is 

drained by two main drain systems, the Bahr Baqar 

Drain System and the Bahr Hadus Drain System, both 

flowing into the Lake Manzala by gravity. Both systems 

consist of several catchments. 

The drainage systems of Matarya, Lower Serw and 

Farasqur consist each of one catchment. Their pumping 

stations deliver the drainage water directly to Lake 

Manzala. 

The pumping station of the Upper Serw catchment 

discharges its drainage water into the Damietta Branch 

of the Nile. This pumping station should be considered 

as a reuse pumping station. 

Drain discharge is pumped into Wadi Irrigation Canal. 

The remaining water flows together with Bilbeis Drain 

to continue thereafter as Bahr Baqar Drain. 

At first Bahr Baqar is fed by gravity, further 

downstreams the pumping stations Saada and Bahr Baqar 

discharge into it. From just upstream of Bahr Baqar 

P.S. untill the Outfall at Lake Manzale withdrawal 

and discharge takes place diffusely and for the most 

part rather uncontrollable. 

3..1.1. Bahr Baqar Drain System 

Bahr Baqar originates at the concluence of two 

drains, Bilbeis Drain and Qalyubeyadrain (Fig. 2). 

Bilbeis Drain is stemming from pumplifted 

drainage water of urban area (industrial and house­

hold sewage water) in Greater Cairo and is fed by 

gravity drainage water on its way. Qalyubeya Drain 

is completely grafity fed. The two drains discharge 

approximately equal quantities of drainage water 

annually, but the main quantity of the Qalyubeya 
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EB-11? Reuse and 

» — 

t I 
•S » 

EB-10O 

EB-9 

,EB-8 

' S 
<S5 I E B 6 

EB-5 Bahr Baqar 

I EB-1 

Qalyubeya Drain 
Gravity Drainage EB-7 Gravity Drainage on Bahr Baqar EB4 

6 10 

)EB-3 

appro», distance (km) 

Fig. 2. Scheme of the Bahr Baqar Drain System 



5.1.2. Bahr Hadus Drain System 

A Open Drain Reuse Location 

approx. diftsnce (km) 

Fig. 3. Scheme of the Bahr Hadus Drain System 

The Bahr Hadus Drainage System is considered to 

commence as the Saft El Qibly Drain, which is comple­

tely fed by gravity (Fig. 3). On the point where its 

name changes into Bahr Hadus, the Hanut pumping station 

distracts a considerable part of its water, feeding it 

to the Moiis Irrigation Canal. 

Next it receives water from the freely flowing 

Nizam Drain and from the pumping stations Sadaqa, Beni 

Abeid, Additional Qassabi and Main Qassabi. The Nizam 

Drain is fed by gravity in its upstream part and by 

Nizam pumping station more downstreams. 

At the Bahr Hadus Bridge a side branch conveys 

the discharge from Geneena and Erad pumping stations 

into the Bahr Hadus. There are strong clues, however, 

that the discharge from Geneena pumping station is 

reused for irrigation in considerable quantities on 

its way to Bahr Hadus. For this reason the Geneena 

P.S. is assumed to be a reuse pumping station. 

In the reach between Bahr Hadus Bridge and the 

Outfall reuse from and drainage to Bahr Hadus takes 

place diffusely and in unknown quantities. Before the 

Outfall the Saft Drain discharges an unknown quantity 

stemming from Saft P.S. into Bahr Hadus. The total 

acreage of this drainage system is 629,000 feddan. 

Saft P.S. delivers part of its discharge to the 

irrigation system in the Main Qassabi catchment 

(estimated 301). The remaining drainage water flows 

to Lake Manzala by Saft Drain and by Ramsis Drain. 

3.2. PUMPING STATION AND OPEN LOCATIONS 

During 19S4 the measurements for the calibration 

of pumping station units and open drain locations 

have been continued. The measurements already started 

during 1981 and have been finished during the year 

1985. The main results of these calibrations are the 

discharge-head relations of the units of the pumping 

stations and the discharge relations of the open 

locations (see Annex 1-1 and -Annex 1-2). These rela­

tions have been used to calculate the monthly dis­

charges of the pumping stations and the monthly dis­

charges of the open locations (Q DRI). 

At three of the ten open locations no stage-

discharge relations but velocity-discharge relations 

have been determined. 

During the year 1984 the level recorders at the 

open locations have been installed in the Eastern 

Delta, so no complete data are yet available. No 

velocity recorder have yet been installed during 

1984. 

3.3. DISCHARGES AND SALINITIES IN THE EASTERN DELTA 

The results of the measurements during the 

fieldtrips, electro-conductivity (EC) and the salini­

ty (TDS) of the water samples determined by the DRI 



Table 5. Summary of discharges, drainage rates, salinities and salt loads of the Eastern Delta in 1984 
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laboratory and the monthly and yearly total dis­

charges and averages elaborated are presented per 

location in Annex 2. 

A summary of the results, based on the yearly 

total discharges and the average weighted salinities, 

is presented in Table S. 

The final calculation of this summary gives: 

- the total quantity of drainage water released to 

the sea was 4516 106 m 3 with a salt load of 6031 103 

ton salts, which results in an average salinity of 

1333 g.m ; 

- the total quantity of drainage water officially 

reused in the irrigation system is 1333 10 m with 

a salt load of 1096 ton salts, which results in an 

average salinity of 822 g.m" . 

Some comments on this summary are the following: 

- almost all the drainage water from Qalyubeya Drain 

is pumped by the Wadi Reuse P.S. into El Wadi Canal; 

- EC and TDS of EB09 are identical to those for EB08. 

The drainage water intake of the Bahr Baqar Irriga­

tion P.S. is located just after the Bahr Baqar 

Bridge; 

- it has been assumed that most of the drainage water 

passing Saft El Qibly Bridge (EH01) is pumped by 

the Reuse P.S. Hanut into the Moiis Irrigation 

Canal; 

- it has been assumed that all the drainage water 

pumped by Geneena P.S. is reused by the farmers 

before the confluence with Erad P.S. 

- El Arin catchment is part of the Saft catchment. 

Only water samples are taken at this location; 

- EH12 gives the discharge and the salinity of its 

complete catchment, including El Arin catchment. 

A distribution construction diverts part (estimated 

of 301) of the drainage water into the Main Qassabi 

catchment. The remaining water is flowing partly 

through Saft Drain to Bahr Hadus and partly through 

Ramsis Drain to Lake Manzala directly; 

- upper Serw P.S. pumps its drainage water into the 

Damietta Branch and consequently this pumping station 

is considered as a reuse pumping station. 

The average salinity of the drainage water per 

catchment is classified and presented in Fig. 4. 

The salinity of the drainage water in the high 

leveled catchments in the southern part and the catch­

ments adjacent to the Damietta Branch of the Nile are 

significantly lower than the catchments situated in 

the lower regions and at the end of the irrigation 

systems. The high salinity of the Bahr Baqar Catchment 

(EB10) can be due to the fact the Ministry of Agricul­

ture leaches new agriculture lands in this catchment. 

On the other hand the higher salinity in the 

North-eastern part of the Eastern Delta may be caused 

by seepage and reuse of more saline drainage water. 
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4 . THE MIDDLE DELTA 

4 . 1 . MAIN DRAINAGE CATCHMENT SYSTEMS 

.445-1 ) 
N À MG-13 

O 

firm 

Syphon 
Boundary catchment area 
Irrigation Canal 
Drainage Canal 
Pumpstation 
Reuse-Pumpstation 
Open Drain Location 

Area of which drainage 
water is partly reused 

Open Drain Locations 

MK-1 Tila Drain Outfall 
MS-1 Sabal Drain Outfall 
M1-2 Bridge Drain 1 
MN-3 Nashart Drain Outfall 
MG-6 Gharbia Bridge 
MG-11 Gharbia Kubri 7 
MG-13 Gharbia Outfall 

<s 

MZ-1 
MB-1 
M1-1 
M1-3 
M1-4 
M7-1 
M8-1 
M11-1 
MT-1 
MN-1 
MN-2 
MN-4 
MG-1 
MG-2 
MG-3 
MG-4 
MG-5 
MG-7 
MG-8 
MG-9 
MG-10 
MG-12 

Zagloul 
Burullus 
Upper No 1 
Lower No 1 
No 2 
No 7 
No 8 
No 11 
Tira 
Upper No 8 
Mandura 
Zeini 
East Menufeya 
Segaaya 
Mahallet Ruh 
Samatay 
No 5 
No 6 
Hamul 
No 4 
No 3 
Hafir Shehab Eddin 

Fig. 5. Survey of catchments and drainage systems of the Middle Delta 
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The Middle Delta is divided into a number of 

main catchment systems. Most of the catchments of 

these systems are drained through pumping stations 

(Fig. 5). 

The main drain systems are the Drain No. 1 System 

in the North-eastern part of the Middle Delta, the 

Gharbia Drain System which covers the central part 

and the Nashart Drain System in the Western part of 

the Middle Delta. 

The other drainage systems consist of one catch­

ment: Tira P.S., P.S. No. 7, Lower P.S. No. 8, P.S. 

No. 11 and Burullus P.S. pump the drainage water from 

their catchments into the Lake Burullus separately. 

Lake Burullus is in open connection with the 

Mediterranean Sea. 

The catchment areas of the Tilla and Sabal Drain 

in the South-western part of the Middle Delta, dis­

charge directly into the Rosetta Branch of the Nile. 

4.1.1. Drain No. 1 System 

The drain No. 1 drainage system exists of two 

sub systems, one served by Pumping Station No. 2 and 

the other by Lower P.S. No. 1 (Fig. 6). In the latter 

sub system Upper P.S. No. 1 discharges part of the 

drainage water into the Damietta Branch of the Nile. 

Gates just downstreams of the bridge M102 regulate 

the level and the discharge to the catchment served 

by the Lower P.S. No. 1. 

4.1.2. Gharbia Drain System 

In the Gharbia Drain System no catchment is 

drained by gravity (Fig. 7). The system consists of 

ten pumping stations of which three reuse pumping 

stations. The East Menufeya and the Mahallet Ruh P.S. 

in the upstream part of the system pump their drainage 

water almost completely into the irrigation system. 

The Hamul Reuse P.S. pumps drainage water from the 

Gharbia Drain into the Tira Irrigation system. The 

total drainage water, after the input of the Hafir 

Shehab El Din P.S. is flowing into the Mediterranean 

Sea. 

4.1.3.Nashart Drain System 

The Nashart Drain system consists of three catch­

ments: Upper P.S. No. 8, Mandura P.S. and Zeini P.S. 

(Fig. 8). The drainage water of the Nashart Drain 

itself is flowing freely into the Lake Burullus. 

M N ' 3
A Nashart Drain Outfall u PP e r P S ' n 0 8 

Zeini P.S. 
2 

{> MN-4 

Nashart Drain 

Mandura P.S. 

MN-1 

MN-2 

approx. distance (km) 

Fig. 8. Scheme of the Nashart Drain System 

4.2. PUMPING STATIONS AND OPEN LOCATIONS 

to Damietta Branch 

Lower P.S. no 1 

Upper P.S. 

M1 

M1-3 

M1-4 P.S. no 2 

Drain No 1 

M M i 

nolo „ 

Bridge Drain no 1 

approx. distance (km) 

Fig. 6. Scheme of the Drain No. 1 System 

During 1984 the calibration of discharge of the 

pumping station units and of the discharges at the 

open locations started. Most of the calibrations in 

the Middle Delta have been finished during the year 

1985. The main results of these calibrations are the 

discharge-head relations of the units of the pumping 

stations and the stage-discharge relations of the 

open locations (see Annex 1-3 and Annex 1-4). 

These relations have been used to calculate the 

(»i 

P.S. no 3 
MG-10 

MG-11 

P.S. no 4 
MOT 
MG-8 

P.S. no 5 

o- MG-7 

I 
• MG-6 

MG-5 

MG-2_SegaayaP.S. 

Samatay P.S. 

2 à 

M 
Bridge no 7 Bridge no 6 Gh«'bia Drain 

I 
MG-4 vi MG-3 

approx. distance (km) 

Fig. 7. Scheme of the Gharbia Drain System 
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monthly discharges of the pumping stations and the 

monthly discharges of the open locations (Q DRI). 

At two of the eight open locations no stage-dis­

charge relations but velocity-discharge relations have 

been established. 

During 1984 no level recorder or velocity recorder 

have been installed in the Middle Delta, so no or 

incomplete data are available from the open locations. 

The salinities of the drainage water in the high 

leveled catchments in the southern part and most of 

the catchments adjacent to the Nile Branches are low 

compared with the other catchments. The salinities of 

the Segaaya and Sematay catchments are also low. This 

can be due to the fact that these catchments receive 

the surplus drainage water of good quality from the 

catchments of East Menufeya and Mahallet Ruh. 

4.3. DISCHARGES AND SALINITIES IN THE MIDDLE DELTA 

The results of the measurements during the field-

trips, the electrical conductivity (EC) and the sali­

nity (TDS) of the water samples determined at the 

DRI laboratory and the monthly and yearly total dis­

charges and averages elaborated are presented per 

location in Annex 3. 

A summary of the results, based on the yearly 

total discharges and the average weighted salinities, 

is presented in Table 6. 

The final calculation of this summary gives: 

- the total quantity of drainage water released to 

the sea was 5116 106m3 with a salt load of 9638 103 

salts, which results in an average salinity of 

1884 g.nf3; 

- the total quantity of drainage water officially 

reused in the irrigation system was 737 10 m with 

a salt load of 576 10 ton salts, which results in 

an average salinity of 782 g.m . 

Some comments on this summary are the following: 

- a small quantity of drainage water from the East 

Menufeya catchment is flowing freely into the catch­

ment of the Segaaya P.S.; 

- the Hamul Reuse P.S. is not pumping the drainage 

water from the Gharbia Drain during the closure 

period. During this period the salinity of thé 

Gharbia Drain is higher than the average. So the 

average salinity of the Hamul P.S. is significant 

lower than the Gharbia Drain average; 

- the Burullus Catchment is not included in the 

measurement network. The data presented are the 

monthly discharges of the pumping station as pro­

vided by the Mechanical and Electrical Department; 

- at the Tilla Outfall not sufficient discharge 

measurements have been done, and the yearly total 

discharge is not very accurate; 

- at the Sabal Outfall no discharge measurements have 

been done and no water samples have been taken 

during 1984. 

The average salinity of the drainage water of 

each catchment has been classified and presented in 

Fig. 9. 
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Table 6. Summary of discharges, drainage rates, salinities and salt loads of the Middle Delta in 1984 
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S. THE WESTERN DELTA 

5.1. MAIN DRAINAGE CATQMENT SYSTEMS 

The Western Delta is divided into a number of 

main catchment systems. Most of the catchments of 

these systems are drained through pumping stations 

(Fig. 10). 
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Pig. 10. Survey of catchments and drainage systems of the Kcstem Delta 
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The main drain systems are the Edko Drain System, 

which covers the North-Eastem part of the Western 

Delta, and the Umum Drain System which is situated 

between the Edko Drain System and the Nubarya Canal. 

The Barsig P.S. pumps its drainage water into Lake 

Edko. Lake Edko is in open connection with the 

Mediterranean Sea. 

The Tabia P.S. pumps its drainage water which is 

very polluted by industrial and household sewage 

water directly into the Mediterranean Sea. The drain­

age water from the small catchment Rashid (in the 

North) is pumped into the Rosetta Branch of the Nile. 

The Shubrakhit Area along the Nile is drained 

by gravity into the Rosetta Branch. 

5.1.1. Edko Drain System 

In the Edko Drain System four reuse pumping 

stations; Etay El Barud, Dilingat, Khandak El Gharby 

and Edko Irrigation P.S. pump their drainage water 

into the irrigation system (Fig. 11). The drainage 

water from the first three pumping stations is almost 

completely reused. The Edko Irrigation P.S. pumps 

only part of the drainage water from the mixture of 

Shubrakhit and Zarqun pumping stations in the 

Mahmoudya Canal. The surplus of the drainage water of 

both pumping stations flows together with the drainage 

water of El Khairy P.S. towards Lake Edko. The pumping 

stations: Halq El Gamal, Edko Drainage and Bosseily 

pump their drainage water into the Edko Drain which 

flows freely into Lake Edko. 

5.1.2. Umum Drain System 

In the Umum Drain System only the Abu Hommes Area 

is drained by gravity (Fig. 12). The reuse pumping 

station Mariut Khalt pumps its water from the Umum 

Drain after the drainage water inputs of Shereshera 

P.S. and Truga P.S. More downstream the pumping sta­

tions Dishudi, Hares and Abies P.S. pump their drain­

age water into the Umum Drain. The Umum Drain itself 

flows freely into the Lake Mariut. 

Also flowing into Lake Mariut are the drainage 

water of Qalaa P.S. (this drainage water is very pol­

luted by industrial and sewage water), the drainage 

water from the reclaimed Nubarya Area and surplus 

water from the shiplock at the end of the Nubarya 

Canal. 

Because the level of Lake Mariut is about 2 m 

below means seelevel the drainage water from Lake 

Fig. 11. Scheme of the Edko Drain System 
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WE-11 

WE-10 
WE-9, 
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Fig. 12. Scheme of the Umum Drain System 



Mariut is pumped by the El Max P.S. into the 

Mediterranean Sea. 

5.2. PUMPING STATIONS AND OPEN LOCATION'S 

During 1984 the calibrations of discharges by 

the pumping station units and of discharges at the 

open locations started. The calibrations in the 

Western Delta have been finished during the year 1985. 

The main results of this calibrations are the dis­

charge-head relations of the pumping stations and the 

stage-discharge relations of the open locations (see 

Annex 1-5 and Annex 1-6). These relations are used to 

calculate the monthly discharges (Q DRI) of the 

pumping stations and the monthly discharges of the 

open locations. 

At 2 locations velocity discharge relations have 

been established. During 1984 no level recorders or 

velocity recorders have been installed, so no or 

incomplete data are available from the open locations. 

5.3. DISCHARGES AND SALINITIES IN THE WESTERN DELTA 

The results of the measurements during the field-

trips, the Electrical Conductivity and the salinity 

of the water samples measured in the DRI-laboratory 

and the monthly and yearly totals and averages elabo­

rated are presented per location in Annex 4. 

A summary of the results, based on the yearly 

total discharges and the average weighted salinities, 

is presented in Table 7. 

The final calculation of this summary gives: 

- the total quantity of drainage water released to . 

the sea was 4351 10 m with a salt load of 

15,303 10 ton salts, which results in an average 

salinity of 3439 g.nf ; 

- the total quantity of drainage water officially 

reused in the irrigation system was 858 10 m with 

a salt load of 819 10 ton salts, which results in 

an average salinity of 955 g.m" . 

Some comments on this summary are the following: 

- the EC and the salinity at Edko Irrigation P.S. are 

low compared <àth the drainage water of Shubrakhit and 

Zarqun P.S. Most probably the drainage water is affected 

by the irrigation water in the Mahmoudya Canal; 

- directly downstreams of the Halq El Gamal Bridge 

an official irrigation intake diverts drainage 

water from the Edko Drain to the irrigation system 

in the catchment of Edko Drainage P.S.; 

- after the Bosseily P.S. the farmers reuse drainage 

water from the Edko Drain; 

- both quantities of reuse of drainage water affect 

the total outflow and the quality at the Edko 

Outfall; 

- the Borg Rashid Catchment is not included in the 

measurement network. The data presented are monthly 

discharges of the pumping station as given by the 

Mechanical and Electrical Department; 

- at Shereshera Bridge the quantity and the quality of 

the drainage water of the Abu Hommes Area have been 

measured; 

- the Mariut Khalt Reuse P.S. pumps part of the drain­

age water of the Umum Drain into the Nubarya Canal. 

No quality measurements have been done at this 

«pumping station. It is assumed that the salinity of 

this water is equal to the mixture of the drainage 

water of Abu Hommes Area, Shereshera P.S. and Truga 

P.S.; 

- the quantity and quality of the drainage water 

pumped by El Max P.S. depends mainly on the dis­

charges of Umum Drain, El Qalaa P.S., of the drain­

age water of Nubarya Area and of the surplus water 

of the' shiplock at the end of Nubarya Canal. 

The catchment area of Max P.S. is 726 10 feddan 

(including 280 10 feddan Nubarye Area). 

The average salinity of the drainage water per 

catchment is classified and presented in Fig. 13. 

The salinities of the drainage water in the high 

leveled catchments in the South-eastern part and the 

catchments adjacent to the Rosetta Branch of the Nile 

are low compared with the other catchments. The sali­

nity of the Abu Hommes Area (WU01) is also low. 

Because the quality and quantity of the drainage 

water of the Tabia P.S. and the Qalaa P.S. are direct­

ly effected by the industrial and sewage water from 

the city of Alexandria, no comparison with the agri­

culture drainage water is possible. 

The salinity of the drainage water from Hares P.S. 

is very high due to leaching of the new reclaimed 

agriculture land in its catchment. As no direct evi­

dence is known for reducing soil salinity from leach­

ing in the other catchments the high salinities most 

probably are due to seepage or to unofficial reuse of 

the drainage water. 
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Table 7. Summary of discharges, drainage rates, salinities and salt loads of the Western Delta in 1984 

sr 
OD 
eh 

"** 
z 
" 
«t 
f -
-J 
u 
a 
2 
as 
w H 
10 
hi 
DC 

u 
ë 
h i 

O 

CO 
o 
< o - ] 

( - 1 

o 
< CO 

a 
2 

< 
CO 
hi 

t -

z 
. J 

< co 

co 
u 
1 -

s 
u 
O 

< 2 
w 

S 
Q 

CO 
w 
o K 

< *J 
O 
- * as 
^ f-4 

c « 
OJ V 

r i 
e 

< 
•o > s o 

M-i CL 
hl 

•O Q 
C . 
•> J 
a < 
S u O w 

£ BS 
4J H 

U 
C hl 

— J u 
c 
O V) 

M 4 

u X 
<g O 
U hl 
0 Z 

U 
k S 
O H 

C >• 
0 n 

4J l d 
«o H 

a S 
e s 
3 U 
O. J 

< V o 
•c 
u 2 

O 
IM M 
0 ( -

< • H 
e to 
m 
V Cw 
L, Z 
<-> s 
• a . 
a 
s w 

2 S 
a: t» 
•< o 
H u 
z u 
u te 

lx u u 
H co 
< "< u a 

s ^ 

r» 
H 

C 
0 

«•4 

B 

v-4 

« j 
4 J 

0 
4 J 

> N 

*̂ i4 

to 

« >N 

P-1 
as 
a 

s-
m 
o 
u 
H 

< -J 
S 

S 
< O 

u 
u 
OS 

X 

en 
• • * 

Q 

OS 
w 
H 
< 3 

U 

^̂  o 
«w 

« tri 
w 

a 

s 
c 
•o 
c 
« 

M * 

as 
Q 

C 

C 
<l 
V 

» *J 
V 

U .O 

< z 

2 
a 

o 
•H 
H 

s 

>•». 

«0 
*o 

.>* m 
•v 
u 
V 
a. 

« b i 

4 J 

e 
•H 
t - 4 
«»4 

• 
C 

• F 4 

U 
H 

2 
w 
u 
< 2 

S 
• 

C 

8 
•H 

*4 
1-4 
*-) 
B 

u 
0 

B 
o 

w 
a 
(B 
0 

Ü 
—4 
r-* 
t - l 

B 
C 

•V4 

U 
«1 

«J 

» 
V 
M 

« C 
•*4 

« U 
•a 

V 
X 
4J 

«M 
0 

e 
> l - t 

H 
U 
S 
a 
z «5 
U 

J 

< U 
t-t 

es 
H 
U 
W 
J 
u 

/ • ^ 

«n 
B 
*̂. M 

en 
B 

u 
a 

H 
j 

< 
« n 
a) 
h 

00 

c 

«I 
oc 
k l 

V 

> • 
s». 
u 
•J 
V 

^ 0 

4J 

« U 
* • * 

U 
>-.« 
w 
H 
-J 

< (0 

a 

> J 
O 
IA 
ia 
M 
e 
j 

< H 
O 
H 

•o 
e 

» 
e 
B 
V 

« » U 
V 

.o 

o IH 
H 

2 

C 
u 

<-> < o » 4 

H 
J 

< CO 

0} 
e 
0 
4J 

•o 
B 
a 
c« 
3 
o £ 
4J 

B 

f - H 

« 4J 
O 
u 

» • . 

b 

a 
«i 

>. 
3 
o -J 

H BS 
J Q 

< to C 

; u a 
! o I-J z t- u J x i w as Cas -~ H u i z o ^ • w co *: to o as u o a < >-< 
i C O - C O W f - H c o o 

a; 

S 
u. u 

u z 
CO M 

u as 
as a 

< 
u 

O CO 
H 

W 
w x 
CO H 

< hl 
J 
hl 
BS 

CO 
u 
H 

Z 

< CO 

CO 
hl 
U 
BS 

X 
u 
CO 

o 

• < 
>ë 
z* < u 

«5 co 
z 

co O 
Z M 
O H 
« • < 

S o 
H J 
(O 

§ä£ 
3 e» 
c o 

h) 
Q 
O 
u 

s 
< 
CO 

X 
u 
CO 
M 
o 

Q 
J 
i i 

3 
co 
X 
u 
co 
»H 
ta 

Q 
j 

H 
•-] 

< co 
u 
u 

^ v 

co 

e 
CO 

e 
u 
w 

H 
as 

ai Q 

Z 
a 
^. Q 
©• 

M 
as 
ta 

o 
Q 

ï 
©* 

c 
*-» m 
o 
f - H 

r> 
B 

>o 
< o 
1 - 1 

e 
4J 
en 

< O 
f - t 

*o 
B 

«x> 
< o 

c 
u 
m 
< o 
^ 
0 
•H 
•U 
«0 
tu 

n 
B 

^ • « . 

60 

B 
u 

B 

>̂  10 
*o 

1 o 
-H 
«J 
«0 
b 

«n 
B 

sO 

< O 
-H 

m 
a N O 

« 
*T3 
(M 
n 
< 
o •—I 

*© oo «a- <^ 
t r i N N sO 

»N - - • 

CO W"| 0 0 sO 
l*>» C l 00 O^ 

n - H 

O CM 00 * * Ô  
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Salt (g.m"3) 

EHO < 750 

pj;3 750-1000 

IU11000-1500 

H Ü 1500-2000 
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P U >3000 

MEDITERRANEAN SEA 

ALEXANDRI 
5308 

(o) 
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Results of 1984 compared with 1980 - 1983 

+ + 20 % more saline than 1980 - 1983 
+ 10 % more saline 
o equal 1980- 1983 
- 0 - 1 0 % less saline 

— 10-20% less saline , 
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_ 1 _ 
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_ 1 _ 
20 25 km 

_ ! I 

Fig. 13. Average salinity, 1984 of drainage water in the Western Delta in g salts/m 
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AXXEX 1-1 

DISCHARGE-STATIC HEAD RELATION PUMP STATION EASTERN DELTA 

Code 

EB 3 
EB 6 
EB 9 
EB 10 

EH 2 
EH 3 
EH S 
EH 6 
EH 7 
EH 8 

EH 9 
EH 10 
EH 12 

EM 1 

ES 1 
ES 2 

EF 1 

Pump station 

Wadi 
Saada 
B. Baqar irr. 
B. Baqar 

Hanut 
Sadaga 
Nizam 
Beni Ebeid 
Add. Qassabi 
Main Qassabi 
Main Qassabi 
Geneena 
Erad 
Saft 

Matareya 

Upper Serw 
Lower Serw 

Faraskur 

(1 + 
(3) 

Discharge-head 
relation. 

(H in M.Q in m .s 

Q -
Q -
Q -
Q-

Q = 
Q-
Q -
Q -
Q-

2) Q -
Q-
Q-
Q -
Q-

Q-

Q -
Q-

Nc 

7.632-1,140 » 
0.73S 
0.364 
6.112 

4.815 
5.778-0.616 * 
4.269-0.618 * 
7.515-1.241 * 
6.008 
5.34 -0.242 * 
8.19 -0.584 * 
6.630-0.843 * 

12.424-1.525 * 
8.558-0.964 * 

9.608-0.431 * 

17.740-1.944 * 
11.165-1.188 * 

') 

H 

H 
H 
H 

H 
H 
H 
H 
H 

H 

H 
H 

) data available 

Eff. 

0.71 
0.79 
0.44 
0.82 

0.96 
1.00 
1.06 
0.94 
0.80 
0.95 
1.35 
1.00 
0.98 
0.89 

1.05 

1.40 
1.03 

Remarks 

Reuse P.S. 

Reuse P.S. 

Reuse 

units 1 and 2 
unit 3 
de facto reuse P.S. 

Reuse P.S. 
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