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SUMMARY AND CONCLUSIONS 

For the year 1989 the drainage discharges and salinities at a 
large number of locations in the Nile Delta have been determined. 
Data concerning the drainage pumping stations were collected 
at most of the pumping stations, with the assistance of the 
pumping station engineers. The data of the Mechanical and 
Electrical Department of the MPWWR have been used to check the 
data collected by DR1. 
Th e no dfltfl hnvo been uwed I o c/i leu lnte t lie net uni «Uncharge« at 
the pumping stations applying the discharge relations established 
by DR1. Discharges at the open locations have been derived from 
water level measurements and in some cases FROM velocity 
measurements and using the discharge relations established by 
DRI. 
This year the calculated discharges at the open locations are an 
underestimation of the actual discharge, due to the extremely low 
waterlevels during the first eight months of the year. Further 
comments are given in paragraph 1.1. 
The electrical conductivity (EC) has been recordcrd continuously 
by EC- recorders at the open locations and twice a day by EC 
meters at most of the pumping stations. To express the salinity 
in total dissolved salts (TDS) the recorded EC has been 
multiplied with a TDS/EC ratio. This ratio is established on 
basis of the watersamples analysed for the years 1984 - 1989 for 
each location separately. 

DRI engineers collected data during the routine trips, every 
three weeks, and in the meantime recorder« and meters were 
ch«'cke«l and calibrated. Tliey also collected wat emamp I en at «1 1 
the measurement locations, which were analyzed at the OKI 
laboratory. 
For all measurement locations the calculated results are presented 
on monthly basis. The yearly totals and averages have been 
summarised per Delta region. 

For the whole Nile Delta, with an area of about 4,551,000 feddan 
(including Nubareya Area 280,000 feddan) the total discharge of 
drainage water generated during 1989 was 14,960 million m3, an 
increase of 4.3Z on average for the whole Delta compared to 1988. 
During 1989, a quantity of at least 2,672 million m3, with an 
average salinity of 987 g/m3, has been reused officially. A 
total of 12,288 million «*3 with an average salinity of 2678 g/m3 
has been discharged to the Mediterranean Sea or to the coastal 
lakes, which are in direct connection with the sea. 

Theoretically about 1.3 billion m3 of drainage water in the 
salinity class 0 to 1000 g/m3 and about 2.2 billion m3 in the 
salinity class 1000-1500 g/m3 are available for reuse in the 
irrigation system. 

The Bahr Baqar Main Drain system discharged 831 million m3 of 
drainage water with a salinity of 1768 g/m3 to Lake Maura la. Thin 
water is very polluted by industrial and urban sewage water and 
it is considered unsuitable for reuse. 



The measured d i s c h a r g e a t Bahr Hadus Bridge was 926 m i l l i o n m3 
w i th a s a l i n i t y of 1807 g/m3. However, dur ing the l a s t update 
procedure of the r a t i n g c u rv e in June 1989 the 14 c a l i b r a t i o n 
measurements , which were c a r r i e d out from November 1988 t i l l 
July 1989, showed a s i g n i f i c a n t change of the r a t i n g c u r v e . 
The t o t a l d ischarge to the sea during 1989, c a l c u l a t e d with the 
updated ra t ing curve, was 1244 m i l l i o n m3. Lower Serwa PS had a 
d i s c h a r g e of 565 m i l l i o n m3 w i th a s a l i n i t y of 986 g/m3. The 
water of these two drains i s of main importance for reuse in the 
El Sa lam Canal Project . 

From the Charbia Main Drain System 1404 m i l l i o n m3 was discharged 
to the s ea w i t h a s a l i n i t y of 2440 g/m3. The t o t a l s g i v e n are 
accumulât ion o f the d i s c h a r g e s and s a l i n i t i e s of the s e p a r a t e 
pumping s t a t i o n s . The t o t a l d i s c h a r g e of the Charbia d r a in , 
except Hafir Shebab e l Din P.S., amounts to 980 m i l l i o n m3m with 
a s a l i n i t y o f 1303 g/m3. The u n o f f i c i a l r e u s e , which i s a l a r g e 
amount, i s not taken in to account. 

The a p p l i c a t i o n of a da ta base sys tem and o t h e r computer 
programmes on the Hewlett Packard 150 Personal computer made the 
e l abora t i on , c a l c u l a t i o n and pr in t ing of data and r e s u l t s more 
s imple and e a s i e r to repeat. 



1. INTRODUCTION 

1.1. General 

From 1980 t i l l 1984 the s a l i n i t y of the drainage water at a 
number of l o ca t i on s in the N i l e Delta has been determined on a 
routine ba s i s and discharge measurements at the open locations 
vere done. Meanwhile pumping s t a t i on data of the Mechanical & 
Electr ica l Department (MED) were co l lected . These data were used 
to ca lculate the pumping stations discharges. 
Since 1985, at most of the pumping s t a t i on s time counters have 
been i n s t a l l e d and e l e c t r i c a l conduct iv i ty meters have been 
d i s t r ibu ted . The number of hours of operat ions , s t a t i c head and 
EC were c o l l e c t e d . Discharges of drainage- and reuse pumping 
s t a t i on s are c a l c u l a t e d using the discbarge-head r e l a t i o n s 
determined by DRI. These discharges have been compared with the 
discharges calculated by the MED to prevent basic errors. 
The d ischarges of 1989 at the open l o ca t i ons are based on 
continuous recorded w a t e r l e v e l s and measured v e l o c i t i e s . The 
discharges have been calculated by using the discbarge-relations 
determinded by DRI. 
The total irrigation water supply was increased i„ 1939 when 
compared with the year 1988. This r e su l t ed inan increase of the 
generated drainage water. The 'Reuse Monitoring Programme' was 
faced with severe problems due to the extremely low waterlevels 
observed in the main drain systems over the f i r s t eight months of 
1989. The c a l i b r a t i o n measurements executed at the open 
l o ca t i on s in the N i l e De l ta for the duration of the project 
covered a c e r t a in range of w a t e r l e v e l s for each l o ca t i on . The 
c a l c u l a t e d ra t ing curves are only v a l i d for the w a t e r l e v e l s 
f a l l i n g w i th in t h i s range, e s p e c i a l l y at the l o ca t i on s where 
rating curves on l inear basis are established. However during the 
f i r s t eight months of 1989 at almost a l l the open locations the 
average monthly water leve ls were below the minimum range l e v e l s 
(See Fig.1.) . Therefor, g e n e r a l l y , the c a l c u l a t e d discharges 
during 1989 are an underestimation of the ac tual discharge. 

QeQiiQi Qmax Discharge 

Range calibration measurements between Hmax Hm;n. 

Low waterlevelsHjUnderestimation discharge Qj-Qji-

Extreme low waterlevels He linear relation not valid. 

Fig. 1. Stage - Discharge relation, underestimation of discharge. 



During the past year c a l i b ra t i on measurements were carried out at 
low w a t e r l e v e l s to s o l v e t h i s problem, a l though t h e re were 
l imatat ions on time and manpower. F i r s t pr ior i ty w i l l be g iven to 
implement th i s programme in the future. 
The drainage water s a l i n i t y , expressed in t o t a l d i s s o l v ed s a l t s 
(TDS), i s c a l cu la t ed with the recorded and measured e l e c t r i c a l 
conduct iv i ty (EC) and the r e l a t i o n between t o ta l d i s s o l v ed s a l t s 
and e l e c t r i c a l c o n d u c t i v i t y . This TDS/EC- r a t i o has been 
e s t a b l i s h e d per l o c a t i o n from the chemica l a n a l y s e s of the 
watersamples during the years 1984 - 1989. 
The purpose of t h i s r eport i s t o p r e s en t the d i s c h a r g e s of 
d ra inage wa ter , and i t s s a l i n i t y as the b a s i s for f u r ther 
ana lyses of the r e su l t s obtained. 
A l l of the basic work has been done by the engineers of DRI. They 
measured in the f i e l d , analyzed water samples in the laboratory, 
c o l l e c t e d data from the MKI>, e l a b o r a t e d data and c a l c u l a t e d 
averages ontl total Hgures. 

1 .2. Discharge Measurement at pumping s t a t i ons 

For each pump un i t of a l l the d ra inage pumping s t a t i o n s in the 
N i l e D e l t a the d i s charge was c a l c u l a t e d from c a l i b r a t i o n 
m e a s u r e m e n t s , which were e x e c u t e d d u r i n g 1 9 8 1 - 1 9 8 4 . The 
c a l i b r a t i o n data for each pump un i t , l i f t i n g head and discharge, 
were combined for each pumping s t a t i o n and a r a t i n g curve was 
determined. For some pumping s t a t i on s more than one rat ing curve 
was ob ta ined because the c a p a c i t i e s o f the s epara t e u n i t s were 
d i f f e r en t . 
Addit ional measurements were executed during 1985-1987 and, i f 
necessary, the discharge-head r e l a t i o n s were updated. 
Most of the pumping s t a t i o n s have been equipped w i th t ime 
counters for every pump unit s eparate ly during the period 1984-
1985. Meanwhile the pumping s t a t i on engineers received EC meters 
t o measure the EC v a l u e of the l i f t e d dra inage water . A l s o 
l e ve l gauges have been d i s t r ibu ted to the I rr igat ion Departments. 
The pumping s t a l l en engineer« noted I lie d a l l y hours of operation 
per un i t , the average d a i l y w a t e r l e v e l at suct ion and d e l i v e r y 
s ide and they measured the e l e c t r i c a l conduct iv i ty twice a day. 
During monthly r ou t ine t r i p s the DRI e n g i n e e r s c o l l e c t e d and 
checked the noted data at the pumping s t a t i on s . 
The d i s c h a r g e per decade a t the pumping s t a t i o n s has been 
c a l c u l a t e d by using the ra t ing curves , the average s t a t i c head 
(d i f ference between d e l i v e ry and suct ion l e v e l ) and the operation 
time of the un i t s . Within the DRI these discharges per decade are 
a v a i l a b l e . In th i s report only the monthly and yearly d ischarges 
are presented (Q DRl). 
The Mechanical and E l e c t r i c a l Department c o l l e c t s from a l l the 
pumping s t a t i on s in the N i l e V a l l e y and Del ta basic data, namely 
w a t e r l e v e l at suction s ide and d e l i v e r y s ide , number of hours of 
operat ion, e l e c t r i c i t y consumption, t o t a l c a l c u l a t e d d i s c h a r g e 
and o t h e r s , w i th the a s s i s t a n c e of the l o c a l o f f i c e s of the 
MPWWR. These discharges (QMED), w a t e r l e v e l s and number of hours 
of o p e r a t i o n have been used f or comparison wi th the data 
c o l l e c t e d and ca l cu la ted by DRI. 



In the summary of results the Q DRI and QMED are both given and 
the ratio between these two discharges (Q DRI/ Q MED) Is also 
reported. 
Normal ly t h i s r a t i o s hou ld be about 1, but f or the 68 pumping 
s t a t i o n s monitored, the r a t i o ranged between 0.44 to 1.35. 
In Chapters 6 , 7 and 8 the QHED and the DRI d a t a , i . e . o p e r a t i o n 
hour s , bead , Q DRI and the used d i s c h a r g e r e l a t i o n s , a re 
presented in t a b l e s for each pumping s t a t i o n s epara te ly . 

1 .3 . Discharge Measurement at open l o ca t i ons 

For each open drain l o ca t i on , not a f f ec ted by backwater, a s t age -
d i s c h a r g e r e l a t i o n has been e s t a b l i s h e d from c a l i b r a t i o n 
measurements done dur ing the y e a r s 1984 and 1985. A d d i t i o n a l 
measurements were c a r r i e d out dur ing 1986 and 1987 and, i f 
n e c e s s a r y , t he s t a g e - d i s c h a r g e r e l a t i o n s were adjusted. During 
1985 Bos t o f the l e v e l r e c o r d e r s , l e v e l g a u g e s and E l e c t r i c a l 
C o n d u c t i v i t y (EC) r e c o r d e r s have been i n s t a l l e d a t the open 
l o ca t i on s in the N i l e De l ta . At the l o ca t i on s where water l e v e l 
recorders are i n s t a l l e d the l e v e l s are recorderd cont inuous ly and 
t h e r e f o r e a c c u r a t e d i s c h a r g e data can be o b t a i n e d . Th i s year 
however the c a l c u l a t e d d i scharges are an underestimation of the 
a c tua l d i s charges , due to the extremely low w a t e r l e v e l s during 
the f i r s t e i g h t months ( s e e 1 .1 .) . 
During rout ine t r i p s w a t e r l e v e l s were r eg i s t e r ed , the recorders 
checked and the s h e e t s were changed. Sometimes d i s c h a r g e 
measurements have been done t o check the s t a g e - d i s c h a r g e 
r e l a t i o n . From the l e v e l r e c o r d e r s h e e t s t he d a i l y a v e r a g e 
w a t e r l e v e l has been determined and by us ing tbe s tage-d i scharge 
r e l a t i o n the d a i l y average d ischarge ( «3 / s e c ) was c a l c u l a t e d . 
Average t o t a l w a t e r l e v e l s and d i scharges (Q DEI) per decade, per 
month and per year have been c a l c u l a t e d . 
For the open l o c a t i o n s a f f e c t e d by backwater from the s e a , a 
l a k e , an upstream or downstream pumping s t a t i o n , v e l o c i t y -
d i s c h a r g e r e l a t i o n s have been de termined from c a l i b r a t i o n s 
preformed dur ing 1985 and 1986. A d d i t i o n a l measurements were 
carr ied out during 1987 and, i f necessary , the ra t ing curves were 
adjusted. At these l o c a t i o n s the point v e l o c i t y and w a t e r l e v e l 
are recorded. A l l the v e l o c i t y recorders i n s t a l l e d (McCro, ENBECO 
and Van Essen) had t e chn ica l drawbacks, because they were par t l y 
c o v e r e d w i t h w a t e r p l a n t s , which a f f e c t e d the r e c o r d i n g , a f t e r 
some hours or days of operat ion. 
During rout ine t r i p s the recorders were c l eaned and sometimes the 
v e l o c i t y a t t h e s e l o c a t i o n s was measured a s a check on the 
recorded v e l o c i t y . 
During the f i e l d t r i p s the d i scharges a l s o have been measured at 
t he backwater l o c a t i o n s , no t y e t equipped w i t h a v e l o c i t y 
r e c o r d e r . But t h e s e i n s t a n t a n e o u s m e a s u r e m e n t s g a v e an 
i n s u f f i c i e n t v iew of the t o t a l d a i l y or monthly d i scharge , due to 
d i s c h a r g e v a r i a t i o n s . N e v e r t h e l e s s t o t a l e s t imated d i scharges 
were c a l c u l a t e d . 
The r e s u l t s of d i scharges at the open l o c a t i o n s are presented in 



C h a p t e r s 6 ,7 and 8. In t h e s e c h a p t e r s t h e f i g u r e s c o n c e r n i n g : 
t he w a t c r l e v e l (ML in a. AMSL), t he c a l c u l a t e d monthly d i echa rge 
<Q in ß i i l l i o o «3) and, in case of a backwater l o c a t i o n , t he po in t 
v e l o c i t y (Vpt i n m / s ) a r e p r e s e n t e d i n t a b l e s f o r e a ch open 
l o c a t i o n s e p a r a t e l y . 

1.4. E l e c t r i c a l Conduc t iv i t y and S a l i n i t y 

At mo s t o f t h e l o c a t i o n s i n t h e n e t w o r k t h e e l e c t r i c a l 
c o n d u c t i v i t y (EC) h a s been r e c o r d e d . The r e c o r d e d v a l u e s were 
t a k e n at t h e open l o c a t i o n s by E C - r e c o r d e r s and a t t h e pumping 
s t a t i o n s by m e a s u r e m e n t s w i t h an EC-mete r t w i c e d a i l y . At t h e 
o t h e r l o c a t i o n s t h e EC h a s been mea su r ed by t h e DRI e n g i n e e r s 
d u r i ng the r o u t i n e t r i p s . During t h e s e t r i p s t he r ecorded EC-
v a l u e s have been checked. The con t inuous EC r e g i s t r a t i o n i s t he 
b a s i s for f u r t h e r e l a b o r a t i o n and c a l c u l a t i o n . 
P a l l y EC-va lue s have been e s t a b l i s h e d f ro« t he r e c o r d e r s h e e t s . 
The EC-va lues per decade and the monthly weighted a v e r age s have 
been c a l c u l a t e d p e r l o c a t i o n . These m o n t h l y v a l u e s h a v e been 
used t o c a l c u l a t e t he y e a r l y weighted EC v a l u e per l o c a t i o n . 
In t h i s r e p o r t t he monthly c a l c u l a t e d EC and TDS-values based on 
the m u l t i p l i c a t i o n of t he EC w i th the TDS/EC-rat io a r e p ub l i s h ed 
in P a r t B. The monthly s a l t load I s ob t a ined by m u l t i p l y i n g the 
s a l i n i t y w i t h t h e m o n t h l y d i s c h a r g e . The y e a r l y s a l t l o a d i s 
c a l c u l a t e d by suumlng up t he monthly « a i t l o ad f t . 
In C h a p t e r s 6 , 7 and 8 t h e f i g u r e « c o n c e r n i n g e l e c t r i c a l 
c o n d u c i v i t y , TDS/EC r e l a t i o n , s a l i n i t y and s a l t l o a d a r e 
p r e s en t ed in t a b l e s for each l o c a t i o n s e p a r a t e l y . 

1 .5 . Data E l a bo r a t i on and Data P r é s e n t â t ! on 

A l l t he measured and c o l l e c t e d d a t a have been e n t e r ed in a d a t a 
base system u s i ng the dBase p rograune on t h e Hewle t t Packard 150 
Pe r sona l Computers . 
The d a t a m a n a g e m e n t p r o g r a m m e "HYDRO" i s u s e d f o r t h e 
e l a b o r a t i o n , r e t r i e v a l and c a l c u l a t i o n of d a t a by u s i ng s e v e r a l 
s u b r o u t i n e s for t he d i f f e r e n t t ypes of l o c a t i o n s . Th is r é s u l t a in 
t e n d ay s and m o n t h l y a v e r a g e v a l u e s o f w a t e r l e v e l s , EC, 
s a l i n i t i e s , d i s c h a r g e s and s a l t l o a d s . 
The «lata p r é s e n t â t ion programme "YEAJ8" r e t r i e v e s «tenth 1 y d a t a and 
c a l c u l a t e s y e a r l y a v e r age s and t o t a l s which i s f u r t h e r used for 
d a t a p r e s e n t a t i o n . 
If, for sowe l o c a t i o n s no d a t a o r Incomple te d a t a a r c a v a i l a b l e 
t o c a l c u l a t e t he a v e r age s and t he y e a r l y t o t a l e , t he 'NA' Label 
i s typed on t he p e r t i n e n t p o s i t i o n in t he d a t a ma t r i x . 
A l t h o u g h a i l d a t a h a v e been t h o r o u g h l y c h e cked n o a b s o l u t e 
g ua r an t e e can be g i v en t h a t a l l p r e s en t ed r e s u l t s a r e c omp l e t e l y 
c o r r e c t . 
In C h a p t e r s 6 , 7 and 8 t h e r e s u l t s of mea su r emen t a t pumping 
s t a t i o n s and open d r a l a l o c a t i o n s a r e g i v en on a o n t h l y b a s i s . 
A summary of t he y e a r l y a v e r a g e s and t o t a l s a r e g i v e n in Chapter 
3 , 4 and 5 fo r each D e l t a a r e a s e p a r a t e l y . 



2. TUE NILE DELTA 

2.1. Drainage water to the Mediterranean Sea 

For each measuring location the average yearly discharge and the 
weighted average salinity are determined. Subtracting 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 noted that also the chemical 
and biological composition should be considered before actually 
reusing this water (see part B of this report). 
In order to provide reliable estimates on available quantities of 
drainage water, those quantities that are discharged to the 
Mediterranean Sea or to the coastal 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 not given, but only the mixture in quantity and quality at 
these outfalls is known. 
Because of incomplete field measurements at some outfalls in the 
Middle and Western Delta during 1989, it was decided to define 
the available quantities of drainage water by the quantities of 
the original sources (catchments). In this case, the unofficially 
reused quantity in the drain stretches between the source and the 
outfall is not known. 
In Table (1) the discharges to the Mediterranean Sea, the average 
salinties and the salt loads for the three main regions of the 
Nile Delta are presented. The total discharges, shown in Table 1, 
arc 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. 

Table 1. Discharge, salinity and salt load of drainage water 
to the coastal lakes or the Mediterranean Sea during 
1989 per Delta region. 

Delta region 

Eastern Delta 
Middle Delta 
Western Delta 

Total Delta 

Discharge 
million a3/y 

3,317 
4,546 
4,425 

12,288 

Salinity 
g/«3 

1831 
2410 
3793 

2678 

Salt load 
thousand tonnes 

6,072 
10,955 
16,783 

33,810 



Table 2. Available drainage water In the Nile Delta during 1989, 
within different salinity classes. 

Salin: 
class 

under 
1000-
1500-
2000-
over 

Total 

Uy 

1000 
1500 
2000 
3000 
3000 

Eastern 
Delta 

million 

565 
992 
926 
350 
484 

3,317 

m3/y 

Middle 
Delta 

million i 

332 
850 

1,563 
691 

1,110 

4,546 

m3/y 

Western 
Delta 

million 

439 
374 
916 
807 

1,889 

4,425 

m3/y 

Total 
Delta 

million m3/y 

1,336 
2,216 
3,405 
1,848 
3,483 

12,288 

From the results given in the Tables (1) and (2) the following 
remarks can be made: 
- the measured discharges at the Bahr ßaqar Bridge and the 

pumping stations Bahr Baqar Irrigation and Drainage are used to 
calculate the total release of drainage water from the Bahr 
Baqar Main Drain System to Lake Manzala; 

- the total release to the lake from Bahr Hadus Main Drain System 
is calculated by using the measured discharges of Bahr Hadus 
Bridge and 70 percent of the quantity pumped by Saft P.S.; 

- the discharges of the five pumping stations in the Ismailia and 
Suez regions are not taken Into account to calculate the 
total release of drainage water to the Sea; 

- the discharges of the ten individual pumping stations in the 
Charbia Main Drain System are used to calculate the release of 
drainage water from this drain to the Sea; 

- Almost all the drainage water in the Gharbia drain was either 
pumped by Uanul reuse P.S. or unofficially reused by the 
farmers. 

- the discharges of Burullus and Zagloul P.S. are taken into 
account, when calculai fug the total quantity of water drained 
to the Sea; 

- the total discharge of the Max P.S. to the Mediterranean Sea is 
presented and not the different quantities of drainage water 
delivered to Lake Mariut; 

- the Western Delta region includes Nubaria Drain with a 
discharge and saltload of respectively 425 mil lion m3/y and 
1219 thousand tonnes. The drainage water flows directly to the 
Mediterranean Sea. 

The yearly discharges to the Sea and coastal lakes in the year 
1989 compared with those of 1988 show an increase of about 2.6X 
from 11,980 to 12,288 million m3. 
The total salt load increased in absolute values by approximately 
7.5Z, from31,440 to 33,810 thousand tonnes, and the overall 
average salinity however was increased by about 2.IX from 2624 to 
2678 g/m3 in 1989. The increase in salt load is mostly affected 
by the increase in salt load in the Middle Delta of approximately 
31. 
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 summarised in Table 3. The 
discharges shown in Table 3 are grouped into salinity classes and 
presented in Table 4. 
The quantities in Table 3 should be considered as the minimum 
quantities. Additional unofficial reuse is observed along the 
Bahr Baqar Drain, the Bahr Hadus Drain, the Drain No. 1, the 
Charbia Drain, the Edko Drain and the Umoum Drain. The water 
pumped from these drains is not only reused for agriculture, but 
also for fish farming downstream of Bahr Hadus Bridge, Barsiq 
P.S. and also of several small catchments along the banks of 
Damietta and Rosetta Branches. These quantities have not been 
taken into account. Their drainage water flows freely into the 
Nile Branches. The maximum amount of water unofficially reused in 
the Gharbia Main Drain System during the first half year of 1989 
is estimated at approximately 200 million a3. The unknown 
unofficial reuse of drainage water affects the total discharge to 
the Sea or coastal lakes. 

Table 3. Reuse of drainage water in the Nile Delta duringl989. 
Discharge, salinity and salt load per Delta region. 

Delta region 

Eastern Delta 
Middle Delta 
Western Delta 

Total Delta 

Discharge 
million m3/y 

1,412 
673 
587 

2,672 

Salinity 
g/m3 

918 
1018 
1024 

987 

Salt load 
thousand tonnes 

1,296 
685 
601 

2,582 

Tablet. Reuse of 
classes 

drainage water within different sa 1inity 
in the Nile Delta during 1989. 

Salinity 
class 

500- 750 
750- 1000 

1000- 1500 
1500- 2000 
2000- 3000 

Total 

Eastern 
Delta 

million m3/y 

308 
465 
503 

0 
136 

1,412 

Middle 
Delta 

million 

37 
191 
445 

0 
0 

673 

•3 /y 

Western 
Delta 

million m3/y 

216 
269 

0 
0 

102 

587 

Total 
Delta 

million m3/y 

561 
925 
948 

0 
238 

2,672 



The r cuec wa ter as a p e r c e n t a g e of the t o t a l d r a inage water 
quant i ty , generated In the De l ta I s a t l e a s t 29.9X In the Eastern 
D e l t a , 131 in the Middle D e l t a and 11.71 in the Western D e l t a . 
The reused quanti ty for the whole De l ta i s at l e a s t 1 7.9X of the 
t o t a l drainage water in the De l ta . 

The t o t a l quantity of drainage water from the N i l e Del ta during 
1989 was 14 ,960 n i l l i o n m3 of which 2 ,672 a i 1 l i o n m3 have been 
reused o f f i c i a l l y . Compared w i th the c a l c u l a t e d y e a r l y r eu se 
q u a n t i t i e s dur ing 1988 the t o t a l q u a n t i t y o f o f f i c i a l r eu se 
i n c r e a s e d from 2 ,370 in 1988 t o 2 ,672 m i l l i o n m3 in 1989, an 
i n c r e a s e of about 13X. The a v e r a g e s a l i n i t y o f the reused 
drainage water decreased by about 5.6X from 1045 g/m3 in 1988 to 
987 g/m3 in 1989. However, the reuse water/drainage water r a t i o 
increased in 1989 compared to 1988. 
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Syphon 
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—— Irrigation Canal 
- - « - Drainage Canal 

Pumpstation 
Reuse-Pumpstation 
Open Drain Location 

Area o f which drainage 
water is par t ly reused 

MEDITERRANEAN SEA 

e 
o 
a 

Ena PORT SIAO 

<2> 

Open Drain Locations 

EH-1 Bridge Saft (abandoned) 
EH-4 Nizam Bridge 
E H - 1 1 B. Hadus Bridge 
EH-13 B. Hadus Outfall 
E H - 1 4 Kemeeza Bridge 
E H - 1 5 Iddowwar Bridge 
E B - 1 Bilbeis Bridge 
E B - 2 Bridge Qalyubeya (abandoned) 
EB -4 Wadi Railway Bridge 
EB-5 Saada Bridge 
EB-7 Saud Bridge 
E B - 8 B.Baqar Bridge 
E B - 1 1 B.Baqar Outfall 
EH-17 N e w B . Hadus Outfall 

EM-1 
EF-1 
ES-1 
ES-2 
EH-2 
EH-3 
EH-5 
EH-6 
EH-7 
EH-8 
EH-9 
EH-10 
EH-12 
EB-3 
EB-6 
EB-9 
EB-10 
EB-13 
EG-1 
EG-2 
EG-3 
E T - 1 
ET-2 

Matareya 
Farasqur 
Upper Serw 
Lower Serw 
Hanut 
Sadaqa 
Nizam 

Bani Ebeid 
Add. Kassaby 
Main Kassaby 
Geneena 
Erad 
Saft 
Wadi 
Saada 
B. Baqar irr. 
B. Baqar 
Blad El Ayed 
Gabal Miriam 
Ganain North 
Ganain South 
Kassasin 
Mahasama 

Fig. 2. Survey of catchment« and drainage system of the Eastern Delta 
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3. TUE EASTERN DELTA 

3.1. Hain drainage catchacnt systems 

The Eastern Delta,except few catchments, drains into Lake 
Manzala, which in turn discharges freely into the Mediterranean 
Sea (fig. 2 ). A considerable area is drained by two main drain, 
the Bahr Baqar Drain and the Bahr Hadus Drain drains, both 
flowing into the Lake Manzala by gravity. Both systems consist of 
several catchments. 
Each of the drainage systems of Matarya, Lower Serw and Farasqur 
consist of a single catchment. Their pumping stations lift 
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 (reuse). 
In the Ismail la and Suez Canal region five pumping stations are 
incoorporated in the measurement network. The drainage catchment 
of the Wadi El Tumi lat consists of two catchments. Kassasin P.S. 
lifts the water of the upstream part of the Wadi. Further 
downstream Mahasama P.S. pumps part of the water to the Ismailia 
irrigation Canal. The drainage systems of Ganain North and South 
as well as Gabal Miriam consist each of one catchment. The 
pumping stations Ganain North and South pump their water Into the 
Suez Canal. The Gabal Miriam P.S. discharges its water into Lake 
Timsah. 

3.1.1. Bahr Baqar Drain System 

Bahr Baqar originates at the confluence of two drains, namely 
Bilbeis Drain and Qalyubeya Drain (fig. 3). 

L 
a 
* Uuhr Baqar P.3 
e ( E B - 1 0 ) 

O u t f a l l 
(EB-11) M 

a 
n 
z 
a 

Bahr Baqar I r r . P . 9 
i l E B - 9 ) 

( 

Q 6 
9aud Brrr 
IE0-7 I f 

Satan p.S 
( E B - 6 ) 

3ahr Baqar Or. , r 

Bl lbe ia Br. South 
(EB-1 ) D l l b e l * P.S 

Qf l lyuboy« Drain 

Bahr Baqar Br. Saada Br. Wadl Rai lway Biv^AVadl P.3 
fEB-B) ( E B - 5 ) ( E B - 4 ) (^ J ( E B - 3 ) 

I 
26 - -— 10 6 - 10 30 

16 

64 kn 

Fig . 3 . Scheme of Bahr Baqar Drain System 
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Bilbels Drain is stemming from pumplifted drainage water of urban 
areas (industrial and domestic sewage water) in Greater Cairo and 
is fed by gravity drainage water on its way. Qalyubeya Drain is 
completely fed by gravity. The two drains discharge approximately 
equal quantities of drainage water annually, but the main 
quantity of the Qalyubeya Drain discharge is pumped into East 
Wadi Irrigation Canal by Had! P.S. The remaining water flows 
together with Bilbeis Drain to continue thereafter as Bahr Baqar 
Drain. 
In the first reach Bahr Baqar Drain is fed by gravity, further 
downstream the pumping stations Saada and Bahr Baqar lift water 
into the drain. From Bahr Baqar Bridge until the Outfall at Lake 
Manzala withdrawal and addition takes place diffusely and for the 
greater part rather without control. 

There are 6 check points for measurements along the Bahr Baqar 
Main Drain Systems 
- Bilbeis Bridge near the end of Bilbels Drain; 
- Wadi Railway Bridge which gives the total inflow into the Bahr 

Baqar, following the withdrawal by Wadi P.S. 
- Saada Bridge; 
- Saud Bridge; 
- Bahr Baqar Bridge; 
- BahrBaqar Outfall at the crossing with the El SalamCanal. 

3.1.2. Bahr Hadus Drain System 

The Bahr Hadus drainage system is considered to commence as the 
Saft El Qibly Drain, which is completely fed by gravity (fig.4). 

L 
a 
k 
e 

M 
a 
n 
z 
u 
I 
a 

Ramt!« Drain 

Outfa l l D 
( • M - i l I r 

( • H - 1 M 

.Salt P.8 
MEH-12) 

Rcuae . 

Main Qa i tab l 
(EH-8) 

Hodu» Br 
(EH-11) 

P S 
Add Qataabl P.8 

IEH-7) 

II El dowar Br. 
(EH-15) 

A (EH-2) 
^ . H a n u t P.S 

Bahr Hndui Drain (EM-1 ) 

M 

New O u l l a l l ' C t o e e . i . P . « A " " " " " 
IEM-B) A mUBH-e) N 

t 
Lotrer tichlr* Drain 

Erad P.8 
(EH-10) 

w 

N l i a n P.8 
(EH-5) 
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Gerne«/« Hr. 
(EH-H) 

1 1 km o — j - 8 - - 8 j — 6 — 3 12 — - { i i — .» _ 

Fig. 4. Scheme of the Bahr Hadus Drain System 
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On the point where its name changes into Bahr Hadus, the Hanut 
pumping station lifts a considerable part of its water, feeding 
the Hanut Irrigation Canal. 
Next, it receives water from the freely flowing Nizam Drain and 
from the pumping Hlatlunn Sndnqn, Beni Eboid, Additional Qassabi 
and Main Qasslbi. The Nizam Drain is fed by gravity in its 
upstream part and by Nizam pumping station further downstream. 
From the lower reach of Nizam Drain as well as from the Bahr 
Hadus drain water is unofficially reused for irrigation purposes. 

Upstream of the Bahr Hadus Bridge a side branch conveys the 
discharge from Geneena and Erad pumping stations into the Bahr 
Hadus. It can be stated however, that the discharge from Ceneena 
pumping station is entirely reused for irrigation in the Lower 
Beheira Drain on its way to Bahr Hadus. For this reason the 
Ceneena P.S. is considered a reuse pumping station. 

In the reach between Bahr Hadus Bridge and the Outfall reuse from 
and drainage to Bahr Hadus takes place diffusely in unknown 
quantities. Before the Outfall the Saft Drain discharges an 
unknown quantity stemming from Saft P.S. into Bahr Hadus. 
Saft P.S. delivers part of its discharge to the irrigation system 
in the Main Qassabi catchment (estimated 30X). The remaining 
drainage water flows to Lake Hanzala by Saft Drain and by Rams is 
Drain. 

Check points for measurements are the following: 
On Saft El Qibly Drain: 
- Gemeeza Bridge; 
- Saft El Qibly Bridge. 
On Nizam Drain: 
- Nizam Bridge, a f t e r the area of g rav i ty d ischarge to the drain. 
On Bahr Hadus Drain: 
- Iddowwar Bridge, a f t e r the inflow of Nizam Drain; 
- Bahr Hadus Bridge, a f t e r the inflow of Lower Beheira drain; 
- New Bahr Hadus Out fa l l , j u s t before Lake Manzala. 

3 . 2 . Discharges and s a l i n i t i e s in the Eastern Delta 

The r e corded and measured da ta from the open l o c a t i o n s and the 
pumping s t a t i o n s have been e l a b o r a t e d t o d a i l y EC v a l u e s , 
w a t e r l e v e l s , o p e r a t i o n hours and d i s c h a r g e s . Us ing the TDS/EC 
r a t i o , the s a l i n i t y in g/m3 has been c a l c u l a t e d for each l o ca t i on 
s epara te ly . 
The d a i l y v a l u e s have been t o t a l i z e d t o d e c a d e , month ly and 
y ear l y t o t a l d i scharges , s a l t l oads , average water l e v e l s (heads) 
and s a l i n i t i e s . These hydro log i ca l v a l u e s are presented for a l l 
l o c a t i o n s of the Eastern De l t a s epare t e l y in Chapter 6. 
The watersampleB, taken during the f i e l d t r i p s , have been analysed 
In the DRI laboratory. These chemical ana ly se s are presented in 
part B of t h i s report . The bas i c sample ana ly se s are a v a i l a b l e at 
the DRI laboratory. 
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A summary of the hydrologlcal r e s u l t s , based on the year ly t o ta l 
d i s c h a r g e s , a verage we ighted s a l i n i t i e s and s a l t l o a d , i s 
presented in Table 5. 
The f ina l ca l cu la t ion of t h i s summary g i ve s : 
- the t o t a l quan t i t y of dra inage water r e l e a s e d t o the c o a s t a l 

Lake Manzala was 3 ,317 m i l l i o n m3 w i th a s a l t l oad of 6 ,072 
thousand tonnes r e su l t i ng in an average s a l i n i t y of 1831 g/m3. 

- the t o t a l quantity of drainage water o f f i c i a l l y reused in the 
i r r i ga t i on system was 1,412 m i l l i o n m3 with a s a l t load of 
1,296 thousand tonnes, r e su l t ing in an average s a l i n i t y of 
918 g /«3 . 

Table 5. Summary of d ischarges, drainage ra tes , s a l i n i t i e s and 
s a l t loads of the Eastern Delta in 1989. 

SUMMARY OF DISCHARCIS, DRAINACE RATES, SALINITIES AND SALT LOADS Of THE EASTERN DELTA IN 1989 

CATCIIM.AREA - CATCHMENT AREA upatreaaa of the pu»p station or location In thousand feddan (10'lfd) 

Q HED . DISCHARGE OF THE PUHP STATION CALCULATED 8Ï THE MECH.& ELECTRICAL DEP. yearly total In million •3<10"6«3) 

Q DR1 . DRAINACE WATER DISCHARGE CALCULATED BY DRI yearly total In Billion »1 (10~6n3) 

QD/QM - RATIO between Q DRI and Q MED (ratio) 

DR.RT - DRAINACE RATE In nllltaetere per day (ana/day), Inclualvr aewage water 

FC . ELECTRICAL CONDUCTIVITY of the drainage water In all 1lnhoa per cai or BllllSlrnena per cm (oS/cn) 

TDS . TOTAL DISSOLVED SALTS yearly average In graaf SALT per B 3 (g/»3) 

TDS/EC - R E O T I 0 N between TDS and EC (ratio» average 1984 - 1989 

SALTLD - SALT LOAD yearly total In thoueand ton» SALT (10*3tn) 

DISCII . Q DRI 

ÏB01 
F i l l ] 
F.IIH 
KB03 
EB04 
EB05 
EBt)6 
EBO; 
RB08 
EB09 
ÏB10 
EB11 

rilhTSTATIONS 6 CATCIIH. 
OPEN LOCATIONS AREA 

DISCHARGES SALINITIES 

Q MID Q DRI QD/QM DR.RT 

10"3fd 10~6K3 10 _ 6 .3 r a t i o ami/day 

3.* BI I.BEIS BRIDGE 61 321 

BIJMl Fl. AVf.ll PS REUSE 9? 87 0.95 

HI I.«MS ÜOUIII I'S 61 «il 1.110 
w*l>t I'S REUSE 304 269 257 0.96 0.6 

WADI RAILWAY BRIDGE 384 

SAADA BRIDGE 395 616 1.0 

SAAliA ps 17 21 16 0.76 0.6 

SAUD BRIDGE 804 

BAIIR BAQAR BRIDGE CHECK 7 12 

BAHR BAQAR IRR. PS REUSE 75 31 0.41 

BAIIR BAQAR DRAIN PS 81 184 150 0.82 1.2 

BAHR BAQAR OUTFALL 

CFHEE7.A BRIDGE 196 

HANUT PS REUSE 254 208 0.82 

SADAQA PS 43 92 92 1.00 1.4 

NIZAM BRIDGE 95 211 1.4 

NI7.AM 1'S 45 140 134 0.96 1.9 

1DÜ0WWAR BRIDGE CHECK 429 

BENI ABEID PS 53 326 339 1.04 4.2 

ADD. QASSABY PS 60 347 295 0.85 3.2 

HAIN QASSABY PS 28 205 254 1.24 5.9 

CKNEENA PS REUSE 38 299 261 0.87 4.5 

» A D PS 57 544 530 0.9J 6.1 

BAHR HADUS BRIDCE CHECK 926 

SAFT PS 30* REUSE 175 492 454 0.92 1.7 

NEW HADUS OUTFALL CHECK 

MATARYA PS 50 319 319 1.00 4.2 

UPPER SERW PS REUSE 50 164 221 1.35 2.9 

LOWER SERW PS 66 555 565 1.02 5.6 

PARASQUR PS 20 328 311 0.95 10.1 

GABA MIRIAM PS 6 25 25 1.00 2.7 

CANAIN NORTH PS 12 7 7 1.00 0.4 

CANAIN SOUTH PS 6 14 15 1.07 1.6 

KAüSASIN PS 17 178 II? I.N 7.4 

MAIIASAKA PS REUSE 33 192 211 1.10 4.2 

TOTAL RELEASE TO THE SEA or COASTAL LAKE 

TOTAL REUSE OF DRAINAGE WATER 

EC 

aS/ca 

1.30 

0. 77 

2. 35 

1.30 

1.27 

1.19 

1.04 

1.33 

1.38 

1.52 

7.96 

3.70 

1.28 

1.40 

1.85 

1.48 

1.14 

1.44 

2.21 

3.22 

4.99 

1.67 

2.92 

2.68 

3.33 

3.24 

5.76 

0 9 0 

1.40 

1.9? 

4.41 

3.84 

8.35 

1.55 

1.50 

TDS TDS/EC SALTLD 

RELEASE TO 

SEA or LAKE 

DISCH SALTLD 

REUSE OF 

DRAINACE WTR 

DISCH SALTLD 

»/•3 ratio 10"3tn 10"6n3 10"3tn 10"6a3 10"3tn 

966 

559 

I SO I 

94 7 

940 

887 

763 

984 

1006 

1075 

5228 

2466 

890 

990 

1294 

1028 

804 

1010 

1501 

2058 

3101 

1149 

1968 

1807 

2347 

2156 

3801 

655 

986 

1324 

2860 

2500 

5518 

1080 

10b7 

1831 

918 

715 

715 

7118 

708 

715 

713 

71)4 

704 

719 

692 

64 3 

667 

696 

695 

654 

679 

677 

674 

64 7 

64 5 

643 

668 

648 

651 

654 

670 

641 

684 

659 

652 

639 

663 

64 5 

h'K, 

707 

310 
49 
91 

243 

361 

546 

11 

79? 

717 

33 

785 

175 

206 

119 

217 

107 

434 

508 

606 

837 

300 

1043 

1674 

1066 

1214 

145 

557 

41? 

72 

18 

81 

70 7 

??5 

712 

-31 

150 

717 

-33 

785 

926 

318 

1674 

746 

319 1214 

565 

311 

25 

7 

15 

557 

412 

72 

18 

81 

HJ 

257 

31 

208 

261 

136 

221 

211 

49 

243 

33 

206 

300 

320 

145 

225 

ER01 
n i l I 
FH14 
Emu 
EB04 
EB05 
KB06 
E B0 7 
FBO» 
EB09 
EB10 
E l l l 

EII14 

E HO 2 
EH03 
EII04 
EII05 
EH 15 
EH06 
EH07 
EH08 

EII09 
Ell 10 
EH11 

Ell 12 
Ell 17 

EM01 

ES01 
ESO? 
EF0I 
EC01 
EC02 
EGO J 
E TOI 
EIÜ2 

3317 6072 

1412 1296 
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The fo l lowing comments on the above summary can be made: 
- the Wadi Reuse P.S. (E1503) pumps almost a l l the drainage water 

from the Qalyubeya Drain in to El Wadi Canal; 
- the Ilanut Reuse P.S. (EIIÜ2) l i f t s almost a l l the drainage water 

passing Saft El Qibly Bridge (EH01) i n to the Uanut I r r iga t ion 
Canal ; 

- i t i s assumed t ha t a l l the d ra inage water which i s pumped by 
Ceneena P.S. (EII09) i s r eused by the farmers b e f o r e the 
conf luence with Erad P.S.; 

- El Arin catchment (EH16) i s part of the Sa f t ca tchment . Only 
wntersamples are taken from t h i s l o ca t i on ; 

- Sa f t P.S. (E1I12) g i v e s the d i s c h a r g e and the s a l i n i t y o f i t s 
c o m p l e t e c a t c h m e n t , i n c l u d i n g E l A r i n Ca t chmen t . A 
d i s t r i b u t i o n s t r u c t u r e d i v e r t s part o f the d ra inage water 
(estimated 30Z) i n to the Daffan i r r i ga t i on canal . The remaining 
70X f l ows p a r t l y through Sa f t Drain to Bahr Iladus und p a r t l y 
through Kvimn i o Drain to Lake Hanzaln d i r e c t l y ; 

- Upper Serw P.S. (ES01) pumps i t s d ra inage water i n t o the 
Damietta Branch from where the water i s reused downstream; 

- the d i s c h a r g e a t Bahr Baqar Br idge (EB08) i s o b t a ined from a 
l e s s r e l i a b l e ra t ing curve. The d ischarges c a l c u l a t e d by using 
the r e l i a b l e r a t i n g c u rv e o f the Saud Br idge can be u s ed , 
a l t h o u g h the u n o f f i c i a l r eu se w i t h i n the 10 k i l o m e t e r range 
between these two l o c a t i on s , which cannot be n eg l e c t ed , i s not 
taken i n to account. 

- the d i s c h a r g e a t Bahr Iladus Br idge (EH11) i s o b t a in ed from a 
s e n s i t i v e rat ing curve, which was updated by the c a l i b r a t i o n 
measurements from 1985 to 1989. However, new measurements (14) 
carried out from November 1988 t i l l Ju ly 1989 indicated a 
s i g n i f i c a n t s h i f t of the ra t ing curve, which r e su l t ed in an 
increase of the y ear ly d ischarge from 926 to 1,244 m i l l i o n m3. 

When the l a s t two comments are taken in to account and the t o t a l 
r e l e a s e o f d ra inage water from the Eas tern D e l t a t o the Sea or 
Lake Manzala i s c a l c u l a t e d by u s i n g the d i s c h a r g e a t the Saud 
Br idge and the new r a t i n g curve of the Bahr Iladus Bridge the 
t o t a l y ear ly discharge from the Eastern Del ta w i l l increase from 
3317 to 3635 m i l l i o n m3, the s a l t l o a d from 6072 to 7168 thousand 
tonnes and the s a l i n i t y from 1831 to 2036 g/m3. 
The average s a l i n i t y of the drainage water per catchment area i s 
c l a s s i f i e d and presented in f i g . 5 . The s a l i n i t y of the drainage 
water in the high e l e v a t e d catchments in the southern part and 
the c a t chmen t s , a d j a c en t t o the Damiet ta Branch of the N i l e , i s 
s i g n i f i c a n t l y l ower than the ca tchments s i t u a t e d in the l ower 
r e g i o n s and a t the end o f the i r r i g a t i o n s y s t e m s . The h igh 
s a l i n i t y o f the Bahr Baqar catchment (EB10) can be due t o the 
fact that new agr i cu l ture lands are leached in t h i s catchment. On 
the other hand the higher s a l i n i t y In the north-eas tern part of 
the Ea s t e rn D e l t a may be caused by s e epage and r eu s e of more 
s a l i n e drainage water. 
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