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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 in Egypt and

Institute for Land and Water Management Research (ICW), Wageningen in
the Netherlands.

The project is financed 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 1986 the drainage discharges and salinities at a great
number of locations In the Nile Delta have been determined. Data
concerning the dralnage pumping stations have been 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
Ministry of Irrigation (PROJECT TEAM, 1987) have been used to check the
data collected by the DRI. These data have been used to calculate the
actual discharges at the pumping stations applying, the discharge
relations, established by DRI. Discharges at the open locations have been
derived from water level measurements and in some cases velocity
measurements and using the discharge relations also established by DRI.

The electrical conductivity (EC) has been recorded 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 water sample analyses for the years 1981 -
1986 for each location separately.

DRI engineers collected data during the routine trips, every three
weeks, and in the meantime recorders and meters were checked and
calibrated. They also took water samples at all the measurement locations,
which were analysed at the DRI laboratory. For all measuring 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 4,551,000 feddan (including
Nubareya Area 280,000 feddan) the total discharge of drainage water
generated during 1986 was 16,438 million m3. During 1986, a quantity of at
least 2,922 million m3, with an average salinity of 893 g/m3, has been
reused officially. A total of 13,516 million m3 with an average salinity
of 2265 g/m3 has been discharged to the Mediterranean Sea or to the
coastal lakes, which are in open comnection with the sea.

Theoretically about 1.8 billion m3 of drainage water in the salinity
class to 1000 g/m3 and about 4.6 billion m3 iIn the salinity class of 1000
- 1500 g/m3 1is available for reuse in the irrigation system.

The Bahr Bagar Drain discharged about 1 billion m3 of drainage water
with a salinity of about 1400 g/m3 to Lake Manzala. This water is wvery
polluted by industrial and urban sewage water and it is considered to be
unsuitable for reuse. The measured discharge at Bahr Hadus Bridge was 1.45
billion m3 with a salinity of about 1400 g/m3. The water of these two
drains is of main importance for reuse in El Salam Project.

Since more experience has been gained and better methods of
measurement, analysis and calculation have been used, the results of the
year 1986 are more reliable than the reported results in the previous
yearbooks (MAASKANT et al, 1985, 1986, 1987). The application of a data
base system and other computer programmes (BIJNSDORP et al, 1987) on the
Hewlett Packard 150 Personal computer made the elaboration, calculation
and printing of data and results more simple and easler to repeat.



It might be useful to study the differences of the TDS/EC ratio per
location, which were found by calculation, in more detail (Appendix 1.).
The TDS/EC ratlo established per locatlon, based on the water sample
analyses of the years 1981 - 1986 differs from year to year and the TDS/EC
ratio decreases from 729 in the southern part to 625 in the northern part
of the Delta. It is not in the scope of this report to draw further
conclusions on this subject (see Yearbook 1985).




1. INTRODUCTION

1.1. General

From 1980 till 1984 the salinity of the drainage water at a number of
locations in the Nile Delta has been determined on a routine basis,
discharge measurements at the open locations were done. Meanwhile pumping
station data of the Mechanical and Electrical Department (MED) of the
Ministry of Irrigation were collected. These data were used to calculate
the pumping stations discharges.

Since 1985, at most of the pumping stations time counters have been
installed and electrical conductivity meters have been distributed.
Discharges of drainage- and reuse pumping stations are calculated wusing
the discharge-head relations, determined by DRI, and the operation hours
and static head collected. These discharges have been compared with the
discharges calculated by the Mechanical and Electrical Department to
prevent basic errors.

The discharges of 1986 at the open locations are based on continuous
recorded water levels and measured velocities, The discharges have been
calculated by using the discharge-relations determinded by DRI.

The drainage water salinity, expressed in total dissolved salts
(TDS), 1is calculated with the recorded and measured electrical
conductivity (EC) and the ratioc between total dissolved salts and
electrical conductivity. This TDS/EC relation has been established per
location from the chemical analyses of the water samples during the years
1981 - 1986.

The aim of this report is to present the discharges and salinities of
drainage water as the basis for further analyses of the results obtained.
Most of the basic work has been done by the Egyptian engineers of DRI.
They measured in the field, analysed water samples in the laboratory,
collected data at the Ministry of Irrigation, elaborated data and
calculated averages and total figures.

1.2.Discharges at punmping stations

For each drainage pumping station in the Nile Delta a discharge -
head relation (rating curve) has been determined from calibration
measurements during 1980 - 1986 (PROJECT TEAM, 1987). 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.

Most of the pumping stations have been equiped with time counters for
every pump unit separately during end 1984 / beginning 1985. Also level
gauges have been distributed to the Irrigation Departments. The pumping
station engineers note the daily operation hours per unit, the average
daily waterlevel at suction and delivery side and they measure the
electrical conductivity twice a day.

The discharge per decade at the pumping stations have been calculated
by using the rating curves, the average static head (difference between
delivery and suction level) and the operation time of the units. Within
the DRI these discharges per decade are avalilable., In this report the
monthly and yearly discharges are presented (QDRI).

The Mechanical and Electrical Department c¢ollects from all the



pumping stations in the Nile Valley and Delta basic data: water level at
suction and delivery side, number of operation hours, electricity
consumption, total discharge and other data, with the assistance of the
local offices of the Ministry of Irrigation (PROJECT TEAM, 1987). These
discharges (QMED) and the other collected data have been used for
comparison of the data collected and calculated by the DRI.

In the summary of results the QDRI and QMED are both mentioned and
also the ratio between these two discharges (QDRI/QMED). Normally this
ratio should be about 1, but for the 61 pumping stations mentioned, the
ratio ranged from 0.43 to 1.34, In chapters 6, 7 and 8 the figures
concerning QMED, operation hours, head, QDRI and the wused discharge
relatlons are presented in tables for each pumping station separately.

1.3. Discharge at cpen locations

During 1985 most of the level recorders and level gauges at the open
locations have been installed in the Nile Delta. For each open drain
location, not affected by back water, a stage-discharge relation has been
determined from calibration measurements during the years 1985 and 1986.
At the locations with water level recorders the water levels are recorded
continuously and therefore accurate discharge data have been obtained.
During the three weekly field trips water level measurements and sometimes
discharge measurements have been done to check the stage - discharge
relation. From the recorder sheets the daily average water level has been
determined and using the discharge relation the daily average discharge
(m3/sec) has been calculated. Average water levels and total discharges
(QDRI) per decade, per month and per year have been calculated,

For the open locatlons affected by "backwater" from the sea, lakes or
dovmstream pumping stations wvelocity - discharge relations have been
determined from calibrations performed during 1985 and 1986. At these
locations the average velocity and water level are being recorded. The
velocity recorders installed (McCro and ENDECO) had technical breakdowns
or were after some hours operating partly covered with water plants which
affected the recording. During field trips the recorders have been cleaned
and sometimes the velocity at these locations has been measured to
calibrate the recorded velocity. During the field trips the discharges
have also been measured at those "backwater" locations, not yet equiped
with a velocity recorder. However, these incidental measurements gave an
insufficient insight into the total daily or monthly discharge, due to
dalily discharge varlations.

The reliable results of discharges at open locations are presented in
chapters 6, 7 and 8. In these chapters the figures concerning the water
level (WL) in meters above Mean Sea Level, the calculated monthly
discharge (Q) in million m3 and in case of a ‘"backwater" location, the
velocity at a certain point (Vpt) in m/sec are presented in tables for
each open location separately.

l4. Electrical conductivity and salinity

At most of the locations in the network the electrical conductivity
(EC) has been recorded. At the open locations by EC recorders and at the
pumping stations by measurements with an EC meter twice a day. At the
other locations the EC has been measured by DRI engineers during their



three weekly field trips. During these trips also the recorded EC values
have been checked. These continuous EC recordings are the basis for
further elaboration and calculation. Dalily EC values have been established
from these recordings and EC wvalues per decade and monthly weighted
averages have been calculated per location. These monthly values have been
used to calculate the yearly weighted EC value per location.

In this report the monthly calculated EC values and the TDS values
based on the multiplication of EC with the TDS/EC ratioc are published (see
Appendix 1). The monthly salt load is obtained by multiplying the salinity
with the monthly discharge. The yearly salt load is found by adding the
monthly salt loads.

In chapters 6, 7 and 8 the figures concerning electrical conducivity,
TDS/EC ratio, salinity and salt load are presented in tables for each
location separately.

1.5. Data elaboration and presentation

All measured and collected data have been entered in a data base
system using the D-Base programme on the Hewlett Packard 150 personal
computers at the DRI office. The data management programme "HYDRO" manages
data elaboration, retrieval and calculations using several subroutines for
the different types of locations. This results in decade and monthly
average water levels, EC values, salinities, discharges and salt loads.
The data presentation programme "YEAR" retrieves monthly data and
calculates yearly averages and totals and manages the data presentation
{BIJNSDORP AND MORSI, 1987).

If, for some locatlons, no data 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
thoroughly checked no absolute guarantee can be given that all presented
results are completely correct.

In chapters 6, 7 and 8 the results of pumping stations and open drain
locations are given on montly basis. A summary of the yearly averages and
totals are given in chapters 3, 4 and 5 for each Delta area separately.



2. THE NILE DELTA

21l.Drainage water to the Mediterranean
Sea

For each location the average yearly discharge and the weighted
average salinity has been 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 mnoticed that also the chemical
composition should be considered before actually reusing this water (Part
B of this report).

In order to estimate reliable data on available quantities of
drainage water, those quantities that are discharged to the Mediterranean
Sea or to the coastal lakes in open commnection with the 8Sea should be
considered. In this case the original sources (catchments) and the
criginal salinities of the drainage water are mnot 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 1986, it has been decided to define the
quantities of drainage water by the quantities of the original sources
available (catchments). Unknown In this case 1Is 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 discharge for each Delta region has been pgrouped
into salinity classes and is given in Table 2. More detailed data are
available in the summary tables of the next three chapters.

Some remarks on the results in Tables 1 and 2 are the following:

- the measured discharges at the Bahr Baqar Bridge and at the Bahr Hadus
Bridge have been used In these tables

- the total discharge of the ten individual pumping stations in the
Gharbla Drain are presented in these figures

- the discharges of Burullus and Zagloul PS are taken into account, but
thelr salinity is based on measurements in 1986

- the total discharge of Max PS5 to the Mediterranean Sea is presented and
not the different quantities of drainage water delivered to Lake Mariut.

Table 1. Discharge, salinity and salt load of drainage water to the
coastal lakes or the Mediterranean Sea during 1986 per Delta

region
Delta region Discharge Salinity Salt load
million m3/y g/m3 thousand tonnes
Eastern Delta 4,016 1550 6,223
Middle Delta 5,264 2280 12,000
Western Delta 4,236 2925 12,391

-----------------

Total Delta 13,516 2265 30,614
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Table 2. Available drainage water In the Nile Delta during 1986, within

different salinity classes.

Salinity Eastern Middle Western Total

class Delta Delta Delta Delta
million m3/y million m3/y million m3/y million m3/y

--------------------------------------------------------------------------

under 1000 866 617 413 1,896
1000- 1500 2,341 988 1,310 4,639
1500- 2000 372 1,695 -- 2,706
2000- 3000 -- 832 427 1,239
over 3000 437 1,132 2,086 3,655
Total 4,016 5,264 4,234 13,516

Compared with the yearly discharges to the coastal lakes and Sea
during 1985 (MAASKANT ET AL, 1987) there is a decrease of only 1 % from
13,642 million m3 to 13,516 million m3. The total salt load decreased by
9 &%, from 33,709 thousand tonnes to 30,614 thousand tommnes. This decrease
in saltload is mostly affected by the decrease in discharge and salinity
of Max PS. The average salinity decreased by 8 & from 2471 g/m3 during
1985 to 2265 g/m3 during 1986.

2.2. 8

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 have been
grouped into salinity classes and presented in Table 4.

The quantities in Table 3 should be considered as the ninimum
quantities. Additional reuse has been observed along the Bahr Baqar Drain,
the Bahr Hadus Drain, the Edko Drain and the Umum Drain. This reuse does
not concern reuse for agriculture only, but alse for fish farms downstream
the Bahr Hadus Bridge and Barsiq PS. Alsoc reuse from 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 m3 per year (MAASKANT ET AL, 1985). The unknown unofficial reuse
of drainage water affects the total discharge to the Sea or ccastal lakes.

Table 3. Reuse of drainage water in the Nile Delta during 1986. Discharge,
salinity and salt load per Delta region.

Delta region Discharge Salinity Salt load
million m3/y g/m3 thousand tonnes

Eastern Delta 1,413 870 1,230

Middle Delta 721 857 618

Western Delta 788 966 761

Total Delta 2,922 893 2,609

--------------------------------------------------------------------------



Table 4. Reuse of drainage water in the Nile Delta during 1986, within
different salinity classes.
Salinity Eastern Middle Western Total
class Delta Delta Delta Delta
million m3/y million m3/y million m3/y million m3/y

T T I T T e R e L R

500- 750 397 70 366 833
750- 1000 856 408 295 1,559
1000- 1500 - 257 - 243
1500- 2500 160 - - 160
2000- 3000 - - 127 127
Total 1,413 721 788 2,922

The percentage of reuse based on the total drainage water quantity
generated in the Delta is at least 26 % in the Eastern Delta, 12 & in the
Middle Delta and 16 & in the Western Delta. The reuse quantity for the
whole Delta is at least 18 % of the total drainage water generated in the
Delta.

The total quantity of dralnage water from the Nile Delta during 1986
was 16,438 million m3 of which 2,922 pillion m3 has bheen reused
officially. Compared with the calculated yearly reuse quantities during
1985 (MAASKANT ET AL, 1987) the total quantity of reuse has not changed
noticeable (1985: 2,859 million m3 and 1986: 2,922 million m3). The
salinity of the reused dralnage water increased about 7 % from 912 g/m3 in
1985 to 893 g/m3 in 1986,

3. THE EASTERN DELTA

31. Main drainage catchment systemns

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 Bagar
Drain System and the Bahr Hadus Drain System, both flowing into Lake
Manzala by gravity. Both systems consist of several catchments. The
drainage systems of Matareya, Lower Serw and Farasqur consist of one
catchment each. Their pumping stations deliver the drainage water directly
to Lake Manzala. The pumping station of the Upper Serw catchment

discharges its drainage water intc the Damietta Branch of the Nile (reuse}.

3.1.1. Bahr Baqar Drain System

Bahr Baqar originates at the confluence of two drains: Bilbels Drain
and Qalyubeya Drain (fig. 2). Bilbeis Drain stems from opump 1lifted
drainage water of urban areas (industrial and household sewage water) in
Greater Calroc 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
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Fig. 2. Scheme of the Bahr Bagar Drain system

Qalyubeya Drain discharge is pumped Into Wadl Irrigation Canal at Wadi PS,
The remaining water flows together with Bilbeis Drain to continue
thereafter as Bahr Bagar Drain. At first Bahr Baqar Drain is fed by
gravity, further downstream the pumping stations Saada and Bahr Bagar
discharge into the drain. From Bahr Baqar Bridge until the Outfall at Lake

Manzala withdrawal and discharge takes place diffusely and for the greater
part rather uncontrollable,

There are six check points for measurements along Bahr Baqar:
- Bilbeis Bridge in the last reach of the Bilbeis Drain
- Wadi Railway Bridge giving the total inflow into the Bahr Bagar
~ Saada Bridge
- Saud Bridge
- Bahr Bagar Bridge

- Bahr Baqar Outfall at the crossing with the future El Salam Canal

3.1.2. Bahr Hadus Drain System

The Bahr Hadus drainage system starts at the Saft E1 Qibly Drain,
that is completely fed by gravity (fig. 3). On the point where its mname
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
Qassibi. The Nizam Drain is fed by gravity in its upstream part and by
Nizam pumping station more downstream. From the lower reach of Nizam Drain
as well as from Bahr Hadus water is reused for irrigation diffusely.

Upstream of the Baqar Hadus Bridge a side branch conveys the
discharge from Geneena and Erad pumping stations inte the Bahr Hadus. It
can be stated however, that the discharge from Geneena pumping station is
entirely reused for irrigation in the Lower Beheira Drain on 1its way to
Bahr Hadus. For this reason the Geneena PS5 is de facto 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 wunknown quantities.
Before the Outfall the Saft Drain discharges an unknown quantity coming
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Fig. 3. Scheme of the Bahr Hadus Drain system

from Saft PS into Bahr Hadus, Saft PS delivers part of 1ts discharge to
the irrigation system in the Maln Qassabl catchment (estimated 30 %). The
remaining drainage water flows to Lake Manzala by Saft Drain and by Ramsis
Drain,
Check points for measurements are the following:
On Saft El1 Qibly Drain:
- Gemeeza Bridge
- Saft El Qibly Bridge
On Nizam Drain:
- Nizam Bridge, after the area of free discharge to the drain
On Bahr Hadus Drain:
- Iddowwar Bridge, after the inflow of Nizam Drain
- Bahr Hadus Bridge, after the inflow of Lower Beheira drain
- New Bahr Hadus Outfall, just before Lake Manzala

3. Punping stations and open locations

From 1981 till 1984 measurements for the calibration of pumping
stations and open drain locations have been executed. The main results of
these calibrations are the discharge - head relations of the units of
pumping stations and the discharge relations of the open locations
{BIJNSDORP ET AL, 1985), These relations have been used to calculate
discharges per decade of the pumping stations and the daily discharges of
the open locations.

Puring 1984 and 1985 water 1level recorders and electrical
conductivity (EC) recorders have been installed at the open locations. At
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most of the pumping stations time counters for every pump unit have been
installed. The pumping station engineers received an EC meter to measure
the EC value of the pumped drainage water twice a day. During 3 weekly
routine trips the DRI engineers checked the recorders and changed the
recorder sheete at the open locations and collected and checked the noted
data at the pumping stations.

scharges and salinities in the
stern Delta

The recorded and measured data from the open 1locations and the
puaping stations have been elaborated to daily EC values, water levels,
operation hours and discharges. Using a TDS/EC ratio the salinity in g/m3
has been calculated for each location separately.

The daily values have been totalized to decade, monthly and yearly
total discharges, salt loads, average water levels (heads) and salinities.
These hydrological values are presented for all locations of the Eastern
Delta separately in chapter 6.

The water samples, taken during the field trips, have been analysed
by the DRI laboratory. These chemical analyses are presented in part B of
this report. The basic sample analyses are available at the DRI
laboratory.

A summary of the hydrological results, based on the yearly total
discharges, average weighted salinities and salt 1load 1is presented in
Table 5. The final calculation of this summary pgives:

- the total quantity of drainage water released to the coastal Lake
Manzala was 4,016 million m3 with a salt load of 6,223 thousand tonnes,
resulting in an average salinity of 1550 g/m3

- the total quantity of drainage water officially reused in the lrrigation
system was 1,413 million m3 with a salt load of 1,230 thousand tonnes,
resulting results in an average salinity of 870 g/m3

Some comments on thls summary are the following:

- almost all drainage water from Qalyubeya Drain is pumped by Wadi Reuse
PS (EBQ3) into El Wadi Canal

- almost all drainage water passing Saft El Qibly Bridge (EHOl) is pumped
by the Reuse PS Hanut (EHO0Z) into the Hanut Irrigation Canal

- it has been assumed that all drainage water pumped by Geneena PS (EH09)
is reused by the farmers before the confluence with Erad PS

- E1 Arin catchment (EH16) 1s part of the Saft catchment. Only water
samples are taken at this location

- Saft PS (EH12) gives the discharge and the salinity of 1its complete
catchment, including El Arin Catchment. A distribution structure diverts
part of the drainage water (estimated 30 %) into the Main Qassabi
catchment. The remaining 70 % flows partly through Saft Drain to Bahr
Hadus and partly through Ramsis Drain to Lake Manzala directly

- Upper Serw PS (ES01) pumps its drainage water into the Damietta Branch
from where the water is used downstream

- the discharge at Bahr Baqar Bridge (EB08) iz obtained from a less
reliable rating curve

- the discharge at Bahr Hadus Bridge (EH1l) is obtained from a sensitive
rating curve

- the salinity of Bahr Hadus Outfall (EH13), is based on watersamples
during the first half year
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Table 5. Summary of discharges, drainage rates, salinities and salt loads
of the Eastern Delta in 1986

CATCHM.AREA = CATCHMENT ARFA upstresms of the puap etation or locacion in thoussnd feddan (107 3fd)
Q MED « DISCHARGE OF THE PUMP STATION CALCULATED BY TUE MECH.& ELECTRICAL DEP. yeariy total in million m3(1076m3)
q DRI = DRAINAGE WATER DISCHARGE CALCULATED BY DRI yearly total tn miliion ol (10" 6m3)
Qb/QH = RATIO between Q DRI and Q MED (ratio)
DR.RT = DRAINAGE RATE in millimeters per day (mm/day}, inclusive sewage water
EC = ELECTRICAL CONDUCTIVITY of the drainage water in millimhos per cm or williSiemens per cm {(uS/cm)
TDS = TOTAL DISSOLVED SALTS yearly average in grame SALT per ml} (g/ml) '
TDS/EC ~ RELATION between TDS and EC (ratic? average 1981 - 1986
SALTLD = SALT LOAD yearly total in thousand tens SALT (10%3tn)
DIscu = @ PRI
CODE PUMPSTATIONRS & * CATCINM. DISCHARGES SALINITIES RELEASE TO REUSE OF CODE
OPEN LOCATIORS CHEM. AREA SEA or LAKE DEAINAGE WTR
ANAL. G MER Q DRI QB/QM DR.RT EC TDS TDS/EC SALTLD| D15Cil SALTLD { DISCH SALTLD
1073fd {10"6w) l0™bo3 racie sm/day | mS/ce  g/m] ratio 107Jtn[10"6m3 1073tn (1076wl 10" 3ctn
EBQ1 BLLBELS BRIDCE * &l L] 0.0 1.37 947 716 pa EXQ1
EBL3 BLAD EL AYED PS REUSE 134 118 0.88 0.8t 571 165 69 118 (2 EB13
ERO2 QALUBEYA BRTIDGE ¥ 1.19 B1% 122 EBQ2
EBO3 WADI P& RFUSE 304 456 317 0.74 6.7 1.09 768 13 259 37 259 EBG3
EBO4 WADI RAILWAY BRIDGE 505 1.21 a72 718 4La40 ERD4
EHGS SAADA BRIDGE 395 759 1.3 1.12 798 715 605 EBQS
EB06 SAADA PS i7 n 27 0.84 1.0 0.81 559 692 15 EBCOH
EBQ? SAUD BRIDGE 88t 1.20 884 704 782 ERBO?
EBGH BAHR BAQAR BRIDGE CHECK 906 1.29 907 102 822 906 822 EBOS
EBDY BAHR BAQAR IRR. PS REUSE 93 [14 0.43 0.97 671 694 27 -40Q -27 40 27 EBOY9
EB1Q BAHR BAQAR DEAIN PS a1 152 161 1.06 1.3 6.33 1974 628 640 161 &4 EBLD
EBl1 BAHR BAQAR OUTFALL + CHECK 2.26 1467 665 EBI?
EH1& GEMEEZA BRIDGE i1 1.13 760 675 218 EH14
EHO1 SAFT EL QIBLY BRIDGE * CHECK 20 1.25 842 678 EHO)
EHO2 HANUT PS REUSE 361 09 0.36 1.16 194 685 245 309 245 EHO2
EHG3 SADAQA PS 43 97 97 1.00 1.5 2.22 162G 640 138 EHG3
EH04 NIZAM BRIDCE 95 2% 1.7 1.26 853 476 217 EHD4
EHO5 NIZAM P5S 45 176 162 .92 2.3 1.17 780 667 126 EHOS
EHLS 1DPDOWYWAR BRIDGE CHECK 569 1.44 92) 643 526 EHIS
EHGE BENT ABEID PS 533 336 364 1.02 4.2 2.1 1369 646 410 EHGE
EHO? ADD. QASSARY PS 60 359 293 .75 3.2 1.93 1234 &40 362 EHOY
EHOB HAIN QASSABY PS 28 248 ez 1.22 7.0 4. 40 2759 627 832 EHOS®
EHO9 GENEENA PS5 REUSE 38 196 210 1.07 3.6 1.43 949 663 199 210 193 EHO9
EHLIO ERAD FS $7 318 523 1.0l 6.0 2.79 1771 634 927 EH10
EML1 BAHR HADUS BRIDGE CHECK 1449 2.17 1388 641 2011 1449 2011 EH11
EH16 EL ARIN BRLDGE - L1 1.22 828 692 EHle
EHi2 SAFT FS J0% REUSE 175 602 $32 c.88 2.0 2.88 1829 635 974 iz 682 160 292 EHI1Z2
EHL) BAHR HADUS OUTFALL #* CHECK 2.95 1840 632 . EH13
EH17 NEW HADUS OUTFALL CHECK 2.57 1680 655 EHI?
EMD1 MATARYA PS 50 264 276 1.05 3.6 .00 3751 625 1035 276 1025 EMOI
ESC!  UPPER SERW PS REUSE 50 178 3% 1.24 3.1[ 0.85 581 687 139 219 139 { EsGl
£502 LOWER SERW PS -1 586 606 1.03 6.0 1.82 114} 649 715 604 Ti5% ESQ2
EFC1 FARASQUR PS 20 290 286 0.99 9.1 1.88 1206 &40 345 286 345 EFQ1
TOTAL. RELEASE T0O THE SEA et COASTAL LAKE 1550 4016 6223
TOTAL REUSE OF DRAINAGE WATER 870 1413 1230

') for comments see chapter ]

The average salinity of the drainage water per catchment area Is
classified and presented in fig. 4. The salinity of the drainage water in
the high elevated catchments in the southern part and the catchments,
adjacent to the Damietta Branch of the Nile, is significantly lower than
that of the catchments situated in the lower reglons and at the ends of
the irrigation system. The high salinity of the Bahr Baqar PS catchment
{EB10) can be due to the fact that new agricultural lands are leached 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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Fig. 5. Survey of catchments and drainage systems in the Middle Delta
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4. THE MIDDLE DELTA

4.1. Main drainage catchments systems

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 covering the central
part and the Nashart Drain system in the western part of the Middle Delta.

The other drainage systems consist of one catchment: Tira PS5, PS5 No
7, Lower PS No 8, PS No 11 and Burullus PS pump the drainage water from
their catchments into 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, discharge
directly into the Rosetta Branch of the Nile (reuse).

4.1.1. Drain No 1 System

The draln No 1 drainage system consists of two sub systems, one
served by PS No 2 and the other by Lower PS No 1 (fig. 6). In the latter
sub system Upper PS No 1 discharges part of the drainage water into the
Damietta Branch of the Nile. Gates just downstream of the bridge M102
regulate the level and the discharge to the catchment served by the Lower
PS No 1. The total discharge of PS No 1l and No 2 is conveyed in one
channel to the Mediterranean Sea,.

There are no separate check points in thils system.

to Damietta Branch

M1
Upper P.5. no 1
Lower P.5. no 1 M1-2 I
|¥ - e

M1-3 Drain no 1 Bridge Drain no 1

Mediterranean Sea

M14 PS5, no2

2 3 23
approx. distance (km}

Fig. 6. Scheme of the Drain No 1 system

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 PS in the
upstream part of the system pump their drainage water almost completely
into the irrigation system.

The pump stations Samatay, Segaaya, No 5 and No 6 discharge directly,
or via a side branche, into the Gharbia Drain. Directly after PS No 6 the
Hanut PS lifts water from the Gharbia Drain into the Tira Irrigation
System. Further downstream a side branch conveys the input of the pump
stations No 3 and Ne 4 into the Gharbia Drain. The last drainage pump
station is Hafir Shehab El1 Din, whereafter the drain continues to the
Mediterranean Sea.
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Fig. 7. Scheme of the Gharbla Drain System

Both official and non-official reuse intakes are found along the main
part of the Drain.
The check points for measurements are:
Bridge Neo 6
Bridge No 7 after the Inflow of the discharge from P5 No 3 and No 4
Gharbia Outfall

T

4.1.3. Nashart Drain System

Nashart Drain can be considered to begin at the delivery side of
Upper PS No 8. On its way to Lake Burullus it collects the water from
Mandura PS (drain No 2) and Zeini PS. It flows into the Lake by gravity
(fig. 8).

A check point is Nashart Outfall at the inflow of Drain No 9 just
before the Lake.

3
HI MN-3  Nashart Drain Outlell  \PPerP.5.no 8
e Nashart Drain MN-1
-
3 L Mandura P.S.
MN-2
Zeini PS4
2 1 0.1 22

approx. distance |km)

Fig. 8. Scheme of the Nashart Drain system

4.2. Pumping stations and open locatiococns

From 1981 till 1984 measurements for the calibrations of pumping
stations and open draln locations have been executed. 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
(BIINSDORP ET AL, 1985). These relations have been used to calculate the
discharges per decade of the pumping stations and the daily discharges of
the open locations.

During 1984 and 1985 water 1level recorders and electrical
conductivity (EC) recorders have been installed at the open locations. At
most of the pumping stations time counters for every pump unit have been
installed. The pumping station engineers received an EC meter to measure
the EC value of the pumped drainage water twice a day. During 3 - weekly



routine trips the DRI engineers checked the recorders and changed the
recorder sheets at the open locations and collected and checked the noted
data at the pumping stations.

D harge and salinities in the
M le

The recorded and measured data from the open location and the pumping
stations have been elaborated to daily EC values, water levels, operation
hours and discharges. Using a TDS/EC ratio the salinity in g/m3 has been
calculated for each location separately. The daily wvalues have been
totalised to decade, monthly and yearly total discharges, salt loads,
average water levels (or heads) and salinities. These hydrological wvalues

are presented for all locations of the Middle Delta separately in chapter
7.

Table 6. Summary of discharges, drainage rates, salinities and salt loads
of the Middle Delta in 1986

CATCHM.AREA = CATCHNENT AREA upstreams of the pump station or location in thousznd fedden (1073fd}

¢ MED = DISCHARGE OF THE PUMP STATION CALCULATED B THE MECH.& ELECTRICAL DER. yearly total in miliion m3(10"6md)

Q DRI = DRAINAGE WATER DiSCHARGE CALCULATED BY DRl yearly fotal in million w3 (10"6m3)

GD/QH = RATIO between @ DRI snd Q MED {ratic)

DR.RT = DRAIRAGE RATE in millimeters per dzy (mm/day}, inclurive sewage water

EC = ELECTRICAL CONDUCTIVITY of the drainage water in millimhos per ¢m or milliSiemens per cm {mS/cw}

DS = TOTAL DISSOLVED SALTS yearly average in grams SALT per o) (g/m3)

TDS/EC = RELATION between TDS and EC (ratic} average 1981 - 1936

SALTLD = SALT LOAD yearly total in thousand tons SALT (10"3tn)

DISCH = Q DRI
CODE PUMPSTATIONS & CATCHM, DISCHARGES SALINITIES RELEASE TC REUSE OF CODE

OPEN LOCATIORS AREA SEA or LAKE DRAINAGE WIR

0 MED Q DR1 QD/QM DR.RT EC TDS TDS/EC SALTLD | DISCH SALTLD } DISCH SALTLD
1073fd [10"6m3 10%6ém3 ratio mo/day| mS/em  g/m3 ratio 10*Jen(10%6m3 10%3ctn 1076m3 10™3tn

H10) UPPER ¢S NO | REUSE 50 8l 9% 1.19 1.3 1.26 860 680 681 96 82 M101
Mioz BRIDGE DRAIR NO | CHECK 91 1.25 861 619 95 Mio2
®1e3 LOWER PS5 NG 1 105 854 B854 1.00 5.3 Z.5% 1639 639 1400 854 1400 M103
M104 PS NO 2 6] L1} 165 0.96 3.8 2.86) 1671 641 610 365 610 H104
KGGl  EAST MENUFEYA P5 REUSE 139 L 3] 8%  0.%4 0.3] 1l.09 Tob 703 68 &9 63 | MGO)
MmGoz SEGAAYA PS5 5 203 213 1-05 1.% 1.29 887 686 189 213 189 MGCZ
MGO1  MANALLET RUR PS REUSE 70 72 70 0.97 0.7 0.84 589 704 41 L] 4t ¥Co3
HGOL SEMATAY FS 55 333 7 0.95 3.2 1.21 945 670 230 317 230 HCO4
KGOS PSS NO 5 83 205 195  0.95 1.5] 1.5 10§} 658 198 195 198 MGGS
MG15  EZBET EL NIL CHECK 1.48 994 673
HGOH GHARBIA BRIDCE NO 6 CHECK 1153 1.59 1072 671 1235 nGob
HGO7 PS NO & 4] 134 146 1.09 2.2 3.61 2789 634 134 146 33 HGGT
KGOS  HAMUL 2§ REUSE 287 243 Q.85 1.55 1018 658 248 =243 =248 243 248 | HGES
MCey PS5 NO 4 bk s2 30 0.9l 2.9 1.49 966 647 3l 330 319 MGOY
MG10 PS5 NO 3 56 289 293 1.01 3.4 2.40 15i3 630 443 293 443 Ml
MG11 GHARRIA ERIDGE NO 7 CHECK 993 1.77 1148 648 1140 KG11
MG12 HAFIR SHEHAE EL DIN PS 63 378 418 1.11 4.2 9.28 5830 628 2437 418 2437 MC12
MGl3  GHARBIA OUTFALL CHECK HG13
HIOL TIRA PS 72 kL H “«06 1.02 3.7 r.27 4548 626 1845 406 1845 HTO)
H701 PS NO 7 86 69 344 i.11 2.6 4.17 2635 632 906 344 906 Mi0l
HB01 LOWER PS5 NG B 68 g 245 a.70 2.4 &, B8 3064 630 152 245 752 MBC1
HNOL UFPER P5 NO 8 154 284 283 i.00¢ 1.2 1.64 1096 069 alo 283 310 HNO1
HNO2 HAKDURA PS &8 19% 183 .92 1.8 2.68 1708 618 Jlz 183 3z MNOZ
MNO3  NASHART GUTFALL CHECX 1.8 1286 662 | MNOD
MNO4 2EINL PS 22 163 126 0.58 3.2 4.31 2729 631 345 126 345 HRO4
M1ll F5 KO 11 75 543 310 0.% b4 1.67 1102 660 562 510 S&2 H11l
MBo1 BURVLLUS PS 12 63 63 1.00 3.2 13.70 4687 636 547 63 547 HMBOL
Mxol TILLA OUTFALL REUSE 140 134 0.6 1.08 764 707 102 134 lo2 Mol
M501 SABAL OUTFALL REUSE 137 89 0.4 1.19 BG5S 129 Ex 8% 17 M50l
NZO1 ZAGLOUL Ps 18 2 216 0.9%3 7.8 3.76 2360 628 509 216 509 HZO1

TOTAL RELEASE TO THE SEA or COASTAL LAKE 2280 5264 12000

TOTAL REUSE OF DRAINACE WATER . 857 721 518

'} for comments see chapter 4
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The water samples, taken during the field trips, have been a&analysed
by the DRI laboratory. These chemical analyses are presented in part B of
this report on a monthly basis. The basic sample analyses are available at
the DRI laboratory.

A summary of the hydrological results, based on the yearly total
discharges, average welghted salinities and the salt load is presented in
Table 6.

The final calculation of this summary gives:

- the total quantity of drainage water released to the coastal Lake
Burullus or the Sea was 5,264 million m3, with a salt lead of 12,000
thousand tomnes, resulting in an average salinity of 2280 g/m3

- the total quantity of drainage water officially reused in the irrigation
system was 721 million m3 with a salt load of 618 thousand tonnes,
resulting in an average salinity of 857 g/m3

Some comments on this summary are the following:

- a small quantity of drainage water from East Menufeya (MGOl) catchment
is flowing freely into the catchment of the Segaaya PS (MGO02)

- the Hamul Reuse PS (MGO8) is not pumping the drainage water from the
Gharbia Drain during the closure period. During this period the salinity
of the Gharbia Drain is above average.

The average salinity of the dralnage water of each catchment has been
classified and presented in Fig. 9.

The salinities of the drainage water in the high elevated catchments
in the southern part and most of the catchments adjacent to the Nile
Branches are low compared with the other catchments.

5. THE WESTERN DELTA

51. Main drainage catchments systens

The main drain systems are the Edko Drain system, covering the mnorth-
eastern part of the Western Delta and the Umum Drain system which 1is
situated between the Edko Drain System and the Nubarya Canal near the
Western Desert. The Barsiq PS pumps its drainage water into Lake Edko.
Lake Edko is in open connection with the Mediterranean Sea (Fig. 10).

Tabia PS pumps its drainage water, that 1is very polluted by
industrial and household sewage water, directly into the Mediterranean
sea, The drainage water from the small catchment Rashid (in the north) is
pumped intc the Rosetta Branch of the Nile. The Shubraris Area along the
Nile {s drained by gravity into the Rosetta Branch.

During 1985 drainage excess from the newly reclaimed Nubarya Area was
discharged into Lake Mariut as well. In 1986 the Nubarya Drain continues
directly to the Mediterrean Sea. Close to the shiplocks in the Nubarya
Canal at Amarya City is a diversion structure that will divert high
drainage water discharges from the Nubarya Drain into Lake Marfut.

3.1.1. Edko Drain System

In the Edko Drain System four reuse pumping stations Etay El1 Barud,
Dilingat, Khandak El Gharby and Edko Irrigation pump their drainage water
into the irrigation system (Fig. 11.). The drainage water from the first
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Fig. 9. Average salinity, of the drainage water in the Middle Delta in
g/m3 salts during 1986
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Fig. 11. Scheme of the Edko Drain system

three pumping stations is almost completely reused. The Edko Irrigation PS
pumps only part of the drainage water, from the mixture of Shubrakhit and
Zarqun pumping stations, into the Mahmoudya Canal. The surplus of the
drainage water of both pumping stations flows together with the drainage
water of El Khalry PS5 towards Lake Edko.

The pumping stations Halq El1 Gamal, Edko Drainage and Bosseily pump
their drainage water into the Edko Drain which flows freely into Lake Edko
and into the Mediterranean Sea thereafter, Reuse of drainage water for

irrigation purposes takes place officially as well as non-officially along
main parts of the Drain.
Check points along the Edke Drain are:
- Halqg El Gamal Bridge just after the PS Halq El Gamal
- Edko Bridge (first abandoned, rehabilitated in 1986) in the 1last reach
of Edko drain
- Edko Outfall (abandoned), just before the Lake.

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 into the Nubarya Canal after the drainage water inputs
of Shereishra PS and Truga PS. More downstream the pumping stations
Dishudi, Hares and Abies discharge into the Umum Drain. The Umum Drain
itself flows freely into Lake Marjut.

Also flowing into Lake Mariut is the drainage water of Qalaa PS which
is very polluted by industrial and sewage water of Alexandria and surplus
water from the shiplock at the end of the Nubarya Canal. Because the level
of Lake Mariut is about 2 m below Mean Sea Level the drainage water from
Lake Mariut is pumped by El Max P5 into the Mediterranean Sea.

Reuse of drainage water takes place along the whole Umum Drain. The
plans of the Ministry of Irrigation include the use of one billion m3 of
Unum Drain water by mixing it with the water of Nubarya Canal at km 46.

Three check points are defined:

- Shereishra Bridge giving the salinity of drainage water from the Abu
Hommes Area

- Shereishra Market Bridge, measuring the discharge of the Abu Hommes area
and Sherishra PS

- Dishudi Bridge, just hefore the input of Hares and Dushudi PS







