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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 1987 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 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, 1988) 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 1987 was 16,071 million m3. During 1987, a quantity of at 
least 2,836 million m3, with an average salinity of 933 g/m3, has been 
reused officially. A total of 13,235 million m3 with an average salinity 
of 2415 g/m3 has been discharged to the Mediterranean Sea or to the 
coastal lakes, which are in open connection with the sea. 

Theoretically about 2.8 billion m3 of drainage water in the salinity 
class to 1000 g/m3 and about 2.7 billion m3 in the salinity class of 1000 
- 1500 g/m3 is available for reuse in the irrigation system. 

The Bahr Baqar Drain discharged about 1 billion m3 of drainage water 
with a salinity of about 1400 g/m3 to Lake Manzala. This water is very 
polluted by industrial and urban sewage water and it is considered to be 
unsuitable for reuse. The measured discharge at Bahr Hadus Bridge was 1.2 
billion m3 with a salinity of about 1500 g/m3. Lower Serua PS had a 
discharge of 604 million m3 with a salinity of 924 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 1987 are more reliable than the reported results in the previous 
yearbooks (MAASKANT et al, 1985, 1986, 1987, 1988). The application of a 
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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 easier 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 ratio established per location, 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). 
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1. INTRODUCTION 

1 . 1 . G e n e r a l 

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 using 
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 1987 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), is calculated with the recorded and measured electrical 
conductivity (EC) and the ratio 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. D i s c h a r g e s a t p u m p i n g s t a t i o n s 

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 available. In this report the 
monthly and yearly discharges are presented (QDRI). 
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The Mechanical and Electrical Department collects 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 62 pumping stations mentioned, the 
ratio ranged from 0.43 to 1.35. In chapters 6, 7 and 8 the figures 
concerning QMED, operation hours, head, QDRI and the used discharge 
relations are presented in tables for each pumping station separately. 

1.3. D i s c h a r g e a t o p e n l o c a t i o n s 

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 locations affected by "backwater" from the sea, lakes or 
downstream pumping stations velocity - 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 
daily discharge variations. 

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. 

1.4. E l e c t r i c a l c o n d u c t i v i t y a n d s a l i n i t y 

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. Daily EC values have been established 
from these recordings and EC values 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 ratio 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. D a t a e l a b o r a t i o n a n d p r e s e n t a t i o n 

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 locations, 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. 
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2. THE NILE DELTA 

2.1. D r a i n a g e w a t e r t o t h e M e d i t e r r a n e a n 
S e a 

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 noticed 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 connection with the Sea 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 1987, it has been decided to define the 
quantities of drainage water by the quantities of the original sources 
available (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 discharge for each Delta region has been grouped 
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 

Gharbia Drain are presented in these figures 
- the total discharge of Max PS 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 1987 per Delta 
region 

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

Eastern Delta 3,779 1560 5,890 
Middle Delta 5,080 2280 11,560 
Western Delta 4,376 3320 14,510 

Total Delta 13,235 2415 31,960 



Table 2. Available drainage water in the Nile Delta 
different salinity classes. 
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during 1987, within 

Salinity 
class 

under 1000 
1000- 1500 
1500- 2000 
2000- 3000 
over 3000 

Total 

Eastern 
Delta 
million 

1,468 
1,483 

354 

474 

3,779 

m3/y 

Middle 
Delta 
million 

938 
483 

2,095 
705 
859 

5,080 

m3/y 

Western 
Delta 
million 

434 
746 
692 
444 

2,060 

4,377 

m3/y 

Total 
Delta 
million m3/y 

2,840 
2,712 
3,141 
1,149 
3,393 

13,235 

Compared with the yearly discharges to the coastal lakes and Sea 
during 1986 (MAASKANT ET AL, 1987) there is a decrease of only 2 % from 
13,516 million m3 to 13,235 million m3. The total salt load increased by 
4 %, from 30,614 thousand tonnes to 31,961 thousand tonnes. This increase 
in saltload is mostly affected by the increase in salinity in the Western 
Delta. 

2.2. R e u s 
D e 1 t 

o f d r a i n a g e w a t e r i n t h e N i l e 

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 minimum 
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 also for fish farms downstream 
the Bahr Hadus Bridge and Barsiq PS. Also 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 coastal lakes. 

Table 3. Reuse of drainage water in the Nile Delta during 1987. Discharge, 
salinity and salt load per Delta region. 

Delta region Discharge 
million m3/y 

Salinity 
g/m3 

Salt load 
thousand tonnes 

Eastern Delta 
Middle Delta 
Western Delta 

1,352 
719 
765 

Total Delta 2,836 

930 
890 
990 

933 

1,252 
637 
759 

2,648 



Table 4. Reuse of drainage water in the Nile Delta during 1987, within 
different salinity classes. 

Salinity 
class 

500- 750 
750- 1000 

1000- 1500 
1500- 2500 
2000- 3000 

Total 

Eastern 
Delta 
million 

358 
580 
262 
152 

-

1,352 

m3/y 

Middle 
Delta 
million 

59 
389 
271 

-

-

719 

m3/y 

Western 
Delta 
million 

616 
37 

-
-

112 

765 

m3/y 

Total 
Delta 
million m3/y 

1033 
1,006 

533 
152 
112 

2,836 

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 15 % 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 drainage water from the Nile Delta during 1987 
was 16,071 million m3 of which 2,836 million m3 has been reused 
officially. Compared with the calculated yearly reuse 
1986 (MAASKANT ET AL, 1987) the total quantity of reuse 
noticeable (1986: 2,922 million m3 and 1987: 2,836 
salinity of the reused drainage water increased about 4 % from 893 g/m3 in 
1986 to 933 g/m3 in 1987. 

quantities during 
has not changed 

million m3). The 

3. THE EASTERN DELTA 

3.1. M a i n d r a i n a g e c a t c h m e n t s y s t e m s 

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 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 into the Damietta Branch of the Nile (reuse). 

3.1.1. Bahr Baqar Drain System 

Bahr Baqar originates at the confluence of two drains: Bilbeis Drain 
and Qalyubeya Drain (fig. 2). Bilbeis Drain stems from pump lifted 
drainage water of urban areas (industrial and household 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 
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Syphon 
Boundary catchment area 

- -*- Irrigation Canal 
- Drainage Canal 

• Pumpstation 
o Reuse-Pumpstation 
A Open Drain Location 

Illlllll Area of which drainage 
water is partly reused 
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Open Drain Locations 

EH-1 Bridge Saft (abandoned) 
EH-4 Nizam Bridge 
EH-11 B. Hadus Bridge 
EH-13 B. Hadus Outfall 
EH-14 Kemeeza Bridge 
EH-15 Iddowwar Bridge 
EB-1 Bilbeis Bridge 
EB-2 Bridge Qalyubeya (abandoned) 
EB-4 Wadi Railway Bridge 
EB-5 Saada Bridge 
EB-7 Saud Bridge 
EB-8 B. Baqar Bridge 
EB-11 B.Baqar Outfall 

Pumpstations 

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 

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 

F ig . 1 . Survey of catchments and d ra inage systems i n t he Ea s t e rn De l ta 
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i\\ EB-11 . Reuse and 
EB-10 

kEB8 "1 EB-5 Bahr Baqar 

, EB-1 

Qalyubeya Drain 
Gravity Drainage EB-7 Gravity Drainage on Bahr Baqar EB-4 

)EB-3 

approx. distance (km) 

Fig. 2. Scheme of the Bahr Baqar Drain system 

equal quantities of drainage water annually, but the main quantity of the 
Qalyubeya Drain discharge is pumped into Wadi Irrigation Canal at Wadi PS. 
The remaining water flows together with Bilbeis Drain to continue 
thereafter as Bahr Baqar Drain. At first Bahr Baqar Drain is fed by 
gravity, further downstream the pumping stations Saada and Bahr Baqar 
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 Baqar 
- Saada Bridge 
- Saud Bridge 
- Bahr Baqar 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 El Qibly Drain, 
that is completely 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 
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 into 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 its way to 
Bahr Hadus. For this reason the Geneena PS is de facto a reuse pumping 
station. 
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A Open Drain Reuse Location 

•pprox distance (km) 

Fig. 3. Scheme of the Bahr Hadus Drain system 

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 coming 
from Saft PS into Bahr Hadus. Saft PS delivers part of its discharge to 
the irrigation system in the Main Qassabi 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 El 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 

3.2. P u m p i n g s t a t i o n s a n d o p e n l o c a t i o n s 

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. 

During 1984 and 1985 water level recorders and electrical 
conductivity (EC) recorders have been installed at the open locations. At 



-12-

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. 

3.3. D i s c h a r g e s a n d s a l i n i t i e s i n t h e 
E a s t e r n D e l t a 

The recorded and measured data from the open locations 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 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 load is presented in 
Table 5. The final calculation of this summary gives : 
- the total quantity of drainage water released to the coastal Lake 

Manzala was 3,779 million m3 with a salt load of 5,892 thousand tonnes, 
resulting in an average salinity of 1559 g/m3 

- the total quantity of drainage water officially reused in the irrigation 
system was 1,352 million m3 with a salt load of 1,252 thousand tonnes, 
resulting results in an average salinity of 926 g/m3 

Some comments on this summary are the following: 
- almost all drainage water from Qalyubeya Drain is pumped by Wadi Reuse 

PS (EB03) into El Wadi Canal 
- almost all drainage water passing Saft El Qibly Bridge (EH01) is pumped 

by the Reuse PS Hanut (EH02) 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 
- El Arin catchment (EH16) is part of the Saft catchment. Only water 

samples are taken at this location 
- Saft PS (EH12) gives the discharge and the salinity of its 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) is obtained from a less 
reliable rating curve 

- the discharge at Bahr Hadus Bridge (EH11) is obtained from a sensitive 
rating curve 
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Table 5. Summary of discharges, drainage rates, salinities and salt 
of the Eastern Delta in 1987. 

loads 

CATCHM.AREA - CATCHMENT AREA upstreams of the pump station or location In thousand feddan (10A3fd) 

Q MED - DISCBARGE OF THE PUMP STATION CALCULATED BY THE HECH.& ELECTRICAL DEP. yearly total In allllon m3(10*6m3) 

Q DRI - DRAINAGE WATER DISCHARGE CALCULATED BY DRI yearly total In allllon »3 (10"6n3) 

QD/QM - 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 allllmhos per cm or mllllSlemens per cm (mS/cm) 

TDS - TOTAL DISSOLVED SALTS yearly average In grams SALT per m3 <g/m3) 

TDS/EC - RELATION between TDS and EC (ratio) average 1981 - 1986 

SALTLD - SALT LOAD yearly total In thousand tons SALT (10*3tn) 

DISCH - Q DRI 

PUMPSTATIONS & 

OPEN LOCATIONS 

CATCHM. 

AREA 

DISCHARGES SALINITIES 

Q MED Q DRI QD/QM DR.RT EC 

10*3fd 10"6m3 10"6m3 ratio mm/day mS/cm 

RELEASE TO REUSE 07 

SEA or LAKE DRAINAGE WTK 

TDS TDS/EC SALTLD DISCH SALTLD DISCH SALTLD 

g/m3 ratio 10"3tn 10"6m3 10"3tn 10"6m3 10"3tn 

EB01 

EB13 

EB02 

EB03 
EB04 

EB05 
EB06 

EB07 

EB08 

EB09 

EB10 

EB11 

EH 14 

EH01 

EH02 

EH03 

EH04 

EH05 

EH15 

EH06 

EH07 

EH08 

EH09 

EH10 

EH11 

EH16 

EH12 

EH13 

EH17 

EMOI 

ES01 

ES02 

EF01 

BILBEIS BRIDGE 

BLAD EL AYED PS 

QALUBEYA BRIDGE 

WADI PS 

WADI RAILWAY BRIDGE 

SAADA BRIDGE 

SAADA PS 

SAUD BRIDGE 

BAHR BAQAR BRIDGE 

BAHR BAQAR IRR. PS 

BAHR BAQAR DRAIN PS 

BAHR BAQAR OUTFALL 

CEMEEZA BRIDGE 

SAFT EL Q1BLY BRIDGE 

HANUT PS 

SADAQA PS 

NIZAM BRIDGE 

NIZAM PS 

IDDOWWAR BRIDGE 

BENI ABEID PS 

ADD. QASSABY PS 

MAIN QASSABY PS 

GENEENA PS 

ERAD PS 

BAHR HADUS BRIDGE 

EL ARIN BRIDGE 

SAFT PS 301! 

BAHR HADUS OUTFALL 

NEW HADUS OUTFALL 

MATARYA PS 

UPPER SERW PS 

LOWER SERW PS 

FARASQUR PS 

TOTAL RELEASE TO THE 

REUSE 

REUSE 

CHECK 

REUSE 

CHECK 

CHECK 

REUSE 

CHECK 

REUSE 

CHECK 

REUSE 

CHECK 

CHECK 

REUSE 

61 

304 

395 
17 

81 

210 

43 
95 
45 

53 
60 
28 
38 
57 

60 
175 

50 
50 
66 
20 

SEA or COASTAL 

TOTAL REUSE OF DRAINAGE WATER 

130 

299 

39 

86 
176 

328 
111 

146 

326 
391 
207 
246 
552 

569 

277 
179 
579 
303 

LAKE 

388 
116 

272 
590 
858 

30 
950 
901 

37 
175 

263 

271 
109 
199 
146 
613 
326 
311 
256 
262 
540 

1194 

506 

299 
242 
604 
289 

0.89 

0.91 

0.77 

0.43 

0.99 

0.83 

0.98 

1.00 

1.00 

0.80 

1.24 

1.07 

0.98 

0.89 

1.08 

1.35 

1.04 

0.95 

4.1 

0.6 

1.4 
1.2 

1.4 

1.7 
1.4 
2.1 

4.0 
3.4 
6.0 
4.5 
6.2 

1.9 

3.9 
3.2 
6.0 
9.4 

1.30 

0.75 

1.17 

1.16 

1.08 

0.92 

1.18 

1.26 

1.14 

6.28 

1.17 

1.21 

1.81 

1.37 

1.27 

1.5 
2.21 

2.37 

4.36 

1.53 

2.87 

2.30 

3.13 

2.68 

5.74 

0.89 

1.42 

1.84 

930 
527 

824 
831 
771 
639 
831 
882 
793 

3942 

789 

828 
1159 

929 
845 
965 

1429 

1519 

2735 

1011 

1818 

1475 

1985 

1779 

3589 

608 
924 

1178 

1559 

926 

716 
705 

703 
718 
715 
692 
704 
702 
694 
628 

675 

685 
640 
676 
667 
643 
646 
640 
627 
663 
634 
641 

635 

655 

625 
687 
649 
640 

360 
61 

224 
490 
661 

19 
790 
794 

29 
690 

207 

225 
126 
185 
124 
591 
465 
473 
700 
265 
982 

1762 

1004 

1073 

147 
559 
340 

901 
-37 
175 

1194 

354 

299 

604 
289 

3779 

794 
-29 
690 

1762 

703 

1073 

559 
340 

5892 

116 

272 

37 

271 

262 

152 

242 

1352 

61 

224 

29 

225 

265 

301 

147 

1252 

EB01 

EB13 

EB02 

EB03 
EB04 

EB05 
EB06 

EB07 

EB08 

EB09 

EB10 

EB11 

EH14 

EH01 

EH02 

EH03 
EH04 

EH05 

EH15 
EH06 

EH07 

EH08 

EH09 

EH 10 

EH11 

EH16 

EH12 

EH13 

EH17 

EM01 

ES01 

ES02 

EF01 

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 regions 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. 4. Average salinity of drainage water in the Eastern Delta in g/m3 
salt during 1987. 
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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. M a i n d r a i n a g e c a t c h m e n t s s y s t e m s 

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 PS, PS 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 drain 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 1 and No 2 is conveyed in one 
channel to the Mediterranean Sea. 

There are no separate check points in this system. 

to Damietta Branch 

Upper P 

Lower P.S. no 1 

M M 1 
• S - n o l r t „ 

M 1 2 J 
M1-3 

M1-4_p,s, no 2 

Bridge Drain no 1 

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 No 4 into the Gharbia Drain. The last drainage pump 
station is Hafir Shehab El Din, whereafter the drain continues to the 
Mediterranean Sea. 
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Fig. 7. Scheme of the Gharbia 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 No 6 
- Bridge No 7 after the inflow of the discharge from PS No 3 and No 4 
- Gharbia Outfall 

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 9) 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. 

{. 
Zeini P.S. 2 

M N 3
A Nashart Drain Outfall uWe'm 

>MN-4 

L ' - i 

Nashart Drain 

^Mandura P.S. 

MN-2 

22 

P.S. no 8 

MIM-1 

approx. distance (km) 

Fig. 8. Scheme of the Nashart Drain system 

4.2. P u m p i n g s t a t i o n s a n d o p e n l o c a t i o n s 

From 1981 till 1984 measurements for the calibrations 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 the 
pumping stations and the discharge relations of the open locations 
(BIJNSDORP 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 level 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 
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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. 

4.3. D i s c h a r g e a n d 
M i d d l e D e l t a 

s a l i n i t i e s i n t h e 

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 values have been 
totalised to decade, monthly and yearly total discharges, salt loads, 
average water levels (or heads) and salinities. These hydrological values 
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 1987. 

CATCKM.AISA - CATCHMENT «IIA upatreaaa of th« puap station or location In thousand feddan (10"3fd) 
Q KED - DISCHARGE OF THE PUMP STATION CALCULATED BY THE KECH.& ELECTRICAL DEP. yearly total In Billion «3(10"6«3) 
Q DRI • DRAINAGE WATER DISCHARGE CALCULATED BY DRI yearly total In Billion »3 (10*6«3) 
QD/QH - RATIO betveen Q DRI and Q MED (ratio) 
DR.RT - DRAINAGE RATE in Blllimeters per day (am/day), lnclualve aevage vater 
EC • ELECTRICAL CONDUCTIVITY of the drainage water In •llliahos per CB or BllllSleBena per CB (BS/CB) 
TDS - TOTAL DISSOLVED SALTS yearly average In graaa SALT per a3 (g/aJ) 
TDS/EC - RELATION between TDS and EC (ratio) average 1981 - 1986 
SALTLD - SALT LOAD yearly total In thousand tons SALT (10~3tn) 
DISCH - Q DRI 

M101 
M102 
M103 
M104 

MG01 
MG02 
HG03 
HG04 
MGOS 
MG15 
MG06 
MG07 
NGOS 
MG09 
MG10 
MG11 
MG12 
MG14 

MT01 
M701 
M801 

MN01 
MN02 
MN03 
MN04 

Mill 
MB01 
MK01 
MS01 
MZ01 

PUMPSTATIONS & 
OPEN LOCATIONS 

UPPER PS NO 1 
BRIDGE DRAIN NO 1 
LOWER PS NO 1 
PS NO 2 

CATCHM. 
AREA 

REUSE 
CHECK 

CHECK 

REUSE 

CHECK 

EAST HENUFEYA PS REUSE 
SEGAAYA PS 
MAHALLET RUH PS REUSE 
SEMATAY PS 
PS NO 5 
EZBET EL NIL 
GHARBIA BRIDCE NO i 
PS NO 6 
HAMUL PS 
PS NO 4 
PS NO 3 
CHARBIA BRIDGE NO 
HAFIR SHEHAB EL DIN PS 
NEW GHARBIA OUTFALL CHECK 

TIRA PS 
PS NO 7 
LOWER PS NO 8 

UPPER PS NO 8 
MANDURA PS 
NASHART OUTFALL 
ZEINI PS 

PS NO 11 
BURULLUS PS 
TILLA OUTFALL 
SABAL OUTFALL 
ZAGLOUL PS 

REUSE 
REUSE 

DISCHARGES SALINITIES RELEASE TO REUSE OF 
SEA or LAKE DRAINAGE WTR 

Q KED Q DRI QD/QM DR.RT EC TDS TDS/EC SALTLD DISCH SALTLD DISCH SALTLD 

10"3fd 10*6B3 10"6B3 ratio am/day BS/C« g/»3 ratio 10"3tn 10*6B3 10"3tn 10*6B3 10~3tn 

50 62 73 1.18 1.0 1.27 8*3 681 63 73 63 
1.44 994 691 

105 1106 830 0.75 5.2 2.76 1769 640 1469 830 1469 
63 424 412 0.97 4.3 2.59 1657 641 683 412 683 

139 
75 
70 
55 
83 

43 

65 

72 
86 
68 

154 
68 

75 
13 

140 
137 

18 

93 
90 
62 

300 
180 

137 
346 

73 350 
56 284 

367 

518 
65 

205 

TOTAL RELEASE TO THE SEA or COASTAL LAKE 

TOTAL REUSE OF DRAINAGE WATER 

87 
95 
59 

324 
184 

153 
271 
335 
302 

"800 

390 398 
275 319 
344 223 

268 274 
209 194 

-480 
163 

480 
65 

126 
103 
204 

0.94 
1.06 
0.95 
1.08 
1.02 

1.12 
0.78 
0.96 
1.06 

1.02 
1.16 
0.65 

1.02 
0.93 

0.93 
1.00 

0.4 
0.8 
0.5 
3.8 
1.4 

3.0 
3.5 

1.14 
1.19 
0.89 
1.37 
1.43 

3.6 

2.4 
2.1 

1.2 
1.9 

0.0 

4.2 
3.3 
0.6 
0.5 
7.4 

6.76 
4.12 
4.29 

1.72 
2.84 
-2.1 
4.55 

1.69 
16.49 

1.10 
1.16 
2.57 

777 
815 
625 
920 
938 

-1.60 -1060 

2.93 
1.59 
1.53 
2.46 
1.95 

1857 
1048 
990 

1549 
1262 

4.0 8.09 5083 

4908 
2601 
2704 

1151 
1809 

-1400 
2830 

1114 
10456 

778 
847 

1616 

2276 

886 

682 
686 
704 
670 
658 
673 

634 
658 
647 
630 
648 

68 
78 
37 

298 
172 

"865 

284 
284 
332 
467 
977 

"5.60 "3780 654 "2820 

726 
632 
630 

669 
638 
663 
622 

660 
634 
707 
729 
628 

315 
351 

-670 
453 

535 
680 

98 
87 

329 

324 
184 

153 
-271 

335 
302 

274 
194 

480 
65 

204 

298 
172 

284 
-284 
332 
467 

396 2011 

1952 398 1952 
831 319 831 
604 223 604 

315 
351 

535 
680 

5080 11560 

59 

271 

37 

126 
103 

719 

98 
87 

637 

MlOl 
M102 
M103 
M104 

MG01 
MC02 
MC03 
MG04 
MG05 
MG15 
MG06 
MG07 
MC08 
MG09 
MG10 
MG11 
HC 12 
MG14 

MTOl 
M701 
M801 

MN01 
MN02 
MN03 
MN04 

Mill 
MB01 
MK01 
MS01 
MZ01 
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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 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 weighted 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 5,080 million m3, with a salt load of 11,560 
thousand tonnes, resulting in an average salinity of 2276 g/m3 

- the total quantity of drainage water officially reused in the irrigation 
system was 719 million m3 with a salt load of 637 thousand tonnes, 
resulting in an average salinity of 886 g/m3 

Some comments on this summary are the following: 
- a small quantity of drainage water from East Menufeya (MG01) catchment 

is flowing freely into the catchment of the Segaaya PS (MG02) 
- the Hamul Reuse PS (MG08) 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 drainage 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 

5.1. M a i n d r a i n a g e c a t c h m e n t s s y s t e m s 

The main drain systems are the Edko Drain system, covering the north
eastern part of the Western Delta and the Umum Drain system which is 
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 is 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 into the Rosetta Branch of the Nile. The Shubraris Area along the 
Nile is drained by gravity into the Rosetta Branch. 

During 1985 drainage excess from the newly reclaimed Nubarya Area was 
discharged into Lake Mariut as well. Since 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 Mariut. 

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 pump their drainage water 
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g/m3 salts during 1987 
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Fig. 10. Survey of catchments and drainage systems in the Western Delta 
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Fig. 11. Scheme of the Edko Drain system 

into the irrigation system (Fig. 11.). The drainage water from the first 
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 Khairy PS 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 
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 Edko Drain are: 
- Halq El Gamal Bridge just after the PS Halq El Gamal 
- Edko Bridge (first abandoned, rehabilitated in 1986) in the last reach 

of Edko drain 

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 Mariut. 

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 PS 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 
Umum 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 before the input of Hares and Dushudi PS 



WU8 

•23-

El Qalaa P.S. 

Abies P.S. 

WU-7 

M Hares P.S. I 
lWU-6 

WU-5 
Dishudi P.S. Umum Drain 

Dishudi Bridge 
WU-4 

Shiplocks 

Nubarya Drain 

280.000 Fed 

10 I 5 

wu-10 

• Truga P.S 
T WU-9 

Mariut P.S. 

Abu Hommes Area 
W I M 
Shereshera Bridge 

I 
Shereshera P.S. 
WU-2 

approx. distance (km) 

Fig. 12. Scheme of the Umum Drain system 

5.2. P p i n g s t a t i o n s a n d e n l o c a t i o n s 

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 the 
pumping stations and the discharge relations of the open locations 
(MAASKANT 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 level 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 recorder and changed the 
recorder sheets at the open locations and collected and checked the noted 
data at the pumping stations. 

5.3. D i s c h a r g e s a n d 
W e s t e r n D e l t a 

s a l i n i t i e s i n t h e 

The recorded and measured data from the open locations 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 values have 
been totalised 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 Western Delta separately in chapter 8. 

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

A summary of the hydrologial results, based on the yearly total 
discharges, average weighted salinities and salt load is presented in 
Table 7. 


