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tentative conclusions.
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SUMMARY

In this report the results of the
calibration measurements of pumpstations
and open drains in the Western Delta
are presented,

Eighteen pumpstations with a total
of 81 pumpunits have been calibrated
under normal working conditions. A total ol 247
calibration measurements have been done. For
each pumpstation a discharge - head relation
{rating curve} has becn determined

For the average 1ifting head during
operation, in the periocd 1980 - 1983, the
ratio between the calibration capacity and
the calculation capacity used by the
Electrical and Mechanical Department of
the Ministry of Irrigation has been deter~
mined.

In table 1 the results of the calibra-
tion measurements of the pumpstations
belonging to the measurement network of
the Reuse of Drainage Water Project in the
Western Delta are presented. In chapter 2
the separated reaulta of each calibration
are shown in tables and graphs.

In four open drain locations, including
the socalled ocutfalls , discharge measure-
ments have been performed up to a total
of 49 reliable measurements. Only one
discharge - head relation has been found.
One location has been cancelled. For two
locations a velocity - discharge relation
has been found.

In c¢hapter 3 the stage - discharge and
velocity - discharge relations established
are presented including a short comment.

CONCLUSIONS PUMPSTATION CALIBRATIONS

® All 18 pumpstations in the Western
Delta can be considered calibrated
satisfactorily. Two pumpstations
Qalaa P.5. and Tabia P.S. have not
been calibrated because these pump-
statieons pump very polluted drainwater
from industrial areas of Alexandria.

* The rating curves of the following
pumpstations should be used with care

due to extrapolation in the complete

operation range of 1ifting heads:

- Edko Drainage P.3.
- Bosseily P.S.

- Shereshera P.S.
Dishudi P.S.
Hares P.S5,

Mariut Khalt P.3.

% The feollowing pump stations show a
remarkeably low ratio between calibrates
capacity and calculated capacity :

Halq el Gamal P.S. 0.62
Hares P.S. 0.78
Barsiq P.S. 0.55
Max Japanese P.S. 0.75
Max German P.S. 0.84

¥ For both Max pump stations the used
calculation capacity is taken from the
design curve. Possibly this curve
shows high capacities only valid for
new pumps.

¥ For the other three pump stations men-
tioned the high calculatlion capacity
is possibly equal to the capacity at the
design lifting head of the pump.

* The results of the rating curves and
the ratios are valid for the period
1983 through 1986 only ( except mentioned
exceptions ),

RECOMMENDATIONS PUMPSTATION CALIBRATIONS

* Tt is recommended that the Mechanical
and Electrical Department of the Mini-
stry of Irrigation reports to the
Drainage Research Institute any change
in pumpunit capacity due to overhaul
or renewal of the units. During field
trips the DRI engineers should be alert
on these changes because recalibration
will be required in the case.

During 1987 a new serie of calibration
measurements should be executed for
all pumpstations in the Western Delta.
Because of the importance of the Max
Japanese P.S3. and the Max German P.S.
it is recommended to callibrate both
pumpstations again during 1986.

¥ The pumpstations: Edko Drainage,

Bosseily, Shereshera, Dishudi and Hares



have to be calibrated with lifting
heads in the lower part of their opera-
tion range to get more reliable rating
curves.

A pumpunit should be ceonsidered suf-
ficiently calibrated when at least
three @ - H pairs with significantly
differing heads covering the normal
operation range have been obtained.

CONCLUSICNS OPEN DRAIN CALIBRATIONS

* The following two open drain locations

show an acceptable stage-discharge
relaticn:

- Halq El Gamal Bridge;

~ Shereshera Market Bridge.

The fellowing two open drain locations
show no stage-discharge relation:

- Shereshnera Bridge;

- Dishudi Bridge;

because the waterlevel at these loca-
tion is influenced by the discharges
of pumpstations downstream and in the
case of Dishudi Bridge also by the water-
level of lLake Mariut.

The following t¢wo open drain lccations
show an acceptable velocity~discharge
relations:

- Shereshera Market Bridge, good;

- Dishudi Bridge, acceptable.

The Shereshera Market Bridge location
has been chosen for recording purposes
instead of the Shereshera Bridge ,
because at the latter neither an aecep-
table stage~-discharge relation nor an
acéeptable velocity-discharge relation
has been found.

At the start of the project the open
location, Edko Qutfall, was also chosen
in the meésurement—network. The level
at this location is directly affected
by the waterlevel of Lake Edko,so no
stage - discharge relation can be
found. Besides this the location is qif-
ficult to reach during the wet winter
season. If good velocity recorders
become available the installation of
such a recorder near the oufall will
have to be discussed.

RECOMMENDATION OPEN DRAIN CALIBRATIONS

¥ Discharge measurements should continue
at all locations with intervals of twe
months in order to notice any changes,
especially in the control section for
the velocity measurements,
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1. INTRODUCTION

The Reuse of Drainage Water Project
aims to collect reliable data on drainage water
quantities and qualities in the Nile Delta.
A measurement network has been implemented
by the Drainage Research Institute (DRI).

The Western Delta is divided into
a number of catchments. Most of these catch-
ments drain through pumping stations on a
main drain. In the most western part the
Umum drain collects its water from several
pumping stations and Flows into the
Mariut take. The water from this Lake is
pumped by the £1 Max pumping stations to
the Mediterrancan Sea. ‘I'e drainage water from
the Tabiua catchment areu is pumped direcly to the
Mediterranean Sea. The Barsig pumping station
punps its drainage water to the Ldko Lake.

The catchments along the Edko Drain

pump their dreinage water into this Drain,
which discharges by gravity into the Edko
Lake. This Lake has an open connection
with the Mediterranean Sea.

The implemented measurement network
in the Western Delta is shown in Fig. 1 ;
this netwerk consists of 20 pumping sta-
tions and 5 open drain locations.

2. EALIBRAYION MEASUREMENTS AT PUMPING
STATIOUNS

2.1. I ntroductian

In the annual reports of the
Mechanical and Electrical Department of
the Ministry of Irrigation the monthly
discharges of the pumping stations are
presented. The calculation of these dis-
charges is in most cases based on a Fixed
capacity (referred to as 'calculation
capacity') multiplied by the total opera-
tion time. In some cases the calculation
capacity varies with the monthly average
lifting head according to a certain dis-
charge-head relation (rating curve) used
by the pump station engineer.

In order to improve the accuracy
of the discharge date, the DRI executed
calibrations of the pump units in the
pump stations. These calibrations give a
discharge-head relstion, The discharges

per decade or month can be calculated by

the DRI directly if the lifting head and
the operation time of the pump units are
available. ( Since January 1985 the pump
stations provids these data directly to
ORI in monthly reports, also containing
observed electro conductivity data ).

For an average 1lifting head also
the ratic between the calibrated capacity
and the calculation capacity can be deter-
mined. This ratio can be used to correct
the discharges presented in the annual
reports of the Mechanical and Flectrical
Department,

The calibration of the pumpunits are executed
under nommal working conditiens. This means that
no special efforts are made to remove sediments
from the approach channel or to have completely
clean thrash racks.

2,2Measurement method
pump stations

The discharge measurements have
been performed with a propellor type current
meter ( OTT C 31 ).

If the level on the suction side of
the pump stations is low enough the measure-
ments are done in the approach channel of
the pump unit , {see fig.2) . These
channels have a rectangular cross-section
and are normally about 3 m wide and 3 m
deep. The current meter is used on a rod.
Velocity measurements are taken during 30
seconds at each nodal point in & 50 em
grid. (see fig.3),
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Fig. 1 GENERAL VIEW OF NETWORK WESTERN DELTA
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Intezration of the measured velocities
aver the cross-sectional area gives the
discharge of the unit. During the measure-
ments the waterlevels at both suction and
delivery side are measured frem fixed
reference points with a known difference
in elevation, for the calculation of the
1lifting head.

Scmetimes the level at the suction side

becomes too high and the platform and foot

path become inundated. In such cases the

measurements are executed from a boat in
the cross-section of the drain at the
suction side. The current meter is sus-
pended on a cable. The nherizontal distance
in the measurement grid is then increased
till some meters. This is the same method
as is common for open drain discharge
measurements.

More detalled decriptions on dis-
charge measurements have been given by
ROEST ( 1983 )} and DIA et al {(1981).

Concerning the measurement results
DIA et al (1981) indicated that:

1. Discharges measured in the apprecach
channel are always less than 10% higher
than the discharges measured in the
upstream cross-section,possibly due to
the effect of streamline contractions
in the approach channel;

2. The capacity of a unit seems to depend
on the configuration of the units in
operation;

3. The capacity of a pump unit decreases
¢onziderably due to waterplants and
dirt in the trash-racks at the end of
the approach c¢channel.

2.3Elaboraticn of mea-
surements pump s ta-
tions

The elaboration of the measurements

follow a certain path as described below.

- Check upon filing

Each calibration measurement gives,
by calculation, a discharge - lif'ting head
combination (Q-H pair). This Q-H pair is
checked roughly on its consistency before

filing. In order to enable the tracing of

errors 1t is important to calculate and

check the Q-H pair soon after the measurement.

- Plotting

The Q-H pairs are plotted in a diagramme,
This diagramme alsc includes the pump's
calculation capacity, the maximum, minimum
and average heads during operation (period
1980-1983 mainly) and the pump design curve
{if available). The diagramme is very con-
venient for a first impression of the cali-
bration measurement result. For example the
Q-H pairs from a certain pump unit can be
joined by lines approximating rating curves.
The capacities of different units can be
compared or a change of capacity with res-
pect to time can be detected,

- File complete

A calibration measurement file is
considered complete if at least two, but
preferably three Q-H pairs are available
with 1lifting heads differing significantly.

~ Check of the lifting head range

Concerning the range of the lifting
heads from the calibration measurements the
fellowing remarks can be made:

. in order to obtain a representative dis-
charge - head relaticn the measured heads
during calibration should cover the range
of heads under normal operation;

. the wider the range in heads measured
during calibration, the more accurate the
discharge - head relation will be;
extrapoliation of a discharge - head rela-
tion obtained from Q-H pairs outside the
normal operation range does not necessarily
give a reliable result.

These points will have to be kept in
mind when evaluating the reliability of the
discharge- head relations obtained.

- Check of the discharge values

Some remarks concerning the compariscn
of discharges per pump unit :
a decrease in head should cause an increase
in discharge;



.the discharge increase - head decrease
ratio (dQ/dH) cannot be too extreme.

If these two conditions are not satis-
fied and after recalculation the head and
discharge values prove to be correct the
conclusion can be drawn that the measurement
most probably has been influenced by dirt
in the trash racks. During normal opera-
tion this is not exceptional. Unless there
is a serious clue that the measurement it-
self might have been incorrect such discharge
values have to be considered valid.

~ Determination of the discharge - head
relation

Because it 1is not practical to
consider a discharge - head relation for
each pump unit separately the rating curves
are determined for the pump stations as a
whole.

A linear discharge - head relation is
calculated using a curve fitting program
" CALPS" available on the HP=-85 computer,
leading to the expression:

Q=4-B"®H

where:

Q = discharge in m3/s

& = discharge in m3/s at zero lifting
head

B = dQ/dE ratio in mefs

H = 1lifting head in m

If the dQ/dH ratioc is smaller than 5%
of the calibrated capacity at the average
head the discharge - head relation is
considered constant :

Q= A m/s,
where A = calibrated cap.at av.head.

- Ratio

The ratio of the pump station is the
calibration capacity pertaining to the
average head ( year 1984 ) divided by
the calculation capacity of the pump
units.(Fig.4). The calculation capacity is
in any ecase the capecity used for the
calculation of discharges by the Minisatry
¢f Irrigation in the annual reporta of the
Electrical and Mechanical Department.

calibraticn capacity at av.head

Ratio = calculation capacity

+ calibrations

operation ronge

\
calculation caopacity

&

DISCHARGE m3/sec

LT
\iurve
+

average heod

LIFTING HEAD m

Fig. 4 DISCEARGE-EEAD RELATION of PUMPINITS

24calibration results
pump 3tations

In the following pages the calibra-
tion results per pump station are presented,
ineluding :

- General information (number of units ,
¢alculation capacity,lifting heads during
operation);

- The calibration file (Q-H pairs and dates);

~ The calculated rating curve for the
station;

- The ratio between calibratiocn and calcu-
lation capacity ;

- A diagramme containing the above mentioned
information;

- Some remarks concerning the reliability
of the rating curve obtained.

In table 1 a summary of the results
for the pump stations in the Middle
Delta is given.
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Pumpstation ¢ ETAY EL BARUD P.S. Code : WE 01

Capacity (calculation) : 3 units = 2.59 m3/sec.

Lif ting Head ¢ Average 3,90 m max : 4,40 m
(period 1980-'83) min : 3,40 m
CALIBRATTONS
Date Lifting | Discharge m3/mec
Head m | Unit 1| Unit 2] Unit 3

09,08,83 4,02 2,68 2.41

" 5,86 2,62

" 37T 2.81
24,08,83 | 3,91 » 2.72
15.05.84 | 3.85 2.24

" %.89 2,14 2.23

" 3.82 2,35
21.,11.84 2.89 Z2.38

" 3.98 2.21

" 4,10 2.45
01,01.85 | 3.69 2.40

" 3,67 2.36

" 3.7 2,64
Last Overhaul

% in operation

14 Q@ - H pairs
Rating Curve : Q= 2,44 m3/sec
Calibration Capacity at Average Lifting Head ( 3,90) = 2.44 m3/sec
patie Calibration Cap.(Av.) _ 2.44 m3/sec - 0.94

. Calculation Cap, = 2.59 m3/sec = Y

Comment : The measurement are well distributed over the total
operation range, The discharge range is wide, most
probably due to wear and tear of the pumps during
the observation period,

unit 1 unit 2 unit 3
* + X
DiSCHARGE m3/sec
3.0

operation raonge
[
2.6 * i 4
[
| *
x o+ celculation cepacity
2.6 i =
1
1 « reting curve
2.4 * ]
1 + x ).J-u
9
; ’}5
*
2.2F ﬁg + .
S+
|e
>
z.0 h . . IR . : :
3.4 3.6 3.4 4.0 4.2 4.4

LIFTING HEAD m
ETAY EL BARUD PS WE 01 DRI-ICW DECEMBER 1985



Pumpstation : SHUBRAKHIT P,S. Code : WE 02

Capacity (calculation)

4 wmits = 6,13 m3/sec.

Lifting Head : Average 1,20 m max ¢ 1,90 m
(period 1980-'83) ) min : 0,70 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m| Unit 1] Unit 2| Unit 3| Unit 4

20,11.84 | 0,84 5.57

" 0.9 6.07

" 0.99 5.74

" 1,13 5.17 "

" 1.39 » * 5.27

" 1.66 534

" 0.68 5.T1
0z,01.85 | 1,30 5.55 -

" 1.05% = 5.67
08,01.85 | 0,77 6,31
14,02.85 | 1.15 5.09
05.0%.85 | 0.87 = 5.91

" 0.96 5.96 =
Last Overhaul

% I1n operation
14 @ - H pairs
Rating Curve : Q= 6.5 ~ 0,8 % H m3/sec
Calibration Capacity at Average Lifting Head (1.20) = 5.52 m3/sec
Rati Calibratien Cap.(Av.) _  5.52 m3/sec - 0.90
atio Calculation Cap, =~ 6,13 m3/sec = M

Comment : The measurements are reasonably distributed over the
operation range, but most are measured with a low head.
The rating ocurve gives a reliable discharge-head relation.

unit 1 unit 2 unit 3 unit 4
* + X *
DISCHARGE m3/vec
6.5

oparation range

I * L
calculgtion capacity

6.0

4.5 H L N 1 .
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
LIFTING HEAD m

SHUBRAKHIT PS WE 02 ORI-ICW DECEMBER 1985




Pumpstation ¢ ZARQUN P.S. Code : WE 03

Capacity (ecalculation) : 4 units % 4.86 m3/sec,

. o

Lifting Head Average 1.7 m max : 2,00 m
(period 1980-'863) min ¢ 1,50 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m | Unit 1| Unit 2| Unit 3| Unit 4

10,08.83 | 2,56 4.30 2,80

" 2,31 3.90 4.59

" 2,01 4.74
29.11.84 | 1,75 5.00

" 1.91 4.37
02.01,85 | 2.20 4,07 »

" 2.36 * 3.36
08,01,85 | 1,88 4,69

" 1.83 5.18
28,03.,85 | 2,87 1,82 2.22

" 2,60 3469
Last Overhaul

% in operation

14 Q ~ H pairs
Rating Curve : Q=19.21 - 2,30 x § m3/sec

Calibration Capacity at Average lifting head (1.75) = 5.22 m3/sec

Calibration Cap.{Av.) _  5.22 m3/sec _ 1.07
Caleulation Cap. T 4,86 m3fsec T ‘

Ratio

Comment : The measurements are distributed over a wide lifting
head range. It gives a clear view of the total rating curve
of the pumpunits, The operation range is rather small,
The discharge-head relation is reliabdble.

unit 1 unit 2 unit 3 unit 4
* + x *
DISCHARGE m3/sac
&

opergtion range

1S x coleculotion copacity |

* ok *
*

]
1
ol
3+ 3|
J:I
L]
2|
oL g 3
pd *
o
[}
e 1 n I L e i —1 " A " I _—y L 2 1
1.4 1.6 i.8 2.0 2.2 2.4 2.6 2.8 3.0
LIFTING HEAD m
ZARQUN PS WE 03 DRI-ICW DECEMBER 1985



Pumpstation : EDKO IRRIGATION P.S. Code : WE 04

Capacity (ealectilation) : 3 units = 6.36 m3/esec,

Lifting Head Average 2,40 m max : 2.95 m
(period 1980-'83%) min ¢ 1.9 m
CALTBRATIONS
Date Lifting| Discharge m3/sec
Head m| Unit 1] Unit 2] Uit 3

21,08,.83 2,60 6.16 6.1%

" 2,57 6.57

" 2.52 6.34
21.11.,84 | 2,22 6,56

" 2.26 6.65
02,01.85 | 2,11 6455
08,01.85 | 2.44 6,10
26,03,85 | 2.29 6,04 | =

n 2.33 %* £.06
18,04.85 2.71 6.16 6,04
Last Dverhaul

= In operation

12 @ - H pairs
Rating Curve : Q = 6.38 m3/sec
Calibration Capacity at Average Lifting Head (2.40) = 6.38 m3/sec
Rati Calibration Cap.(Av.) _  6.38 m3/sec _ 1.00
atio Caleulation Cap. T 6,36 m3/sec ‘

Comment : The measurements are well distributed over the operation-
range. The discharge is a constant value, independant of
the head, The calculation capacity (19845 equals the
calibration capacity.

unit 1 unit 2 unit 3
* + x
DISCHARGE m3/sec
7.0
operatien ronge
*
5.5} + ' +
) | roting curve |
L i ~ calculation copocity
t b 4 -+
b4
6.0F +* | x |
1
vl
]
3
5.5F £ 4
°!
ol
o
1]
.
3l
5.0 " o 1 . 1 o i N n 1
1.8 2.0 2.2 2.4 2.6 2.8 3.0

LIFTING HEAD m
EDKO IRRIGATION PS WE D4 DRI-1CW DECEMBER 1085



Pumpstation : DILINGAT P.S, Code : WE 05

Capacity (caleulation) : 3 wnits % 5.78 m3/sec,

Lifting Head : Average 3,00 m max ¢ 3,80 m
(period 1980-'83) min : 2,40 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m | Unit 1| Unit 2§ Unit 3

01.04.84 | 2,98 5.51

" 3.21 L 4.37
16,12,84 | 2,99 4.35 o

" 3004 E 5014
10.01.85 | 2.68 4.66

" 2.76 6.16
03.04.85 | 3.30 x 4.96
Last Overhaul

#% in operation

T Qg ~H pairs
Rating Curve @ Q= 8,17 - 1,05 % H m3/sec

Calibration Capacity at Average Lifting Head (3.00) = 5.02 m3/sec
Ratio Calibration Cap,(Av.)  _ _5.02 m3/sec _ , 87
Calculation Cap. = 5,78 m3/sec T °°

Comment : The wide operation range is due to the low waterlevels in
the drainage carnl at suction side and in the irrigation
canal at delivery side during the closure period.

The measurements are distributed over the operation range
during the rest of the year., The discharge head relation
should be used with care,

onit 1 unlt 2 unit 3
* -+ X

DISCHARGE m3/sec

7.0

operation range

6.5+ ! ]
—
6.0r | calculation copacity’]
s.5f A ]
5. o I
4.5} |
*
3
4.0- [ -
| =
2
3.5 R L . 1 . e, s R L . L N
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
LIFTING HEAD m
DIL INGAT PS WE D5 DRI~ICW DECEMBER 1985
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Pumpstation s KHAMDAK EL GHARBI P,S. Code : WE 06

Capacity (calculation) : 4 units = 2,65 m3/sec.

Lifting Head : Average 3,40 m max : 5.80 m
(period 1980-*83) min ¢ 2,50 m
CALTBRATIONS
DAte Lifting | Discharge m3/sec
Head m | Unit 1) Unit 2 | Onit 3 | Onit 4

21.11.84 | 3,09 2,30

" 3.11 2.47 | 2,38 |2.18
28,11.84 | 3.39 2.56 2,31

" 3.44 2.32

! 3443 2.28
16,12,84 2.98 2.39 2,26

" 3.03 2,54
10,01.85 3.29 2,29
27.06.85 { 3,25 2.35
Last Overhaul.

# in operation

13 @ - H pairs
Rating Curve : Q = 2.35 m3/sec
Calibration Capacity at Average Lifting Head (3.40) = 2,35 m3/sec
Rati Calibration Cap,(Av.) _ 2,35 m3/sec 0.89

®  Calculation Cap. = 72,65 m3/sec .

Comment 3 This pumpstation has a very wide operation range due to
the low waterlevels during the closure period,
The discharge 1s considered constant over the operation range.

unit 1 unit 2 unit 3 unit 4
* + X *

DISCHARGE m3/sec
3.00

» operaticn range _
2.75fcgleulation copacity ! 1 T
|
%
2.50} : * x | 1
rating curve + o :
-~
b ¢
2.25- *x ¥ x F J
x 1
o -
o
=
ol
1.75F ] E
-
. sl
3|
1.50 I L N 1 . A . L o — N
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

LIFTING HEAD m
KHANDAK E|. GHARB! PS WE 06 DRI-ICW DECEMBER 1985
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Pumpstation : KHAIRY P.S. Code : WE O7

L]

Capacity (calculation) : 4 units = 5,58 m3/sec.

Lifting Head 3 Average 1.80 m max : 2,10 m
(period 1980-'83) min : 1.40 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m | Unit 1| Unit 2 | Unit 3 | Unit 4

15,06,.81 1.76 4,72

" 1.93 4.71 4,05
16,06.81 | 1,53 5.19

" 1.53 5.24

" 1,76 4,76

" 1,76 4.58 4.32
14.05.84 1.57 5.18

v 1.62 5.01

" 1,69 4,80
15.05,84 1.68 4.79 4.52

n 1.99 4,11 *
08,01.85 1.57 5.13
20,01.85 | 1.79 4,61

" 1,96 4,58

" 1.72 4,62
26.03.85 | 2,02 * 4.23
Last Overhaul

# in operation

19 Q - H.pairs
Rating Curve 3 RQ=T.14 - 1,29 % § mj/sec
Calibration Capacity at Average Lifting Head (1.80) = 4.64 m3/sec
Ratio Calibration Cap,(Av.) _ _4.64 m3/sec - 0.83
. Calculation Cap, ~ 5.58 m3/sec ‘

Comment : The measured heads are well distributed over the operation
range, The calibrations show a reliable discharge head

relation,
unit 1 unit 2 unit 3 unft 4
* + x *

DISCRARGE m3/sec
6.0

operatien range

.
calculation capocity

e

"
'y
Y
a
a
R}
L

%
¥
G
o
o
<
L)

-
[3,]
T
%
x %

(¢}
4
*
% .

4.0+ V[
g
:
£
y
3.5 I s £ 2 1 - I
1.2 1.4 1.6 1.8 2.0 2.2
LIFTING HEAD m
KhAIRY PS WE 07 OR1-ICW DECEMBER 1985
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Pumpstation ¢ HALQ EL GAMAL P,S, Code : WE 08

Capacity (caleulation) : 5 units = 5.00 m3/sec,

Lifting Head : Average 2,50 m max : 3.00 m
(period 1980-t83) min : 2,20 m
CALIBRATIONS
Date lifting | Discharge m3/sec
Head m | Unit 1| Unit 2 | Unit 3| Unit 4 | Unit 5

30,01.84 | 2.64 3.03

" 2,76 2.97
11 .1:2.5&4 2.&39 3 L 3 2'593

" 2,91 » 2.75 »

" 2,9% 2,62 | = %

" 2.73 = * 2.81

" 2.65 2.86 » =

" 2.62 3,23 =

" 2,67 = » 2.94
09,01.85 | 2.45 3.08
21.01,.85 2.85 2,81
Last Qverhaul

% in operation

11 Q -~ H pairs
Rating Curve : Q= 4.83 - 0,70 = H n3/sec

Calibration Capacity at Average Lifting Head (2.50) = 3,08 m37aec
Ratio -Calibration Cap.(Av.) _  3.08 m3/sec ~ _ . .,
Caleulation Cap. 5,00 m3/sec = Fe

Comment : The measured heads are distributed over the higher part of
the operation range.
The calibrations result in a reliable discharge head relation
Unit 1 was part of the ysar 1985 in repairation.
Remarkable i{s the ratio of 0,62, The calculation capacity is

much to high.
unit 1 onit 2 unit 3 unit 4 unit 5
* + x * A
glgCHARGE m3/sec coleulotion capacity

1 4
cperation ronge

4.5} 4
b}
L Q
o
T
4.0t ° 1
o
aQ
-
4
3.5} z .

"
=
X
+
2+
»

-
]
-
3
«a
n
[
-
<
L]

]

[}
2.5 |
.'
2.0 " 1 1 Fi N i N L . 1
2.2 2.4 2.6 2.8 3.0 3.2
LIFTING HEAD m
HALD EL. GAMAL PS5 WE OB DRI-ICW DECEMBER 198%
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Pumpstation : WDKO DRAIMAGRE P.S. . Code ¢ W¥ 10
Capacity (calculation) : 3 unite % 3.50 m3/sec.

Lifting Head t Average 3.20m max 3 3.50 m
(period 1980-'83%) min : 2.80 m
CALTBRATIONS
Date Lifting | Discharge m3/sec.
Head m. | Unit 1| Unit 2! Unit 3

07.12.83 | 3.76 3.36 3,07
08.12.83% | 35,72 3.05 »

" 3,68 2.87
31.01.84 | 3.35 3.29
14.11.84 | 3.40 2.88 3.27

" 3.50 3,27
17.12.84 | 3.74 3.09 3.15

" 3,76 2.87
21.01,85 | 3,50 % 3.34
Lagt Overhaul

w in operation

12 q -H pairs
Rating Curve : l Q@ = 3,92 = 0,22 % H m3/sec l
calibration Capacity at Average Lifting Head (3.20) = 3,22 m3/sec
matio -Calibration Cap.(Av.) _ _3.22 m3/sec 0.92
: Calculation Cap. ~ 3.50 m3/sec .

Comment : The measured heads are found in the higher part of the
operation range and even outsf this range.
For this reason the discharge-~head relation should be
used with care,

unit t unit 2 unit 3
%* + X
DISCHARGE m3/sec
3.8
L opearation range
3.6 r ) . !
calculotion copgcity i
| I
3.41 n .
! rullng Curve i[ + -+
+ + x
3.2+ ) | E
| | —-____Q_Jgr___ﬁ
3.0F ' * ]
3|
| 2 * * X 1
2.8+ ‘| 4
™
r 2]
2.6 §| -
L 1 ul A L 1 " I
2.8 3.0 3.2 3.4 3.6 3.8

LIFTING HEAD m
EDKD DRAINAGE PS WE 10 DR1-1CW DECEMBER 1985



Pumpstation : BOSSEILY P.S. Code ; W= 11

Capacity (caleulation) : 6 units % 3.54 m3/sec.

Lifting Head Average 3.20 m max : 3.60 m
(period 1980-'83) min : 2,80 m
CALTBRATIONS
Date Lifting | Discharge m3/sec.
Head m, { Unit 1| Unit 2 [ Unit 3 | Unit 4| Unit 5 |Unit 6
14.11.84 | 3.47 2.84 » % »* »
" 3.50 ~ 2.79 »* » »
n 3.52 - ] 3. 14 » *
" 3.57 = »* » 2,97 »
" 3,61 * » * » 2.86
17.12.84 | 3,66 o 3.42
" 3.69 3.15 =
" 3,77 = |28
" 3.83 £ 3.19 *
09,01.,85 | 3,25 * » 3.09
" 333 ¥ 3.39 »
" 3.19 3.47
" 3,23 * 3,61
n 3.38 3.24 ® *
02.04.85 3.28 3.43
" 5.5% 3.29
Last Overhaul
»x in operation
16 = H pairs
Rating Curve : Q = 5.17 = 0.57 % H m3/sec
Calibration Capacity at Average Lifting Head ( 3.20) = 3.35 m3/sec
Ratio .Calibration Cap, (av.) _ 3,35 m3/sec _ 0.95
Calculation Cap. ~ 3,50 m3/sec *

Comment : The measured heads are found in the higher part of the
operation range and even outof this range., For this reason
the discharge-~head relation should be used with care.

unit 1 unit 2 unft 3 unit 4 unit 5 wnit @
* + X W A o
DISCHARGE m3/sac
4.0
aparotion range
3 Sthhhhh‘ tX calculotion copacity_
1 L
! -+“H“x * "
D
L ' rot; 4
3.0 [ * frnq Cury,
i *, @O
H
]
2.5} 21
. -4
o
o
o
sl
°
2.0 8!
. A 1 L A " L . i 1
- 2.8 3.0 3.2 3.4 3.6 3.8 4.0

LIFTING HEAD m
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Pumpstation : SHERZSHYRA P.S, Code: WU 02
Capacity (calculation) : € units = 8,00 m3/sec.
Lifting Head : Average 1.55 m max : 1,95 m
(period 1980~183) min ; 0,95 m
CALIBRATIONS
Date Lifting | Discharge m3/sec.
Head m. Unit 1] Unit 2| Unit 3 | Unit 4] Unit 5| Unit 6

30.06,.81 1.56 1 4,90 3.65 T.42
01,07.81 1.76 ! Te13 5,61 7.70

] 1.67 1 6.33 1.75
26,06.84 1.72 6.18 7.29 6.91
27.06,84 | 1,57 8,20 » »*
05,.,11.84 1.98 8.7% 8,91
12,11.84 | 1,91 7.33 .56
08,12.84 2.17 T.83 * *

" 2,23 = T.52 =

" 2.27 * * 7.69
25.12.84 1092 8-38 E §

" 1.91 * 8,23
07.,01.8% | 1,63 8.41
26,072,.85 1.74 * 8.90 u

n 1.7% % = B.30

" 1,68 8,32 * »
Lagt Overhaul

% in operation

25 @=H pairs
Rating Curve : Q T.90 m3/ sec

Calibration Capacity at Average Lifting Head (1.55) = 7.90 m3/sec
Ratio Calibration Cap, (av,) 7.90 m3/sec 0
Calculation Cap. 8.00 m3/sec -99

Comment : The calibrations of 1981 gave significantly lower discharges.
For the calculation of the rating curve with validity for 1984
and 1985 these measurements are neglected. The measured heads
are distributed over the higher part of the operation range and
evenn outof this range. Also the discharges cover a wide range.
For this reasons the rating curve should be used with care,

]

unit 1 unit 2 unit 3 unit 4 unit § unit 6
* + x * A |81
DISCHARGE m3/sec
10 -
| operatien rangs
sr ! a &
| I x
gloatculation copacity Iy *+0 I
rating curve (W] *¥a
L x J
*$ -+
7r t Fay I
b l * J
@
s- i + i
L v o
Q|
Sr 2 é 4
- [ '] \
4
i cl . h
s@ O colibrations 1981
3 1 1 1 P 1 1 rl —
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

LIFTING HEAD m

SHERESHERA PS5 WU 02 DRI-ICW DECEMBER 18985
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' calibration not used in rating curve,



Purpstation ¢ TRUGA P,S, Code : WU 03

Capacity (calculation) : 5 units ® 7.00 m3/sec.

Lifting Head : Average 2.50 m max ¢ 3,20 m
(period 1980-'83) min : 2,20 m
CALIBRATIONS
Date Lifting | Discharge m3/sec, _
Head m { Unit 1| Unit 2| Onit 3! Unit 4| Unit 5

24,05.82 | 2,42 ¢ 7.29 (6.54 | =

" 2,27 6,85 572

" 2,34 6.59 5.89
09.04.84 | 2.35 T.23 | 7.66

n 2.58 7.26 6.74 6.48
06,11,84 | 2,79 7.64

" 2,80 ‘ Te45
09,12.84 2.88 i 6.3 n

n 2,80 ® 7-16
07.01.85 | 2.53% 7.68

" 2,37 7.82
06.03,85 | 2.M 7.50 »

n 2.39 » 8,15
Last Overhaul

# in operation
! calibrations not used in rating curve,
19 Q -~ H pairs

Rating Curve : Q = 10.83 - 1,37 = H m3/sec

Calibration Capacity at Average Lifting Head (2.50)
Ratio Calibration Cap. (Av.) ~ _ _7.40 m3/sec
Calculation Cap. 7.00 m3/sec

7.40 m3/sec
= 1.05

Comment : The measured heads are well distributed over the operation
range. The calibrations of 1982 gave a significantly lower
discharge and are neglected in the calculation of the rating
curve, with validity for 1984-1985.

unit 1 unit 2 unit 3 unit 4 unit 5
* + x * A
DiSCHARGE m3/sec
9
i operation range
s |
°r |
@
| @ x ﬁs\*\ﬂ calcuiation copacity
[ X rati, l
2] ] 1 . g “-‘Urv’_
H x
y
F c!
[] o & OI E
el O calibrations 1982
ol ‘
>
5 A °E 1 A A n 1 n 1l
2.2 2.4 2.6 2.8 3.0 3.2
LIFTING HEAD m
TRUGA PS WU 03 DRI-ICW ODECEMBER 198BS
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Pumpstation ¢ DISHUDI P.S. Code: WU 05

Capacity (caleulation) : 3 wnits * 5.50 m3/sec.
Lifting Head : Average 2.28 m max

:t 2,60 m
(period 1980-183) min ¢t 1,70 m
CALIBRATIONS
Date Lifting | Discharge m3/sec,
Head m | Unit 1| Unit 2 | Tnit 3
27.06.84 | 2.44 5.65
" 2.53 5.24 5.11
10.04.84 | 2,61 4,85 5.15
10.12.84 2.83 = 4,84
" 2.84 4.7 ®
" 2.80 4.47 »
Last Overhaul 1983 | 1982 | 1982
% In operation
8 Q - H pairs
Rating Curve : Q= 10.32 - 2,01 % H m3/zec
Calibration Capacity at Average Lifting Head (2,28) = 5.74 m3/sec
Ratio -C2libration Cap.(Av.) _ 5.74 m3/sec _ 05
Calculation Cap, T 5.50 m3/sec " ‘

Comment : The measured heads are distributed over the higher part of the
operation range, Extrapolation of the rating curve to the lower

heads is less secure, 80 the obtained rating curve should be
used with care,

©ounlt 1 unit 2 unit 3
k3 + X
DiSCHARGE m3/aec
6.5

\opuctlon range
A |
5.0" i "
)
5.5 ]
A I
5.0 |
o
. [+]
L ..l
F-4
4.5 s
7]
®
3
4.0 H 3 . 3 3 l L . . T N
1.6 . 1.8 2.0 2.2 2.4 2.6 2.8 3.0
LIFTING HEAD m
DISHUD! PS WU 05 DRI=-I1CN¥ DECEMBER 1985
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Pumpstation : HARES P,S, Code : WO 06

Capacity (calculation) : 4 units = 8,00 m3/sec.

Lifting Head : Average 3,00 m max : 3,50 m
(period 1980-83) min :.2,70 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m | Unit 1 | Unit 2| Unit 3 | Unit 4

1'0004-84 3042 5!24 5-21 5'20

n 3,21 6,23 5.73
07.11.84 | 3.44 5.24

" 3.43 5.88

" 3.41 6.54
12.12.84 | 3.39 = " 5.49
27.12.84 | 3,51 = L] 5.27
03%,04.85 3.39 »® 6.20 E ™

" 3«43 - » 4.3%6

" 3.23 » 5.63
Last Overhaul 1982 1982

% in operation
13 @ = H pairs

Rating Curve : Q=11.44 - 1,73 # H m3/sec

Calibration Capacity at Average Lifting Head (3.00) = 6,25 m3/sec

Ratio Calibration Cap, (Av.) _ _6.25 m3/sec _ 0.78
Calculation Cap. T 8,00 m3/sec ~ "

Comment : The measured heads are distributed over the higher part of the

unit 1

*

operation range. Extrapolation of the rating curve to the lower
heads is less secure, 80 the obtained rating curve shoul be
used with care.

unit 2 unit 3 unit 4
+ x *

D1SCHARGE m3/sec

operction range

—

[ r

coleculation copccityl
1

at:
f:ng Cury,

o
—
4///i///
X
*

+
3 * “‘“-‘QF“‘nn_ﬁ‘;?"-_-
S |
2 o
5 v E
[+
b+
-
S *
& 1 n . i "
2.8 3.0 3.2 3.4 3.6
LIFTING HEAD m
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Pumpstation : ABILS P,S. Code s WU O7

Capacity {calculation) : 5 units = 0.34 m3/sec.

Lifting Head Average 2,50 m 7 max : 3,00 m ?

(period 1980-183) min ¢ 2,00 m ?
Calibrations
Date Lifting | Discharge m3/sec

Head m | Unit 1| Unit 2| Unit 3| Onit 4 | Tnit 5| Total
22,01.85 - 0.3 0.5 0.31 0.31 0.3 1.55
Last Overhaul
5 Q=H pairs
Rating Curve : Q = 0.31 m3/sec
Calibration Capacity at Average Lifting Head ( - )} = 0,31 m3/sec
Ratio -Calibration Cap. (Av.) _ _0.31 m3/sec 0.95
a Calculation Cap. = 70.34 m3/sec T "

Comment s Only one calibration is done of this pumpstation.
No further calibrations will be done, because in the beginning
of 1986 a new pumpstation will start pumping at this loecation,

unit t unit 2 unit 3 unit 4 unit 5

* + x * A
DISCHARGE m3/mec
a.4 "

L7 opsration range _ 7

I calculotion coputity |

[ |
0.3F —* rating corve -
0.2f
0.1F .
0.0 . i N 1 . i " A .

2.0 2.2 2.4 2.8 2.8 3.0

- LIFTING HEAD m )

ABIES PS WU 07 DRI-iC¥ DECEMBER 1885
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Pumpstation : QALAA P.S. Code : WU 08

Capacity (calculation) : 3 units ® 2,65 m3/sec OLD P.S.
2 unite » 3,50 m3/sec NEW P.S,
Lifting Head ¢ Average 3,60 m max ; 4.00 m
(period 1980-'83) min : 3,00 m

Comment ; No calibratiore are done at Qalaa P.S., because the pumped water
is very polluted by industrial and domestic sewage water of the
city of Alexandria,

For the calculation the ratioc of 1.00 is assumed,

unit 1 unit 2 unit 3 unlt 4 anit 5
old old old naw new
* + e * a
DISCHARGE m3/smc
4.0
55 ! calcul. cap. new ps. |
3.0 ! -
g! calecul. cop. old ps ]
2.5l £ ]
g.l
o
21
2.0 1 . ) . 1 9] X N
3.0 3.2 3.4 36 3.8 4.0
LIFTING READ m
OALAA PS WU 08 DRi-ICW DECEMBER 1985
Pumpstation : TABIA P,S. Code : WI O
Capacity (calculation) : 5 units = 7.85 m3/sec,
Lif ting Bead t Average  4.70 m max 3 5,00 m
{period 1980-183) min ¢ 4,00 m

Commnent : No calibrations are done at Tabia P,S,, because the pumped
water is very polluted by industrial and domestic sewage water
of the city of Alexandria.

The ratio for caleulation is assumed to be 1.00.

unit 1 unit 2 unit 3 unit 4 unit 5
* + X * IS
D1SCHARGE m3/sec
B.5 i
8.0~ caleulation copacity ]
T
' |
¥ )
Ll
_— | i
' 1
b
! ol
; 8!
7.0k ‘l ~
| 5!
o
L 5|
i 3
6.5 — L . i . L . A N I
4.0 4,2 4.4 4.6 4.8 5.0
LIFTING HEAD m
TABIA PS WT 01 DRI-ICW DECEMBER 1985
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Pumpstation : MAX JAPANESE P,.S,

Capacity (calculation)

Code : WU 09J

6 wmits & 13,50 m3/sec,

Lifting Head Average 3.25 m max : 3.60 m

(period 1980-183) min : 3.00 m
CALIBRATIONS
Date Lifting | Discharge m3/sec

Head m | Unit 1 |Unit 2 | Unit 3| Tmit 4 [ Unit 5 |Unit 6| Total

29,05.84 3,20 10.15 10,15 20,30
20,06.84 3,26 10.44 10.44 10,44 ®.31
21.06,84 | 3,37 9.40 9.40 9.40 28,21
24.04,.85 3.40 10,08 10,08 10,08 ,30.25
Last Cverhaul

11 Q - H pairs

Rating Curve :

A1l calibrations are measured by boat in the drain
at suction side,

Q= 15,32 - 1,60 ¥ H m3/sec

Calibration Capacity at Average Lifting Head (3,25)

Calibration Cap. (Av.)

10,12 m3/sec

Ratio

Caleculation Cap,

13,50 m3/sec

Comment : It is Impossible to measure the pumpunits
pumpstation due to the high discharges,

50 the discharge of several pumpunits working together is
measured by boat in the drain at suction side of the P,S.
Remarkable is the low ratio of 0.75.

unit 1+4
¥

unit 1+3+4
+

DISCHARGE  m3/ssc
4

unit 2+345

X

*

unit 3+445

131+

12+

Mg

101

operation ronge’

avdroge heod

T
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|
| des i, Curye A

\\

* ] * ]
1 oty .
aa;_q_—.q_::-_-~_~hh-q=_‘r=-_22_££:::;
1 i " 1 " 1

3.0

MAX JAPANESE PS5 WU 09

3.2 3.4
LIFTING HEAD =

3.6

DRI-ICW DECEMBER 1985

3.8

10.12 m3/sec

0. 75

separately at this
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Pumpstation : MAX GEHMAN P.S. Code : WU 09G

Capacity (calculation) : 6 units & 13,85 m3/sec.
Lifting Head :

Average 3.25 m max : 3,60 m
(period 1983) min : 3,00 m
CALIBRATIONS
Date Lifting | Discharge m3/sec
Head m [Unit 1] Unit 2| Unit 3 [Unit 4 [ Unit 5 [ Unit 6| Total
23.05.84 3,65 1.76 11,76 11,76 | 11.76 | 47,06
24.05.84 3,57 M.44 | 11,44 11.44 11.44 | 45,75
28,05.84 3,09 11,98 11,98 (11,98 | 35,94
21.06.84 3,47 10,80 | 10,80 10.80 32.39
23,04.85 3. 36 10,88 10,88 10,88 32,64
Last Owverhaul

All calibrations are measured by boat in the drain
at suction side,
17 @ = H pairs

Rating Curve Q@ = 16,80 ~ 1.60 % H m3/sec

Calibration Capacity at Average 1lifting head (3.25) = 11,60 m3/sec

Ratio -Calibration Cap, (av,) _  11.60 m3/sec 0
Calculation Cap, = 13,85 n3/fsec -~ O-%4

Comment ¢ It is impossible to measure the pumpunits separately at this
pumpstation due to the high discharges.
So the discharge of several pumpunits working together isa
measurde by boat in the drain at suction side of the P,.S,
The pumpstation started pumping in the end of 1983,
Remarkable is the ratio of 0,84.
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Puapstation : MARIUT KHALT P,S. Code ¢ WU 10
Capacity (calewlation) : 3 units m 5.25 m3/sec.
Lifting Head s+ Average 5,75 m? max : 6.25 m
(period 1984) min : 5,25 m
CALIBRATIONS
Date Lifting | Dischar m3/sec
Head m | Unit 1 Tmit 2 | Tnit 3
05.11.85 | 5.66 5.73 under
n 5,66 6.11 repa-
04.12.85 | 5.%6 5.52 ration
" 5.39 5.8
Last Overhaul

4 @ -~ H pairs
Rating Curve :

Q = 5.74 m3/sec

Calibration Capacity at Average Lifting Head (5.75) = 5.74 m3/sec
5.74 m3/sec

Calibration Cap,(Av, )

Ratio

Caleculation Cap.

5.25 m3/sec 1.09

Comment ¢ The calibration of this pumpstation is not completed,

The average lifting head is not secure because no reliable
data from the pumpstation are available,

The ratic gives only a rough figure,

unit 1 unit 2 unit 3
* + x

DISCHARGE m3/sec

6.5

6.0F g
]

5.5} 3 ]

colculation capacity
5.0 - L A L 1
4 5.6 5.8 §.0 6.2 6.4

MARIUT KHALT PS WU 10

LIFTING HEAD m
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Pumpstation : BARSIQ P,S. Code : WB O1

Capacity (calculation) : 5 units % 5.00 m3/sec.

"

Lifting Head Average 2.50 m max ¢t 3,20 m
(period 1980-183) min 3 2,20 m
CALIBRATIONS
Date Lifting | Discharge mn3/sec
Eead m | Unit 1| Unit 2| Unit 3| Unit 4| t/mit &
11.12.84 | 3,08 2.28 2.42 2.40 out
" 2,68 2,54 of
" 2,61 2.74 order
" 2,54 2.46
21,01,85 | 3,01 2.57 2,43 2,10
07.03.85 | 2.44 2,92 *
" 2,49 2.74 *
" 2.44 * 2.81
Last Overhaul
# in operation
12 @ -~ H pairs
Rating Curve 3 Q=4.34 - 0.64 ® H m3/sec

Calibration Capacity at Average Lifting Head ( 2.50) = 2.74 m3/sec
Ratio Calibration Cap,(Av.) _ 2,74 m3/sec 0.55
Claculation Cap. = 5.00 m3/sec = .

Comment : The measured heads are well distributed over the operation
range,
The calibrations show a reliable discharge-head relation,
Remarkable is the ratio of 0,55, The calculation capacity
is much too high,

unit 1 unit 2 unlt 3 unit 4 unit &
* + x + A
DI?CHARGE m3/sec calculoation capacity

l

qurutinn range l

qverage heod

|

ISt x| 1

“’f\
+ *

| * ¥
1 +

2 . 1 '\ L n 1 A #

2.2 2.4 2.6 2.8 3.0 3.2
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3. CALIBRATION MEASUREMENTS AT OPEN DRAINS
3.1 Introduction

At the open drain locations dis«
charge measurements have been performed
at various water levels (stages).

For (quasi~)steady [low in open
channels often a well defined stage -
discharge relation {rating curve)can be
determined. If this is the case, the
determination of discharges 13 reduced
to water level (stage) measurements . At
some locaticns back water effects influence
the flow regime resulting in an unreliable
stage - discharge relation,

Back water effects may be due to
one or more of the following reasons:

= In the vicinity of a fixed water level
such as the outfall locations near a
lake ,the water level in the drain
shows almost no variation at different
discharge rates;

- In the transition zone upstream of =&
pump station, the water level not only
varies with the discharge of tbe drain
but also with the discharge of the pump
station downstrean.

In the case of back water effects
a velogity -discharge relation should be
established. The average veloclty in the
cross section and the wetted coross sec-
tion (derived from the water level) then
determine the discharge.

More detailed considerations con-
cerning these subjects have been given
by SCHOONMAN ( 1980).

BY CAR from the bridge

3.2 Measurement method
for open drains

The discharge in the drain is deter-~
mined by the velocity area method, Veloci-
ties are measured with a propellor type
current meter (0TT C 31} suspended in the
drain on a cable. The cable runs from a
winch with depth indicator. The measurements
are performed in a suitable cross - section
from a boat or from a bridge. The most
accurate results are obtained by measurements
from a bhoat.

When usging this method a rope 1is fixed
horizontaly, about half a meter above the
water surface, perpendicular to the stream-
lines. This rope allows a small boat to
maintain (and mark) its exact position in
the c¢ross~section, From the upstream side
of the boat the OTT current meter is
lowered in the vertical. Velocities are
measured at Z0cm above the draln bottom and
at 50 c¢m intervals, the last measurement at
25 or 20 cm below the water surface. ( see
fig. 5). Each measurement gives the average
velocity during 30 seconds. The distance
between verticals is appr. 3 m. From these
velocities the discharge per unit width
of channel in each vertical can be deter -
mined. Integration (by steps) over the
width of the drain gives the total dis-
charge.

Since medio 1984 measurements have
also been executed from bridges, saving
conaiderably on time and manpower. By a
measurement from a bridge the current meter
is 1lowered from a bar mounted on a car
and protruding over the parapet.({see:fig.5).

BY BOAT

I
I
W
[T

Fig. 5 OPEN DRAIN CALIBRATION

vertical appr, every 3 or 4 m

26.



In most cases the measurement section is
chosen at the downstream side of the
bridge due to the presence of water plants
upstream. In each vertical the measurement
is performed in the same way as from the
boat. The verticals are chosen according
to the position of the support structures
(piles) below the bridge. In calculations
reductions are made for the cross-sec-
ticnal area ccecupied by these support
structures, but the principle of calcula-
tion remains the same as described before

The levels are measured from a fixed
reference point downward by a measurement
tape with suspended weight. Recently
(Sept.-Nov. 1985) level gauges have been
placed to lncrease the accuracy of the
level readings.

More detailed information on dis-
charge measurements has been given by
(ROEST ¢ 1983).

3.3Elabecration of mea-
surements opendrains

The elaboration of the measurements
is performed in several stages as des -
eribed below.

~ Check upon filing

From previous measurements in the
same cross-section it can be assymed that
the bottom level is known.

The water level measured Irom the
fixed reference point downward is added

to the water depth in the deepest wvertical.

The result gives the knowh bottom level
in this vertical. This check serves a
double purpose: first it indicates whether
the control section has a fixed bottom
level. 3econd, this is a check of the
measured water level.

After calculation of the discharge
a stage-discharge combination (Q-H pair)
iz found.

This Q-H pair is checked roughly on
its consistency before filing. In order

to enable retracing of errors it is impor-
tant to calculate and check the Q-H pair
spon after the measurement.

- Plotting

The Q-H pairs are pletted. The =zame
dizgramme also includes the range of
levels observed in the routine programme
(pericd 1980 - 1985 ). The diagramme gives
a first impression on the measurement
results. The pleotting alsoc serves a second
stage of error tracing.

- Necegsary number of Q-H pairs

The number of Q-H pairs should be at
least five to obtain a reliable stage -
discharge relation. A higher number is
required if the calculated curve does not
fit very well to the individual observa-
tions.

An indication is given by the next table
(see ROEST, 1983)

Number of Correlation coefficient
caiivrations
relation . relation
required. reliatle | unreliable
b3 I 2
minimm 5 B* > 0.95 g- < a.l5

5<n <10 |0.90< BB<0.95{ RS < 0.55
10 <n <15 |0.85< R°<0.90 | RS < 0.65
5 <n <20 |0.75 <R <0.85| R < 0.75

~ Stage ~ discharge relation

A stage - discharge relation is
calculated by means of a curve fitting pro-
gramme 'CALOP' available on the HP-BS
computer.

The stage - discharge relation has
the general form:

)B
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where Q@ = discharge in ma/s
Hm = waler level measured from
reference point downward in m.
A and Bz constants
Dz datum level: the level pertain-
ing to zero discharge.

- Some remarks concerning the calculated
stage-discharge relation:

1. Stage discharge relation is a power
function.

According to the general hydraulic
theories the power B of the stage - dis-
charge relation shcould have a positive
value greater than 1. If by curve fitting
a value lower than one has been found,the
programme CALOP calculates a linear rela-
tion ( B = 1 ) as the mocst suitable one
in an effeort to meet physical conditions.

2. Datum level

The datum level at which the
discharge is assumed to be zero 1isevaluated
by 'CALOP' by trial and error. The datum
level yielding the highest correlation
coefficient { Re) is selected. The datum
level selected should be higher or coin-
cide with the deepest point of the drain
bottom at the location.

Generallv. the datum leve]l must

be lower than the lowest level measured in
the routine programme . This last condi-
tion does nct have to be satisfied always
since the lowest levels are measured during
the 'closure periocd'. During this (short}
period conditions may differ considerably
from normal conditions.

3. No useful stage-discharge relation

For locaticns affected by back
water no reliable stage-discharge relation
can be established:

- locations in the transitional zone just
upstream of a sudden change ( say pump
station} show a confused relation with
a low correlation coefficient;

- some locations [.i. outfall locations
might show a well correlated stage -
discharge relation but with a very
high d0/dH ratic. This kind of relation
allows considerable variations in dis-
charge for small water level variations.
Such a relation is considered useless,

4, Level range

The stage-discharge relation may be
less accurate for levels that de not fall
in the range of calibration levels.

3. veloeity-discharege
relatilions

For the locations where nc reliable
stage-discharge relation exists a velocity-
discharge relation should be established.
The discharge can then be determined using
the velocity measured in a representative
point of the c¢ross-section and the cross-
sectional areaz.

Eatablishing a velocity-discharge relation

From the discharge {or calibration)
measurements velocities are known in a
greal number of points in the erossa-section
By comparison of the various measurement
results a point in the cross-section 1is
selected which shows a fixed ratio of the
nodal velocity to the average velocity in
the c¢ross-section.

General the deepest verticals, often
showing the highest velocities, offer good
points. When selecting such a representative
point it must be kept in mind that this
spot should be suitable for actual instal-
lation and servicing of a velocity recorder.

A relaticn can be established between the
velocity in the representative point and
the average velocity

v .yt
av ~ ¢
where V y © average velocity of the croas-
a section m/s
*
v = velocity in the representative
point m/s
C = constant ratio
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The cross-sectional area (A4) 1s expressed
as a function ef the water level.

Asf ( Hm)

2

Hmz water level (m) measured from

where A = cross-sectional area ( m

a fixed reference point down-
ward.

For wide drains generally a linear func-
tion of Hm can be assumed.

The discharge at the ¢ross-section 1s:
Q=C*vV ey (m3/s)

For a given V and water level Hm the
discharge can be calculated using a
nomogram constructed for this specific
equation.

3.5Calibrationresults
open drains

In the following pages the results
per location are presented. The presen-
tation includes:

- the calibration file {Q-H pairs and
dates);

- the stage-discharge relation and the
correlation coefficient found by curve
fitting;

-~ a diagramme showing the rating curve
and the measured C-H pairs. Also Q-H
pairs not used for determinaticn of the
rating curve have been added;

- remarks on the validity of the stage-
discharge relation found;

- the velocity-discharge relation ( if
applicable).

Table 2 gives an overview of the stage-
discharge and velocity-discharge relations
for open drain locations.

Table 2. DISCHARGE RELATIONS OPEN DRAIN LOCATIONS WESTERN DELTA

Code Location Stage—discharge relation Level of Stage—discharge relation
{Hm} Ref'.point (Wl = level above MSL)

WE 09 | Halg E1 Gamal Bridge | Q = 77.25% (3.02 - Hm) + 3.50 Q=77.25% (Wl -0.48)

WJ 01§ Shereshera Bridge No Relation - —_

WU 1A | Shereshera Market Br.| No Relation + 1,58 -

WU QU | Dishudi Bridge No Relation - 0.1 -

Velocity—discharge rela- Vertical

Velocity-discharge relation

WU 04 | Dishudi Bridge

and depth (Wl = level above MSL)
tion (Hm) of meas.
point
WU 01 | Shereshera Bridge No Relation - -—

WU 14 | Shereshera Market Br. Q = 0.73%Vpt¥®(151-26® Hm) | vert.19m Q

Q = D.52%Vpt*(10U~33.6%m) Vert.3Im Q

0.73MptE( 110+26% W1)

it

dp. 1.75m

|13

0.52%Vpt*(198+33.6 WL)
dp- 2.25 m
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Location : HALQ EL GAMAL B2IDGT

Code : W% 09

corr.coef.r2=.76

Drain width : max 44 m
Drain depth : 2,93 m with Hn= 2,65 m
CALIBRATIONS
No Date Level Discharge
Hm (m) (m3/sec)
1 15.11.84 2.68 20.3%7
2 20,11 2.70 21.84
3 11,12 2.80 20,89
4 01,01.85 2.9 14.44
5 21.07 2.91 2,68
6 27.02 2,70 25,29
7 19,03 2.75 21.37
3 13.03 2.74 20.84
9 11.04 2.80 11.84
10 30,04 2.93 4,60
11 21,05 2.72 27.67
12 12,06 2.1 28,71
13 01,07 2.74 18.59
14 24.07.85 2.65 28,72
Rating Curve : Q=77.25 % ( 3,02 = Hm )
Ref. to MSL : W1=3.50-Hm
Q= T7.25 % ( W1 - 0.48 )

Comment : — RATING CURVE IS CORSIDERED ACCEPTABLE

~ The range of observed levels (1984-'85 : Hm from 2,40 till 2,93 m)
has been covered completely by the measurement.

- The datumlevel ( ¥m = 3.02 m or Wl = 0,48 + MSL) indicates
the waterlevel with ne discharge in the drain. As the location

is near to Lake Edko the datumlevel should coincide with the
waterlevel on lLake Edko.

Hm  (m)

STAGE-D | SCHARGE RELATION

obsarved rongs

10
D1 SCHARGE

HALG FL GAMAL BRIDGE WE 0%

(m3/s)

30

DRI-ICW DECEMBER 1985

30.



Hm
1.5

Location : SHIR®SH-RA BRIDCE

Code : WU 01

Drain width : max 23 m
Drain depth

2,78 m with Hpn= 1,92 m

VELOCITIZS
Paint : vertical 12 m

CALTBRATIONS , depth

To Date Level Discharge v pt. ¥ av.
Hm (m) (m3/sec) (m/sec) | {=u/Bec)

1 06.06,84 2.50 4.95
2 ] 05.11 2,21 4.86 . 355 160
3 13. 1 2.28 3. 31 . 260 .120
4 09.12. 2.16 2.88 .0985 .080
5 26,12 2.32 4.72 520 170
6 31,12 2.41 2.44 220 100
7 | 20.01.85 1,92 2,22 .100 .060
8 26,02 2.46 3. 30 175 .130
9 18.03% 2,63 3.22 .225 130
10 10.04 2.50 2.63 .130 . 100
11 29.04 2.56 9.06 .215 . 360
12 12.06,85 2,44 3.58 165 .120

1m

Rating Curve : No Discharge Relation with reasonable correlation.

Velocity-discharge relation : No RHelation with reasonable correlation,
Comment : This location is directly effected by the back-water

produced by the Shereshera P,S. This pumpstation is situated
1.5 km downstreams of this location. The maximum ecapacity of

(m)

this pumpstation is 6 units of 7.9 w3/sec,
For above mentioned reason a new measurement location was
chosen, Shereshera Market Bridge (W7 14), This location is

aituated about 1 km downstreams of the Shereshera F,S,
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