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1. INTRODUCTION 

Reuse of drainage water for irrigation purposes, 

not a new concept in Egyptian agriculture, has become 

an official strategy of the Ministry of Irrigation, 

in order to supply part of the envisaged extension of 

the agricultural acreage in the future with water. 

In order to — successfully — reuse drainage 

water for irrigation purposes the effects of the salts 

present in the drainage water on soils and crops 

should be evaluated. For the planning of the imple

mentation of reuse of drainage water projects it is 

of prime importance to the Ministry of Irrigation to 

acquire knowledge about quantity, quality and location 

of the available drainage water resources. Already 

since 1954 the Soil and Water Research Institute 

(Ministry of Agriculture) has been involved in studies 

concerning quantity and quality of drainage water in 

Egypt. Also the effect of salinity on soils and crops 

has received attention by this institute by means of 

laboratory experiments. 

Since 1976 the reuse of drainage water as a sub

ject of study came to the attention of the 'Advisory 

Panel for Land Drainage in Egypt'. Since 1977 the 

Drainage Research Institute (DRI) started to collect 

watersamples from about 47 drains and drainage pump 

stations spread over the Nile Delta on a monthly 

basis. This water sampling programme is still in ex

istence. 

The measurement programme of DRI received new 

impetus since 1979. Upon instigation of VOLKER (1979a, 

1979b, 1980) the open drainage system in the Nile 

Delta and Fayum Depression has been surveyed by field 

inspection and a systematic network of measurement 

points (app. 90) has been indentified (fig. 1-1). 

Since 1980 data on discharge and water quality have 

been collected on a fortnightly basis, using very 

simple measuring methods. This measurement pro

gramme is still in existence. 

Complementary to this data collection programme, 

DRI started during 1981 with a calibration programme, 

through the involvement of the Delft Hydraulics 

Laboratory (SCHOONMAN: 1981a, 1981b, 1982). This 

programme has been initiated in order to establish 

the discharge rating curve's of the measurement net

work identified. The programme is still under exe

cution. 



Since 1981 DRI initiated actions to develop a 

mathematical model describing the relations between 

irrigation, drainage and crop production for the Nile 

Delta through the involvement of the Institute for 

Land and Water Management Research, Wageningen 

(RIJTEMA:1981, 1982; RIJTEMA AND ROEST, 1982). The 

development of a mathematical model implies that the 

measurement programme under execution at present has 

to be refined with respect to network density, measure

ment frequency and accuracy. 

The subjects treated in this report will be con

fined to the fortnightly measurement programme, ef

fective since 1980, and the calibration programme, ef

fective since 1981. On a modest scale DRI has already 

started with the installation of field equipment for 

daily observation. Some of the procedures given in 

this report may be used for these observations as 

well; others may serve as a basis for developing new, 

adapted, procedures. 

The objective of this report is to present a self 

explanatory manual for the field observations, data 

elaboration and presentation procedures for the junior 

staff working in the Reuse Division of DRI including 

background information and practical examples. The 

manual may be used as a reference guide for the jun

ior engineers, but may also be useful as an intro

duction for new staff joining the Reuse Division. 

In chapter 2 of this report the field data col

lection procedures,common in the DRI measurement pro

gramme, are described in detail. In chapter 3 the 

laboratory analyses of the watersamples collected is 

treated. In chapter 4 the data elaboration, in chap

ter 5 the data checking and in chapter 6 the data 

presentation procedures are given. The raw field 

data used for illustration throughout this report 

are presented in annex 1; the elaborated, corrected 

and data formatted for presentation are given in 

subsequent annexes. The user of this manual can 

apply the procedures given in the text to the data in 

annex I and follow these data through the annexes 2, 

3, 5, 6 and 7. Detailed examples of calculations have 

been provided in the text. 

2. FIELD DATA COLLECTION 

The measuring methods, adopted in the short term 

programme, are, with exception of the calibration 

measurements, very simple. However, simple the method 

it is very important that the measurements are per

formed with the required care and that the equipment 

used is properly cleaned and maintained. It is equal

ly important that the results are noted on the prop

er measurement forms (see annex 1) to avoid confusion 

in the interpretation of these results at a later 

stage, in the data processing. 

2.1. DISCHARGE MEASUREMENTS AT PUMP STATION 

At pump stations the discharge measurements are 

the responsability of the pump station engineer and 

the pump operator (Ministry of Irrigation). They 

fill in special forms for the operation hours of the 

pump units and the water levels of the drain at suc

tion and delivery side of the drain. 

In the future these measurements will be facil

itated and the accurary improved, by installation of 

time counters on the pump units and water level in

dicators on both the suction and delivery side of 

the pump station. These water level indicators consist 

of a clockwork that is moved by a float, mounted in 

a pipe that can easily be attached to the side walls 

of the approach and delivery channels of the pump 

station. 

2.2. DISCHARGE MEASUREMENTS AT OPEN DRAINS 

The basic discharge measurement methodology is 

to measure both the wetted cross section and the flow 

velocity. The wetted cross section is measured by 

measuring the waterdepth at a reference point in the 

cross-section and the velocity is estimated with 

float measurements. Complementary to the float meas

urements the vertical flow velocity distribution is 

determined with the hand pendulum meter at the re

ference point. 

Not at all measurement locations the pendulum 

measurements are performed: at some locations the 

waterdepth is too shallow for measuring according to 

this method (see p.e. annex 1.2); at other locations 

obstructions besides the bridges prevent its appli

cation. On some locations the float measurements are 

not performed due to absence of access to the drain 

by means of a bridge (see p.e. annex 1.8). 



The following equipment is available for these 

measurements: 

+ for measurement of the cross section: 

- measurement tape; 

- sounding rod; 

- levelling instrument and staff. 

+ for measurement of the waterdepth: 

- measurement tape with suspended weight. 

+ for measurement of flow velocities: 

- stopwatch. 

+ for measurement of the vertical velocity distrib

ution: 

- hand pendulum meter with resistance bodies. 

First the measurement of cross sections will be 

treated. 

The measurement tape is used to measure the 

width of the bridge (traveling distance of the floats) 

and to measure the distance between the points where 

the distance between bridge surface and drain bottom 

are measured. The measurement tape should not be al

lowed to lie loosely on the bridge surface, but 

should be stretched slightly during measurement. 

After measuring, dirt and water should be removed 

from the tape and regularly a steel tape should be 

greased to prevent rust. 

The sounding rod (fig. 2-1) is used to measure the 

the distance between the bridge surface and drain 

bottom. 

The rod is made of 0.5 inch diameter tubes of ex

actly 1 m long. The bottom element is welded to an 

iron plate 0 10 cm, to prevent subsidence of the rod 

in the soft drain bottom material. The pieces of 1 m 

can be screwed together to any desired length. 

Measurements are performed as follows: 

- place the rod along the bridge at the required 

place; 

- let the rod rest on the drain bottom without pushing 

it down. If the rod tends to subside slowly, lift 

the rod slightly to prevent subsidence; 

- count the number of elements (pieces) below the 

bridge surface; 

- measure the distance between the top of this last 

piece and the bridge surface (excess) and write 

down the results (no of pieces and excess in cm) on 

the measurement form (see annex I). 

No special maintenance is needed. 

The levelling instrument and staff (fig. 2-2) 

are used to correct the distances measured with the 

sounding rod for differences in elevation of the 

bridge surface. If the bridge surface is smooth and 

straight 3 observations in the centre and on both 

ends of the drain on both the upstreams and down

streams side of the bridge are sufficient (annex 1.3). 

• - adiuatrng acraw 
b - bubbla 
c - adiuatrng acraw for 
d - adjuattog acraw (or imaga 
a - tight 
f - adjuatirtg acraw for diraction 

Fig. 2-1. Sounding rod 

Fig. 2-2. Levelling instrument and staff 

If the bridge surface is irregular, all observation 

points should be measured (annex 1.4). 

Measurements are performed as follows: 

- select a location from where all observation points 

can be viewed and place the tripold; 

- fix the instrument on the tripoïd and adjust the 

bubble, b, (fig. 2^2) in the centre of the window 

using the adjusting screw's, a, (3 screws); 

- move the adjusting screw, c, in order to obtain a 

clear view of the reticles; 

- place the staff properly vertical on the observa

tion point; 



- direct the instrument roughly in the direction of 

the staff by hand using the sight, e, 

- adjust the image of the staff with the adjusting 

screw, d; 

- adjust the direction of the instrument with the 

adjusting screw, f; 

- read the middle reticle (fig. 2-2) : the number of 

decimeters is written on the staff; the number of 

cm can be counted (each block is I cm); the number 

of mm have to be estimated. Record the results on 

the measurement form (annex 1). 

The levelling instrument should be kept free of 

dust and moisture. Especially rainfall may be harm-

full to the instrument. Whenever the instrument has 

been accidentally wetted, it has to be returned to 

the dealer's workshop for cleaning and checking. The 

staff should be kept clean to avoid mis-readings and 

should regularly be examined on possible damages (for 

example et the hinges'location, if the staff can be 

folded). 

The complete procedure for a cross-section meas

urement is as follows: 

1. Determine the zero-point and the end-point of the 

bridge (fig. 2-3), on the upstreams side. Mark 

these points on the bridge surface with paint. 

Make a situation sketch of the measurement point 

and indicate the zero-point (annex I). 

2. Measure the distance between these points with the 

measurement tape and divide this distance in 5 to 

20 sections with width w in such a way that w is 1, 

2, or 4 meter. Record the total drainwidth on the 

situation sketch of the measurement point. 

3. Paint on the bridge surface in the middle of each 

section the distance to the zero point. If w » 1 

these distances are 0.5, 1.5, 2.5 etc. If w - 2 

these distances are 1, 3, 5 etc. The last section 

besides the end-point, will have a width smaller 

than w. If the width of this section is smaller 

than jw the last section and the previous last 

one should be considered together as one section. 

If the width of the last section is bigger than 

Jw it should be considered as a seperate section. 

In both cases the distance to the zero-point 

should be painted in the middle of the section. 

4. Measure the distances to the zero-point and the 

thickness of the piers below the bridge and re

cord the results on the measurement form (annex 1). 

5. Measure the distance between bridge surface and 

drain bottom,following the instructions given to 

the sounding rod with intervals of Jw, starting 

from the identified zero-point and ending with 

the end-point. Record the results on the measure

ment form in terms of number of pieces and excess 

in cm (see annex 1). 

6. Determine the zero-point on the downstream side 

of the bridge. 

7. Measure the distance between bridge surface and 

drain bottom on the downstream side and record the 

results. 

8. Identify a reference point on the downstream side. 

Select a location where the flow velocity is 

reasonably high and the flow is un-obstructed 

(piers!). Mark the reference point with paint. 

9. Measure the distance between bridge surface and 

drain bottom at the reference point and record 

the results on the measurement form. 

10.Measure the width of the bridge and record it on 

the situation sketch of the measurement point. 

11.Measure the relative elevation of the bridge sur

face following the instructions for the levelling 

instrument and staff. Measure at intervals of jw, 

zero point 

bridge railing 

bridge surface 

end point 

Fig. 2-3. Upstream front view bridge 



starting with the zero-point and ending with the 

end-point on both (upstream and downstream) sides 

of the bridge, if the bridge surface is irregular

ly shaped. If the bridge surface is smooth and 

straight three measurements at the zero-point, 

end-point and in the centre on both (upstream and 

downstream) sides of the bridge is sufficient. In

clude the reference point! Record the results on 

the measurement form (annex 1). 

12.Record the date of measurement on the measurement 

form. 

The measurement of cross sections should be re

peated if there are indications that the cross sec

tion is changing due to sedimentation or erosion of 

the drainage channel. When, upon the yearly check of 

the depth at the reference point, a new measurement 

of the cross-section is warranted the steps 1, 2, 4, 

6, 8 and 10 from the measurement procedure can be 

omitted. 

The fortnightly routine measurements proceed 

as follows. 

The measurement tape with suspended weight 

(fig. 2-4) is used to measure the distance between 

the reference point on the bridge surface and the 

water level. The weight is attached to the tape to 

prevent the tape to be blown away by the wind. The 

weight should be lowered gradually while the tape 

is moving freely from the bridge preventing damage 

to the tape, untill the weight touches the water. Now 

the tape is moved towards the bridge with the marked 

side of the tape facing the observor. The distance, 

Hm, can be read directly and should be recorded on 

the measurement form (see annex 1). If the marked 

side of the tape is not facing the observor, the tape 

has to be bent on the bridge's edge resulting in pos

sible damage to the tape and in accurate readings. 

The floats and stopwatch are used to measure the 

surface water velocities in the middle of the sections 

with width, w. The distances where the velocities have 

to be measured are painted on the bridge surface. For 

the floats any floating material can be used, but the 

ancient shells (fig. 2-5) that are found in plentiful 

supplies in the desert area near Maadi have proved to 

perform best. They suspend for about 2/3 below the 

water surface and due to their rounded shape dis

turbing wind influences are minimal. The floats should 

be thrown into the drain a small distance of 1-2 m up

stream to allow adjustment to the flow velocity. 

Fig. 2-5. Shells, used as floats for the routine 
programme 

When the float passes the edge of the bridge the stop

watch is pressed. Take care not to press the stop

watch too early (fig. 2-6); the observors' line of 

sight must be truly vertical. When the float passes 

the downstream edge of the bridge the stopwatch is 

pressed again and the travelling time recorded on the 

measurement form (see annex 1). It is not recommended 

to work with two observors: one upstream with stop

watch and one downstream signalling the float 

Fig. 2-4. Measurement tape with suspended weight 

Aß 

After use the tape should be cleaned, if neces-

sery, and a steel tape must be regularly greased to 

prevent rust. Fig. 2-6. Use of the stopwatch to measure the' travel
ling time of the floats 



appearance. Each observor has a certain reaction time 

and in this case the reaction time of observor 1 (the 

time between seeing the float and yelling to observor 

2) and the reaction time of observor 2 (the time be

tween hearing the yell and pressing the stopwatch) 

are added and increased inaccuracy results. In order 

to avoid confusion in the recording of results the 

measurements are recommended to proceed from the 

zero-point of the bridge to the end-point. 

The stopwatch should be regularly (at least 

dayly) be rewinded and from time to time its accu

racy should be checked against other stopwatches. 

The hand pendulum meter with resistance 

bodies (fig. 2-7) is used to determine the vertical 

velocity distribution at the reference point. The 

principle of its operation is that a resistance body 

is lowered into the flowing water. The deflection of 

the cable is then a measure for the flow velocity. 

There are four types of resistance bodies marked K, 

L, M and N, each one of them gives a specific veloc

ity measurement range. The resistance bodies K and L 

are produced from a lighter material than M and N, 

and the bodies K and M have a greater volume and sur

face than L and N. 

GRADUATION FOR HEADING THE VERTICAL ANCLE 

METAL RESISTANCE BOOT 

BUBBLE TUBE 

BERTH mOCATOR 

Fig. 2-7. Hand pendulum meter with resistance body 

Measurements are performed as follows: 

- take the pendulum meter from its case and assemble 

the meter. Select a resistance body that probably 

will give scale readings in the range of 10-25° (by 

experience); 

- place the meter on the railing, or on the bridge 

surface and lower the resistance body to approxi

mately 50 % of the waterdepth. Take a rough reading 

of the angle to check wether the observations are 

within the desired measurement range (10-25 ). If 

the reading is above the scale reach (max. 30 ) a 

smaller or heavier body has to be attached. If the 

reading is below 10 a bigger or lighter body has 

to be attached; 

- after attaching the proper resistance body the code 

K, L, M or N should be recorded on the measurement 

form (see annex I). This is of vital importance for 

the calculations and should not be forgotten!; 

- lower the resistance body until it rests on the 

drain bottom (the cable will hang loose, or will 

suddenly be dragged far away with the flowing water). 

In order to obtain the first reading with the rê -

sistance body just freely above the drain bottom 

the resistance body has to be lifted slightly and 

slowly and lowered again. After repeating this 

procedure several times the readings will gradually 

be lowered (the resistance body will move towards 

the bridge); 

- for the first reading the depth indicator (in deci

meters) should be read and recorded on the meas

urement form. Keep the bubble in the centre of the 

bubbletube (fig. 2-7) and take the first reading 

of the angle. Record the results on the measure

ment form; 

- lift the resistance body untill the depth indicater 

gives an even number of decimeters. Record this 

depth indication on the measurement form. Wait a 

few seconds untill the angle reading becomes con

stant while keeping the bubble in the centre of 

the bubble tube and record the result. Sometimes 

the cable keeps swaying due to turbulences in the 

water. In this case the reading has to be taken 

as the average between the maximum and the minimum 

deflection observed; 

- for the next series of readings the resistance 

body is lifted 2 decimeters at a time and the 

angle reading may be recorded without recording 

the depth indication; 

- the last reading should be taken with the resis

tance body just below the water surface. Both the 

depth indication and angle have to be recorded. 

It must be prevented that the cable is moving 

along the bridge edges while lowering or raising the 

resistance body, especially when the body is still 

in the air, because this will cause damage to the 

were and may result in excessive loss of resistance 

bodies. This can be prevented by the observor by 



keeping his foot in between the cable and the bridge 

edge. Daily, but at least before each field trip, 

the first few meters of cable that may have been 

subjected to this kind of damage should be checked 

on abrasion and wear. If this is the case these few 

meters should be removed. It is much easier and 

cheaper to obtain a few coils of the — light weight 

— wire than to purchase new resistance bodies. The 

moving parts of the hand pendulum meter have to be 

oiled regularly. 

The complete procedure for the routine dis

charge measurement is as follows: 

1. Measure the reference depth, Hm, at the refer

ence point with the measurement tape and suspended 

weight. Record the result. 

2. Measure the travelling time of the floats in the 

sections painted on the bridge surface. Start with 

the first section besides the zero-point and pro

ceed to the end-point. Record the result. 

3. Measure the vertical velocity distribution at the 

reference point following the instructions for the 

hand pendulum meter. Record the resistance body 

type. Keep the bubble in the centre of the bubble 

tube during measurements. Record the results on 

the measurement forms (annex 1). 

4. Record the date on the measurement form! 

2.3. WATER QUALITY MEASUREMENTS 

Water quality measurements are generally done by 

sampling and laboratory analysis. The electrical con

ductivity is measured in the field mainly as an check 

on the exchange of water bottles during handling and 

transport from the field to the laboratory and in the 

laboratory. 

The following equipment is available for the 

field sampling and observation activities: 

- small bucket with rope to collect, surface (sub) 

samples; 

- big bucket to mix sub samples; 

- EC meter to measure the electrical conductivity; 

- water sampler to collect subsurface (sub) samples; 

- numbered bottles for transport of water samples 

to the laboratory. 

Always the first (sub) sample taken at a location 

has to be used to rinse the equipment to be used, in

cluding the water sample bottle. The operation of the 

EC meter has to be checked regularly in the laboratory. 

Before each field trip the batteries should be charged 

for a few hours and the maximum scale reach adjusted. 

The liquid display of the EC meter is liable to damage 

due to shocks and vibrations. Therefore the meter 

should be transported with care (not in the car's 

luggage compartment). 

2.3.1. Water quality measurements at pump 

stat ions 

The complete procedure at pump stations is as 

follows : 

1. Take a sub sample from the delivery side of a pump 

unit that is in operation using the small bucket. 

Rinse the bucket and put the water in the big 

bucket. Fill the water bottle for 50 7., rinse, and 

throw the water away. Rinse the big bucket and 

throw the water away. 

2. Take sub samples from the delivery side of each 

pump unit that is in operation and make a composite 

sample in the big bucket. 

3. Take the EC meter, switch it on, and stirr the 

probe a few times through the water in the big 

bucket. Keep the probe motionless and wait untill 

the EC reading becomes constant. Record the result 

on the measurement form (see annex 1). 

4. Submerge the bottle in the big bucket and fill it 

completely. Close the bottle and record its number 

on the measurement form. 

5. Record the sampling date on the measurement form! 

If no units of the pump station are working, the 

operator should be requested to start one unit for a 

short period. After 5 minutes of operation the actual 

water sampling can then be performed. 

If this is impossible due to an electricity break

down, or for any other serious reason the water sampling 

may be performed on the suction side of the pump station 

following the procedures for open drains given in the 

next section. 

2.3.2. Water quality measurements at open drains 

The complete procedure at open drains is as fol

lows: 

1. Take a sub sample with the water sampler (fig. 2-8). 

Put the water in the bucket, rinse the bucket, fill 

the bottle for 50 %, rinse the bottle and throw the 

water away. 

2. Take 5 sub samples with the water sampler from about 

1 m below the water surface. Take samples close to 

the left bank, in the centre and close to the right 

bank of the drain. Take samples in-between. To take 



a sub sample the plug (fig. 2-8) is placed, the 

sampler lowered to app. I m below the water sur

face (indicated by a knot in the suspension line), 

the plug is pulled out with the stopper line and, 

after the air bubbles have disappeared the sampler 

is raised and the sampler is emptied in the bucket 

for the composite sample. 

3. Measure the electrical conductivity (see 2.3.1). 

4. Fill the bottle completely (see 2.3.1). 

5. Record the measurement date on the measurement 

form'. 

If there is no access to the drain (no bridge) 

this sampling procedure cannot be followed. In this 

case the small bucket is thrown from the bank as far 

to the centre of the drain as is feasible and pulled 

back with the rope. The first bucket can be used to 

rinse the bottle and the second to measure the elec

trical conductivity and fill the bottle completely. 

should be transported with care (not in the lagguge 

compartment of the car, but on the seats). 
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Fig. 2-9. Time counter 

After each day of operation the oil in the current 

meter has to be changed (fig. 2-10). Use only the 

original Ott oil" supplied by the manufacturor, 

because it is stable in viscosity under all circum

stances and guarantees a smooth running of the 

propellor. Once a year the current meter calibration 

has to be repeated. The Hydraulic Research Institute 

at the Delta Barrages has excellent facilities to do 

this job. 

Fig. 2-8. Water sampler 

2.4. CALIBRATION MEASUREMENTS (Harm Meyer) 

The principle of the calibration measurements is 

to determine the wetted cross-section and the flow 

velocities, identical to the principle of the routine 

measurements. The calibration measurements, however, 

are performed with a high degree of accuracy. The 

instrument used for the velocity measurements is the 

Ott current meter, that can be mounted on rods, with 

depth markings, or used in combination with a torpedo-

shaped suspension weight and a reel with depth indi

cation from boats. The instrument consists of a wing 

that is rotated by the flowing water and the number 

of rotations during a certain time period is counted 

by the time counter instrument (fig. 2-9). The liquid 

display of the time counter is liable to damage from 

shocks and vibrations. Therefore, the time counter 

Fig. 2-10. Maintenance of the Ott current meter 

2.4.1. Calibration measurements at pump 

s tations 

In order to determine the capacity curve of the 

pump units at least two observations of each unit have 

to be made: one with a small suction head and one with 

a big suction head. The current meter measurements are 

performed in the approach channels to the pump units. 

The measurement sections should be selected approxi

mately in the middle of the approach channels to 

avoid the contractions at the beginning and at the end 

of these channels (fig. 2-11). The delivery channals 

are unsuitable for current meter measurements due to 



the occurence of turbulences in the flowing water. 
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the observation; 

- move the staff to ref. point 2 and take the for

ward reading. Record the observation. 

Depending on the height of the intermediate sec

tion in front of the pump station and the lenght 

of the staff only one backward and one forward 

reading will be sufficient (fig. 2-12). 

Staff intermediate point 

J backward 
f o r » . « ' « » » ' " « 2 
reading t l ^ _ _ 

inaHumant position 2-

instrument posi t ion 1 

forward 
reading 2 • 

staff 
ref. point 2 

T reading 

Fig. 2-11. Pump station plan and cross-section Fig. 2-12. Measurement of difference in elevation 
between ref. point 1 and 2 

The trash racks should be kept free of dirt and 

floating debris according to the normal cleaning 

procedures in use at the pump stations. 

The complete procedure of a calibration measure

ment at a pump station is as follows: 

1. Select the fixed reference points in the approach 

channel at suction side and in the delivery chan

nel at delivery side (fig. 2-11). Mark the refer

ence points with paint. 

2. Measure the difference in elevation between both 

reference points, with the levelling instrument 

and staff. The following points should be ob

served: 

- assemble the instrument on the tripoïd and pre

pare instrument for measuring (see also chapter 

2.2.); 

- place the staff at ref. point 1 and take the 

backward reading. Record the observation (see 

annex 1.6); 

- move the staff to an intermediate point and take 

the forward reading. Record the observation; 

- keep the staff in place and move instrument to 

second position. Take backward reading and record 

3. Explain to the pump operator the purpose and 

reasons of the measurements and ask his cooper

ation. Ask him to switch on pump unit 1. 

4. Measure the width of the approach channels using 

a measurement tape. Record the result (see annex 

1.6). Divide the width of each channel in 6 - 8 

equal sections and mark these sections on the 

channel's cover. Fill in the headings of the meas

urement forms (see annex 1.6): distance from 

approach channel's side. 

5. Assemble the current meter on rods and record the 

wing identification number on the measurement 

form. 

6. Check the pre-set time interval on the counter 

(fig. 2-9) and record the interval on the measure

ment form. A time interval of 30 seconds is suita

ble for most measurements. 

7. Measure every 15 minutes with a measurement tape 

the reference depth at suction side, Hm and at 

delivery side Hm,. Record on the measurement form 

the distances as well as the time (see annex 1.6). 

8. Start with the current meter measurements of the 

first pump unit. First, record the starting time 



of the measurements. To save time, the measure

ments per measuring depth may be done for all 

verticals in the approach channel. The first row 

of measurements will be at 25 cm from the approach 

channel's bottom. Shift the current meter on the 

rod to the 25 cm position and measure the number 

of revolutions for each vertical. Record the 

results on the measurement form. Record also the 

total water depth in the verticals (to be read 

directly from the rod). Keep the rod in a proper 

vertical position and keep the current meter in the 

proper direction of flow, parallel to the approach 

channel's side walls. 

9. The next row of measurements is at 75 cm depth 

from the bottom (50 cm interval between rows). The 

current meter has to be lifted from the water and 

shifted to the 75 cm position on the rod. After 

lowering the instrument the next row of measure

ments can be taken and recorded on the measure

ment form. 

When performing the last row of measurements the 

total water depth has to be checked and recorded 

on the measurement form. 

10. Record the ending time of the measurement at the 

pump unit on the measurement form (see annex 1.6). 

11. Switch off the first pump unit and switch on the 

second. Wait for a few minutes for the water levels 

to become constant and repeat steps 7-10 for this 

pump unit. 

12. After finishing all pump units, discuss with the 

operator how many pump units can be operated 

simultaneously for a few hours to obtain the 

maximum possible suction head. Switch on the 

agreed amount of pump units. 

13. Calibrate these pump units one by one according to 

step 7-10. 

14. After finishing the operating units, switch off the 

calibrated ones and switch on the non-calibrated 

ones keeping the suction head approximately con

stant. Calibrate also these units one by one. 

15. Record the date on the measurement form! 

2.4.2. Calibration measurements at open drains 

At open drains the current meter measurements are 

performed from a boat with the current meter sus

pended in the water (fig. 2-13). The cross-section 

of the drain should be regularly and straight for 

some distance (say 50 m) in front of and behind the 

location of the calibration measurements.The location 

should be chosen away from the bridge, far enough to 

avoid disturbing turbulences in the flowing water. 

There is no theoretical objection against performing 

the calibrations from the bridge with the current 

meter on rods or suspended by means of a cable. Most 

bridges are supported by piers, however,- restricting 

the measurement to the upstream side of the bridge 

(avoiding turbulencies). Not in all cases the approach 

channel to the bridge is straight and often the cross-

section of the drain changes suddenly in the vicinity 

of the bridge.These and other(practical)considerations 

such as obstructions on the bridge itself render it in 

almost all cases impractical to perform calibrations 

from bridges. 

For a reasonable Q-D relationship at least 5 to 

10 calibration measurements are required, covering 

the full range of normal water depths (D). For the 

- pulley (or suspended 
current meter 

Fig.2-14. Bracket and guide construction for marked 
cable 

measurements from the boat a bracket has been con

structed (fig. 2-14) on which the current meter reel 

markad • ! « • ! catoM 

FRONT VIEW 

Fig. 2-13 Current meter measurements from a boat 
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Inaccuracy in depth measurement 

Fig. 2-15. Determination of vertical depth 

with depth indication in centimeters can be screwed 

and the current meter with torpedo-shaped weight can 

be lowered with the cable guided by the pulley in 

front of the boat. A marked steel cable, stretched 

perpendicular to the direction of flow, over the 

cross-section (fig. 2-13) keeps the boat in the pro

per position during measurements. 

The procedure for measuring the velocity in one 

vertical is as follows: 

- lower the current meter by means of the reel untill 

the propellor is for 50 X suspended in the water. 

In this position the torpedo-shaped weight is lo

cated at 20 cm below the water surface (see fig. 

2-13; the distance between the centre line of the 

propellor and the bottom side of the suspension 

weight is 20 cm). 

- push the depth counter of the reel to zero with the 

current meter in this position. 

- lower the current meter with the reel untill the 

weight touches gently the channel bottom (fig. 2-15). 

Do not allow the current meter and weight to rest 

completely on the drain bottom; this will cause the 

boat to rise and give a false depth measurement. 

This requires some experience. 

- read the counter with the current meter in this 

position and record this depth on the measurement 

form (see annex 1.7.5). This is the maximum depth 

from the water surface at which measurements can be 

taken (20 cm from the drain bottom). 

- measure the number of revolutions during the pre-set 

time interval and record the result on the measure

ment form. 

- determine the next depth at which measurements have 

to be taken. Taking d' as the depth counter reading 

with the current meter in the lowest possible posi

tion (20 cm from the drain bottom) two possibili

ties occur: d'< 175 cm and d' > 175 cm (fig. 2-16). 

P°ssibility_l__(d^< IZ5_cm) : 4 measurements have 

to be taken at equal depth intervals between succes

sive measurements with the last measurement at a 

depth of half this interval below the water surface. 

The depth interval in this case is given by: 

(2/7)* d' (see fig. 2-16 and annex 1.7.5.: verti

cals 5, 61, 65 and 66 of calibration measurements 

dd. 8/11/81). 

Pos s ib il i t2_2__Jd^_2"_lZ5_£?2! ^ ° e measurements have 

to be taken at depth intervals of 50 cm with the 

last measurement at 25 cm below the water surface. 

This means that the first interval generally will 

be smaller than 50 cm. This first interval, a, 

consequently has to be taken smaller or equal to 

50 cm, in such a way, that the total distance of 

the current meter to the water surface in the 

second position (20 + a cm from the drain bottom) 

equals n »50 + 25 (see fig. 2-16! and see annex 

1.7.5. for examples). . 

-velocity 

d' 

' 

1/7d' 

2 /7d ' 

2 /7d ' 

2 /7d ' 

' 20cm 

i 

d' 

' 

25cm 

50cm 

50cm 

50cm 

a *50cm 
20cm 

»~- velocity 

J 
. / 

J 
? 

d'<.175cm d »175cm 

Fig. 2-16. Determination of observation depth 

record the depth's at which current meter measure

ments have to be made. 

move the current meter to the required positions 

(depth counter), measure the number of revolutions 

during the pre-set time interval and record the 

results (see annex 1.7.5.). 
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During the calibration measurements attention 

has to be paid also to the routine measurements (as 

a check) and to the determination of the reference 

depth Hm. 

The complete procedure of a calibration measure

ment at an open drain is as follows: 

1. Select a suitable cross-section for the measure

ments. 

2. Mark the measurement cross-section perpendicular 

to the drain axis using the double pentagon 

prism. The following steps have to be performed 

(see fig. 2-17); 

double pantagon priam: 
angla not parpandicula* 

doubla pantagon priant: 
angla parpandlcular 

location of the assistants' sighting rod. 

3. Assemble the bracket and guide construction (fig. 

2-14) and fix it to yhe boat. Assemble the current 

meter with suspension weight and reel and fix it 

to the bracket. Record the current meter wing 

identification on the measurement form (see annex 

1.7.5.). 

4. Attach the marked steel cable to the pickets on 

both sides of the drain. The cable should be pulled 

through the guides attached to the boat (see figs 

2-13 and 2-14). 

5. Stretch the cable sufficiently to hang free from 

the water surface and to allow floating water 

plants and debris to pass unobstructed, using the 

pulley combination (fig. 2-18) that increases the 

exerted power considerably. 

marked steel cable 

aaalatant witn •iohting rod 

double pulley 
single pulley 

pull to stretch marked cable 

iron picket 

Fig. 2-17. Use of the double pentagon prism 

- place two red and white painted sighting rods 

upstream and downstream of the envisaged 

cross-section parallel to the drain axis on 

one side of the drain; 

- move one person with a sighting rod to the op

posite side of the drain (see 'assistant' in 

fig. 2-17); 

- keep the double pentagon prism in the line be

tween the two sighting rods and let the assis

tant move left or right untill the image 

through the prism (see fig. 2-17) forms a 

straight line. The angle is now perpendicular; 

- hammer a steel picket into the soil exactly 

at the position of the prism and one on the 

Fig. 2-18. Stretching the marked steel cable with 
the pulley combination 

6. Perform the routine measurements from the bridge 

(see also chapter 2.2): 

- Hm 

- float measurements 

- pendulum meter measurements. 

Record the time and the measurement results on the 

measurement form (see annex 1.7.5). 

7. Repeat the Hm and the pendulum measurements every 

30 min during the course of the calibration measure

ments. Sudden changes in the flow regime may be 

signalled by these measurements. Record measurement 
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results together with the time at which they were 

performed. 

8. Select the interval between the verticals that 

will be measured in such a way that 15 to 20 

verticals result. Take the first vertical at half 

this interval from the point where the water 

level is zero. Record these details on the mea

surement form (see annex 1.7.5): distance from 

right/left bank facing the bridge/drain of ver

ticals; water level zero at .... meter. 

9. Check the interval timer and write the selected 

interval on the measurement form. In general an 

interval of 30 seconds will give reasonably accu

rate results. Record this interval on the measu

rement forms. Record the starting time of the 

measurement. 

10. Move the boat to the first vertical and measure 

the velocity distribution following the proce

dure given for the velocity measurements. 

Record the results on the measurement form. 

11. Move the boat to the next vertical and measure 

according to step 10. 

12. After finishing all 15-20 verticals record the 

ending time and perform routine measurements 

at the bridge: 

- Hm 

- float measurements 

- pendulum meter measurements. 

13. Dis-assemble and clean all the equipment used. 

14. Record the date on the measurement form! 

3. LABORATORY ANALYSIS (Eng.Lai la El Sissy) 

The laboratory analyses performed in the DRI 

laboratory are all well-established and well-known 

methods and procedures. 

The main laboratory equipment in use for the 

chemical water sample analyses are the following: 

- electrical conductivity apparatus with automatic 

temperature correction; 

- pH-apparatus; 

- titration equipment: balances, burettes, pipettes, 

etc. 

- flame photometer; 

- Kjehdahl distillation apparatus; 

- atomic adsorption apparatus; 

- spectrophotometer. 

Some general recommendations with respect to the 

laboratory work will be made here: 

- Use clean glassware. Glassware should be cleaned 

by washing in hot soap suds and afterwards rinsing 

with tap water and destilled water. 

- Filter the water samples. This is important when 

the sample contains colloïdal contaminations. Only 

in clear samples the colour changes of the indi

cators can be observed properly. 

- Organise a monthly cleaning and checking operation 

of all the equipment in the laboratory. On the same 

day standard solutions can be prepared and call 

constants checked (EC.'). Compare the new standard 

solutions with the previous ones. 

- Adjust the normality of titration solutions by more 

than one laboratory worker and average the normali

ties found. 

- Prepare standard solutions with pure destilled 

water. 

- Start each series of analysis with a blank sample 

of the destilled water and reagents to check both 

on impurifications and — if necessary — adjust 

the results. 

- Use pipettes of the proper capacity. 

- Water sample bottles should be stored in a cool 

place in the laboratory (outside the sun!) and 

should be kept closed. 

The general procedure for the laboratory analyses 

of water samples is as follows: 

1. The first office day following the routine measure

ment field trip the boxes with water samples are 

transported from the car to the office. A letter 

to the laboratory specifying the bottle number, 

the sample collection location identification 

number and full name and the date of collection 

is prepared. 
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